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Preface

The intent of this document is to provide commonality for testing methodology of all
DoD and National Aeronautics and Space Administration facilities. Compliance with the test
requirements in this document will eliminate confusion of testing requirements among the
national test ranges and facilities.

This release of the Range Commanders Council (RCC) Document 118 Volume 2 reflects
the efforts undertaken by the RCC Telemetry Group Radio Frequency Systems committee for
completion of Tasks TG-152, TG-153, TG-157, and TG-162.

Specifically, Task TG-152, Test Methods for Space-Time Coded Systems, adds a new
chapter (Chapter 9) to provide procedures for testing space-time coded hardware. Task TG-153,
Test Methods for Low-Density Parity-Check Codes for Telemetry Systems, adds another new
chapter (Chapter 8) to provide procedures for testing low-density parity-check coded hardware.
Task TG-157, Solar Flux Density Interpolation for Solar Calibration, updates sections 1.11 and
1.12 to provide an alternative method for calculating NOAA solar flux density to give more
accurate results — especially critical for operating at C-band frequencies. Finally, Task TG-162,
Dynamic Telemetry Antenna Motion Assessment, adds a new section (Section 1.13) to provide a
test method for determining and assessing the dynamic motion and target tracking abilities of
telemetry ground station antennas.

Please address any questions to:

Secretariat, Range Commanders Council

ATTN: TEWS-RCC

1510 Headquarters Avenue

White Sands Missile Range, New Mexico 88002-5110
Phone: (575) 678-1107 DSN 258-1107

Fax: (575) 678-9517 DSN 258-9517
E-mail:usarmy.wsmr.atec.list.rcc@mail.mil
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Acronyms and Initialisms

alternating current

antenna control unit

automatic gain control

amplitude modulation

Advanced Range Telemetry Continuous Phase Modulation
attached synchronization marker
additive white Gaussian noise
azimuth and elevation

bit error probability

bit error rate

bit error rate test

bandwidth

decibel

decibels relative to the carrier
decibels referenced to isotropic radiator
decibels referenced to one milliwatt
decibels relative to one volt

direct current

degree

excess noise ratio

feed assembly unit

Feher-patented Quadrature Phase Shift Keying Jefferis-Rich
gain

gigahertz

gain/temperature

hardware in the loop

hertz

intermediate frequency
intermodulation

inertial measurement unit

intercept point

in-phase and quadrature

Inter-range Instrumentation Group
Kelvin

kilohertz

low-density parity-check

local oscillator

meter

maximum azimuth tracking velocity
megabits per second

mid-course maneuver
mixed-domain oscilloscope

manual gain control

megahertz

XV



MIL-STD Military Standard

mm millimeter

MRTFB Major Range and Test Facility Base
ms millisecond

MSF maximum instantaneous velocity
TNF noise figure

NPR noise power ratio

NPRF noise power ratio floor

NPRI noise power ratio intermodulation
OBW occupied bandwidth

PCM pulse code modulation

PM phase modulation

p/s pulse per second

RBW resolution bandwidth

RCC Range Commanders Council

RF radio frequency

rms root mean square

RTC real-time controller

SCM single-channel monopulse
SOQPSK-TG Shaped Offset Quadrature Phase Shift Keying, Telemetry Group
SNR signal-to-noise ratio

STC space-time coding

SUT system under test

SWR standing wave ratio

TDC top dead center

TED tracking error demodulator

TG tachometer gradient

™ telemetry

VBW video bandwidth

Vdc volts direct current

VFO variable frequency oscillator
VSWR voltage standing wave ratio
*XTAL crystal
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* Only in data sheets
1 Only in data sheets and equations
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Introduction

The Telemetry Group of the Range Commanders Council (RCC) has prepared this
document to provide common methods for testing radio frequency (RF) equipment. Figure 1 is
included to serve as a guide for recommended tests to verify equipment status. The use of
common methods should minimize problems when organizations exchange test results. Other
volumes of this document address test methods for recorder/reproducer systems and magnetic
tape, data multiplex equipment, and vehicular telemetry systems. The Telemetry Standards’ and
the Telemetry Applications Handbook? are companion documents.

The test methods in this document provide standard outlines on how to measure various
parameters. The comments listed below apply where appropriate.

1. Equipment may need to be tested at a variety of environmental conditions such as
temperature, humidity, vibration, and shock. The user needs to determine the
appropriate test conditions.

2. Electromagnetic interference characteristics should be measured in accordance with the
latest version of Military Standard (MIL-STD)-461, Requirements for the Control of
Electromagnetic Interference Characteristics of Subsystems and Equipment.’

3. Proper interconnection of equipment is critical for accurate test results. Verify that
connectors are not corroded or otherwise damaged. Tighten connectors properly. The
cables should not be kinked, cut, stretched, or otherwise damaged. The line losses for
RF cables should be known prior to their use for correct interpretation of the data
results.

4. The test equipment may output spurious signals that produce erroneous test results.
Verify that the test equipment is not causing problems with the measurements.

5. The test equipment should have an accuracy of 10 percent of the specified tolerance
(or 10 percent of the absolute value to be measured if no tolerance is given). This
accuracy may not always be possible. The test equipment must have accuracy equal
to or better than the required accuracy of the measurement.

6. Signal levels may have to be increased to get valid readings on instruments that have
limited sensitivity. Microwave counters are one example.

! Range Commanders Council. Telemetry Standards. RCC 106-19. July 2019. May be superseded by update.
Retrieved 28 May 2020. Available at https://www.wsmr.army.mil/RCCsite/Documents/106-

19 _Telemetry Standards/106-19 Telemetry Standards.pdf.

2 Range Commanders Council. Telemetry Applications Handbook. RCC 119-06. May 2006. May be superseded by
update. Retrieved 28 May 2020. Available at http:/www.wsmr.army.mil/RCCsite/Documents/119-
06_Telemetry_Applications Handbook/119-06.pdf.

3 Department of Defense. Requirements for the Control of Electromagnetic Interference Characteristics of
Subsystems and Equipment. MIL-STD-461G. 11 December 2015. May be superseded by update. Retrieved 28 May
2020. Available at https://quicksearch.dla.mil/qgsDocDetails.aspx?ident number=35789.
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CHAPTER 1

Test Procedures for Telemetry Antenna Systems

1. General

This chapter describes the test procedures used to evaluate the performance of the
receiving antenna, the pedestal drive, and the control system. It is assumed that these tests will be
performed on an antenna system in the operational configuration. The test procedures are
designed to cover a variety of different makes and models of antenna systems.

This series of tests determines the pedestal servo response characteristics used to evaluate
the performance of the pedestal drive system. The tests apply to tracking systems that are not
computer-controlled. Test method I described in RCC Document 118-89, Test Methods for
Telemetry Systems and Subsystems, Volume 2, has been replaced by the rate loop test,
calibration test, and position loop tests. The replacement tests facilitate the pedestal velocity
measurement by measuring only one parameter (tachometer output voltage) and by obtaining the
velocity from an equation. Also, the tests allow the operator to become more aware of the servo
subsystem stages. Test method II has been modified to allow the operator to measure
acceleration and other servo parameters in the event technical specifications have been lost or are
questionable.

portions of the pedestal drive system. The procedure for introducing the error
drive signal will vary from system to system for this test. The person conducting
the test must have sufficient knowledge of the system under test (SUT) to know
these methods and positions and to prevent damage to the system.

: Special care must be taken to prevent damage to the electrical and mechanical

Table 1-1 lists the types of tests and their test and paragraph number.

Table 1-1. Test Matrix for Telemetry Antenna Systems

Test Number Test Description

1.1 Rate loop test

1.2 Position loop calibration test

1.3 Position loop test

14 Velocity and acceleration measurement: strip chart recorder test

1.5 Tracking error voltage gradient test

1.6 Dynamic tracking accuracy test

1.7 Antenna bore sight test

1.8 Antenna gain test

1.9 Antenna pattern test

1.10 Feed assembly unit test

1.11 Solar calibration using linear receiver method test

1.12 Solar calibration using attenuator method test

1-1



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

1.1. TEST: Rate Loop

1.1.1  Purpose. This test measures the response of the tachometer feedback loop to small and
large error inputs. The compensation amplifier, power amplifier, drive motor, tachometer, and
gearbox are tested. The pedestal velocity is determined and compared to the theoretical value and
to the tracking system specifications for possible system deterioration caused by aging or bad
components.

1.1.2  Test Equipment. Multi-channel strip chart recorder (5 milliseconds [ms] rise time
maximum), digital voltmeter, or alternating current (ac)/dc voltmeter, variable dc voltage source
ranging from at least +20 volts dc to —20 volts dc (Vdc) adjustable to 0.1 volts, and variable dc
voltage source ranging up to 100 Vdc.

1.1.3  Test Method. The test method is written for systems with an analog antenna position
output.

1.1.4  Setup. Connect the voltage source to the pedestal azimuth servo error input and the
voltmeter to the tachometer output as shown in Figure 1-1. Open the position loop output to
prevent any unwanted error from being introduced into the rate loop.

Position
Loop Output
Voltage Servo
Source Rate N
Error _b@—' Loop —®| Motor P —>
Input Amps 1
+ Tachometer
Voltmeter

Figure 1-1.  Rate Loop Servo Test Block Diagram

1.1.5 Procedure

1. Position the antenna pedestal at 0° in azimuth and 0° in elevation. Lock the elevation (Stand-
By mode) to allow azimuth rotation only.

2. Disable the auto track input by opening the position loop.
N OTV In most systems, the following command saturates the

input to the servo amplifier loop. Any further increase in
the input command has no effect on the pedestal velocity.

3. Inject a small positive constant voltage at the input to the rate loop (for example, 0.1 Vdc) to
prevent saturating the servo amplifier. Note the direction of pedestal rotation (clockwise or

1-2
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counterclockwise). Allow the antenna pedestal to rotate at least 45°. Inject an identical
voltage level of opposite polarity to cause the antenna to rotate in the opposite direction.

. Measure the maximum tachometer output voltage (V;) with the voltmeter for different input
voltages. Repeat step 3 for input voltages tailored to your specific system. (The example for
Data Sheet 1-1 and Data Sheet 1-3 shows specific values for a particular system.) The test
error voltages should start with small values and increased until the tachometer output
voltage can no longer be increased.

. Use Equation 1-1 to calculate the pedestal velocity for different input voltages. This equation
assumes the tachometer gradient (TG) is known from the tracking system servo
characteristics.

(TG)e ¥, (6 deg/sec/ rpm)

Velocity =
Gear ratio

(Eq. 1-1)

Example:
Tachometer gradient = 1000 rpm/20.8 Vdc
Gear ratio = 420:1
1 rpm = 6 deg/sec
Input voltage (Vin) = 0.5 Vdc
Tachometer output voltage (Vi) =2.495 Vdc (measured value).

IOOOrpm.(

20.8 Vdc 2.495 Vdc) ¢ (6 deg/sec/ rpm)

Velocity = 120

Velocity=1.7deg/ sec

. Record the velocity and tachometer output voltage on Data Sheet 1-1 for different voltage
inputs. The above tests can be performed for the elevation system if the gear ratio is different
or if the elevation system is suspected of having problems. Substitute the “up” direction for
clockwise and “down” for counterclockwise.

1-3
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Data Sheet 1-1. Telemetry Antenna Systems
Test 1.1 Pedestal drive system characteristics: Rate Loop Test
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Rate Loop Input Voltage Tachometer Output Voltage Velocity
(volts) (volts) (deg/sec)
0.1
0.2
0.5
1.0
2.0
3.0
4.0
5.0
Tachometer Gradient
(Vdc/rpm)
Gear Ratio (N/1)
Rotation

(clockwise/counterclockwise)
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1.2. TEST: Position Loop Calibration

1.2.1  Purpose. The position loop calibration determines the maximum error that the servo
acceleration bandwidth amplifiers in the position loop can handle before it saturates. This
calibration also tests the synchro demodulator since the induced error is from the synchro
circuitry that is used for the manual tracking mode. After performing the position loop
calibration, repeat the steps under the rate loop test for the position loop test. This test is
recommended if the technical specifications are not available for the position servo bandwidth
amplifiers to allow the selection of different acceleration rates.

1.2.2  Test Equipment. Digital voltmeter.

1.2.3  Setup. Disable the pedestal by turning off the pedestal power. Measure the position loop
output with the digital voltmeter as shown in Figure 1-2.

Position Loop

Voltmeter

I\ + Rate
- P

Loop

7N

Servo Acceleration
Bandwidth Amplifier

CT Synchro [-—

Figure 1-2.  Position Loop Calibration Test Setup

1.2.4 Procedure

1. Select an angle reference start point on the pedestal. Select a low servo acceleration
bandwidth amplifier. If the tracking system has different servo acceleration capabilities, the
differences are normally due to different servo bandwidth amplifiers or different amplifier
feedback loops. Therefore, calibration process should be repeated for each of them. With the
pedestal power off, the offset error is induced from the synchro circuitry by rotating the
pedestal in small increments of 0.1°. This rotating action allows the position loop to reach a
steady-state condition. If the pedestal power is left on, the pedestal would attempt to null out
the error.

2. Manually rotate the pedestal with the pedestal hand crank (or by hand to allow for very slow
rotation) from your reference position in 0.1° increments. Use the digital antenna angle
readouts (azimuth/elevation) to measure pedestal angle offsets for each 0.1° increment.

3. Use the digital voltmeter and measure the output of the servo bandwidth amplifier. Allow the
voltage to settle before recording any values.

4. Repeat the process in 0.1° increments until the measured output voltage no longer increases.
The point where the gain does not increase is the saturation point.

1-5
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5. The saturation point should correspond closely to the maximum error the tracking error
demodulator (TED) should output for linear operation of the tracking system. Avoid
exceeding the saturation point of the TED.

6. The maximum error voltage at the input to the position loop should not exceed the saturation
level obtained from the position loop calibration. The maximum error voltage should be less
than the saturation level.

1.2.5  Data Reduction. Enter the position loop calibration data in Data Sheet 1-2.
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Data Sheet 1-2.

Telemetry Antenna Systems

Test 1.2 Position loop calibration: position loop test servo bandwidth amplifiers

Antenna Position Angle Offset
(degrees)

Bandwidth Amplifier Output
(volts)
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1.3. TEST: Position Loop

1.3.1  Purpose. The position loop is the first stage in the servo loop. This test simulates the
output of the TED gradient and determines the same parameters as the rate loop test in
Subsection 1.2. This test measures the position servo parameters for low, medium, and high
acceleration if these features are on the tracking system.

1.3.2  Setup. Connect the voltage source to the pedestal azimuth input. Open the TED output
to prevent any error from being introduced to the position loop. Connect the voltmeter to the
tachometer output as shown in Figure 1-3.

Servo
T Acceleration Servo N
E Bandwidth
—»@ Rate - -
D Amplifiers ™ Loop = | Motor (
Low, Medium, A Amps 1
High l
Voltage
Source I Tachometer
Error
Input
Voltmeter
Synchro
Feedback |-

Figure 1-3.  Position Loop Servo Test Block Diagram

1.3.3 Procedure

1. Position the antenna pedestal at 0° in azimuth and 0° in elevation. Lock the elevation
(STAND-BY mode) to allow azimuth rotation only.

the servo amplifier loop. Any further increase in the input

N OT? In most systems, a very large error voltage saturates the input to
command has no effect on the pedestal velocity.

2. Inject a small positive constant voltage (for example, 0.1 Vdc for a 5-V system) to prevent
saturating the servo amplifier, at the input to the position loop. This voltage should not
exceed the maximum linear value of the TED. Note the direction of pedestal rotation
clockwise or counterclockwise. Allow the antenna pedestal to rotate at least 45°. Inject an
identical voltage level of opposite polarity to cause the antenna to rotate in the opposite
direction.

3. Measure the maximum tachometer output voltage (¥;) with the voltmeter for different input
voltages. Repeat step 2 for input voltages tailored to your specific system. The test error
voltages should start out small and be increased until the tachometer output voltage no longer
increases.
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4. Use Equation 1-1, repeated here, to calculate the pedestal velocity for different input
voltages. This equation assumes the TG is known from the tracking system servo

characteristics.
Velocity = (TG)eV, (6 deg/' sec/ rpm) (Eq. 1-1)
Gear ratio
Example:

TG = 1000 rpm/20.8 Vdc

Gear ratio = 420:1

1 rpm = 6 deg/sec

Input voltage (Vin) = 0.6 Vdc

Tachometer output voltage (V) = 87.3 Vdc (measured value).

1000rpm . (

0.8V 87.3Vdc)e (6 deg/sec/ rpm)

Velocity= 120

Velocity = 60 deg/ sec

5. Record the velocity and tachometer output voltage on Data Sheet 1-3.

6. Position loop input voltages greater than 1 V should not be used unless the TED gradient is
linear beyond 1 V.
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Data Sheet 1-3.

Telemetry Antenna Systems

Test 1.3

Pedestal drive system characteristics: position loop test

Manufacturer:

Model:

Serial No.:

Test Personnel:

Date:

Position Loop Input Voltage
(volts)

Tachometer Output Voltage
(volts)

Velocity
(deg/sec)

0.1

0.2

0.5

1.0

2.0

3.0

4.0

5.0

Tachometer Gradient
(Vdc/rpm)

Gear Ratio (N/1)

Rotation
(clockwise/counterclockwise)

Position loop servo
bandwidth

Amplifier
(low, medium, high)
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1.4. TEST: Velocity and Acceleration Measurement: Strip Chart Recorder

1.4.1  Purpose. This test measures the pedestal velocity and acceleration using a strip chart
recorder.

1.4.2  Setup. Connect the strip chart recorder to the pedestal azimuth outputs as shown in
Figure 1-4. Ascertain that the winds are 15 miles per hour (mph) or less to avoid heavy wind
torque on the antenna reflector.

Tachometer Pedestal 100/sec
output position timing
\ v
CH1 CH2 CH3
STRIP CHART RECORDER

Figure 1-4.  Strip Chart Recorder Velocity Servo Test Block Diagram

1.4.3 Procedure

1. Calibrate the strip chart recorder by setting the tachometer output channel at the center of the
chart for 0 Vdc. Calibrate the recorder every = 5 V up to the maximum voltage determined
by the position loop calibration Test.

2. Rotate the pedestal clockwise at the desired input voltage similar to steps 2 and 3 from
Subsection 1.3.3.

3. Connect a 100 pulse/second (p/s) timing signal to another channel. Adjust the recorder gain
for a deflection of 6.25 millimeters (mm) and 12.5 mm.

Set the chart speed to 100 mm per second.

Start the strip chart recorder. Apply the input voltage as outlined in step 3, Subsection 1.1.5.

Allow the pedestal to travel at least 10° after the maximum voltage has been reached.

Repeat steps 2 to 6 for counterclockwise rotation.

© NN s

Repeat the above steps for elevation, substituting up/down for clockwise/counterclockwise.

prevent damage to the antenna and pedestal since the

Special care must be taken with elevation tests to
& travel limits are less in elevation.
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1.44  Data Reduction. The strip chart recording of tachometer voltage, position, and timing is
used to determine velocity and acceleration of the pedestal drive system.

1. The segment on the strip chart where the tachometer voltage is constant is the maximum
constant velocity of the pedestal in that direction (see Figure 1-5). Mark a segment of
constant velocity for 10°. Count the corresponding time interval from the timing channel.
The velocity (Vo) is the angle (10°), divided by the time interval (degrees per second)
[g/time].

-Vt Constant Velocity

Y

] Constant Acceleration
A

-\
Constant Velocity
Y
0 Volts
Tachometer Output Timing

Figure 1-5.  Velocity and Acceleration

2. The segment on the strip chart where the tachometer voltage changes from maximum
velocity in one direction to maximum velocity in the other direction is the area of maximum
acceleration (Ao ) (see Figure 1-5). This segment typically approaches a straight line.

3. Determine the TG first using Equation 1-2. The TG is found by dividing the tachometer
output voltage by the angular velocity corresponding to that output voltage.

TG =V:/Vo (Eq. 1-2)

1-12



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

illustration purpose only. They do not correspond to any

N OTV The tachometer output voltage and timing marks are for
actual measurements.

4. Mark a segment of the tachometer voltage change that is linear. From the chart, measure the
voltage change marked and the time in which it occurred. Thus, acceleration is the change in
tachometer voltage divided by the quantity TG multiplied by the time (T«) as shown in
Equation 1-3.

Ao=AV: /(TG * Ta) (Eq. 1-3)

5. Record the velocity and acceleration parameters on Data Sheet 1-4.
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Data Sheet 1-4. Velocity and Acceleration Parameters
Test 1.4 Velocity and acceleration measurement: strip chart recorder
. Counter
Clockwise Clockwise Up Down

Operational mode

Tachometer voltage (V%) volts

Rotational angle (0)

Rotation time (7v) sec

Velocity (Vo= 0/Tv) deg/sec

Tachometer gradient (Vi/Ve)

Change in tach voltage (AV%)

Acceleration time (7o) sec

Acceleration (40=AVi/ TG * To)
deg/sec?
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1.5. TEST: Tracking Error Voltage Gradient

1.5.1  Purpose. This test determines the gradient (error voltage rate of change as a function of
degrees offset) of the TED for the azimuth and elevation (Az/El) axes as a function of incoming
signal frequency and polarization. The gradient should be linear for the 3-decibel (dB) antenna
beam width. The linearity ensures the pedestal drive motors for Az/El will rotate at the correct
speed for a given error input. A linear error gradient will allow the antenna to correctly auto track
a moving radiating source without losing lock because of antenna lagging or leading the source.
This test can also be used to determine the amount of axes crosstalk. In a case where the
crosstalk is ten percent or greater, the tracking accuracy may be degraded.

1.5.2  Test Equipment. Voltmeter (dc) or oscilloscope set at 0.1 V/division and test range with
variable bore sight source for frequency and polarization.

1.5.3  Test Method. The test method is written for systems with an analog output.

1.5.4  Setup. Ensure that the servo system has been balanced for minimum movement when
the system auto track mode is selected. Connect the equipment as shown in Figure 1-6. Ensure
the bore sight source antenna is facing the telemetry (TM)-tracking antenna directly.

Voltmeter
or
Oscilloscope

RCP Rx &.‘ Tracking

Error To Servo

% Demod. |—ELEIOr g Subsystem

Az Error

LCP Rx

Figure 1-6. Tracking Error Gradient Test Block Diagram

NOTE The figure depicts moving the azimuth axis. Measure the
elevation (or stationary) axes to obtain the amount of crosstalk.

1.5.5  Conditions. When conducting tests on RF systems, allow sufficient warm-up time to
minimize drift in the electronic circuits after the test has started.

1. A test range free of obstructions between the tracking system and the bore sight source is
required to eliminate the effects of reflections on the data.

2. The bore sight source should be in the far field and should present an elevation angle of at
least twice the antenna 3-dB beam width for the following reasons. First, the effects of
ground reflections are reduced, and second, movement of the antenna is permitted downward
from the bore sight position.

3. In conducting tests and recording data, it is important for the operator to understand that
when the antenna is moved clockwise, the error produced is a counterclockwise error. That
is, the error will drive the pedestal counterclockwise back to the bore sight position.
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Likewise, a counterclockwise movement produces a clockwise error, an upward movement
produces a downward error, and a downward movement produces an upward error.

Set the bore sight signal output for a received signal strength at least 20 dB above the
receiver threshold.

1.5.6 Procedure

1.

Turn the drive system on and rotate the antenna to the bore sight source. Engage the auto
track mode and allow the pedestal to null on the bore sight signal. Select “Off” in the
elevation axis and “Manual” in the azimuth axis.

Ensure that the error signals for both Az/El are 0 V. No further zeroing of the elevation error
signal is required. Use the dc voltmeter (or oscilloscope) to measure the TED output for
Az/El

Record the Az/El, which will be the reference values for offsetting the antenna. Move the
antenna clockwise in small increments; for example, a 3-dB beam width of 4° is 0.1° up to
one-half of the 3-dB beam width. Record the angle and the error voltage on the
counterclockwise portion of Data Sheet 1-2 for each reading. Also, measure and record the
stationary axes voltage at each point. This voltage can be used to determine crosstalk.

Repeat step 3 for counterclockwise, up, and down movements.

Repeat steps 1 through 4 for each frequency and polarization of interest.

1.5.7 Data Reduction

1.

The most useful form of the error gradient data is a graph. Using linear graph paper, plot the
antenna offset angle along the abscissa and the corresponding error voltages along the
ordinate (see Figure 1-7). The example at Figure 1-7 is for a system where the 3-dB beam
width error gradient is 1 Vdc/deg.

volts nonlinear
2 ——
|+
| | | | degrees
! ! ! offset
_20 _ 1 o 1 o 20
1 +
2o T

Figure 1-7.  Tracking Error Gradient Linearity Slope for 1 Vdc/Degree
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2. When this data is combined with the results of Test 1.1, an evaluation of antenna tracking
error versus pedestal velocity can be performed. This procedure is described in Subsection
L.6.

3. The axes crosstalk can be determined by dividing the stationary axis voltage by that of the
non-stationary axis voltage for a given offset angle. Multiply the results by 100 to get the
amount of crosstalk in percentage.

4. Record the tracking error voltage gradient data on Data Sheet 1-5.
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Data Sheet 1-5. Telemetry Antenna Systems

Test 1.5 Tracking error voltage gradient
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Error voltage versus off-bore sight angle

Frequency:

Polarization:

Error Voltage (V)
Off Bore sight Angle . Counter
(deg) (0.1° increments) Clockwise Clockwise Up Down

Percent crosstalk

(Stationary voltage/nonstationary
voltage) <100
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1.6. TEST: Dynamic Tracking Accuracy

1.6.1  Purpose. This test determines the antenna offset angle produced when tracking in the
automatic tracking mode. This offset angle is the tracking error for the given pedestal angular
velocity when in the automatic tracking mode. By knowing the maximum tracking error, the
measured tracking error can be compared with the calculated value obtained from the system
servo error coefficients (or servo constants) such as Kp, Ky, and Ka. These values define the
dynamic tracking rate limits as shown in Equation 1-4.

0 = position+ velocity + acceleration (Eq. 1-4)
Kp KV Ka

Where:
K, = Position error coefficient (units in seconds)
K, = Velocity error coefficient (units in seconds ')
K. = Acceleration error coefficient (units in seconds ?)
6 =Maximum error that the servo can follow in the auto track mode (units in
degrees).

1.6.2  Test Equipment. Variable dc voltage source ranging from £20 Vdc and adjustable to 0.1
V and dc voltmeter.

1.6.3  Setup. Connect the test equipment as described in Subsection 1.3.2.

1.6.4  Conditions. Locate the TED input to the servo amplifier loop and make provisions for
introducing an external signal from the variable voltage source.

mechanical and electrical portions of the antenna

Special care must be taken to prevent damage to the
& drive system.

1.6.5 Procedure

1. Place the antenna drive system for elevation in the “Off” mode. Turn the tracking receiver
off.

2. Place the drive for azimuth in the automatic mode with the antenna at 0° for Az/El. The
pedestal should not move; if it does, balance the servo amplifier.

3. Starting at 0 Vdc, introduce a positive signal to the input determined in step 3, Subsection
1.1.5 that will cause the antenna to move. Movement stops when the signal is removed.
Increase the voltage until the maximum pedestal velocity is just reached. Record this voltage.

NOTE The maximum pedestal velocity is reached when
the input drive no longer causes an increase in the
tachometer output voltage.

4. Divide the recorded voltage into 5 or 10 steps depending upon the accuracy desired. With the
test setup as described in Test 1.4, turn the recorder on. Introduce the voltages determined
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above, one at a time, and allow the pedestal to reach a constant velocity for at least 10
degrees.

NOTE It will probably be necessary to move the antenna
back to 0° each time a voltage is introduced.

Change the voltage polarity and repeat steps 1 through 4.

Repeat steps 1 through 5 for the elevation axis. For the down movement, start at 90° rather
than 0° elevation.

1.6.6 Data Reduction

1.

Using step 1 in Subsection 1.4.4, determine the velocity for each corresponding voltage
introduced. Record this data on Data Sheet 1-6.

Plot this data on linear graph paper placing the voltage along the ordinate and the
corresponding velocities along the abscissa. A separate graph should be made for Az/El.

Combine this data with the results obtained in Subsection 1.5.7 to determine the actual
tracking error angle for various pedestal velocities.

From the graph obtained in data reduction step 2, determine the velocity in question. Find the
corresponding drive voltage. On the graph obtained in Subsection 1.5.7, locate this voltage
on the error voltage ordinate. Locate the corresponding offset angle.

This offset angle is the tracking error for the given pedestal angular velocity when in the
automatic tracking mode.

The velocity for a given offset angle can be determined in a similar manner.
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Data Sheet 1-6.

Telemetry Antenna Systems

Test 1.6 | Dynamic tracking accuracy
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Driving Error Voltage Velocity
Maximum Clockwise Counter Up Down

Clockwise
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1.7. TEST: Antenna Bore sight

1.7.1  Purpose. This test determines any variation in the bore sight axis of the antenna and
feed assembly unit (FAU) because of changes in frequency, polarization, or time.

1.7.2  Test Equipment. Bore sight source and test range free of obstructions and bore sight
source with changeable frequency and polarization.

1.7.3  Setup. Ensure that the demodulator circuits and the servo circuits are properly balanced
(minimum drift).

1.7.4 Procedure

1. Position the antenna to face the bore sight source. Place the drive system in the automatic
tracking mode.

2. Record the Az/El angles on Data Sheet 1-7. Select the standby mode.

3. Change the bore sight frequency to various frequencies throughout the band of interest.
Select the automatic mode and allow the servo to lock on for each frequency selected. Record
the corresponding angles.

4. Change between receiver’s right circular polarization and left circular polarization while
observing at least three frequencies across the band of interest. More frequencies may be
necessary to better characterize the antenna. Observe any change in bore sight angles and
record the results on Data Sheet 1-7.

5. Allow the drive system to lock on to the bore sight source in the auto track mode. Leave the
system in automatic tracking mode for at least 5 minutes while recording peak changes in
bore sight angles.

NOTE The procedure designed in this step may not be
required for all frequencies and polarizations.

1.7.5  Data Reduction. Variations in the bore sight axis greater than 0.1° could be indicative of
a skewed FAU with respect to the reflector.
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Data Sheet 1-7. Telemetry Antenna Systems
Test 1.7 Antenna bore sight test
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Az (Peak) El (Peak)

Frequency | Polarization Angle Az Angle El
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1.8. TEST: Antenna Gain

1.8.1  Purpose. This test verifies the relationship between the antenna reflector and the FAU.
The antenna gain is a function of the reflector diameter and frequency of operation. This test is
not designed to measure the absolute parameters of the receiving antenna. To measure exact
parameters, the antenna must be removed from the tracking system and mounted on a controlled
test range. A method for computing the theoretical gain is introduced for a comparison to the
measured gain.

1.8.2  Theoretical Antenna Gain. The theoretical antenna gain can be calculated for an antenna
having an aperture of 52 percent using Equation 1-5.

Gain =4rde (Eq. 1-5)
22

Where:
A. = Antenna effective area (m?)
A = Wavelength in meters
Ne = A¢/Ap = aperture efficiency
A, = Antenna physical area (m?)

Example:
Aperture efficiency (ne) = 52%
Physical area = A, =t * (D / 2)?
Reflector diameter (D) = 8 ft

Ap =me (830482 =47 m’
22

Ae =MeAp=0.52+4.7=2.444 m*
At 2.3 gigahertz (GHz): A = 0.13m:

Gain =drde=4 7+ 2.444 = 1817.29
A2 (0.13)2

Gain = 10 * logio (1817.29)

Gain =32.59 dB

1.8.3  Test Equipment. Bore sight source with an unobstructed test range, signal generator to
calibrate the XY plotter and the strip chart recorder for the frequencies of interest, standard gain
antenna calibrated in the frequency band of interest, tracking receiver, XY plotter, and strip chart
recorder.
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1.8.4  Test Method. Two test methods are recommended for plotting the data. Method 1 uses
an XY plotter. Method 2 uses a strip chart recorder. For either method, measure the system noise
floor to establish the reference level (amplitude) in dB.

1.8.4.1 Test Method 1: XY Plotter

1.8.4.1.1. Conditions. Allow the receiver to warm up for a minimum of 30 minutes.

Ascertain that no multipath conditions exist.

1.

1.8.4.1.2. Setup. Connect the equipment as shown in Figure 1-8.

RF AGC ™
“— Subsystem XY Tracker
. . > . p .
— —*|  Multi- Receiver |—™®  pouie Azimuth
Coupler Handwheel

Bore Antenna under test
sight (Horn or Parabolic)
Antenna

Figure 1-8.  Antenna Gain Measurement Using XY Plotter

This test assumes that the bore sight antenna is transmitting linear vertical polarization at first
and horizontal polarization when the procedure calls for rotating the antenna. Also, the
reference horn antenna is assumed to be a linear antenna. If the bore sight antenna transmits
circular (left or right), there is no need to rotate the horn antenna. Instead, add the 3-dB
difference because of the different polarizations. The same information applies if the
reference antenna is circularly polarized and the bore sight antenna is linearly polarized.

Calibrate the XY plotter by tuning the bore sight signal generator and test receiver to the bore
sight frequency. Most of the time, this bore sight frequency of interest is a common mission
frequency or the center of the frequency band. Connect the receiver automatic gain control
(AGC) output to the Y-input of the XY plotter. Use the measured noise floor as your
reference. Calibrate the XY plotter in 10-dB steps from the measured noise floor to +50 dB
using the bore sight signal generator and the test antenna pointing directly to the bore sight
antenna. The calibration should be in the center of the XY plotter paper. The remaining
calibration should be in 1-dB steps from the known horn antenna gain value to slightly more
than the calculated gain in Subsection 1.8.2.

If the bore sight antenna is linearly polarized, set up the standard gain horn antenna to the
same polarization (vertical with vertical and horizontal with horizontal).

1.8.4.1.3. Procedure

Point the test antenna (and horn antenna) directly at the bore sight antenna. If the bore sight
source is a signal generator, increase the signal RF level output until the tracking receiver
indicates at least +20 dB above the receiver noise floor.

Ascertain peak signal level by checking for maximum signal in Az/El.

Mark the horn antenna maximum gain value on the calibrated XY plotter paper on the right
side.
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4. Remove the horn antenna and repeat the measurement using the test antenna. Mark the gain
of the test antenna (vertical gain) on the right side higher than the horn antenna marking.

5. Rotate the horn antenna 90° to obtain the other linear polarization (horizontal) to repeat the
above measurements.

6. Rotate the bore sight antenna 90° similar to the horn antenna for compatible polarizations and
repeat steps 4 and 6 (mark on left side of paper).

1.8.4.2  Test Method 2: Strip Chart Recorder
1.8.4.2.1. Conditions. Same as Subsection 1.8.4.1.1

1.8.4.2.2. Setup. Connect the receiver AGC output to the strip chart recorder for vertical
deflection (see Figure 1-9). Calibrate the strip chart recorder using the signal generator and
receiver AGC output in 10-dB steps from the noise floor up to + 50 dB. Calibrate the recorder in
1-dB steps for values up to £15 dB from the calculated gain value.

AGC ;
] RE Strip
=" » Subsystem I 3 Chart
$ Y Receiver Recorder
Multicoupler

Boresight  Antenna under test
Antenna  (Horn or Parabolic)

Figure 1-9.  Antenna Gain Measurement using a Strip Chart Recorder
1.8.4.2.3. Procedure. Point the test antenna (and horn antenna) directly at the bore sight
antenna. Tune the receiver to the bore sight frequency.
1. Ascertain peak signal level.
Mark the horn antenna maximum gain value on the strip chart recorder.
Remove the horn antenna and repeat steps 1 and 2 for the test antenna.

Repeat steps 4 and 6 under Subsection 1.8.4.1.3.

A

Repeat this procedure for the horizontal polarization measurements.

1.8.5  Data Reduction. Add the two values (vertical and horizontal) as shown in the example
below. Record the data on Data Sheet 1-8.

Typical gain for a horn antenna (@ S-band: +15 dB (reference)
Measured vertical polarization gain above reference: 10 dB

Measured horizontal polarization gain above reference: 11 dB
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Vgain = Reference + measured vertical = 25 dB referenced to isotropic
radiator (dBi1)

Hgain = Reference + measured horizontal = 26 dBi
10 « logio Nv =25 dB, Nv=1316.227

10 « logio Nh =26 dB, Nh =398.107

Where:

Nv = vertical gain expressed as a power ratio
Nh = horizontal gain expressed as a power ratio.

316.227 +398.107 =714.334
10 * logio (714.334) =28.539 dB

Antenna Gain = 28.5 dBi
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Data Sheet 1-8. Telemetry Antenna Systems
Test 1.8 Antenna gain test
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Frequency MHz

Standard antenna gain (Gs) dBi

Bore sight antenna polarization

Gain

(dBi) Power ratio

Tracking antenna vertical polarization gain
(Gv)

Tracking antenna horizontal polarization
gain(Gn)

Antenna gain Na = Ny + Ny (power ratio)

Antenna gain (dBi) = 10 * logio (Na)

those from the standard gain antenna to the preamplifier should be the
same type and length. If this is not possible, it will be necessary to
calibrate the cables and compensate the readings to obtain the true gain.

N OT? The cables from the tracking system antenna to the preamplifier and
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1.9. TEST: Antenna Pattern Test

1.9.1  Purpose. The antenna pattern test checks the relationship between the antenna reflector
and the FAU. An antenna pattern measurement verifies that the FAU is at the focal point, side-
lobe symmetry, and correct level below the main lobe. It is not designed to measure the absolute
parameters of the receiving antenna. To measure exact parameters, the antenna must be removed
from the tracking system and mounted on a controlled test range.

1.9.2  Test Equipment. Bore sight source with an unobstructed view and an XY plotter with
good resolution. An antenna recorder could be used in place of the XY plotter.

1.9.3  Setup. Connect the test equipment as shown in Figure 1-10.

Boresight Antenna

Test Antenna
X ey +X
|
Angular
Preamp
Position

E e X0

Receiver L | Plotter
Y

Figure 1-10. Antenna Pattern Measurement Setup

1. Set the bore sight signal level so that the received signal at the tracking receiver is at least 40
dB above the noise level.

2. Adjust the recorder gain so that the bore sight on-axis signal gives maximum recorder
displacement.
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1.9.4  Conditions. This test should be performed with little or no wind. Multipath can lead to
false conclusions. Ascertain that no multipath conditions exist by conducting the test away from
any potential reflective surface and at an elevation high enough to prevent ground reflections.

N OT? The calibrations used for Subsection 1.8 should be used including

doing a noise floor measurement and calibration for 0 to + 50 dB in 10
dB steps to properly measure the side lobes.

1.9.5 Procedure

1. Rotate the antenna pedestal to point to the bore sight source. Record the Az/El auto track
angles. Set elevation to OFF. Rotate the azimuth axis —X degrees counterclockwise from the
recorded auto track angles. The limits —X to +X, for rotating the antenna is normally from
—180° to +180°. This limit allows an examination of the back lobes as well as the main and
side lobes. If the intent of the measurement is to verify the first side-lobe levels and the main
lobe for symmetry, then the measurement limits should be decreased to emphasize this
desired area. Start the recorder at 5 mm/s (0.2 in/s).

2. The pedestal must be rotated at a constant rate clockwise through the auto track peak angles
from —X to +X degrees. If the antenna drive system has a rate mode, set it for a movement of
5¢ per second. If it has only a synchro control mode, the operator must try to keep the
rotation rate as near to 5° per second as possible. Although other techniques may be devised,
they will not be discussed here.

3. After the pedestal has completed its expected rotation clockwise, stop the recorder and
pedestal.

4. Repeat steps 1 through 3 for as many frequencies as desired. Intervals of 25 megahertz
(MHz) are usually sufficient.

1.9.6 Data Reduction

1. The antenna response recorded on the strip chart recorder will indicate the side-lobe levels
and any major back lobes present. Unsymmetrical side-lobe levels could be caused by a
skewed feed. The absence of the first side lobes or lower side-lobe levels could be caused by
a feed assembly not at the focal point.

2. To produce a response record for the elevation axes in both directions (down as well as up),
the feed assembly must be rotated 90°, and the test conducted as an azimuth movement.

1.10. TEST: Feed Assembly Unit

1.10.1 Purpose. This test determines the proper error signal deflections in Az/El generated by
the tracking FAU. The errors generated by this unit form the basis for the automatic tracking of a
TM tracking system. One test is for a single-channel monopulse (SCM) tracking technique and
the other one is for a conical scan tracking technique.

1.10.2 SCM. The SCM tracking technique uses the difference channel signals to amplitude
modulate the carrier. The difference channel signals represent the Az/El error offset from bore
sight center in the form of square pulses. The amplitude modulation (AM) of the difference
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signals is caused by fast switching diodes synchronized by signals from a scan signal generator.
The AM output of the tracking receiver separates the error signals from the receiver intermediate
frequency (IF) and becomes the input to the TED. Demodulation by the TED separates the Az/El
error signals synchronized by the same scan signals from the scan signal generator. The error
pulses are four square wave pulses as shown in Figure 1-11 and Figure 1-12. Figure 1-11
indicates minimum error in Az/El while Figure 1-12 indicates an azimuth error and an elevation
error.

Az El

0° 180°

!
!
!
!
!
!
|
!
!
|
!
!

Figure 1-11. SCM Error Pulses Indicating Minimum Error

|
Az :
|

El

No error
indicator

Az

|
0° | 180°

Figure 1-12. SCM Error Signals Indicating Azimuth and Elevation Errors for One Type of SCM
Feed

1.10.2.1 Test Equipment. Analog or digital oscilloscope. Bore sight transmitting source and
radiating antenna.

1.10.2.2 Setup. Ensure direct line of sight between the TM tracking antenna and the bore sight
antenna. Align the demodulator circuits and servo circuits for minimum movement.

1.10.2.3 Procedure. Turn the TM tracking system on and allow a minimum of 15-minute
warm-up time.

1. Balance the servo system for minimum drift.
2. Tune the receiver to the bore sight source frequency.

3. Point the test feed (antenna) directly to the bore sight source ensuring that no influence from
multipath exists.
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4. Ensure the bore sight source signal radiates a strong signal of at least +20 dB above the noise
floor.

5. Monitor the receiver left circular polarization and right circular polarization AM output or
the error input to the TED with the oscilloscope.

6. Use the antenna control handwheel to rotate the antenna to null the error pulses. The Az/El
indicators should display the angles from the test antenna to the bore sight source. When the
four pulses form a horizontal straight line (or close to), the error is minimum and the signal
level is maximum (see Figure 1-11). Note that the timing sequences may not be
representative of all types of SCM feeds.

Note: The timing sequences may not be representative of all types of SCM feeds.

7. Rotate the azimuth handwheel clockwise and the elevation handwheel up no more than 1/2
the 3-dB beam width. The Az/El error pulses will increase in one direction (for the 0° phase
and “mirror image” for the 180° phase). By rotating the antenna in a counterclockwise (and
down) direction the Az/El errors will change directions (see Figure 1-12).

1.10.2.4 Data Reduction. The error pulses should indicate a definite separation between Az/El
errors at the 0° phase and again at the 180° phase. There should also be a definite separation
between the Az/El error pairs at 0° and Az/El error pairs at 180°. (See Figure 1-12 for an
illustration of correct pulse movement).

1.10.3 Conical Scan Technique. Most conical scan techniques use a 30-hertz (Hz) (or variable
from 5 to 35 Hz) scan motor to rotate an eccentric circular waveguide (horn). A vertical and
horizontal dipole antenna is normally housed behind the waveguide. The rotation of the horn
generates a sine wave that is amplitude modulated by the amount of offset the antennas are from
the bore sight center. The amplitude and phase represent the error from the bore sight center that
the servo response must correct to maintain auto track. The scan motor is directly connected to
an optical commutator. One-half of the rotating cam is clear while the other half is anodized.
Two photoelectric lights constantly illuminate the cam generating two square waves that are in-
phase quadrature at the scan motor frequency. The proper in-phase relationship between the
square pulse and the error sine wave indicates correct alignment of the FAU. The correct phasing
of the reference signal pair is optimized to reduce crosstalk between orthogonal tracking
channels (see Figure 1-13).

Error Signal
A~~~
~

\ Reference Signal

Figure 1-13. Conical Scan Technique Error and Reference Signals Alignment
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1.10.3.1 Test Equipment. Dual-trace digital oscilloscope and radiating bore sight antenna.

1.10.3.2 Setup. Ensure direct line-of-sight between the TM tracking system and the bore sight
antenna with no multipath interference.

1.10.3.3 Procedure. The radiating source should output a strong signal so the receiving system
reads at least +20 dB above the measured noise floor.

1. Point the test antenna at the bore sight antenna and monitor the AM input to the TED and the
square wave reference at the TED. Minimum error will be indicated by a very small sine
wave.

2. Rotate the pedestal in azimuth only and observe the AM increase. Where the sine wave
crosses the zero reference line, observe the square pulse (see Figure 1-13). The positive going
portion of the square pulse should align with the sine wave here. If it is not aligned,
determine the amount of channel crosstalk present and the possible reason for the erratic
automatic track. The amount of acceptable crosstalk should be known to determine if the
FAU needs adjustment.

1.11. TEST: Solar Calibration using Linear Receiver Method

1.11.1  Purpose. This test determines the figure of merit (gain/temperature [ G/T]) of the
receiving antenna system. The G/7 is the ratio of the antenna gain to the system noise
temperature. G is the receiving antenna gain minus the losses between the receiving antenna and
a reference point. 7 is the receiving system temperature comprised of the sum of the antenna
noise temperature (7%) and the receiver noise temperature (7;). Therefore, the G/T is a good
measure of the sensitivity of the receiving system. The G/T is frequently used in link analysis
calculations.

1.11.2  Test Equipment. TM receiver with linear IF output and manual gain control (MGC) or
AGC hold feature and power meter with square-law detector or true root mean square (rms)
voltmeter.

1.11.3  Setup. Connect the test equipment as shown in Figure 1-14.
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Figure 1-14. Antenna Solar Calibration Using Linear Receiver

1.11.4 Conditions. System must be at operational stability (adequate warm-up period and
minimum noise in the servo system) before test is conducted. To make power measurements, the
tracker should point at the sun at an elevation angle of at least 10°. An elevation angle of 10° will
contribute approximately 10 K to the antenna temperature at frequencies from 1.4 to 2.3 GHz. At
higher elevation angles up to 90°, the antenna temperature decreases to 1.8 K.* The above figures
are based on clear sky and 7.5 g/m?® water-vapor concentration. Equation 1-6 can be used to
calculate the effects on the system temperature at different elevation angles. See Appendix C to
determine receiving system linearity. Set the receiver center frequency to the desired test
frequency. Be aware that interfering signals may invalidate test results.

Care should be taken to prevent solar heat damage to
‘ & equipment at the focus of parabolic reflectors.

1.11.5 Procedure

1.

Point the antenna at the sun. Fix manual gain (engage AGC hold) in the linear portion of the
receiver. Record the power meter reading as P> (12).

Point the antenna at the cold sky (at least several beam widths away from the sun). The
antenna should be rotated in azimuth or elevation to prevent interference from the sun.
Record the power meter reading as P (V1).

Repeat procedure for other desired frequencies.

4 Kraus, J. D. Radio Astronomy. New York: McGraw-Hill, 1966.
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1.11.6 Data Reduction

1.
2.

Record power meter readings (in dB referenced to one milliwatt [dBm]) on Data Sheet 1-9.

Calculate the figure of merit using Equation 1-6 if a power meter was used, or Equation 1-7
if a true rms voltmeter was used. See Appendix C for additional details about figure of merit
calculations.

To convert the power flux density measurements into flux densities at the test frequencies,
see Appendix C.

The units of the measured power flux densities are 10722 W/m?/Hz; that is, a reported value
of 111 would mean 111 * 102> W/m?/Hz.

k> = Ag/sin o (Eq. 1-6)
8t kk,L|P
Where:
A = test frequency wavelength (in meters)
G/T = figure of merit in dB/K
L = correction factor (see Appendix C)
k = Boltzmann's constant (1.380622 « 10~2* W/Hz/K)
k> = atmospheric attenuation (see Appendix C)
S = solar power flux density (random polarization) in W/m?/Hz at the test
time and at the test frequency
P; = cold sky power meter reading as a power ratio
P> = power meter reading looking at the sun as a power ratio
2
<P logl{Sﬂk/;zL {sz _lﬂ
T SA v,
(Eq. 1-8)
Where:
Vi = true voltmeter reading antenna pointing at the cold sky
V> = true voltmeter reading antenna pointing at the sun

Solar power flux density (S) at the test frequency will need to be interpolated from data
measured by the National Oceanic and Atmospheric Administration (NOAA) at
specific frequencies. These procedures are in included in Appendix C.
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NOTE Solar flux measurements are made daily by radio observatories at 245, 410,
/ 610, 1415, 2695, 4995, 8800, and 15400 MHz. Measurements from Sagamore
Hill Radio Observatory are the optimal values for the continental United States.
For sites outside of the continental United States use values from the nearest
radio observatory.

Contact Information:

DSN 272-8087 or commercial (402) 232-8087

Internet:

ftp://ftp.swpc.noaa.gov/pub/lists/radio/rad.txt

or
http://services.swpc.noaa.gov/text/current-space-weather-indices.txt
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Data Sheet 1-9.

Telemetry Antenna Systems

Test 1.9 Solar calibration using linear receiver method
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Time: Location:
Meter type: power True RMS
meter: voltmeter:
Antenna beam Aperture correction
width: factor (L):
. ) Receiver IF
Receiver No.: bandwidth:
Measured Solar Flux Data
Frequency 610 1415 2695 4995 8800
Solar Flux
Corrected .. P> ()2) P1(0) . .
Frequency solar flux Polarization (sun) (cold sky) Figure of merit
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1.12. TEST: Solar Calibration using Attenuator Method

1.12.1 Purpose. This test determines the figure of merit (G/7) of the receiving antenna system.
The G/T is the ratio of the antenna gain to the system noise temperature. G is the receiving
antenna gain minus the losses between the receiving antenna and a reference point. 7 is the
receiving system temperature comprised of the sum of the antenna noise temperature (7%) and the
receiver noise temperature (77). Therefore, the G/T is a good measure of the sensitivity of the
receiving system. The G/T is frequently used in link analysis calculations.

1.12.2 Test Equipment. TM receiver with linear IF output and MGC or AGC-hold feature,
power meter with square-law detector or true rms voltmeter, and precision attenuator.

1.12.3  Setup. Connect the test equipment as shown in Figure 1-15.

O
!
/
/ 7
/ <
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/ e
s -
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- Cold
-~
- Sky B
Multi-
coupler Preamp |
[
Precision Telemetry i - Power
L e » et linear IF -
Attenuator Receivel Meter

Figure 1-15. Antenna Solar Calibration using Attenuator

1.12.4 Conditions. The system must be at operational stability before the test is conducted. To
make power measurements, the tracker should point at the sun at an elevation angle of at least
10°. An elevation angle of 10° will contribute approximately 10 K to the antenna temperature at
frequencies from 1.4 to 2.3 GHz. At higher elevation angles up to 90°, the antenna temperature
decreases to 1.8 K (Kraus, 1966). The above figures are based on clear sky and 7.5 g/m® water-
vapor concentration. To determine receiving system linearity, see Appendix C. Set the receiver
center frequency to the desired test frequency. Be aware that interfering signals may invalidate
test results.
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1.12.5 Procedure

1. Point the antenna at the cold sky (at least several antenna beam widths away from the Sun).
Set the attenuator to zero. Set manual gain in the linear portion of the receiver range. Record
power meter (true rms voltmeter) reading on Data Sheet 1-10 as Px (V).

Care should be taken to prevent solar heat damage to
& equipment at the focus of parabolic reflectors.

2. Point the antenna at the sun. Increase attenuation so the power meter (true rms voltmeter)
again reads Px(Vx). Record the attenuator reading on Data Sheet 1-10.

3. Repeat the procedure for other frequencies as desired.

1.12.6 Data Reduction

1. Convert the amount of attenuation necessary to obtain a meter reading equal to Px (Vx) to a
power ratio and use in Equation 1-8 for calculating G/T in place of P>/P1, that is,

G rkk,L (107 —1

== IOlogl{ ZSAE )} (Eq. 1-11)
Where:

Y = attenuator reading (in dB)

z =Y/10

A =test frequency wavelength (meters)

L = aperture correction factor (see Appendix C)

k = Boltzmann's constant (1.380622 « 102> W/Hz/K)

k> = atmospheric attenuation (see Appendix C)

S = solar power flux density (random polarization) in W/m?*/Hz

2. Solar power flux density (S) at the test frequency will need to be interpolated from data
measured by NOAA at specific frequencies. These procedures are included in Appendix C.

N OTV Solar flux measurements are made daily by radio observatories at 245, 410,

610, 1415, 2695, 4995, 8800, and 15400 MHz. Measurements from Sagamore
Hill Radio Observatory are the optimal values for the continental United States.
For sites outside of the continental United States use values from the nearest
radio observatory.

Contact Information:

DSN 272-8087 or commercial (402) 232-8087

Internet:

ftp://ftp.swpc.noaa.gov/pub/lists/radio/rad.txt

or
http://services.swpc.noaa.gov/text/current-space-weather-indices.txt
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Data Sheet 1-10.

Telemetry Antenna Systems

Test 1.10 Solar calibration using attenuator method
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Time: Location:
Solar flux at Solar flux at 2695
1415 MHz: MHz:
Meter type: True RMS
power meter: voltmeter:
Antenna Aperture correction
Beam Width factor (L):
Receiver Receiver IF
No.: bandwidth
Measured Solar Flux Data
Frequency 610 1415 2695 4995 8800
Solar Flux
Frequenc Corrected Polarization Attenuator dB P11 () Figure of
q y solar flux (sun) (cold sky) merit
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1.13. TEST: Pedestal Motion Testing

1.13.1 Purpose. This task is to provide a common method for determining and assessing the
dynamic motion and tracking accuracy of a telemetry pedestal. The test will use hardware in the
loop (HWIL) equipment to simulate a target and generate the necessary antenna control unit
(ACU) and amplitude modulated error input signals to drive the antenna as it would normally be
driven when tracking a real target. See Figure 1-16.

System Under Test

I
! I
! I
' I
|
|
| (SUT} Antenna i
! I
! I
! I
! I
' RF I
| RX + Pedestal| |
|
I
! I
Hardware in the Loop | 1
(HWIL) I |
e e I [y
I | |
Error 1 I I
Generator | | Momal 2% I
Target + Emor ! Simulated AM ACU Servo Control |
Fusmn Conditioner | !
Simulator | |
2 I I
! I

Antenna
Paosition
Sensor

(On Pedestal)

R e e s s i B B it s i i i A ot it i sl

Figure 1-16. Hardware in the Loop Configuration

The general test methodology discussed in this procedure can characterize the tracking
performance of a conical scan or SCM tracking antenna, but the concepts described in this
procedure can be adopted for any tracking antenna technology. The HWIL equipment takes the
error between a simulated target position and the true antenna pointing angle and generates the
appropriate error signal for input to the ACU. The ACU interprets this input as if it were tracking
a normal target and moves the antenna towards the target. It is critical that the simulation outputs
and interfaces to the antenna be of sufficient quality as to not impact the SUT response.

The following HWIL component functions are described, along with one potential
implementation method. An infinite number of implementation methods can be developed, each
with its own set of strengths and weaknesses.

1.13.1.1 Target Position Simulator. The target position simulator supplies the simulated target
position with respect to time. This component houses the flight path generation equipment and is
not impacted by antenna position.
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1.13.1.2  Error Generator. This component takes in the antenna position and the target position
and creates a value for the pointing error of the antenna. If the antenna error is greater than the
tracking beamwidth of the antenna, usually the 3-dB point, then it can be assumed that the
antenna can no longer accurately track the target. Since stressful antenna tracking scenarios
usually occur when targets are relatively close to the antenna, and the incoming signal strength is
high, the Null to Null tracking point could be used as the reference. See Figure 1-17.

100

100

VAN
80 / \ 80
60 / \ 60
40 40
/ MNull to Ny

20 / V 20
0 0

181.26p
186 260

Figure 1-17. Antenna Pattern

1.13.1.3  Error Conditioner. This component converts the output of the error generator into a
format that can be natively understood by the SUT. It is important that the fidelity of the error
signal coming from the error conditioner be as close as possible to the native error signal coming
from the antenna when it tracks a real target so that the difference is unperceivable to the SUT
(in fidelity, accuracy, and timeliness). If this is not the case, then the HWIL may significantly
influence the SUT performance.

1.13.1.4 Antenna Position Sensor. This component, mounted on the pedestal, senses the
position of the antenna and forwards that to the error generator. It is important to note that the
antenna position sensor be of sufficient accuracy that it can segment the antenna beamwidth into
small enough segments as to not impact the SUT. Usually 1/10'" of a 3-dB beamwidth is
sufficient for this purpose. It is also important that the antenna position sensor be referenced to
the correct coordinate system. In other words, if the antenna position sensor is referenced to the
antenna pedestal then pointing error sources that are external to the antenna system (such as
mounting flex, antenna misalignment, or tower sway) will not be captured as contributors to the
tracking system error. However, if the antenna position sensor is referenced to a global reference
frame then all contributors to the tracking system error will be captured. It is also possible to test
the antenna mount/tower separately to determine the magnitude of its contribution and integrate
an antenna mount model (if desired) into the HWIL components to account for it.

1.13.1.5 Uncaptured Error Sources. It is also important to note that RF-related errors (such as
the effect of antenna beam misalignment due to antenna dynamics) is not captured as part of the
described system. Effects such as dish flex, spar flex, and feed displacement due to antenna
movement can have a significant impact on antenna tracking performance. This section only
describes the basic system. Additions to this system can be developed to further expand the
system’s capability, but those are beyond the scope of this document.
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1.13.2  Standard Trajectories and Tests. There are four test trajectories that can describe the
primary tracking functions of a telemetry antenna. These tests produce four standard metrics.
Other tests may be developed using the target generator to further specify an antenna, but these
are presented as a starting point. The four standard tests are described below.

1.13.2.1 Maximum Azimuth Tracking Velocity (MATV) Test. The velocity at which the
antenna error (difference between pointing angle and simulated target position) exceeds the
tracking beamwidth of the antenna is the MATYV of the antenna. Obtaining the MATV is done by
simulating a target that is centered at 0° elevation and moving it such that the antenna’s angular
velocity slowly increases at a rate of 0.1 to 0.5°/sec?. The test can be repeated in clockwise and
counterclockwise rotations. Since this is solely a velocity test, the acceleration values were
chosen to be sufficiently low as to decouple the antenna acceleration limitation from the MATV
test. The other tests are designed to test acceleration limitations and acceleration with velocity
interactions. This test may have to be adjusted to account for azimuth rotational limitations
related to cable wrap systems.

1.13.2.2 Maximum Standard Flyby (MSF) Test. Obtaining the MSF is done by simulating a
target that will originate significantly far away (15-20 nm) and fly by the antenna with a flight
path offset 1 nm from the antenna (1 nm minimum tangential range). The simulated target’s
velocity is increased in successive runs until the antenna can no longer maintain the target within
the tracking beamwidth of the antenna. The maximum target velocity that can be presented to the
antenna, while still maintaining it within the tracking beamwidth, is the MSF. This test can also
be accomplished at different target altitudes to provide additional insight into antenna
performance.

1.13.2.3 Maximum Instantaneous Velocity (MIV) Test. The MIV or “bottle rocket test” is
determined by simulating a target that originates 1 nautical mile away from the antenna and
moves tangentially with respect to the antenna. The target goes from stationary to a set velocity
instantaneously. This is usually performed as an elevation test simulating a bottle rocket-like
profile. The velocities are increased in successive simulation runs. The MIV that the antenna can
maintain, within the tracking beamwidth of the antenna, is the MIV of the system.

1.13.2.4 Mid-Course Maneuver (MCM). This test is designed to be used with an ACU that is
using a predictive analysis tool in its tracking algorithm. The MCM test is a derivative of the
MIV test with the addition of a major (>30°) target maneuver in Az/El at the midpoint of the
flight profile. This tool is often used to reduce standard tracking lag by predicting the future
target position and driving the servo in the direction of the predicted target position. This will
cause the system to track closer to the target, thus reducing the tracking lag. The MCM test is
used to validate the ACU’s ability to continue tracking during a sudden change in the flight
profile.

1.13.3 System Description. The detailed system configuration as shown in Figure 1-18 is
described below.
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Figure 1-18. Detailed System Donfiguration

1.13.3.1 Inertial measurement unit (IMU). The IMU mounted on the antenna yoke arm outputs
heading, pitch, and roll attitude angles for rates of up to +200°/sec. The advantage of an external
IMU is its ability to reference the antenna pointing position to a global reference point. This
accounts for changes in antenna position based on tower movements and other external inputs to
the SUT. An azimuth angle of 0° corresponds to a heading of 0° while an elevation angle of 0°
corresponds to a pitch angle of 0°. Azimuth and heading are positive in the same direction,
clockwise. Elevation and pitch are positive in the same direction, up from the horizon.

1.13.3.2 The real-time controller (RTC) includes the following.

1.13.3.2.1. Target Position Simulator: The simulated test flight trajectory needs to be
decomposed into the local level antenna reference frame in Az/El components. This is the same
angular data format used by the IMU and will allow a direct comparison of the two angular data
sets.

1.13.3.2.2. Rectangular Converter: The error signal, in Az/El components, is converted to a
corresponding AM error signal (with phase) by first using a simple rectangular-to-polar
conversion. The elevation value is the “X” component and the azimuth value is the “Y”
component. This is due to the zero reference angle defined in the standard conversion as being
aligned to the X-direction. In conical scan, the zero reference angle is defined in the positive
pitch direction - the Y-direction graphically speaking. Once the amplitude and phase are found,
they are used in the simple cosine signal function (Equation 1-12). The process is shown

graphically in Figure 1-19.

AM Error Signal = A cos(2nft — 0) (Eq. 1-12)
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Figure 1-19. Converting AM to TDC Reference

1.13.3.2.3. Cosine Generator: Once the amplitude and phase of the AM error signal are
calculated in the feed reference, the 8 and amplitude parameters are input to a cosine wave
generator. The cosine wave frequency is the emulated conical scan frequency or SCM frequency
and can vary from 10 Hz to 2000 Hz as a fixed user input parameter or synchronized to the input
top dead center (TDC) pulse.

1.13.3.2.4. Computer: The computer is used to monitor the HWIL equipment and collect
data. The computer also has four profile generators, one for each type of flight profile.

1.13.4 Setup. Connect the equipment as shown in Figure 1-18.

Special care must be taken to firmly attach the IMU to the pedestal.
& Any movement between the IMU and the pedestal will skew the

results.

1.13.5 System Calibration
1.13.5.1 Error Amplitude and Phase Calibration

1. Alignment and calibration verifies that the RTC output amplitude (peak-to-peak) and phase
(relative to the TDC pulse) are correctly recognized by the ACU. Independent Az/El gain
adjustment, along with a scan angle zero adjustment, is incorporated into the closed loop
system as shown in Figure 1-18. The adjustments are used to calibrate and align the HWIL
equipment with the SUT.

2. With the servos disabled, use the following steps to adjust the RTC error signal so that a 1°
angle offset in Az/El corresponds with a 1° error in the same direction(s) as displayed on the
ACU.

3. Manually set antenna pedestal angles to 0° in both Az/El. Turn off the servo.
4. Command the IMU to generate 0° in both Az/El.
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Set the Target Position Simulator for 0° azimuth and 1° elevation.

Observe the ACU crosshair position, which should go to the 12 o’clock position. The error
amplitude should be at the 1° crosshair marker. The ACU azimuth error should be zero.
Adjust ‘Angle Zero Adj’ to zero the ACU azimuth error indicator.

Adjust ‘EL Gain’ for an ACU +1° elevation error value. If the ‘AZ Error’ indicator changes
from zero, use ‘Scan Angle Adj’ to re-zero the ‘AZ Error’.

Repeat steps 5 through 7 for each setting in Table 1-2.

Table 1-2. Calibration Test Points
AZ EL ACU Error ACU Error
Magnitude Angle

OO OO OO .

OO 10 10 OO

1° 0° 1° 90°

0° —1° 1° 180°
—1° 0° 1° 270°

1° 1° - 45°
—-1° —-1° - 225°

1.13.5.2 Antenna Movement Verification

I.
2.
3.
4

. For each of the Az/El settings in Table 1-2 turn the servo on. Turn ‘Track On’ and confirm

Manually set antenna pedestal angles to 0° in both Az/El. Turn off the servo.
Command the IMU to generate 0° in Az/El.
Set the target position simulator for each of the Az/El settings shown in Table 1-2.

the antenna moved to the correct setting.

1.13.6 Trajectory Simulation

AU

Load the target position simulator with the desired flight trajectory.

Set the IMU to output pitch and heading data.

Turn on the servo and move the antenna to the trajectory start point.

Start the target position simulator.

Select “Track on ACU’ to allow the antenna to move in the simulated profile.
At the completion of the profile turn off the servo.

Plot the commanded vs actual position, velocity, and acceleration data. Refer to Figure 1-20,
Figure 1-21, and Figure 1-22.

1-46



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Figure 1-20. Example MIV Position Error

Figure 1-21. Example MIV Antenna Angular Rates
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Figure 1-22. Example Maximum MIV Antenna Acceleration

8. Verify the antenna position deltas between commanded and actual position were within the
3-dB points for the antenna beamwidth.
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CHAPTER 2

Test Procedures for Telemetry RF Preamplifiers

2. General

This chapter describes the test procedures used in measuring the performance parameters
of TM RF preamplifiers. Included are methods for determining the range of linear operation by
measuring intermodulation (IM) products, gain compression level, power (small-signal) gain,
bandwidth, intercept point (IP), voltage standing wave ratio (VSWR), noise figure, and gain
variation because of temperature and supply voltage. Table 2-1 lists the types of tests and their
test and paragraph number.

Table 2-1. Test Matrix for TM RF Preamplifiers
Test Number Test Description

2.1 Amplifier gain compression

2.2 Bandwidth and small-signal power gain

2.3 IM products and IP

2.4 VSWR by return loss

2.5 Noise figure using automatic noise figure meter

2.6 Impedance mismatch

2.1. TEST: Amplifier Gain Compression

2.1.1  Purpose. This test measures the 1-dB compression point that is defined as the point
where the gain of an amplifier has been decreased 1 dB from the small-signal gain. Gain
compression results from nonlinear operations of amplifiers and is a major cause of IM noise that
can increase the bit error rate (BER) in digital systems and cause distortion in analog systems.

N OT? Perform this test at various frequencies if necessary as 1 dB

compression is not constant across the entire band, especially
with wide-band amplifiers.

2.1.2  Method: Power Meter as the measuring device.

2.1.3  Test Equipment. Signal generator and power meter (2), 3-dB directional coupler.

2.1.4  Setup. Connect the test equipment as shown in Figure 2-1.
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Signal 3-dB Amplifier Power
Generator |—{ Directional (—p Under —p| Meter #2
Al Coupler Test PM2

v

Power
Meter #1
PM1

Figure 2-1.  Test Setup for Measurement of Amplifier Gain Compression

2.1.5  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous-wave signals (unmodulated) into
the device under test.

recommended input power because permanent damage

Do not exceed the amplifier manufacturer’s maximum
& to the amplifier may result.

2.1.6 Procedure

1.

AN

Connect the amplifier between the signal generator and the power meter as illustrated in
Figure 2-1.

Apply a low-level signal to the amplifier input and record the power output level from both

power meters as P; for power meter number one and P> for power meter number two on Data
Sheet 2-1.

Allow the power meters to settle before annotating the power meter readings.
Increase the low-level signal by decreasing the attenuator setting, A1, on the signal generator.
Record the power meter readings on Data Sheet 2-1.

Continue this incremental increase until the gain is 1 dB less than the gain in the first step.
This condition is known as the 1-dB compression point. Any further increase in the input
signal level would drive the amplifier into the nonlinear region of the amplifier and possibly
generate IM products.

2.1.7 Data Reduction

1.

Calculate and record the gain of the amplifier after each 1-dB increase in input power using
equation 2-1.

G =P,—P; (Eq. 2-1)
Where:

G = amplifier gain (dB)
P; = power input (dBm)

2-2



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

P> = power output (dBm)

2. Plot amplifier output power versus input power and note where the output level decreases 1
dB from the linear extrapolation of amplifier response as illustrated in Figure 2-2. This is the

amplifier gain compression level. Record the input/output gain compression level on Data
Sheet 2-1.

Linear Extrapolation of

G Linear Region

Poyr (dB,)

PIN (dBm)

Figure 2-2.  Amplifier Gain Compression
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Data Sheet 2-1.

Test Procedures for Telemetry RF Preamplifiers

Test 2.1

Amplifier gain compression method: power meter

measurement
Manufacturer: Model: Serial No.:
Test Personnel: Date:
RF Input Power P1 RF Output Power P2 Gain: G=P2—-P1
(dBm) (dBm) (dB)
Test Frequency:
1 dB compression point: Py (dBm) P; dBm

Take additional readings where data slope changes abruptly.
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2.2. TEST: Bandwidth and Small-signal Power Gain

2.2.1  Purpose. This test measures bandwidth, which is defined as the range of frequencies
over which the amplitude response does not decrease more than 3 dB relative to the response at
the reference point (such as the center frequency) over the specified frequency band of the device
under test. The amplifier small-signal power gain is the ratio of output power to input power in
the linear operating range and is generally expressed in dB (assuming the impedance of the
input/output circuits are properly matched). It is not uncommon to eliminate the specification for
3-dB bandwidth, especially when a band pass filter is utilized prior to the low noise amplifier
The band pass filter will establish the 3-dB bandwidth. Operational frequencies are commonly
used to identify band edges and optimized for best flatness across the band. Sometimes it is
required to specify out of band gain. Out-of-band gain shall not exceed in band gain.

2.2.2  Test Equipment. Signal generator, spectrum analyzer, sweep oscillator, and attenuator.
(Attenuators are needed if the signal generator is not a newer model that includes precision
attenuators).

2.2.3  Setup. Connect the test equipment as shown in Figure 2-3. (Either method illustrated is
acceptable.)

[
|
|
Signal Attenuator ‘ Amplifier
[ 2 » > P > Spectrum
| Generator Al L Under Analyzer
‘ P Test
|
i *
|
| As required to reach 3 dB points : :
e I Printer
|
|
|
| Variable
Sweep Attenuator | | Voltage
Oscillator Al . Supply
ac or de

Figure 2-3.  Test Setup for Measurement of Bandwidth and Small-signal Power Gain

2.2.4  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test. Variations in supply voltage will be evaluated.

2.2.5  Procedure
1. Set the signal generator frequency to the center of the passband for the device under test.

2. Set the attenuator A to provide a preamplifier output at the spectrum analyzer at least 10 dB
below the 1-dB compression level of the amplifier as determined in Test 2.1.

3. Adjust the spectrum analyzer to display the frequency signal in the linear operating range at a
convenient reference level on the log scale such as 0 dB. The spectrum analyzer vertical
display must be operating in the log mode.
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Disconnect the amplifier and connect the analyzer to the attenuator. Record on Data Sheet 2-
2, as the gain of the preamplifier, the difference between the signal now displayed and the
reference level in step 3.

Reconnect the amplifier (Figure 2-3) and tune across the band. Note and record any abnormal
changes in gain versus frequency on Data Sheet 2-2. The gain should be constant (£1 dB)
within the passband of a well-designed amplifier. Continue tuning until response drops
approximately 10 dB to ensure that the actual amplifier band edges have been reached.
Readjust the signal generator and record the —3-dB points on Data Sheet 2-2.

Record the data on Data Sheet 2-2 at convenient frequency increments across the band by
manually tuning the generator across the band, being careful to record all abnormal gain
changes that may occur.

The same results are obtained using a wide-band noise source or sweep generator in place of
the signal generator.

NOTE If the sweep generator or noise source does not have an automatic level
control, the level variation versus frequency must be compensated and
the data corrected for these variations.

Set the variable voltage supply to the highest normal operating voltage for which the
amplifier is designed. Repeat steps 1 through 6.

Set the variable voltage supply to the lowest voltage specified for the amplifier. Repeat steps
1 through 6.

Set up the equipment in an environmental chamber and operate the amplifier at the highest
temperature for which it is designed. Repeat steps 1 through 6.

Set up the equipment in an environmental chamber and operate the amplifier at the lowest
temperature for which it is designed. Repeat steps 1 through 6.
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Data Sheet 2-2. Telemetry RF Preamplifiers
Bandwidth and small-signal power gain including
Test 2.2 .
temperature and supply voltage variations
Manufacturer: Model: Serial No.:
Test Personnel: Date:

Amplifier gain determined in Subsection 2.2.5 step 3

Standard Conditions Supply Voltage Variation Temperature Variation
Frequenc Gain Gain Gain Gain Gain
(l\(}IHz) Y (dB) Low Supply | High Supply | High Temp. Low Temp.
Voltage (dB) | Voltage (dB) (dB) (dB)
Lower 3-dB
point (MHz)
Upper 3-dB
point (MHz)

in Test 2.1, thereby verifying that the equipment is

N OT? This value should agree with the value determined
set up properly.
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2.2.6  Data Reduction. Plot (or photograph) the data as shown in Figure 2-4 to determine

power gain and bandwidth.

*—SdB

GAIN (dB)

/—Ca_eater Than 1 dB

Detail Gain Variations

'
4
4
4
4
|
|
4
4
|
4
4
'
4
4
4
4
[
|
i
4
|
4
4
i
4

FREQUENCY (MHz)

Figure 2-4.

2.3. TEST: Amplifier IM Products and Intercept Point

Plot of Power Gain and Bandwidth versus Frequency

2.3.1  Purpose. This test measures the IM products and IP of an amplifier. See Appendix A for
IM product determination and the IP of an amplifier.

2.3.2  Test Equipment. Two signal generators, isolator, spectrum analyzer, and termination

(characteristic impedance).

2.3.3  Setup. Connect the test equipment as shown in Figure 2-5.

. 1 i
st Amplifir Spectrum
enerator
Al - Test —®{  Analyzer
e
3 Y
=
S Print
O rinter
2
Signal 2 50 ohm
Generator > ™
load
A2
Figure 2-5. Test Setup for Determination of Intercept Point
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2.3.4  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes.

NOTE The IP technique is generally accepted as the best approach
for describing the overload characteristics of an amplifier.
See Appendix A for details on the IP technique.

2.3.5 Procedure

1.

Set the fundamental signals f1 and /> near the mid-band frequency of the amplifier under test.
The spacing of the fundamental signals is not critical as long as the third-order products are
within the amplifier passband, which must be greater than 3(f> — f1).

Set each of the calibrated signal generator attenuators (A1 and A») to a convenient reference
level, for example, =50 dBm. Connect the spectrum analyzer to the isolator and observe the
spectrum; only f1 and f> should appear. Increase the output power of both signal generators 10
dB by adjusting A1 and Az equally and verify that the displayed signals increase by 10 dB.
This technique ensures that the IM products are not being produced in the isolator or
spectrum analyzer.

NOTE Spectrum analyzers may produce IM products when a high-level signal
is applied to the first mixer. Refer to the spectrum analyzer instruction
manual. An attenuator may not be needed at the analyzer input.

Reconnect the preamplifier between the isolator and the spectrum analyzer. The amplifier
output will be equal to the signal generator output levels (keeping A1 and A» equal) minus the
isolator and cable losses plus the amplifier gain.

NOTE The more attenuation inserted between generators, the greater the
isolation. This increased isolation reduces the possibility of IM
between signal generators.

Set the power output to the preamplifier to a convenient power level such that the amplifier is
not saturated. Adjust the display device so that the amplitudes of f; and f; equal a convenient
reference level. Adjust the display width to include the two fundamentals and the two third-
order IM products as shown in Figure 2-6.
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Figure 2-6. Typical Display of Fundamental and Third-Order IM Products

5. Record in dBm the magnitude of the fundamental and the highest third-order IM product.
Record in dBm the fundamental input power on Data Sheet 2-3.

6. Reduce the input to the amplifier in convenient steps (keeping A1 and A» equal) and repeat
step 5. Continue to reduce the input until the third-order IM products decrease to the noise

floor (see Figure 2-6).

2.3.6 Data Reduction

1. Plot the magnitude of the fundamental and third-order IM products versus the input power.
Plot both quantities in dBm on linear paper. Extend the lines of each plot, as illustrated in
Figure 2-7, until they intersect. This is the intersection of the third-order IP.
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Intercept
Point

10T

10T
—16 dBm

30 + N

Fundamental
40 ¥+

POWER OUTPUT (dBm)

Third Order

-70 I | I I | !
60 -50 40 =30 -20 -10 0
POWER INPUT (dBm)

Figure 2-7.  Graphical Illustration of Intercept Point

2. When the amplifier third-order output IP (IPo) has been experimentally determined, the
small-signal performance of a given amplifier, having two equal-amplitude signals present in
the passband simultaneously, can be resolved from a graphical representation as illustrated in
Figure 2-7.

a. As an example, the graphical solution in Figure 2-7 shows that the third-order output IP is
+10 dBm. Find the third-order IM product for an output signal level of =16 dBm. Draw a
vertical line through the —16-dBm point on the fundamental signal line and extend this
line until it intersects the third-order IM line. Read approximately =70 dBm on the third-
order output scale.

b. When the IP is known, the third-order IM products for any fundamental signal output can
be determined from the following equation:

Power output of the third-order products = /P—3 (IPy — fundamental output power) dB
Then using the numbers from data reduction step 2.a and Figure 2-7,

Third-Order Output=10-3 [(10) — (=16)] dBm=—68 dBm
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Data Sheet 2-3.

Telemetry RF Preamplifiers

Test 2.3 Intermodulation products and intercept point

Manufacturer: Model: Serial No:

Test

personnel: Date:

Frequency /i MHz Frequency /> MHz
Fundamental Fundamental Third-Order Difference Third- Second-Order
Input Power Output Power Output Power Order and Output Output Power
(dBm) (dBm) (dBm) (dBm) (dBm)

N OT?

Amplifiers with passbands greater than one octave may have
second-order IM terms present that should be recorded and

plotted (see Appendix A).

2-12




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

3. A spurious response nomograph (see Figure 2-8) can be used instead of the graphical
representation to determine the small-signal performance of a given amplifier when the
output IP is known or determined experimentally from data reduction step 1.

Output
Output Output Spurious Response Level
Intercept Point Signal Level 2™ Order 3" Order
(dBm) (dBm) (—dBm) (—dBm)
+40 T T 20
130  m—t— T 30
+20 T 0 I T 20 40
+10 " — - -10 7 T 30 T 50
o T 20 I T 60
0 T 30 T 50 T 70
20 T 40T T 60 T80
30 T 50T 70 T %
40 T -60 T T 80 T 100
T 90 T 110
= 100 = 120

Figure 2-8.  Spurious Response Nomograph
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a. Place a straight edge on the +10 dBm output IP and at —16 dBm on the fundamental
output point.

b. Read —68 dBm on the third-order spurious response line.

2.4. TEST: Amplifier VSWR by Return Loss Method

2.4.1  Purpose. This test determines the quality of the impedance match of the device under
test by measuring the VSWR using the return loss method. The test method illustrated here is for
a spectrum analyzer; however, a network analyzer could be used.

2.4.2  Test Equipment. Signal generator, 20-dB directional coupler, spectrum analyzer,
termination (characteristic impedance), and RF short.

243  Setup. Connect the test equipment as shown in Figure 2-9.

' | SIGNAL |_,[ATTENUATOR|: SHORT
| |GENERATOR Al | CIRCUIT
DIRECTIONAL |
[ COUPLER L
N >20d | j
50.0HM LOAD AMPLIFIER
SPECTRUM UNDER TEST]
ANALYZER
50_.OHM LOAD

Figure 2-9.  Test Setup for Measurement of Return Loss (VSWR)

2.44  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test. Variations in operating temperature will be evaluated.

is possible to measure the voltage reflected from a load to a transmission line
with a directional coupler. If the load is replaced by a short circuit whose
reflection coefficient is unity (a short circuit reflects all the incident power), the
reflected voltage measured through the directional coupler will be increased. The
return loss is defined as the ratio of the voltage reflected from the short circuit to
the voltage reflected from the load while keeping the input signal constant.

N OTV Because the VSWR is a measure of the mismatch between the load and the line, it
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2.4.5 Procedure

1.

Set the generator frequency to the mid-band frequency of the amplifier to be tested and adjust
the calibrated attenuator for a level of about —40 dBm into the directional coupler.

NOTE The input level should be at least 10 dB less than the 1-dB
compression point obtained in Test 2.1.

Connect the short circuit termination to the coupler and establish a convenient reference level
on the spectrum analyzer. A 0-dB reference is very convenient to use with the spectrum
analyzer set for a log display.

Remove the short circuit termination and connect the amplifier input to the directional
coupler. Terminate the amplifier output port with its specified impedance load. Observe the
signal level on the spectrum analyzer. The difference between the reference level established
in step 2 and the new level observed in dB is the return loss.

Tune the signal generator across the band pass of the amplifier under test. Record the return
loss in dB at convenient increments across the band on Data Sheet 2-4. Note and record any
abnormal changes in return loss versus frequency as the generator is tuned.

Reverse the amplifier connection in the test setup and repeat steps 2 through 4 to obtain the
amplifier output return loss.

Repeat steps 2 through 5 at high and low operating temperatures.
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Data Sheet 2-4.

Telemetry RF Preamplifiers

VSWR by return to loss method including

Test 2.4 e
temperature variations
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Frequenc Input Return Loss Input VSWR Output Return Output VSWR
(1\(/1[Hz) y (dB) (Table 2-2 or Loss (Table 2-2 or
Calculation) (dB) Calculation)
Test Test Test Test Test Test Test Test
2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Temp. Temp. Temp. Temp.
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2.4.6 Data Reduction

1. Convert the return loss data to equivalent VSWR by using the dB-to-VSWR values shown in
Table 2-2.

Table 2-2. Return Loss to Equivalent VSWR

dB VSWR dB VSWR dB VSWR dB VSWR
0 8 2.32 17 1.33 26 1.11
5 34.75 9 2.10 18 1.29 27 1.09
1 17.39 10 1.92 19 1.25 28 1.08
2 8.72 11 1.78 20 1.22 29 1.07
3 5.85 12 1.67 21 1.20 31 1.06
4 4.42 13 1.58 22 1.17 32 1.05
5 3.57 14 1.50 23 1.15 34 1.04
6 3.01 15 1.43 24 1.13 37 1.03
7 2.61 16 1.38 25 1.12 40 1.02

2. Calculate VSWR from the return loss, measured in dB, from equations 2-2, 2-3, and 2-4:

Lr =20+log (1 /p) (Eq. 2-2)

p =1 /antilog (Lr/20) (Eq. 2-3)

VSWR=1+p (Eq. 2-4)
I=p

Where:
p = reflection coefficient of load being measured
Lr = return loss measured
Example:

Lr = 1

p = 0.89125
_1+p  1.89125

VSWR I—p _ 0.10875 17.39

2.5. TEST: Noise Figure using Automatic Noise Figure Meter

2.5.1  Purpose. This test measures the noise figure of an amplifier. Noise figure is defined as
the ratio (expressed in dB) of the total output noise power per unit bandwidth at a given output
frequency when the noise temperature of the input termination is 290 K to that portion of the
output power (same frequency and bandwidth) because of the input termination. See Appendix B
for a discussion of noise figure.
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2.5.2  Test Equipment. Noise figure meter and noise source.

2.5.3  Test Method. This test measures noise figure using a calibrated noise source and an
automatic noise figure meter.

2.54  Setup. Connect the test equipment as shown in Figure 2-10.

NOISE
NOISE — AMPLIFIER - FIGURE

SOURCE UNDER TEST METER

Figure 2-10. Noise Figure using Automatic Noise Figure Meter

2.5.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. Carefully follow operating procedures and cautions in noise figure operation manual. If the
noise figure meter does not operate at the amplifier frequency, external frequency translation will
be required. The noise figure operation manual will contain recommendations on how to do this
translation. Alternate test configurations are shown in test methods 2.6, 3.5, and 4.2.

: Field effect transistor amplifiers can be damaged by noise spikes.

2.5.6  Procedure
1. Calibrate noise figure meter using method recommended in the manual.

2. Reconnect test equipment as shown in Figure 2-10. Measure the noise figure in 10-MHz
steps. Record these values on Data Sheet 2-5.

3. Find the maximum noise figure by varying the measurement frequency across the band.
Record the frequency and noise figure on Data Sheet 2-5.

2.5.7  Data Reduction. Compare the measured values to the specification.
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Data Sheet 2-5.

Telemetry Preamplifiers

Test 2.5 Noise figure using automatic noise figure meter

Manufacturer:

Model:

Serial No.:

Frequency range:

Test Personnel: Date:

Location:

Measurement frequency
(MHz)

Noise Figure
(dB)
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2.6. TEST: Impedance Mismatch

2.6.1  Purpose. This test measures the effect of impedance mismatch on the stability of a TM
amplifier.

2.6.2  Test Equipment. Calibrated mismatch terminations, line stretcher, and spectrum
analyzer.

2.6.3  Test Method. This test inserts a known calibrated mismatch at the preamplifier input.
The amplifier output is monitored with a spectrum analyzer to detect any spurious signals.

2.6.4  Setup. Connect the test equipment as shown in Figure 2-11.

Calibrated Line AEp(llifiel‘ Spectrum
Mismatch "|  Stretcher ’ Tnesir Analyzer

Figure 2-11. Impedance Mismatch Test Setup
2.6.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time.
2.6.6  Procedure

1. Connect the calibrated mismatch that represents the maximum input VSWR specified by the
manufacturer to the amplifier input and vary the line stretcher over the full length.

2. Observe the spectrum analyzer for spurious signals and record the level and frequency on
Data Sheet 2-6.
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Data Sheet 2-6. Telemetry RF Preamplifiers

Test 2.6 Impedance mismatch
Amplifier Manufacturer: Model:

Serial No.: Frequency range:

Test Personnel: Date: Location

Spurious Signals

Frequency (MHz) Power (dBm)
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CHAPTER 3

Test Procedures for Telemetry Multicouplers

3. General

This chapter describes the test procedures used to measure the parameters of TM
multicouplers. For these test procedures, a multicoupler is defined as a single input, multiple
output RF device. There are methods for determining the range of linear operation by measuring
gain compression, bandwidth, and small-signal power gain including gain variations because of
temperature and supply voltage, IM products and IP, VSWR, noise figure, and output isolation.
Unless otherwise noted, it is assumed that multicoupler control and power supply inputs are
applied as needed. Table 3-1 lists the types of tests and their test and paragraph number.

Table 3-1. Test Matrix for TM Multicouplers

Test Number Test Description
3.1 Multicoupler gain compression
3.2 Bandwidth and small-signal power gain
3.3 IM products IP
3.4 VSWR by return loss method
3.5 Noise figure
3.6 Output isolation

3.1. TEST: Multicoupler Gain Compression

3.1.1  Purpose. This test measures the 1-dB compression point that is defined as the point
where the gain of a multicoupler has been decreased 1 dB from the small-signal gain. The 1-dB
compression point can be used to define the upper limit of the multicoupler linear range.

3.1.2  Test Equipment. Signal generator, spectrum analyzer, attenuator, and terminations
(characteristic impedance).

3.1.3  Setup. Connect the test equipment as shown in Figure 3-1.

Signal Multicoupler
Generator |— » Under , Spectrum
Al Test Analyzer
50 Ohm
Loads

Figure 3-1. Test Setup for Measurement of Multicoupler Gain Compression Level
3.1.4  Conditions. Perform this test under laboratory conditions after a warm-up time of at

least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test. Variations in supply voltage will be evaluated.
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3.1.5 Procedure

1.

3.

Remove the multicoupler under test from the setup shown in Figure 3-1. Set the signal
generator frequency to the center of the passband and set the generator attenuator A; to a
value at least 30 dB below the specified gain compression level of the multicoupler. Adjust
attenuator A1 to a convenient reference level on the analyzer. Record attenuator A initial
settings on Data Sheet 3-1.

recommended input power because permanent damage

Do not exceed the amplifier manufacturer’s maximum
& to the amplifier may result.

Connect the multicoupler between the signal generator and the spectrum analyzer as
illustrated in Figure 3-1. Vary attenuator A to return the signal level on the analyzer to the
reference level. Record the change in A1 on Data Sheet 3-1. To ensure that the multicoupler
is operating in its linear range, increase the signal generator level an additional 3 dB and
verify that the spectrum analyzer level increases 3 dB. If the level does not increase, reduce
the signal generator A about 10 dB and repeat the steps above. Record A and the final
settings on Data Sheet 3-1.

Increase input power at convenient signal generator attenuator A1 steps.

4. Record spectrum analyzer readings and signal generator power levels on Data Sheet 3-1.

3.1.6  Data Reduction. Plot multicoupler output power versus input power and note where the
output level decreases 1 dB from the linear extrapolation of multicoupler response as illustrated
in Figure 3-2. This is the multicoupler gain compression level. Record the input/output gain
compression level on Data Sheet 3-1.

Linear Extrapolation of
Gain

) Linear Region
Compression

Pour (dBm)

Linear Region

| I I I
Py (dBm)

Figure 3-2.  Multicoupler Gain Compression
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Data Sheet 3-1.

Telemetry Multicouplers

Test 3.1

Multicoupler gain compression

Amplifier Manufacturer:

Model:

Serial No.:

Frequency range:

Test Personnel: Date: Location:
Multicoupler gain determined in Subsection 3.1.5 step 2
RF Input Power (A1) (dBm) Power Output (dBm)

Test frequency:

1-dB compression point: P,

dBm P;

dBm

Take additional readings where data slope changes abruptly.
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3.2. TEST: Bandwidth and Small-signal Power Gain

3.2.1  Purpose. This test measures the bandwidth that is defined as the range of frequencies
over which the amplitude response does not decrease more than 3 dB from the highest point over
the specified frequency band of the device under test. The multicoupler small-signal power gain
is the ratio of output power to input power in the linear operating range and is generally
expressed in dB (assuming the impedance of the input/output circuits are properly matched).
This gain is expressed by equation 3-2.

Gain=10 * log1o (Pou/Pin) dB (Eq. 3-1)
or

Gain=10 * logio (Pouy —10 * logio (Pin) dB (Eq. 3-2)

3.2.2  Test Equipment. Signal generator, spectrum analyzer, sweep oscillator, attenuator,
terminations (characteristic impedance), and ac or dc variable voltage supply.

3.2.3  Setup. Connect the test equipment as shown in Figure 3-3. (Either method illustrated is
acceptable.)

- -
|
| |
\ MULTICOUPLER
SIGNAL L
\ UNDER SPECTRUM
—m ATTENUATOR| — -
. | GENERATOR N —0—'—>| | TEST P NALYZER
: o
L *
; As Required to L Unused
| reach 3 dB points L Outputs
777777777777777777 I PRINTER
|
|
: VARIABLE
SWEEP ATTENUATOR| | v (;g;()}}l{z | S0OHM
OSCILLATOR |—®] Ay I " > LOADS
' ac or ac

Figure 3-3.  Test Setup for Measurement of Bandwidth and Small-signal Power Gain

3.24  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test. Variations in supply voltage will be evaluated.

3.2.5  Procedure
1. Set the signal generator frequency to the center of the passband for the device under test.

2. Set the attenuator A1 to provide a multicoupler output at the spectrum analyzer at least 10 dB
below the 1-dB compression level of the multicoupler as determined in Test 3.1.
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Adjust the spectrum analyzer to display the frequency line in the linear operating range at a
convenient reference level on the log scale such as 0 dB. The spectrum analyzer vertical
display must be operating in the log mode. Record the attenuator setting and analyzer level
on Data Sheet 3-2.

Disconnect the multicoupler and connect the analyzer to the attenuator. Record in dB the
difference between the signal now displayed and the reference level in step 3 as the gain of
the multicoupler.

N OTV This value should agree with the value determined in Test 3.1

verifying that the equipment is set up properly.

Reconnect the multicoupler (Figure 3-3) and tune across the band. Note and record any
abnormal changes in gain versus frequency on Data Sheet 3-2. The gain should be constant
(x1 dB) within the passband of a well-designed multicoupler. Continue tuning until response
drops approximately 10 dB to ensure that the actual multicoupler band edges have been
reached. Record the —10 dB point on Data Sheet 3-2. Readjust the signal generator frequency
and record the —3-dB points on Data Sheet 3-2. Repeat this measurement for the other band
edge.

Record the data on the data sheet at convenient frequency increments across the band by
manually tuning the generator across the band, being careful to record all abnormal gain
changes that may occur.

The same results are obtained using a wide-band noise source or sweep generator in place of
the signal generator.

level control, the level variation versus frequency must be

N OTV If the sweep generator or noise source does not have an automatic
compensated and the data corrected for these variations.

Set the variable voltage supply to the highest normal operating voltage for which the
multicoupler is designed. Repeat steps 1 through 6.

Set the variable voltage supply to the lowest voltage specified for the multicoupler. Repeat
steps 1 through 6.

Set up the equipment in an environmental chamber and operate the multicoupler at the
highest temperature for which it is designed. Repeat steps 1 through 6.

Set up the equipment in an environmental chamber and operate the multicoupler at the lowest
temperature for which it is designed. Repeat steps 1 through 6.
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Data Sheet 3-2.

Telemetry Multicouplers

Bandwidth and small-signal power gain including

Test 3.2 temperature and supply voltage variations
Amplifier Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Initial conditions:
Attenuator setting

Analyzer level

Multicoupler gain determined in Subsection 3.2.5 step 4

Standard Conditions Supply Voltage Variation | Temperature Variation
Gain Gain Gain Gain
Frequency Gain High Supply | Low Supply .
(MHz) (dB) Voltage Voltage ng? d};gmp' LOVZ dgimp'
(dB) (dB)
Lower 10-dB
Point (MHz)
Lower 3-dB
Point (MHz)
Upper 3-dB
Point (MHz)
Upper 10-dB
Point (MHz)
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3.2.6  Data Reduction. Plot (or photograph) the data as shown in Figure 3-4 to determine
power gain and bandwidth.

DETAIL GAIN VARIATIONS
GREATER THAN 1 dB

I ¥

GAIN (dB)

-#l—— BANDWIDTH ——P»

FREQUENCY  (MHz)
Figure 3-4.  Plot of Power Gain and Bandwidth versus Frequency

3.3. TEST: Multicoupler IM Products and Intercept point

3.3.1  Purpose. This test measures the IM products and IP of a multicoupler. The IM products
are generated whenever two or more signals are input to an active device. Products of high-level
input signals can obscure desired output signals. Usually, third-order products are the only
interfering signals of concern; however, higher products may affect reception of very low-level
signals in wide-band systems. The intercept point is a figure of merit for evaluating the dynamic
range of active devices and determining product output power. See data reduction step 2.b for an
example of calculation of third-order product power. See Appendix A for a discussion of IM
products and IP.

3.3.2  Test Equipment. Two signal generators, isolator, spectrum analyzer, and termination
(characteristic impedance).

3.3.3  Setup. Connect the test equipment as shown in Figure 3-5.
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SIGNAL MULTICOUPLER
] SPECTRUM
GENERATOR Ay, »  UNDER > ANALYZER
- TEST
o
S v
: Unused
- Outputs
S PRINTER
SIGNAL f 50 OHM 50 OHM
GENERATOR [——™ ™ "LOAD 1 LOAD
Az

Figure 3-5.  Test Setup for Determination of Intercept Point

3.3.4  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test.

for describing the overload characteristics of a multicoupler|

N OT? The IP technique is generally accepted as the best approach
See Appendix A for details on the IP technique.

3.3.5 Procedure

1.

Set the fundamental signals fi and /> near the mid-band frequency of the multicoupler under
test. The spacing of the fundamental signals is not critical as long as the third-order products
are within the multicoupler passband, which must be greater than 3(f> — f1).

Set each of the calibrated signal generator attenuators (A1 and A») to a convenient reference
level, for example, =50 dBm. Connect the spectrum analyzer to the hybrid output and
observe the spectrum. Only fi and f> should appear. Increase the output power of both signal
generators 10 dB by adjusting A1 and Az equally, and verify that the displayed signals
increase by 10 dB. This technique ensures that the IM products are not being produced in the
hybrid or spectrum analyzer.

N OTV Spectrum analyzers may produce IM products when a high-level

signal is applied to first mixer. Refer to the spectrum analyzer
instruction manual. An attenuator may be needed at the analyzer input.

Reconnect the multicoupler between the isolator and the spectrum analyzer. With the
isolator, the multicoupler output will be equal to the signal generator output power levels
(keeping A1 and Az equal) plus the multicoupler gain. Increase the output power of both
signal generators (keeping A1 and A; equal) and verify that the output of the multicoupler is
within the linear operating region (see Figure 3-2).

N OTV The more attenuation inserted between generators, the

greater the isolation. This increased isolation reduces
the possibility of IM between signal generators.
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4. Set the power input to the input of the multicoupler to —20 dBm. Adjust the display device so
that the amplitudes of f1 and f> are equal to a convenient reference level. Adjust the display
width to include the two fundamentals and the two third-order IM products as shown in

Figure 3-6.

-10

50
-30+
-40+
B0

-601

Output {(dBmj)

,?D,

,BD,

-90+

’100 T T T T T

Frequency

Figure 3-6.  Typical Display of Fundamental and Third-Order IM Products

5. Record in dB the difference in magnitude between the fundamental and the third-order IM
products. Record in dBm the fundamental input power on Data Sheet 3-3.

6. Reduce the input to the multicoupler in convenient steps, keeping A1 and Az equal, and
repeat steps 4 and 5. Continue to reduce the input until the third-order IM products decrease
to the noise floor (see Figure 3-6).

3.3.6 Data Reduction

1. Plot the magnitude of the fundamental and third-order IM products versus the input power.
Plot both quantities in dBm on linear paper. Extend the lines of each plot as illustrated in
Figure 3-7 until they intersect; this is the IP.
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Intercept

/ Point
IPa 1

10

101
-16 dBm

-30 + '\

Fundamental

40t \

Third Order

POWER OUTPUT (dBm)

-60 [~

-70 | | | | | |
-60 ~50 —40 30 20  -10 0
POWER INPUT (dBm)

Figure 3-7.  Graphical Illustration of Intercept Point

second-order IM terms present that should be recorded and plotted

N OTV Multicouplers with passbands greater than one octave may have
(see Appendix A).

2. When the multicoupler third-order output IP (IPo) has been experimentally determined, the
small-signal performance of a given multicoupler, having two equal amplitude signals
present in the passband simultaneously, is resolved from a graphical representation as
illustrated in Figure 3-7.

a. As an example, the graphical solution in Figure 3-7 shows that the third-order output IP is
+10 dBm. Find the third-order IM product for an output signal level of =16 dBm. Draw a
vertical line through the —16 dBm point on the fundamental IM line and extend this line
until it intersects the third-order IM line. Read —70 dBm on the third-order output scale.

b. When only the IP is known, determine the third-order IM products for any fundamental
signal output from the following equation:

Power output of the third-order products = 3 (IPo — fundamental output power) dB
below IP. Using the numbers from data reduction step 2.a and Figure 3-7,
calculate
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Third-Order Output = 3[(10) — (—16)]dB
=78 dB below 1Py

Third-Order Output =—-68 dBm.

(Eq. 3-3)

3. A spurious response nomograph (see Figure 3-8) can be used rather than the graphical
representation to determine the small-signal performance of a given multicoupler when the
output IP is known or determined experimentally from data reduction step 1.

Output Output . Output
Intercept Point Signal Level Spurious Response Level
(dBm) (dBm) 2d Order 3d Order
w (-dBm) ('i_]iln)zo
SO T T T
BT S T
M D T
S T -
S T T
-40 —::— -60 —::— —ff— 80 —ff— 100
—ff— 90 —ff— 110
—::— 100 —::— 120

Figure 3-8.  Spurious Response Nomograph
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a. Place a straight edge on the +10 dBm output and at —16 dBm on the fundamental output
point.

b. Read —68 dBm on the third-order spurious response line.
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Data Sheet 3-3.

Telemetry Multicouplers

Test 3.3 Intermodulation products and intercept point
Amplifier Manufacturer: Model:

Serial No.: Date:

Test Personnel:

Frequency fi MHz Frequency f>» MHz

Fundamental Fundamental
Input Power Output Power
(dBm) (dBm)

Third-Order Difference Third-
Output Power Order and Output
(dBm) (dBm)

Second-Order
Output Power
(dBm)
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3.4. TEST: MulticouplerVSWR by Return Loss Method

3.4.1  Purpose. This test determines the quality of the impedance match of the device under
test by measuring the VSWR using the return loss method. The VSWR allows estimation of the
amount of power transferred through or reflected from a device connection as:

POWER TRANSFERRED (%) = 100 (1 — p?)
Where: p is the voltage reflection coefficient.

See data reduction step 2 for calculation of p from return loss.

3.4.2  Test Equipment. Use a network analyzer with calibration kit. Alternately, use a signal
generator, 20-dB directional coupler, spectrum analyzer, termination (characteristic impedance),
and RF short.

3.4.3  Setup. Connect the test equipment as shown in Figure 3-9 or Figure 3-10.

| CALIBRATION

L KIT

OPEN, SHORT
& LOAD

ANALYZER

|
|
NETWORK |
|
|

SIGNAL MULTICOUPLER
GENERATOR S-PARAMETER | —#  UNDER
|
|
|

—  TEST SET—|> TEST

Unused

Outputs

50 OHM
LOAD

Figure 3-9.  Test Setup for Measurement of Return Loss (VSWR)
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r-—--—--— - - - - - - - - - - - - - - - == == |
| |
| |
| SIGNAL ATTENUATOR | |
' |GENERATOR [ A1 } SHORT
| } CIRCUIT
! |
[ |
|
|
|
|
| DIRECTIONAL !
COUPLER [—P
i lard il
|
|
MULTICOUPLER
50 OHM SPECTRUM
UNDER TEST
LOAD ANALYZER
All
Outputs
50-OHM
LOAD

Figure 3-10. Alternate Test Setup for Measurement of Return Loss (VSWR)

344  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into
the device under test. Variations in operating temperature will be evaluated.

NOTV The input level should be 10 dB less than the 1-dB

compression point obtained in Test 3.1.

3.4.5  Procedure. Use steps 1 to 6 for the setup in Figure 3-9. Use steps 7 to 12 for the setup in
Figure 3-10.

1. Setup the network analyzer impedance, frequency range, number of points, and power level
to the requirements of the multicoupler to be tested.

2. Calibrate the network analyzer for a S;; one-port test. Use the appropriate calibration kit to
minimize use of coaxial adapters.

3. Setup the network analyzer display for either return loss (LOG MAG S;;) or VSWR. Set the
display for the desired scale range. Verify calibration accuracy by observing calibration load
data on the display. Remove the calibration load and connect the multicoupler input to the
directional coupler. Terminate the multicoupler output ports with its specified impedance
load. Observe the measurement level on the analyzer.
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N OTV Since the VSWR is a measure of the mismatch between the load and the line, it is

possible to measure the voltage reflected from a load to a transmission line with a
directional coupler. If the load is replaced by a short circuit whose reflection
coefficient is unity, the reflected voltage measured through the directional
coupler will be increased. (A short circuit reflects all the incident power.) The
return loss is defined as the ratio of the voltage reflected from the short circuit to
the voltage reflected from the load while keeping the input signal constant.

4.

6.

Move the network analyzer markers across the band pass of the multicoupler under test.
Record the return loss in dB or VSWR at convenient increments across the band on Data
Sheet 3-4. Note and record any abnormal changes in data versus frequency as the marker is
moved.

Reverse the multicoupler connection in the test setup and repeat steps 3 and 4 to obtain the
multicoupler output return loss or VSWR for each output.

Repeat steps 3 through 5 at high and low operating temperatures.

Alternate Procedure

7.

10.

1.

12.

Set the generator frequency to the mid-band frequency of the multicoupler to be tested and
adjust the calibrated attenuator for a level of about —40 dBm into the directional coupler.

N OTV The input level should be 10 dB less than the 1-dB

compression point obtained in Test 3.1.

Connect the short circuit termination to the coupler and establish a convenient reference level
on the spectrum analyzer. A 0-dB reference is very convenient to use with the spectrum
analyzer set for a log display.

Remove the short circuit termination and connect the multicoupler input to the directional
coupler. Terminate the multicoupler output ports with its specified impedance load. Observe
the signal level on the spectrum analyzer. The difference between the reference level
established in step 8 and the new level observed in dB is the return loss.

Tune the signal generator across the band pass of the multicoupler under test. Record the
return loss in dB at convenient increments across the band on Data Sheet 3-4. Note and
record any abnormal changes in return loss versus frequency as the generator is tuned.

Reverse the multicoupler connection in the test setup and repeat steps 8 through 10 to obtain
the multicoupler output return loss for each output.

Repeat steps 8 through 11 at high and low operating temperatures.
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Data Sheet 3-4.

Telemetry Multicouplers

Test 3.4 VSWR by return loss method including temperature variations
Amplifier Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Input Input VSWR Output Output VSWR
Return Loss Table 3-2 or Return Loss Table 3-2 or
¥ (dB) Calculation (dB Calculation
r:h(}[l;l;cy Test Test Test Test
i Test 3.4 Test 3.4 Test 3.4 Test 3.4
3.4 Temp 34 Temp 34 Temp 34 Temp
H|L H|L H|L H| L
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34.6 Data Reduction

1. Convert the return loss data to equivalent VSWR by using the dB-to-VSWR values shown in
Table 3-2.

Table 3-2. Return Loss to Equivalent VSWR
dB VSWR dB VSWR dB VSWR dB VSWR
0 o0 8 2.32 17 1.33 26 1.11
.5 34.78 9 2.10 18 1.29 27 1.09
1 17.39 10 1.92 19 1.25 28 1.08
2 8.72 11 1.78 20 1.22 29 1.07
3 5.85 12 1.67 21 1.20 31 1.06
4 4.42 13 1.58 22 1.17 32 1.05
5 3.57 14 1.50 23 1.15 34 1.04
6 3.01 15 1.43 24 1.13 37 1.03
7 2.61 16 1.38 25 1.12 40 1.02
2. The VSWR can be calculated from the return loss, measured in dB, using the equations:
L, =20 log 1 .

P (Eq. 3-4)

Therefore: — 1 Eq. 3-5

P = antilog (L, / 20) (Eq. 3°3)

Then: VSWR = —i iz (Eq. 3-6)

Where:
Lr =return loss measured
p =reflection coefficient of load being measured

3.5. TEST: Noise Figure

3.5.1  Purpose. This test measures the noise figure, which is the ratio of the input, signal-to-
noise ratio (SNR) divided by the output SNR expressed in dB. Alternately, the average noise
figure is the ratio of the total noise power delivered to the load when the input is at 290 K at all
frequencies to that portion of noise power generated by the input termination, expressed in dB
(reference IEEE Dictionary Standard 100-1988). The noise figure of the multicoupler is
important because it is one factor in determining the sensitivity of the receiving system. System
sensitivity establishes the lower limit of system dynamic range or range of linear operation. See
Appendix B for a discussion of noise figure.

3.5.2  Test Equipment. Noise figure meter or noise figure system, noise source, dc block, 10-
dB attenuator, receiver, and terminations (characteristic impedance).

3.5.3  Setup. Connect the test equipment as shown in Figure 3-11 or Figure 3-12.
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NOISE NOISE
FIGURE SOURCE
METER - GAS TUBE = dc BLOCK —® 10 dB PAD
A ¢
TF Output RECEIVER | 4—| MULTICOUPLER
Linear UNDER TEST

Unused
Outputs 50 OHM
LOAD

Figure 3-11. Test Setup for Measurement of Noise Figure

pad between the noise source and the multicoupler under

Figure 3-11: Do not remove the dc block or the 10-dB
& test because the multicoupler may be damaged.

Noise Source
Drive Output
NOISE FIGURE > NOISE
METER SOURCE
IF Input
IF Output Input
SIGNAL NOISE FIGURE | Output ITJ;(;)%[ILPLER
GENERATOR ! TEST SET RF TEST
Input

Unused
Outputs

50 OHM
LOAD

Figure 3-12. Alternate Test Setup for Measurement of Noise Figure
3.54  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. Variations in supply voltage and operating temperature will be evaluated.
3.5.5  Procedure

1. In Figure 3-11, set the receiver for a long time constant or set it in the AGC disable mode
with the manual gain adjusted for linear operation. In Figure 3-12, ensure the correct noise
source excess noise ratio (ENR) data are stored in the noise figure meter.
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2. Measure the noise figure. Refer to the operating instructions of the noise figure meter. Make
this measurement by continuously tuning the receiver across the band of interest.

3. Record the noise figure reading in dB on Data Sheet 3-5.

NOTE If the device under test is to be used in varying atmospheric conditions, it
/ will be necessary to initially evaluate the device under those conditions.
Place the device in a chamber where climatic conditions can be
controlled and varied, and repeat some or all of the previous tests.
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Data Sheet 3-5. Telemetry Multicouplers

Test 3.5 Noise figure

Amplifier Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Frequency Noise Figure
(MHz) (dB)
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3.6. TEST: Output Isolation

3.6.1  Purpose. This test measures the output isolation of a multicoupler, which is the isolation
in dB between any two output ports with all other ports terminated in their characteristic
impedance. Adequate isolation between sources can be critical to proper system operation.

3.6.2  Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic
impedance).

3.6.3  Setup. Connect the test equipment as shown in Figure 3-13.

guttput Input
orts Terminated
SIGNAL
GENERATOR MULTICOUPLER
A1
Unused
Outputs
SPECTRUM 50 OHM
ANALYZER LOAD

Figure 3-13. Output Isolation

3.6.4  Conditions. Perform this test under laboratory conditions after a warm-up time of at
least 30 minutes. Variations in supply voltage and operating temperature may be evaluated
depending on intended application.

3.6.5 Procedure

1. Remove the multicoupler under test from the setup shown in Figure 3-13. Set the signal
generator frequency to the center of the passband and set the generator attenuator A; to a
value at least 70 dB below the maximum signal generator output. Set a convenient reference
level on the spectrum analyzer.

2. Record in dB the attenuator reading A; on Data Sheet 3-6.

Connect the multicoupler between the signal generator and the spectrum analyzer illustrated
in Figure 3-13 with the characteristic impedance of all unused ports terminated. Increase the
signal generator attenuator A' to return the signal level on the analyzer to reference level and
record the attenuator setting A;' on Data Sheet 3-6.

4. Repeat step 3 for various frequencies in the multicoupler passband and for other pairs of
output ports as required. Be aware of the amount of isolation used. It will not be possible to
return the signal to the reference level if the unit has too much isolation.

3.6.6  Data Reduction. Calculate the output isolation (Ai' — A1) and record on Data Sheet 3-6.
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Data Sheet 3-6. Telemetry Multicouplers

Test 3.6 Output isolation

Amplifier Manufacturer: Model:

Serial No.:

Test Personnel: Date:
Frequency RF Input A.tten. , Port Calculate Isolation
(MHz) Power Ai Setting A1 Pairs Al — A (dB
(dB) (dB) toA
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CHAPTER 4

Test Procedures for Telemetry Receivers

4. General

This chapter provides a set of test procedures to determine the performance
characteristics of a TM receiver. It may not be necessary to conduct all of the tests described in
this chapter for any one receiver if the receiver will be used for a specific application. Some tests
are appropriate for frequency division multiplexing while others are appropriate for time division
multiplexing. For example, if a system is intended to handle a large number of modulated sub-
carriers, the noise power ratio (NPR) test (notch noise test) is a very practical indicator of the
suitability of the receiver. On the other hand, if the system will be handling pulse code
modulation (PCM) formats, the BER test is a good test. When performing the tests identified in
this chapter, use the standard test conditions identified in Table 4-1 unless otherwise specified.

N OT?

The tests in this section have been identified as Core or Non-Core tests. The
Core tests are the ones that should always be conducted by ranges on their
TM receivers whenever possible. Non-Core tests are still important but may
be deemed optional based on the specific needs of individual ranges.

Table 4-1. Standard Test Conditions
Minimum warm-up time: | 30 minutes
Input signal frequency: Mid-band
RF input level: As stated in procedure
First local oscillator: Desired operational mode
IF bandwidth: Desired operational bandwidth
Demodulator type: FM
AFC: Off
AGC: On, shortest time constant
Video bandwidth: Maximum available
Video output: 1 Vrms
Video amplifier: Terminate in design load impedance

Table 4-2 lists the types of tests and their test and paragraph number.

Table 4-2. Test Matrix for TM Receivers
Test Number Test Description
4.1 Spurious signal response test (CORE)
4.2 Noise figure (CORE)
4.3 IF SNR Linearity Test (CORE)
4.4 AGC static test (CORE)
4.5 AGC dynamic test — Response to square wave (NON-CORE)
4.6 AGC dynamic test — Response to sine wave test (NON-CORE)
4.7 FM capture ratio (NON-CORE)
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Table 4-2. Test Matrix for TM Receivers
Test Number Test Description
4.8 NPR (NON-CORE)
4.9 Local oscillator radiation (CORE)
4.10 Local oscillator stability (NON-CORE)
4.11 PCM BER (NON-CORE) See Subsection 7.1 for updated BER testing.
4.12 Frequency modulation step response (NON-CORE)
4.13 Receiver band pass frequency response using unmodulated signal (CORE)
4.14 Receiver band pass frequency response using phase-modulated signal (CORE)
4.15 Receiver band pass frequency response using white-noise input (CORE)
4.16 Data frequency response (NONE-CORE)
4.17 AGC stability (NON-CORE)
4.18 Receiver video spurious outputs (NON-CORE)
4.19 Pre-detection carrier output (NON-CORE)
4.20 FM receiver dc linearity and deviation sensitivity (NON-CORE)
4.21 Receiver phase noise (CORE)
4.22 Receiver adjacent-channel interference (CORE)

4.1. TEST: Spurious Signal Response

4.1.1  Purpose. This test determines how a TM receiver reacts to the presence of a strong RF
signal that is outside of the passband to which the receiver is tuned. This situation can occur
frequently on a major test range or other location where multiple RF TM signals are being
transmitted at the same time from multiple test vehicles at varying distances from the TM receive
site.

4.1.2  Test Equipment. An RF frequency synthesizer or RF generator, microwave counter,
step attenuator (0 to 60-dB minimum), 3-way power splitter, spectrum analyzers, and dc
voltmeter.

4.1.3  Test Method. This test measures spurious response by applying a large out-of-passband
signal to the receiver input. The resulting AGC voltage is compared with the AGC voltage
produced when a smaller (typically —60 dB) signal is applied with a frequency equal to the
receiver center frequency. The spectra at the receiver input and IF output are also monitored.

4.1.4  Setup. Connect the test equipment as shown in Figure 4-1.
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MICROWAVE
COUNTER
RF SIGNAL POWER RECEIVER AGCL de
GENERATOR/ ™ SPLITTER/ > UNDER »
SYNTHESIZER ATTENUATOR TEST VOLTMETER
IF
3 b
SPECTRUM SPECTRUM
ANALYZER ANALYZER

Figure 4-1. Receiver Spurious Signal Response Test

4.1.5  Conditions. Set the RF generator to continuous-wave mode. Any spurious signals at the
RF generator output should be at least 10 dB below the specified value of receiver spurious
rejection. The receiver local oscillators should be set to crystal mode, if possible. Set the receiver
IF bandwidth to 1 MHz (or the closest value to 1 MHz). Set the frequency spans of the spectrum
analyzers to approximately four times the receiver IF bandwidth and the resolution bandwidths
(RBWs) to 10 kHz.

4.1.6 Procedure

1.

Set the receiver tuner to the center of its tuning range. Set the RF generator to the receiver
center frequency with a signal level of —30 dBm. Set the step attenuator to the specified value
of spurious rejection (60 dB is a typical value, 60-dB attenuation would result in a signal
level of 90 dBm). Measure the receiver AGC voltage and record on Data Sheet 4-1.

Set the RF generator frequency to a value at least 10 MHz below the lowest tuner frequency.
Decrease the step attenuation to 0 dB. Slowly increase the RF generator frequency while
monitoring the dc voltmeter and spectrum analyzers. If the AGC voltage indicates a signal
that is stronger than that measured in step 1, record the maximum AGC voltage and the RF
generator frequency on Data Sheet 4-1 after verifying that the RF generator does not have a
spurious component at the receiver center frequency. Continue increasing the RF generator
frequency until it is at least 10 MHz higher than the highest tuner frequency. Monitor the IF
SNR on the spectrum analyzer throughout this test. Note any degradation in IF SNR.

the receiver center frequency. Do not record values on the Data Sheet when

N OTV The AGC voltage should indicate a strong signal when the RF generator is at
the RF generator frequency is within the —60 dB band pass of the receiver.

Repeat steps 1 and 2 for other receiver center frequencies as desired.

Turn the RF generator off. Monitor the spectrum of the receiver IF output while tuning the
receiver from its lowest frequency to its highest frequency. If any discrete signals appear on
the spectrum display, record the tuner frequency and AGC voltage on Data Sheet 4-1. For
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this test, discrete signals are defined as signals that are more than 6 dB above the background
noise level.

This test can be automated if the RF generator, spectrum analyzer, receiver, frequency
counter, step attenuator, and dc voltmeter are under computer control. The RF generator step
size should be equal to or less than the receiver IF bandwidth.
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Data Sheet 4-1.

Telemetry Receivers

Test 4.1

Spurious signal response

Receiver Manufacturer:

Model:

Serial No:

Test personnel:

Date:

Center frequency: (MHz)

IF BW (kHz)

Final LO mode: XTAL

Location:

Variable Frequency Oscillator (VFO)

Receiver AGC voltage (60-dB attenuation):

RF generator frequency

Receiver tuner frequency

*BW - bandwidth

volts

AGC voltage

Amplitude of discrete signal
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4.2. TEST: Noise Figure

4.2.1  Purpose. This test measures the noise figure that is the ratio of the input signal to noise
divided by the output signal to noise expressed in dB. See Appendix B for a discussion of noise
figure. The noise figure of a device is a measure of how much noise is added to the signal by that
device. The lower the noise figure, the better the device.

4.2.2  Test Equipment. Noise source and noise figure meter.

4.2.3  Setup. Connect the test equipment as shown in the manual for the noise figure meter.

424  Conditions. Use the test conditions described in the manual for the noise figure meter.
Use the standard test conditions described in Table 4-1 if not covered in the noise figure meter
manual.

N OT? If the AGC time constants will not permit measurement of noise figure in the

automatic mode, switch the receiver to MGC and adjust the gain as
recommended by the manufacturer. If MGC is not available, this test should
be eliminated. Also, make certain the gain of the receiver under test is linear.

4.2.5 Procedure

1. Tune the receiver slowly across the entire range with the noise figure meter operating in the
automatic mode and properly adjusted. Note the maximum and minimum readings as well as
any abrupt changes in noise figure. After verifying the calibration of the instrument at these
settings, record the noise figures and the corresponding readings of the tuning dial on Data
Sheet 4-2 for the minimum and maximum values.

2. Conduct noise figure measurement in 10-MHz increments across the entire tuning range of
the receiver.

4.2.6 Data Reduction. Plot measured data as shown in Figure 4-2.

N F 12
(S
e >
S U 10 - -
E R

E

@B) 8

2200 2220 2240 2260 2280 2300
FREQUENCY

Figure 4-2. Noise Figure Plot
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Data Sheet 4-2. Telemetry Receivers
Test 4.2 Noise figure
Manufacturer: Model:
Serial No:
Test personnel: Date:
Receiver Tuning Noise Figure
(MHz) (dB)
Freq = Max NF =
Freq = Min NF =

Note: Take additional readings where data slope changes abruptly.
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TEST: IF SNR Linearity Test

4.3.1  Purpose. This test determines the linearity of the receiver linear IF output. This test will
determine how well the linear IF SNR tracks the RF input signal power. It is important for proper
operation with diversity combiners or other devices that depend on the linearity of the receiver IF
for correct operation.

NOTE Many receivers have a limited IF output as well. Be sure not to
use this output for this test.

4.3.2  Test Equipment. Signal generator and true rms voltmeter.

4.3.3  Setup. Connect the test equipment as shown in Figure 4-1.
434 Conditions. Use the standard test conditions described in Table 4-1.
4.3.5 Procedure

1.

Use the true rms voltmeter to measure the linear output of the final IF with —10-dBm RF
input power applied to the receiver input (unmodulated) and the AGC on. The IF output
should be loaded with the impedance recommended by the manufacturer. This measurement
of signal plus noise is identified as V.

Set the receiver controls for MGC. Adjust the MGC to produce a linear final IF output
having the same amplitude (V1) as that measured with —10 dBm applied to the input with the
AGC on.

. Remove the RF signal from the receiver input and terminate the input at 50 ohms. Again

measure the linear output of the second IF with the true rms voltmeter. This measurement of
noise voltage is identified as V>.

Record the measured data on Data Sheet 4-3.
Repeat steps 1 through 4 in 10-dB increments from —10 to =120 dBm.

4.3.6 Data Reduction

1.

Calculate the voltage SNR out of the final IF from the following equation:

SNR = (V,/V3)? —1 (Eq. 4-1)

This is a numerical ratio and may be changed to dB as follows:

SNR (dB) = 20 log SNR (Eq. 4-2)

Calculate SNR for each of the RF input power levels shown on Data Sheet 4-3.
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Data Sheet 4-3. Telemetry Receivers

Test 4.3 IF SNR

Manufacturer: Model:

Serial No:

Test personnel: Date:

RF Input Power Second IF Output
(dBm) (Measured Values)

SNR

(Calculated Values)

Signal + Noise Noise
Vi (mV rms) V, (mV rms)

SNR

SNR
(dB)

—100

-110

—120

NO SIGNAL

Note: Take additional readings where data slope changes abruptly.
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4.4. TEST: AGC Static

4.4.1  Purpose. This test determines the AGC output characteristic as a function of the RF
input level to the receiver and determines its effectiveness in controlling the linear IF signal
amplitude.

4.4.2  Test Equipment. Signal generator, power meter, digital voltmeter, and true rms
voltmeter.

443  Setup. Connect the test equipment as shown in Figure 4-3.

FM SIGNAL
GENERATOR
A\ 4
AN POWER
Re METER
RF INPUT ¢ A
RECEIVER
UNDER
2ND IF TEST
LINEAR OUTPUT  <— —» AGC OUTPUT
Y
LOADS
TRUE rms
VOLTMETER SPECTRUM
- —— ANALYZER

Figure 4-3. AGC Static Test

4.4.4  Conditions. Use the standard test conditions described in Table 4-1 except as follows:

Input amplitude: as stated in the test procedure
AGC: ON, maximum time constant

4.4.5 Procedure

1. Use the power meter to measure the insertion loss of the cable that connects the FM signal
generator to the receiver under test. Use this measured insertion loss to compensate the RF
power setting of the FM signal generator in the following steps.

2. Adjust the FM signal generator output for a receiver mid-band frequency and a —10-dBm
input to the receiver.

Tune the receiver for proper reception of the input signal (0 on tuning meter).
Measure and record the AGC output level with the digital voltmeter.
Measure and record the IF output amplitude with the true rms voltmeter.

Record measured data on Data Sheet 4-4.

N kW

—10 to —120 dBm.
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4.4.6 Data Reduction. Plot the AGC and the IF characteristics as illustrated in Figure 4-4.

-10
_8 (/
A
G
C
-6
D
C
V
O 4 A
_II‘_ ——AGC CHARACTERISTIC
S
-2 /
0 -120 -100 -80 -60 -40 -20
RF INPUT POWER (dBm)
g 60 dB
O - 3
u IF LEVEL CONTROL
N LINEAR
D OUTPUT
50 ./w-’-"'"'_ B — 2
I
F + 1
MV
40 0
-120 -100 -80 -60 -40 -20
RF INPUT POWER (dBm)

Figure 4-4. AGC Characteristics and IF Level Control



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 4-4 Telemetry Receivers

Test 4.4 AGC static

Manufacturer: Model:

Serial No:

Test Personnel: Date:

Cable loss (FM signal generator to receiver) dB

Receiver AGC IF
RF Input Power Output Level Output Amplitude
(dBm) (Vdc) (mV rms)

—-10

—20

=30

—40

=50

—60

=70

—80

—90

—100

—110

—120

NO SIGNAL

Note: Take additional readings where data slope changes abruptly.
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4.5. TEST: AGC Dynamic Test - Response to Square Wave

4.5.1  Purpose. This test determines the AGC attack and recovery time with square wave AM.
In addition, it shows the effects of abrupt changes in the RF power level on AGC voltages, IF
signals and video output.

4.5.2  Test Equipment. Function generator, signal generator with AM modulation capability or
a separate PIN modulator, power meter, oscilloscope and camera, digital voltmeter, and true rms
voltmeter.

4.5.3  Setup. Connect the test equipment as shown in Figure 4-5 and set the oscilloscope
channel 1 and 2 input selector switches to dc.

NERAT SIGNAL
GENERATOR
(SINE GENERATOR |SYNC
WAVE) (SQUARE
WAVE)
BIAS
A \
FM SIGNAL . N
GENERATOR [~ _ MODULATOR
N SYNC IN
A A
N
1
! OSCILLOSCOPE ~N
POWER i
—————— +
METER : PLUG-IN —» e
! CHAN T'CHAN CAMERA
_______ > N 1* 2%
~_ | FF —
4y INPUT 15UF
lAGc ouT *
RECEIVER »  owm
UNDER
TEST VIDEO OUT

LINEAR LIMITED ¢
IF PRE-D IF PRE-D
GUTPUT OUTPUT LOADS VOLTMETER
(TO OSCILLOSCOPE)
—_— = CHAN 1 CHAN 2

* SET SWEEP TO CHOPPED
SET CHANNELS 1 AND 2 FOR dc COUPLING

**THIS CAPACITOR IS REQUIRED ONLY TO REMOVE A LARGE dc
OFFSET ON THE AGC VOLTAGE

Figure 4-5. AGC Response to Square Wave AM

4.54  Conditions. Use the standard test conditions described in Table 4-1 except as follows:

RF input power: as stated in the test procedure
AGC: as stated in the test procedure
Modulation frequency: variable
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N OTV One set of measurements is conducted with only AM applied to the carrier. An

oscilloscope presentation is examined to determine both attack and recovery times
of the AGC circuit. Another set of measurements is conducted with both AM and
FM applied to the carrier. The oscilloscope displays are photographed to show
AGC response, limited and linear IF signal response, and the video output signal.

4.5.5 Procedure

1.

10.

11.

Use the RF power meter, with no bias applied in the PIN modulator as illustrated in Figure
4-5, to measure the insertion loss of cables and the PIN modulator connected between the
receiver input and the FM signal generator.

Tune the receiver for proper reception of the input signal and adjust the receiver AGC time
constant to the minimum setting.

NOTE Compensate for this insertion loss when applying RF power
to the receiver input in subsequent measurements.

Reconnect the bias signal (square wave) to the PIN modulator to apply AM to the receiver
input signal.

Use the calibration of the AGC output voltage versus the RF input voltage previously
measured and tabulated on Data Sheet 4-5 in the Static AGC test when adjusting the desired
amplitude of modulation.

Set the mean level of the receiver input signal by adjusting the RF output of the signal
generator.

Select those settings of the PIN modulator bias and the signal generator output that cause the
receiver input to vary between the power levels of =57 and —97 dBm. Temporarily adjust the
frequency of the square wave bias signal to approximately 0.1 Hz. This frequency allows
sufficient time to read the resulting AGC output voltage with the digital voltmeter and make
appropriate adjustments.

Adjust the frequency of the bias signal to show the maximum excursion of the AGC
characteristic with a level portion equal to approximately one-quarter of the cycle period.

Adjust the sweep speed of the oscilloscope for a calibrated setting that will give the
maximum sweep speed but show one full cycle of the AGC characteristic.

Display the resulting AGC characteristic on the oscilloscope so that the trace is centered and
the vertical deflection on the oscilloscope is 5 cm (1.96 in).

Select the polarity of the vertical amplifier so that the part of the AGC trace corresponding to
the lower RF level is at the bottom of the display.

Inspect the oscilloscope trace to determine the attack time and recovery time. The attack time
is the time required for the AGC voltage to change from 10 to 90 percent of the full range
indicated on the oscilloscope as the input RF power level changes from —97 to —57 dBm. The
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12.

13.

14.
15.

16.

17.
18.
19.

20.

21.

22.

23.
24.
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recovery time is the time required for the 10 to 90 percent change of the AGC voltage when
the input changes from —57 to =97 dBm. Record these values on Data Sheet 4-5.

Adjust the modulation input to the FM signal generator to produce a 200-kHz peak deviation
of the RF signal input to the receiver with the AM still applied to the carrier.

Ensure that the modulation frequency is approximately eight times the frequency of the bias
signal applied to the PIN modulator.

Set the receiver AGC time constant to minimum.

Adjust the video gain of the receiver to produce 1 V rms output and connect the video signal
channel 2 input of the oscilloscope.

Superimpose the video signal on the AGC trace and position the video signal in the top half
of the display as illustrated on Data Sheet 4-5.

Ensure that the vertical deflection of the video signal is 2 cm (0.79 in).
Adjust the FM frequency to produce a stationary oscilloscope presentation.

Photograph the oscilloscope display of the AGC and video output characteristics.

NOTE The preceding measurement procedures may be repeated for other
settings of the receiver AGC time constant as required.

Disconnect the AGC and the video output from the oscilloscope and connect the linear and
limited outputs of the second IF to the oscilloscope (see Figure 4-5).

Position the limited IF trace at the bottom of the display and adjust the vertical amplifier gain
to produce a 1-cm (0.39 in) deflection.

Position the linear IF trace in the center of the display and adjust the vertical amplifier gain to
produce a 1-cm (0.39 in) deflection for the quiescent state.

Photograph the IF output signals.

Take additional photographs of the AGC, the video output, and the IF output signals
corresponding to RF input power level changes of =77 to =97 dBm, —37 to =97 dBm, —37 to
—57 dBm, and =37 to —77 dBm.

4.5.6 Data Reduction

1.
2.

Attach photographs to Data Sheet 4-5 as illustrated.

Inspection of the photographs will yield several items of qualitative information relative to
AGC characteristics. The AGC attack and recovery times are determined and compared,
degradation intervals of the receiver video output resulting from the imperfect response of
the AGC circuit and demodulator are observed, and the dynamic response of both the limited
and linear IF signals to AGC action are shown.

4-15



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 4-5. Telemetry Receivers
Test 4.5 AGC dynamic test - response to square wave
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Receiver AGC Measured AGC Measured AGC
Setting Attack Time (ms) Recovery Time (ms)

AGC Attack and Recovery, Video and IF Characteristics

LINE &R
IF

LIMITED
IF

¥IDED

ALC

RF Input: =57 dBm to =97 dBm RF Input: =37 dBm to =97 dBm

Sweep Speed millisec/div Sweep Speed millisec/div
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Data Sheet 4-5 (continued) Telemetry Receivers

TEST: 4.5 AGC dynamic test - Response to square wave

Manufacturer: Model: Serial No:

Test personnel: Date:
LIWE &R
IF

LIMITED
IF

¥IDED

4GC

RF Input: =77 dBm to =97 dBm RF Input: =37 dBm to =57 dBm

Sweep Speed __ millisec/div Sweep Speed ___ millisec/div
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4.6. TEST: AGC Dynamic Test - Response to Sine Wave

4.6.1  Purpose. This test determines the AGC attack and recovery time with a sine wave. It
also shows the effects of changes in RF power level on AGC voltages, IF signals and video
output.

4.6.2  Test Equipment. Power supply, audio signal generator, RF signal generator, PIN
modulator, counter, oscilloscope, true rms voltmeter, and digital voltmeter.

4.6.3  Setup. Connect the test equipment as shown in Figure 4-6 and set the oscilloscope
channel 1 and 2 input selector switches to dc.

100 OHM 100 OHM LOW OUTPUT
—[\/\/\/_' vV V 5 AUDIO

POWER SIGNAL
SUPPLY |4 COMMON GENERATOR [SYNC
COUNTER
RF BIAS
PIN
SIGNAL »
GENERATOR MODULATOR
v SYNC IN

*OSCILLOSCOPE

RF
INPUT g h
RECEIVER AGC oUT TRUE RMS
UNDER g
NDES VOLTMETER

DIGITAL
VOLTMETER

* SET MODE SWITCH TO CHANNEL 2
SET CHANNEL FOR dc COUPLING

Figure 4-6. AGC Response to Sine Wave AM

4.6.4  Conditions. Use the test conditions described in Subsection 4.5.5 step 2.
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4.6.5  Procedure
1. Set the output level of the RF signal generator to —15 dBm.

2. Adjust the dc bias on the PIN modulator to produce a —45 dBm input to the receiver with no
output from the audio signal generator as indicated by the AGC output voltage calibration
plot obtained in the static AGC test.

Set the receiver AGC to the shortest time constant.

4. Set the frequency of the audio signal generator to a frequency determined by the formula f=
10/TC, where f'is in hertz and TC (time constant) is in milliseconds. The result is the attack
time corresponding to an input RF power level change from —77 to —37 dBm.

5. Determine from the plot of the static AGC test data the AGC voltage difference
corresponding to an RF input change between —26 and —20 dBm.

6. Adjust the output voltage of the audio signal generator to produce an AGC signal the
magnitude of this difference.

NOTE At modulating frequencies below 10 Hz, the AGC signal should be measured
/ with a direct-coupled oscilloscope. At modulating frequencies above 10 Hz, the
AGC signal may be measured with a true rms voltmeter. To convert the static
AGC voltage change obtained from the plot to rms, multiply by 0.35.

7. Increase the frequency of the audio signal generator and measure the frequencies at which the
AGC output voltage excursion decreases by 3, 6, 9, and 12 dB (f3, f, fo, and f12 represent the
frequencies at the —3, —6, —9, and —12 dB points).

8. Record these frequency readings on Data Sheet 4-6.
9. Repeat procedure for other time constant settings of receivers as required.

10. Repeat the previous measurements of an AGC voltage difference corresponding to an RF
input change between —70 and —64 dBm.
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Data Sheet 4-6 Telemetry Receivers
Test 4.6 AGC dynamic test - response to sine wave
Manufacturer: Model:
Serial No:
Test Personnel: Date:

—20 dBm to —26 dBm

Receiver AGC Setting fo f3 fo fo f12
Milliseconds Hertz Hertz Hertz Hertz Hertz
0.1%
1.0*
10 *

—64 dBm to —70 dBm

Receiver AGC Setting fo f3 fo fo f12
Milliseconds Hertz Hertz Hertz Hertz Hertz
0.1%*
1.0*
10 *

*These settings may vary with receiver models.
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Purpose. This test determines the FM capture ratio of the receiver. The capture ratio

TEST: FM Capture Ratio

relates to the ability of the receiver to capture the stronger of two co-channel frequency

modulated signals applied to the receiver input terminals. This applies to limiter discriminator for
Tier 0 systems only.

4.7.2

Test Equipment. Counter, two FM signal generators, power meter, wave analyzer, two

10-dB attenuator pads, 20-dB attenuator pad, and power adder.

4.7.3

4.7.4

Setup. Connect the test equipment as shown in Figure 4-7.

COUNTER
O % (o,
NO. 1 NO. 2
UNCAL UNCAL
FM SIGNAL POWER FM SIGNAL
ADDED 10 dB
10 dB -
GENERATOR ATTENURTOR ATTENUATOR GENERATOR
4
/
/
—————— —
20 dB
ATTENUATOR
POWER
RF
METER L INPUT
RECEIVER WAVE
UNDER ANALYZER
TEST LOAD
Figure 4-7.  Capture Ratio Test

Input amplitude: variable
AGC: 10ms
Video bandwidth: 100 kHz
Carrier deviation no. 1: 200 kHz peak
Modulation frequency: IRIG Channel 13 (14.5 kHz)
Carrier deviation no. 2: 200 kHz peak

Modulation frequency:
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4.7.5 Procedure

1.

AN

10.
1.

12.

4.7.

Adjust the frequency of the number 2 signal generator for receiver mid-band and the output
level for minimum output.

Adjust the frequency of the number 1 signal generator to within 5 kHz of generator number 2
and the output level to —25 dBm as indicated by the power meter.

Record the attenuation reading that is on the signal generator dial. This is reference level P;.
Frequency modulate the number 1 signal generator with a 14.5-kHz sine wave.
Adjust the deviation for a 200-kHz peak as indicated on the deviation meter.

Adjust the output level of the number 1 signal generator for minimum output and increase
output level of signal generator number 2 to —25 dBm as indicated by the power meter.

Frequency modulate the number 2 signal generator with a 40-kHz sine wave and adjust the
deviation for a 200-kHz peak as indicated on the deviation meter.

Disconnect the power adder from the power meter and connect it to the receiver input
through a 20-dB attenuator.

Tune the receiver for proper reception of the input signal (0 on tuning meter).

N OTV For all subsequent measurements, maintain the frequencies of the

signal generators within 5 kHz of each other.

Tune the wave analyzer to the 40-kHz signal and adjust the receiver video output of 1 V rms.

Tune the wave analyzer to the 14.5-kHz modulation signal and increase the output of signal
generator number 1 until the analyzer reads 0.1 V rms (=20 dB relative to one volt [dBV]).

Record data on Data Sheet 4-7.

6  Data Reduction. Calculate the capture ratio as indicated on Data Sheet 4-7.
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Data Sheet 4-7. Telemetry Receivers
Test 4.7 FM capture ratio
Manufacturer: Model:
Serial No:
Test Personnel: Date:

Signal generator No. 1

P dBm
P,  dBm
Capture ratio =Py — P, = dB
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4.8. TEST:NPR

4.8.1  Purpose. This test measures the NPR and the NPR floor (NPRF) and determines the
NPR intermodulation (NPRI) noise. This test only applies to FM/FM and systems using sub-
carrier oscillators.

NOTE The NPR is defined as the ratio of noise in a test channel when all channels are
loaded with white noise to noise in the test channel when all channels except the
test channel are fully noise loaded.

The NPRF is defined as the ratio of noise in a test channel when all channels are
loaded with white noise to noise in the test channel when noise loading is
completely removed from the base band.

The NPRI is defined as the ratio of noise in a test channel when all channels are
loaded with white noise to noise in the test channel caused by IM power. The
NPRI can be calculated one of two ways:

a. NPRI=NPR + A, where A is obtained from a graph that relates A to the
quantity (NPRF — NPR).
b. NPRI=NPR « NPRF/(NPRF — NPR) where all quantities are power ratios.

4.8.2  Test Equipment. Noise source, true rms voltmeter, audio signal generator, spectrum
analyzer, noise receiver, and FM signal generator.

4.8.3  Test Method. A white-noise signal (with or without notch filter) of known amplitude is
applied to the receiver under test. The output level is measured with a noise receiver and the
noise ratio is calculated.

4.84  Setup. Connect the test equipment as shown in Figure 4-8.
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NOISE
SOURCE
:
|
RN IS
) SEE !
1 NOTE |
AP |
TRUE RMS | ggm—
VOLTMETER [
‘—\f/MOD IN GENERATOR
FM SIGNAL
GENERATOR
¢ RF INPUT
RECEIVER
UNDER TEST
| VIDEO OUTPUT
.
SPECTRUM T sEE , NolsE
1 —
ARAYEER y NOTE ] RECEIVER
e ———

Figure 4-8. NPR Standard Test Setup

and at the input of the noise receiver if the connecting impedance differs
greatly from 75 ohms. Short lengths (6 feet or less) of 50- or 93-ohm
cable will not significantly affect measurement accuracy.

N OTV Matching networks may be required at the output of the noise generator

4.8.5  Conditions. Use the standard test conditions described in Table 4-1 except as identified
in Table 4-3.

Table 4-3. Exceptions to Standard Test Conditions
IF Bandwidth Modulation Freq. Video Bandwidth Deviation
(kHz) NPR Base Band (kHz) (dc to kHz) (kHz rms)
300 12-108 150-200 25
500 12-108 150-200 55
12-156 175-300 50
12-204 225-400 40
750 12-108 150-200 95
12-156 175-300 85
12-204 225-400 80
1000 12-204 225-400 125
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Table 4-3. Exceptions to Standard Test Conditions

IF Bandwidth Modulation Freq. Video Bandwidth Deviation
(kHz) NPR Base Band (kHz) (dc to kHz) (kHz rms)
1500 12-204 225400 210
3300 12204 225400 530

RF input - variable (see Data Sheet 4-8)
Demodulator bandwidth - wide (1.5 MHz)

4.8.6  Procedure
1. Record the measured data on Data Sheet 4-8.
2. Disconnect the noise generator and matching network from the FM signal generator.

3. Adjust the receiver RF input to obtain a 40-dB IF SNR by using IF SNR data obtained from
the IF SNR test (see Section 4.3). If 40 dB is not obtain-able, use maximum.

4. Tune the receiver for proper reception of the input signal.

5. Use the audio signal generator to calibrate the deviation sensitivity of the FM signal
generator. Set the frequency of the audio signal generator to 10 kHz and the output amplitude
to 0.5 V as indicated by the true rms voltmeter.

6. Adjust the modulation level control on the FM signal generator to 140-kHz deviation as
indicated by the deviation meter if the desired rms deviation is 100 kHz or less. If the desired
rms deviation is more than 100 kHz, adjust the modulation level control for 710-kHz
deviation as indicated by the deviation meter. These two settings represent 200-kHz rms
deviation per V rms and 1000-kHz rms deviation per V rms respectively.

7. Replace the audio signal generator with the noise source at the modulation input of the FM
signal generator.

8. Select the high-pass and low-pass filters for the noise source in accordance with the
conditions listed in Subsection 4.8.5 to provide the appropriate base band noise for the IF
bandwidth under test. To obtain the desired rms deviation, adjust the output noise voltage
(1) as indicated by the voltmeter for the levels listed on Data Sheet 4-8 under V1. (These
values apply only when using the equipment shown in the typical block diagram, Figure 4-8.)

NOTE Guard against video amplifier overloading by: 1) observing the noise at the receiver
/ video output with an oscilloscope to determine that noise spikes are not limited in
amplitude, and 2) observing the video output of the receiver with the spectrum
analyzer to be sure that the receiver does not exhibit spurious responses outside of
the noise band pass or in the notches used in the test procedure.

9. Determine the NPR for the channels shown on Data Sheet 4-8. Adjust the video output level
to linear region.

10. Remove the base band noise modulation source and terminate the modulation input.

11. Use the same noise receiver reference level to again obtain NPR values for the channels
shown on Data Sheet 4-8 and record these values under NPRF.
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12. Adjust the value of Vi required to set the remaining rms deviation levels shown on the data
sheet and measure the corresponding NPR and NPRF for the channels shown on Data Sheet
4-8.

13. Using the relationship B = NPRF — NPR, determine the value for A from Figure 4-9.
Calculate the value for NPRI using the equation NPRI = NPR + A.

D 9

E

\Y 8

|

A 7

T

| 6

O

N 5
(dB) *

, || B=NPRF-NPR

NPRI = NPR + DEV

0.2 0.3 0.4 05 086 0708091 2 3 4 5 6 7 8 910

B (dB)

Figure 4-9.  Curve for Converting NPR and NPRF Data to NPRI

14. Repeat the previous measurements for other levels of IF SNR as desired. It must be pointed
out, however, that the receiver may become noise floor limited at the lower IF SNR levels
(that is, NPR = NPRF). In such cases the calculation of NPRI is not possible. The measured
data may be plotted as illustrated in Figure 4-10.
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I
O : : : :
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Figure 4-10. Noise Power Ratio
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Data Sheet 4-8.

Telemetry Receivers

Test 4.8 Noise power ratio
Manufacturer: Model:

Serial No:

Test Personnel: Date:

IF SNR = 40 dB (or max __ dB)

IF Mod
Band- Freq.
width Band Deviation Vi
(kHz) | (kHz) | (kHzrms) | (V rms) NPR/NPRF (dB) NPRI (dB)
Notch Freq. (kHz) Notch Freq. (kHz)
14 34 70 | 105 | 14 34 70 | 105
300 12-108 25 0.125
500 12-108 55 0.275
750 12-108 95 0.475
14 34 70 | 152 | 14 34 70 | 152
500 12-156 50 0.250
750 12-156 85 0.425
14 34 | 105 | 185 | 14 34 | 105 | 185
500 12-204 40 0.200
750 12-204 80 0.400
1000 12-204 125 0.125
1500 12-204 210 0.210
3300 12-204 530 0.530
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4.9. TEST: Local Oscillator Radiation at RF Input

4.9.1  Purpose. This test determines if any emissions are appearing at the RF input terminals
because of radiation from a local oscillator.

4.9.2  Test Equipment. FM signal generator, spectrum analyzer, and power meter.

493  Test Method. A spectrum analyzer is used to scan across the receiver band to detect any
emission radiation.

4.9.4  Setup. Connect the test equipment as shown in Figure 4-11.

RECEIVER
UNDER TEST
h
RFINPUT

FMSIGNAL |, _ _ __________ SPECTRUM
GENERATOR ANALYZER

POWER

METER

Figure 4-11. Local Oscillator Radiation Test
4.9.5  Conditions. Use the standard test conditions described in Table 4-1. Use double
shielded cable (RF 214/or equivalent) between the spectrum analyzer and the receiver RF input.

NOTE This test should be performed for all available modes of operation
such as variable frequency oscillator (VFO), crystal, and synthesizer.

49.6  Procedure
1. Tune the receiver to the desired frequency.

2. Connect the power meter to the FM signal generator output and adjust the generator
frequency to correspond to the receiver tuning. Adjust the output level to —25 dBm. This
signal will be used to calibrate the spectrum analyzer.

3. Disconnect the power meter and connect the FM signal generator to the spectrum analyzer.
Adjust the analyzer so that the —25-dBm input signal to the connecting cable appears as 0 dB
on the display unit. Calibration of the spectrum analyzer should be checked at each observed
frequency.

4. Remove the cable from the FM generator and connect the receiver RF input to the spectrum
analyzer. Tune the spectrum analyzer slowly across the frequency range from 10 MHz to 10
GHz and record the frequency and amplitude of all signals observed.

5. Record measured data on Data Sheet 4-9.
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Data Sheet 4-9.

Telemetry Receivers

Test 4.9 Local oscillator radiation
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Mode (both first and second local
oscillator)
Frequency IIldlC.a ted Calibration Amplitude
(MHz) Amplitude Correction Corrected
(dBm) (dBm)
—25 dBm
Mode (both first and second local
oscillator)
Frequency Indlc.a ted Calibration Amplitude
(MFHz) Amplitude Correction Corrected
(dBm) (dBm)
A
—25 dBm
N
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4.10. TEST: Local Oscillator Stability

4.10.1 Purpose. This test determines the frequency stability of all LOs as a function of time.

4.10.2 Test Equipment. Electronic counter.

4.10.3 Setup. Connect the test equipment as shown in Figure 4-12.

» 1ST LO QUTPUT

0
RECEIVER
UNDER TEST | a-2ND LO OUTPUT I ——

O
LOADS
ELECTRONIC
—— ——| COUNTER

51

Figure 4-12. Local Oscillator Stability Test

4.10.4 Conditions. Use the standard test conditions described in Table 4-1 except as follows:

Warm-up time: none for receiver
standard conditions for test equipment
RF input power: none required
Receiver frequency: near mid-band
First LO mode: as stated in procedure
Second LO mode: as stated in procedure

Disregard all other conditions.
4.10.5 Procedure

1.

Sl

© =N W

Switch the first and second LOs to the crystal or synthesizer mode.
Turn on the receiver and tune to the desired frequency (preferably mid-band).
Turn on the receiver (cold start).

Measure and record the first and second local oscillator frequencies with switch S1 set to the
appropriate position at the time intervals shown on Data Sheet 4-10 (crystal mode).

Switch the first and second LOs to the VFO mode.
Tune the receiver to mid-band.
Turn off the receiver and allow 30 minutes to cool down. Turn on the receiver (cold start).

Measure and record the first and second local oscillator frequencies with switch S1 set to the
appropriate position at the time intervals shown on Data Sheet 4-10 (VFO mode).
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4.10.6 Data Reduction

1. Use the frequency obtained at the reference time to calculate the frequency change in percent
for crystal and VFO modes.

2. Use the frequency measured at the reference time (t: = 30 minutes) to calculate the normal
frequency (f,) as follows including the sign

fn =S (Eq. 4-3)

The frequency change in percent for each measurement, including the direction of change as
indicated by sign, is calculated as follows:

M e 100
: (Eq. 4-4)

% change =

Where:
f=frequency measured at a particular time
fr = frequency measured at the reference time

3. Repeat calculations for VFO mode.
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Data Sheet 4-10(1) (crystal mode). Telemetry Receivers

Test 4.10 Local oscillator stability (crystal mode)
Manufacturer: Model:

Serial No:

Test Personnel: Date:

Receiver tuned frequency MHz

Time (t)
(min)

First Local Oscillator

Frequency

Second Local Oscillator
Frequency

Measured
(MHz)

Normalized
(fn, Hz)

Normalized Change
(fu, Hz) %

Change Measured
% (MHz)

10

15

20

25

30 t;

45

60

90

120

180

240

300

360

420

480

540

600

660

720
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Data Sheet 4-10(2) (VFO mode).

Telemetry Receivers

Test 4.10

Local oscillator stability test (VFO mode)

Manufacturer:

Model:

Serial No:

Test Personnel:

Date:

Receiver tuned frequency

MHz

Time (t)
(min)

Frequency

First Local Oscillator

Second Local Oscillator

Frequency

Measured
(MHz)

Normalized
(fn, Hz)

Change
%

Measured
(MHz)

Normalized
(fn, Hz)

Change
%

10

15

20

25

30 t;

45

60

90

120

180

240

300

360

420

480

540

600

660

720
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4.11. TEST: Pulse Code Modulation Bit Error Rate
4.11.1 Purpose. This test measures the PCM BER as a function of the receiver IF SNR.

4.11.2 Test Equipment. RF signal generator with FM or phase modulation (PM) or both
capabilities as needed, microwave counter, microwave spectrum analyzer, power splitter, PCM
bit synchronizer and detector, PCM bit error rate test (BERT), oscilloscope, true rms meter, and
step attenuator (1 dB steps, 100 dB attenuation minimum).

4.11.3 Test Method. This test assumes that a self-synchronizing BERT is available. The test
can be performed with other test equipment with minor modifications to the procedure. This
method is suitable for manual or computer controlled testing.

4.11.4 Setup. Connect the test equipment as shown in Figure 4-13.
MICROWAVE
COUNTER
A
RFFgAI\gklAAL POWER STEP | RILEJEIIIEDII\E/IER IE TRUE rms
GENERATOR SPLITTER ATTENUATOR TEST VOLTMETER
VIDEO | |OSCILLOSCOPE

oS || venome

SPECTRUM

PCM BIT
TEST SET ANALYZER SYNCHRONIZER

Figure 4-13. Receiver PCM Bit Error Rate

4.11.5 Conditions. Use the standard test conditions described in Table 4-1. A low pass filter
can be inserted between the BERT and the RF signal generator if desired.

4.11.6 Procedure

1. Set the peak deviation of the RF signal generator to the value shown in Table 4-4 for the
PCM code and receiver demodulator type to be used in this test (Fg = bit rate). The deviation
may be set using the Bessel null method or any other method preferred by the personnel
conducting the test.

Table 4-4. PCM Peak Deviation for Various PCM Codes and
Demodulator Types
PCM Code Demodulator Type Peak Deviation
NRZ FM 0.35 Fs
Bi FM 0.65 Fp
Bid PM 60 to 70°
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NRZ-M,S PSK 90° or +1
Bip-M.,S PSK 90° or +1

2. Vary the attenuator setting until the BER is approximately 107°. Decrease the attenuator
(increase signal at receiver input) by 1 dB. Record this attenuator setting on Data Sheet 4-11.
This setting will be the starting attenuator setting for this test.

3. Increase the RF signal applied to the TM receiver by 10 dB. Put the RF signal generator in
the continuous-wave mode. Measure the amplitude of the linear IF signal using the rms
voltmeter and record on Data Sheet 4-11 as the linear IF amplitude in the AGC mode. Place
the receiver in MGC mode and adjust the gain to give the same IF amplitude recorded above
(within £10 percent of the value). The receiver may have an AGC freeze or hold mode that
does the adjustment for you. Record this value on Data Sheet 4-11 as the IF amplitude in
MGC mode. Increase the RF signal level by 6 dB. Measure the IF amplitude using the rms
voltmeter and record on Data Sheet 4-11 as the +6 dB MGC amplitude. This value should be
between 1.8 and 2.2 times as large as the previous MGC value. If it is not, decrease the
manual gain and repeat the linearity check.

4. Return the attenuator to the starting value (see step 2). Set the manual gain to give the
nominal linear IF output £10 percent as determined in step 3 for the AGC mode. Measure
and record this value on Data Sheet 4-11 as the starting value S + N. Set the attenuator to
maximum attenuation. Measure the IF amplitude using the true rms voltmeter and record on
Data Sheet 4-11 as the starting value N. Return the receiver to the AGC mode.

5. Set the RF signal generator to the modulation mode with the proper peak deviation. Set the
attenuator and RF signal generator power to the values established in step 2 (starting value).
Measure the bit errors per million bits and record on Data Sheet 4-11. An interval other than
1 million bits may be selected at the discretion of the test personnel.

6. Increase the attenuation by 1 dB. Measure the BER and record on Data Sheet 4-11. Repeat
for 1 dB attenuator steps up to 10 dB.

4.11.7 Data Reduction. The receiver IF SNR (in dB) at the starting value can be calculated
from (S + N and N assumed to be rms voltages).

(S/N)ir = 10 logio (((S + N)* — N°)/N?) (Eq. 4-5)
The IF SNR referenced to a bandwidth equal to the bit rate can be calculated using
(S/N)eb = (S/N) ir + 10 logio (ENPBW/F3) (Eq. 4-6)
Where:
ENPBW = equivalent noise power bandwidth of the receiver IF filter
Fs = PCM bit rate

The receiver IF bandwidth can be used as an approximation to the equivalent noise power
bandwidth when it is not known. Increasing the attenuation by X-dB results in an X-dB decrease
in [F SNR. The measured values of BER versus IF SNR in a bandwidth equal to the bit rate can
be compared to the results presented in Section 3 of RCC 119-06.
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Data Sheet 4-11. Telemetry Receivers

Test 4.11 Pulse code modulation bit error rate
Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:
PCM code: Bit rate: kbps Peak deviation:
Modulation FM PM D PSK Other ( )
Attenuator setting for 107> BER: dB
Linear IF amplitude in AGC mode: mV rms
IF amplitude in MGC mode: mV rms
IF amplitude in MGC mode (+6 dB): mV rms
Starting value S + N: mV rms
Starting value N: mV rams
Starting value IF SNR: dB

Attenuator setting IF SNR (dB) Bit error rate
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4.12. TEST: Frequency Modulation Step Response

4.12.1 Purpose. This test measures the step response of the receiver to an input signal that is
frequency modulated by pulses, for example, pulse amplitude modulation or PCM.

4.12.2 Test Equipment. An RF signal generator that can be frequency modulated, square-wave
generator, microwave counter, oscilloscope, and power splitter.

4.12.3 Test Method. This test measures the frequency modulation step response of the receiver
by applying an RF input signal that has been frequency modulated by a square wave.

4.12.4  Setup. Connect the test equipment as shown in Figure 4-14.

MICROWAVE
COUNTER
RF SIGNAL POWER RE%'E;I\E/FER
GENERATOR SPLITTER TEST
VIDEO
ARE
S\?Vl;’-J\VE SYNC .| osciLLoscopE
GENERATOR AND CAMERA

Figure 4-14. Receiver Frequency Modulation Step Response

4.12.5 Conditions. The RF signal generator output frequency should be set to the receiver's
center frequency. Set the output power level to —50 dBm. The step response characteristics of the
square-wave generator and the RF signal generator frequency modulator must be 5 to 10 times
better than the expected measured value, or the test results will not accurately reflect the
receiver's FM step response.

4.12.6  Procedure. Frequency modulate the signal generator with a square wave. The square-
wave frequency should be equal to 0.1 times the receiver video bandwidth (VBW). (The VBW
should be less than or equal to one-half of the IF bandwidth.) The peak deviation of the RF
signal generator should be 0.35 times the receiver IF bandwidth. Capture a plot of the
oscilloscope display. Measure the rise time, overshoot, and settling time. Record this information
on Data Sheet 4-12.

4.12.7 Data Reduction. Compare the results with the specification.
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Data Sheet 4-12.

Telemetry Receivers

Test 4.12

Frequency modulation step response

Receiver Manufacturer:

Model:

Serial No:

Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
First LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:
Rise Time: microseconds
Overshoot: percent
Settling Time: microseconds
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4.13. TEST: Receiver Band Pass Frequency Response using Unmodulated Signal

4.13.1 Purpose. This test measures the effective receiver band pass bandwidth.

4.13.2 Test Equipment. An RF signal generator, microwave counter, true rms voltmeter, RF
counter (optional), wave analyzer (optional), and power splitter.

4.13.3 Test Method. This test measures receiver bandwidth by fixing the receiver gain, varying
the input frequency, and measuring the linear IF output amplitude. This test works well for
receivers that have stable MGC and linear IF output. This test is suitable for manual or computer
controlled testing.

4.13.4 Setup. Connect the test equipment as shown in Figure 4-15. The rms voltmeter can be
used to test for less than 30 dB of filter attenuation. The wave analyzer and RF counter must be
used for tests where greater attenuation is to be measured.

MICROWAVE
COUNTER TRUE rms
VOLTMETER
LINEAR
RF SIGNAL POWER RﬁiEDll\E/ER _/ RE
GENERATOR SPLITTER —» COUNTER
TEST IE
WAVE
>  ANALYZER

Figure 4-15. Receiver Band Pass Response using Unmodulated Signal

4.13.5 Conditions. The RF signal generator frequency should be set to the receiver center
frequency. The output power should be set to give a receiver IF SNR of greater than 30 dB,
however, do not saturate the receiver. The receiver local oscillator should be in crystal or
synthesizer mode whenever possible. Automatic frequency control (AFC) modes cannot be used
for this test. The wave analyzer band pass filter should be set to approximately 3 kHz. The
receiver gain must remain fixed for the duration of the test. The gain of many receivers drifts
with time. This test will not work with a wave analyzer if the RF signal generator or receiver
under test has excessive PM or frequency drift.

4.13.6 Procedure

1. Measure the amplitude of the signal at the output of the linear IF with the receiver in the
AGC mode. Put the receiver in the MGC mode and set the linear IF output amplitude to a
value approximately equal to the value measured in the AGC mode. Increase the RF
generator output power by 6 dB. The linear IF output amplitude should increase by 6 +0.5
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dB. If it does not, decrease the linear IF output amplitude by 6 dB using the MGC and repeat
until this condition is satisfied.

Set the RF generator to its original power level and measure the linear IF amplitude (MGC
mode). Disconnect the RF generator and measure the linear IF output amplitude. (This step
can be skipped if the wave analyzer is used.) Record this value on Data Sheet 4-13 as the
baseline noise level.

Reconnect the RF generator to the receiver under test. If the wave analyzer is to be used in
this test, count the frequency of the receiver IF output. Record on Data Sheet 4-13 as the
center frequency IF output frequency. This value will be used to calculate the measurement
frequencies for the wave analyzer.

Increase the RF generator frequency by 10 kHz. Measure the linear IF output frequency. If it
increased by 10 kHz, the receiver IF output tracks the input. If it decreased by 10 kHz, the
receiver IF output frequency change is opposite to the input change. If the frequency changes
by some other amount, a problem exists and an investigation is necessary.

Set the RF generator to a frequency equal to the receiver center frequency minus two times
the IF bandwidth (minus one times the IF bandwidth if a true rms voltmeter is used). Set the
wave analyzer to a frequency equal to the IF frequency measured in step 3 minus two times
the IF bandwidth if the IF frequency tracks the input frequency (plus two times the IF
bandwidth if the IF frequency change is opposite to the input frequency change). Measure the
amplitude of the linear IF output (using true rms voltmeter or wave analyzer) and record on
Data Sheet 4-13 along with the RF input frequency.

Increase the RF generator frequency by 0.25 times the receiver IF bandwidth setting. Set the
wave analyzer frequency to the calculated IF frequency. Measure the amplitude of the linear
IF output and record on Data Sheet 4-13 along with the RF input frequency. Repeat this step
until the RF generator frequency is equal to the receiver center frequency plus two times the
IF bandwidth (plus one times the IF bandwidth if a true rms voltmeter is used).

quick test can be performed with a step size of 0.5 times the receiver IF
bandwidth setting. A test that measures the IF response in more detail may use
a step size of 0.05 or 0.1 times the receiver IF bandwidth setting.

N OT? This test can be performed with any frequency step size that is desired. A

4.13.7 Data Reduction

1.

The rms voltmeter readings can be corrected for background noise by subtracting the
background noise power (voltage squared) from the measured values. If the measured value
was 7.4 mV rms and the background noise was 4.8 mV rms, the signal amplitude was

N7.42°—4.82° =+/54.76 — 23.04 = 5.63 mV. (Eq. 4-7)

The wave analyzer values do not need to be corrected because the 3 kHz band pass filter does
not pass much noise and the noise power decreases beyond the receiver IF filter band edges.

The 3-dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
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frequency. Perform a linear interpolation between this frequency and the adjacent frequency
where the signal was attenuated by slightly less than 3 dB to find the approximate upper and
lower 3 dB frequencies. That is, if the signal was attenuated by A1 dB at frequency f1 and A>
dB at frequency f>, the approximate 3 dB frequency would be

PR et A

Ar— A (Eq. 4-8)
Let f1=10.45 MHz,
f>=10.5 MHz,
A1=2.2dB,
A>=3.2 dB,
then f3a8=1045+ {(2.2-3)/(2.2—-3.2)} *(10.5—10.45)=10.49 MHz.

The receiver IF filter equivalent noise power bandwidth with respect to the center frequency
can be calculated by dividing the measured power at each frequency by the measured power
at the center frequency and then multiplying each of these values by the frequency step size
and adding all of these values.
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Data Sheet 4-13. Telemetry Receivers

Test 4.13 Receiver band pass frequency response using unmodulated signal
Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO:
Test personnel: Date: Location:
Baseline noise level: Center frequency IF output frequency:

RF input frequenc Linear IF output Corrected linear IF

P q y amplitude output amplitude

Upper —3 dB frequency

Lower —3 dB frequency
—3 dB bandwidth

Equivalent noise power bandwidth
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4.14. TEST: Receiver Band Pass Frequency Response using Phase-Modulated Signal

4.14.1 Purpose. This test measures the effective receiver band pass bandwidth.

4.14.2 Test Equipment. An RF signal generator with PM capability, sine-wave generator,
microwave counter, microwave spectrum analyzer, RF counter, wave analyzer (or spectrum
analyzer), and power splitter.

4.14.3 Test Method. This method measures receiver bandwidth using a phase-modulated
carrier. It takes advantage of the principle that the amplitudes of the Bessel sidebands of a PM
carrier do not change with the modulating frequency (phase deviation held constant). The
method is especially well suited to automated testing. It is not recommended for manual testing.
This method also works for receivers that do not have MGC.

4.14.4 Setup. Connect the equipment as shown in Figure 4-16.

MICROWAVE
COUNTER
RF
COUNTER
LINEAR P
RF SIGNAL POWER RE%IEDII\EIER
GENERATOR SPLITTER e .
VIDEO I WAVE
ANALYZER
SINE WAVE MICROWAVE
GENERATOR SPECTRUM
ANALYZER

Figure 4-16. Receiver Band Pass Response using Phase-Modulated Signal

4.14.5 Conditions. The RF signal generator should be set to

Output frequency: receiver center frequency
Output power: sufficient to give >30-dB IF SNR or as desired.

The wave analyzer (or spectrum analyzer) RBW should be set to 3 kHz. For narrow IF
bandwidths, use an RBW no wider than 0.03 times the receiver IF bandwidth.

4.14.6 Procedure

1. The first step in this procedure will be to set the peak phase deviation to approximately 82°.
Increase the amplitude of the sine-wave generator (frequency = 10 kHz), while monitoring
RF signal using spectrum analyzer, until the carrier component and the first order sidebands
are equal in amplitude. The second order sidebands should be approximately 8 dB lower in
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amplitude. Increase the sine-wave generator frequency to a value equal to two times the
receiver IF bandwidth. Verify that the amplitudes of the carrier component and the first order
sidebands are within +1 dB of each other. If they are not within £1 dB, the RF generator does
not have sufficient bandwidth to perform this test.

NOTE This method will not work if the RF signal generator or
receiver under test has excessive incidental phase,
frequency modulation, or frequency drift.

Set the sine-wave generator to a frequency equal to 0.05 times the receiver IF bandwidth (50
kHz for a 1 MHz IF bandwidth). Measure and record the frequency of the carrier component
and the amplitudes of the carrier component and both first order sidebands at the receiver
linear IF output. Fc represents carrier frequency translated to the receiver IF and Fum
represents modulating frequency; therefore, the frequency of the lower first order sideband is
Fc— Fum. Increase the sine-wave generator frequency in steps of 0.05 times the receiver IF
bandwidth. The maximum frequency will be two times the receiver IF bandwidth. Measure
and record on Data Sheet 4-14 the amplitudes of the carrier component and both first order
sidebands. Sample Data Sheet 4-14 is included to show calculations.

4.14.7 Data Reduction

1.

Average the values of the first order sideband amplitudes at a modulation frequency of 0.05
times the IF bandwidth. Subtract this value from the amplitude of the carrier component with
this modulating frequency. Use this value as a correction value for all other data points.
Subtract the amplitude of the carrier component from each sideband amplitude and add the
correction value. Repeat for all modulating frequencies.

The 3 dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
frequency. Perform a linear interpolation between this frequency and the adjacent frequency,
where the signal was attenuated by slightly less than 3 dB, to find the approximate upper and
lower 3 dB frequencies. That is, if the signal was attenuated by 41 dB at frequency fi and 4>
dB at frequency f2, the approximate —3 dB frequency would be

o et Ay
A1~ A> (Eq. 4-9)
Let: fi =10.45 MHz,
£ =105 MHz,
Al =2.2 dB,
A> =3.2 dB,
then fras = 1045+ {22 3)/(2.2 —3.2)} (10.5 — 10.45) = 10.49 MHz.

The receiver IF filter equivalent noise power bandwidth with respect to the center frequency
can be calculated by dividing the measured power at each frequency by the measured power
at the center frequency and then multiplying each of these values by the frequency step size
and adding all of these values.
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Data Sheet 4-14.

Telemetry Receivers

Test 4.14 Receiver band pass frequency response using a phase-modulated signal
Manufacturer: Model:
Serial No:
Test Personnel: Center frequency: MHz
IF BW: kHz | Video BW: kHz
Final LO mode: XTAL: VFO:
Test personnel: Date: Location:
Measured frequency at receiver IF output (Fc) kHz
FC -FM
Modulating Fc Amplitude Amplitude FC + FM Amplitude
Frequency (dB) (dB) (dB)

Upper —3 dB frequency
Lower —3 dB frequency
—3 dB bandwidth

Equivalent noise power bandwidth
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Data Sheet 4-14 (SAMPLE). Telemetry Receivers

Test 4.14 Receiver band pass frequency response using a phase-modulated signal

Manufacturer: Model:

Serial No: 366

Test Personnel: Center frequency: 2250.5 MHz

IF BW: 1000 kHz | Video BW: 500 kHz

Final LO mode: XTAL: X VFO:

Test personnel: Date: 4/16/89 Location:

Measured frequency at receiver IF output (Fc) 20000 kHz
Modulating FC Amplitude FC — FM Amplitude | FC + FM Amplitude
Frequency (dB) (dB) (dB)

50 kHz —12.98 —13.16 —13.24

450 kHz —10.98 —13.52 —14.07

500 kHz —10.58 —13.85 —14.52

1000 kHz —8.04 —26.51 —28.22

1500 kHz —7.92 —49.19 —51.27

2000 kHz —7.94 —69.50 —70.72
Upper —3 dB frequency 20458 kHz
Lower —3 dB frequency 19 504 kHz
—3 dB bandwidth 954 kHz

Equivalent noise power bandwidth

972 kHz
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4.15. TEST: Receiver Band Pass Frequency Response using White-noise Input

4.15.1 Purpose. This test measures the effective receiver band pass bandwidth.

4.15.2 Test Equipment. Spectrum analyzer (or wave analyzer) with RBW <10% of specified
receiver band pass filter bandwidth and effective VBW of <1% of RBW, white-noise generator,
and oscilloscope camera or plotter for recording spectrum analyzer display.

4.15.3 Test Method. This method measures receiver bandwidth using a white-noise input
signal. A TM preamplifier with a terminated input can be used as a noise generator. This test can
also be performed with the receiver RF input terminated. The results may change depending on
the amount of noise generated in various sections of the receiver. This test can be performed with
receivers in the AGC mode and can also be performed on receivers with only a limited IF output.
This test is suited for both manual and computer controlled testing.

4.15.4 Setup. Connect the test equipment as shown in Figure 4-17.

\QVSﬁ'STEE . REEEE)IEIFER IF | SPECTRUM

GENERATOR TEST ANALYZER
) 4

CAMERA

OR PLOTTER

Figure 4-17. Receiver Band Pass Response using White Noise

4.15.5 Conditions. Set the spectrum analyzer center frequency to the receiver IF output center
frequency. Set the spectrum analyzer sweep width to sweep from IF center frequency minus two
times specified IF bandwidth to IF center frequency plus two times specified IF bandwidth. For a
receiver with a 10 MHz IF output and a 1 MHz IF bandwidth, the spectrum analyzer would be
set to sweep from 8§ MHz to 12 MHz with a 30-kHz RBW (100 kHz optional) and a 300-Hz
VBW. If the spectrum analyzer only has certain span settings, use the smallest setting that is
greater than or equal to the calculated setting.

4.15.6 Procedure. Measure and record the noise spectrum at the receiver IF output. Estimate
the gain (loss) at the frequencies listed on Data Sheet 4-15. Attach the photograph or plot to the
data sheet.

4.15.7 Data Reduction. Estimate (calculate) the —3-dB bandwidth of the receiver band pass
output. Record this value on Data Sheet 4-15.
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Data Sheet 4-15. Telemetry Receivers

Test 4.15 Receiver band pass frequency response using white-noise input

Manufacturer: Model:

Serial No:

Test Personnel: Center frequency: MHz

IF BW: kHz | Video BW: kHz

Final LO mode: XTAL: VFO:

Test personnel: Date: Location:

Frequency Amplitude (dB)

Fo
Fo—BW/2
Fo+BW/2

Fo— BW

Fo + BW

Fo—2BW
Fo+2BW

Fo = IF center frequency BW = IF bandwidth (-3 dB)

Estimated —3-dB bandwidth
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4.16. TEST: Data Frequency Response

4.16.1 Purpose. This test measures the data frequency response of a TM receiver.

4.16.2 Test Equipment. Sine-wave generator, RF signal generator that can be frequency
modulated or phase-modulated or both, microwave counter, oscilloscope, rms voltmeter, and
microwave spectrum analyzer.

4.16.3 Test Method. This test measures data frequency response by measuring the receiver
video output level while varying the modulation frequency. The carrier deviation is kept at a
constant value.

4.16.4 Setup. Connect the test equipment as shown in Figure 4-18.

MICROWAVE
COUNTER
A
RF SIGNAL . POWER . REEEIEISR
GENERATOR SPLITTER s
h
‘ VIDEO TRUE rms
y Y VOLTMETER
SINE WAVE MICROWAVE
GENERATOR SPECTRUM OSCILLOSCOPE
ANALYZER

Figure 4-18. Receiver Data Frequency Response

4.16.5 Conditions. The signal generator should be set to

Output frequency:  receiver center frequency
Output amplitude:  sufficient to give >30-dB IF SNR.

The receiver video output should be set to approximately 0 Vdc with an unmodulated center
frequency input.

4.16.6 Procedure

1.

The first step in this procedure will be to set the RF signal generator peak deviation. If a
receiver with an FM demodulator is being used, set the peak deviation equal to the selected
VBW. (The IF bandwidth should be at least twice the VBW.) The peak deviation can be set
using Bessel nulls or whatever method is familiar to the test operator. If a receiver with a PM
demodulator is being used, set the peak deviation to 82°. Set the sine-wave oscillator
frequency to two times the VBW. Measure the difference (in dB) between the modulated
carrier amplitude and the amplitudes of the first sideband pair. This difference should be 11.8
dB for frequency modulation (sidebands lower than modulated carrier) and 0 dB for PM. If
both sidebands are not between 10.8 and 12.8 dB (=1 dB for PM) lower than the modulated
carrier, the frequency response of the signal generator is not adequate for this test, and a
different signal generator must be used.
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with tracking generator in place of the sine-wave generator

N OT? This test can also be performed using a spectrum analyzer
and true rms voltmeter.

2. Set the sine-wave oscillator frequency to one-tenth of the receiver VBW. Maintain the sine-
wave oscillator amplitude equal to the value determined in step 1. Measure the output on the
rms voltmeter and record on Data Sheet 4-16.

3. Increase the sine-wave oscillator frequency (amplitude held constant) in steps of one-tenth of
the receiver VBW. The highest sine-wave oscillator frequency will be equal to twice the
receiver VBW. Measure and record the video output on Data Sheet 4-16 for each frequency.

4.16.7 Data Reduction. Subtract the video output amplitude (in dB) at one-tenth the VBW
from the amplitude at each of the other frequencies. Record on Data Sheet 4-16.
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Data Sheet 4-16. Telemetry Receivers

Test 4.16 Data frequency response

Manufacturer: Model:

Serial No: Center frequency: MHz

IF BW: kHz | Video BW: kHz

Final LO mode: XTAL: VFO: AFC/APC
FM PM Other ( )

Test personnel: Date: Location:

Video Frequenc Amplitude Relative
Bandwidth (VBM) q y (dB) Amplitude (dB)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0
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4.17. TEST: Automatic Gain Control Stability

4.17.1 Purpose. This test measures the stability of the receiver AGC system versus time.

4.17.2 Test Equipment. Chart recorder, dc voltmeter, RF generator (optional), microwave
counter (optional), and power splitter (optional).

4.17.3 Test Method. This test measures and records the variations in AGC over a specified
time interval with no input signal applied to the receiver. This test can also be performed with a
stable, non-saturating RF signal applied to the receiver input.

4.17.4 Setup. Connect the test equipment as shown in Figure 4-19.

MICROWAVE

COUNTER
[

RF SIGNAL POWER RECEIVER AGC dc
GENERATOR/ SPLITTER/ UNDER L
SYNTHESIZER ATTENUATOR TEST VOLTMETER

IF
Y A 2
SPECTRUM SPECTRUM
ANALYZER ANALYZER

Figure 4-19. Receiver AGC Stability

4.17.5 Conditions. The receiver should be turned on before the start of the test for the specified
warm-up time. The RF generator (if used) must also be stabilized before the test is started. The
RF generator should be set to the receiver center frequency.

4.17.6  Procedure. Start the pen recorder and record the receiver AGC voltage for the length of
time desired. (Eight hours is a reasonable time interval.) If a computer controlled test system is
available, read the dc voltmeter on a periodic basis, and store the data. At least 100 readings
should be taken during the test. Record the total test time and the starting and ending AGC
values on Data Sheet 4-17.

4.17.7 Data Reduction. Find the maximum and minimum values of AGC voltage. Record these
values on Data Sheet 4-17. Subtract the minimum value from the maximum value and record this
value as the total change during the test interval.
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Data Sheet 4-17.

Telemetry Receivers

Test 4.17 Automatic gain control stability

Manufacturer: Model:

Serial No: Center frequency: MHz

IF BW: kHz | AGC time constant: ms

Final LO mode: XTAL: VFO: AFC/APC
FM PM Other  ( )

Test personnel: Date: Location:

Total test time

AGC voltage at start of test

AGC voltage at end of test

Maximum AGC voltage

Minimum AGC voltage

Total change (maximum — minimum)
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4.18. TEST: Receiver Video Spurious Outputs

4.18.1 Purpose. This test measures the amplitude of any spurious signals at the demodulator
output.

4.18.2 Test Equipment. An RF signal generator with FM or PM or both capabilities, sine-wave
generator, microwave spectrum analyzer, low frequency spectrum analyzer or wave analyzer,
oscilloscope, microwave counter, and power splitter.

4.18.3 Test Method. The video output spectrum is monitored for discrete output signals with a
strong, unmodulated input signal.

4.18.4 Setup. Connect the test equipment as shown in Figure 4-20.

MICROWAVE
COUNTER
Y
RECEIVER
FM/PM RF POWER . UNDER
GENERATOR ——» SPLITTER »
TEST
A
VIDEO | SPECTRUM
Pl ANALYZER
\ 4 A 4
MICROWAVE
SINE WAVE SPECTRUM 0OSCILLOSCOPE
GENERATOR ANALYZER

Figure 4-20. Receiver Video Spurious Outputs

4.18.5 Conditions. Set the RF signal generator frequency to the receiver center frequency. Set
the RF generator output power to —50 dBm. The receiver IF bandwidth and video output filter
should be set to their widest settings.

4.18.6 Procedure

1. Adjust the amplitude of the sine-wave generator to produce a peak frequency deviation of
100 kHz if an FM demodulator is being tested or a peak phase deviation of 1 radian if a PM
demodulator is being tested. This deviation can be checked by modulating with a 100-kHz
sine wave. The modulation index will be 1 for both FM and PM. At a modulation index of 1,
the first-order sideband pair should both be attenuated by approximately 4.8 dB with respect
to the carrier, and the second order pair should be approximately 16.5 dB lower than the
carrier.

2. Tune the receiver to center the input signal if necessary. Measure the amplitude at the
receiver video output at a frequency of 100 kHz with the RBW of the spectrum analyzer (or
wave analyzer) set to 1 or 3 kHz (whichever is available). Record this value on Data Sheet 4-
18 as the measurement reference.
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3. Set the RF generator to the continuous-wave mode. Verify that no spectral sideband
components are within £1 receiver IF bandwidth of the RF generator center frequency. If any
components produced by angle modulation are present, they will appear at the receiver video
output.

4. Measure the amplitude and frequency of any discrete signals in the receiver video output.
Record these values on Data Sheet 4-18.

5. Monitor the receiver video output on the oscilloscope. Check for low frequency signals that
the spectrum analyzer could not resolve, such as 60 Hz and multiples thereof. Record the
approximate amplitude and frequency of any low-frequency signals on Data Sheet 4-18.

4.18.7 Data Reduction. Convert the amplitudes of the signals measured in step 4 to effective
peak deviation by using one of the following equations:

Measurements in dBm and dBV:
Effective peak deviation = 1(Fereference peak deviation (Eq. 4-10)

Measurements in volts:

A
Effective peak deviation = y — e« reference peak deviation (Eq. 4-11)
ref
Where:
Ai = amplitude measured in step 4

Arer = amplitude measured in step 2

Reference peak deviation =100 kHz or 1 radian
The effective peak deviation of signals measured in step 5 can be calculated using these

equations provided the amplitudes are converted to the same units used to make the reference
measurement.
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Data Sheet 4-18. Telemetry Receivers

Test 4.18 Receiver video spurious outputs
Manufacturer: Model:

Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:

Demodulator type: |:| FM |:| PM

Measurement reference amplitude

Spurious Signals

Frequency Amplitude Effective Peak Deviation
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4.19. TEST: Pre-detection Carrier Output

4.19.1 Purpose. This test measures the amplitude, frequency stability, and accuracy of the
receiver pre-detection carrier output. Output instability and frequency errors could be caused by
problems in any of the receiver local oscillators.

4.19.2 Test Equipment. An RF signal generator, microwave counter, counter, true rms
voltmeter, power splitter, and wave analyzer (optional).

4.19.3 Test Method. This test measures the frequency and amplitude of the pre-detection
output with a strong, unmodulated RF input signal. This test is suitable for manual or computer
controlled testing. The pre-detection down converter may be in the receiver, in a diversity
combiner, or in an external accessory housing.

4.19.4 Setup. Connect the test equipment as shown in Figure 4-21.

MICROWAVE
COUNTER
. TRUE RMS
VOLTMETER
—
RECEIVER P
RF SIGNAL POWER UNDER - — RF
GENERATOR > SPLITTER TEST CARRIER COUNTER
™ WAVE
ANALYZER
(OPTIONAL)

Figure 4-21. Receiver Pre-detection Carrier Output

4.19.5 Conditions. The RF signal generator must be stabilized before the test is started. The
receiver should be on for the specified warm-up time before the start of the test. Set the RF
signal generator frequency to the center frequency of the receiver under test. Set the RF signal
generator output power to —50 dBm.

4.19.6 Procedure

1. Select a pre-detection carrier frequency. Measure the amplitude and frequency of the pre-
detection output. Record these values on Data Sheet 4-19. The frequency at the receiver input
shall also be counted and recorded on Data Sheet 4-19.

2. Repeat step 1 at S-minute intervals over a 2-hour time interval. The interval between
measurements and the total test time can be varied at the discretion of the test personnel.

3. This procedure can be repeated for other pre-detection carriers as desired.

4.19.7 Data Reduction. Record the maximum and minimum frequencies and amplitudes
measured. Calculate and record the maximum frequency error (measured frequency — selected
frequency).
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Data Sheet 4-19.

Telemetry Receivers

Test 4.19 Pre-detection carrier output
Manufacturer: Model:
Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:
Pre-detection carrier frequency: kHz
Receiver Input Pre-detection Output

Time Frequency Frequency Amplitude
Maximum frequency: kHz
Minimum frequency: kHz
Maximum frequency error: kHz
Maximum amplitude: volts rms
Minimum amplitude volts rms
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4.20. TEST: FM Receiver DC Linearity and Deviation Sensitivity

4.20.1 Purpose. This test measures the dc linearity and deviation sensitivity of the demodulator
and video amplifier of a dc coupled FM TM receiver. This test method is well suited to computer
controlled testing.

4.20.2 Test Equipment. An RF frequency synthesizer or RF generator, microwave counter, dc
voltmeter, oscilloscope, and power splitter.

4.20.3 Test Method. The RF input frequency is varied in discrete steps and the video output
voltage is measured for each input frequency. A best-fit line is calculated. The slope of this line
is the deviation sensitivity.

4.20.4 Setup. Connect the test equipment as shown in Figure 4-22. The oscilloscope should be
used to make sure the video output does not have excessive noise or glitches.

MICROWAVE
COUNTER
RF SIGNAL POWER RECEIVER
GENERATOR/ » SPLITTER UNDER
SYNTHESIZER TEST

VIDEO de
VOLTMETER

OSCILLOSCOPE

Figure 4-22. FM Receiver dc Linearity and Deviation Sensitivity

4.20.5 Conditions

1. Set the TM receiver center frequency and video output filter as desired. Set the receiver local
oscillators to crystal mode if possible. Automatic frequency control (AFC) mode is not
acceptable.

2. Set the receiver final IF filter bandwidth to at least two times the peak deviation to be used in
the test.

3. Set the generator RF output power to approximately —30 dBm. This power level will produce
a high SNR in the receiver under test.

4. Terminate the receiver video output with the proper impedance (typically 75 ohms).
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5. Verify that the receiver video output is dc coupled. This test will not work with an ac-

coupled video output.

4.20.6 Procedure

1.

Set the RF frequency to the center frequency of the receiver under test. Adjust the video
output voltage to approximately 0 V.

Increase the RF frequency by an amount equal to the peak deviation to be used in this test.
Verify that the receiver video output is not limited by increasing the RF frequency slightly.
The video output should change accordingly.

This test may be performed with any number of equally spaced frequencies that is desired.
Commonly used numbers of points are 5, 11, 21, and 41. Select the number of points and call
it N. The frequency step size will be:

peak deviation (Eq. 4-12)
N—-1
2

Frequency step sizes for several values of N are listed next (f = peak deviation).

N Frequency Step Size
5 Af/2
11 Af/5
21 Af/10
41 Af/20

The smaller values of N should be used for a quick check of linearity while the larger values
of N provide a better characterization of the linearity.

Set the RF frequency to a frequency equal to the receiver center frequency minus the desired
peak deviation. Measure the receiver video output using the dc voltmeter. Record this value
on Data Sheet 4-20 along with the measured RF input frequency.

Increase the RF frequency by one step:

peak deviation
N-1
2

Measure and record the video output dc voltage and RF input frequency on Data Sheet 4-20.

Repeat the previous step until the RF frequency is equal to the receiver center frequency plus
the desired peak deviation.

4.20.7 Data Reduction. The data reduction consists of calculating the best-fit straight line using
the least squares method. This line is of the form

V =a+bf (Eq. 4-13)
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Where:
V = measured output dc voltage (volts)
a = calculated video output offset
b = calculated deviation sensitivity (volts/’kHz)
f = (measured input RF frequency — receiver center frequency) (kHz)

The coefficients a and b can be obtained from the following equations:

_ N(Zﬁvﬂ fivi) — (Zliv=1 Ui)(zli\il fi)
NEY, - CLHCEY, £

(Eq. 4-14)

And

The worst-case deviation (Emax) from the best-fit straight line can be calculated using the
following equation:

Emax = Maximum (\V,—a—b f,]) (Eq. 4-16)
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Data Sheet 4-20. Telemetry Receivers

Test 4.20 FM receiver dc linearity and deviation sensitivity
Manufacturer: Model:
Serial No: Center frequency: MHz
IF BW: kHz Video BW: kHz
Final LO mode: XTAL: VFO: AFC/APC
Test personnel: Date: Location:
RF Input Frequency (kHz) Video Output (volts dc)
a= volts b= Volts/kHz Emax = volts
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4.21. TEST: Receiver Phase Noise

4.21.1 Purpose. This test verifies that the single-sideband phase noise of the receiver meets the
specification. Excess phase noise can increase BER at a given Ev/No and degrade demodulator
synchronization performance. This test assumes that a spectrum analyzer is the only appropriate
measurement device available and therefore is limited to frequency offsets greater than 100 Hz.
Measurements at lower frequency offsets tend to be very time consuming. Measurements closer
to the carrier frequency can be made with very high quality spectrum analyzers exhibiting low
internal phase noise and reliable 1-Hz or 3-Hz RBW settings. Specialized phase noise test sets
are always the best choice especially if measurements must be made at frequency offsets below
100 Hz. The frequency range that has been observed to cause the most problems in current
receiver designs is 1 to 20 kHz.

4.21.2 Test Equipment. RF generator with phase noise sidebands at least 10 dB lower than
specified phase noise of system to be measured, spectrum analyzer with 10-Hz RBW (option:
phase noise test set).

4.21.3 Setup. Connect test equipment as shown on Figure 4-23. If a phase noise test set is
available, connect the equipment and conduct the test in accordance with the manufacturer’s
instructions.

SPECTRUM

RF TELEMETRY I¥ ANALYZER or

GENERATOR [—"| RECEIVER > PHASE NOISE
TEST SET

Figure 4-23. Test Setup for Receiver Phase Noise Test

4.21.4 Conditions. Use test conditions described in Table 4-1.
4.21.5 Procedure

1. Connect the RF generator output to the receiver’s RF input and the spectrum analyzer to the
receiver’s linear IF output. Set the RF generator and receiver frequencies to the same value.
Set the RF generator output level to provide a strong signal to the receiver (—30 dBm would
usually be a reasonable value).

2. [If the spectrum analyzer has a phase noise measurement mode, follow the manufacturer’s
instructions for this test. Otherwise, set the spectrum analyzer center frequency to the
receiver final IF output center frequency. Set the span to 200 kHz with continuous sweep. Set
the reference level such that the peak of the signal is near the top of the display. Set the
center frequency such that the signal is 10 to 20 percent of full scale from the left edge of the
display. Set the RBW to 1 kHz and VBW to 1 kHz. Average the spectrum over 100 sweeps.
Record the maximum signal level on Data Sheet 4-21 (0-dBc level). If the analyzer has a
power per 1-Hz measurement mode (sometimes referred to as “noise” mode), set the analyzer
to that mode. Otherwise, correct for RBW and detector error by subtracting 27.5 dB in the
signal processing step (—30 dB for conversion from 1-kHz to 1-Hz bandwidth +2.5 dB for
typical spectrum analyzer detector error with noise-like signal, 2.5 dB is the approximate
correction value for several common spectrum analyzers including the HP8566B but check
your manual for the correct value for the spectrum analyzer used in the test). Use Data Sheet
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4-21 to record power levels at frequency offsets of +10 kHz, +20 kHz, +50 kHz, and +100
kHz from the maximum signal (one can use peak search and delta marker functions to
simplify the process). Record the frequency and level of any discrete components larger than
—45 dB relative to the carrier (dBc) and any abnormally large continuous components. The
results are only valid if the measured levels are at least 6 dB above the spectrum analyzer
noise floor.

3. Set the spectrum analyzer center frequency to the receiver IF output center frequency. Set the
span to 10 kHz with continuous sweep. Set the reference level such that the peak of the signal
is near the top of the display and set the center frequency such that the maximum signal is 10
to 20 percent of full scale from the left edge of the display. Set the RBW to 100 Hz and
VBW to 100 Hz. Average the spectrum over 100 sweeps. Record the maximum signal level
on Data Sheet 4-21 (0-dBc level). If the analyzer has a power per 1-Hz measurement mode,
set the analyzer to that mode. Otherwise, correct the readings by subtracting 17.5 dB in the
signal processing step. Use Data Sheet 4-21 to record the power levels at frequency offsets of
+1 kHz, +2 kHz, and +5 kHz from the maximum signal. Record the frequency and level of
any discrete components larger than —45 dBc and any abnormally large continuous
components.

4. (optional test because of long time duration) Set the spectrum analyzer center frequency to
the receiver IF output center frequency. Set the span to 2 kHz and continuous sweep. Set the
reference level such that the maximum value of the signal is at the top of the display and set
the center frequency such that the maximum signal is 10 to 20 percent of full scale from the
left edge of the display. Set the RBW to 10 Hz and VBW to 10 Hz. Average the spectrum
over 100 sweeps (this process will take nearly 1 hour). Record the maximum signal level on
Data Sheet 4-21 (0-dBc level). If the analyzer has a power per 1-Hz measurement mode, set
the analyzer to that mode. Otherwise, correct the readings by subtracting 7.5 dB in the signal
processing step. Use Data Sheet 4-21 to record the power levels at frequency offsets of +100
Hz, +200 Hz, and +500 Hz from the maximum signal. Record the frequency and level of any
discrete components larger than —45 dBc and any abnormally large continuous components.

4.21.6 Data Reduction. Calculate phase noise by subtracting the main signal level from the
measured noise level (not needed if delta markers were used to measure levels). If the spectrum
analyzer does not have a power per Hz mode, correct for RBW and detector errors by subtracting
27.5,17.5, or 7.5 dB as appropriate (see above).
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Data Sheet 4-21.

Telemetry Receivers

Test 4.21

Receiver phase noise test

Manufacturer:

Model:

Serial No:

Test personnel:

Date:

Center frequency:

Location:

MHz

Frequency
(offset from carrier)
(kHz)

Maximum Signal
(Carrier) Power
(dBm)

Phase Noise
(dBc/Hz)

Measured Power
Level
(dBm)

0.1

0.2

0.5

1

2

5

10

20

50

100
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4.22. TEST: Receiver Adjacent Channel Interference

4.22.1 Purpose. This test measures the effect on bit error probability (BEP) of signals in
adjacent frequency slots. The results will be a function of modulation methods, receiver filter
characteristics, bit rates, relative power levels, frequency spacing, and demodulator
characteristics.

4.22.2 Test Equipment. Spectrum analyzer, BERT, attenuators, signal sources, noise source,
power splitters, power meter, and a bit synchronizer if the receiver/demodulator does not include
one (a specialized adjacent-channel interference test set can be used if one is available).

4.22.3 Setup. Connect test equipment as shown in Figure 4-24.

Data » RF »  Amp/
Source Source Atten | Spectrum
Analyzer
+ —> Atten
Interferers v
Data » RF » Amp/ [
Source Source Atten —+
"| Splitter
Victim
Data » RF »| Amp/ 4
Source Source Atten
4 Amp < + Atten
Y
A 4
Nl Demod/ Am
BERT |, . < p
< Bit Sync Revr (noise source)

Figure 4-24. Test Setup for Adjacent Channel Interference Test

4.22.4 Conditions. This test can be performed using various modulation types as the
interferers. All filtering and deviations should be the same as would typically be used in TM
operations. The test can also be performed with only one interferer or with two interferers (one
above and one below the victim signal). This test can be performed with actual TM transmitters
or with appropriate laboratory signal generators. The laboratory generators should be passed
through an amplifier of the same type as what will be used in the actual transmitters (an amplifier
operating in its non-linear range can be used instead of a Class C amplifier if a Class C amplifier
is not available). If the purpose of the test is to evaluate performance during a test mission with a
specific set of frequencies, bit rates, and modulation types, use these parameters for the test.

4.22.5 Procedure

1. Set the receiver and demodulator to the nominal values that would be used to receive the
victim signal. Set the BERT to generate the desired bit rate with a pseudo noise sequence
length of at least 2!'—1 bits. Use this BERT as the input to an RF source of the desired type
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(this signal will be the center signal and called the victim). The modulator output will
typically need to be non-linearly amplified. Similarly, modulate the other two RF sources
with independent pseudo noise sequences at the same bit rate and non-linearly amplify (the
purpose of the non-linear amplification is to emulate a typical TM transmitter) the outputs.
Set the frequencies of these signals to frequencies spaced the desired amounts (for example,
for NRZ-L PCM/FM the desired spacing would be in the range of 2 to 2.5 times the bit rate if
all signals were at the same bit rate) above and below the frequency of the victim signal.

2. Apply maximum attenuation to the two interferers to effectively remove them from the
output (at least 30 dB below desired signal power). Set the attenuation of the victim such that
the level at the receiver input is typical of what would be expected in actual use and vary the
noise source level to produce a BEP of 107°. Increase the level of the victim signal by 1 dB.

3. Use the spectrum analyzer (or alternatively a power meter) to set the relative powers of the
signals. A typical starting point is to have the two interfering signals 20 dB larger than the
victim signal. Vary the attenuator that is common to the two interferers until the BEP is again
107°. Measure the power levels of the victim and interferers at the receiver input and record
on Data Sheet 4.22.

4. Repeat steps 1 through 3 for various modulation types, bit rates, center frequencies, and
frequency separations, as desired.

4.22.6 Data Reduction. Subtract the victim power level from the interferer power level and
record on Data Sheet 4.22.
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Data Sheet 4-22. Telemetry Receivers

Test 4.22 Adjacent channel interference
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Peak deviation Filter BW MHz  Power dBm
Power level difference between Victim and Interferers dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Peak deviation Filter BW MHz  Power dBm
Power level difference between Victim and Interferers dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer : 1 Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Interferer 2: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz  Power dBm
Power level difference between Victim and Interferers dB
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CHAPTER S

Test Procedures for Diversity Combiners

5. General

These tests measure the performance of pre-detection and post-detection diversity
combiners under static and dynamic operating conditions. The static tests include operation with
equal and unequal SNRs at the combiner signal inputs. The dynamic tests include operation with
equal and unequal average SNRs at the combiner inputs, in-phase and out-of-phase fading, and
periodic and random fading. These tests are designed to make the results independent of other
components of the system to the maximum extent possible. The criterion for evaluation of
combiner performance is measurement of BEP improvement (or degradation) when signals are
combined as compared with single-channel operation. The BEP is defined as the ratio of bit
errors to the total number of bits transmitted in a given time interval. (For typical results of
various tests, see Ashley and Hill.®)

The fading tests with sinusoidal modulation of the phase shifters simulate the signal level
variations of specular reflection such as off water and land and the signal level variations of
transmitting antenna nulls. The fading tests with Gaussian noise modulation of the phase shifters
simulate the signal level variations that occur when the RF signal passes through the flame
plasma of a missile.

Table 5-1 lists the types of tests and their test and paragraph number.

Table 5-1. Test Matrix for Diversity Combiners

Test Number Test Description

5.1 Diversity combiner static evaluation with equal RF signal strengths

5.2 Diversity combiner static evaluation with unequal RF signal strengths

53 Diversity combiner dynamic evaluation with in-phase fading and equal RF
= signal strengths

54 Diversity combiner dynamic evaluation with periodic in-phase fading and

= unequal RF signal strengths

55 Diversity combiner dynamic evaluation with periodic out-of-phase fading and
= equal RF signal strengths

56 Diversity combiner dynamic evaluation with periodic out-of-phase fading and
= unequal RF signal strengths

5.7 Diversity combiner break frequency test

5.8 Diversity combiner evaluation with random fading

59 Pre-detection combiner band pass frequency response using phase-modulated
= signal

510 Pre-detection combiner band pass frequency response using unmodulated
= signal
5.11 Combiner data frequency response test
5.12 Combiner pre-detection carrier output

5 Ashley, C. G. and E. R. Hill. Diversity Combiner Characterization Preliminary Test Report. TP-72-13. Pacific
Missile Test Center, Point Mugu, California, 12 April 1972.
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5.1. TEST: Diversity Combiner Static Evaluation with Equal RF Signal Strengths

5.1.1

Purpose. This test evaluates the static performance characteristics of a diversity
combiner as a component with the two combiner channels weighted equally. This test is the least

demanding of diversity combiner tests. If the diversity combiner has difficulty passing this test, it
will not likely pass any other tests and may do more harm than good if used in a TM receive

system.
5.1.2

Test Equipment. An RF signal generator, PCM BERT, PCM bit synchronizer, RF

attenuators, dual-channel TM receiver, RF power meter, dc power supply, dc voltmeter, low-pass

filter, and power splitter.

5.1.3  Setup

1. Connect the test equipment as shown in Figure 5-1.

—
RF FM

' ERROR

|

| | POWER
| SIGNAL
COUNTER J GENERATOR " SPLITTER |
PSEUDO-NOISE | PREMOD "» CALIB.ATIN. |
TESTSET | FILTER CLoCK | 110-dB RANGE
44 T4 TRANSCLOCK _ ST T e i
| O | A STERS
| o R : |
<8 | VARIABLE | VARIABLE | | | CALIB.ATTN. —
</ 8} . DELAY | DELAY | 110-dB RANGE
Q| §|  EXTERNAL SYNCINPUT (IF AVAILABLE) | | 7
E ey B L
conbongr || VOLTAGE | | DAL |
(BITSYNC) | SOURCES | VOLTMETER | |
'y | i B | - | i
! _: :
. LVIDEO  _ _ | ) !
\\\ -~ VIDEO = | ¢ e Yo i i
%_ VIDEO _ _ _ e [ b
;. : : L S ] i o
L ¢ | 4 |DUAL-CHANNELl L — || RFPOWER
|DE’”‘°DU'-AT°R‘ i COMBINER |, ' IFSORVIDEO | RECEVER | | METER
. COMBINED IF _
o RECEIVERIF_
., RECEIVERIF
Figure 5-1.  Static Evaluation Test Setup for Diversity Signal Combiner

2. To make the test results independent of characteristics of components in the test setup (other

than the combiner under test) to the maximum extent possible, it is desirable to have a

common clock signal (hardware synchronizer) to drive both the pseudo-noise test set and the
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bit synchronizer. The preferred method is to use an external clock source. A variable delay is
needed between the clock and the external synchronizer input to the bit synchronizer to
ensure that the data bit stream is sampled at the correct time interval. The reason for
adjusting the variable delay is to produce the lowest BEP. If the bit synchronizer is not
equipped to accept an external synchronizing signal, hardware synchronization may be
simulated as shown in Figure 5-1 by using a properly delayed clock signal from the bit
synchronizer to drive the test set. The variable delay is needed in this interconnection to
cause the clock signals to occur at the correct rate. The clock rate is a function of the delay
setting because the test setup comprises a closed loop and the phase lock loop in the bit
synchronizer locks up at the specific frequency for each delay. The delay setting is correct
when the clock rate matches the rate selected by the front panel controls on the bit
synchronizer.

channel receiver indicated in the test setup. If single-channel receivers are used
for pre-detection combining, it is strongly recommended that the receivers be
interconnected so that common (both first and second) local oscillators are used.
For post-detection combining, common local oscillators are not a requirement.

N OT? Two single-channel receivers can be used to conduct the test rather than the dual-

5.1.4  Conditions. Tests are conducted by using simulated PCM data formats. Select test
conditions that correspond to the conditions under which the combiner will be used.

5.1.4.1  Receiver Tuning. Tune the receiver so that the modulated carrier is in the center of the
IF passband. Improper tuning can have significant degrading effects on test results. If unusual or
inconsistent data is noted during testing, check the tuning.

5.1.4.2 Test Equipment Settings

Signal generator frequency: Receiver band center frequency
Receiver LOs (first and second):  Common (pre-detection combining)
Receiver AGC: ON (fastest time constant)

PN pattern length: 2047 bits

5.1.4.3  Single-Channel BEP Reference Measurements. A method is needed to make single-
channel BEP measurements that can be compared with BEP measurements for the combined
signals. The bypass method of measurement is recommended provided an external demodulator
is available. If an external demodulator is not available, use the alternate method for AGC
weighted combiners described in Subsection 5.1.4.3.2.

5.1.4.3.1. Bypass Method. In the pre-detection mode, bypass the combiner and connect the
receiver IF signals, one at a time, to an external demodulator. In the post-detection mode, bypass
the combiner and connect the receiver video outputs, one at a time, directly to the signal
conditioner (bit synchronizer). Connect the external demodulator output to the signal conditioner
(bit synchronizer). An external demodulator is needed because the same demodulator is used for
both single-channel measurements and combined signal measurements and because the
demodulator in the receiver is not accessible when combined signal measurements are being
made.

5.1.4.3.2. Alternate Method. Disconnect both of the receiver AGC input voltages at the
combiner. Substitute an external dc voltage source for one of the AGC voltages and leave the
other AGC input to the combiner disconnected. The external dc voltage should be adjusted to a
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level that corresponds to a strong RF signal for the channel under test. In addition, it may be
necessary to disconnect the IF input signal that corresponds to the AGC input that was
disconnected.

5.1.5 Procedure

1.
2.

Record measured data on Data Sheet 5-1.

Adjust the RF input levels to receiver channels 1 and 2 for approximately —60 dBm at the
receiver (calibrated attenuators set to 40 dB). Adjust the combiner according to the
manufacturer's instructions.

Consult the single-channel BEP reference measurements described in Subsection 5.1.4.3 and
select the method best suited for the combiner under test. Using the selected single-channel
BEP measurement method, adjust the calibrated attenuator to reduce the receiver RF input
level to channel 1 until the BEP is approximately 1.5 » 102, Similarly, adjust the receiver RF
input level to channel 2 until the BEP measured by the error counter is approximately 1.5
102

there is a difference, it must be maintained throughout the test to obtain valid data.

N OTV The RF input levels to channels 1 and 2 should not differ by more than 3 dB. If

If the difference is greater than 3 dB, recheck the setup and the receiver tuning
adjustments. If the difference is still greater than 3 dB, some attention should be
given to repairing or realigning the receiver. The combiner must be aligned so that
the channels are weighted equally when the data quality of the channel is the same.

Determine the appropriate artificial AGC voltages. In preparing to measure the BEP that
results from signal combining, appropriate artificial AGC voltages must be supplied to the
combiner. Next is an example of how artificial AGC voltages are selected. Assume that the
receiver in the test setup develops an AGC of —2 V when the RF input to the receiver is —90
dBm. Also assume that the receiver AGC slope is 50 mV/dB. Thus, the artificial AGC
voltage to the combiner should be —2 V when the RF input to the receiver is “90 dBm, —1.90
V when the RF input to the receiver is 92 dBm, —1.80 V when the RF input to the receiver
is =94 dBm.

Adjust the RF input to the receiver and the AGC voltage to the combiner to produce a single-
channel BEP reading within the range of 1 « 10> to 1 » 10~ (This signal level represents a
proper signal level with a conveniently measured number of bit errors and serves as a starting
point for the measurements following.) Measure and record the BEP for each single-channel
signal and for the combined channel signal on Data Sheet 5-1. Also record the RF input
levels for channels 1 and 2.

Decrease the RF input levels to the receiver in 2-dB steps and at the same time decrease the
AGC voltage to values corresponding to 2 dB step changes in RF input levels (see step 4).
Measure and record on Data Sheet 5-1 the single-channel BEP, combined channel BEP, and
the RF input levels until a single-channel BEP range of approximately 1 » 10 to 2 + 10! has
been covered.

5.1.6  Data Reduction. The BEP at the demodulated output of a pre-detection combiner at a
given RF power level should be less than the BEPs of the single channels at a 2 dB stronger RF
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power level. If this condition is not true, the combiner and receiver alignment and
interconnections should be checked. If everything is correct, the combiner is not working
properly. Post-detection combiner performance is a function of modulation but should not be
worse than the best single channel.
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Data Sheet 5-1. Diversity Combiners

Test 5.1 Static, equal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:

Single channel measurement technique used:

AGC RF Input Level Bit Error Probability
Channel 1 Channel 2 )
Volts (dBm) (dBm) Channel 1 Channel 2 Combined
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TEST: Diversity Combiner Static Evaluation with Unequal RF Signal Strengths

5.2.1  Purpose. This test evaluates the static performance characteristics of a diversity
combiner with unequal RF signal strengths.

52.2 Test Equipment. Refer to Subsection 5.1.2.

5.2.3  Setup. Connect the test equipment as described in Subsection 5.1.3.

524 Conditions. Use the test conditions described in Subsection

1.4.

5.2.5 Procedure

1.
2.

Record measured data on Data Sheets 5-2(1) and 5-2(2).

Measure the single-channel BEP for both channels and the combined signal BEP while the
RF input level is held constant at a selected level in one channel and varied over a selected
range in the other channel. Repeat these measurements for a total of three selected constant
RF input levels. When choosing the constant input levels, examine the data recorded on Data
Sheet 5-2(1) and select the three RF input levels and AGC voltages that resulted in single-
channel BEP readings of approximately 1« 107>, 1.5 « 1072, and 2 » 10" These levels will be
identified as X, Y, and Z. Data sheets 5-2(1) and 5-2(2) can be used for measurements at
levels X, Y, and Z interchangeably by simply deleting two of the letters and entering the
selected RF level and AGC voltage on the data sheet. The ranges of RF levels and AGC
voltages for the variable channel are selected by again examining Data Sheet 5-2(1). The
detailed procedures are described next.

While holding the channel 1-RF input and AGC voltage constant at values corresponding to
level X, change the channel 2-RF input level in 2-dB steps over the range shown on Data
Sheet 5-2(1) for this test and change the AGC voltage for each RF step in increments
required by the AGC slope of the receiver in the test setup (see Subsection 5.1.5 step 4 for an
example). Following steps 2 through 6 in Subsection 5.1.5, measure channel 1 BEP, channel
2 BEP, the combined BEP, and record the measurements on Data Sheet 5-2(1). Repeat these
measurements while holding the channel 1-RF input and AGC voltage at constant values
corresponding to levels Y and Z. For each of the selected channel-1 RF input levels (X, Y, or
7), the channel-1 BEP should remain constant and need not be measured each time a
channel-2 measurement is made. The channel 1 BEP should be checked occasionally to make
sure that the bit error change is not excessive (10 percent of the total bit errors or 20 bit
errors, whichever is greater). If the bit error change is excessive, additional warm-up time
may be required to allow the signal generator and the receiver to stabilize.

Repeat the measurement sequence described in step 3 with the channel 2-RF input and AGC
voltage held constant at levels X, Y, and Z rather than channel 1. Record the data on Data
Sheet 5-2(2).

5.2.6  Data Reduction. The BEP at the combiner output should be less than or equal to the
BEP of the “best” channel. A 0.5-dB degradation, interpolated from data in Test 5.1, is
allowable. If this condition is not true, the combiner and receiver alignment and interconnections
should be checked. If everything is correct, the combiner is not working properly.
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Data Sheet 5-2(1).

Diversity Combiners

Test 5.2 Static, unequal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level and AGC Bit Error Probability
Channel 1 Channel 2
RF AGC RF AGC Channel 1 Channel 2 Channel 3
(dBm) (volts) (dBm) (volts)
A A
X, Y,Z
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Data Sheet 5-2(2).

Diversity Combiners

Test 5.2 Static, unequal RF signal strength
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level and AGC Bit Error Probability
Channel 1 Channel 2
RF AGC RF AGC Channel 1 Channel 2 Combined
(dBm) (volts) (dBm) (volts)

5-9




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

5.3. TEST: Diversity Combiner Dynamic Evaluation with In-Phase Fading and Equal
RF Signal Strengths

5.3.1  Purpose. This test evaluates the dynamic performance characteristics of a diversity
signal combiner as a component.

5.3.2  Test Equipment. An RF signal generator, dual-channel TM receiver, diversity signal
simulator, PCM BERT, PCM bit synchronizer, RF power meter, and low pass filter.

5.3.3  Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See
Subsection 5.1.3 for additional setup information.

RF FM »  DIVERSITY
PREMOQOD POWER
FILTER SIGNAL > oroere | SIGNAL
GENERATOR — SIMULATOR
TR A
R ‘ | |
PSEUDO-NOISE ERROR ‘
TESTSET | | COUNTER CLOCK ‘
3 & 4+ TRANS CLOCK - |
; T }
% 1
|‘£ 8 VARIABLE VARIABLE
< 3. . DELAY DELAY
o g
w w
T o
(. EXTERNAL SYNC INPUT
| SIGNAL | (IF AVAILABLE)
| CONDITIONER =
| (BITSYNC)
e
L ,voe0
\ oVMDEO _ _ _ _ _ _ _ _ _
W _ _VIDEO
? VIDEO f o i
S —
! e i _ | DUAL-CHANNEL. — + - RFPOWER
i -+ 1
DEMODULATOR | COMBINER ‘4_ *_JFORVIDEO RECEIVER o | _ METER
| |
. COMBINEDIF K ' _ ’ -
. TRECENER IF | CONTROL INPUTS* | * DEPENDENT UPON COMBINER
oRECEMERIE  ——————7 . USED (AGC WEIGHTING, NOISE
o RECENVERIF WEIGHTING, ETC.)

Figure 5-2.
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Figure 5-3.  Diversity Signal Simulator

534 Conditions. Use the test conditions described in Subsection 5.1.4.
5.3.5 Procedure
1. Record data on Data Sheet 5-3.

2. Connect the power splitter outputs directly to the dual-channel receiver (see Figure 5-2 and
Figure 5-3). Adjust the receiver RF input levels to channel 1 and channel 2 for approximately
—60 dBm at the receiver (calibrated attenuators set to 40 dB). Tune the receiver and adjust
the combiner according to the manufacturer's instructions.

3. Reconnect the diversity simulator into the test setup and make the following adjustments to
produce signal fades of 20 dB at a rate of 50 fades per second.

signals at A; and B; have the proper relative amplitudes and a median phase
angle between them of 180°. The same requirements apply to the signals at A»
and Bo.

N OT? Signal fades are produced by adjusting the simulator (see Figure 5-3) so that the

4. Select the fastest receiver AGC time constant and adjust the frequency of the phase shifter
modulation source in the diversity simulator (Figure 5-3) to 25 Hz. (This setting will produce
50 fades per second.) The modulation waveform should be a sine wave. Connect one input of
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a dual-channel oscilloscope to monitor channel 1 receiver AGC voltage. Connect the other
input of the oscilloscope to monitor the phase shifter modulation waveform.

signal fades. If 25 Hz is too high, select a frequency where the product of the AGC
time constant (in seconds) and the modulation frequency (in Hz) is equal to or less
than 0.01. It should be noted also that phase shifters are normally deviated by a
positive voltage only. Therefore, to deviate about a point such as the 180° phase
difference between A1 and B, the modulation voltage must include a dc offset.
The offset and the modulation voltage amplitude depend on the performance
characteristics of the phase shifter and may vary from model to model.

N OTV The modulation frequency should be low enough to allow the AGC to track the RF

5. Remove the 90° delay that is shown in Figure 5-3 between the modulation source and one of
the phase shifters. Adjust the line stretcher in path A; until the oscilloscope display appears
as shown in Figure 5-4. Assuming that the receiver produces a negative going AGC voltage
in response to increasing RF signal strength, the important aspect of the adjustment is to
ensure that the two negative excursions of the AGC voltage are equal. Nonsymmetry in the
horizontal axis reflects the nonlinearity of the phase shifter. This nonlinearity is not highly
important unless nonlinearity exceeds a ratio of approximately 2:1, in which case the
symmetry can be improved by decreasing the amplitude of the modulation voltage applied to
the phase shifters. Next, adjust the micrometer attenuator in line B; until the AGC excursion
indicates a 20-dB fade depth of the RF signal. It may also be necessary to adjust the
attenuator in line A1. The AGC slope of the receiver must be known to calibrate the
oscilloscope. The linear region of the AGC curve should be used in making the calibration.

Eﬂlll[ﬂllll
N LTI
..‘."....l Modulation Waveform

AT RTT

Illﬂl'l‘lll’li
RUNNA|

l"-L-J.I
IMIHIIIIII

AGC Voltage

Figure 5-4.  Phase-Shifter Modulation and Receiver-AGC Voltage

B1 interact. Therefore, several adjustments of the line stretcher and
the micrometer attenuator may be required to equalize the AGC
voltage excursions and ensure that a 20-dB fade depth is produced.

N OTV The line stretcher in path A; and the micrometer attenuator in path

6. Repeat steps 4 and 5 to make the proper adjustments in lines A> and B, while observing the
channel 2 receiver AGC voltage.

7. Connect a dual-channel oscilloscope to the two receiver AGC voltages to observe that the
signal fading occurs in phase. The 90° delay in the fade simulator is still removed. Consult
the single-channel BEP measurement methods described in Subsection 5.1.4.3 and select the
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method best suited for the combiner under test. Using the selected single-channel BEP
measurement method, make the proper connections to measure the BEP of channel 1. Use the
calibrated attenuator to adjust the receiver RF input signal level to channel 1 until the BEP is
approximately 1.5 » 1072. (A BEP of 1.5 » 1072 was selected because it represents enough
errors for single-channel performance to be readily compared.) Measure and record the BEP
and the RF input on Data Sheet 5-3. Repeat for channel 2.

N OT? The RF levels required in channels 1 and 2 to produce approximately 1.5 « 102

BEP should not differ more than 3 dB. If there is a difference, it must be
maintained throughout the test to obtain valid data. When the difference is greater
than 3 dB, recheck the setup and tuning adjustments. If the difference remains
greater than 3 dB, attention should be given to repairing or realigning the receiver.

8.

9.

After the single-channel performance has been suitably equalized (within 3 dB), adjust the
RF inputs to produce single-channel BEP readings in the range of approximately 1 « 107 to
1 « 107*. (This signal level represents a proper signal level with a conveniently measured
number of bit errors.) Measure and record the BEP for each single channel and for the
combined signal on Data Sheet 5-3. Also measure the RF input levels for channels 1 and 2.

N OTV Maintain the RF input level difference observed

above.

Use the calibrated attenuators to decrease the RF input levels to the receiver in 2-dB steps.
Measure and record on Data Sheet 5-3 the single-channel BEPs, the combined signal BEP,
and the RF input levels until a single-channel BEP range of approximately 1 + 10°to 2 « 10!
has been covered.

5.3.6  Data Reduction. The BEP at the demodulated output of a post-detection combiner at a
given RF power should be less than the BEPs of the single channels at a 2-dB stronger RF power
level. If this condition is not true, the combiner and receiver alignment and interconnections
should be checked. If everything is correct, the combiner is not working properly. Post-detection
combiner performance is a function of modulation but should not be worse than the best single
channel.
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Data Sheet 5-3.

Diversity Combiners

Test 5.3 Dynamic, equal RF signal strength (in-phase fading)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 Channel 2 .
(dBm) (dBm) Channel 1 Channel 2 Combined
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5.4. TEST: Diversity Combiner Dynamic Evaluation with Periodic In-Phase Fading and
Unequal RF Signal Strengths

5.4.1  Purpose. This test evaluates the dynamic performance of a diversity combiner with
periodic in-phase fading and unequal RF signal strengths.

54.2 Test Equipment. Refer to Subsection 5.3.2.

5.4.3  Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See
Subsection 5.1.3 for additional setup information.

5.4.4  Conditions. Use the test conditions described in Subsection 5.1.4.
54.5  Procedure

1. Record measured data on Data Sheets 5-4(1) and 5-4(2).

2. Check or repeat steps 2 through 4 in Subsection 5.3.5.

3. Measure the single-channel BEP for both channels and the combined signal BEP while the
average RF input level is held constant at a selected level in one channel and varied over a
selected range in the other channel. Repeat these measurements for a total of three selected
constant RF input levels. In choosing the constant RF input levels, examine the data recorded
on Data Sheet 5-3 and select the three average RF input levels that resulted in single-channel
BEP readings of approximately 1 « 1075, 1.5+ 1072, and 2 » 10!, These levels will be
identified as X, Y, and Z. Data sheets 5-4(1) and 5-4(2) can be used for measurements at
levels X, Y, and Z interchangeably by simply deleting two of the letters and entering the
selected average RF level on the data sheet. The ranges of RF levels for the variable channel
are selected by again examining Data Sheet 5-3. The detailed procedures follow.

4. While holding the channel 1 average RF input constant at level X, vary the channel 2 average
RF input level in 2-dB steps over the range shown on Data Sheet 5-3 for Test 5.3. Using
these procedures, measure channel 1 BEP, channel 2 BEP, and the combined BEP. Repeat
the measurement while holding the channel 1 average RF inputs constant at levels Y and Z.
For each of the selected channel 1 RF input levels (X, Y, and Z), the channel 1 BEP should
remain constant and need not be measured each time a channel 2 BEP measurement is made.

not excessive (10 percent of the total bit errors or 20 bit errors, whichever is
greater). If the bit error change is excessive, additional warm-up time may be
required to allow the signal generator and the receiver to stabilize.

N OTV The channel 1 BEP should be checked occasionally to make sure that the drift is

5. Repeat the measurement sequence described in steps 3 and 4 with the channel 2 average RF
input held constant at levels X, Y, and Z rather than channel 1. Record data on Data Sheet 5-
4(2).

5.4.6  Data Reduction. The BEP at the combiner output should be less than or equal to the
BEP of the “best” channel. A 0.5-dB degradation, interpolated from data in Test 5.3, is
allowable. If this condition is not true, the combiner and receiver alignment and interconnections
should be checked. If everything is correct, the combiner is not working properly.
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Data Sheet 5-4(1).

Diversity Combiners

Test 5.4 Dynamic, unequal RF signal strength (in-phase fading)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 RF Channel 2 RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
X, Y, Z
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Data Sheet 5-4(2).

Diversity Combiners

Test 5.4 Dynamic, unequal RF signal strength (in-phase fading)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 RF Channel 2 RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
XY, Z
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5.5. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-phase Fading
and Equal RF Signal Strengths

5.5.1  Purpose. This test evaluates the dynamic performance of a diversity combiner with
periodic out-of-phase fading and equal RF signal strengths.

552 Test Equipment. Refer to Subsection 5.3.2.

5.5.3  Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See
Subsection 5.1.3 for additional setup information.

554 Conditions. Use the test conditions described in Subsection 5.1.4.
555 Procedure
1. Record data on Data Sheet 5-5.

2. Repeat all of Subsection 5.3.5, except in step 5 do not remove the 90° delay in one path of
the modulation source. The AGC fade envelopes will then be 180° out of phase.

5.5.6  Data Reduction. The BEP at the combiner output should be less than the single-channel
BEP at an 8-dB stronger RF power level. If this condition is not true, the combiner and receiver
alignment and interconnections should be checked. If everything is correct, the combiner is not
working properly.
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Data Sheet 5-5.

Diversity Combiners

Test 5.5 Dynamic, equal RF signal strength (out-of-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 Channel 2 .
(dBm) (dBm) Channel 1 Channel 2 Combined
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5.6. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-Phase Fading
and Unequal RF Signal Strengths

5.6.1  Purpose. This test evaluates the dynamic performance of a diversity combiner with
periodic out-of-phase fading and unequal RF signal strengths.

5.6.2 Test Equipment. Refer to Subsection 5.3.2.

5.6.3  Setup. Connect the equipment as shown in Figure 5-2 and Figure 5-3. See Subsection
5.1.3 for additional setup information.

5.6.4 Conditions. Use the test conditions described in Subsection 5.1.4.
5.6.5 Procedure
1. Record data on Data Sheets 5-6(1) and 5-6(2).

2. Check or repeat Subsection 5.3.5, except in step 5 do not remove the 90° delay in one path of
the modulation source. The AGC fade envelopes will then be 180° out of phase.

3. Repeat steps 3 through 5 in Subsection 5.4.5.

5.6.6  Data Reduction. The BEP at the demodulated output of a pre-detection combiner should
be less than the BEP of the “best” single channel with a 1-dB weaker RF power level. If this
condition is not true, the receiver and combiner alignment and interconnections should be
checked. If everything is correct, the combiner is not working properly.
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Data Sheet 5-6(1).

Diversity Combiners

Test 5.6 Dynamic, unequal RF signal strength (out-of-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 RF Channel 2 RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
XY, Z
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Data Sheet 5-6(2).

Diversity Combiners

Test 5.6 Dynamic, unequal RF signal strength (out-of-phase fading, 180°)
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
RF Input Level Bit Error Probability
Channel 1 RF Channel 2 RF .
(dBm) (dBm) Channel 1 Channel 2 Combined
A
XY, Z
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5.7. TEST: Diversity Combiner Break Frequency

5.7.1  Purpose. This test determines the fading frequency at which the combiner performance
starts to degrade significantly. Combiners used in applications where flame or plume attenuation
are likely such as missile or launch vehicle tests are subject to very high frequency fade rates.

5.7.2 Test Equipment. Refer to Subsection 5.3.2.

5.7.3  Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See
Subsection 5.1.3 for additional setup information.

5.7.4 Conditions. Use the test conditions described in Subsection 5.1.4.
5.7.5 Procedure
1. Record data on Data Sheet 5-7.

2. Adjust the test setup for the equal RF signal strength out-of-phase fading condition as
described in Test 5.5. Make sure that the delay in one path from the modulation source to the
phase shifter is equivalent to a 90° phase shift at each of the fade rates. Set the fade rates as
shown on Data Sheet 5-7.

3. Use the lowest fading rate shown on the data sheet to adjust the average level of the RF
fading signals to give a combined BEP of approximately 107, Next, measure the dynamic
BEP of the single channels. They should be approximately equal. Slight adjustment of the
average RF fading signals or adjustment of the fade depths may be required to make the BEP
reading approximately equal.

4. Measure the combined BEP for each of the fade rates shown on Data Sheet 5-7. Maintain the
180° out-of-phase condition for each fade rate. Check the single-channel BEP occasionally to
ensure that it remains approximately constant.

5. The combined BEP will increase and a fade rate will be reached when the combined BEP has
degraded to 1 « 107*. It may be necessary to interpolate between two fade rates. This fade rate
is defined as the break frequency.

5.7.6  Data Reduction. The break frequency should be high enough to handle the highest fade
that will be encountered in an operational environmental.
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Data Sheet 5-7.

Diversity Combiners

Test 5.7 Dynamic, break frequency
Manufacturer: Model: Serial No.:
Test Personnel: Date:
Mode: Pre-D: Post-D:
Single channel measurement technique used:
Approximate
I?Zel:ltg];l;f Static BEP Dynamic Fade
P BEP Rate | Combined
(fades/ BEP
Channel | Channel | Channel | Channel | Channel | Channel second)
1 (dBm) | 2 (dBm) 1 2 1 2
1x10* 1x10* 10
20
50
100
200
500
1,000
2,000
5,000
v v v v 10,000
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5.8. TEST: Diversity Combiner Evaluation with Random Fading

5.8.1  Purpose. This test evaluates the dynamic performance of a diversity combiner with
random fading.

5.8.2  Test Equipment. Use the equipment listed in Subsection 5.3.2, plus two Gaussian noise
sources.

5.8.3  Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See
Subsection 5.1.3 for additional setup information.

5.8.4 Conditions. Use the test conditions described in Subsection 5.1.4.
5.8.5 Procedure

1. Setup for 20-dB fading with sinusoidal signals as described in Subsection 5.3.5. Measure the
voltages that cause the peaks and nulls of the AGC to occur. This measurement is done by
observing the AGC voltage on an oscilloscope and noting the levels of the peaks and nulls.

2. Replace the sinusoid with a dc voltage. Adjust the voltage until the AGC null is observed and
measure this voltage. Increase the voltage until the previously noted AGC peak is observed
and measure this voltage.

3. Set the dc offset into the phase shifter equal to the voltage that gave the AGC peak and also
insert a Gaussian noise signal with rms equal to 0.4 times the voltage (peak minus null)
measured previously. This setup will produce random fading. The bandwidth of the noise can
be changed to produce different fade rates. The amplitude of the noise must be readjusted to
keep the rms equal to 0.4 times the voltage (peak minus null) measured previously.

4. This procedure is repeated for both channels with independent noise sources. Test 5.5, Test
5.6, and Test 5.7 can be repeated with random fading. The data sheets from those tests can be
used to record this data.

N OTV A reasonable range of noise bandwidths is 500 Hz to 50
kHz.

5.8.6  Data Reduction. With equal single-channel signal strengths, the BEP at the
demodulated output of a pre-detection combiner should be better than the BEPs of the single
channels at a 4-dB stronger RF power level. Subparagraphs 5.6.6 and 5.7.6 apply for unequal
signal strengths and break frequency testing.
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Data Sheet 5-X. (See Note Below). Diversity Combiners

Test 5.8 Diversity combiner evaluation with random fading
Manufacturer: Model: Serial No.:

Test Personnel: Date:

Mode: Pre-D: Post-D:

Single channel measurement technique used:

N OT? Step 4, Subsection 5.8.5 guidance is repeated here for Test 5.8:

This procedure is repeated for both channels with independent noise
sources. Test 5.5, Test 5.6, and Test 5.7 can be repeated with random
fading. The data sheets from those tests can be used to record this data.
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5.9. TEST: Pre-detection Combiner Band Pass Frequency Response using Phase-
Modulated Signal

5.9.1  Purpose. This test measures the effective pre-detection band pass bandwidth of the
combination of two TM receivers and the diversity combiner.

59.2  Test Equipment. An RF signal generator with PM capability, sine-wave generator, two
TM receivers (or one dual-channel receiver), microwave counter, microwave spectrum analyzer,
RF counter, wave analyzer (or spectrum analyzer), and power splitter.

5.9.3  Test Method. This method measures diversity combiner bandwidth using a phase-
modulated carrier and takes advantage of the principle that the amplitudes of the Bessel
sidebands of a PM carrier do not change with the modulating frequency (phase deviation held
constant). Additionally, this method is well suited to automated testing; however, it is not
recommended for manual testing, but it works for diversity combiners, which do not have MGC.

5.9.4  Setup. Connect the test equipment as shown in Figure 5-5.

MICROWAVE
COUNTER
RF
’ COUNTER
RECEIVERS | LINEAR
RF SIGNAL > POWER AND T/‘
GENERATOR SPLITTER COMBINER
VIDEO . WAVE
‘ ANALYZER
SINE MICROWAVE
WAVE SPECTRUM
GENERATOR ANALYZER

Figure 5-5. Combiner Band Pass Response using Phase-Modulated Signal

5.9.5  Conditions. The RF signal generator frequency should be set to the receiver center
frequency, and the output power should be sufficient to give >30-dB IF SNR or as desired. The
IF bandwidth of the TM receiver should be set to the widest available value. The wave analyzer
(or spectrum analyzer) RBW should be set to 3 kHz. For narrow IF bandwidths, use a RBW no
wider than 0.03 times the diversity combiner IF bandwidth.

59.6 Procedure

1. The first step in this procedure will be to set the peak PM deviation of the RF signal
generator to approximately 82°. This setting can be achieved by adjusting the amplitude of
the sine-wave generator (frequency = 10 kHz), while monitoring the RF signal using the
microwave spectrum analyzer until the carrier component and the first order sidebands are
equal in amplitude. (The second order sidebands should be approximately 8 dB lower in
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amplitude.) Increase the sine-wave generator frequency to a value equal to two times the
diversity combiner IF bandwidth. Use two times the receiver bandwidth if the combiner
bandwidth is unknown. Verify that the carrier component and the first order sidebands are
within =1 dB of each other. If they are not within =1 dB, the RF generator will not have
sufficient bandwidth to perform this test.

N OTV This method will not work if the RF signal generator, TM

receivers, or diversity combiner under test has excessive
incidental phase, frequency modulation, or frequency drift.

Set the sine-wave generator to a frequency equal to 0.05 times the diversity combiner IF
bandwidth. Measure and record the amplitudes of the carrier component and both first order
sidebands at the diversity combiner linear IF output. Increase the sine-wave generator
frequency in steps of 0.05 times the diversity combiner IF bandwidth. The maximum
frequency will be two times the diversity combiner IF bandwidth. Measure and record the
amplitudes of the carrier component and both first order sidebands on Data Sheet 5-9.

5.9.7 Data Reduction

1.

Average the values of the first order sideband amplitudes at a modulation frequency of 0.05
times the IF bandwidth. Subtract this value from the amplitude of the carrier component with
this modulating frequency. Use the value as a correction value for all other data points.
Subtract the amplitude of the carrier component from each sideband amplitude and add the
correction value. Repeat for all modulating frequencies.

The 3-dB bandwidth of the IF filter can be calculated by finding the input frequencies where
the signal was attenuated by slightly more than 3 dB with respect to the signal at center
frequency. Perform a linear interpolation between this frequency and the adjacent frequency
where the signal was attenuated by slightly less than 3 dB to find the approximate upper and
lower 3-dB frequencies. If the signal were attenuated by A1 dB at frequency f; and A> dB at
frequency f>, the approximate 3-dB frequency would be:

A -3
+ - Eq. 5-1
fit G =) (Eq. 5-1)
Let: fi =10.45 MHz,
f» =10.5 MHz,
A1 =2.2dB,
A>» =3.2dB,
then: f3as =10.45+ {(2.2 -3)/(2.2—-3.2)} (10.5-10.45)=10.49 MHz.

The composite IF filter equivalent noise power bandwidth with respect to the center
frequency can be calculated by dividing the measured power at each frequency by the
measured power at the center frequency and then multiplying each of these values by the
frequency step size and adding all of these values.
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Data Sheet 5-9. Diversity Combiners

Pre-detection combiner band pass frequency response using phase-

Test 5.9 :
modulated signal
Combiner Manufacturer: Model:
Serial No.:
Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date:
Modulating Frequency FC Amplitude FC — FM Amplitude FC + FM Amplitude
(dB) (dB) (dB) (dB)

Upper —3-dB frequency:

Lower —3-dB frequency:

—3 dB frequency:

Equivalent noise power bandwidth:
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5.10. TEST: Pre-detection Combiner Band Pass Frequency Response using Unmodulated
Signal

5.10.1 Purpose. This test measures the effective pre-detection band pass bandwidth of the
combination of two TM receivers and the diversity combiner.

5.10.2 Test Equipment. An RF signal generator, power splitter, two TM receivers (or one dual-
channel receiver), spectrum analyzer (or wave analyzer) with RBW <3 percent of specified
diversity combiner band pass filter bandwidth and effective VBW of <1 percent of RBW, and
oscilloscope camera or plotter for recording spectrum analyzer display.

5.10.3 Test Method. This method measures diversity combiner bandwidth using an
unmodulated carrier input signal with an IF SNR of approximately 10 to 20 dB. This test can be
performed with diversity combiners in the AGC mode. It can also be performed on diversity
combiners with only a limited IF output. This test is suited for both manual and computer
controlled testing.

5.10.4 Setup. Connect the test equipment as shown in Figure 5-6.

MICROWAVE
COUNTER
‘ POWER » RECEWVERS | IF | gpecrRUM
RF SIGNAL »  soLTTER AND > ANALYZER
GENERATOR COMBINER

3

CAMERA
OR
PLOTTER

Figure 5-6. Combiner Band Pass Response using Unmodulated Signal

5.10.5 Conditions. Set the RF generator frequency to the receiver center frequency. Adjust the
RF generator output power to produce a combiner IF SNR of between 10 and 20 dB. The IF
bandwidth of the TM receiver should be set to the widest available value. Set the spectrum
analyzer center frequency to the diversity combiner IF output center frequency. Adjust the
spectrum analyzer sweep width to sweep from IF center frequency minus 2.5 times specified IF
bandwidth to IF center frequency plus 2.5 times specified IF bandwidth. For a diversity combiner
with a 10-MHz IF output and a 1-MHz IF bandwidth, the spectrum analyzer would be set to
sweep from 7.5 to 12.5 MHz with a 30-kHz RBW and a 300-Hz VBW. If the spectrum analyzer
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only has certain span settings, use the smallest setting that is greater than or equal to the
calculated setting.

5.10.6  Procedure. Measure and record the noise spectrum at the diversity combiner IF output.
Attach the photograph or plot to the Data Sheet 5-10.

5.10.7 Data Reduction. Estimate the gain (loss) at the frequencies listed on Data Sheet 5-10.
(Estimate noise power at center frequency not signal power.) Estimate (calculate) the —3-dB
bandwidth of the diversity combiner band pass output. Record this value on Data Sheet 5.10.
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Data Sheet 5-10. Diversity Combiners

Pre-detection combiner band pass frequency response using
Test 5.10 .
unmodulated signal
Combiner Manufacturer: Model:
Serial No.:
Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date:

Frequency Amplitude (dB)

Fo

Fo—BW/2

Fo + BW/2

Fo— BW

Fo + BW

Fo—2 BW

Fo+2 BW

Fo = IF center frequency BW =IF bandwidth (-3 dB)

Estimated —3-dB bandwidth:
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5.11. TEST: Combiner Data Frequency Response

5.11.1 Purpose. This test measures the data frequency response of the combination of two TM
receivers and a diversity combiner. This test can be performed on either a pre-detection combiner
or a post-detection combiner with demodulator.

5.11.2 Test Equipment. Sine-wave generator, RF signal generator that can be frequency
modulated or phase-modulated or both, power splitter, two TM receivers (or one dual-channel
receiver), microwave counter, oscilloscope, wave analyzer, and microwave spectrum analyzer.

5.11.3 Test Method. This test measures data frequency response by measuring the receiver
video output level while varying the modulation frequency. The carrier deviation is kept at a
constant value.

5.11.4 Setup. Connect the test equipment as shown in Figure 5-7.

MICROWAVE
COUNTER
FM\PM RECEIVERS
POWER
RF SIGNAL SPLITTER AND
GENERATOR COMBIINER
A
VIDEO WAVE
» ANALYZER
SINE WAVE MICROWAVE
SINE WAVE AICROWAV! DSCILLOSCOPE
ANALYZER

Figure 5-7. Combiner Data Frequency Response

5.11.5 Conditions. The signal generator should be set to an output frequency equal to the
receiver center frequency and an output amplitude sufficient to give >30-dB IF SNR. The
diversity combiner video output should be set to approximately 0 Vdc with an unmodulated
center frequency input.

5.11.6 Procedure

1. The first step in this procedure will be to set the RF signal generator peak deviation. If a
diversity combiner with an FM demodulator is being used, set the peak deviation equal to the
selected VBW. (The IF bandwidth should be at least twice the VBW.) The peak deviation
can be set using Bessel nulls or whatever method the test operator is familiar with. If a
diversity combiner with a PM demodulator is being used, set the peak deviation to 82°. Set
the sine-wave generator frequency to two times the VBW. Measure the difference (in dB)
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between the modulated carrier amplitude and the amplitudes of the first sideband pair. This
difference should be 11.8 dB for frequency modulation (sidebands lower than modulated
carrier) and 0 dB for PM. If both sidebands are not between 10.8 and 12.8 dB (£1 dB for PM)
lower than the modulated carrier, the frequency response of the signal generator is not
adequate for this test, and a different signal generator must be used.

NOTE This test can also be performed using a spectrum analyzer with
tracking generator in place of the sine-wave generator and wave
analyzer.

2. Set the sine-wave generator frequency to one-tenth of the diversity combiner VBW. Maintain
the sine-wave generator amplitude equal to the value determined in step 1. Measure the
output on the wave analyzer and record on Data Sheet 5-11.

3. Increase the sine-wave generator frequency in steps of one-tenth for the diversity combiner
VBW while maintaining the output amplitude constant. The highest sine-wave generator
frequency will be equal to twice the diversity combiner VBW. Measure and record the video
output on Data Sheet 5-11 for each frequency.

5.11.7 Data Reduction. Subtract the video output amplitude (in dB) at one-tenth the VBW
from the amplitude at each of the other frequencies. Record on Data Sheet 5-11.
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Data Sheet 5-11.

Diversity Combiners

Test 5.11

Combiner data frequency response

Combiner Manufacturer:

Model:

Serial No.:

Combiner IF BW:

kHz

Receiver IF BW:

kHz

Combiner video BW:

kHz

Receiver video BW:

kHz

Combiner type: Post-detection:

Pre-detection:

Demodulator type:

FM:

PM:

Other:(

Test Personnel:

Date:

Location:

Video Bandwidth
(VBW)

Frequency

Amplitude
(dB)

Relative Amplitude
(dB)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

5-35




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

5.12. TEST: Combiner Pre-detection Carrier Output

5.12.1 Purpose. This test measures the amplitude, frequency stability, and accuracy of the
diversity combiner pre-detection carrier output. Output instability and frequency errors could be
caused by problems in any of the TM receiver or diversity combiner local oscillators.

5.12.2  Test Equipment. Two TM receivers (or one dual-channel receiver), RF signal generator,
microwave counter, counter, true rms voltmeter, power splitter, and wave analyzer (optional).

5.12.3 Test Method. This test measures the amplitude and frequency of the pre-detection
output and is suitable for manual or computer controlled testing. The pre-detection down
converter may be in the diversity combiner or in an external accessory housing.

5.12.4  Setup. Connect the test equipment as shown in Figure 5-8.

MICROWAVE
COUNTER
I TRUE ms
VOLTMETER
RECEIVERS
RF SIGNAL POWER AND  |emeo RF
™ WAVE

ANALYZER
(OPTIONAL)

Figure 5-8. Combiner Pre-detection Carrier Output

5.12.5 Conditions. The RF signal generator must be stabilized before the test is started. The
TM receivers and diversity combiner should be on for the specified warm-up time before the
start of the test. Set the RF signal generator frequency to the center frequency of the TM
receiver. Set the RF signal generator output power to =50 dBm.

5.12.6 Procedure

1. Select a pre-detection carrier frequency. Measure the amplitude and frequency of the pre-
detection output. Record these values on Data Sheet 5-12. The frequency at the diversity
combiner input shall also be counted and recorded on Data Sheet 5-12.

2. Repeat step 1 at 5S-minute intervals over a 1-hour time interval. The interval between
measurements and the total test time can be varied at the discretion of the test personnel.

3. This procedure can be repeated for other pre-detection carriers as desired.

5.12.7 Data Reduction. Record the maximum and minimum frequencies and amplitudes
measured. Calculate and record the maximum frequency error (measured frequency — selected
frequency).
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Data Sheet 5-12.

Diversity Combiners

Test 5.12 Combiner pre-detection carrier output
Combiner Manufacturer: Model:
Serial No.:
Combiner IF BW: kHz | Receiver IF BW: kHz
Test Personnel: Date: Location:
Carrier frequency: kHz
Combiner Input Pre-detection Qutput

Time Frequency Frequency Amplitude
Maximum frequency: kHz
Minimum frequency: kHz
Maximum frequency error: kHz
Maximum amplitude: V rms
Minimum amplitude: V rms
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CHAPTER 6

Test Procedures for Telemetry Downconverters

6. General

This chapter describes the test procedures used to measure the parameters of TM
downconverters. Included are methods for determining 1-dB gain compression, saturation level,
bandwidth, small-signal power gain, IM products, IP, VSWR, noise figure, channel isolation,
spurious signal generation, image rejection, and local oscillator frequency accuracy. These tests
are generally performed under laboratory conditions. If, however, the downconverter is to be
used under adverse conditions, testing should be accomplished whenever possible under
conditions close to those expected during normal operation.

Table 6-1 lists the types of tests and their test and paragraph number.

Table 6-1. Test Matrix For TM Downconverters

Test Number Test Description

6.1 Gain compression and saturation level

6.2 Bandwidth and passband gain characteristics

6.3 IM products and intercept point

6.4 Voltage standing wave ratio

6.5 Noise figure

6.6 Channel isolation

6.7 Spurious signal

6.8 Image rejection

6.9 Local oscillator frequency accuracy and stability

6.10 Local oscillator radiation

6.1. TEST: Gain Compression and Saturation Level

6.1.1  Purpose. This test measures the 1-dB gain compression point and the saturation level.
These tests are important in determining the maximum input signal levels the downconverter can
handle without causing distortion of the signal. The 1-dB gain compression point is defined as
the point where the gain of a downconverter has decreased 1 dB from the small-signal gain. The
saturation level is the maximum output level.

6.1.2  Test Equipment. Signal generator, spectrum analyzer, two power meters, power splitter,
and terminations (characteristic impedance).

6.1.3  Test Method. This test measures the input and output power levels while increasing the
input power level.

6.1.4  Setup. Connect the test equipment as shown in Figure 6-1. Unused downconverter
inputs and outputs should be terminated in their characteristic impedance. If the downconverter
is a dual-channel unit, this test should be performed on both channels.
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SPECTRUM
POWER ™|  ANALYZER
SIGNAL I ——»| DOWNCONVERTER [
GENERATOR SPLITTER |
|
' POWER
l METER
POWER
METER

Figure 6-1. Downconverter Gain Compression and Saturation Level Test Setup

6.1.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with continuous-wave signals (unmodulated) into the device
under test. Set the frequency of the signal generator to the center frequency of the downconverter
under test.

6.1.6 Procedure

1.

Set the generator output level to a value 30 dB below the specified 1-dB gain compression
input level of the downconverter. Monitor the output using the spectrum analyzer to verify
that no significant spurious signals are present at the downconverter output. If large spurious
signals are present, the downconverter may not be usable until the problem is corrected.
However, gain compression can be measured by using the spectrum analyzer instead of the
power meter to detect output power at desired frequency. The rest of this procedure will
assume that no significant spurious signals are present.

Connect the power meter to the downconverter output. Measure and record the input and
output power levels (in dBm) on Data Sheet 6-1. The difference between the output and input
levels is the small-signal gain at center frequency.

Increase the input power until the difference between the input and output powers is 1 dB
less than the small-signal gain measured in step 2. Record the input and output powers on
Data Sheet 6-1.

Increase the input power until the output level peaks. Find the smallest input signal level that
gives this output level. Record the input and output levels on Data Sheet 6-1.

6.1.7  Data Reduction. Compare the measured values with the specified values.
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Data Sheet 6-1. Telemetry Downconverters
Test 6.1 Gain compression and saturation level
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input frequency: MHz
Output frequency: MHz

Small signal

Input power: dBm
Output power: dBm
Gain dB

1 dB gain compression

Input power: dBm
Output power: dBm
Gain dB

Saturation level

Input power: dBm

Output power: dBm
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6.2. TEST: Bandwidth and Passband Gain Characteristics

6.2.1  Purpose. This test measures the passband gain characteristics. Bandwidth is defined as
the maximum range of frequencies over which the amplitude response does not decrease more
than 3 dB from the reference point. These tests ensure that the downconverter will operate
properly over the intended frequency band and that the downconverters gain performance will be
fairly uniform across the band.

6.2.2  Test Equipment. Signal generator, spectrum analyzer, two power meters, power splitter,
and terminations (characteristic impedance).

6.2.3  Test Method. This test measures the input and output power levels while the input
frequency is varied.

6.2.4  Setup. Connect the test equipment as shown in Figure 6-2. Unused downconverter
inputs and outputs should be terminated in their characteristic impedance. If the downconverter
is a dual-channel unit, this test should be performed on both channels.

—»| SPECTRUM
o ANALYZER
SIGNAL > POWER » DOWNCONVERTER [
GENERATOR SPLITTER |
\
L POWER
METER
POWER
METER

Figure 6-2. Downconverter Bandwidth and Passband Gain Characteristics

6.2.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with continuous-wave signals (unmodulated) into the device
under test.

6.2.6 Procedure

1. Set the signal generator frequency to the center of the passband of the device under test. Set
the signal generator level to a value 20 dB below the 1-dB gain compression input level
measured in Test 6.1. Measure the input and output power levels. The output power levels
can be measured using either the power meter or spectrum analyzer. Record on Data Sheet 6-
2.

2. Set the signal generator frequency to the lowest frequency in the specified band pass.
Measure the input and output power levels and record on Data Sheet 6-2.

3. Set the signal generator frequency to the highest frequency in the specified band pass.
Measure the input and output powers and record on Data Sheet 6-2.

4. Tune the signal generator across the band of interest. Note and record any abnormal changes
in gain versus frequency on Data Sheet 6-2. Continue tuning until response drops
approximately 10 dB to ensure that the actual downconverter band edges have been reached.
Retune the signal generator and record the —3-dB points (relative to center frequency gain)
on Data Sheet 6-2.
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5. This test can also be performed using a sweep generator and network analyzer or a wide-
band noise source and a spectrum analyzer in place of the signal generator and output power
meter.

6.2.7  Data Reduction. Calculate the gain by subtracting the input power from the output
power. Record on Data Sheet 6-2 in the gain column.
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Data Sheet 6-2.

Telemetry Downconverters

Test 6.2

Bandwidth and passband gain characteristic

Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:

Input Output Gain
Center frequency MHz MHz
(per specification) dBm dBm dB
Lowest frequency MHz MHz
(per specification) dBm dBm dB
Highest frequency MHz MHz
(per specification) dBm dBm dB
Low —3-dB MHz MHz B
frequency dBm dBm
High —3-dB MHz MHz B
frequency dBm dBm
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6.3. TEST: Downconverter IM Products and Intercept Point

6.3.1  Purpose. This test measures the IM products and IP of a downconverter. These tests
determine a downconverter’s ability to operate properly in the presence of multiple input signals.
Multiple high-level input signals, as can be found in many “RF-rich” environments, can create
situations in which interfering signals are generated internal to the downconverter. The IM
products and intercept point are discussed in more detail in Appendix A.

6.3.2  Test Equipment. Two signal generators, two isolators or 10-dB attenuators (20 dB if
resistive combiner used), power combiner, spectrum analyzer, and terminations (characteristic
impedance).

6.3.3  Test Method. Two RF signals are summed and applied to the downconverter input. The
output spectrum is measured. The third-order intercept point is calculated from the relative
amplitudes of the fundamental and third-order outputs.

6.3.4  Setup. Connect the test equipment as shown in Figure 6-3.

SIGNAL ISOLATOR
GENERATOR > OR
1 ATTENUATOR >
POWER
COMBINER —»DOWNCONVERTER
SIGNAL ISOLATOR _ |
GENERATOR v OR > :
2 ATTENUATOR :
|
|

— SPECTRUM
ANALYZER

Figure 6-3. Intermodulation Products and Intercept Point Test Setup

6.3.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with continuous-wave signals (unmodulated) into the device
under test. The isolators (or attenuators) between the signal generators and power combiner
provide isolation between the generators to minimize interference between the generators.
Spurious outputs or incidental PM may degrade the accuracy of the results of this test. All
unused downconverter signal inputs and outputs should be terminated in their characteristic
impedance.

6.3.6 Procedure

1. Set the frequencies of the fundamental signals (fi; and fi2) near the mid-band frequency of the
downconverter under test. The spacing of the fundamental signals is not critical as long as the
third-order products are within the downconverter passband; that is, 2f; — f> and 2f> — fi must
be within the downconverter bandwidth.

2. Set the output level of each signal generator to a convenient reference level, for example, —50
dBm. Connect the spectrum analyzer to the power combiner output and observe the
spectrum. Adjust the display width to include the two fundamentals and the two third-order
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IM products as shown in Figure 6-4. Only signals at frequencies fi; and fi> should appear.
Increase the output power of both signal generators in 10-dB steps until the amplitude of
each signal is —20 dBm (or at least 10 dB below the 1-dB compression level measured in
Test 6.1) as measured on the spectrum analyzer. The signals should increase in 10-dB steps,
and no extraneous signals should be present. This technique ensures that IM products are not
being produced in the power combiner or spectrum analyzer.

,(.p REF @A, dBm ATTEHN 19 db

dB+ l

I

|
\aepowre? \M\ n

CENTER 285.@ MH=x SPAN 28,9 MH=z

RES BW 122 wH=z VBW 1 HH=z SWP 22 masco

Figure 6-4. Downconverter Intermodulation Products

applied to the input. If IM products occur, attenuate the signal at the input to

N OTV Spectrum analyzers may produce IM products when a high-level signal is
the spectrum analyzer. Most analyzers have a built-in attenuator.

3.

Reconnect the downconverter between the power combiner and the spectrum analyzer. With
the power at the input of the downconverter at =20 dBm (or other input level at least 10 dB
below 1-dB compression level), measure and record on Data Sheet 6-3 the power levels at
frequencies of fi, f2, 2f; — f>, and 2f> — fi.

Reduce both input power levels to the downconverter in 10-dB steps. Measure and record on
Data Sheet 6-3 the power levels at frequencies of fi, >, 2f1 — f2, and 2f; — fi. Continue to
reduce the input power levels until the third-order IM products decrease to the noise floor.
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Data Reduction. The third-order intercept point can be calculated using (all values in

3
[Py =2 p,— Mo
2 2 (Eq. 6-1)

Where:

IPo3 = the calculated output power at which the power of the third-order IM product
is equal to the power of the fundamental signal

Py =measured fundamental output power (higher of two measured values)

IMy3 = measured third-order IM power (higher value)

The calculated third-order intercept point (IPo3) should be similar for each input power level. As
discussed in Appendix A, the third-order intercept point can be used to estimate the IM power
for any pair of input signals of equal amplitude and can also be used to calculate the spurious
free dynamic range. The third-order intercept point will usually be approximately 10 dB higher
than the 1-dB gain compression point output power (see Test 6.1).
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Data Sheet 6-3. Telemetry Downconverters
Test 6.3 Intermodulation products and intercept point
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
FREQUENCY
Input Qutput
fi1 MHz fi MHz
fi2 MHz f MHz
2fi—f> MHz
26— fi MHz
Power (dBm)
Inputs Outputs
Jit S S S 2fi— 1 2h—fi IPo3
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6.4. TEST: VSWR

6.4.1  Purpose. This test determines the quality of the impedance match of the device under
test by measuring the VSWR. Reflections of the signal, caused by an impedance mismatch, can
result in distortion of the signal and a reduction in signal power.

6.4.2  Test Equipment. Sweep generator, standing wave ratio (SWR) test set, network
analyzer, terminations (characteristic impedance), and RF short.

6.4.3  Test Method. This test measures VSWR using a network analyzer. See Tests 2.4 and 3.4
for alternate methods using a spectrum analyzer.

6.4.4  Setup. Connect the test equipment as shown in Figure 6-5.

SWEEP > TE?’VQET | DOWNCONVERTER
GENERATOR
NETWORK
ANALYZER

Figure 6-5. Downconverter VSWR Test Setup

6.4.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with CLOCKWISE signals (unmodulated) into the device
under test. Follow procedures recommended in network analyzer operating manual.

6.4.6 Procedure

1. Set the sweep generator frequency to the sweep across the passband of the downconverter
under test and adjust the calibrated attenuator for a level of about —40 dBm into the SWR test
set.

2. Connect the short circuit termination to the SWR test set and establish a convenient reference
level on the network analyzer. A 0-dB reference is very convenient to use with the network
analyzer set for a log display.

3. Remove the short circuit termination and connect the downconverter input to the SWR test
set. Terminate the downconverter output port with its characteristic impedance. Observe the
signal level on the network analyzer. The difference between the reference level established
in step 2 and the new level in dB is the return loss.

4. Record the return loss in dB at convenient increments across the band on Data Sheet 6-4.
Note and record any abnormal changes in return loss versus frequency as the generator is
tuned.

5. Reverse the downconverter connection in the test setup and repeat steps 2 through 4 (using
output frequency passband) to obtain the downconverter output return loss.
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6.4.7  Data Reduction. The VSWR can be calculated from the return loss using the following
equation:

L, = 20log (iJ
P (Eq. 6-2)
_ 1
o antilog (L, /20) (Eq. 6-3)
vSwr = 1P
I=p (Eq. 6-4)
Where:

Lr = return loss measured
p = reflection coefficient of load being measured

Note: See Table 3-2.
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Data Sheet 6-4.

Telemetry Downconverters

Test 6.4 Voltage standing wave ratio

Downconverter Manufacturer: Model:

Serial No.:

Test Personnel: Date: Location:
Frequency (MHz) Return Loss (dB) VSWR
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6.5. TEST: Noise Figure

6.5.1  Purpose. This test measures the noise figure that is the ratio of the input signal to noise
divided by the output signal to noise expressed in dB. See Appendix B for a discussion of noise
figure. The noise figure of a device is a measure of how much noise is added to the signal by that
device. The lower the noise figure, the better the device.

6.5.2  Test Equipment. Noise figure meter, noise source, and terminations (characteristic
impedance).

6.5.3  Test Method. This test measures noise figure using a calibrated noise source and an
automatic noise figure meter.

6.5.4  Setup. Connect the test equipment as shown in Figure 6-6.

NOISE
NOISE » DOWNCONVERTER > FIGURE
SOURCE METER

Figure 6-6. Downconverter Noise Figure Test Setup

6.5.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. Carefully follow operating procedures and cautions in noise figure manual. If possible, this
test should be conducted with an automatic noise figure meter in the fixed external local
oscillator with variable frequency IF mode. See Tests 2.5, 2.6, 3.5, or 4.2 for alternate test
configurations if this type of meter is not available.

Field effect transistor amplifiers can be damaged by noise
‘ & spikes.

6.5.6 Procedure

1. Configure noise figure meter to operate in fixed external local oscillator with variable
frequency IF mode. Calibrate noise figure meter using method recommended in the manual.

2. Reconnect test equipment as shown in Figure 6-6. Measure the noise figure in 10-MHz steps
by varying the measurement frequency of the noise figure meter. Record these values on
Data Sheet 6-5.

3. Find the maximum noise figure by sweeping the measurement frequency across the band in
1-MHz steps. Record the frequency and noise figure on Data Sheet 6-5.

6.5.7  Data Reduction. Compare the measured values to the specification.
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Data Sheet 6-5. Telemetry Downconverters
Test 6.5 Noise figure
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Measurement Frequency (MHz) Noise Figure (dB)
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6.6. TEST: Channel Isolation

6.6.1  Purpose. This test measures the isolation in dB between channels of a dual-channel
downconverter. Omit this procedure when testing single-channel downconverters. A dual-
channel downconverter is one in which two RF channels, usually housed in a single chassis, are
downconverted using a common local oscillator. Good isolation is necessary to ensure negligible
crosstalk between channels of the downconverter.

6.6.2  Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic
impedance).

6.6.3  Test Method. This test measures the isolation between two downconverter channels by
applying a large signal to one channel and monitoring the other channel.

6.6.4  Setup. Connect the test equipment as shown in Figure 6-7.

. SPECTRUM
SIGNAL » DOWNCONVERTER >
GENERATOR ANALYZER

Figure 6-7. Downconverter Channel Isolation Test Setup

6.6.5  Conditions. Perform this test under laboratory conditions after the warm-up time of at
least 30 minutes.

6.6.6 Procedure

1. Set the signal generator frequency to the center of the passband and set the generator output
level to the maximum specified input level of the downconverter. Set the spectrum analyzer
center frequency equal to the signal generator frequency. Measure the generator output signal
power using the spectrum analyzer and record on Data Sheet 6-6.

2. Connect the signal generator to the channel 1 input port. Connect the spectrum analyzer to
the input of channel 2 and terminate the channel 1 and 2 outputs in their characteristic
impedance. Measure the signal power (if discernible) at the channel 2 input and record on
Data Sheet 6-6.

3. Connect the spectrum analyzer to the channel 1 output port and adjust the analyzer center
frequency to be equal to the downconverter output frequency. Terminate the channel 2 input
and output in their characteristic impedance. Measure the signal power at the channel 1
output and record on Data Sheet 6-6.

4. Connect the spectrum analyzer to the output of channel 2 and terminate the channel 1 output
in its characteristic impedance. Measure the signal power (if discernible) at the channel 2
output and record on Data Sheet 6-6.

5. Repeat steps 1 through 4 with channels 1 and 2 swapped.

6. Repeat steps 1 through 5 for other frequencies as desired.
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6.6.7  Data Reduction. Calculate the isolation between the two inputs by subtracting the signal
output (in dB) of the unused input from the input power. Calculate the isolation between the
channels by subtracting the signal output (in dB) of the unused output from the output power of
the driven channel. Record these values on Data Sheet 6-6.
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Data Sheet 6-6. Telemetry Downconverters
Test 6.6 Channel isolation
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input frequency: MHz
Input power: dBm
INPUT POWER (dBm) OUTPUT POWER (dBm)
Channel  Other Input  Isolation Channel 1  Channel 2  Isolation
1 dB dB
2 dB dB
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6.7. TEST: Spurious Signal

6.7.1  Purpose. This test measures the spurious signals generated by the downconverter.
Spurious signals are defined as any undesired signals in the downconverter output. Some
spurious signals are generated by the downconverter (that is, local oscillator related spurs) and
some are the result of IM products formed by the mixing of strong input signals. Refer to
Appendix A for a discussion of IM products.

6.7.2  Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic
impedance).

6.7.3  Setup. Connect the test equipment as shown in Figure 6-8. Unused downconverter
inputs and outputs should be terminated in their characteristic impedance. If the downconverter
is a dual-channel unit, this test should be performed on both channels.

\d

SPECTRUM
SIGNAL DOWNCONVERTER
GENERATOR ANALYZER

\d

Figure 6-8. Downconverter Spurious Signal Generation

6.7.4  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with continuous-wave signals (unmodulated) into the device
under test.

6.7.5 Procedure

1. Set the signal generator frequency to the center of the passband for the device under test. Set
the signal generator level to a value 20 dB below the 1-dB gain compression input level
measured in Test 6.1. Connect the spectrum analyzer to the signal generator output. Verify
that no spurious signals are present at the signal generator output.

2. Connect the signal generator to the downconverter input and the spectrum analyzer to the
downconverter output. Monitor the spectrum from 10 MHz to 10 GHz. Record the frequency
and power of any extraneous signals that are less than 60 dB below the desired output signal
in Data Sheet 6-7.

6.7.6  Data Reduction. Annotate the data sheet if the detected signal is a harmonic of the
desired signal (harmonic distortion) or equal to the local oscillator frequency (local oscillator
feed through).
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Data Sheet 6-7.

Telemetry Downconverters

Test 6.7 Spurious signal generation
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:

Input frequency: MHz

Signal output frequency: MHz

Local oscillator frequency: MHz

Input power: dBm

Signal output power: dBm

Spurious Signals
Frequency (MHz) Power (dBm)
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6.8. TEST: Image Rejection

6.8.1  Purpose. This test measures the image rejection of the downconverter. Image rejection
is defined as the ratio of the power of the desired sideband input signal to the undesired sideband
input signal (image signal) as measured at the downconverter output. Every device using a mixer
and a local oscillator such as a downconverter or receiver is essentially tuned to two frequencies
at the same time. This test measures the downconverter's ability to differentiate between the band
of frequencies the tester wants to pass verses the band of frequencies the tester wants to reject.

6.8.2  Test Equipment. Sweep generator, spectrum analyzer, and terminations (characteristic
impedance).

6.8.3  Test Method. This test determines image rejection by finding the difference in output
amplitude between an input signal in the specified input band and an input at a frequency equally
spaced on the other side of the local oscillator.

6.8.4  Setup. Connect the test equipment as shown in Figure 6-9. Unused downconverter
inputs and outputs should be terminated in their characteristic impedance. If the downconverter
is a dual-channel unit, this test should be performed on both channels.

SIGNAL » DOWNCONVERTER > SPECTRUM
GENERATOR ANALYZER

Figure 6-9. Image Rejection Test Setup

6.8.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time. All procedures are conducted with continuous-wave signals (unmodulated) into the device
under test.

6.8.6 Procedure

1. Set the sweep generator to slowly sweep across the band of frequencies equal to two times
the local oscillator frequency minus the specified input frequency range. For example, if the
specified input frequency range was 2200 to 2300 MHz and the local oscillator frequency
was 1985 MHz, the sweep generator would be set to sweep from 2 (1985) - (2200 to 2300) or
1770 to 1670 MHz. Set the sweep generator level to a value 20 dB below the 1-dB gain
compression input level measured in Test 6.1. Connect the spectrum analyzer to the sweep
generator output. Verify that no spurious signals are present at the sweep generator output.

2. Connect the sweep generator to the downconverter input and the spectrum analyzer to the
downconverter output. Monitor the spectrum in the frequency band of interest (215 to 315
MHz for the previous example). Note the frequencies where the signal is the largest. Put the
sweep generator in fixed frequency mode and find the input and output frequency and output
power of the largest signal and record on Data Sheet 6-8.

3. Set the sweep generator frequency equal to two times the local oscillator frequency minus the
input frequency that produced the largest amplitude mentioned previously. For example, if an
input frequency of 1700 MHz produced the largest output and the local oscillator frequency
was 1985 MHz, set the sweep generator frequency to 2270 MHz. Record the input and output
frequencies and output power on Data Sheet 6-8.
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6.8.7  Data Reduction. Calculate the image rejection by subtracting the power measured in
step 2 from the power measured in step 3.
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Data Sheet 6-8. Telemetry Downconverters
Test 6.8 Image Rejection
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Input power: dBm
Signal
Image Level Level
(MHz) (MHz) Image
Frequency (dBm) Frequency (dBm) Rejection
Input Output Output Input Output Output (dB)
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6.9. TEST: Local Oscillator Frequency Accuracy and Stability

6.9.1  Purpose. This test measures the frequency accuracy and stability of the local oscillator.
These are important parameters in determining how close the downconverter output frequency
will be to its intended frequency. Local oscillator inaccuracies or drifting will cause the output
frequency to be off, and potentially, the corresponding TM receiver to be mistuned.

6.9.2  Test Equipment. Two frequency counters, RF signal generator and power splitter.

6.9.3  Test Method. This test measures the output frequency with a known input frequency.
The local oscillator frequency is calculated by subtracting the output frequency from the input
frequency. If the local oscillator signal is available as a test point, the local oscillator frequency
can be directly measured and recorded on Data Sheet 6-9.

6.9.4  Setup. Connect the test equipment as shown in Figure 6-10.

FREQUENCY
COUNTER
A
RF SIGNAL »|  POWER » DOWNCONVERTER —#| | REAUENCY
GENERATOR SPLITTER COUNTER

Figure 6-10. Local Oscillator Frequency Accuracy and Stability

6.9.5  Conditions. Perform this test under laboratory conditions after the specified warm-up
time.

6.9.6 Procedure

1. Set the input frequency to the center of the passband. Set the input amplitude to —20 dBm.
Count the downconverter input and output frequencies. Record the time of day and
frequencies on Data Sheet 6-9.

2. Set the input frequency to the highest frequency in the passband. Count the downconverter
input and output frequencies. Record the time of day and frequencies on Data Sheet 6-9. If
the output frequency is higher than measured in step 1, the local oscillator frequency is lower
than the input frequency. If the output frequency is lower than measured in step 1, the local
oscillator frequency is higher than the input frequency.

3. Repeat step 1 at desired intervals to determine stability (frequency change).

6.9.7  Data Reduction. Calculate local oscillator frequency (input frequency minus output
frequency), maximum frequency error (calculated local oscillator frequency minus specified
local oscillator frequency), and total local oscillator frequency change (maximum local oscillator
frequency minus minimum local oscillator frequency) and record on Data Sheet 6-9.
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NOTE This procedure assumes low side local oscillator injection (local oscillator
/ frequency lower than input frequency). If high side injection (local
oscillator frequency higher than input frequency) is used, the local
oscillator frequency is the sum of the input and output frequencies.
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Data Sheet 6-9. Telemetry Downconverters
Test 6.9 Local oscillator frequency accuracy and stability
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Specified local oscillator frequency: MHz
Frequency (MHz)
Local
Time Input Output oscillator
Maximum local oscillator frequency error: Hz
Local oscillator frequency change: Hz
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6.10. TEST: Local Oscillator Radiation at Downconverter Input

6.10.1 Purpose. This test determines if any emissions are appearing at the downconverter input
because of radiation from the local oscillator. Radiation from the local oscillator can interfere
with other downconverters or TM receivers in the system. This emission interference happens
when the signal from one downconverter's local oscillator is fed back into another
downconverter's input. This situation is possible when two or more downconverters are driven
from a common multicoupler or power splitter having poor output port isolation.

6.10.2 Test Equipment. An RF signal generator, spectrum analyzer, and power meter.

6.10.3 Test Method. A spectrum analyzer is used to scan across the downconverter input
frequency band to detect any emissions.

6.10.4  Setup. Connect the test equipment as shown in Figure 6-11.

[DOWNCONVERTER
UNDER TEST
[y
RF INPUT
RF SIGNAL  |q-----oonnann SPECTRUM
GENERATOR ANALYZER
POWER
METER

Figure 6-11. Local Oscillator Radiation Test

6.10.5 Conditions. Use double-shielded cable (RG 214 or equivalent) between the spectrum
analyzer and the downconverter RF input.

6.10.6 Procedure

1. Connect the power meter to the RF signal generator output and adjust the generator
frequency to correspond to the downconverter center operating frequency. Adjust the output
level to —25 dBm. This signal will be used to calibrate the spectrum analyzer.

2. Disconnect the power meter and connect the RF signal generator to the spectrum analyzer.
Adjust the analyzer so that the —25-dBm input signal to the connecting cable appears as 0 dB
on the display unit. The spectrum analyzer can now detect signals as low as —85 dBm. (It is
assumed that the spectrum analyzer has a 60-dB dynamic range.) Indicated amplitudes must
be corrected by —25 dBm to obtain correct component amplitudes (see Data Sheet 6-10).
Calibration of the spectrum analyzer should be checked at each observed frequency.

3. Remove the cable from the RF generator and connect the downconverter RF input to the
spectrum analyzer. Tune the spectrum analyzer slowly across the frequency range from 10
MHz to 10 GHz and record the frequency and amplitude of all signals observed.
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4. Record measured data on Data Sheet 6-10.

6.10.7 Data Reduction. None
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Data Sheet 6-10. Telemetry Downconverters
Test 6.10 Local oscillator radiation test
Downconverter Manufacturer: Model:
Serial No.:
Test Personnel: Date: Location:
Frequency Indicated . . Corrected
(MHz) Amplitude %i‘)l;'r’erf:l‘(‘)’: Amplitude
(dBm) (dBm)
—25 dBm
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CHAPTER 7

Test Procedures for Telemetry Demodulators

7. General

This chapter provides test procedures for demodulators for the following digital
modulation schemes.

e PCM/FM

e Shaped Offset Quadrature Phase Shift Keying, Telemetry Group (SOQPSK-TG)
e Feher-patented Quadrature Phase Shift Keying-B (FQPSK-B)

e FQPSK Jefferis-Rich (FQPSK-JR)

e Advanced Range Telemetry Continuous Phase Modulation (ARTM CPM)

These digital modulation schemes have become standard in most TM systems. The
following test procedures are recommended for testing demodulators used for these modulation
schemes. Table 7-1 lists the types of tests and their test and paragraph number.

Table 7-1. Test Matrix for TM Demodulators

Test Number Test Description
7.1 Demodulator BEP versus Ew/No
7.2 Re-acquisition and synchronization loss thresholds
7.3 Bit rate and input frequency tracking
7.4 Demodulator acquisition time and flat fade recovery time
7.5 Demodulator adjacent-channel interference test
7.6 PCM/FM demodulator modulation index sensitivity test

7.1. TEST: Demodulator Bit Error Probability versus En/No

7.1.1  Purpose. This test measures the BEP versus Ev/No performance of the demodulator.

7.1.2  Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source
inputs), attenuator, waveform signal source, noise test set.

7.1.3  Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2. This paragraph
presents a method for finding the attenuation that results in an Ev/No of 15 dB when the
attenuator plus receiver combination shown in Figure 7-2 is used.
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>
BIT ERROR RATE
MODULATOR
TEST SET L 5
COUNTER
DEMODULATOR CALIBRATED
UNDER TEST A NOISE TEST SET

Figure 7-1.  Test Setup for Demodulator BEP Tests

Y

BIT ERROR RATE

TEST SET . MODULATOR
COUNTER ATTENUATOR
DEMODULATOR TELEMETRY
UNDER TEST < RECEIVER

4
POWER METER |

Figure 7-2.  Alternate Setup for Demodulator BEP Test

First, apply a “101010” repeating pattern to the modulator. This pattern should produce an
unmodulated carrier signal. If not, verify that the modulator is properly differentially
encoding the data source. Turn off the source and set the attenuation to the maximum value.
Use AGC freeze or manual gain to set the noise power at the receiver IF output in the linear
region. Measure the power level.

Turn on the source and decrease the attenuation until the power level at the IF output
increases by 3 dB. This value is the 0-dB IF carrier-to-noise ratio and the Ey/No is 10log(IF
bandwidth/bit rate). Put the receiver in AGC mode and decrease the attenuation by
approximately 15 —10 log(IF bandwidth/bit rate). Use AGC freeze or manual gain to set the
noise power at the receiver IF output in the linear region. Measure the power level (S+N) in
watts.

Turn off the source and set the attenuation to the maximum value. Measure the power level
(N) in watts. Calculate the Ev/No from 10log(((S+N)—N)/N)+10log(IF bandwidth/bit rate).
The most accurate value to use for IF bandwidth is the equivalent noise power bandwidth
but, if the —3-dB bandwidth (either measured or specified) is the only value readily available,
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it will give nearly the same value for Eo/No. If the measured value is not within 0.5 dB of 15
dB, change the attenuation by the appropriate amount to get within 0.5 dB of 15 dB and
repeat the (S+N) and (N) measurements and calculations. The Ew/No is now calibrated and
will change by 1 dB for each 1 dB of attenuation change.

7.1.4  Conditions. This test can be performed using a waveform signal source at the
demodulator input frequency plus a noise test set that generates the selected Ep/No; a waveform
signal source plus noise test set at a higher frequency that generates the selected Ew/No followed
by downconversion to the demodulator input frequency; or a waveform signal source followed
by an attenuator and a TM receiver that are then calibrated in terms of Ew/No. The signal should
be non-linearly amplified to better reflect a typical TM transmitter.

7.1.5 Procedure

1.

Set the BERT to generate the desired bit rate with a pseudo noise sequence length of at least
211—1 (2047) bits and preferably at least 22°—1 bits long (the longer sequence is a better
simulation of the characteristics of an encrypted signal). Set the signal source to generate a
non-linearly amplified signal. Use the spectrum analyzer to verify the signal spectrum looks
like the expected (PCM/FM, SOQPSK-TG/ /FQPSK-JR, ARTM CPM) spectrum.

Set the initial Ep/No to approximately 15 dB and verify that the BERT synchronizes in the
non-inverted state. If the BERT does not synchronize, invert the output polarity of the
demodulator. If the BERT now synchronizes, there is a polarity inversion somewhere. The
source polarity can be checked by applying all zeroes (which can frequently be done by
terminating the data input to the modulator) and verifying that the output is an unmodulated
signal with a frequency equal to center frequency minus (bit rate)/4. If the output is an
unmodulated signal with a frequency equal to center frequency plus bit rate/4 then the
modulator is inverted. If the modulator polarity is not inverted but the demodulator polarity is
inverted, then the inversion is in the demodulator

Set the initial E»/No to approximately 15 dB and measure the bit errors in an interval of 107 or
108 bits. If the BER is larger than 1 per 10° bits, increase the Ev/No until the error rate is less
than 1 error per 10° bits and record the Eu/No as the starting value on the data sheet. Measure
the BEP in 1-dB intervals (reduce the Ev/No by 1 dB for each step) and record the Ev/No and
BEP on Data Sheet 7-1. If more than 1000 errors occur in an interval, the measurement time
can be reduced by a factor of 10 without significantly degrading accuracy.

Repeat for other bit rates as desired.

7.1.6  Data Reduction. Compare the measured BEP versus Ev/No with the specification. Plot
the data and interpolate between points to estimate the BEP at a given En/Np or to find the Ev/No
that is required for a given BEP.
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Data Sheet 7-1. Demodulators

Test 7.1 Bit error probability versus En/No
Manufacturer: Model:
Serial No.:

Test Personnel: Date:

Center frequency:

MHz

Data and clock interface: I:l TTL I:l ECL I:l Other

Bit rate tested:

(Check a box or write in type)

Mbps

Eb/No Bit Error Probability
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7.2.  TEST: Reacquisition and Synchronization Loss Thresholds

7.2.1  Purpose. This test measures the minimum Ey/No that results in consistent acquisition
(defined as typically back in synchronization in a few seconds) and the Ey/No at which
synchronization starts to be lost.

7.2.2  Test Equipment. Spectrum analyzer, BERT (with outputs matched to the signal source
inputs, i.e., TTL, ECL), attenuator, signal source, noise source.

7.2.3  Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2, depending on the
test equipment available.

7.2.4  Conditions. This test can be performed using a signal source at the demodulator input
frequency plus a calibrated noise test set that generates the selected Ev/No; a signal source plus
noise test set at a higher frequency that generates the selected Ev/No followed by downconversion
to the demodulator input frequency; or a signal source followed by an attenuator and a TM
receiver that are then calibrated in terms of Ey/No.

7.2.5 Procedure

1. Set the BERT to generate the desired bit rate with a pseudo noise sequence length of at least
2047 bits and preferably at least 22°—1 bits long. Set the signal source to generate a non-
linearly amplified signal with the correct modulation scheme. Verify the signal spectrum
using the spectrum analyzer.

2. Set the initial Ev/No to 10 dB and decrease the Ev/No in 1-dB steps (0.1-dB steps are optional
in the region of synchronization loss) until the BERT starts to lose synchronization. Record
the lowest value of Ev/No with solid synchronization on Data Sheet 7-2.

3. Set the Ev/No to the lowest value at which solid synchronization was maintained. Turn off the
signal source (or insert maximum attenuation). Turn the signal back on at the En/No set
above. If the signal is reacquired rapidly, then record this Ev/No on Data Sheet 7-2. If the
signal is not rapidly reacquired, repeat the process with the Ev/No increased in 1-dB steps
(0.1-dB steps are optional in the region of synchronization recovery) until rapid
resynchronization occurs.

4. Repeat for other bit rates as desired.

7.2.6  Data Reduction. Compare the measured Ev/No values with the specification.
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Data Sheet 7-2. Demodulators

Test 7.2 Acquisition and synchronization loss thresholds versus Eb/No

Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Center frequency: MHz

Data and clock interface:

Bit rate tested: Mbps

Eb/No

Synchronization loss threshold:

Re-acquisition threshold:
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7.3. TEST: Bit Rate and Input Frequency Tracking

7.3.1  Purpose. This test measures the maximum carrier and bit rate errors that allow
consistent acquisition (defined as typically back in synchronization in a few seconds) and
tracking.

7.3.2  Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source
inputs, i.e., TTL, ECL, etc.), attenuator, signal source, noise source, counter.

7.3.3  Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2 depending on the
test equipment available.

7.3.4  Conditions. This test can be performed using a signal source at the demodulator input
frequency plus a noise test set that generates the selected Eu/No; a signal source plus noise test set
at a higher frequency that generates the selected Ev/No followed by downconversion to the
demodulator input frequency; or a signal source followed by an attenuator and a TM receiver
that are then calibrated in terms of Ev/No. The test equipment must be able to set the demodulator
input frequency and bit rate to the required precision.

73.5 Procedure

1. Set the BERT to generate the desired bit rate with a pseudo noise sequence length of at least
2047 bits and preferably at least 22°—1 bits long. Set the signal source to generate the proper
non-linearly amplified signal. Verify the signal spectrum using the spectrum analyzer.

2. Set the Ep/No to 10 dB and monitor the BEP. Decrease the source bit rate (don’t change bit
rate set on demodulator) until the BEP increases by a factor of 2, or the BERT starts to lose
synchronization, whichever occurs first. Count the source clock frequency and record the
value on Data Sheet 7-3 as the lower frequency bit rate. Set the bit rate of the source to the
nominal value. Increase the bit rate until the BEP increases by a factor of 2, or the BERT
starts to lose synchronization, whichever occurs first. Count the source clock frequency, and
record the value on Data Sheet 7-3 as the upper frequency bit rate. Repeat for other bit rates
as desired.

3. Set the Ev/No to 10 dB and monitor the BEP. Decrease the demodulator input frequency
(preferably by changing the frequency of the RF source) until the BEP increases by a factor
of 2, or the BERT starts to lose synchronization, whichever occurs first. Count the
demodulator input frequency and record the value on Data Sheet 7-3 as the lower frequency
input. Increase the demodulator input frequency until the BEP increases by a factor of 2, or
the BERT starts to lose synchronization, whichever occurs first. Count the demodulator input
frequency, and record the value on Data Sheet 7-3 as the upper frequency input. Repeat for
other bit rates as desired.

7.3.6  Data Reduction. Compare the measured values with the specification.
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Data Sheet 7-3. Demodulators
Test 7.3 Bit rate and input frequency tracking
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Data and clock interface:
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbps) (MHz)
Lower frequency
Higher frequency
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbps) (MHz)
Lower frequency
Higher frequency
Center frequency: MHz
Bit rate: Mbps
Bit rate Input Frequency
(Mbps) (MHz)

Lower frequency

Higher frequency
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7.4. TEST: Demodulator Acquisition Time and Flat Fade Recovery Time.

7.4.1  Purpose. This test measures the time it takes for the demodulator to synchronize with
the input sweeping carrier frequency and symbol rates after a fairly long interval of no

acceptable input. The purpose of the flat fade recovery time test is to measure the time it takes
for the demodulator to synchronize with the sweeping input carrier and symbol rates after a fairly
short interval of no discernable input.

7.4.2  Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source
inputs, i.e., TTL, ECL, if required), attenuator, signal source, noise source, digital oscilloscope,
and switch.

7.4.3  Setup. Connect test equipment as shown on Figure 7-3.

BIT ERROR RATE | »
TEST SET _ . MODULATOR
A rF s
DERANDOMIZED
DATA Y
DEMODULATOR CALIBRATED
v UNDER TEST NOISE TEST SET
OR
y ATTENUATORS +
DIGITAL POWER METER +
OSCILLOSCOPE DOWNCONVERTER
h ot
SWITCH
» NOISE SOURCE
SWITCH
CONTROL

Figure 7-3.  Test Setup for Demodulator Acquisition Time and Flat Fade Recovery Tests

7.4.4  Conditions. This test can be performed using a signal source at the demodulator input
frequency plus a noise test set that generates the selected E»/No; a signal source plus noise test set
at a higher frequency that generates the selected Ev/No followed by downconversion to the
demodulator input frequency; or a signal source followed by an attenuator and a TM receiver
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that are then calibrated in terms of Ev/No. The power level of the noise source should be set to
approximate the level of the TM signal in the bandwidth of interest (a receiver in MGC mode
with no input would be a good choice for this noise source). If the BERT has the capability of
measuring acquisition time, it may be used in place of the digital oscilloscope. In all conditions,
the signal source should have the capability to sweep the carrier frequency at least +100 kHz
with a ramp-up/ramp-down profile.

7.4.5 Procedure

1.

Set the BERT to generate the desired bit rate with a pseudo noise sequence length of 2!°—1
bits with the sequence generated using feedback from register taps 14 and 15. A 2'5—1 bit
maximal length sequence is used for this test because it is compatible with the IRIG 15 stage
de-randomizer. One could also randomize an all ones or all zeros signal to get a good test
signal. A randomized sequence of ones should produce ones at the de-randomizer output and
randomized zeroes should produce zeroes (non-inverting mode assumed). Set the signal
source to generate the required non-linearly amplified TM signal. Verify the signal spectrum
using the spectrum analyzer. Set the demodulator to de-randomize the input signal. The de-
randomized output should be all zeroes, if there are no bit errors. Any bit errors will show up
as ones in the de-randomized output. Some demodulators output the zero state when the
demodulator is out of synchronization. In this case, it may be preferable to invert the data
output to more easily determine the error-free state from the out-of-synchronization state. If
the output is inverted, errors show up as the zero state at the de-randomized output.

Set the input frequency and bit rate to the nominal values selected on the demodulator. Set
the initial Ex/No to 15 dB. Set the switch to pass the signal for about 2 seconds and the noise
signal for about 8 seconds in a pattern that repeats every 10 seconds. Trigger the digital
oscilloscope on the transition to the signal and record intervals of about 500 ms (this value
may need to be varied to capture the actual acquisition times with sufficient accuracy). Set
the signal source to sweep the carrier frequency £100 kHz, or to a range compatible with the
capture range of the demodulator. The acquisition time is the time at which the output data is
stable in the all zeroes state. Repeat the test 10 times and record the acquisition times on Data
Sheet 7-4.

Repeat step 2 for various combinations of input frequency sweep range, bit rate offset, and
Ew/No.

Change the switch control to 1500 ms and 500 ms in noise mode (flat fade recovery or
reacquisition nominal test conditions). Repeat steps 2 and 3 for the desired combinations of
input frequency sweep range, bit rate offset and Ev/No

Repeat steps 2 through 4 for various bit rates and switch on/off times, as desired.

7.4.6  Data Reduction. Compare the measured acquisition and reacquisition times with the
values in the specification.
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Data Sheet 7-4. Demodulators

Test 7.4 Demodulator acquisition time and flat fade recovery time

Manufacturer:

Model:

Serial No.:

Test Personnel:

Date:

Center frequency:

MHz

Data and clock interface:

Bit rate tested:

Carrier sweep range

Switch on-time (modulator position)

seconds

Switch off-time (noise position):

seconds

Frequency Bit Rate
(MHz) (Mbps)

Eb/No Acquisition Time
(dB) (ms)
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7.5. TEST: Demodulator Adjacent Channel Interference Test

7.5.1  Purpose. This test measures the effect on BEP of signals in adjacent frequency
channels. The results will be a function of modulation methods, receiver filter characteristics, bit
rates, relative power levels, frequency spacing, and demodulator characteristics.

7.5.2  Test Equipment. Spectrum analyzer, BERT (with outputs matched to the signal source
inputs, i.e., TTL, ECL, if required), attenuators, TM signal sources, noise source, power splitters,
power meter, (a specialized test set can replace most of this test equipment if one is available),
and other RF sources as needed (for example, if FM interfering signals will be tested, then FM
signal sources with appropriate premodulation filtering will be needed).

7.5.3  Setup. Connect test equipment as shown in Figure 7-4.

Data » RF » Amp/
Source Source Atten [ Spectrum
Analyzer|
F Y
+ —» Atten N
Data » RF » Amp/ [—*
Source Source Atten +
*| Splitter
Data » RF »| Amp/ 3
Source Source Atten
4 4 Amp < + - Atten
Fy
A
BERT | Demod |4 Amp
< Revr (noise source)

Figure 7-4.  Test Setup for Adjacent Channel Interference Test

7.5.4  Conditions. This test can be performed using various modulation types as the
interferers. The test can also be performed with only one interferer or with two interferers (one
above and one below the victim signal). This test can be performed with actual TM transmitters
or with appropriate laboratory signal generators. The laboratory generators should be passed
through an amplifier of the same type as will be used in the actual transmitters (an amplifier
operating in its non-linear range can be used if an amplifier of the proper type is not available.) If
the purpose of the test is to evaluate performance during a test mission with a specific set of
frequencies, bit rates, and modulation types, use these parameters for the test.

7.5.5 Procedure

1. Set the BERT to generate the desired bit rate with a pseudo noise sequence length of at least
2'1—1 bits. Use this BERT as the input to the TM signal modulator (this signal will be the
center signal and called the victim). The modulator output will typically need to be non-
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linearly amplified to simulate a typical TM transmitter. Similarly, modulate the other two RF
sources with independent pseudo noise sequences at the same bit rate and non-linearly
amplify the outputs. Set the frequencies of these signals to frequencies equal to the bit rate
above and below the frequency of the victim signal.

2. Apply maximum attenuation to the two interferers to effectively remove them from the
output (at least 30 dB below desired signal power). Set the attenuators and noise source level
to produce a BEP of 107°. Increase the level of the victim signal by 1 dB.

3. Use the spectrum analyzer (or alternatively a power meter) to set the relative powers of the
signals. A typical starting point is to have the two interfering signals 20 dB larger than the
victim signal. Vary the attenuator that is common to the two interferers until the BEP is again
107°. Measure the relative power levels of the victim and interferers and record on Data Sheet
7-5.

4. Repeat steps 3 and 4 for various bit rates, modulation types of interferers, center frequencies,
and frequency separations, as desired.

7.5.6  Data Reduction. Subtract the victim power level from the interferer power level and
record on Data Sheet 7-5.
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Data Sheet 7-5. Demodulators
Test 7.5 Adjacent channel interference
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Peak deviation Filter BW MHz Power dBm
Power level difference between Victim and Interferers dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer 1: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Peak deviation Filter BW MHz Power dBm
Power level difference between Victim and Interferers dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer : 1 Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Interferer 2: Frequency MHz Bit rate Mbps  Modulation type
Peak deviation Filter BW MHz Power dBm
Power level difference between Victim and Interferers dB

7-14



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

7.6. TEST: PCM/FM Demodulator Modulation Index Sensitivity Test

7.6.1  Purpose. This test measures the demodulator sensitivity to changes in the modulation
index of the source PCM/FM signal.

7.6.2  Test Equipment. Spectrum analyzer, BERT, PCM/FM signal source, directional
coupler.

7.6.3  Setup. Connect the test equipment as shown in Figure 7-5. Verify the input level into
the demodulator is within the linear operating range of the demodulator.

Eit Error Rate
Test Set

=

o

]

Data

k4

Adjustable Modulation Index Calibrated Noise
PCM/FM Modulator »| Coupler |—» Test Set

b

Spectrum Analyzer j¢——
P y Demodulator

Under Test
e
= g
3
b

Bit Error Rate
Test Set

Figure 7-5.  Test Setup for Modulation Index Sensitivity Test

7.6.4  Conditions. This test must use a PCM/FM modulator that can control the modulation
index. This index must be verified utilizing the spectrum analyzer and the equation called out in
the Telemetry Applications Handbook.

7.6.5 Procedure

1. Set the BERT to generate the desired bit rate with a pseudo noise sequence of at least 2''—1
(2047) bits and preferably at least 22°—1 bits long (the longer sequence is a better simulation
of the characteristics of an encrypted signal). Set the signal source to generate PCM/FM with
a modulation index of 0.7. Use the spectrum analyzer to verify the signal spectrum looks like
a PCM/FM spectrum and verify the modulation index is 0.7, which is equal to peak deviation
of 0.35*(bit rate).

2. Perform a BEP versus Eu/No test as described in Subsection 7.1.5 with the modulation index
set at 0.7. This curve will be the baseline curve in which to compare the results.

3. Repeat the BEP versus Eu/Ny test with modulation indices between 0.6 and 0.8.
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4. Repeat test for other bit rates desired.
7.6.6  Data Reduction. Compare the BEP versus Ey/No curve with a modulation index of 0.7

with curves at other modulation indices. Plot the data and interpolate between points to estimate
the BEP at a given Eu/Np or to find the Ep/No that is required for a given BEP.
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Data Sheet 7-6. PCM/FM Demodulator Modulation Index Sensitivity Test

Test 7.6 PCM/FM demodulator modulation index sensitivity test

Manufacturer: Model:

Serial No.:

Test Personnel: Date:
Center frequency: (IF or RF)
Data and clock interface: (if any): TTL RS-422 ECL Other:
Modulation Index: Bit Rate:
Eb/No Bit Error Probability
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CHAPTER 8

Test Procedures for Hardware Implementing Low-Density Parity-Check
Codes

8. General

The RCC, beginning with the release of 106-17 Appendix 2D°, has adopted low-density
parity-check (LDPC) forward error correction code for TM hardware. The Telemetry Group
recommends the following procedures for testing TM systems that implement the encoding and
decoding of this forward error correction scheme. Table 8-1 lists the types of tests and their test
and paragraph number.

Table 8-1. Test Matrix for LDPC-Enabled TM Hardware

Test Number Test Description
8.1 Receiver/Decoder BEP versus En/No
8.2 Receiver/Decoder Threshold
8.3 Receiver/Decoder Initial Acquisition and Flat Fade Recovery Times
8.4 Receiver/Decoder Latency Time
8.5 Receiver/Decoder Adjacent Channel Interference
8.6 Transmitter/Encoder 99% Occupied Bandwidth and —25-dBm Bandwidth
8.7 Transmitter/Encoder Spectral Mask Compliance
8.8 Transmitter/Encoder to Receiver/Decoder Interoperability

8.1. TEST: Receiver/Decoder BEP versus En/No

8.1.1  Purpose. This test measures the BEP versus Ey/No performance of the receiver/decoder.

8.1.2  Test Equipment. Various methods are available for performing this test, which include
using a simple step attenuator/power meter to determine and set Ep/No, a noise test set that allows
direct control of Ev/No, and a receiver analyzer manufactured specifically to perform this test
(along with other test methods in addition to BEP versus Ep/No).

e Step attenuator/power meter method: Modulator with LDPC encoding (e.g. TM
transmitter, BERT, in-phase and quadrature [I/Q] signal source, etc.), power meter, step
attenuator (in 0.1-dB steps), spectrum analyzer (optional)

e Noise test set method: Modulator with LDPC encoding (e.g. TM transmitter, I/Q signal
source, etc.), BERT, noise test set, spectrum analyzer (optional)

e Receiver analyzer method: Receiver analyzer, BERT (if required), spectrum analyzer
(optional)

¢ Range Commanders Council. “Low-Density Parity-Check Codes for Telemetry Systems.” Appendix 2D in
Telemetry Standards. RCC 106-17. July 2017. Superseded by RCC 106-19. Retrieved 8 June 2020. Available at
https://www.wsmr.army.mil/RCCsite/Documents/106_Previous Versions/106-

17 Telemetry Standards/chapter2.pdf.
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NOTE It is important to use a BERT that can measure error rates up to 50% so that sync
/ failure will be accurately reflected in the BEP curves. Any perturbation or
unexpected degradation in the curve at higher BEPs, where the curve is typically
smooth and predictable, should be noted as probable synchronization failures.
These failures define the lower limit of operation in systems that are intolerant of
burst errors in the downstream processing.

8.1.3  Setup (step attenuator/power meter method). This method is for finding the attenuation
that results in an Ex/No of 10 dB when the step attenuator/power meter method shown in Figure
8-1 is used. Care should be taken when making these measurements due to the slope of the
LDPC detection curve and required granularity of Ev/No. Each measurement should be stable and
repeatable to no more than 0.05 dB.

Receiver/Decoder > BERT

(Under Test) D/C

¥

Transmitter/Modulator "| Attenuator

I
1
I BRI |
I
|
i D/IC ! |
I 1 |
|
i LDPC-enabled 'RF | Step RF Telemetry |
l :
I 1
I |

___________________ 1 IF

1/Q Signal Generator
Power
Meter

Figure 8-1.  Setup for Step Attenuator/Power Meter BEP Test

1. Place the signal source in carrier-only mode. There are several ways of doing this depending
upon the specific modulator and modulation scheme being used. (For example, when in
SOQPSK-TG/FQPSK-B/FQPSK-JR mode, apply a “101010” repeating pattern to the
modulator. This pattern should produce an unmodulated carrier signal.) Turn off the source
and set the attenuation to the maximum value. Use AGC freeze or manual gain to set the
noise power at the receiver IF output in the linear region. Measure and note the IF power
level in watts.

2. Turn on the source and decrease the attenuation until the power level at the IF output
increases by 3 dB over the value recorded in step 1. Note this attenuation setting as it will be
the baseline to work from. This value is the 0-dB IF carrier-to-noise ratio (C/N=0 dB) thus
the Ev/No 1s given by:

Ep _ IF BW
w2 (dB) = 10log () (Eq. 8-1)
3. Put the receiver in AGC mode and decrease the attenuation by approximately:
IF BW
10dB — 10log (5 ) (Eq. 8-2)

4. Use AGC freeze or manual gain to set the noise power at the receiver IF output in the linear
region. Measure and note the IF power level in watts. This will be the carrier plus noise
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(C+N) value. Note: The bit rate used in the equations is the uncoded bit rate. Units of IF
bandwidth and bit rate should be the same.

5. Turn off the source and set the attenuation to the maximum value. Measure the noise power
level (N) in watts. Calculate the Ey/No:

(C+N)_N) + 10log (

N

Ii—l;(dB) = 10log o)

Bit Rate (Eq. 8-3)
The most-accurate value to use for IF bandwidth is the equivalent noise power bandwidth. If
the —3-dB bandwidth (either measured or specified) is the only value readily available, it will
give nearly the same value for Ey/No. If the measured value is not within 0.1 dB of 10 dB,
change the attenuation by the appropriate amount to get within 0.1 dB of 10 dB and repeat
the (C+N) and (N) measurements and calculations. The Ev/No is now calibrated and will
change by 1 dB for each 1 dB of attenuation change.

8.1.4  Setup (for noise test set method). This method is for utilizing a noise test set for directly
setting Ev/No as shown in Figure 8-2. Once the bit rate and noise bandwidth are set in the noise
test set, the signal is applied and the noise test set will measure carrier power, allowing direct
control over Ey/No by varying the noise N.

RF Telemetry
» Receiver/Decoder
(Under Test) DiC

LDPC-enabled
Transmitter/Modulator

RF | Noise Test Set

(Calibrated) TR

I/Q Signal Generator

Figure 8-2.  Setup for Noise Test Set BEP Test

NOTE The bit rate set in the noise test set is the uncoded bit rate. The noise test set uses
the following equation to set Ex/No directly:

Eb 4By = 101 (C)+101 (IFBW)
N, (4B) =10log °9\Bit Rate

8.1.5  Setup (for receiver analyzer method). This method utilizes a receiver analyzer for
generating the LDPC-encoded waveform and directly setting Ev/No as shown in Figure 8-3. Most
receiver analyzers will require configuration of the test (in this case Ex/No vs. BEP) and of the
signal source. After these steps, setting Ev/No directly will be possible and the signal from the
receiver analyzer will have the exact amount of additive white Gaussian noise (AWGN) required
for that setting of Eu/No.
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Y
RF Telemetry |
Receiver Analyzer » Receiver/Decoder L, BERT
(Under Test) D/C

Figure 8-3.  Setup for Receiver Analyzer BEP Test

8.1.6  Conditions. This test can be performed using any of the three setups that perform the
following:

e A waveform signal source followed by an attenuator and a TM receiver/decoder that are
then calibrated in terms of Ev/No;

e A waveform signal source plus a noise test set that generates the signal at the selected
Ew/No directly;

¢ An integrated waveform signal source/calibrated additive noise source (receiver analyzer)
that generates the signal at the desired Eu/No directly.

If a TM transmitter is not used as the signal source, the signal should be non-linearly

amplified to better reflect detection performance in a typical TM link.
8.1.7  Procedure

1.

Set the BERT or source pattern to generate the desired bit rate with a pseudo-noise sequence
length of at least 2!'—1 (2047) bits and preferably at least 22°—1 bits long (the longer
sequence is a better simulation of the characteristics of an encrypted signal). Set the signal
source to generate the required modulation scheme and combination of information block
size/code rate for the LDPC code. (If available, amplify the signal with a non-linear
amplifier). As a quick check, use a spectrum analyzer to verify the signal spectrum looks like
the expected modulated waveform with calculated bandwidth expansion per IRIG-106
Appendix 2D’ given the code rate 7 and information block size &.

Set the receiver/decoder to match the combination of center frequency and modulation
scheme/information block size/code rate chosen for the modulator. Set the initial E»/Np to
approximately 10 dB (as explained in Subsection 8.1.3 step 3) and verify that the BERT
synchronizes in the non-inverted state. If the BERT does not synchronize, invert the output
data polarity of the receiver/decoder. If the BERT now synchronizes, there is a polarity
inversion somewhere.

Detection efficiency depends upon the selected code rate and information block size. IRIG-
106 Appendix 2D has reference detection curves that illustrate the steepness of the curves. In
general, regardless of the code rate/block size, starting with an initial Eyx/No of approximately
5 dB or greater will yield error-free data. Decrease Eu/Np in 1-dB steps until errors are
encountered. At this point, increase Ep/No by 0.1-dB steps until error-free data is once again
observed and record this Ev/No as the starting value on the data sheet. Measure the BER in

" Range Commanders Council. “Low-Density Parity-Check Codes for Telemetry Systems.” Appendix 2D in
Telemetry Standards. RCC 106-19. July 2019. May be superseded by update. Retrieved 8 June 2020. Available at
https://www.wsmr.army.mil/RCCsite/Documents/106-19 Telemetry Standards/chapter2.pdf.
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0.1-dB intervals (reduce the Ey/No by 0.1 dB for each step) and record the Ey/No and BEP on
Data Sheet 8-1. Allow BER to stabilize prior to annotating on the data sheet.

Code blocks typically decode as error-free or with a large number of bit errors. This, coupled
with detection failures of the attached synchronization marker (ASM), will cause the
resulting BER to become very bursty, resulting in stair-step detection curves. In order to
attain smoother detection curves, the analysis period has to be greatly extended compared to
uncoded systems. Because LDPC decoding is an iterative process, performance improves
when the decoder has time to perform more decoding iterations. With typical decoding
schemes the number of iterations scales inversely with bit rate, necessitating testing at several
uncoded bit rates.

4. Repeat for other modulation schemes, information block lengths, code rates, and baseband
data rates as desired.

8.1.8  Data Reduction. Compare the measured BEP versus Ey/No with the specification. Plot
the data with a linear-logarithmic X-Y scale. If required, interpolate between points to estimate
the BEP at a given Ev/Ny or to find the Eu/No that is required for a given BEP.
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Data Sheet 8-1.

Receiver/Decoder Detection Performance

Test 8.1 Bit Error Probability versus Ev/No
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Modulation:
Uncoded Bit Rate: Mbps Coded Bit Rate: Mbps
Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096
Ev/No Bit Error Probability




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

8.2. TEST: Receiver/Decoder Threshold

8.2.1  Purpose. This test determines the Ey/No for receiver/decoder threshold. Threshold is
defined as the value of Ev/No required for a resulting BEP of 1x1072. Reaching the threshold
value can occur two ways, when the signal gradually degrades eventually reaching threshold or
when acquiring the signal after a signal loss event.

maintain synchronization coupled with the threshold BEP of 1x1072, a BERT that

N OTV Given the extremely high values of BEP that an LDPC receiver/decoder must
can maintain bit synchronization to at least a BEP of 1x1072 is required.

8.2.2  Test Equipment. Modulator with LDPC encoding (e.g. TM transmitter, I/Q signal
source, receiver analyzer), BERT, noise source (attenuator/power meter, noise test set, receiver
analyzer), spectrum analyzer.

8.2.3 Setup. Connect test equipment as shown in Figure 8-1, Figure 8-2, or Figure 8-3
depending on the test equipment available.

8.2.4  Conditions. This test can be performed using any of the three setups that perform the
following:

e A waveform signal source followed by an attenuator and a TM receiver/decoder
calibrated in terms of Ey/No;

e A waveform signal source plus a noise test set that generates the selected Ev/No directly;

e An integrated waveform signal source/calibrated additive noise source (receiver analyzer)
that generates the selected Ev/No directly.

8.2.5 Procedure

1. Set the BERT or source pattern to generate the desired bit rate with a pseudo-noise sequence
length of at least 2''—1 (2047) bits and preferably at least 22°—1 bits long (the longer
sequence is a better simulation of the characteristics of an encrypted signal). Set the signal
source to generate the required modulation scheme and combination of information block
size/code rate for the LDPC code. (If available, amplify the signal with a non-linear
amplifier). As a quick check, use a spectrum analyzer to verify the signal spectrum looks like
the expected modulated waveform of choice with calculated bandwidth expansion per IRIG-
106 Appendix 2D given the code rate » and information block size k.

2. Set the receiver/decoder to match the combination of center frequency and modulation
scheme/information block size/code rate chosen for the modulator. Set the initial Ex/Np to 5
dB and verify that the BERT synchronizes to the bit pattern and is error-free. Decrease the
En/No in 1-dB steps until a BEP of 1x1072 is observed, then decrease in 0.1-dB steps until a
BEP of 1x107? is reached; this is the Eu/Ny at threshold. Record this value of E»/Np in Data
Sheet 8-2, Threshold.

3. Set the Ev/No to the threshold value determined in step 2. Mute the RF output on the signal
source and verify the BER tester is out of synchronization. Unmute the signal source,
maintaining the threshold Ev/Ny. If the signal is reacquired rapidly [<1x10° « (bit period)],
then record this Ew/No on Data Sheet 8-2, Re-acquisition threshold. If the signal is not rapidly
reacquired, repeat the process with the Ey/Np increased in 0.1-dB steps until rapid
resynchronization occurs and record that value in Data Sheet 8-2, Re-acquisition threshold.
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4. Repeat for other modulation schemes, information block lengths, code rates, and baseband
data rates as desired.

8.2.6 Data Reduction. Compare the measured Ep/No threshold values with the specification.

8-8



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 8-2.

Receiver/Decoder Threshold

Test 8.2 Threshold En/No

Manufacturer: Model:
Serial No.:

Test Personnel: Date:
Center Frequency: MHz Modulation:
Uncoded Bit Rate: Mbps Coded Bit Rate:

Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Ev/No

Threshold

Re-acquisition threshold
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8.3. TEST: Receiver/Decoder Initial Acquisition Time and Flat Fade Recovery Time

8.3.1  Purpose. This test measures the time it takes for the receiver/decoder to synchronize
after a long interval of no discernable input. In this case, due to the long outage the carrier is
swept to simulate a Doppler shift in frequency. The purpose of the flat-fade recovery time test is
to measure the time it takes for the receiver/decoder to synchronize after a fairly short interval of
no discernable input. In this case the carrier is not swept due to the short time of the outage. In
each case, Ev/No is set to a level where the signal is virtually noise-free or set to a level causing a
BEP of no higher than 1x107%.

Both tests reveal the total amount of time it takes for the demodulator to synchronize,
locate and lock on to the ASM and iteratively decode the LDPC code block (plus other
associated delays), and output the resulting data.

8.3.2  Test Equipment. Modulator with LDPC encoding with the ability to sweep the carrier
frequency (e.g. I/Q signal source, receiver analyzer), BERT, noise source (attenuator/power
meter, noise test set, receiver analyzer), noise source for no-signal case, digital oscilloscope, RF
switch, switch controller, spectrum analyzer.

8.3.3  Setup. Connect test equipment as shown in Figure 8-4.

|
: |
i " | Wideband Noise |
I : : : Source |
: I BERT : I |
! | I
I I
: ! DIc | (1111..1) | ! RF |
: ! > : T ! Y = [ (1111..1)
I | oise Test Set or elemetry
! : LDP_C—enabIed (RE » Step Attenuator/ : RE o RF Switch RE » Receiver/Decoder D/c >  BERT
by Transmitter/Modulator I |
£ ! Power Meter | | ‘ (Under Test)
! | I
I I
[ S e e - [ IF
I 1/Q Signal Generator : ¥
| .
S g;:ttfgl Power Meter
Receiver Analyzer (if req'd)

Digital Oscilloscope t«—
Trigger Data

Figure 8-4. Test Setup for Receiver/Decoder Acquisition Time and Flat Fade Recovery Tests

8.3.4  Conditions. This test can be performed using one of the following: a signal source
followed by an attenuator and a TM receiver that are then calibrated in terms of Ep/No; a signal
source plus a noise test set that generates the selected Ew/No; or a receiver analyzer. The power
level of the noise source connected to the RF switch should be set to approximately the same
level as the TM signal in the bandwidth of interest to minimize the effect of the receiver AGC.
The most commonly available choice for noise source is a receiver in manual gain mode with no
input; howevwer, other options are available. If the BERT has the capability of measuring
acquisition time, it may be used in place of the digital oscilloscope. In all conditions, the signal
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source should have the capability to sweep the carrier frequency at least £20 kHz with a ramp-
up/ramp-down (triangle waveform) profile with the ability to set the waveform period.

8.3.5 Procedure

1.

There are two methods available to generate the baseband test signal. Method one uses an
IRIG randomizer with all ones input pattern to achieve the baseband test signal. A
randomized sequence of ones should produce ones at the output of the de-randomizer/
receiver if the de-randomizer/receiver is implementing the IRIG de-randomizer correctly.
Method two sets the BERT to generate the desired bit rate with a pseudo-noise sequence
length of 2!°—1 bits. Ensure the output from this method is all ones after de-randomization;
invert the data if required. (Note: The exact method for generating this sequence must be
verified, as using feedback from register taps 14 and 15 ensures compatibility with the IRIG
15 stage de-randomizer). Set the signal source to generate the required center frequency,
modulation scheme, and combination of information block size/ code rate for the LDPC
code. (If available, amplify the signal with a non-linear amplifier). Verify the proper signal
spectrum is generated using the spectrum analyzer. Ensure the RF switch is passing the
signal to the receiver/decoder. Set the receiver/decoder to de-randomize the input signal. As
ones were input to the randomizer the de-randomized output should be all ones if there are no
bit errors. Any bit errors will show up as zeroes in the de-randomized output. Some
receiver/decoders may output the zero or ones state when the demodulator is out of
synchronization regardless of input data pattern. This should be checked and noted prior to
performing the test and the proper inversion selected if required to ensure the zero state is the
out-of-synchronization state.

N OTV The IRIG-106 recommendation for randomization/de-randomization for an LDPC

system is the Consultative Committee for Space Data Systems randomizer/de-
randomizer. While either randomizer/de-randomizer can be used for this test, it is
recommended to use the IRIG randomizer/de-randomizer due to legacy equipment
support and its unique compatibility with a properly generated pseudo-noise
sequence length of 2151,

2. Set the receiver/decoder to match the combination of center frequency, modulation scheme,

and information block size/code rate chosen for the modulator. Set the initial E»/No to
something greater than 20 dB, which will ensure additive noise will not bias the test result.
Using the RF switch control signal as the trigger, configure the digital oscilloscope to trigger
on the transition from noise to the signal and measure intervals of about 500 ms (this value
may need to be varied with bit rate to capture the actual acquisition times with sufficient
accuracy). Set the signal source to sweep the carrier frequency +£20 kHz, or to a range
compatible with the carrier capture range of the receiver. A good starting point for the sweep
period would be 4 kHz/s.

Initial Acquisition Test - Set the RF switch to pass the signal for about 2 seconds and the
noise signal for about 8 seconds in a pattern that repeats every 10 seconds. The initial
acquisition time is the time at which the output data is stable in the all ones state. Repeat the
test enough times to get repeatable results and record the minimum, maximum, and average
acquisition times on Data Sheet 8-3 (see note below). Repeat this step for an Ey/No that
results in a BEP no higher than 1x107%. If required, repeat for various combinations of input
frequency, sweep range/period, and information block size/code rate.
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4. Flat-Fade Recovery Test — Disable carrier frequency sweeping and decrease the time in
which the receiver/decoder sees the noise signal to 1500 ms and then to 500 ms. The flat-fade
recovery time is the time at which the output data is stable in the all ones state. Repeat the
test enough times to get repeatable results and record the minimum, maximum, and average
acquisition times on Data Sheet 8-3 (see note below). Repeat this step for an Ew/No that
results in a BEP no higher than 1x107°. If required, repeat for various combinations of input
frequency and information block size/code rate.

8.3.6  Data Reduction. If specified, compare the measured acquisition and reacquisition times
with the values in the specification.

NOTE There should be a range of acquisition values measured for both tests. This is
/ primarily due to the frequency in which the ASM is present, the selected
information block size/code rate, and where in the ASM/code block structure the
RF signal is re-applied to the receiver/decoder.
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Data Sheet 8-3. Receiver/Decoder Synchronization

Test 8.3 Acquisition Time and Flat Fade Recovery Time
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz
Uncoded Bit rate: Mbps Coded Bit Rate: Mbps
Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096
Carrier sweep range kHz Sweep Rate Hz
Switch on-time (signal) seconds
Switch off-time (noise): seconds

Frequency (MHz) Bit Rate (Mbps) Ev/No (dB) Acquisition Time (us)

Min | Max | Avg
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8.4. TEST: Receiver/Decoder Latency Time

8.4.1  Purpose. This test measures the latency added by the receiver/decoder to iteratively
decode the LDPC code block (plus other associated delays) when acquiring/reacquiring a TM
signal. This amount of time is precisely the time it takes the receiver/decoder to output invalid or
highly errored data at the start of a fade or resync event. This test measures this amount of time.

8.4.2  Test Equipment. Modulator with LDPC encoding (e.g. I/Q signal source, receiver
analyzer), BERT, noise source for no-signal case, digital oscilloscope, RF switch, switch
controller, spectrum analyzer.

8.4.3  Setup. Connect test equipment as shown in Figure 8-5.

Wideband Noise

I |
: : : : Source
il BERT | !
;! i |
I
B pic| (111.1) 1| RF
P ; o i oy (1111..1)
g 3 | | elemetry
1| paDRCenabled BT RF Switeh | Receiver/Decoder D€ .| BERT
L ' : (Under Test)
|
| i g ‘
: 1/Q Signal Generator :
: ________________________ : Switch
Receiver Analyzer Control
CHE] »| Digital Oscilloscope j+— Data
Signal Trigger on “0"

Figure 8-5.  Test Setup for Receiver/Decoder Latency Time Test

8.4.4  Conditions. This test can be performed using a signal source/modulator with LDPC
encoding (e.g. I/Q vector generator, TM transmitter, receiver analyzer). The power level of the
noise source connected to the RF switch should be set to approximately the same level as the TM
signal in the bandwidth of interest to minimize the effect of the receiver AGC. A receiver in
MGC mode with no input would be one choice for the noise source. The digital oscilloscope
should be configured to capture both the switching signal and the data output from the
receiver/decoder.

8.4.5  Procedure
1. Perform step 1, Subsection 8.3.5.

NOTE The IRIG-106 recommendation for randomization/de-randomization for an LDPC
/ system is the Consultative Committee for Space Data Systems randomizer/de-
randomizer. While either randomizer/de-randomizer can be used for this test, it is
recommended to use the IRIG randomizer/de-randomizer due to legacy equipment
support and its unique compatibility with a properly generated pseudo-noise
sequence length of 21°—1.

2. Set the receiver/decoder to match the combination of center frequency, modulation scheme,
and information block size/code rate chosen for the modulator. Set the signal levels into and
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out of the RF switch to be within the linear range of the receiver/decoder (a typical level
would be —40 dBm). Configure the digital oscilloscope to display both the RF switch control
signal and the level of the data output from the receiver/decoder.

3. Trigger the oscilloscope on the data transition from a one to a zero. As a start, configure the
RF control switch signal to output a square wave at a frequency of 1 Hz and adjust the period
as needed.

4. Measure the time between when the RF signal to the receiver/decoder is removed to the time
when a zero appears at the data output.

5. Repeat this test enough times to get repeatable results and record the minimum, maximum,
and average latency times on Data Sheet 8-4.

8.4.6  Data Reduction. If specified, compare the stated latency time with the measured
amount.

This test coupled with Test 8.3 gives a complete picture of the latencies and delays
associated with LDPC capture and decoding after a signal loss event. Both tests in Test 8.3
reveal the total amount of time it takes for the demodulator to synchronize, locate, and lock on to
the ASM; iteratively decode the LDPC code block (plus other associated delays); and output the
resulting data. This test measured a portion of the total time, which is the latency added by the
receiver/decoder to iteratively decode the LDPC code block (plus other associated delays) when
acquiring/reacquiring a TM signal. By subtracting the value(s) measured in Test 8.3 with the
value(s) measured in this test, you can determine the range of latency values associated with just
demodulator synchronization and ASM detection and lock. This is depicted in Figure 8-6.

I
RE In | LDPC Codeblock | | Bits Out

—+— Demodulator — AaSrI]\:Ij [Ec?:;id — Decode (lterative ———
I [ Process) |

|  SyncTime Test 8.4 |
[
Test 8.3

Initial Acquisition/FFRT (8.3) = Receiver Latency (8.4) + Sync Time

Figure 8-6. Receiver/Decoder Latency Tests

8-15



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for

Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 8-4. Signal Acquisition Latency Time

Test 8.4 Receiver/Decoder Latency Time

Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Center frequency: MHz

Uncoded Bit rate: Mbps Coded Bit Rate: Mbps
Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Signal Level dBm

Switch on-time (signal) seconds

Switch off-time (noise): seconds

Frequency (MHz) Bit Rate (Mbps) Latency Time (us)

Min | Max | Avg
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8.5. TEST: Receiver/Decoder Adjacent Channel Interference Test

8.5.1  Purpose. This test measures the effect on BEP of the victim signal when the interfering
signal(s) is in adjacent frequency channels. The results will be a function of modulation method,
information block size/code rate for the LDPC code, receiver filter characteristics, bit rates,
relative power levels, frequency spacing, and receiver/decoder characteristics in the presence of
an interferer.

8.5.2  Test Equipment. Modulator with LDPC encoding (e.g. TM transmitter, I/Q signal
source, receiver analyzer), BERT, TM signal sources (e.g. TM transmitter, I/Q signal source,
receiver analyzer), attenuators, noise source, power dividers, spectrum analyzer (specialized test
equipment such as a noise and interference test set and receiver analyzer can replace most of this
test equipment if available).

8.5.3  Test Method. The method of this test is to set an Ex/No for BEP of 1x107° for the victim
signal, increase the E»/No by 1 dB, and then add the interferer(s) at a certain frequency offset(s)
and at a certain carrier-to-interferer (C/I) ratio and observe any degradation of the victim signal.
If there is no degradation of BEP, then the interferer(s) is either increased in amplitude or moved
closer in frequency until a BEP of 1x107° is observed in the victim. This signifies 1 dB of
degradation in Ev/No, which is the limit for acceptable adjacent-channel interference.

8.5.4  Setup. Connect test equipment as shown in Figure 8-7.

o o o o N N A N A YA Y A N b |
} FmmmmTTTT T T T T :
i |
b BERT |
[T ol
L DIC L
E L
i |
} i | Transmitter/Modulator . i At_:eenuzlitor Spsa
L L (if req'd) Analyzer
i | RF
i i1 '
‘ 1/Q Signal Generator ' Power Attenuator
g PeemTRiemRe | Divider " (ifreqd)
LT i
N | | e RF P P
| : i enuator ower ower
i ! Transmitter/Modulator ; : (if req'd) Biider "1 Divider
|
L L I l
ko DIC !
ko f; i Attenuator
I |
o EERT P (if req'd)
} | L
___________________ !
} 1/Q Signal Generator | l
I |
e o e e o e ] Telemetry . :
Receiver Analyzer Receiver/Decoder i P UL
Divider Source
pommmommommmmoes (Under Test)
]
|
]
|
{ LDPC-enabled | | Attenuator bIC
{ Transmitter/Modulator | (if regq'd)
! I
| DIC i | BERT |
]
! BERT |
|
]
I 1
1/Q Signal Generator

Figure 8-7.  Test Setup for Adjacent Channel Interference Test
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8.5.5  Conditions. This test can be performed using various modulation types as the
interferers. The test can also be performed with only one interferer or with two interferers (one
above and one below the victim signal frequency). This test can be performed with actual TM
transmitters or with appropriate laboratory signal generators and/or a receiver analyzer. The
laboratory generators should be passed through an amplifier of the same type as will be used in
the actual transmitters (an amplifier operating in its non-linear range can be used if an amplifier
of the proper type is not available.) If the purpose of the test is to evaluate performance during a
test mission with a specific set of frequencies, bit rates, LDPC block size/coding rate, and
modulation types, use these parameters for the test.

8.5.6 Procedure

1. Set the BERT or data pattern of the signal source (this signal will be the center signal and
called the victim or carrier, C) to generate the desired bit rate with a pseudo-random bit
sequence length of at least 2!'—1 bits. The modulator output of the victim will typically need
to be non-linearly amplified to simulate a typical TM transmitter. Similarly, configure the
other TM signal source(s) with independent pseudo-noise sequences at the desired bit rate
and modulation mode. Non-linearly amplify the outputs if possible. Set the center
frequencies of these signals to the desired locations above and below the frequency of the
victim signal. A good starting point for these signals can be calculated using the adjacent-
channel interference recommendations in IRIG-106 Appendix 2A%,

2. Apply maximum attenuation to the two interferers or mute the RF outputs to remove them
from the input to the receiver/decoder. Set the attenuators and noise source level (or adjust
the noise and interference test set if available) to produce a BEP of 1x10° for the victim
signal. This attenuator will need to be in 0.1-dB steps in order to attain the required BEP.
Increase the level of the victim signal by 1 dB. Given the steepness of the detection curves
for LDPC, increasing the victim signal level by 1 dB will result in error-free data regardless
of block size/code rate combination.

3. Use the spectrum analyzer to set the relative powers of the interfering signal(s). A typical
starting point is to have the interfering signal(s) 20 dB larger (C/[=—20 dB) than the victim
signal. Vary the attenuator that is common to the two interferers until the BEP is again
1x107°. This attenuator will need to be in 0.1-dB steps in order to attain the required BEP.
Measure the relative power levels of the victim and interferers and record on Data Sheet 8-5.

4. Repeat steps 2 and 3 for various bit rates, modulation types, block size/code rate, and center
frequencies of the interferer(s) as desired.

8.5.7  Data Reduction. Subtract the victim (C) power level from the interferer (I) power level
and record on Data Sheet 8-5.

8 Range Commanders Council. “Frequency Considerations for Telemetry.” Appendix 2A in Telemetry Standards.
RCC 106-19. July 2019. May be superseded by update. Retrieved 8 June 2020. Available at
https://www.wsmr.army.mil/RCCsite/Documents/106-19_Telemetry Standards/chapter2.pdf.
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Data Sheet 8-5.

Receiver/Decoder Interference Susceptibility

Test 8.5 Adjacent Channel Interference
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Receiver IF Bandwidth MHz
Victim:

Frequency MHz Bit rate Mbps Modulation type

Power dBm Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Interferer 1: Frequency

MHz Bit rate Mbps Modulation type

Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz Bit rate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz Bit rate Mbps Modulation type
Power dBm Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Interferer 1: Frequency

MHz Bit rate Mbps Modulation type

Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz Bit rate Mbps Modulation type

Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
Receiver IF Bandwidth MHz
Victim:

Frequency MHz Bit rate Mbps Modulation type
Power dBm Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Interferer 1: Frequency

Power

Interferer 2: Frequency
Power

MHz Bit Rate Mbps

Modulation Type
dBm  Spacing from Victim MHz

MHz Bit rate Mbps Modulation type
dBm Spacing from Victim MHz

Power level difference between Victim and Interferer(s), C/I dB
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8.6. TEST: Transmitter/Encoder 99% Occupied Bandwidth and —25-dBm Bandwidth

8.6.1  Purpose. This test measures the 99% occupied bandwidth (OBW) and the —25-dBm
bandwidth of an LDPC-coded TM waveform. These bandwidths can be used to determine if the
system complies with its spectral occupancy requirements. An example of these bandwidth
measurements are shown pictorially in Figure 8-8 for an SOQPSK-LDPC (4096 _4/5) waveform
with an uncoded data rate of 5 Mbps.

QOccupied Bandwidth

Amplitude {dBm)

Amplitude (dBc)

10 3 6 4 2 0 2 4 6 8 10

Olffset Frequency (MHz)

Figure 8-8. OBW Example 5 Mbps SOQPSK-LDPC (4096 _4/5)

8.6.2  Test Equipment. Spectrum analyzer with built-in OBW measurement suite, directional
coupler, attenuators, power meter.

8.6.3  Setup. Connect the test equipment as shown in Figure 8-9 for a laboratory test or Figure
8-10 for an open-air test. The attenuator in Figure 8-9 must be set properly in order to keep the
input level to the spectrum analyzer below its maximum value.

Data Source/BERT

D/C
LDPC-enabled S Step
Transmitter Directional Coupler Alkanuator Spectrum Analyzer
FWD REV
Y
Power
Meter
¥
Termination

Figure 8-9.  Test Setup for 99% Occupied Bandwidth and —25-dBm Bandwidth Test
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Data Source/BERT

D/C T W
L?rl:;fn:ﬁtb;fd e o= Amplifier Spectrum Analyzer

Figure 8-10. Over-the-Air Test Setup for 99% Occupied Bandwidth and —25-dBm Bandwidth

8.6.4  Conditions. This test can be performed with an LDPC-enabled TM transmitting system
hard-wired in a laboratory environment or on the flight line, or with the system radiating from an
antenna in an open-air environment. The most accurate bandwidth measurements will be
obtained in a laboratory environment; however, reasonably accurate values can be obtained
under operational conditions provided that severe multipath (or other propagation anomalies) is
not present and that the received power levels are constant for the duration of the measurement.
The bandwidth measurements are performed using a spectrum analyzer with the following
settings: RBW=30 kHz, VBW=300 Hz, peak hold off and averaging off. These settings are
consistent with the settings for spectral mask measurements.

8.6.5 Procedure

1. Set the center frequency of the spectrum analyzer to match the transmitter carrier frequency.
Adjust the span so all modulated components plus the noise floor of the spectrum analyzer
are captured. A good rule of thumb is to have a minimum of 1 MHz of noise floor captured
both above and below the modulated waveform. As a starting point, use four times the
multiple of bit rate and bandwidth expansion factor for the code rate chosen to set the span.

2. Ifpossible, set the TM transmitting system to transmit an unmodulated carrier. Take several
sweeps with the spectrum analyzer to find the peak value, and set that value as the 0-dBc
reference point (the top of the spectrum analyzer display). The peak value is the unmodulated
carrier power at the spectrum analyzer input and will be used as the reference value for the
bandwidth measurements.

3. Ifunmodulated carrier transmission is not possible, the total carrier power at the input to the
spectrum analyzer can be found by setting the analyzer to its maximum RBW and VBW,
selecting max (peak) hold, and allowing the analyzer to make several sweeps. The maximum
value of the resulting trace will be a good approximation of the unmodulated carrier power
for frequency and phase-modulated signals. Set the maximum value as the 0-dBc reference
point (the top of the spectrum analyzer display). An example of this method is shown in

Figure 8-11.
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Modulated Carrier Example
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Offset Frequency (MHz)

Amplitude (dBc)

Figure 8-11. Spectrum Example for 0-dBc Determination

4. If possible, make a power measurement with a power meter and record that value in Data
Sheet 8-6 after correcting for losses between the transmitting system and the power meter. If
a direct power measurement is not possible, record the specified output power of the
transmitting system for reference.

5. Using the spectrum analyzer settings, verify the carrier is modulated correctly and
information block size/code rate for the LDPC code. Allow the analyzer to take several
sweeps. For a cabled test, span should be set to the recommended width, also verifying that
all spectral components decrease to at least =70 dBc (this value may not be achievable for an
open-air test). Perform the 99% OBW calculation with the spectrum analyzer. If the spectrum
analyzer cannot directly measure this parameter, it is possible to capture and download the
trace information and determine the frequencies at which 0.5% of the total power is above
and below these frequencies. Record the upper and lower frequencies spanning the 99%
OBW or the 99% OBW measured directly depending upon the method used in Data Sheet 8-
6.

6. A power level of —25 dBm is exactly equivalent to an attenuation of the transmitter power
by:

P, =55+ 10log(P) (Eq. 8-4)

where P is the transmitter power expressed in watts. For example, the —25-dBm level for a
10-W transmitter is —65 dBc. Find the two frequencies where all spectral components are
below the calculated level below the unmodulated carrier level. Record these upper and
lower frequencies and the —25-dBm bandwidth using Data Sheet 8-6.

8.6.6  Data Reduction. Enter resulting data from the procedure in Data Sheet 8-6.
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Data Sheet 8-6. Occupied Bandwidth
Test 8.6 99% Occupied Bandwidth and —25-dBm Bandwidth
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Output Power: \W
Uncoded Bit rate: Mbps Coded Bit Rate: Mbps
Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096
99% Occupied Bandwidth
Lower Frequency: MHz Upper Frequency: MHz
99% OBW: MHz
—25-dBm Bandwidth
Lower Frequency: MHz Upper Frequency: MHz
—25-dBm Bandwidth: MHz
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8.7. TEST: Transmitter/Encoder Spectral Mask Compliance

8.7.1  Purpose. This test verifies that the output of a transmitting system’s RF port meets the
spectral mask as defined in IRIG-106 Appendix 2A for each combination of information block
size/code rate and modulation scheme.

8.7.2  Test Equipment. Spectrum analyzer, BERT, spectrum analyzer, attenuator(s).

8.7.3  Setup. Connect the test equipment as shown in Figure 8-12. Note: If an external data
source is used, ensure the baseband interfaces are matched between the BERT and transmitting
system.

Data Source/BERT
DiC
LDPC-enabled .| Power | Step s Spectrum Analyzer
Transmitter Attenuator | Attenuator p ¥

A

Y

Computer

Figure 8-12. Test Setup for Spectral Mask Compliance

8.7.4  Conditions. This test should be done under laboratory conditions. The bandwidth
measurements are performed using a spectrum analyzer.

8.7.5  Procedure. The spectrum analyzer should have the following settings.

e Center Frequency: Carrier frequency of the transmitting system.

e Span: Appropriate for the combination of modulation mode and information block
size/coding rate (suggest four times the multiple of bit rate and bandwidth expansion
factor for the code rate chosen).

e RBW=30kHz, VBW=300 Hz

e Peak Hold: Off

e Averaging: Off

1. Per Figure 8-12, connect the spectrum analyzer to the transmitting system’s RF output
through an attenuator(s) rated for the transmitting system’s power with enough attenuation to
protect the input to the spectrum analyzer. A value of 40 dB of attenuation is typical for a 10-
W transmitter but one should determine the correct value based upon the output power of the
transmitter and maximum input level to the spectrum analyzer. If using a BERT, connect it to
the transmitting system at the desired clock rate/frequency and data pattern. Another method,
if available, is to use the internal clock and data pattern generator of the transmitter to
provide baseband data.

2. There are several ways to place a TM transmitting system into carrier-only mode for
determining the carrier power and subsequently the 0-dBc value.
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e [Ifusing a BERT or the internal data and clock capability, use a data pattern to generate a
carrier-only output. This will be modulation-mode dependent.

e Alternatively, set the transmitter to carrier-only mode via an external serial interface that
controls the transmitter directly. Once in carrier-only mode, measure the output power
(carrier power) and record it on Data Sheet 8-7. Be sure to account for the attenuation
between the transmitting system and spectrum analyzer. This will be the 0-dBc value.

e Alternatively, and perhaps easier, once in carrier-only mode, adjust the attenuation so that
the peak of the carrier is at the 0-dBm level of the spectrum analyzer. Once this is done,
amplitude on the spectrum analyzer and in the spectrum capture file can be read directly
as dBc.

3. Set the data source to generate a pseudo-random bit sequence length of at least 2!'—1 bits,
preferably 22°—1 or longer to better represent encrypted data. Set the desired modulation
mode and information block size/coding rate for the LDPC code. Measure and capture the
transmitted waveform with the spectrum analyzer and record the results on Data Sheet 8-7. If
0 dBc was set, the amplitude can be read in dBc directly. If not, convert the captured data to
dBc by subtracting the measured carrier power from measured amplitude values.

4. Compare the measured values with the spectral mask for the selected modulation scheme.
The spectral masks are published in IRIG-106 Appendix 2A. The bit rate R required for the
mask calculation must be adjusted based upon the block size/code rate for the LDPC code
used during the test. The bandwidth expansion factor to be applied to R and subsequently the
mask equation can be found in IRIG-106 Appendix 2D. Once the coded R value is
determined, the placement of the waveform within the spectral mask can be verified by
utilizing the J-Factor Equation specified in IRIG-106 Appendix 2A.

8.7.6  Data Reduction. Enter the results from the procedure in Data Sheet 8-7.

8-25



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 8-7. Spectral Mask

Test 8.7 Transmitter Spectral Mask Compliance
Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Center frequency: MHz Output Power: \W
Uncoded Bit rate: Mbps Coded Bit Rate: Mbps
Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Frequency Level (dBm) Level (dBc)

Carrier

Carrier — Bit Rate

Carrier — 0.9*Bit Rate

Carrier — 0.8*Bit Rate

Carrier — 0.7*Bit Rate

Carrier — 0.6*Bit Rate

Carrier — 0.5*Bit Rate

Carrier

Carrier + 0.5*Bit Rate

Carrier + 0.6*Bit Rate

Carrier + 0.7*Bit Rate

Carrier + 0.8*Bit Rate

Carrier + 0.9*Bit Rate

Carrier + Bit Rate
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8.8. TEST: LDPC-Enabled Transmitter/Encoder to Receiver/Decoder Interoperability

8.8.1  Purpose. This test verifies end-to-end operation of an LDPC-enabled TM system. Either
the encoder or decoder can be verified if one has already been verified as correctly encoding (for
the transmitting system) or decoding (for the receiver/decoder) per IRIG-106.

8.8.2  Test Equipment. Spectrum analyzer, BERT, attenuator(s), power divider.

8.8.3  Setup. Connect the encoder, decoder, and test equipment as shown in Figure 8-13.

Y
Input b/C
BERT
Output
DIC = Receiver/Decoder
LDPC-enabled Power Step Power
Transmitter Attenuator Attenuator Divider

\ i

Spectrum Analyzer

Figure 8-13. Test Setup for Interoperability

8.8.4  Conditions. This test is intended to be conducted in a laboratory environment.
8.8.5  Procedure

1. Set the data source to generate a pseudo-random bit sequence length of at least 2!'—1 bits,
preferably 22°—1 or longer to better represent encrypted data at the bit rate required for the
test. With the RF muted, configure the transmitting system for the carrier frequency, proper
modulation scheme, and block size/coding rate of the LDPC code. Enable the proper
randomizer for LDPC per IRIG-106.

2. Set the attenuator levels so the receiver/decoder is operating well within its linear range. A
typical value for a TM receiver would be an input level of —40 dBm. Configure the
receiver/decoder for the matching center frequency, proper modulation scheme, data rate,
block size/code rate, and de-randomizer. Verify the BERT is set to detect the same pattern as
is being generated. Unmute the RF output on the transmitting system and verify the
receiver/decoder is receiving, demodulating, and decoding the signal. Verify synchronization
of the BERT.

3. Once the BERT synchronizes, monitor the number of errors over a 15-minute interval.
Record the number of errors the BERT counts over this interval on Data Sheet 8-8.

8.8.6  Data Reduction. Enter resulting data from the procedure in Data Sheet 8.8.
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Data Sheet 8-8. Interoperability

Test 8.8 Transmitter to receiver interoperability
Manufacturer: Model:

Serial No.:

Test Personnel: Date:

Center frequency: MHz Output Power: \W
Modulation Mode: PCMFM SOQPSK ARTM CPM Data Pattern:

Uncoded Bit rate: Mbps Coded Bit Rate: Mbps

Coding Rate: 1/2 2/3 4/5 Code Block: 1024 4096

Bit Errors/15 Minute Interval:
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CHAPTER 9

Test Procedures for Space-Time Coding Capable Hardware

9. General

Space-time coding (STC) has been implemented in telemetry hardware to overcome the
two-antenna problem exhibited in many airborne telemetry systems. The following test
procedures are recommended for testing telemetry systems used for STC encoding and decoding.

Nearly all the test procedures for SOQPSK-TG digital transmitting and receiving systems
can also be performed with STC hardware. In general, these tests should be conducted with the
two STC-encoded RF bit streams from the transmitter/encoder combined, as they would be seen
through a transmission channel with zero frequency and delay offsets between the two STC
signals.

The STC encoding adds pilot bits to the user data, resulting in a 26/25 bit rate expansion.
The following procedures will identify two different bit rates. The “Input” bit rate is the pre-
modulation bit rate without the 26/25 bit rate expansion. The “Over the Air” bit rate is the 26/25
expanded bit rate as a result of the added STC pilot bits.

Table 9-1 lists the types of tests and their test and paragraph number.
Table 9-1. Test Matrix for STC-Capable Telemetry Hardware

Test Number Test Description
9.1 Receiver/Decoder Bit Error Probability versus Ey/No
9.2 Receiver/Decoder Reacquisition and Synchronization Loss Thresholds
9.3 Receiver/Decoder Initial Acquisition and Flat Fade Recovery Times
9.4 Receiver/Decoder Latency Time
9.5 Receiver/Decoder Adjacent Channel Interference
9.6 Transmitter/Encoder 99% Occupied Bandwidth and —25 dBm Bandwidth
9.7 Transmitter/Encoder Spectral Mask
9.8 Transmitter/Encoder to Receiver /Decoder Interoperability
9.9 STC Signals with RF Combining

9.1. TEST: Receiver/Decoder Bit Error Probability Versus Eb/No

9.1.1  Purpose. This test verifies the ability of a single-channel TM receiver/decoder to
properly decode a pair of SOQPSK-STC modulated waveforms. The two waveforms may arrive
at the receiver/decoder with differing amplitude, delay, and phase due to the physical
environment, antenna locations, and differences in the over-the-air propagation path.

This procedure tests specific amplitude and delay variances. Phase variances must also be
considered. The STC demodulator performance may be affected by the relative phase of SO and
S1 signals. If these signals are combined at the RF level (as opposed to digitally), relative phase
is dependent on carrier frequency, cable lengths, delays, etc. It is recommended that SO have a
small (roughly 1 Hz) frequency offset relative to S1 to make results as consistent as possible
while facilitating use of varying equipment resources,. Doing this ensures all possible relative
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phases are tested, and that results are averaged across those phases. This recommendation applies
to all STC performance tests, not just BEP.

Test equipment resources vary at each location. This test illustrates three different test
configurations. Figure 9-1 uses a waveform signal source followed by an attenuator and a
telemetry receiver/decoder that are then calibrated in terms of Ev/No. Figure 9-2 uses a waveform
signal source plus a noise test set that generates the signal at the selected Ev/No directly. Figure
9-3 uses an integrated waveform signal source/calibrated additive noise source (receiver
analyzer) that generates the signal at the desired Ev/No directly. Each of the three configurations
has the ability to generate a calibrated Ep/No at the receiver/decoder input.

BERT
_______________________________ D!C
RF Step RF
S0 > +
STC Enabled Aftenuator Telemet
- : RF 3
Transmitter or Vector - — Combiner Receiver/Decoder
Modulator g9 Step RF.— (Under Test) DiC
Attenuator
IF
STC RF Signal Saurce Bt
Meter

Figure 9-1.  Setup for Step Attenuator/Power Meter Bit Error Probability Test

BERT |«
DIC
¥ I
5 RF | Step RF
Attenuator I D/C
Sl ] RF | Noise Test Set | RF Telemetry
Transmitter or Vector e Combiner (Calibrated) Receiver/Decoder —
Modulator g1 b— Step RF: (Under Test)
Attenuator

STC RF Signal Source

Figure 9-2.  Setup for Noise Test Set Bit Error Probability Test
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|

DiC
STC Enabled Combined RE [
[ S0/51 ik
Receiver Analyzer (Under Test)

Figure 9-3.  Setup for Receiver Analyzer/VSG Bit Error Probability Test

9.1.2  Test Equipment. An STC signal source, control of the differential amplitude, delay, and
phase of the two STC signals, RF combiner, BERT.

9.1.3  Setup

9.1.3.1  Step attenuator/power meter method. This method is for finding the attenuation that
results in an Ex/No of 15 dB when the step attenuator/power meter method shown in Figure 9-1 is
used. Each measurement should be stable and repeatable to no more than 0.5 dB.

1. Connect the encoder/modulator as shown in Figure 9-1.

2. Place the signal source in carrier-only mode. There are several ways of doing this depending
upon the specific modulator being used. Turn off the source and set the attenuation to the
maximum value. Use AGC freeze or manual gain to set the noise power at the receiver/
decoder IF output in the linear region. Measure and note the IF power level in watts.

3. Turn on the source and decrease the attenuation until the power level at the IF output
increases by 3 dB over the value recorded in step 2. Note this attenuation setting as it will be
the baseline to work from. This value is the 0-dB IF carrier-to-noise ratio (C/N = 0 dB) thus

the Eu/Nop is given by:
E, IB) = 101 (IFBW>
N, (4B) = 10log (grp

4. Put the receiver/decoder in AGC mode and decrease the attenuation by approximately:

IF BW
15dB = 10log (Bit Rate)

5. Use AGC freeze or manual gain to set the noise power at the receiver/decoder IF output in
the linear region. Measure and note the IF power level in watts. This will be the carrier plus
noise or C+N value. Note: The bit rate used in the equations is the “Input” bit rate. Units of
IF BW and Bit Rate should be the same.

6. Turn off the source and set the attenuation to the maximum value. Measure the noise power
level (N) in watts. Calculate the Ep/No:

Ev o — o100 (EXM =N o (IFBW)
N, (4B) = 10log N °9\Bit Rate
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The most accurate value to use for IF bandwidth is the equivalent noise power bandwidth. If
the —3 dB bandwidth (either measured or specified) is the only value readily available, it will
give nearly the same value for Ep/No. If the measured value is not within 0.1 dB of 15 dB,
change the attenuation by the appropriate amount to get within 0.1 dB of 15 dB and repeat
the (C+N) and (N) measurements and calculations. The Ev/No is now calibrated and will
change by 1 dB for each 1 dB of attenuation change.

9.1.3.2  Noise test set method. Connect the encoder/modulator as shown in Figure 9-2. This
method is for utilizing a noise test set for directly defining Ev/No as shown in Figure 9-2. Once
the bit rate and noise bandwidth are entered in the noise test set, the signal is applied and the
noise test set will measure carrier power allowing direct control over Ev/No by varying the noise
N. Note: The bit rate entered in the noise test set is the “Input” bit rate. The noise test set uses the
following equation to define Eu/No directly:

IFBW)

Ev By = 101 (C)+101 (
N, (@B) = 10log (i °9\Bit Rate

9.1.3.3  Receiver analyzer/VSG method. Connect the encoder/modulator as shown in Figure
9-3.This method utilizes a receiver analyzer or vector signal generator with internal AWGN
capability for generating the STC SO and S1 signals and directly setting E»/No as shown in Figure
9-3. Most receiver analyzers will require configuration of the test (in this case Ev/No vs. BEP)
and of the signal source. After these steps, setting E»/No directly will be possible and the signal
from the receiver analyzer will have the exact amount of AWGN required for that setting of
Ew/No.

9.1.4  Conditions. This test can be performed using any of the three setups as described in the
last paragraph of Subsection 9.1.1. Differential delay, amplitude, and phase between SO and S1
are controlled manually.

9.1.5 Procedure

S0/S1 Equal Amplitude

1. Set the BERT to generate a pseudo noise pattern of at least 2!'—1 (PRN11), preferably longer
to better simulate encrypted data, at the bit rate required for the test. With the RF muted,
configure the transmitter/simulator system for the carrier frequency and SOQPSK-STC.

2. Set the signal level to the receiver/decoder to ensure it is operating well within its linear
range. A typical value for a telemetry receiver/decoder would be an input level of —40 dBm.

3. Configure the receiver/decoder for the matching center frequency, SOQPSK-STC, and data
rate. Verify the BERT is set to detect the same pattern as it is generating. Unmute the RF
output on the transmitting system and verify the receiver/decoder is receiving, demodulating,
and decoding the signal. Verify the BERT detector synchronizes on the proper data pattern. If
available on the receiver/decoder, monitor the front panel displays and verify there are no
differential delay or amplitude differences in the received signal.

4. Set the initial Ev/No to approximately 15 dB and measure the bit errors in an interval of 107 or
108 bits. If the BER is larger than 1 per 107 bits, increase the Ev/No until the BER is less than
that limit and record the Ey/Ny as the starting value on the data sheet.
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5. Measure the BEP in 1-dB intervals (reduce the Ev/No by 1 dB for each step until the BEP
>1072) and record the BEP on Data Sheet 9-1(A).

S0/S1 Individually

6. Repeat 9.1.3 through 9.1.4 with SO on and S1 off. Turning off S1 will require recalibrating
the Ev/No. Enter data into Data Sheet 9.1(B).

7. Repeat 9.1.3 through 9.1.4 with SO off and S1 on. Turning off SO will require recalibrating
the Ev/No. Enter data into Data Sheet 9.1(B).

S0/S1 Unequal Amplitude

8. Repeat 9.1.3 through 9.1.4 using unequal input levels. Reduce the S1 signal level by 3, 10,
and 20 dB from the SO signal. Each new differential amplitude setting will require
recalibrating the Ev/No by repeating 9.1.3 through 9.1.4. Record results on Data Sheet 9-1(C).

S0/S1 Unequal Delay

NOTE: If a capable signal simulator is not available, a means to vary the delay of one RF signal
path to the other is needed.

9. Set SO and S1 to equal amplitude. Repeat 9.1.3 through 9.1.4. Repeat 9.1.4 with S1 signal
delayed by ', Y4, 3/8, 2, ¥8, 7, ¥4, and 1 bit intervals from S0. Record results on Data Sheet
9-1(D).

10. Repeat SO/S1 Equal Amplitude, S0/S1 Individually, SO/S1 Unequal Amplitude, and S0/S1
Unequal Delay tests for other bit rates as desired.
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Data Sheet 9-1(A). Bit Error Probability versus Ev/No

Test 9.1(A) With Equal S0/S1 Signal Levels
Manufacturer: Model:
Serial No:
Test personnel: Date:
Center Frequency (MHz) Bit Rate (Mbps)
IF Filter BW (MHz)
Ev/No Bit Error Probability

15

14

13

12

11

10

9

8

7

6

5

4
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Data Sheet 9-1(B). Bit Error Probability versus Ev/No

Test 9.1(B) | With SO or S1 Only

Manufacturer: Model:

Serial No:

Test personnel: Date:
Center Frequency (MHz) Bit Rate (Mbps)
IF Filter BW (MHz)
Eb/No Bit Error Probability 1 Carrier Only
S0 ON/S1 Off S0 Off/S1 On
15
14
13
12
11
10
9
8
7
6
5
4
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Data Sheet 9-1(C).

Bit Error Probability versus E»/No

Test 9.1(C)

STC Unequal Amplitude

S0/S1 Attenuation Levels (dB)

Eu/No

S0 -3dB
S10dB

S0 -6dB
S10dB

S0 -10dB
S10dB

S0 0dB
S1-3dB

S0 0dB
S1-6dB

S0 0dB
S1-10dB

15

14

13

12

11

10

09

08

07

06

05

04
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Data Sheet 9-1(D).

Bit Error Probability versus E»/No

Test 9-1(D)

STC Unequal Delay

Delay in Bits

SO 1/8
S10

S0 1/4
S10

S0 3/8
S10

S0 1/2
S10

S0 5/8
S10

S0 3/4
S10

S0 7/8
S10

S0 1
S10

S0 0 S0 0
S11/8 | S11/4

S0 0
S13/8

S0 0
S11/2

S0 0
S15/8

S0 0
S13/4

S00
S17/8

S0 0
S11

Ev/No

BER

15

14

13

12

11

10

09

08

07

06

05

04
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9.2. TEST: Receiver/Decoder Reacquisition and Synchronization Loss Thresholds

9.2.1  Purpose. This test measures the minimum Ey/No that results in consistent acquisition
(defined as typically back in synchronization in a few seconds) and the Ey/No at which
synchronization loss occurs. Depending on the receiver/decoder this could be a BER as high as 5
X 107"

Note: Large values of BEP can be expected at the point of loss of synchronization. It is important
that the BERT chosen can maintain bit synchronization to larger values of BEP, such as 107"

9.2.2  Test Equipment. BER test set, modulator with STC encoding (e.g. telemetry transmitter,
I/Q signal source, receiver analyzer), noise source (attenuator/power meter, noise test set,
receiver analyzer), and spectrum analyzer.

9.2.3  Conditions: This test can be performed with a properly calibrated Ev/No using any one
of the three configurations shown in Figure 9-1, Figure 9-2, or Figure 9-3.

924 Procedure

1. Set the BER test set or source pattern to generate the desired bit rate with a pseudo noise
sequence length of at least 2!'—1 (2047) bits and preferably at least 22°—1 bits long (the
longer sequence is a better simulation of the characteristics of an encrypted signal). Set the
signal source to generate SOQPSK-STC modulation.

2. Set the receiver/decoder to match the combination of center frequency and bit rate of the
transmitting source. Set the initial Ev/No to approximately 15 dB and verify that the BER test
set synchronizes. Decrease the Ep/No in 1-dB steps until the BER test set starts to lose
synchronization. Some receiver/decoders have an internal assessment of synchronization. If
this is available compare these results with those obtained with the BER test set. Use the
value that best represents the performance of the system. Record the lowest value of Ev/No
with solid synchronization on Data Sheet 9-2.

3. Set the Ev/Np to the lowest value at which solid synchronization was maintained. Turn off the
signal source. Turn the signal back on at the Ev/Np set above. If the signal is reacquired
rapidly, then record this Ep/No on Data Sheet 9-2. If the signal is not rapidly reacquired,
repeat the process with the Ev/No increased in 1-dB steps until rapid resynchronization
occurs.

4. Repeat steps 2 and 3 for other baseband data rates as desired.

9.2.5  Data Reduction. Compare the measured Ev/No values with the specification.
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Data Sheet 9-2. Receiver/Decoder Acquisition and Synchronization
Receiver/Decoder Acquisition and Synchronization Loss Thresholds

Test 9.2

versus En/No
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Center Frequency (MHz) Bit Rate (Mbps)
Over the Air Bit
Rate: (Mbps)

Eb/No

Synchronization loss threshold:

Re-acquisition threshold:
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9.3. TEST: Receiver/Decoder Acquisition and Flat Fade Recovery Times

9.3.1  Purpose. This test measures the time it takes for the receiver/decoder to synchronize
after a long interval of no discernable input. In this case, due to the long outage the carrier is
swept to simulate a Doppler shift in frequency. The purpose of the flat fade recovery time test is
to measure the time it takes for the receiver/decoder to synchronize after a fairly short interval of
no discernable input. In this case the carrier is not swept due to the short time of the outage. In
each case, Ev/No is set to a level where the signal is virtually noise-free or set to a level causing a
BEP of no worse than 1x10°°.

Both tests reveal the total amount of time it takes for the demodulator to synchronize; locate and
lock on to the pilot bits; make estimations on frequency offset, differential timing, and
transmission channel; decode the Alamouti-encoded block; and output the resulting data.

9.3.2  Test Equipment: BER test set, modulator with STC encoding (e.g., telemetry
transmitter, I/Q signal source, receiver analyzer), noise source, digital oscilloscope, RF switch,
switch controller, spectrum analyzer.

9.3.3  Setup. Connect test equipment as shown on Figure 9-4.

Func
Gen

Y

BERT Wideband
Noise
| DIC‘(1111_._1) Source 2 i fg s A
FMIn DiC
5 RF| Step RF | Step : v
STC Enabled Aftenuator RE Attenuator/ Wideband RE Telemetry
Combiner Power |+ Noaise i . om—» Receiver/Decoder —
Vector Modulator RE Switch
S1t—» Step RF MEtEJ’(lf Source 1 (Under Test)
Attenuator Req'd) T
IF
Switch :
STC RF Signal Source Control Power I\.:Ieter
(if req’'d)

Receiver Analyzer

Y

Digital Oscilloscope +—

Trigger Data

Figure 9-4.  Test Setup for Receiver/Decoder Acquisition and Flat Fade Recovery

9.3.4  Conditions. This test can be performed using a signal source plus a noise test set that
generates the selected Eu/No; a signal source followed by an attenuator and a telemetry
receiver/decoder that are then calibrated in terms of Ey/No; or a receiver analyzer. The power
level of the noise source should be set to approximate the level of the telemetry signal in the
bandwidth of interest (a receiver/decoder in MGC mode with no input would be one choice for
this noise source). If the BERT has the capability of measuring acquisition time, it may be used
in place of the digital oscilloscope. In all conditions, when measuring the initial acquisition
recovery times, the signal source should have the capability to sweep the carrier frequency at
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least +20 kHz with a ramp-up/ramp-down (triangle waveform) profile with the ability to set the
waveform period to approximately 16 seconds (2.5 KHz/s).

935 Procedure

1.

There are several methods available to generate the baseband test signal. Method one uses an
IRIG randomizer with all ones input pattern to achieve the baseband test signal, a
randomized sequence of ones should produce ones at the output of the derandomized
receiver/decoder if the derandomized receiver/decoder is implementing the IRIG de-
randomizer correctly. Method two sets the BER test set to generate the desired bit rate with a
pseudo-noise sequence length of 2!°—1 bits. Ensure the output from this method is all ones
after de-randomization; invert the data if required. (Note: The exact method for generating
this sequence must be verified, as using feedback from register taps 14 and 15 ensures
compatibility with the IRIG 15-stage de-randomizer). Set the signal source to generate the
required center frequency and SOQPSK-STC modulation. Verify the proper signal spectrum
is generated using the spectrum analyzer. Ensure the RF switch is passing the signal to the
receiver/decoder. Set the receiver/decoder to de-randomize the input signal. As ones were
input to the randomizer the de-randomized output should be all ones if there are no bit errors.
Any bit errors will show up as zeroes in the de-randomized output. Some receiver/decoders
may output the zero or ones state when the demodulator is out of synchronization regardless
of input data pattern. This should be checked and noted prior to performing the test and the
proper inversion selected if required to ensure the zero state is the out-of-synchronization
state.

Set the receiver/decoder to match the combination of center frequency and SOQPSK-STC
modulation. Set the initial Evx/No to something greater than 20 dB, which will ensure additive
noise will not bias the test result. Adjust the output level of wideband noise source 2 to the
same level as the signal and wideband noise source 1. Using the RF switch control signal as
the trigger, configure the digital oscilloscope to trigger on the transition from noise
(wideband noise source 2) to signal plus noise (wideband noise source 1) and record intervals
of about 500 ms (this value may need to be varied with bit rate to capture the actual
acquisition times with sufficient accuracy). Set the signal source to sweep the carrier
frequency £20 kHz, or to a range compatible with the carrier capture range of the
receiver/decoder. A good starting point for the sweep period would be 2.5 kHz/s.

Initial Acquisition Test — Set the RF switch to pass the RF signal plus noise (wideband noise
source 1) for about 2 seconds and the noise (wideband noise source 2) for 8 seconds.
Continuously repeat this cycle. The initial acquisition time is the time from the switch trigger
to the time at which the receiver/decoder output data is stable in the all ones state. Repeat the
test enough times to get repeatable results and record the minimum, maximum, and average
acquisition times on Data Sheet 9-3 (see note below).

N OTV There should be a range of acquisition values measured for both tests.

This is primarily due to the frequency in which the pilot bits are
present in the block and where in the block structure the RF signal is
re-applied to the receiver/decoder.

Repeat steps 2 and 3 for an Ev/N that results in a BEP of 1x107°. If required, repeat for
various combinations of input frequency, sweep range/period, or bit rate.
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5. Flat Fade Recovery Test — Disable carrier frequency sweeping. Set the RF switch to pass the
RF signal plus noise (wideband noise source 1) for 8.5 seconds and the noise (wideband
noise source 2) for 1.5 seconds. The flat fade recovery time is the time at which the output
data is stable in the all ones state. Repeat the test setting the RF switch to pass the RF signal
plus noise (wideband noise source 1) for 9.5 seconds and the noise (wideband noise source 2)
for 0.5 seconds. Repeat both tests enough times to get repeatable results and record the
minimum, maximum, and average acquisition times on Data Sheet 9-3 (see note below).

6. Repeat step 5 for an Ev/Nj that results in a BEP of 1x107. If required, repeat for various
combinations of input frequency and bit rate.

9.3.6  Data Reduction. Compare the measured acquisition and reacquisition times with the
values in the specification.
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Data Sheet 9-3.

Receiver/Decoder Acquisition

Test 9.3 Receiver/Decoder Acquisition and Flat Fade Recovery Times
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Input Bit

Center Frequency (MHz)  Rate (Mbps)
Over the Air Bit
Rate:
Carrier sweep range kHz  Sweep Rate Hz
Switch on time (signal) seconds
Switch off-time (noise) seconds

Frequency (MHz) Bit Rate (Mb/s) Evw/No (dB) Acquisition Time (us)

Min Max Avg
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9.4. TEST: Transmitter/Encoder and Receiver/Decoder Data Latency

94.1 Purpose. This test determines the delay in the transmitter, in the receiver, and the
combination of transmitter and receiver for an SOQPSK-STC system.

9.4.2  Test Equipment. Digital pattern generator/BERT; mixed-domain oscilloscope (MDO).

9.4.3  Test Method. The use of STC requires the insertion of pilot bits used for estimation over
the block of data being transmitted. The user data is combined with the STC pilot bits to form an

STC frame. See Figure 9-5. The STC frame data rate is increased by a factor of 26/25. This adds

latency when compared to traditional serial streaming telemetry. See Figure 9-6.

3200 User Bit Tinves

L
L

User Bits

J200 bits

26025 Bit Rate Expansion

3204 bits

|

STC Pilot Bits |

1

128 hits i

| |

: STC Frame :
128 bits 32040 bats

Figure 9-5. STC Frame

Mm_w

|
i

— Transmitter Receiver [——

o R ——
[
o

Figure 9-6. Measuring STC Latency

Total System Latency: Lrotai=Tz — T4
Transmitter/Encoder Latency: Ly, =T, — T
Receiver/Decoder Latency calculation: Lg, = Lrotar — L7

9.4.4  Description of Figure 9-7 MDO Display. There are six traces on the display. The first
three traces consist of: CH1 Oscilloscope (green), CH2 Oscilloscope (blue), and Freq (f) vs
Time (yellow). There is a zoom window noted by white brackets on the first three traces. The
next three traces are the zoomed-in image of the three top traces inside the zoom brackets. When
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measuring the transmitter/encoder latency the MDO is triggered by the BERT input on CHI1.
Although it is too small to see on the CH1 sweep, the trigger point is marked by the T at the top
of the zoom window. The “b” marker is coincident with the trigger (T). The “a” marker is
coincident with transmitter RF output, via the directional coupler, and is seen on the yellow f
trace. The STC pilot bits are seen on the yellow f trace. The “a” & “b” marker measurements are
referenced to the trigger position. The measurement below was done with a 5-Mbs data rate. As
seen on Figure 9-7 L1, , the time from the BERT trigger (T) to the Transmitter output (a), is 41.4
us. Lrotar» the total delay to the RX output (CH2) is 193.4 ps.

serTDATA BT/ [l
Trig QUT:

RX DATA BIT
ouT:
(193 4 us)

2 Posimpd s deot Wb et wl b 5iSker vamiasle b fmn dundlnslran R resh kbt o inten il vemond -Lw—.l»!-a s o, s rerre S ) bbb, i ol

3 Nov 2018)
02:35:10

Figure 9-7. Mixed Domain Oscilloscope RF Latency (Transmitter) Measurement

MDO Settings

FREQ: ON,
RF VS Time Setting | AMP: Off,

PHASE: Off
SPAN 3 MHz
START 2248.5 MHz
STOP 2251.5 MHz
RBW 20 KHz

9-17



Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

9.4.5  Setup. Set up the equipment as in Figure 9-8. Set the RF output of the transmitter/
encoder using transmitter controls and/or attenuators for a reasonable RF level for the
receiver/decoder and MDO (nominally —20 dBm). Set the digital pattern generator/ BERT to
provide all zeros with an on-command one-time one bit change (insert error). Set the
transmitter/encoder and receiver/decoder to the desired bit rate.

s
5 | DIC
| o RF Step RF
! STC Enabled Attenuator el
: T o Receﬁfsg}gegoder
' . RF irecti RF
| : Vector Modulator o4 > Step RF | Directional (Under Test)
| Attenuator Coupler
! STC RF Signal Source RF Batd
o e Datarmg o o6
(TX Latency) = 4

Figure 9-8. Data Latency

9.4.6  Conditions. The STC encoder formats blocks of data and appends pilot bits (refer to
IRIG 106 Appendix 2-E°). Any data input bit can be assigned any position in the data block. The
data latency measured should be an average.

947 Procedure

1. Determine the total system latency Ly,:4; by connecting the MDO CH2 to the receiver data
output. Connect the MDO CHI1 to the BERT data output. Trigger the MDO from CH1. Insert
a bit error on the BERT. Measure the time from the BERT output to the receiver/decoder
data output on CH2. Record the Ly,¢4; result in Data Sheet 9-4.

2. Determine the transmitter latency (Ltx). Set the MDO RF input to the directional coupler
port. Insert a bit error on the BERT. Measure the time from the BERT output (T) to the
transmitter/encoder RF transition on the f trace. The RF transition signal will appear after
the trigger on the MDO. The Lz, will vary depending on where the transition bit is placed in
the encoded block. Repeat this step several times and record the L7, average result in Data
Sheet 9-4.

The receiver latency can be computed by subtracting Lgy, = Lrorar — Lrx-

4. Repeat steps 2 through 4 for other bit rates as desired.

° Range Commanders Council. “Space-Time Coding for Telemetry Systems.” Appendix 2E in Telemetry Standards.
RCC 106-19. July 2019. May be superseded by update. Retrieved 8 June 2020. Available at
https://www.wsmr.army.mil/RCCsite/Documents/106-19_Telemetry Standards/chapter2.pdf.
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Data Sheet 9-4. Transmitter/Encoder/Receiver/Decoder

Test 9.4 Transmitter/Encoder/Receiver/Decoder Data Latency

Manufacturer: Model:

TX Manufacturer: Model:

RX Manufacturer:
Tx Serial No:
Rx Serial No:

Test Personnel: Date

Center Frequency MHz

BIT RATE Lrotar (us) Ly (us) Liy (us)

Mbps
(Mbps) Lrotai= T3 — Ty Lr, =T, —T; Lrx = Lrotar — Ltx

R[N [N | B | W=

AVERAGE AVERAGE AVERAGE
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9.5. TEST: Demodulator Adjacent Channel Interference Test

9.5.1  Purpose. This test measures the effect on BEP of the victim signal when the interfering
signal(s) is in adjacent frequency channels. The results will be a function of the STC coding,
receiver/decoder filter characteristics, bit rates, relative power levels, frequency spacing, and
receiver/decoder characteristics in the presence of an interferer.

9.5.2  Test Equipment. BER test sets, modulator with STC encoding (e.g., telemetry
transmitter, I/Q signal source, receiver analyzer), telemetry signal source, attenuators, noise
source, power dividers, spectrum analyzer. (Specialized test equipment such as a noise and
interference test set and receiver analyzer can replace most of this test equipment if available.)

9.5.3  Test Method. The method of this test is to set an Ex/No for BEP of 1072 for the victim
signal, increase the En/No by 1 dB, and then add the interferer(s) at a certain frequency offset(s)
and a certain carrier-to-interferer ratio (C/I) and observe any degradation of the victim signal. If
there is no degradation of BEP, then the interferer(s) is either increased in amplitude or moved
closer in frequency until a BEP of 1x107° is observed, signifying 1 dB of degradation in Ev/No,
which is the limit for acceptable adjacent-channel interference.

9.5.4  Setup. Connect test equipment as shown in Figure 9-9.

BERT

DiC

STC Enabled
: Attenuator Spectrum
Transmitter or Vector (ifreqd) Analyzer

Modulator RF

Power Attenuator
Divider (if reg'd)

STC Enabled RF
Transmitter or Vector At_tenuajlmr P.GWEI P.O‘_”e'
Modulator (ifreqd) Divider Divider

STC RF Signal Sources

DiC l
Attenuator
BEL (ifreqd)

Receiver Analyzer l

Telemetry

STC RF Signal Source Receiver/Decoder
RF (Under Test)

Power Wideband Noise
Divider Source

RF Step RF
STC Enabled Aftenuator DiC
Transmitter or Vector Combiner

Modulator 5| RF | qop |RF BERT
Attenuator

DiC

BERT

Figure 9-9.  Setup for Adjacent Channel Interference Test

S0

9.5.5  Conditions. This test can be performed using various modulation types as the
interferers. The test can also be performed with only one interferer or with two interferers (one
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above and one below the victim signal frequency). This test can be performed with actual
telemetry transmitters or with appropriate laboratory signal generators and/or a receiver analyzer.
The laboratory generators should be passed through an amplifier of the same type as will be used
in the actual transmitters (an amplifier operating in its non-linear range can be used if an
amplifier of the proper type is not available.) If the purpose of the test is to evaluate performance
during a test mission with a specific set of frequencies, modulation scheme (for interferers), and
bit rates, use these parameters for the test.

9.5.6 Procedure

1. Set the BERT or data pattern of the signal source (this signal will be the center signal and
called the victim or carrier, C) to generate the desired bit rate with a pseudo-random bit
sequence length of at least 2!'—1 bits. The modulator output of the victim will typically need
to be non-linearly amplified to simulate a typical telemetry SOQPSK-STC transmitter.
Similarly, configure the interferer telemetry signal source(s) with independent pseudo noise
sequences at the desired bit rate and modulation. Set the center frequencies of these signals to
the desired locations above and below the frequency of the victim signal. A good starting
point for these signals can be calculated using the adjacent channel interference
recommendations in IRIG-106 Appendix 2A. Make sure to use the “Over the Air” bit rate for
the victim when calculating adjacent channel interference spacing per Appendix 2E.

2. Apply maximum attenuation to the two interferers or mute the RF outputs to remove them
from the input to the receiver/decoder. Set the attenuators and noise source level (or adjust
the noise and interference test set if available) to produce a BEP of 1x107° for the victim
signal. Increase the power output of the SOQPSK-STC victim signal by 1 dB.

3. Use the spectrum analyzer to set the relative powers of the interfering signal(s). A typical
starting point is to have the interfering signal(s) 20 dB larger (C/I = —20 dB) than the victim
signal. Vary the attenuator that is common to the two interferers until the BEP is again
1x107°. Measure the relative power levels of the victim and interferers and record on Data
Sheet 9-5.

4. Repeat steps 1 through 3 for various bit rates, modulation types, and center frequencies of the
interferer(s) as desired.

9.5.7  Data Reduction. Subtract the victim (C) power level from the interferer (I) power level
and record on Data Sheet 9-5.
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Data Sheet 9-5.

Receiver/Decoder

Test 9.5 | Receiver/Decoder Adjacent Channel Interference
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Receiver IF Bandwidth MHz
Victim: Frequency MHz  Bitrate Mbps
Power dBm
Interferer 1: Frequency MHz  Bitrate Mbps  Modulation type
Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz  Bitrate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz  Bitrate Mbps
Power dBm
Interferer 1: Frequency MHz  Bitrate Mbps  Modulation type
Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz  Bitrate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim & Interferer(s), C/I dB
Receiver IF Bandwidth MHz
Victim: Frequency MHz  Bitrate Mbps
Power dBm
Interferer 1: Frequency MHz  Bitrate Mbps  Modulation type
Power dBm Spacing from Victim MHz
Interferer 2: Frequency MHz  Bitrate Mbps Modulation type
Power dBm Spacing from Victim MHz
Power level difference between Victim and Interferer(s), C/I dB
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9.6. TEST: Transmitter 99% Occupied Bandwidth and —25 dBm bandwidth

9.6.1  Purpose. This test measures the 99% OBW and the —25 dBm bandwidth of an
SOQPSK-STC telemetry waveform. These bandwidths can be used to determine if the system
complies with its spectral occupancy requirements. An example of these bandwidth
measurements are shown pictorially in Figure 9-10 for an SOQPSK-STC waveform with a
baseband data rate of 5 Mbps (the over the air bit rate is 5.2 Mbps).

Occupied Bandwidth

/
/ i

-25dBm

'

_—1

10 — 8 6 4 2 0 2 4 6 8 7 10

MHz
Figure 9-10. OBW Example 5SMbps SOQPSK-STC

9.6.2  Test Equipment. Spectrum analyzer with built-in OBW measurement suite, directional
coupler, attenuators, power meter.

9.6.3  Setup. Connect the test equipment as shown in Figure 9-11 for a laboratory test. The
attenuator must be set properly in order to keep the input level to the spectrum analyzer below its
stated maximum level.
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BERT
D/IC
RF Step RF
S0 —>
Attenuator
STC-Enabled ) RF Directional RF RF
Transmitter/Modulator | - Combiner | — Coupler Sanail SoEtupanalyect
s1—5 step |RF
Attenuator
v
Power
Meter

Figure 9-11. Setup for Bandwidth Measurement Test

9.6.4  Conditions. This test is performed with an STC-enabled telemetry transmitter/encoder
and a receiver/decoder system hardwired in a laboratory environment. The bandwidth
measurements are performed using a spectrum analyzer with the following settings: RBW = 30
kHz, VBW = 300 Hz, peak hold off and averaging off. These settings are consistent with the
settings for spectral mask measurements.

9.6.5 Procedure

1.

Set the center frequency of the spectrum analyzer to match the transmitter carrier frequency.
Adjust the span so all modulated components plus the noise floor of the spectrum analyzer
are captured. A good rule of thumb is to have a minimum of one MHz of noise floor captured
both above and below the modulated waveform. As a starting point, use four times the bit
rate to set the span.

If possible, set the telemetry transmitting system to transmit an unmodulated carrier. Take
several sweeps with the spectrum analyzer to find the peak value, and set that value as the 0
dBm (0 dBc) reference point (the top of the spectrum analyzer display). The peak value is the
unmodulated carrier power at the spectrum analyzer input and will be used as the reference
value for the bandwidth measurements.

If unmodulated carrier transmission is not possible, find the total carrier power at the input to
the spectrum analyzer by setting the analyzer to its maximum RBW and VBW, selecting max
(peak) hold, and allowing the analyzer to make several sweeps. The maximum value of the
resulting trace will be a good approximation of the unmodulated carrier power for frequency
and phase-modulated signals. Set the maximum value as the 0 dBm (0 dBc) reference point
(the top of the spectrum analyzer display). An example of this method is shown in Figure
9-12.
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Figure 9-12. Modulated, Unmodulated, and Total Power Estimate Waveforms

4. If possible, make a power measurement with a power meter and record that value in Data
Sheet 9-6 after correcting for losses between the transmitting system and the power meter. If
a direct power measurement is not possible, record the specified output power of the
transmitting system for reference.

5. Configure the spectrum analyzer to the following settings: RBW=30 kHz, VBW=300 Hz,
peak hold off, averaging off. Verify the carrier is modulated with SOQPSK-STC modulation.
Allow the analyzer to take several sweeps. The span should be set to the recommended
width, also verifying that the spectral components decrease to at least =70 dBc. Perform the
99% OBW calculation with the spectrum analyzer. If this measurement cannot be directly
measured by the spectrum analyzer, it is possible to capture and download the trace
information and determine the frequencies at which 0.5% of the total power is above and
below these frequencies. Record the upper and lower frequencies spanning the 99% OBW
using Data Sheet 9-6.

6. A power level of =25 dBm is exactly equivalent to an attenuation of the transmitter power by
55+10*1og(P) where P is the transmitter power expressed in watts. For example, the —25
dBm level for a 10-W transmitter is —65 dBc. Find the two frequencies where all spectral
components are below the calculated level below the unmodulated carrier level. Record these
upper and lower frequencies and the —25 dBm bandwidth using Data Sheet 9-6.
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Data Sheet 9-6.

99% Occupied Bandwidth and —25 dBm Bandwidth

Test 9.6 | Transmitter 99% Occupied Bandwidth and —25 dBm Bandwidth
Manufacturer: Model Serial No.
Test Personnel Date
Center Frequency

Bit Rate

Combined Output Power

99% bandwidth

Lower Frequency Upper Frequency
99% OBW:

—25 dBm bandwidth

Lower Frequency Upper Frequency

—25 dBm bandwidth

Attach photo or plot spectrum:
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9.7.  TEST: Transmitter Spectral Mask Compliance

9.7.1  Purpose. This test verifies that the output of each RF port of a transmitting system meets
the spectral mask as defined in IRIG-106 for SOQPSK-TG with STC encoding.

9.7.2  Test Equipment. BERT, spectrum analyzer, attenuator(s), combiner.

9.7.3  Setup. Connect the test equipment as shown in Figure 9-13. If an external data source is
used, ensure the interface settings are matched between the BERT and transmitting system.

BERT
DIC i
¥
= RF Step RF
STC Enabled Attenuator | RF RE | Soect
Transmitter/Modulator Combiner Step Aftn > e CHL
g1 LRE, Step RF Analyzer
Attenuator
-

Figure 9-13. Spectral Mask Compliance Setup

9.7.4  Conditions. This test is for verifying that a transmitting system, typically a telemetry
transmitter, conforms to the spectral mask as defined in IRIG-106. This test should be performed
on the individual channels SO and S1 and on the combined output. Perform this test under
laboratory conditions. The bandwidth measurements are performed using a spectrum analyzer.

9.7.5  Procedure
1. The spectrum analyzer should have the following settings.

Center Frequency: Carrier frequency of the transmitting system
Span: Appropriate for SOQPSK-TG modulation and STC coding.
RBW =30 kHz, VBW = 300Hz

Peak Hold: Off

Averaging: Off

2. Per Figure 9-13 connect the spectrum analyzer to the RF output to each of the RF ports of the
transmitting system through attenuators and combiner rated for the power of the transmitting
system with enough attenuation to protect the input to the spectrum analyzer. A value of 40
dB of attenuation is typical for a 10-W transmitter but the correct value should be determined
based upon the output power of the transmitter and maximum input level to the spectrum
analyzer. If using a BERT, connect it to the transmitting system at the desired rate (clock
frequency) and data pattern. Another method is to use the internal clock and data pattern
generator of the transmitter to provide baseband data.
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3. Place each RF port on the transmitter to carrier-only mode either by an input data pattern of
alternating 1s and Os or via an external serial interface that controls each transmitter directly.
Once in carrier-only mode, measure the output power (carrier power) for each and record it
on Data Sheet 9-7. Be sure to account for the attenuation between the transmitting system and
spectrum analyzer. This will be the 0 dBc value. Alternatively, adjust the attenuation so that
the peak of the carrier is at the 0 dBm level of the spectrum analyzer. Once this is done for
each RF port, the amplitude on the spectrum analyzer and in the spectrum capture file can be
read directly as dBc. (Note: 0 dBc values between RF ports should be nearly identical.)

4. For each RF port (SO and S1 of the transmitting system), set the data source to the required
pseudo noise data pattern. Longer patterns are more representative of encrypted data. Set the
modulation mode to SOQPSK-STC at the bit rate of choice. Measure and capture the
transmitted waveform with the spectrum analyzer and record the results on Data Sheet 9-7. If
0 dBc was set, the amplitude will read in dBc directly. If not, convert the captured data to
dBc by subtracting the measured carrier power from measured amplitude values. Repeat the
procedure for the combined output and record on Data Sheet 9-7.

5. Compare the measured values with the spectral mask for SOQPSK-TG modulation. The
spectral masks are published in IRIG-106 Appendix 2-A. The bit rate required for the mask
calculation must be adjusted for STC (an expansion factor of 26/25). This bandwidth
expansion factor can be found in Appendix 2-E addressing STC coding in IRIG-106.
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Data Sheet 9-7. Transmitter/Encoder Spectral Mask

Test 9-7 Transmitter/Encoder Spectral Mask Compliance
Manufacturer: Model:
Serial No:
Test Personnel: Date:
Center MHz Output Power: w
Frequency:
Bit rate: Mbps “Over the Air” Bit Rate: Mbps

Frequency (Hz) Level (dBm) Level (dBc)

SO S1 Combiner SO S1 Combiner

Carrier

Carrier — Bit Rate

Carrier — 0.9*Bit Rate

Carrier — 0.8*Bit Rate

Carrier — 0.7*Bit Rate

Carrier — 0.6*Bit Rate

Carrier — 0.5*Bit Rate

Carrier

Carrier + 0.5*Bit Rate

Carrier + 0.6*Bit Rate

Carrier + 0.7*Bit Rate

Carrier + 0.8*Bit Rate

Carrier + 0.9*Bit Rate

Carrier + Bit Rate
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9.8. TEST: STC-Enabled Transmitter/Encoder to Receiver/Decoder Interoperability

9.8.1  Purpose. This test verifies end-to-end operation of an STC-enabled telemetry system.
Either the transmitter/encoder or the receiver/decoder can be verified if one has already been
verified as correctly encoding (for the transmitter/encoder) or decoding (for the
receiver/decoder).

9.8.2  Test Equipment. BER test set, spectrum analyzer, attenuator(s), power dividers (2).

9.8.3  Setup. Connect the transmitter/encoder, receiver/decoder, and test equipment as shown
in Figure 9-14.

DiC

BERT

F 9

STC-Enabled
Receijver /
| Decoder

DiC

F 3

RFE| Step RF

RF
50
STC.Enabled Aftenuator e i Sovar

Transmitter/Modulator RF RF Combiner Step Aftn 5 Divider
S1 Step

Attenuator

RF

k 4

Spectrum
Analyzer

Figure 9-14. Transmitter/Encoder to Receiver/Decoder Interoperability Test Setup

9.8.4  Conditions. This test is intended to be conducted in a laboratory environment.
9.8.5  Procedure

1. Set the BERT to generate a pseudo noise pattern of at least 2''—1 (PRN11), preferably longer
to better simulate encrypted data, at the bit rate required for the test. With the RF muted,
configure the transmitting system for the proper carrier frequency, SOQPSK-STC
modulation, and required bit rate from the BERT. Enable the proper randomizer for STC per
IRIG-106.

2. Set the attenuator levels so the receiver/decoder is operating well within its linear range. A
typical value for a telemetry receiver/decoder would be an input level of =40 dBm. Configure
the receiver/decoder for the matching center frequency, SOQPSK-STC modulation, data rate,
and derandomizer. Unmute the RF output on the transmitting system and verify the
receiver/decoder is receiving, demodulating, and decoding the signal. Verify the BERT
detector synchronizes on the proper data pattern. If available on the receiver/decoder, verify
that both SO and S1 are present, and there are no differential delay or amplitude differences
in the received signal.

3. Once the BERT synchronizes, monitor the number of errors over a 15-minute interval.
Record the number of errors the BERT counts over this 15-minute interval on Data Sheet 9-8.
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Data Sheet 9-8. Transmitter/Encoder to Receiver/Decoder
Test 9-8 | Transmitter/Encoder to Receiver/Decoder Interoperability
Manufacturer: Model:
Serial No.:
Test Personnel: Date:
Center frequency: MHz Output Power: \V
Data Pattern:
Bit rate: Mbps Over the Air Bit Rate: Mbps

Bit Errors/15 Minute Interval:
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9.9. TEST: STC Signals with RF Combining

9.9.1  Purpose. This test determines the combiner’s performance with different relative
amplitude levels of SO and S1 at each of the receiver/combiner channels. With a valid input to
the receiver, the combiner should always have a valid output.

9.9.2  Test Equipment. STC transmitter/encoder or simulator, receiver/combiner, BERT,
voltage-controlled attenuators, voltage source with amplitude modulation, receiver/decoder.

9.9.3  Setup. Connect the STC transmitter/encoder with the attenuators, combiners, and
splitters as shown in Figure 9-15.

BERT e Bic
DIC
L 4 50
5 Voltage :
RF Step RF | Splitter Controlled Combiner RF
S0 Attenuator Attenuator 51 — CH1
STC-Enabled #1 STC-Enabled
Transmitter/Modulator Voltage Receiver [ Decoder
s11R5l  step | RF Controlled S0 | RE cho
Attenuator Splitter ANE;;E'WF Combiner
S1

Figure 9-15. Combiner Test Configuration

994 Procedure

1. Connect the equipment as in Figure 9-15. Set the step attenuators to provide equal power
levels of SO and S1 at a combined level of =40 dBm to both CH1 and CH2 of the receiver/
decoder. Set the voltage-controlled attenuators to minimum attenuation. Verify the receiver/
decoder is performing RF/IF combining. Verify the receiver/decoder is properly
demodulating the two STC signals and the combiner is providing data to the BERT without
errors. If available on the receiver/decoder, verify that both SO and S1 are present, and there
are no differential delay or amplitude differences in the received signal. Verify the combiner
is functioning properly with the display.

2. While monitoring the receiver/decoder front panel or client software, decrease the S1 power
level on CH1 by increasing the attenuation of voltage-controlled step attenuator #2 in 10-dB
steps until the SO amplitude is 30 dB larger than the S1 amplitude on channel 1. Verify no
errors on the combiner output. Record results in Data Sheet 9-9.

3. While monitoring the receiver/decoder front panel or client software, decrease the SO content
on CH2 by increasing the attenuation of voltage-controlled step attenuator #1 in 10-dB steps
until the S1 amplitude is 30 dB larger than the SO amplitude on channel 2. Verify no errors
on the combiner output. Record results in Data Sheet 9-9.

4. Repeat steps 1 through 3 for other bit rates as desired.

9-32




Test Methods for Telemetry Systems and Subsystems Volume 2: Test Methods for
Telemetry Radio Frequency (RF) Subsystems RCC 118-20 V2 June 2020

Data Sheet 9-9.

STC Signals

Test 9.9 \ STC Signals with RF Combining
Manufacturer: Model:
Serial No:
Test personnel: Date:
Center Frequency (MHz)
Voltage Voltage
Controlled Controlled
Attenuator #1 Attenuator #2
(Reduces SO on (Reduces S1 on COMBINER
CH2) (dB) CH1) (dB) BEP
0 0
0 -10
0 20
0 -30
-10 —30
—20 —30
—30 —30
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Appendix A

IM Products and Intercept Point

Al General

These notes are presented to point out a severe problem in systems involving
preamplifiers. The IM products are produced whenever the signal strength is sufficient to cause
the amplifier (or receiver) to operate in the nonlinear portion of the characteristics of the unit. A
major cause of IM is gain compression. Because of a limited range of linear operation, the IM
products of neighboring signals are very likely to fall on top of the desired signal, many times
resulting in complete loss of data. A brief mathematical discussion of the factors involved in the
production of objectionable IM components with two input signals is presented as a way of
introducing the problem. The IM noise can also distort the signal by entering the transmission
path and modulating the signal or it can be caused by nonlinear characteristics of the electrical
components.

A2 Intermodulation Products

The output of an amplifier can be expressed as a power series with:

eout = Ki€in + koein? + k3ein® + . . . higher-order terms that are considered negligible
for this analysis.

If ein = (e1 sin wit + e sin wat), expansion is shown to yield the following equations in
the output:

Cout = % ka2 (e1? +e?) (Eq. A-1)
3 .3 4

+ [kier + 5 kseiex” + 2 kse1”]sin w1t (Eq. A-2)
3., 3 .

+ [kiex + > ksei“ex + 2 kiex“]sin mot (Eq. A-3)

= %kzelz cos2mit (Eq. A-4)

- % kaes? cos2amnt (Eq. A-5)

—%k3el3 sin3mit (Eq. A-6)

- i kse® sin3mat (Eq. A-7)
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+ koereacos(mr — o)t (Eq. A-8)
— koereacos(mr + wo)t (Eq. A-9)
+ % ksei%easin(2mr — o)t (Eq. A-10)
- % ksei%exsin 2o1 + moyt (Eq. A-11)
+ % kserex?sin(2mz — o1)t (Eq. A-12)
- % ksere2?sin(2w + o)t (Eq. A-13)

Equations A-2 and A-3 are directly proportional to the input signals when the amplifier is
operated within its linear region. Therefore, the fundamental response can be plotted with a slope
of 1. Equations A-4, A-5, A-8, and A-9 are second order terms, are proportional to the square of
the input signals, and can be plotted with a slope of 2. Equations A-6, A-7, A-10, A-11, A-12,
and A-13 are proportional to the cube of the input and can be plotted with a slope of 3.

In general, only equations A-2, A-3, A-10, and A-12 need to be considered for TM
preamplifiers. All other components are far removed from the input signals and are easily
removed by filtering. Equations A-2 and A-3 indicate the output of the device for the desired
signals; however, it should be noted that in addition to the linear gain term (k1), the desired
output is modified by the third-order coefficient (k3).

Equations A-10 and A-12 of the series expansion are of major concern in the TM
preamplifier. These IM products are located as close to the input signals as the two input signals
are from each other.

The above analysis has been simplified by considering the effect of only two signals, the
inclusion of only the first three terms of the power series, and the assumption that the bandwidth
is less than 2m1. In wide-band systems, if higher order terms are even, the IM products are of
little concern in amplifiers, because they are far removed from the desired frequency. If the terms
are odd, some of the IM components will fall very near the desired frequency. Fortunately, the
higher order coefficients (fifth order or greater) have considerably smaller values and are
normally neglected. As more signals are added, the number of IM products increases very
rapidly. For example, if the number of signals is increased from two to three, the number of the
IM products close to the desired frequency increases from two to nine. The number of potentially
dangerous IM products is approximately proportional to the cube of the number of signals.

If two signals of equal amplitude are applied to the input of an amplifier of sufficient
bandwidth at frequencies fi and 1, the output spectrum may appear as shown in Figure A-1. The
second order products will appear at 2f;, 215, fi + 2, and f; — 2. The third-order products will
appear at frequencies 3f1, 3f, 2f1 — £, 2f1 + £, 2f, — {1, and 2f> + f1. The third-order terms,

211 — f; and 2f; —f1, may be within the passband of a TM preamplifier if the bandwidth is greater
than 3(f> — f1).
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NOTE Amplifiers with bandwidths greater than one octave should be
tested for second order terms.

AMPLITUDE IN dB
T \
i
AMPLIFIER
i
| ‘/ PASSBAND
i
i m
i i
/ !
f |
i !
i |
i |
i !
I |
i \
i i
| §§ ¢ Lo§¢ 1 |
R Y Tﬁ
fi+1£, 2f, + £, 2f, + 1]
FREQUENCY IN MHz

Figure A-1. Illustration of Spectrum for Two Fundamental Frequencies, F1 and F2, with
Second- and Third-Order Response

A.3  Intercept Point

The amount of IM distortion in a system can be defined from the third-order IP. For each
1 dB of signal strength increase of the fundamental frequency, the third-order level increases 3
dB.!° The IP is defined as the intersection of the fundamental response of an amplifier and the
higher order spurious responses extrapolated to a linear response and referred to the amplifier
output. Figure A-2 illustrates a plot of the amplifier transfer characteristics including second and
third-order IM terms.

10 Keiser, Bernhard E. Broadband Coding, Modulation, and Transmission Engineering, second edition. Washington,
D.C.: CEEPress Books, 1994.
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P, =POWER OUTPUT dBm

+20

3RD ORDER
IP o(3)

2ND ORDER
P o)

| | | | | |
-60 -40 20 0
P2 IP,3)

P, =POWER INPUT dBm
(EACH SIGNAL)

1P = Intercept point
IP , = Intercept point referred to output
IP |, = Intercept point referred to input
P_=Power output
P, =Power input

IM , = Intermodulation products measured
at output of amplifier

(2) or (3) = 2nd or 3rd order products

Figure A-2. Graphical Representation of Intercept Point

Once the IP has been experimentally determined, it is possible to predict a range of
operation where the second and third-order terms will not be greater than the system noise floor
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if the minimum detectable signal is known. This range is known as the Spurious Free Dynamic
Range, which is defined as the range that exists between two or more signals of equal amplitude
and the IM products that result from these signals.

From Figure A-2, the following relationships can be established.

a. Power output of second-order terms.

Po2 = 2(IP; — Py) dB below IP

Where:
IP, = second-order IP
Po = fundamental signal level measured at amplifier output

b. Power output of third-order terms.

Pos3 = 3(IP3 — Py) dB below IP

Where:
IP; = third-order IP

c. Third-order output IP.

IPo3 = (Po—IMy3) + IMp3

Where:
IMo3 = third-order IM at output of amplifier.

d. X(3) = IP;—Py

e. Dynamic range if system minimum detectable signal is known.

2X(3) =Po—IMp;

A-5
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Appendix B

Noise Figure Measurements

B.1 General

The following discussion reveals several areas where special care and attention are
necessary to obtain valid and meaningful noise figure measurements. The most common method
for measuring noise figure, and the method that will be discussed here, is the automatic noise
figure meter method. Automatic noise figure measurements are generally valid for noise figures
ranging from about 3 dB to as much as 20 dB, if proper precautions and care are taken during the
measurement process. This range of noise figure values will include all the TM RF components
except very low noise preamplifiers. Measurement for that type of equipment is generally made
using a laboratory environment and a hot-and-cold-source test method. Total RF system
sensitivity can be evaluated using solar measurement methods.

B.2 Noise Power

The noise power at the output of a TM receiving system can be expressed by

N kTsB (Eq. B-1)
Where:

k = Boltzmann's constant = 1.380622 « 1072 W/Hz/K

Ty = system noise temperature (K)

B = system bandwidth (Hz)

The system noise power is proportional to the system noise temperature and the receiving
system bandwidth. The best receiving system bandwidth can be determined from the data
bandwidth, modulation type, and peak deviation. The actual bandwidth is determined by what
receiver bandwidths are available. The sensitivity of a TM receiving system is ultimately
determined by the amount of noise the system adds to the incoming signal. Consequently, the
design of the receiving system must include every possible design consideration to minimize this
added noise. To evaluate the design and quality of any receiving system, it is necessary to
include measurement of its performance in terms of noise temperature or noise figure.

B.3  System Consideration

Several parameters in a receiving system are significant when determining the noise
figure of that system. The first amplifier stage in the receiving system establishes the order of
magnitude of the noise figure of the system; however, every component from the receiving
system input terminals to its output will have an effect on the amount of noise added to a signal
by the receiving system. Included are such parameters as cable loss, connector loss, impedance
mismatch, insertion loss of passive devices (switches, filters, and directional couplers), and the
noise introduced by all active devices within the receiving system.

B.4  Noise Figure Equation

At this point it is necessary to make a distinction between two forms of the term “noise
figure.” Noise figure (NFqb) is expressed in dB and noise factor (nf) in decimal units. For
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example, a noise figure of 3 dB corresponds to a noise factor of 2. A noise figure calculation is
the logarithm form of the numerical power ratio (that is, the noise factor). To eliminate possible
confusion, equations B-2 and B-3 shows the relationship between the two.

NFgs = 10 * logio(ns) (Eq. B-2)

ne= 10 N0 (Eq. B-3)

The equation for calculating the noise factor of an RF system or any series of networks in
cascade follows:

Ns =n1+”27_1+”3__1m+”n—_1 (Eq. B-4)
& £18> £182---8n1
Where:
Ns = system noise factor

nl, n2, nn = noise factor of each stage
g1, 22, gn = gain of each stage expressed in decimal units

For a lossy component, the noise factor is the reciprocal of the fractional gain at room
temperature (for example 290°). The test setup should also have good impedance matching.
From (B-2) and (B-3), the noise factor is equal to the loss, expressed as:

ne=lc (Eq. B-5)
ne = 101 4B10 =1 2589

Equations B-5 and B-7 verify that the gain and noise figure of the initial amplifying stage
in a receiving system has a significant effect on the noise figure of that system. As previously
stated, the overall design and quality of construction can affect the system noise figure as well.
The system in Figure B-1 with the RF system components located at some point separate from
the antenna will have a worse noise figure than the system in Figure B-2 with the RF
components located at the feed assembly output terminals. Substituting the values from Figure
B-1 into equation B-4 and using equation B-2, the system noise figure can be determined. The
equations assume the cable losses except Ci are negligible.

SWITCH PREAMP MULTL. |—]
“ orR | @ _lrwrER | @ lpiysepl @ | COUPLER g |RECEIVER| IF
4B |COUPLER Ly = .5dB Gp = 30dB NF=8dB @ NF=8dB [ .
1 Le=.1dB Gy = 0dB
SIGNAL
GENERATOR

Figure B-1. Receiving System with Filter before the Preamplifier
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c SWITCH | . [pREAMP | ( POST AMP R,
—_ | OR L INF,=3.5dB | g FILTER L INF,—45dB | g SOV
5 |COUPLER G, = 20dB Ly =05dB G, = 10dB NF=8dB
0 Ly=0.1dB Gy, = 0dB
TO
SIGNAL RECEIVERS
GENERATOR
Figure B-2. Receiving System with Filter after Preamplifier
Equations B-4 and B-5 for Figure B-1 are as follows.
cable switch  filter = preamp m/c receiver
n—1 n,—1 n —1 n —1 n -1
n=nc T +L— 42 - +——
8t gclgs gclgsgf gclgsgfgp gclgsgfgpgm
From (B-4) and (B-5),
n, =1 n, —1)
r
n=nc; +nc1 (ns — 1) + ne1 ns (nf— 1) + neyns ne (np — 1) + ner ns nf + nc1 N Nf
P gp Em

Where:
ncl=10(1/10) = 1.2589 (cable)
ns =10(0.1/10)=1.02329 (switch)
nf =10(0.5/10) = 1.122 (filter)
np = 10(3.5/10) =2.2387: gp = 10(30/10) = 1000 (preamp)
nm = 10(8 /10) = 6.3095: gm = 100/10) = 1 (multicoupler)
nr =10 (8/10) = 6.3095 (receiver)

n =3.463
NF =10 ¢+ log10 (3.463)
NF=5.114dB

When substituting the values from Figure B-2 into (B-5) we get:

(n e 1) (I’ll - 1)
n=ng + n¢i (ns _1) + Ne1 Ng (np _1) + Ney N AN + Ne1 Ds Nf

g, 8
(n.-1)

gpglgm

(n,-1)

gpgl

+ N ng Dr + Nt

nNs Nf

Where:
= 10019 =1 (cable cl)
ns = 10(0.1/10)=1.02329 (switch)
= 10(3.5/10) =2.2387: gp = 10(20/10) = 100 (preamp)
ny = 10(4.5/10)=2.8194: gl =10(10/10) =10 (post amp)
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nm = 10(8/10) =6.3095: gm = 10(0/10) = 1 (multicoupler)
n. = 10(8/10)=6.3.95 (receiver)

n = 23252
NF= 10 logl0 (2.3252)
NF= 3.665 dB

This example underscores the importance of minimizing loss components ahead of the
first amplifier stage. Placement of filters and calibration components, as well as long cable runs,
should be given careful consideration in system design. Although, in this example,
interconnecting cable losses were neglected. Long cable runs can have a significant impact on
system performance. For an accurate noise factor calculation, the losses between stages should
be included. This combined noise factor is, in turn, employed to determine the noise figure used
in equation B-2. The above calculations are based on room temperature (290 K) and correct
impedance matching. For low noise figure components and amplifiers, the noise figure is not a
useful approach. Instead, the effective noise temperature (T¢) should be used. The cascaded
approach used for noise factor can also be used as indicated in the following equations:

r - Tl-z.) (Eq. B-6)
gu
And
] =1 (Eq. B-7)
8.
Where:
T. = effective noise temperature in Kelvin
T = component noise temperature
ga = gain of the component (available loss of the component)
1 = available loss (numeric equivalent of the dB value).

B.5 Noise Figure Measurements

Each brand of noise figure measuring equipment requires unique procedures and
techniques for operation. The operations manual for the noise figure meter should be consulted
before making measurements. A variety of precautions must be observed when making noise
figure measurements with an automatic noise figure meter to avoid mistakes and to improve
accuracy.

B.5.1 Noise Source

Noise figure measurements at TM frequencies most commonly employ a diode.
However, older noise figure meters typically used a gas discharge tube. This device has
characteristics that can damage sensitive amplifiers and degrade results. When the noise tube is
initially turned on, it produces an output spike that is significant. Prior to turning on the noise
source, it is necessary to disconnect it from the device under test. After it is turned on, it may be
reconnected to the device under test. In operation, the noise tube is pulsed on and off. A high
voltage ionizing pulse of several thousand volts is required. Capacitive coupling between the
noise tube and the noise pickup coil allows these pulses to appear as spikes in the noise output at
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an amplitude of several volts. The use of an attenuator on the noise source output reduces these
effects. The attenuator will also improve the VSWR match between the noise source and the
device under test. Selection of this attenuator can be of further benefit to the operator. The
accuracy of most automatic noise figure meters falls off when measuring noise figure below 2 or
3 dB. Since all attenuation ahead of an active device adds algebraically to the noise figure of that
device, the use of a 10-dB attenuator will increase the measured noise figure by 10 and make
subtracting this loss from the final reading easier. A 10-dB attenuator is also sufficient to protect
most sensitive amplifiers from these spikes.

B.5.2 Excess Noise Ratio

Automatic noise figure meter accuracy is dependent upon the ENR of the noise source
being used. The meter provides a reading based on its calibration and the ENR of the source at
the desired frequency. When the ENR of the source is different from that for which the meter
was calibrated, a correction factor must be added to the meter reading. Some noise figure meters
are calibrated during the measurement process for the noise source and frequency used. In these
meters, no correction is required. The operator must always consult the operations manual to
determine the correction factor for the source and frequency used.

B.5.3 Gain

Another common error in making noise figure measurements is the lack of appropriate
gain within the test setup. Too much gain will saturate the noise figure meter and cause an
erroneous reading. Likewise, too little gain will affect the readings. The operations manual for
the meter used should be consulted to obtain the proper input level for that meter. This condition
is most effectively accomplished by placing an attenuator or amplifier in the output of the mixer
stage, just ahead of the noise figure meter. A 60-dB step attenuator or a variable gain IF
amplifier with up to 40-dB gain is sufficient for most applications.

B.5.4 Component Loss

Connectors and cables used in the test setup can cause many problems. Quality
components must always be used to obtain quality test results from any test setup. In noise figure
measurements, this statement is doubly true. Not only must components be first quality, they
must be kept clean and tightened properly for accurate measurement. A Freon cleaner is
preferred because lubricating contact cleaners attract dust and residue. All test cables should be
carefully calibrated in the frequency range in which they are to be used. Cable losses will be
added to the noise figure of the amplifier or receiver that they precede when making system
noise figure calculations.

B.5.5 Image Response

When selecting the equipment for a noise figure test setup, it is important to choose a
receiver or converter that has a high image rejection specification. The image response of the
receiver adds significantly to the noise figure. The image error is given by equation B-8 below.

NF; =10« logio (1-2) (Eq. B-8)
Where:
gi = 1mage response gain ratio
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gs = signal response gain ratio

For receivers with an image rejection of 20 dB or greater, this error is negligible. If a
standard TM receiver is used as the converter, the image error can usually be neglected, but with
a mixer converter, it must be taken into account. The image error of a mixer converter can be
improved by using a narrow band filter (5 MHz or less) at the input to the mixer. If the image
rejection of the filter is greater than 20 dB, the image error can be neglected.

B.6 Measurement Setup

Connect the test equipment for laboratory measurements of component noise figure as
shown in Figure B-3. Noise figure measurements on TM equipment are generally made easier by
using a standard TM receiver as the mixer-converter stage. The TM receiver eliminates image
errors and the necessity for making frequency measurements on the local oscillator. Most TM
receivers have an IF output at the noise figure meter input frequency. Use of the first IF output is
generally preferred because of the elimination of the second IF mixer and amplifiers. If a
separate mixer converter and local oscillator are preferred, they will be connected as shown in

Figure B-4.

AMPLIFIER ATTEN.
NOISE 10 dB ™
SOURCE | ™ paD | »| UNDER ' ® | RECEIVER | > OR —
TEST AMP
NOISE
FIGURE  |g
METER

Figure B-3. Noise Figure Measurement using TM Receiver

Note: The 10-dB pad is optional if a noise diode is used.

MIXER
AMPLIFIER
IS\T&I%CE—» lljgc[i)B —® UNDER —®|FILTER —>®—’ AT(%N' —
TEST + AMP
I
LOCAL OSC.
NOISE
FIGURE |
METER

Figure B-4. Noise Figure using Filter, Mixer, and Oscillator

Note: The 10-dB pad is optional if a noise diode is used.
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If this connection is made prior to turning on the noise source, the noise

—m~ | | This connection should not be made until after the noise source is turned on.
& spikes discussed previously may damage the amplifier.

The equipment should be assembled and connected as shown except for the connection
between the noise source and the amplifier under test. All equipment except the noise source
should be allowed to warm up for at least 30 minutes. The noise source should not be turned on
until measurements are to be made. The noise source should also be turned off when no
measurements are taken for 10 or more minutes. If the noise tube is allowed to become hot, an
error will be introduced. Noise figure readings above 2 dB will not be affected if the noise source
remains near room temperature.

B.7 Measurement Procedure

The first step in making noise figure measurements involves calibrating the system. This
calibration is accomplished by replacing the amplifier under test with a jumper or barrel
connector. Connect the jumper between the 10-dB pad and the next stage (in this case, a TM
receiver). Turn the noise source on. Employing the manufacturer's procedures for the noise
figure meter used, measure the noise figure. Take care to ensure that the attenuator or amplifier
following the receiver is adjusted to provide the proper AGC voltage output from the noise
figure meter. Record the measured noise figure in dB. The noise factor for the calibration setup is
determined as follows:

nyu =nP +np (n2—1)

np (n2—1) =nNu — np (Eq. B-9)
Where:

nnva = noise factor of system with no amplifier

np = noise factor of pad (10-dB pad in this case)

n2 = noise factor of next stage

With the noise source off and disconnected, place the amplifier under test in the test setup
in place of the jumper. Turn on the noise source and connect it to the 10-dB pad. Again, ensure a
proper noise figure meter AGC output and measure and record the noise figure. This reading will
be the system noise figure (NFs). Equations B-2, B-4, and B-5 are now used to determine the
noise factor (n1), and the noise figure (NF1) of the amplifier under test.

np(n2 - 1)
ns =np+ np(Namp —1)+ — (Eq. B-10)

amp

By substitution:
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(nN/A - ”p)
ns =np=np(Namp —1)+ — (Eq. B-11)

amp

ng (nN/A - nP)
Namp = — 17— (Eq. B-12)
nP gamp

The noise figure for the amplifier can now be determined by:

NF =10 «logio (namp) (Eq. B-13)
Where:

np = pad attenuation (10-dB)

nna = noise factor without amplifier

Namp = noise factor of amplifier : gamp = gain factor of amplifier

n2 = noise factor of stage following the amplifier

If proper care has been taken to avoid the problem areas discussed previously, NF; will
be the noise figure of the amplifier under test within the accuracy of the noise figure meter used.

B.8 Summary

Noise figure is a helpful tool in the design and evaluation of TM RF systems. The
precautions necessary to make valid noise figure measurements are also necessary in the design
of a quality RF system. By being aware of these problem areas, both the engineer and technician
can do a better job. Careful measurement of the noise figure and gain of each active component,
and the loss of each passive component (including cables and connectors), will enable
calculation and determination of the system noise figure prior to making system measurements.
A measured system noise figure, different from that calculated, usually indicates the existence of
one or more of the problem areas discussed. Periodic noise figure measurements of at least twice
a year can show a trend leading to a component failure. The frequent measurements of G/T can
serve as a guide for deciding how often noise figure measurements should be made. Potential
failures can be avoided by identifying such trends.
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Appendix C

Solar Calibration

C.1 General

The solar calibration test is used as a basis for system calibration, go/no-go status, and
troubleshooting of operational TM ground receiving systems. One of the primary advantages of
the solar calibration test is the availability of the sun as a radiation source and its applicability to
nearly any antenna with a 4-foot or larger aperture. For large-aperture antennas, aperture
correction is required because the sun can no longer be treated as a point source.

C.2  Solar Calibration Technique
N OTV The solar calibration method and procedures have been revised for tri-band

accuracy (e.g., L, S, and C-Bands).

The revised method has been adopted based on the recommendation from the
Technical Memorandum titled:
Comments on RCC-118-02, vol-2, App C — Solar Calibration.

The solar calibration technique uses a measurement of the ratio (7sun/7s) to calculate
receiving system sensitivity, where Tsun 1s the antenna noise temperature referred to the antenna
temperature because of the RF energy that is being collected from the sun, and 75 is the antenna
system noise temperature.

By definition,
2
Tsun= ﬂ (Eq C-l)
8tk k,L
Or
2
Tun _ SAG, (Eq. C-2)
T, 8ckk,LT,
And
G, _8TER LT figure of Merit) (Eq. C-3)
—=———"" (Figure of Meri . C-
T,  SAT, s 1
Where:

G: = gain of the receiving antenna

A = test frequency wavelength (meters) (300/1;)
L = aperture correction factor

Ts = system noise temperature
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k = Boltzmann’s constant (1.380622 » 1072 W/Hz/K)
k> = correction factor for atmospheric attenuation
S = solar power flux density (random polarization) in W/m?*/Hz at the test time
and at the test frequency
ft =test frequency (MHz)

NOTE Solar power flux density (S) at the test frequency will need to be interpolated
/ from data measured by NOAA at specific frequencies. Measurements are made
daily by radio observatories at frequencies 245, 410, 610, 1415, 2695, 4995,

8800, and 15,400 MHz. Solar flux measurements from Sagamore Hill Radio
Observatory are the optimal values for the continental United States. For sites
outside of the continental United States, use values from the nearest radio
observatory.
Contact information:

Phone: DSN 272-8087 or commercial (402) 232-8087

Internet: http://www.swpc.noaa.gov/ftpdir/lists/radio/rad.txt or

http://services.swpc.noaa.gov/text/current-space-weather-indices.txt

Data interpolation is needed to convert the power flux density measurements into flux
densities at the test frequency. A polynomial can be fit to the data set to perform this
interpolation.

To encompass all telemetry bands, the outer frequencies required are 610 and 8800 MHz,
with 1415 (L), 26(5 (S), and 4995 (C) data measurements in between. Annotate the solar flux
values at these frequencies for use in the polynomial curve.

provided by NOAA for the frequencies identified above in Microsoft

N OTV To generate the polynomial, input the solar power flux measurements
Excel or equivalent spreadsheet software.

Input the five solar flux values annotated abaove into the spreadsheet software and create
a scatter chart. Using trend line analysis, fit a 4M-order polynomial to the set of solar flux values.
Then display the polynomial function fitting the solar flux values and corresponding coefficients
on the chart.

General 4M-order polynomial form:

Solar Flux (S) — A+bf+cf+df +ef* (Eq. C-4)

Using the displayed equation generated by the spreadsheet software, solve Eq. C-4 for the
solar flux density at the desired test frequency.

NOTy This interpolation assumes that the test frequency is between 610 MHz and 8800
MHz.

Input the NOAA measurement frequencies into the spreadsheet software using
units of GHz to generate an equation with enough significant figures in the
polynomial coefficients Trend Line display to obtain an accurate interpolated
frequency value.
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The units of the measured power flux densities are 10722 W/m?/Hz. A reported value of
111 would mean 111 * 102 W/m*/Hz.

Aperture correction depends on the ratio of the angular size of the sun and the 3-dB beam
width of the antenna. For simultaneous lobing, the following equation applies:

o @d
L=1+018 =% —<1 i
L)J Jfor Oh (Eq. C-5)

@y = angle subtended by the sun (approximately 0.53°)
= 3-dB beam width of the sum channel

2
|

For con-scan antennas (when used with con-scan OFF), the following equation applies:

L= 1+038{¢;d} ?_1 Eq. C-6
= . @ & N (Eq. C-6)
B
Where:
®d = angle subtended by the sun

®h = 3-dB beam width of the antenna with the con-scan OFF

PM = maximum IF output power, antenna on sun with con-scan OFF
PT = maximum IF output power, antenna on the sun with con-scan ON
P = IF output power, antenna on cold sky with con-scan OFF

P1 = IF output power, antenna on cold sky with con-scan ON

Equation C-5 should be used to calculate the aperture correction factor when con-scan is

ON.
The correction factor for atmospheric attenuation is represented as:
K> = Ag/fsin o (units in dB) (Eq. C-7)
Where:
Ag = gaseous absorption in the atmosphere in dB (0.033 dB for L-band and

0.035 dB for S-band)
elevation angle

(0

or:

ky = 10400 sin (@) yumeric) (Eq. C-8)
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The SNR at the receiver final IF output is dependent on the received signal power (J.),

the gain of the receiving antenna (Gy) and the system noise temperature (7s). The relationship
between the SNR and G/T is

J G
SNR = —& (Eq. C-9)
A kk,BT;
Where:

k = Boltzmann’s constant (1.380622 « 102> W/Hz/K)
k> = correction factor for atmospheric attenuation

B = noise bandwidth of the final IF

Ja = RF signal power flux density (watts/meter?)

A = test frequency wavelength (meters)

G, = gain of receiving antenna

Ty = system noise temperature

Therefore, by performing the solar calibration test, the figure of merit of the antenna
system can be determined, and the SNR at the output of the final IF can be calculated.

C.3  Test for Receiving System Linearity

This test should be performed to determine if the TM system is linear from the input to
the preamplifier through the power meter (or true rms voltmeter).

Set up the receiving system as shown in Figure C-1.

N

PREAMP/ POWER METER
DIRECTIONAL{ __g.! DOWN CONVERTER/_>TIEEE%/II§,TE%Y—> or
COUPLER MULTICOUPLER RMS VOLTMETER
STEP RF SIGNAL

ATTENUATOR [ | GENERATOR

Figure C-1. Block Diagram for System Linearity Test

Point the antenna at the cold sky (at least several beam widths away from the sun with an
elevation angle greater than 50°). Set the output of the signal generator to the minimum level and
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the attenuator to maximum attenuation. Verify that no extraneous radio sources are present. Set
the MGC so that the linear IF output is approximately equal to the output under AGC control.
Record the power meter (or true rms voltmeter) reading (Pn or Vi as appropriate) in dB.

Let P1 (V1) represent the power meter (or true rms voltmeter) reading. The signal
generator output is set to minimum level Py = Py (V1 = Vh).

Set the step attenuator to 5-dB attenuation. Increase the signal generator output power
until the power meter (or true rms voltmeter) reading has increased by approximately 3 dB.
Record the power meter (or true rms voltmeter) reading (in dB). Decrease the attenuator in 1-dB
steps and record the power meter (or true rms voltmeter) readings.

To test for linearity, plot 10 logio (10* — 1) (IF SNR) versus change in power at attenuator
output (actual attenuation not attenuator setting) where x is the increase in power meter (or true
rms voltmeter) reading (in dB) relative to P, divided by 10; that is, x = (P1 — Pn) / 10. A sample
plot is shown in Figure C-2. The maximum departure from a unity slope line should not exceed
0.5 dB.

RECEIVING SYSTEM LINEARITY
SIGNAL INCREASED

IF SNR (dB)
)\

4 \

)\

ATTENUATION (dB)
Figure C-2. IF SNR versus Attenuation
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	CHAPTER 1
	1. General
	1.1. TEST: Rate Loop
	1.1.1 Purpose. This test measures the response of the tachometer feedback loop to small and large error inputs. The compensation amplifier, power amplifier, drive motor, tachometer, and gearbox are tested. The pedestal velocity is determined and compa...
	1.1.2 Test Equipment. Multi-channel strip chart recorder (5 milliseconds [ms] rise time maximum), digital voltmeter, or alternating current (ac)/dc voltmeter, variable dc voltage source ranging from at least +20 volts dc to −20 volts dc (Vdc) adjustab...
	1.1.3 Test Method. The test method is written for systems with an analog antenna position output.
	1.1.4 Setup. Connect the voltage source to the pedestal azimuth servo error input and the voltmeter to the tachometer output as shown in Figure 1-1. Open the position loop output to prevent any unwanted error from being introduced into the rate loop.
	1.1.5 Procedure

	1.2. TEST: Position Loop Calibration
	1.2.1 Purpose. The position loop calibration determines the maximum error that the servo acceleration bandwidth amplifiers in the position loop can handle before it saturates. This calibration also tests the synchro demodulator since the induced error...
	1.2.2 Test Equipment. Digital voltmeter.
	1.2.3 Setup. Disable the pedestal by turning off the pedestal power. Measure the position loop output with the digital voltmeter as shown in Figure 1-2.
	1.2.4 Procedure
	1.2.5 Data Reduction. Enter the position loop calibration data in Data Sheet 1-2.

	1.3. TEST: Position Loop
	1.3.1 Purpose. The position loop is the first stage in the servo loop. This test simulates the output of the TED gradient and determines the same parameters as the rate loop test in Subsection 1.2. This test measures the position servo parameters for ...
	1.3.2 Setup. Connect the voltage source to the pedestal azimuth input. Open the TED output to prevent any error from being introduced to the position loop. Connect the voltmeter to the tachometer output as shown in Figure 1-3.
	1.3.3 Procedure

	1.4. TEST: Velocity and Acceleration Measurement: Strip Chart Recorder
	1.4.1 Purpose. This test measures the pedestal velocity and acceleration using a strip chart recorder.
	1.4.2 Setup. Connect the strip chart recorder to the pedestal azimuth outputs as shown in Figure 1-4. Ascertain that the winds are 15 miles per hour (mph) or less to avoid heavy wind torque on the antenna reflector.
	1.4.3 Procedure
	1.4.4 Data Reduction. The strip chart recording of tachometer voltage, position, and timing is used to determine velocity and acceleration of the pedestal drive system.

	1.5. TEST: Tracking Error Voltage Gradient
	1.5.1 Purpose. This test determines the gradient (error voltage rate of change as a function of degrees offset) of the TED for the azimuth and elevation (Az/El) axes as a function of incoming signal frequency and polarization. The gradient should be l...
	1.5.2 Test Equipment. Voltmeter (dc) or oscilloscope set at 0.1 V(division and test range with variable bore sight source for frequency and polarization.
	1.5.3 Test Method. The test method is written for systems with an analog output.
	1.5.4 Setup. Ensure that the servo system has been balanced for minimum movement when the system auto track mode is selected. Connect the equipment as shown in Figure 1-6. Ensure the bore sight source antenna is facing the telemetry (TM)-tracking ante...
	1.5.5 Conditions. When conducting tests on RF systems, allow sufficient warm-up time to minimize drift in the electronic circuits after the test has started.
	1.5.6 Procedure
	1.5.7 Data Reduction

	1.6. TEST: Dynamic Tracking Accuracy
	1.6.1 Purpose. This test determines the antenna offset angle produced when tracking in the automatic tracking mode. This offset angle is the tracking error for the given pedestal angular velocity when in the automatic tracking mode. By knowing the max...
	1.6.2 Test Equipment. Variable dc voltage source ranging from ±20 Vdc and adjustable to 0.1 V and dc voltmeter.
	1.6.3 Setup. Connect the test equipment as described in Subsection 1.3.2.
	1.6.4 Conditions. Locate the TED input to the servo amplifier loop and make provisions for introducing an external signal from the variable voltage source.
	1.6.5 Procedure
	1.6.6 Data Reduction

	1.7. TEST: Antenna Bore sight
	1.7.1 Purpose. This test determines any variation in the bore sight axis of the antenna and feed assembly unit (FAU) because of changes in frequency, polarization, or time.
	1.7.2 Test Equipment. Bore sight source and test range free of obstructions and bore sight source with changeable frequency and polarization.
	1.7.3 Setup. Ensure that the demodulator circuits and the servo circuits are properly balanced (minimum drift).
	1.7.4 Procedure
	1.7.5 Data Reduction. Variations in the bore sight axis greater than 0.1  could be indicative of a skewed FAU with respect to the reflector.

	1.8. TEST: Antenna Gain
	1.8.1 Purpose. This test verifies the relationship between the antenna reflector and the FAU. The antenna gain is a function of the reflector diameter and frequency of operation. This test is not designed to measure the absolute parameters of the rece...
	1.8.2 Theoretical Antenna Gain. The theoretical antenna gain can be calculated for an antenna having an aperture of 52 percent using Equation 1-5.
	1.8.3 Test Equipment. Bore sight source with an unobstructed test range, signal generator to calibrate the XY plotter and the strip chart recorder for the frequencies of interest, standard gain antenna calibrated in the frequency band of interest, tra...
	1.8.4 Test Method. Two test methods are recommended for plotting the data. Method 1 uses an XY plotter. Method 2 uses a strip chart recorder. For either method, measure the system noise floor to establish the reference level (amplitude) in dB.
	1.8.4.1 Test Method 1: XY Plotter
	1.8.4.1.1. Conditions. Allow the receiver to warm up for a minimum of 30 minutes. Ascertain that no multipath conditions exist.
	1.8.4.1.2. Setup. Connect the equipment as shown in Figure 1-8.
	1.8.4.1.3. Procedure

	1.8.4.2 Test Method 2: Strip Chart Recorder
	1.8.4.2.1. Conditions. Same as Subsection 1.8.4.1.1
	1.8.4.2.2. Setup. Connect the receiver AGC output to the strip chart recorder for vertical deflection (see Figure 1-9). Calibrate the strip chart recorder using the signal generator and receiver AGC output in 10-dB steps from the noise floor up to + 5...
	1.8.4.2.3. Procedure. Point the test antenna (and horn antenna) directly at the bore sight antenna. Tune the receiver to the bore sight frequency.


	1.8.5 Data Reduction. Add the two values (vertical and horizontal) as shown in the example below. Record the data on Data Sheet 1-8.

	1.9. TEST: Antenna Pattern Test
	1.9.1 Purpose. The antenna pattern test checks the relationship between the antenna reflector and the FAU. An antenna pattern measurement verifies that the FAU is at the focal point, side-lobe symmetry, and correct level below the main lobe. It is not...
	1.9.2 Test Equipment. Bore sight source with an unobstructed view and an XY plotter with good resolution. An antenna recorder could be used in place of the XY plotter.
	1.9.3 Setup. Connect the test equipment as shown in Figure 1-10.
	1.9.4 Conditions. This test should be performed with little or no wind. Multipath can lead to false conclusions. Ascertain that no multipath conditions exist by conducting the test away from any potential reflective surface and at an elevation high en...
	1.9.5 Procedure
	1.9.6 Data Reduction

	1.10. TEST: Feed Assembly Unit
	1.10.1 Purpose. This test determines the proper error signal deflections in Az/El generated by the tracking FAU. The errors generated by this unit form the basis for the automatic tracking of a TM tracking system. One test is for a single-channel mono...
	1.10.2 SCM. The SCM tracking technique uses the difference channel signals to amplitude modulate the carrier. The difference channel signals represent the Az/El error offset from bore sight center in the form of square pulses. The amplitude modulation...
	1.10.2.1 Test Equipment. Analog or digital oscilloscope. Bore sight transmitting source and radiating antenna.
	1.10.2.2 Setup. Ensure direct line of sight between the TM tracking antenna and the bore sight antenna. Align the demodulator circuits and servo circuits for minimum movement.
	1.10.2.3 Procedure. Turn the TM tracking system on and allow a minimum of 15-minute warm-up time.
	1.10.2.4 Data Reduction. The error pulses should indicate a definite separation between Az(El errors at the 0  phase and again at the 180  phase. There should also be a definite separation between the Az(El error pairs at 0  and Az(El error pairs at 1...

	1.10.3 Conical Scan Technique. Most conical scan techniques use a 30-hertz (Hz) (or variable from 5 to 35 Hz) scan motor to rotate an eccentric circular waveguide (horn). A vertical and horizontal dipole antenna is normally housed behind the waveguide...
	1.10.3.1 Test Equipment. Dual-trace digital oscilloscope and radiating bore sight antenna.
	1.10.3.2 Setup. Ensure direct line-of-sight between the TM tracking system and the bore sight antenna with no multipath interference.
	1.10.3.3 Procedure. The radiating source should output a strong signal so the receiving system reads at least +20 dB above the measured noise floor.


	1.11. TEST: Solar Calibration using Linear Receiver Method
	1.11.1 Purpose. This test determines the figure of merit (gain(temperature [G/T]) of the receiving antenna system. The G(T is the ratio of the antenna gain to the system noise temperature. G is the receiving antenna gain minus the losses between the r...
	1.11.2 Test Equipment. TM receiver with linear IF output and manual gain control (MGC) or AGC hold feature and power meter with square-law detector or true root mean square (rms) voltmeter.
	1.11.3 Setup. Connect the test equipment as shown in Figure 1-14.
	1.11.4 Conditions. System must be at operational stability (adequate warm-up period and minimum noise in the servo system) before test is conducted. To make power measurements, the tracker should point at the sun at an elevation angle of at least 10 ....
	1.11.5 Procedure
	1.11.6 Data Reduction

	1.12. TEST: Solar Calibration using Attenuator Method
	1.12.1 Purpose. This test determines the figure of merit (G/T) of the receiving antenna system. The G/T is the ratio of the antenna gain to the system noise temperature. G is the receiving antenna gain minus the losses between the receiving antenna an...
	1.12.2 Test Equipment. TM receiver with linear IF output and MGC or AGC-hold feature, power meter with square-law detector or true rms voltmeter, and precision attenuator.
	1.12.3 Setup. Connect the test equipment as shown in Figure 1-15.
	1.12.4 Conditions. The system must be at operational stability before the test is conducted. To make power measurements, the tracker should point at the sun at an elevation angle of at least 10 . An elevation angle of 10  will contribute approximately...
	1.12.5 Procedure
	1.12.6 Data Reduction

	1.13. TEST: Pedestal Motion Testing
	1.13.1 Purpose. This task is to provide a common method for determining and assessing the dynamic motion and tracking accuracy of a telemetry pedestal. The test will use hardware in the loop (HWIL) equipment to simulate a target and generate the neces...
	1.13.1.1 Target Position Simulator. The target position simulator supplies the simulated target position with respect to time. This component houses the flight path generation equipment and is not impacted by antenna position.
	1.13.1.2 Error Generator. This component takes in the antenna position and the target position and creates a value for the pointing error of the antenna. If the antenna error is greater than the tracking beamwidth of the antenna, usually the 3-dB poin...
	1.13.1.3 Error Conditioner. This component converts the output of the error generator into a format that can be natively understood by the SUT. It is important that the fidelity of the error signal coming from the error conditioner be as close as poss...
	1.13.1.4 Antenna Position Sensor. This component, mounted on the pedestal, senses the position of the antenna and forwards that to the error generator. It is important to note that the antenna position sensor be of sufficient accuracy that it can segm...
	1.13.1.5 Uncaptured Error Sources. It is also important to note that RF-related errors (such as the effect of antenna beam misalignment due to antenna dynamics) is not captured as part of the described system. Effects such as dish flex, spar flex, and...

	1.13.2 Standard Trajectories and Tests. There are four test trajectories that can describe the primary tracking functions of a telemetry antenna. These tests produce four standard metrics. Other tests may be developed using the target generator to fur...
	1.13.2.1 Maximum Azimuth Tracking Velocity (MATV) Test. The velocity at which the antenna error (difference between pointing angle and simulated target position) exceeds the tracking beamwidth of the antenna is the MATV of the antenna. Obtaining the M...
	1.13.2.2 Maximum Standard Flyby (MSF) Test. Obtaining the MSF is done by simulating a target that will originate significantly far away (15-20 nm) and fly by the antenna with a flight path offset 1 nm from the antenna (1 nm minimum tangential range). ...
	1.13.2.3 Maximum Instantaneous Velocity (MIV) Test. The MIV or “bottle rocket test” is determined by simulating a target that originates 1 nautical mile away from the antenna and moves tangentially with respect to the antenna. The target goes from sta...
	1.13.2.4 Mid-Course Maneuver (MCM). This test is designed to be used with an ACU that is using a predictive analysis tool in its tracking algorithm. The MCM test is a derivative of the MIV test with the addition of a major (>30 ) target maneuver in Az...

	1.13.3 System Description. The detailed system configuration as shown in Figure 1-18 is described below.
	1.13.3.1 Inertial measurement unit (IMU). The IMU mounted on the antenna yoke arm outputs heading, pitch, and roll attitude angles for rates of up to ±200 /sec. The advantage of an external IMU is its ability to reference the antenna pointing position...
	1.13.3.2 The real-time controller (RTC) includes the following.
	1.13.3.2.1. Target Position Simulator: The simulated test flight trajectory needs to be decomposed into the local level antenna reference frame in Az/El components. This is the same angular data format used by the IMU and will allow a direct compariso...
	1.13.3.2.2. Rectangular Converter: The error signal, in Az/El components, is converted to a corresponding AM error signal (with phase) by first using a simple rectangular-to-polar conversion. The elevation value is the “X” component and the azimuth va...
	1.13.3.2.3. Cosine Generator: Once the amplitude and phase of the AM error signal are calculated in the feed reference, the θ and amplitude parameters are input to a cosine wave generator. The cosine wave frequency is the emulated conical scan frequen...
	1.13.3.2.4. Computer: The computer is used to monitor the HWIL equipment and collect data. The computer also has four profile generators, one for each type of flight profile.


	1.13.4 Setup. Connect the equipment as shown in Figure 1-18.
	1.13.5 System Calibration
	1.13.5.1 Error Amplitude and Phase Calibration
	1.13.5.2 Antenna Movement Verification

	1.13.6 Trajectory Simulation



	CHAPTER 2
	2. General
	2.1. TEST: Amplifier Gain Compression
	2.1.1 Purpose. This test measures the 1-dB compression point that is defined as the point where the gain of an amplifier has been decreased 1 dB from the small-signal gain. Gain compression results from nonlinear operations of amplifiers and is a majo...
	2.1.2 Method: Power Meter as the measuring device.
	2.1.3 Test Equipment. Signal generator and power meter (2), 3-dB directional coupler.
	2.1.4 Setup. Connect the test equipment as shown in Figure 2-1.
	2.1.5 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test.
	2.1.6 Procedure
	2.1.7 Data Reduction

	2.2. TEST: Bandwidth and Small-signal Power Gain
	2.2.1 Purpose. This test measures bandwidth, which is defined as the range of frequencies over which the amplitude response does not decrease more than 3 dB relative to the response at the reference point (such as the center frequency) over the specif...
	2.2.2 Test Equipment. Signal generator, spectrum analyzer, sweep oscillator, and attenuator. (Attenuators are needed if the signal generator is not a newer model that includes precision attenuators).
	2.2.3 Setup. Connect the test equipment as shown in Figure 2-3. (Either method illustrated is acceptable.)
	2.2.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test. Variations in supply voltage will be evalu...
	2.2.5 Procedure
	2.2.6 Data Reduction. Plot (or photograph) the data as shown in Figure 2-4 to determine power gain and bandwidth.

	2.3. TEST: Amplifier IM Products and Intercept Point
	2.3.1 Purpose. This test measures the IM products and IP of an amplifier. See Appendix A for IM product determination and the IP of an amplifier.
	2.3.2 Test Equipment. Two signal generators, isolator, spectrum analyzer, and termination (characteristic impedance).
	2.3.3 Setup. Connect the test equipment as shown in Figure 2-5.
	2.3.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes.
	2.3.5 Procedure
	2.3.6 Data Reduction

	2.4. TEST: Amplifier VSWR by Return Loss Method
	2.4.1 Purpose. This test determines the quality of the impedance match of the device under test by measuring the VSWR using the return loss method. The test method illustrated here is for a spectrum analyzer; however, a network analyzer could be used.
	2.4.2 Test Equipment. Signal generator, 20-dB directional coupler, spectrum analyzer, termination (characteristic impedance), and RF short.
	2.4.3 Setup. Connect the test equipment as shown in Figure 2-9.
	2.4.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test. Variations in operating temperature will b...
	2.4.5 Procedure
	2.4.6  Data Reduction

	2.5. TEST: Noise Figure using Automatic Noise Figure Meter
	2.5.1 Purpose. This test measures the noise figure of an amplifier. Noise figure is defined as the ratio (expressed in dB) of the total output noise power per unit bandwidth at a given output frequency when the noise temperature of the input terminati...
	2.5.2 Test Equipment. Noise figure meter and noise source.
	2.5.3 Test Method. This test measures noise figure using a calibrated noise source and an automatic noise figure meter.
	2.5.4 Setup. Connect the test equipment as shown in Figure 2-10.
	2.5.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. Carefully follow operating procedures and cautions in noise figure operation manual. If the noise figure meter does not operate at the amplifier frequenc...
	2.5.6 Procedure
	2.5.7 Data Reduction. Compare the measured values to the specification.

	2.6. TEST: Impedance Mismatch
	2.6.1 Purpose. This test measures the effect of impedance mismatch on the stability of a TM amplifier.
	2.6.2 Test Equipment. Calibrated mismatch terminations, line stretcher, and spectrum analyzer.
	2.6.3 Test Method. This test inserts a known calibrated mismatch at the preamplifier input. The amplifier output is monitored with a spectrum analyzer to detect any spurious signals.
	2.6.4 Setup. Connect the test equipment as shown in Figure 2-11.
	2.6.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time.
	2.6.6 Procedure



	CHAPTER 3
	3. General
	3.1. TEST: Multicoupler Gain Compression
	3.1.1 Purpose. This test measures the 1-dB compression point that is defined as the point where the gain of a multicoupler has been decreased 1 dB from the small-signal gain. The 1-dB compression point can be used to define the upper limit of the mult...
	3.1.2 Test Equipment. Signal generator, spectrum analyzer, attenuator, and terminations (characteristic impedance).
	3.1.3 Setup. Connect the test equipment as shown in Figure 3-1.
	3.1.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test. Variations in supply voltage will be evalu...
	3.1.5 Procedure
	3.1.6 Data Reduction. Plot multicoupler output power versus input power and note where the output level decreases 1 dB from the linear extrapolation of multicoupler response as illustrated in Figure 3-2. This is the multicoupler gain compression level...

	3.2. TEST: Bandwidth and Small-signal Power Gain
	3.2.1 Purpose. This test measures the bandwidth that is defined as the range of frequencies over which the amplitude response does not decrease more than 3 dB from the highest point over the specified frequency band of the device under test. The multi...
	3.2.2 Test Equipment. Signal generator, spectrum analyzer, sweep oscillator, attenuator, terminations (characteristic impedance), and ac or dc variable voltage supply.
	3.2.3 Setup. Connect the test equipment as shown in Figure 3-3. (Either method illustrated is acceptable.)
	3.2.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test. Variations in supply voltage will be evalu...
	3.2.5 Procedure
	3.2.6 Data Reduction. Plot (or photograph) the data as shown in Figure 3-4 to determine power gain and bandwidth.

	3.3. TEST: Multicoupler IM Products and Intercept Point
	3.3.1 Purpose. This test measures the IM products and IP of a multicoupler. The IM products are generated whenever two or more signals are input to an active device. Products of high-level input signals can obscure desired output signals. Usually, thi...
	3.3.2 Test Equipment. Two signal generators, isolator, spectrum analyzer, and termination (characteristic impedance).
	3.3.3 Setup. Connect the test equipment as shown in Figure 3-5.
	3.3.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test.
	3.3.5 Procedure
	3.3.6 Data Reduction

	3.4. TEST: MulticouplerVSWR by Return Loss Method
	3.4.1 Purpose. This test determines the quality of the impedance match of the device under test by measuring the VSWR using the return loss method. The VSWR allows estimation of the amount of power transferred through or reflected from a device connec...
	3.4.2 Test Equipment. Use a network analyzer with calibration kit. Alternately, use a signal generator, 20-dB directional coupler, spectrum analyzer, termination (characteristic impedance), and RF short.
	3.4.3 Setup. Connect the test equipment as shown in Figure 3-9 or Figure 3-10.
	3.4.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. All procedures are conducted with continuous wave signals (unmodulated) into the device under test. Variations in operating temperature will b...
	3.4.5 Procedure. Use steps 1 to 6 for the setup in Figure 3-9. Use steps 7 to 12 for the setup in Figure 3-10.
	3.4.6  Data Reduction

	3.5. TEST: Noise Figure
	3.5.1 Purpose. This test measures the noise figure, which is the ratio of the input, signal-to-noise ratio (SNR) divided by the output SNR expressed in dB. Alternately, the average noise figure is the ratio of the total noise power delivered to the lo...
	3.5.2 Test Equipment. Noise figure meter or noise figure system, noise source, dc block, 10-dB attenuator, receiver, and terminations (characteristic impedance).
	3.5.3 Setup. Connect the test equipment as shown in Figure 3-11 or Figure 3-12.
	3.5.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. Variations in supply voltage and operating temperature will be evaluated.
	3.5.5 Procedure

	3.6. TEST: Output Isolation
	3.6.1 Purpose. This test measures the output isolation of a multicoupler, which is the isolation in dB between any two output ports with all other ports terminated in their characteristic impedance. Adequate isolation between sources can be critical t...
	3.6.2 Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic impedance).
	3.6.3 Setup. Connect the test equipment as shown in Figure 3-13.
	3.6.4 Conditions. Perform this test under laboratory conditions after a warm-up time of at least 30 minutes. Variations in supply voltage and operating temperature may be evaluated depending on intended application.
	3.6.5 Procedure
	3.6.6 Data Reduction. Calculate the output isolation (A1' − A1) and record on Data Sheet 3-6.



	CHAPTER 4
	4. General
	4.1. TEST: Spurious Signal Response
	4.1.1 Purpose. This test determines how a TM receiver reacts to the presence of a strong RF signal that is outside of the passband to which the receiver is tuned. This situation can occur frequently on a major test range or other location where multip...
	4.1.2 Test Equipment. An RF frequency synthesizer or RF generator, microwave counter, step attenuator (0 to 60-dB minimum), 3-way power splitter, spectrum analyzers, and dc voltmeter.
	4.1.3 Test Method. This test measures spurious response by applying a large out-of-passband signal to the receiver input. The resulting AGC voltage is compared with the AGC voltage produced when a smaller (typically −60 dB) signal is applied with a fr...
	4.1.4 Setup. Connect the test equipment as shown in Figure 4-1.
	4.1.5 Conditions. Set the RF generator to continuous-wave mode. Any spurious signals at the RF generator output should be at least 10 dB below the specified value of receiver spurious rejection. The receiver local oscillators should be set to crystal ...
	4.1.6 Procedure

	4.2. TEST: Noise Figure
	4.2.1 Purpose. This test measures the noise figure that is the ratio of the input signal to noise divided by the output signal to noise expressed in dB. See Appendix B for a discussion of noise figure. The noise figure of a device is a measure of how ...
	4.2.2 Test Equipment. Noise source and noise figure meter.
	4.2.3 Setup. Connect the test equipment as shown in the manual for the noise figure meter.
	4.2.4 Conditions. Use the test conditions described in the manual for the noise figure meter. Use the standard test conditions described in Table 4-1 if not covered in the noise figure meter manual.
	4.2.5 Procedure
	4.2.6 Data Reduction. Plot measured data as shown in Figure 4-2.

	4.3. TEST: IF SNR Linearity Test
	4.3.1 Purpose. This test determines the linearity of the receiver linear IF output. This test will determine how well the linear IF SNR tracks the RF input signal power. It is important for proper operation with diversity combiners or other devices th...
	4.3.2 Test Equipment. Signal generator and true rms voltmeter.
	4.3.3 Setup. Connect the test equipment as shown in Figure 4-1.
	4.3.4 Conditions. Use the standard test conditions described in Table 4-1.
	4.3.5 Procedure
	4.3.6 Data Reduction

	4.4. TEST: AGC Static
	4.4.1 Purpose. This test determines the AGC output characteristic as a function of the RF input level to the receiver and determines its effectiveness in controlling the linear IF signal amplitude.
	4.4.2 Test Equipment. Signal generator, power meter, digital voltmeter, and true rms voltmeter.
	4.4.3 Setup. Connect the test equipment as shown in Figure 4-3.
	4.4.4 Conditions. Use the standard test conditions described in Table 4-1 except as follows:
	4.4.5 Procedure
	4.4.6 Data Reduction. Plot the AGC and the IF characteristics as illustrated in Figure 4-4.

	4.5. TEST: AGC Dynamic Test - Response to Square Wave
	4.5.1 Purpose. This test determines the AGC attack and recovery time with square wave AM. In addition, it shows the effects of abrupt changes in the RF power level on AGC voltages, IF signals and video output.
	4.5.2 Test Equipment. Function generator, signal generator with AM modulation capability or a separate PIN modulator, power meter, oscilloscope and camera, digital voltmeter, and true rms voltmeter.
	4.5.3 Setup. Connect the test equipment as shown in Figure 4-5 and set the oscilloscope channel 1 and 2 input selector switches to dc.
	4.5.4 Conditions. Use the standard test conditions described in Table 4-1 except as follows:
	4.5.5 Procedure
	4.5.6 Data Reduction

	4.6. TEST: AGC Dynamic Test - Response to Sine Wave
	4.6.1 Purpose. This test determines the AGC attack and recovery time with a sine wave. It also shows the effects of changes in RF power level on AGC voltages, IF signals and video output.
	4.6.2 Test Equipment. Power supply, audio signal generator, RF signal generator, PIN modulator, counter, oscilloscope, true rms voltmeter, and digital voltmeter.
	4.6.3 Setup. Connect the test equipment as shown in Figure 4-6 and set the oscilloscope channel 1 and 2 input selector switches to dc.
	4.6.4 Conditions. Use the test conditions described in Subsection 4.5.5 step 2.
	4.6.5 Procedure

	4.7. TEST: FM Capture Ratio
	4.7.1 Purpose. This test determines the FM capture ratio of the receiver. The capture ratio relates to the ability of the receiver to capture the stronger of two co-channel frequency modulated signals applied to the receiver input terminals. This appl...
	4.7.2 Test Equipment. Counter, two FM signal generators, power meter, wave analyzer, two 10-dB attenuator pads, 20-dB attenuator pad, and power adder.
	4.7.3 Setup. Connect the test equipment as shown in Figure 4-7.
	4.7.4 Conditions. Use the standard test conditions described in Table 4-1, except as follows.
	4.7.5 Procedure
	4.7.6 Data Reduction. Calculate the capture ratio as indicated on Data Sheet 4-7.

	4.8. TEST: NPR
	4.8.1 Purpose. This test measures the NPR and the NPR floor (NPRF) and determines the NPR intermodulation (NPRI) noise. This test only applies to FM/FM and systems using sub-carrier oscillators.
	4.8.2 Test Equipment. Noise source, true rms voltmeter, audio signal generator, spectrum analyzer, noise receiver, and FM signal generator.
	4.8.3 Test Method. A white-noise signal (with or without notch filter) of known amplitude is applied to the receiver under test. The output level is measured with a noise receiver and the noise ratio is calculated.
	4.8.4 Setup. Connect the test equipment as shown in Figure 4-8.
	4.8.5 Conditions. Use the standard test conditions described in Table 4-1 except as identified in Table 4-3.
	4.8.6 Procedure

	4.9. TEST: Local Oscillator Radiation at RF Input
	4.9.1 Purpose. This test determines if any emissions are appearing at the RF input terminals because of radiation from a local oscillator.
	4.9.2 Test Equipment. FM signal generator, spectrum analyzer, and power meter.
	4.9.3 Test Method. A spectrum analyzer is used to scan across the receiver band to detect any emission radiation.
	4.9.4 Setup. Connect the test equipment as shown in Figure 4-11.
	4.9.5 Conditions. Use the standard test conditions described in Table 4-1. Use double shielded cable (RF 214/or equivalent) between the spectrum analyzer and the receiver RF input.
	4.9.6 Procedure

	4.10. TEST: Local Oscillator Stability
	4.10.1 Purpose. This test determines the frequency stability of all LOs as a function of time.
	4.10.2 Test Equipment. Electronic counter.
	4.10.3 Setup. Connect the test equipment as shown in Figure 4-12.
	4.10.4 Conditions. Use the standard test conditions described in Table 4-1 except as follows:
	4.10.5 Procedure
	4.10.6 Data Reduction

	4.11. TEST: Pulse Code Modulation Bit Error Rate
	4.11.1 Purpose. This test measures the PCM BER as a function of the receiver IF SNR.
	4.11.2 Test Equipment. RF signal generator with FM or phase modulation (PM) or both capabilities as needed, microwave counter, microwave spectrum analyzer, power splitter, PCM bit synchronizer and detector, PCM bit error rate test (BERT), oscilloscope...
	4.11.3 Test Method. This test assumes that a self-synchronizing BERT is available. The test can be performed with other test equipment with minor modifications to the procedure. This method is suitable for manual or computer controlled testing.
	4.11.4 Setup. Connect the test equipment as shown in Figure 4-13.
	4.11.5 Conditions. Use the standard test conditions described in Table 4-1. A low pass filter can be inserted between the BERT and the RF signal generator if desired.
	4.11.6 Procedure
	4.11.7 Data Reduction. The receiver IF SNR (in dB) at the starting value can be calculated from (S + N and N assumed to be rms voltages).

	4.12. TEST: Frequency Modulation Step Response
	4.12.1 Purpose. This test measures the step response of the receiver to an input signal that is frequency modulated by pulses, for example, pulse amplitude modulation or PCM.
	4.12.2 Test Equipment. An RF signal generator that can be frequency modulated, square-wave generator, microwave counter, oscilloscope, and power splitter.
	4.12.3 Test Method. This test measures the frequency modulation step response of the receiver by applying an RF input signal that has been frequency modulated by a square wave.
	4.12.4 Setup. Connect the test equipment as shown in Figure 4-14.
	4.12.5 Conditions. The RF signal generator output frequency should be set to the receiver's center frequency. Set the output power level to −50 dBm. The step response characteristics of the square-wave generator and the RF signal generator frequency m...
	4.12.6 Procedure. Frequency modulate the signal generator with a square wave. The square-wave frequency should be equal to 0.1 times the receiver video bandwidth (VBW). (The VBW should be less than or equal to one-half of the IF bandwidth.) The peak d...
	4.12.7 Data Reduction. Compare the results with the specification.

	4.13. TEST: Receiver Band Pass Frequency Response using Unmodulated Signal
	4.13.1 Purpose. This test measures the effective receiver band pass bandwidth.
	4.13.2 Test Equipment. An RF signal generator, microwave counter, true rms voltmeter, RF counter (optional), wave analyzer (optional), and power splitter.
	4.13.3 Test Method. This test measures receiver bandwidth by fixing the receiver gain, varying the input frequency, and measuring the linear IF output amplitude. This test works well for receivers that have stable MGC and linear IF output. This test i...
	4.13.4 Setup. Connect the test equipment as shown in Figure 4-15. The rms voltmeter can be used to test for less than 30 dB of filter attenuation. The wave analyzer and RF counter must be used for tests where greater attenuation is to be measured.
	4.13.5 Conditions. The RF signal generator frequency should be set to the receiver center frequency. The output power should be set to give a receiver IF SNR of greater than 30 dB, however, do not saturate the receiver. The receiver local oscillator s...
	4.13.6 Procedure
	4.13.7 Data Reduction

	4.14. TEST: Receiver Band Pass Frequency Response using Phase-Modulated Signal
	4.14.1 Purpose. This test measures the effective receiver band pass bandwidth.
	4.14.2 Test Equipment. An RF signal generator with PM capability, sine-wave generator, microwave counter, microwave spectrum analyzer, RF counter, wave analyzer (or spectrum analyzer), and power splitter.
	4.14.3 Test Method. This method measures receiver bandwidth using a phase-modulated carrier. It takes advantage of the principle that the amplitudes of the Bessel sidebands of a PM carrier do not change with the modulating frequency (phase deviation h...
	4.14.4 Setup. Connect the equipment as shown in Figure 4-16.
	4.14.5 Conditions. The RF signal generator should be set to
	4.14.6 Procedure
	4.14.7 Data Reduction

	4.15. TEST: Receiver Band Pass Frequency Response using White-noise Input
	4.15.1 Purpose. This test measures the effective receiver band pass bandwidth.
	4.15.2 Test Equipment. Spectrum analyzer (or wave analyzer) with RBW <10% of specified receiver band pass filter bandwidth and effective VBW of <1% of RBW, white-noise generator, and oscilloscope camera or plotter for recording spectrum analyzer display.
	4.15.3 Test Method. This method measures receiver bandwidth using a white-noise input signal. A TM preamplifier with a terminated input can be used as a noise generator. This test can also be performed with the receiver RF input terminated. The result...
	4.15.4 Setup. Connect the test equipment as shown in Figure 4-17.
	4.15.5 Conditions. Set the spectrum analyzer center frequency to the receiver IF output center frequency. Set the spectrum analyzer sweep width to sweep from IF center frequency minus two times specified IF bandwidth to IF center frequency plus two ti...
	4.15.6 Procedure. Measure and record the noise spectrum at the receiver IF output. Estimate the gain (loss) at the frequencies listed on Data Sheet 4-15. Attach the photograph or plot to the data sheet.
	4.15.7 Data Reduction. Estimate (calculate) the −3-dB bandwidth of the receiver band pass output. Record this value on Data Sheet 4-15.

	4.16. TEST: Data Frequency Response
	4.16.1 Purpose. This test measures the data frequency response of a TM receiver.
	4.16.2 Test Equipment. Sine-wave generator, RF signal generator that can be frequency modulated or phase-modulated or both, microwave counter, oscilloscope, rms voltmeter, and microwave spectrum analyzer.
	4.16.3 Test Method. This test measures data frequency response by measuring the receiver video output level while varying the modulation frequency. The carrier deviation is kept at a constant value.
	4.16.4 Setup. Connect the test equipment as shown in Figure 4-18.
	4.16.5 Conditions. The signal generator should be set to
	4.16.6 Procedure
	4.16.7 Data Reduction. Subtract the video output amplitude (in dB) at one-tenth the VBW from the amplitude at each of the other frequencies. Record on Data Sheet 4-16.

	4.17. TEST: Automatic Gain Control Stability
	4.17.1 Purpose. This test measures the stability of the receiver AGC system versus time.
	4.17.2 Test Equipment. Chart recorder, dc voltmeter, RF generator (optional), microwave counter (optional), and power splitter (optional).
	4.17.3 Test Method. This test measures and records the variations in AGC over a specified time interval with no input signal applied to the receiver. This test can also be performed with a stable, non-saturating RF signal applied to the receiver input.
	4.17.4 Setup. Connect the test equipment as shown in Figure 4-19.
	4.17.5 Conditions. The receiver should be turned on before the start of the test for the specified warm-up time. The RF generator (if used) must also be stabilized before the test is started. The RF generator should be set to the receiver center frequ...
	4.17.6 Procedure. Start the pen recorder and record the receiver AGC voltage for the length of time desired. (Eight hours is a reasonable time interval.) If a computer controlled test system is available, read the dc voltmeter on a periodic basis, and...
	4.17.7 Data Reduction. Find the maximum and minimum values of AGC voltage. Record these values on Data Sheet 4-17. Subtract the minimum value from the maximum value and record this value as the total change during the test interval.

	4.18. TEST: Receiver Video Spurious Outputs
	4.18.1 Purpose. This test measures the amplitude of any spurious signals at the demodulator output.
	4.18.2 Test Equipment. An RF signal generator with FM or PM or both capabilities, sine-wave generator, microwave spectrum analyzer, low frequency spectrum analyzer or wave analyzer, oscilloscope, microwave counter, and power splitter.
	4.18.3 Test Method. The video output spectrum is monitored for discrete output signals with a strong, unmodulated input signal.
	4.18.4 Setup. Connect the test equipment as shown in Figure 4-20.
	4.18.5 Conditions. Set the RF signal generator frequency to the receiver center frequency. Set the RF generator output power to −50 dBm. The receiver IF bandwidth and video output filter should be set to their widest settings.
	4.18.6 Procedure
	4.18.7 Data Reduction. Convert the amplitudes of the signals measured in step 4 to effective peak deviation by using one of the following equations:

	4.19. TEST: Pre-detection Carrier Output
	4.19.1 Purpose. This test measures the amplitude, frequency stability, and accuracy of the receiver pre-detection carrier output. Output instability and frequency errors could be caused by problems in any of the receiver local oscillators.
	4.19.2 Test Equipment. An RF signal generator, microwave counter, counter, true rms voltmeter, power splitter, and wave analyzer (optional).
	4.19.3 Test Method. This test measures the frequency and amplitude of the pre-detection output with a strong, unmodulated RF input signal. This test is suitable for manual or computer controlled testing. The pre-detection down converter may be in the ...
	4.19.4 Setup. Connect the test equipment as shown in Figure 4-21.
	4.19.5 Conditions. The RF signal generator must be stabilized before the test is started. The receiver should be on for the specified warm-up time before the start of the test. Set the RF signal generator frequency to the center frequency of the recei...
	4.19.6 Procedure
	4.19.7 Data Reduction. Record the maximum and minimum frequencies and amplitudes measured. Calculate and record the maximum frequency error (measured frequency − selected frequency).

	4.20. TEST: FM Receiver DC Linearity and Deviation Sensitivity
	4.20.1 Purpose. This test measures the dc linearity and deviation sensitivity of the demodulator and video amplifier of a dc coupled FM TM receiver. This test method is well suited to computer controlled testing.
	4.20.2 Test Equipment. An RF frequency synthesizer or RF generator, microwave counter, dc voltmeter, oscilloscope, and power splitter.
	4.20.3 Test Method. The RF input frequency is varied in discrete steps and the video output voltage is measured for each input frequency. A best-fit line is calculated. The slope of this line is the deviation sensitivity.
	4.20.4 Setup. Connect the test equipment as shown in Figure 4-22. The oscilloscope should be used to make sure the video output does not have excessive noise or glitches.
	4.20.5 Conditions
	4.20.6 Procedure
	4.20.7 Data Reduction. The data reduction consists of calculating the best-fit straight line using the least squares method. This line is of the form

	4.21. TEST: Receiver Phase Noise
	4.21.1 Purpose. This test verifies that the single-sideband phase noise of the receiver meets the specification. Excess phase noise can increase BER at a given Eb/N0 and degrade demodulator synchronization performance. This test assumes that a spectru...
	4.21.2 Test Equipment. RF generator with phase noise sidebands at least 10 dB lower than specified phase noise of system to be measured, spectrum analyzer with 10-Hz RBW (option: phase noise test set).
	4.21.3 Setup. Connect test equipment as shown on Figure 4-23. If a phase noise test set is available, connect the equipment and conduct the test in accordance with the manufacturer’s instructions.
	4.21.4 Conditions. Use test conditions described in Table 4-1.
	4.21.5 Procedure
	4.21.6 Data Reduction. Calculate phase noise by subtracting the main signal level from the measured noise level (not needed if delta markers were used to measure levels). If the spectrum analyzer does not have a power per Hz mode, correct for RBW and ...

	4.22. TEST: Receiver Adjacent Channel Interference
	4.22.1 Purpose. This test measures the effect on bit error probability (BEP) of signals in adjacent frequency slots. The results will be a function of modulation methods, receiver filter characteristics, bit rates, relative power levels, frequency spa...
	4.22.2 Test Equipment. Spectrum analyzer, BERT, attenuators, signal sources, noise source, power splitters, power meter, and a bit synchronizer if the receiver/demodulator does not include one (a specialized adjacent-channel interference test set can ...
	4.22.3 Setup. Connect test equipment as shown in Figure 4-24.
	4.22.4 Conditions. This test can be performed using various modulation types as the interferers. All filtering and deviations should be the same as would typically be used in TM operations. The test can also be performed with only one interferer or wi...
	4.22.5 Procedure
	4.22.6 Data Reduction. Subtract the victim power level from the interferer power level and record on Data Sheet 4.22.



	CHAPTER 5
	5. General
	5.1. TEST: Diversity Combiner Static Evaluation with Equal RF Signal Strengths
	5.1.1 Purpose. This test evaluates the static performance characteristics of a diversity combiner as a component with the two combiner channels weighted equally. This test is the least demanding of diversity combiner tests. If the diversity combiner h...
	5.1.2 Test Equipment. An RF signal generator, PCM BERT, PCM bit synchronizer, RF attenuators, dual-channel TM receiver, RF power meter, dc power supply, dc voltmeter, low-pass filter, and power splitter.
	5.1.3 Setup
	5.1.4 Conditions. Tests are conducted by using simulated PCM data formats. Select test conditions that correspond to the conditions under which the combiner will be used.
	5.1.4.1 Receiver Tuning. Tune the receiver so that the modulated carrier is in the center of the IF passband. Improper tuning can have significant degrading effects on test results. If unusual or inconsistent data is noted during testing, check the tu...
	5.1.4.2 Test Equipment Settings
	5.1.4.3 Single-Channel BEP Reference Measurements. A method is needed to make single-channel BEP measurements that can be compared with BEP measurements for the combined signals. The bypass method of measurement is recommended provided an external dem...
	5.1.4.3.1. Bypass Method. In the pre-detection mode, bypass the combiner and connect the receiver IF signals, one at a time, to an external demodulator. In the post-detection mode, bypass the combiner and connect the receiver video outputs, one at a t...
	5.1.4.3.2. Alternate Method. Disconnect both of the receiver AGC input voltages at the combiner. Substitute an external dc voltage source for one of the AGC voltages and leave the other AGC input to the combiner disconnected. The external dc voltage s...


	5.1.5 Procedure
	5.1.6 Data Reduction. The BEP at the demodulated output of a pre-detection combiner at a given RF power level should be less than the BEPs of the single channels at a 2 dB stronger RF power level. If this condition is not true, the combiner and receiv...

	5.2. TEST: Diversity Combiner Static Evaluation with Unequal RF Signal Strengths
	5.2.1 Purpose. This test evaluates the static performance characteristics of a diversity combiner with unequal RF signal strengths.
	5.2.2 Test Equipment. Refer to Subsection 5.1.2.
	5.2.3 Setup. Connect the test equipment as described in Subsection 5.1.3.
	5.2.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.2.5 Procedure
	5.2.6 Data Reduction. The BEP at the combiner output should be less than or equal to the BEP of the “best” channel. A 0.5-dB degradation, interpolated from data in Test 5.1, is allowable. If this condition is not true, the combiner and receiver alignm...

	5.3. TEST: Diversity Combiner Dynamic Evaluation with In-Phase Fading and Equal RF Signal Strengths
	5.3.1 Purpose. This test evaluates the dynamic performance characteristics of a diversity signal combiner as a component.
	5.3.2 Test Equipment. An RF signal generator, dual-channel TM receiver, diversity signal simulator, PCM BERT, PCM bit synchronizer, RF power meter, and low pass filter.
	5.3.3 Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.3.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.3.5 Procedure
	5.3.6 Data Reduction. The BEP at the demodulated output of a post-detection combiner at a given RF power should be less than the BEPs of the single channels at a 2-dB stronger RF power level. If this condition is not true, the combiner and receiver al...

	5.4. TEST: Diversity Combiner Dynamic Evaluation with Periodic In-Phase Fading and Unequal RF Signal Strengths
	5.4.1 Purpose. This test evaluates the dynamic performance of a diversity combiner with periodic in-phase fading and unequal RF signal strengths.
	5.4.2 Test Equipment. Refer to Subsection 5.3.2.
	5.4.3 Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.4.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.4.5 Procedure
	5.4.6 Data Reduction. The BEP at the combiner output should be less than or equal to the BEP of the “best” channel. A 0.5-dB degradation, interpolated from data in Test 5.3, is allowable. If this condition is not true, the combiner and receiver alignm...

	5.5. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-phase Fading and Equal RF Signal Strengths
	5.5.1 Purpose. This test evaluates the dynamic performance of a diversity combiner with periodic out-of-phase fading and equal RF signal strengths.
	5.5.2 Test Equipment. Refer to Subsection 5.3.2.
	5.5.3 Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.5.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.5.5 Procedure
	5.5.6 Data Reduction. The BEP at the combiner output should be less than the single-channel BEP at an 8-dB stronger RF power level. If this condition is not true, the combiner and receiver alignment and interconnections should be checked. If everythin...

	5.6. TEST: Diversity Combiner Dynamic Evaluation with Periodic Out-of-Phase Fading and Unequal RF Signal Strengths
	5.6.1 Purpose. This test evaluates the dynamic performance of a diversity combiner with periodic out-of-phase fading and unequal RF signal strengths.
	5.6.2 Test Equipment. Refer to Subsection 5.3.2.
	5.6.3 Setup. Connect the equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.6.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.6.5 Procedure
	5.6.6 Data Reduction. The BEP at the demodulated output of a pre-detection combiner should be less than the BEP of the “best” single channel with a 1-dB weaker RF power level. If this condition is not true, the receiver and combiner alignment and inte...

	5.7. TEST: Diversity Combiner Break Frequency
	5.7.1 Purpose. This test determines the fading frequency at which the combiner performance starts to degrade significantly. Combiners used in applications where flame or plume attenuation are likely such as missile or launch vehicle tests are subject ...
	5.7.2 Test Equipment. Refer to Subsection 5.3.2.
	5.7.3 Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.7.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.7.5 Procedure
	5.7.6 Data Reduction. The break frequency should be high enough to handle the highest fade that will be encountered in an operational environmental.

	5.8. TEST: Diversity Combiner Evaluation with Random Fading
	5.8.1 Purpose. This test evaluates the dynamic performance of a diversity combiner with random fading.
	5.8.2 Test Equipment. Use the equipment listed in Subsection 5.3.2, plus two Gaussian noise sources.
	5.8.3 Setup. Connect the test equipment as shown in Figure 5-2 and Figure 5-3. See Subsection 5.1.3 for additional setup information.
	5.8.4 Conditions. Use the test conditions described in Subsection 5.1.4.
	5.8.5 Procedure
	5.8.6 Data Reduction. With equal single-channel signal strengths, the BEP at the demodulated output of a pre-detection combiner should be better than the BEPs of the single channels at a 4-dB stronger RF power level. Subparagraphs 5.6.6 and 5.7.6 appl...

	5.9. TEST: Pre-detection Combiner Band Pass Frequency Response using Phase-Modulated Signal
	5.9.1 Purpose. This test measures the effective pre-detection band pass bandwidth of the combination of two TM receivers and the diversity combiner.
	5.9.2 Test Equipment. An RF signal generator with PM capability, sine-wave generator, two TM receivers (or one dual-channel receiver), microwave counter, microwave spectrum analyzer, RF counter, wave analyzer (or spectrum analyzer), and power splitter.
	5.9.3 Test Method. This method measures diversity combiner bandwidth using a phase-modulated carrier and takes advantage of the principle that the amplitudes of the Bessel sidebands of a PM carrier do not change with the modulating frequency (phase de...
	5.9.4 Setup. Connect the test equipment as shown in Figure 5-5.
	5.9.5 Conditions. The RF signal generator frequency should be set to the receiver center frequency, and the output power should be sufficient to give >30-dB IF SNR or as desired. The IF bandwidth of the TM receiver should be set to the widest availabl...
	5.9.6 Procedure
	5.9.7 Data Reduction

	5.10. TEST: Pre-detection Combiner Band Pass Frequency Response using Unmodulated Signal
	5.10.1 Purpose. This test measures the effective pre-detection band pass bandwidth of the combination of two TM receivers and the diversity combiner.
	5.10.2 Test Equipment. An RF signal generator, power splitter, two TM receivers (or one dual-channel receiver), spectrum analyzer (or wave analyzer) with RBW (3 percent of specified diversity combiner band pass filter bandwidth and effective VBW of (1...
	5.10.3 Test Method. This method measures diversity combiner bandwidth using an unmodulated carrier input signal with an IF SNR of approximately 10 to 20 dB. This test can be performed with diversity combiners in the AGC mode. It can also be performed ...
	5.10.4 Setup. Connect the test equipment as shown in Figure 5-6.
	5.10.5 Conditions. Set the RF generator frequency to the receiver center frequency. Adjust the RF generator output power to produce a combiner IF SNR of between 10 and 20 dB. The IF bandwidth of the TM receiver should be set to the widest available va...
	5.10.6 Procedure. Measure and record the noise spectrum at the diversity combiner IF output. Attach the photograph or plot to the Data Sheet 5-10.
	5.10.7 Data Reduction. Estimate the gain (loss) at the frequencies listed on Data Sheet 5-10. (Estimate noise power at center frequency not signal power.) Estimate (calculate) the −3-dB bandwidth of the diversity combiner band pass output. Record this...

	5.11. TEST: Combiner Data Frequency Response
	5.11.1 Purpose. This test measures the data frequency response of the combination of two TM receivers and a diversity combiner. This test can be performed on either a pre-detection combiner or a post-detection combiner with demodulator.
	5.11.2 Test Equipment. Sine-wave generator, RF signal generator that can be frequency modulated or phase-modulated or both, power splitter, two TM receivers (or one dual-channel receiver), microwave counter, oscilloscope, wave analyzer, and microwave ...
	5.11.3 Test Method. This test measures data frequency response by measuring the receiver video output level while varying the modulation frequency. The carrier deviation is kept at a constant value.
	5.11.4 Setup. Connect the test equipment as shown in Figure 5-7.
	5.11.5 Conditions. The signal generator should be set to an output frequency equal to the receiver center frequency and an output amplitude sufficient to give >30-dB IF SNR. The diversity combiner video output should be set to approximately 0 Vdc with...
	5.11.6 Procedure
	5.11.7 Data Reduction. Subtract the video output amplitude (in dB) at one-tenth the VBW from the amplitude at each of the other frequencies. Record on Data Sheet 5-11.

	5.12. TEST: Combiner Pre-detection Carrier Output
	5.12.1 Purpose. This test measures the amplitude, frequency stability, and accuracy of the diversity combiner pre-detection carrier output. Output instability and frequency errors could be caused by problems in any of the TM receiver or diversity comb...
	5.12.2 Test Equipment. Two TM receivers (or one dual-channel receiver), RF signal generator, microwave counter, counter, true rms voltmeter, power splitter, and wave analyzer (optional).
	5.12.3 Test Method. This test measures the amplitude and frequency of the pre-detection output and is suitable for manual or computer controlled testing. The pre-detection down converter may be in the diversity combiner or in an external accessory hou...
	5.12.4 Setup. Connect the test equipment as shown in Figure 5-8.
	5.12.5 Conditions. The RF signal generator must be stabilized before the test is started. The TM receivers and diversity combiner should be on for the specified warm-up time before the start of the test. Set the RF signal generator frequency to the ce...
	5.12.6 Procedure
	5.12.7 Data Reduction. Record the maximum and minimum frequencies and amplitudes measured. Calculate and record the maximum frequency error (measured frequency − selected frequency).



	CHAPTER 6
	6. General
	6.1. TEST: Gain Compression and Saturation Level
	6.1.1 Purpose. This test measures the 1-dB gain compression point and the saturation level. These tests are important in determining the maximum input signal levels the downconverter can handle without causing distortion of the signal. The 1-dB gain c...
	6.1.2 Test Equipment. Signal generator, spectrum analyzer, two power meters, power splitter, and terminations (characteristic impedance).
	6.1.3 Test Method. This test measures the input and output power levels while increasing the input power level.
	6.1.4 Setup. Connect the test equipment as shown in Figure 6-1. Unused downconverter inputs and outputs should be terminated in their characteristic impedance. If the downconverter is a dual-channel unit, this test should be performed on both channels.
	6.1.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test. Set the frequency of the signal generator to the cent...
	6.1.6 Procedure
	6.1.7 Data Reduction. Compare the measured values with the specified values.

	6.2. TEST: Bandwidth and Passband Gain Characteristics
	6.2.1 Purpose. This test measures the passband gain characteristics. Bandwidth is defined as the maximum range of frequencies over which the amplitude response does not decrease more than 3 dB from the reference point. These tests ensure that the down...
	6.2.2 Test Equipment. Signal generator, spectrum analyzer, two power meters, power splitter, and terminations (characteristic impedance).
	6.2.3 Test Method. This test measures the input and output power levels while the input frequency is varied.
	6.2.4 Setup. Connect the test equipment as shown in Figure 6-2. Unused downconverter inputs and outputs should be terminated in their characteristic impedance. If the downconverter is a dual-channel unit, this test should be performed on both channels.
	6.2.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test.
	6.2.6 Procedure
	6.2.7 Data Reduction. Calculate the gain by subtracting the input power from the output power. Record on Data Sheet 6-2 in the gain column.

	6.3. TEST: Downconverter IM Products and Intercept Point
	6.3.1 Purpose. This test measures the IM products and IP of a downconverter. These tests determine a downconverter’s ability to operate properly in the presence of multiple input signals. Multiple high-level input signals, as can be found in many “RF-...
	6.3.2 Test Equipment. Two signal generators, two isolators or 10-dB attenuators (20 dB if resistive combiner used), power combiner, spectrum analyzer, and terminations (characteristic impedance).
	6.3.3 Test Method. Two RF signals are summed and applied to the downconverter input. The output spectrum is measured. The third-order intercept point is calculated from the relative amplitudes of the fundamental and third-order outputs.
	6.3.4 Setup. Connect the test equipment as shown in Figure 6-3.
	6.3.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test. The isolators (or attenuators) between the signal gen...
	6.3.6 Procedure
	6.3.7 Data Reduction. The third-order intercept point can be calculated using (all values in dBm):

	6.4. TEST: VSWR
	6.4.1 Purpose. This test determines the quality of the impedance match of the device under test by measuring the VSWR. Reflections of the signal, caused by an impedance mismatch, can result in distortion of the signal and a reduction in signal power.
	6.4.2 Test Equipment. Sweep generator, standing wave ratio (SWR) test set, network analyzer, terminations (characteristic impedance), and RF short.
	6.4.3 Test Method. This test measures VSWR using a network analyzer. See Tests 2.4 and 3.4 for alternate methods using a spectrum analyzer.
	6.4.4 Setup. Connect the test equipment as shown in Figure 6-5.
	6.4.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with CLOCKWISE signals (unmodulated) into the device under test. Follow procedures recommended in network analyzer operating...
	6.4.6 Procedure
	6.4.7 Data Reduction. The VSWR can be calculated from the return loss using the following equation:

	6.5. TEST: Noise Figure
	6.5.1 Purpose. This test measures the noise figure that is the ratio of the input signal to noise divided by the output signal to noise expressed in dB. See Appendix B for a discussion of noise figure. The noise figure of a device is a measure of how ...
	6.5.2 Test Equipment. Noise figure meter, noise source, and terminations (characteristic impedance).
	6.5.3 Test Method. This test measures noise figure using a calibrated noise source and an automatic noise figure meter.
	6.5.4 Setup. Connect the test equipment as shown in Figure 6-6.
	6.5.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. Carefully follow operating procedures and cautions in noise figure manual. If possible, this test should be conducted with an automatic noise figure mete...
	6.5.6 Procedure
	6.5.7 Data Reduction. Compare the measured values to the specification.

	6.6. TEST: Channel Isolation
	6.6.1 Purpose. This test measures the isolation in dB between channels of a dual-channel downconverter. Omit this procedure when testing single-channel downconverters. A dual-channel downconverter is one in which two RF channels, usually housed in a s...
	6.6.2 Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic impedance).
	6.6.3 Test Method. This test measures the isolation between two downconverter channels by applying a large signal to one channel and monitoring the other channel.
	6.6.4 Setup. Connect the test equipment as shown in Figure 6-7.
	6.6.5 Conditions. Perform this test under laboratory conditions after the warm-up time of at least 30 minutes.
	6.6.6 Procedure
	6.6.7 Data Reduction. Calculate the isolation between the two inputs by subtracting the signal output (in dB) of the unused input from the input power. Calculate the isolation between the channels by subtracting the signal output (in dB) of the unused...

	6.7. TEST: Spurious Signal
	6.7.1 Purpose. This test measures the spurious signals generated by the downconverter. Spurious signals are defined as any undesired signals in the downconverter output. Some spurious signals are generated by the downconverter (that is, local oscillat...
	6.7.2 Test Equipment. Signal generator, spectrum analyzer, and terminations (characteristic impedance).
	6.7.3 Setup. Connect the test equipment as shown in Figure 6-8. Unused downconverter inputs and outputs should be terminated in their characteristic impedance. If the downconverter is a dual-channel unit, this test should be performed on both channels.
	6.7.4 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test.
	6.7.5 Procedure
	6.7.6 Data Reduction. Annotate the data sheet if the detected signal is a harmonic of the desired signal (harmonic distortion) or equal to the local oscillator frequency (local oscillator feed through).

	6.8. TEST: Image Rejection
	6.8.1 Purpose. This test measures the image rejection of the downconverter. Image rejection is defined as the ratio of the power of the desired sideband input signal to the undesired sideband input signal (image signal) as measured at the downconverte...
	6.8.2 Test Equipment. Sweep generator, spectrum analyzer, and terminations (characteristic impedance).
	6.8.3 Test Method. This test determines image rejection by finding the difference in output amplitude between an input signal in the specified input band and an input at a frequency equally spaced on the other side of the local oscillator.
	6.8.4 Setup. Connect the test equipment as shown in Figure 6-9. Unused downconverter inputs and outputs should be terminated in their characteristic impedance. If the downconverter is a dual-channel unit, this test should be performed on both channels.
	6.8.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time. All procedures are conducted with continuous-wave signals (unmodulated) into the device under test.
	6.8.6 Procedure
	6.8.7 Data Reduction. Calculate the image rejection by subtracting the power measured in step 2 from the power measured in step 3.

	6.9. TEST: Local Oscillator Frequency Accuracy and Stability
	6.9.1 Purpose. This test measures the frequency accuracy and stability of the local oscillator. These are important parameters in determining how close the downconverter output frequency will be to its intended frequency. Local oscillator inaccuracies...
	6.9.2 Test Equipment. Two frequency counters, RF signal generator and power splitter.
	6.9.3 Test Method. This test measures the output frequency with a known input frequency. The local oscillator frequency is calculated by subtracting the output frequency from the input frequency. If the local oscillator signal is available as a test p...
	6.9.4 Setup. Connect the test equipment as shown in Figure 6-10.
	6.9.5 Conditions. Perform this test under laboratory conditions after the specified warm-up time.
	6.9.6 Procedure
	6.9.7 Data Reduction. Calculate local oscillator frequency (input frequency minus output frequency), maximum frequency error (calculated local oscillator frequency minus specified local oscillator frequency), and total local oscillator frequency chang...

	6.10. TEST: Local Oscillator Radiation at Downconverter Input
	6.10.1 Purpose. This test determines if any emissions are appearing at the downconverter input because of radiation from the local oscillator. Radiation from the local oscillator can interfere with other downconverters or TM receivers in the system. T...
	6.10.2 Test Equipment. An RF signal generator, spectrum analyzer, and power meter.
	6.10.3 Test Method. A spectrum analyzer is used to scan across the downconverter input frequency band to detect any emissions.
	6.10.4 Setup. Connect the test equipment as shown in Figure 6-11.
	6.10.5 Conditions. Use double-shielded cable (RG 214 or equivalent) between the spectrum analyzer and the downconverter RF input.
	6.10.6 Procedure
	6.10.7 Data Reduction. None



	CHAPTER 7
	7. General
	7.1. TEST: Demodulator Bit Error Probability versus Eb/N0
	7.1.1 Purpose. This test measures the BEP versus Eb/N0 performance of the demodulator.
	7.1.2 Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source inputs), attenuator, waveform signal source, noise test set.
	7.1.3 Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2. This paragraph presents a method for finding the attenuation that results in an Eb/N0 of 15 dB when the attenuator plus receiver combination shown in Figure 7-2 is used.
	7.1.4 Conditions. This test can be performed using a waveform signal source at the demodulator input frequency plus a noise test set that generates the selected Eb/N0; a waveform signal source plus noise test set at a higher frequency that generates t...
	7.1.5 Procedure
	7.1.6 Data Reduction. Compare the measured BEP versus Eb/N0 with the specification. Plot the data and interpolate between points to estimate the BEP at a given Eb/N0 or to find the Eb/N0 that is required for a given BEP.

	7.2. TEST: Reacquisition and Synchronization Loss Thresholds
	7.2.1 Purpose. This test measures the minimum Eb/N0 that results in consistent acquisition (defined as typically back in synchronization in a few seconds) and the Eb/N0 at which synchronization starts to be lost.
	7.2.2 Test Equipment. Spectrum analyzer, BERT (with outputs matched to the signal source inputs, i.e., TTL, ECL), attenuator, signal source, noise source.
	7.2.3 Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2, depending on the test equipment available.
	7.2.4 Conditions. This test can be performed using a signal source at the demodulator input frequency plus a calibrated noise test set that generates the selected Eb/N0; a signal source plus noise test set at a higher frequency that generates the sele...
	7.2.5 Procedure
	7.2.6 Data Reduction. Compare the measured Eb/N0 values with the specification.

	7.3. TEST: Bit Rate and Input Frequency Tracking
	7.3.1 Purpose. This test measures the maximum carrier and bit rate errors that allow consistent acquisition (defined as typically back in synchronization in a few seconds) and tracking.
	7.3.2 Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source inputs, i.e., TTL, ECL, etc.), attenuator, signal source, noise source, counter.
	7.3.3 Setup. Connect test equipment as shown on Figure 7-1 or Figure 7-2 depending on the test equipment available.
	7.3.4 Conditions. This test can be performed using a signal source at the demodulator input frequency plus a noise test set that generates the selected Eb/N0; a signal source plus noise test set at a higher frequency that generates the selected Eb/N0 ...
	7.3.5 Procedure
	7.3.6 Data Reduction. Compare the measured values with the specification.

	7.4. TEST: Demodulator Acquisition Time and Flat Fade Recovery Time.
	7.4.1 Purpose. This test measures the time it takes for the demodulator to synchronize with the input sweeping carrier frequency and symbol rates after a fairly long interval of no acceptable input. The purpose of the flat fade recovery time test is t...
	7.4.2 Test Equipment. Spectrum analyzer, BERT (with outputs matched to signal source inputs, i.e., TTL, ECL, if required), attenuator, signal source, noise source, digital oscilloscope, and switch.
	7.4.3 Setup. Connect test equipment as shown on Figure 7-3.
	7.4.4 Conditions. This test can be performed using a signal source at the demodulator input frequency plus a noise test set that generates the selected Eb/N0; a signal source plus noise test set at a higher frequency that generates the selected Eb/N0 ...
	7.4.5 Procedure
	7.4.6 Data Reduction. Compare the measured acquisition and reacquisition times with the values in the specification.

	7.5. TEST: Demodulator Adjacent Channel Interference Test
	7.5.1 Purpose. This test measures the effect on BEP of signals in adjacent frequency channels. The results will be a function of modulation methods, receiver filter characteristics, bit rates, relative power levels, frequency spacing, and demodulator ...
	7.5.2 Test Equipment. Spectrum analyzer, BERT (with outputs matched to the signal source inputs, i.e., TTL, ECL, if required), attenuators, TM signal sources, noise source, power splitters, power meter, (a specialized test set can replace most of this...
	7.5.3 Setup. Connect test equipment as shown in Figure 7-4.
	7.5.4 Conditions. This test can be performed using various modulation types as the interferers. The test can also be performed with only one interferer or with two interferers (one above and one below the victim signal). This test can be performed wit...
	7.5.5 Procedure
	7.5.6 Data Reduction. Subtract the victim power level from the interferer power level and record on Data Sheet 7-5.

	7.6. TEST: PCM/FM Demodulator Modulation Index Sensitivity Test
	7.6.1 Purpose. This test measures the demodulator sensitivity to changes in the modulation index of the source PCM/FM signal.
	7.6.2 Test Equipment. Spectrum analyzer, BERT, PCM/FM signal source, directional coupler.
	7.6.3 Setup. Connect the test equipment as shown in Figure 7-5. Verify the input level into the demodulator is within the linear operating range of the demodulator.
	7.6.4 Conditions. This test must use a PCM/FM modulator that can control the modulation index. This index must be verified utilizing the spectrum analyzer and the equation called out in the Telemetry Applications Handbook.
	7.6.5 Procedure
	7.6.6 Data Reduction. Compare the BEP versus Eb/N0 curve with a modulation index of 0.7 with curves at other modulation indices. Plot the data and interpolate between points to estimate the BEP at a given Eb/N0 or to find the Eb/N0 that is required fo...



	CHAPTER 8
	8. General
	8.1. TEST: Receiver/Decoder BEP versus Eb/N0
	8.1.1 Purpose. This test measures the BEP versus Eb/N0 performance of the receiver/decoder.
	8.1.2 Test Equipment. Various methods are available for performing this test, which include using a simple step attenuator/power meter to determine and set Eb/N0, a noise test set that allows direct control of Eb/N0, and a receiver analyzer manufactur...
	8.1.3 Setup (step attenuator/power meter method). This method is for finding the attenuation that results in an Eb/N0 of 10 dB when the step attenuator/power meter method shown in Figure 8-1 is used. Care should be taken when making these measurements...
	8.1.4 Setup (for noise test set method). This method is for utilizing a noise test set for directly setting Eb/N0 as shown in Figure 8-2. Once the bit rate and noise bandwidth are set in the noise test set, the signal is applied and the noise test set...
	8.1.5 Setup (for receiver analyzer method). This method utilizes a receiver analyzer for generating the LDPC-encoded waveform and directly setting Eb/N0 as shown in Figure 8-3. Most receiver analyzers will require configuration of the test (in this ca...
	8.1.6 Conditions. This test can be performed using any of the three setups that perform the following:
	8.1.7 Procedure
	8.1.8 Data Reduction. Compare the measured BEP versus Eb/N0 with the specification. Plot the data with a linear-logarithmic X-Y scale. If required, interpolate between points to estimate the BEP at a given Eb/N0 or to find the Eb/N0 that is required f...

	8.2. TEST: Receiver/Decoder Threshold
	8.2.1 Purpose. This test determines the Eb/N0 for receiver/decoder threshold. Threshold is defined as the value of Eb/N0 required for a resulting BEP of 1x10−2. Reaching the threshold value can occur two ways, when the signal gradually degrades eventu...
	8.2.2 Test Equipment. Modulator with LDPC encoding (e.g. TM transmitter, I/Q signal source, receiver analyzer), BERT, noise source (attenuator/power meter, noise test set, receiver analyzer), spectrum analyzer.
	8.2.3 Setup. Connect test equipment as shown in Figure 8-1, Figure 8-2, or Figure 8-3 depending on the test equipment available.
	8.2.4 Conditions. This test can be performed using any of the three setups that perform the following:
	8.2.5 Procedure

	8.3. TEST: Receiver/Decoder Initial Acquisition Time and Flat Fade Recovery Time
	8.3.1 Purpose. This test measures the time it takes for the receiver/decoder to synchronize after a long interval of no discernable input. In this case, due to the long outage the carrier is swept to simulate a Doppler shift in frequency. The purpose ...
	8.3.2 Test Equipment. Modulator with LDPC encoding with the ability to sweep the carrier frequency (e.g. I/Q signal source, receiver analyzer), BERT, noise source (attenuator/power meter, noise test set, receiver analyzer), noise source for no-signal ...
	8.3.3 Setup. Connect test equipment as shown in Figure 8-4.
	8.3.4 Conditions. This test can be performed using one of the following: a signal source followed by an attenuator and a TM receiver that are then calibrated in terms of Eb/N0; a signal source plus a noise test set that generates the selected Eb/N0; o...
	8.3.5 Procedure
	8.3.6 Data Reduction. If specified, compare the measured acquisition and reacquisition times with the values in the specification.

	8.4. TEST: Receiver/Decoder Latency Time
	8.4.1 Purpose. This test measures the latency added by the receiver/decoder to iteratively decode the LDPC code block (plus other associated delays) when acquiring/reacquiring a TM signal. This amount of time is precisely the time it takes the receive...
	8.4.2 Test Equipment. Modulator with LDPC encoding (e.g. I/Q signal source, receiver analyzer), BERT, noise source for no-signal case, digital oscilloscope, RF switch, switch controller, spectrum analyzer.
	8.4.3 Setup. Connect test equipment as shown in Figure 8-5.
	8.4.4 Conditions. This test can be performed using a signal source/modulator with LDPC encoding (e.g. I/Q vector generator, TM transmitter, receiver analyzer). The power level of the noise source connected to the RF switch should be set to approximate...
	8.4.5 Procedure
	8.4.6 Data Reduction. If specified, compare the stated latency time with the measured amount.

	8.5. TEST: Receiver/Decoder Adjacent Channel Interference Test
	8.5.1 Purpose. This test measures the effect on BEP of the victim signal when the interfering signal(s) is in adjacent frequency channels. The results will be a function of modulation method, information block size/code rate for the LDPC code, receive...
	8.5.2 Test Equipment. Modulator with LDPC encoding (e.g. TM transmitter, I/Q signal source, receiver analyzer), BERT, TM signal sources (e.g. TM transmitter, I/Q signal source, receiver analyzer), attenuators, noise source, power dividers, spectrum an...
	8.5.3 Test Method. The method of this test is to set an Eb/N0 for BEP of 1x10−5 for the victim signal, increase the Eb/N0 by 1 dB, and then add the interferer(s) at a certain frequency offset(s) and at a certain carrier-to-interferer (C/I) ratio and o...
	8.5.4 Setup. Connect test equipment as shown in Figure 8-7.
	8.5.5 Conditions. This test can be performed using various modulation types as the interferers. The test can also be performed with only one interferer or with two interferers (one above and one below the victim signal frequency). This test can be per...
	8.5.6 Procedure
	8.5.7 Data Reduction. Subtract the victim (C) power level from the interferer (I) power level and record on Data Sheet 8-5.

	8.6. TEST: Transmitter/Encoder 99% Occupied Bandwidth and −25-dBm Bandwidth
	8.6.1 Purpose. This test measures the 99% occupied bandwidth (OBW) and the −25-dBm bandwidth of an LDPC-coded TM waveform. These bandwidths can be used to determine if the system complies with its spectral occupancy requirements. An example of these b...
	8.6.2 Test Equipment. Spectrum analyzer with built-in OBW measurement suite, directional coupler, attenuators, power meter.
	8.6.3 Setup. Connect the test equipment as shown in Figure 8-9 for a laboratory test or Figure 8-10 for an open-air test. The attenuator in Figure 8-9 must be set properly in order to keep the input level to the spectrum analyzer below its maximum value.
	8.6.4 Conditions. This test can be performed with an LDPC-enabled TM transmitting system hard-wired in a laboratory environment or on the flight line, or with the system radiating from an antenna in an open-air environment. The most accurate bandwidth...
	8.6.5 Procedure
	8.6.6 Data Reduction. Enter resulting data from the procedure in Data Sheet 8-6.

	8.7. TEST: Transmitter/Encoder Spectral Mask Compliance
	8.7.1 Purpose. This test verifies that the output of a transmitting system’s RF port meets the spectral mask as defined in IRIG-106 Appendix 2A for each combination of information block size/code rate and modulation scheme.
	8.7.2 Test Equipment. Spectrum analyzer, BERT, spectrum analyzer, attenuator(s).
	8.7.3 Setup. Connect the test equipment as shown in Figure 8-12. Note: If an external data source is used, ensure the baseband interfaces are matched between the BERT and transmitting system.
	8.7.4 Conditions. This test should be done under laboratory conditions. The bandwidth measurements are performed using a spectrum analyzer.
	8.7.5 Procedure. The spectrum analyzer should have the following settings.
	8.7.6 Data Reduction. Enter the results from the procedure in Data Sheet 8-7.

	8.8. TEST: LDPC-Enabled Transmitter/Encoder to Receiver/Decoder Interoperability
	8.8.1 Purpose. This test verifies end-to-end operation of an LDPC-enabled TM system. Either the encoder or decoder can be verified if one has already been verified as correctly encoding (for the transmitting system) or decoding (for the receiver/decod...
	8.8.2 Test Equipment. Spectrum analyzer, BERT, attenuator(s), power divider.
	8.8.3 Setup. Connect the encoder, decoder, and test equipment as shown in Figure 8-13.
	8.8.4 Conditions. This test is intended to be conducted in a laboratory environment.
	8.8.5 Procedure
	8.8.6 Data Reduction. Enter resulting data from the procedure in Data Sheet 8.8.



	CHAPTER 9
	9. General
	9.1. TEST: Receiver/Decoder Bit Error Probability Versus Eb/N0
	9.1.1 Purpose. This test verifies the ability of a single-channel TM receiver/decoder to properly decode a pair of SOQPSK-STC modulated waveforms. The two waveforms may arrive at the receiver/decoder with differing amplitude, delay, and phase due to t...
	9.1.2 Test Equipment. An STC signal source, control of the differential amplitude, delay, and phase of the two STC signals, RF combiner, BERT.
	9.1.3 Setup
	9.1.3.1 Step attenuator/power meter method. This method is for finding the attenuation that results in an Eb/N0 of 15 dB when the step attenuator/power meter method shown in Figure 9-1 is used. Each measurement should be stable and repeatable to no mo...
	9.1.3.2 Noise test set method. Connect the encoder/modulator as shown in Figure 9-2. This method is for utilizing a noise test set for directly defining Eb/N0 as shown in Figure 9-2. Once the bit rate and noise bandwidth are entered in the noise test ...
	9.1.3.3 Receiver analyzer/VSG method. Connect the encoder/modulator as shown in Figure 9-3.This method utilizes a receiver analyzer or vector signal generator with internal AWGN capability for generating the STC S0 and S1 signals and directly setting ...

	9.1.4 Conditions. This test can be performed using any of the three setups as described in the last paragraph of Subsection 9.1.1. Differential delay, amplitude, and phase between S0 and S1 are controlled manually.
	9.1.5 Procedure

	9.2. TEST: Receiver/Decoder Reacquisition and Synchronization Loss Thresholds
	9.2.1 Purpose. This test measures the minimum Eb/N0 that results in consistent acquisition (defined as typically back in synchronization in a few seconds) and the Eb/N0 at which synchronization loss occurs. Depending on the receiver/decoder this could...
	9.2.2 Test Equipment. BER test set, modulator with STC encoding (e.g. telemetry transmitter, I/Q signal source, receiver analyzer), noise source (attenuator/power meter, noise test set, receiver analyzer), and spectrum analyzer.
	9.2.3 Conditions: This test can be performed with a properly calibrated Eb/N0 using any one of the three configurations shown in Figure 9-1, Figure 9-2, or Figure 9-3.
	9.2.4 Procedure
	9.2.5 Data Reduction. Compare the measured Eb/N0 values with the specification.

	9.3. TEST: Receiver/Decoder Acquisition and Flat Fade Recovery Times
	9.3.1 Purpose. This test measures the time it takes for the receiver/decoder to synchronize after a long interval of no discernable input. In this case, due to the long outage the carrier is swept to simulate a Doppler shift in frequency. The purpose ...
	9.3.2 Test Equipment: BER test set, modulator with STC encoding (e.g., telemetry transmitter, I/Q signal source, receiver analyzer), noise source, digital oscilloscope, RF switch, switch controller, spectrum analyzer.
	9.3.3 Setup. Connect test equipment as shown on Figure 9-4.
	9.3.4 Conditions. This test can be performed using a signal source plus a noise test set that generates the selected Eb/N0; a signal source followed by an attenuator and a telemetry receiver/decoder that are then calibrated in terms of Eb/N0; or a rec...
	9.3.5 Procedure
	9.3.6 Data Reduction. Compare the measured acquisition and reacquisition times with the values in the specification.

	9.4. TEST: Transmitter/Encoder and Receiver/Decoder Data Latency
	9.4.1 Purpose. This test determines the delay in the transmitter, in the receiver, and the combination of transmitter and receiver for an SOQPSK-STC system.
	9.4.2 Test Equipment. Digital pattern generator/BERT; mixed-domain oscilloscope (MDO).
	9.4.3 Test Method. The use of STC requires the insertion of pilot bits used for estimation over the block of data being transmitted. The user data is combined with the STC pilot bits to form an STC frame. See Figure 9-5. The STC frame data rate is inc...
	9.4.4 Description of Figure 9-7 MDO Display. There are six traces on the display. The first three traces consist of: CH1 Oscilloscope (green), CH2 Oscilloscope (blue), and Freq (𝑓) vs Time (yellow). There is a zoom window noted by white brackets on t...
	9.4.5 Setup. Set up the equipment as in Figure 9-8. Set the RF output of the transmitter/ encoder using transmitter controls and/or attenuators for a reasonable RF level for the receiver/decoder and MDO (nominally −20 dBm). Set the digital pattern gen...
	9.4.6 Conditions. The STC encoder formats blocks of data and appends pilot bits (refer to IRIG 106 Appendix 2-E8F ). Any data input bit can be assigned any position in the data block. The data latency measured should be an average.
	9.4.7 Procedure

	9.5. TEST: Demodulator Adjacent Channel Interference Test
	9.5.1 Purpose. This test measures the effect on BEP of the victim signal when the interfering signal(s) is in adjacent frequency channels. The results will be a function of the STC coding, receiver/decoder filter characteristics, bit rates, relative p...
	9.5.2 Test Equipment. BER test sets, modulator with STC encoding (e.g., telemetry transmitter, I/Q signal source, receiver analyzer), telemetry signal source, attenuators, noise source, power dividers, spectrum analyzer. (Specialized test equipment su...
	9.5.3 Test Method. The method of this test is to set an Eb/N0 for BEP of 10−5 for the victim signal, increase the Eb/N0 by 1 dB, and then add the interferer(s) at a certain frequency offset(s) and a certain carrier-to-interferer ratio (C/I) and observ...
	9.5.4 Setup. Connect test equipment as shown in Figure 9-9.
	9.5.5 Conditions. This test can be performed using various modulation types as the interferers. The test can also be performed with only one interferer or with two interferers (one above and one below the victim signal frequency). This test can be per...
	9.5.6 Procedure
	9.5.7 Data Reduction. Subtract the victim (C) power level from the interferer (I) power level and record on Data Sheet 9-5.

	9.6. TEST: Transmitter 99% Occupied Bandwidth and −25 dBm bandwidth
	9.6.1 Purpose. This test measures the 99% OBW and the −25 dBm bandwidth of an SOQPSK-STC telemetry waveform. These bandwidths can be used to determine if the system complies with its spectral occupancy requirements. An example of these bandwidth measu...
	9.6.2 Test Equipment. Spectrum analyzer with built-in OBW measurement suite, directional coupler, attenuators, power meter.
	9.6.3 Setup. Connect the test equipment as shown in Figure 9-11 for a laboratory test. The attenuator must be set properly in order to keep the input level to the spectrum analyzer below its stated maximum level.
	9.6.4 Conditions. This test is performed with an STC-enabled telemetry transmitter/encoder and a receiver/decoder system hardwired in a laboratory environment. The bandwidth measurements are performed using a spectrum analyzer with the following setti...
	9.6.5 Procedure

	9.7. TEST: Transmitter Spectral Mask Compliance
	9.7.1 Purpose. This test verifies that the output of each RF port of a transmitting system meets the spectral mask as defined in IRIG-106 for SOQPSK-TG with STC encoding.
	9.7.2 Test Equipment. BERT, spectrum analyzer, attenuator(s), combiner.
	9.7.3 Setup. Connect the test equipment as shown in Figure 9-13. If an external data source is used, ensure the interface settings are matched between the BERT and transmitting system.
	9.7.4 Conditions. This test is for verifying that a transmitting system, typically a telemetry transmitter, conforms to the spectral mask as defined in IRIG-106. This test should be performed on the individual channels S0 and S1 and on the combined ou...
	9.7.5 Procedure

	9.8. TEST: STC-Enabled Transmitter/Encoder to Receiver/Decoder Interoperability
	9.8.1 Purpose. This test verifies end-to-end operation of an STC-enabled telemetry system. Either the transmitter/encoder or the receiver/decoder can be verified if one has already been verified as correctly encoding (for the transmitter/encoder) or d...
	9.8.2 Test Equipment. BER test set, spectrum analyzer, attenuator(s), power dividers (2).
	9.8.3 Setup. Connect the transmitter/encoder, receiver/decoder, and test equipment as shown in Figure 9-14.
	9.8.4 Conditions. This test is intended to be conducted in a laboratory environment.
	9.8.5 Procedure

	9.9. TEST: STC Signals with RF Combining
	9.9.1 Purpose. This test determines the combiner’s performance with different relative amplitude levels of S0 and S1 at each of the receiver/combiner channels. With a valid input to the receiver, the combiner should always have a valid output.
	9.9.2 Test Equipment. STC transmitter/encoder or simulator, receiver/combiner, BERT, voltage-controlled attenuators, voltage source with amplitude modulation, receiver/decoder.
	9.9.3 Setup. Connect the STC transmitter/encoder with the attenuators, combiners, and splitters as shown in Figure 9-15.
	9.9.4 Procedure
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