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FOREWORD

This document is the Final Technical Report for the design, development, and fab-
rication of a Precision Antenna Measurement System (PAMS), This report covers
work accomplished by Actron Industries, Inc., 700 Royal Oaks Drive, Monrovia,
California under Contract Number F30602-70-C~0011, The effort reported herein was
performed during the period January 1970 - February 1972 ,Job Order No.: 65100015,

It should be noted that at the time of contract award Tridea Electronics was the pro-
gram contractor, References here and elsewhere in this report to Actron reflects the
fact that, on 1 June 1971, Tridea Electronics was merged into Actron Industries, Inc..
a subsidiary of the McDonnell Douglas Corporation.

This Final Technical Report was submitted by Actron Industries, Inc, in fulfillment of
Contract Number F30602-70-C-0011 and was written by Graham A, Walker,

Aclnowledgement is made here to R, L, Mitchell of the Technology Service Corporation,
Santa Monica, California of his efforts in the preparation of the "Active RCS Measure-
ments With PAMS'' Report Number TCS-PD-342-1, dated 21 February 1972, which is
included as the appendix to this report,

The principal contributors to the development of the system described and discussed
herein are: Robert J. Schlesinger and William B, Whistler who directed the system
design, Edward S, Peltzman and Graham A, Walker who executed the Logic and RF

design, respectively, and William E, Eilau who did the mechanical design.

Special appreciation is extended to Mr. M. E. Cook of the Rome Air Development Center
for his tireless and enthusiastic support of the program from its very inception, and
for his valuable guidance and direction during the development and checkout phase,
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ABSTRACT

This technical report documents the design, development, and performance of a
Precision Antenna Measurement System (PAMS) which is used to perform dynamic
measurements and evaluate the radiation characteristics of airborne antennas.

The PAMS operates over the frequency range of 100 MHz through 18 GHz and can
be used to measure the cross section of aircraft and chaff. The system is slaved
to either a MSQ-1A or FPS-16 track radar for aircraft acquisition.

The report details the design parameters and covers the data acquisition and com-
puter programs used in the data reduction, The system performance is presented
and actual antenna patterns given for various antenna configurations ona C-131

aircraft.
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EVALUATOR'S MEMO ON FINAL REPORT

This technical report documents the design, development and
performance of a Precision Antenna Measurement System (PAMS).

The PAMS is a operational passive measurement system located at
the Rome Air Development Center Test Annex, Verona, NY. The system,
slaved to the AN/FPS-16 tracking radar, provides the capability to
conduct engineering evaluations of airborne antennas designed for use
on tactical aircraft equipped with ECM and associated penetration aids.
The facility operates over the frequency range of 0.1 - 18 GHz and is
capable of receiving AM, FM, CW or pulse type signals of any polar-
ization. Measurements are correlated with the aircraft attitude and
are conducted on a real time radiated basis. Types of measurements
include power (peak signal amplitude), density (peak signal amplitude
X the IF Bandwidth) and integrated (integrated amplitude over octave or
increments of an octave bandwidth in terms of DBW/MHZ). The final plotted
data can be outputed in polarization, rectangular or three dimension.

Several objectives were met during the system development which
are, collection of high densities of data with a minimum of flying time,
multiple (12) frequency evaluations during a single flight, collection of
antenna pattern and cross section data simultaneously, and a timely
output of processed data.

)T\cxliwx'Zo(LraL;—/
MERTON E. COOK
Project Engineer
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SECTION I

INTRODUCTION AND REPORT SUMMARY

1 P INTRODUCTION

Th's technical report documents tne design, development, and performance of a
Precision Antenna Measurement System (PAMS) which is used to perform dynamic
measurements and evaluate the radiation characteristics of airborne RF antennas,

1.2 REPORT SUMMARY

PAMS receives RF radiation over the frequency range of 0.1 GHz through 18 GHz and
with suitable illuminators can also be used to measure reflectivity and radar cross-
section of aircraft and chaff. PAMS has the capability to monitor and collect data on
twelve signals simultaneously in either vertical and horizontal polarization, or right-
and left-hand polarization, or a combination of both, Target acquisition is obtained by
slaving PAMS to an AN/MSQ-1 or an AN/FPS-16 track radar,

Data storage and reduction is accomplished by an HP2116B computer with 24K mem-
ory and dual HP7970A digital tape decks. Real time printout of the received signal is
available during test on an HP2778A line printer. The reduced data may be displayed
in either two-dimensional rectangular or polar formats on a Cal Comp 565 drum
plotter and three-dimensional plots on the line printer. Interface with the computer
and the operator is via teletype.

Section II of this report deals with the overall objectives of the development program;
the system requirements are covered, and all of the features required for optimum
system performance are described.

System considerations are investigated in Section III and operating parameters which
are consistent with the contractual requirements are defined. Computer interface
and programming requirements are also described in this Section,

Section IV describes the PAMS configuration. The basic theory of operation is cov-
ered and detailed block diagrams of the system are presented. Interface with the
computer and data storage and reduction are also described in detail in Section IV.

Operational results of the PAMS system during Final Acceptance Tests conducted at
the Verona Annex of Rome Air Development Center, Rome, New York are covered in
Section V. The test program consisted of performing static tests using known en-itters
operating from a van located approximately eight miles from the Verona site. Flight
tests, using RADC aircrait, were made to evaluate the dynamic performance of PAMS,
Both the AN/MSQ-1 and the AN/FPS-16 were used as the track radar during the flight

test program,

Performance of the PAMS is analyzed in Section VI with respect to the operational
results, The problem of determining an error allowance to various portions of the
system is also addressed and the effect of the system error is analyzed with respect
to the operational data. Overall accuracy of the PAMS is then dictated and boundary




conditions -t to ensure optimum performance of the system. Section VII summarizes
the PAMS | rogram to date and draws some final conclusions on the operational capa-
bility of the system and recrmmends procedures to improve system accuracy.

The Appendix to this report contains a tutorial discussion of reflectivity and radar
cross-section with specific application to the PAMS,

“* .



SECTION II

PROGRAM OBJECTIVE AND REQUIREMENTS

2,1 OBJECTIVE

The objective of the PAMS program was, as briefly covered in the introduction to this
report, to develop an electronics system capable of performing precision measure-
ments of the radiation characteristics of airborne RF antennas, In the past it was the
practice to test antennas on a partial mockup of the aircraft or to use scale models of
the aircraft and its antenna complement. However, this method has not provided
enough realistic data on the antennas and the effect of the aircraft on the antenna char-
acteristics. The development of the Precision Antenna Measurement System (PAMS)
was undertaken to provide the type of data that is needed to accurately describe the
effective radiation profile of airborne antenna systems,

2.2 REQUIREMENTS

The basic requirements of the PAMS were that the system be capable of performing
dynamic measurements of airborne RF radiating systems and reflectivity/cross-
section measurements of airborne vehicles and chaff. In general, it was required
that the data be recorded in the following manner.,

a, Two- and three-dimensional radiation patteins. These patterns to include
rectangular, polar, and contour plots of single and multiple sources.

b. Power density measurements in watts per megahertz, The data to be cor-
related with the attitude of the aircraft and plotted with respect to the aircraft heading,
with a final resolvtion of 0.5 db and +0, 5 degree.

The requirements of the PAMS appear relatively simple; however, they require a very
complex system with multiple capabilities. These basic requirements must be met
over a frequency range of 0.1 GHz through 18 GHz. In addition, the measurements
must be made simultaneously in both vertical and horizontal polarizations, or in right-
hand and left-hand circular polarizations, The signals may be CW, AM, pulse, Dop-
pler, or noise. To ensure valid data, the system must incorporate an automatic cal-
ibration system with 0,1 percent frequency accuracy and +0,5 db amplitude accuracy.
The ahiliy to collect, measure, and store all of these data automatically requires the
inco -poration of a computer into the system. The computer is then used to control

the system during data collection,

2.3 CAPABILITIES

The concept of the PAMS is illustrated in figure 1, It was determined that the PAMS
would comprise four groupings which would consist of (1) the Antenna and Pedestal,
(2) the Receiver Group, (3) the Control and Display Console, and (4) the Computer
Group, as shown. It was further determined that, to meet the system operational
requirements, each of these groups would have specific capabilities, as are detailed
in paragraphs 2, 3.1 through 2,3.5.
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2.3.1 Antennas

The PAMS antenna system would be required to operate over the frequency range of
0.1 GHz through 18 GHz, (The antenna used to cover the 100 MHz to 1000 MHz range
would be furnished by the contracting agency.) The antennas would be capable of
operating in both linear or both circular polarizations simultaneously. The gain,
beamwidth, and side lobe characteristics would be such as to minimize multipath and
undesired reflections,

2.3.2 Pedestal
The Pedestal and control unit would have the following characteristics:

Function Capability
Azimuth Rotation Continuous
Elevation Rotation +90 degrees
Positional Accuracy +1 mil
Tracking Rates:

Azimuth 10 degrees/sec

Elevation 5 degrees/sec
Acceleration

Azimuth 5 degrees/sec

Elevation 5 degrees/sec
Operating Modes

Slave External Track Radar

Manual No Handwheels

2.3.3 Receivers

It was determined that the Receiver Group would consist of dual channel receivers
covering the frequency range of 0.1 GHz through 18 GHz and would be designed to
meet the following specifications,

Receiver Parameter Specification
Sensitivity ~100 dbm minimum (unity

signal to noise with a
1.5 MHz bandwidth),

Image and Spurious =60 db minimum from the
response at center frequency.



Tuning Automatic electronic tuning,

with adjustment over 0 to
100 percent of the operating
bandwidth. Manual tuning
to any single frequency
would be available,

Automatic Frequency Control (AFC) Selectable AFC incorporated

in each receiver,

IF Bandwidth Each receiver to have the

capability of providing IF
bandwidths of 1.5, 3.0, 6.0,
and 10.0 MHz,

Signal Outputs Both video and analog signal

voltages to be made available,

Calibration Each receiver to incorporate

2.3.4

automatic calibration cir-
cuitry for both amplitude and
frequency. The accuracy to
be +0,.5 db in amplitude and
0.1 percent in frequency.

trol and Display Console

The Control and Display Console would have the capability to display all sigral data,
initiate commands, and control all antenna, receiver, and computer functions, In
particular, the console would provide the following:

a.
b,
c.
d.
e.
t,
g
h,

P: noramic frequency display with logarithmic amplitude.

Analysis display to show the signal characteristics of modulated signals,
A control panel to operate and select all receiver functions,

Antenna control panel,

Receiver test panel,

Numeric display of all system parameters.

Mode control panel.

Signal processor/computer interface.



2.3.5 Computer Group

The Computer Group would consist of all of the instrumentation necessary to collect,
store, reduce, and record the measured data, In addition, the Computer Group would
initiate all automatic calibrations upon command and store and display the results,

The Computer Group would cause displays to be activated during data acquisition to
show all measured parameters. The modes of operation would be: the calibration
mode, the calibration record mode, the data acquisition mode, the record mode, and
the manual input mode.

A teletype would be provided as part of the Computer Group to interface with the com~
puter for the purpose of inputting header data, compiling programs, and initiating
programs, The additional hardware comprising the Computer Group would include
magnetic tape decks, line printers, and an X~Y recorder. All software required to
operate in the modes described above would be furnished with the system.

Figure 2 illustrates the required PAMS basic building blocks. Detailed characteristics
and requirements of the four groups are discussed in Section III.,
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SECTION III
SYSTEM CONSIDERATIONS

3.1 INTRODUCTION

The previous Section discussed a number of requirements that the PAMS would be
required to meet in order to achieve the objectives of the program. This Section dis-
cusses those requirements and presents a conceptual analysis of the operation of the
PAMS from a system viewpoint. The ensuing discussion takes on the following order.

Antennas

Receivers
Console/Processor
Computer

3.2 ANTENNA REQUIREMENTS

As previously noted, the required operating frequency ranges from 100 MHz through
18 GHz. Consideration was given first to the investigation of the required antenna
performance in terms of gain and beamwidth over the RF frequency range, including
the problems of parallax and sidelobes. Once these characteristics were defined the
antenna configuration could be determined.

3.2.1 Antenna Gain

An initial program requirement was that the system operate with a minimum trans-
mitted power of 50 watts at a maximum range of 100 nautical miles. These figures
were used to calculate the required antenna gains needed by the PAMS. Several
assumptions were also made here as to the received power level and transmit antenna
gains, The antenna gains for airborne systems vary over a very wide range from 0 dbi
(db above isotropic) at the low frequencies to 30 dbi at the high end of the frequency
band., Not knowing exactlvy what antennas were to be evaluated the following assump-
tions were made:

Frequency (GHz) Gain (dbi)
.1- 1,0 0
1.0- 2.0 3
2.0- 4.0 6
4.0 - 8.0 8
8.0 - 12,0 12
12,0 - 18.0 15

These assumptions were based on the fact that most broadband antennas are useful up
to 8.0 GHz. Above that, more directive antennas are employed over narrower bands
with the resulting higher gains,



It was further assumed that a received signal of -95 dbm at the input to the receiver
would be available at the receiver input terminals. This would provide a minimum
signal-to-noise ratio for wide-bandwidth signals at the higher frequencies and some-
what larger signal-to-noise ratios for narrow-bandwidth signals at lower frequencies,
The one way range or beacon equation is

2
pTGTGR)tz ) PTGTGRC

p =
@rR)> (47RF)>

R

(1)

where

received signal power at the receiver terminals

Pr
PT Transmitted power
G, Gg

T* = Transmit and receive antenna gains

C = Speed of light: 3 x 108 meters/sec
F = Frequency
R = Range

Equation (1) can be expressed in a more convenient form as follows:

PR=PT+GT+GR+37.86—2R-2F (2)
where
PR = Power at receiver terminals in dom
PT = Transmitted power in dbm
GT’ GR = Transmit and receive antenna gain in db

R = Range in db above 1 foot
F = Frequency in db above 1 MHz

Rearranging equation (2) to solve for GR we have

GR =PR+2R+2F-GT

- 37.86 - PT (3)
The required gain over the operating frequency band was determined to be as shown
in figure 3,

The gains shown by Curve Number 1 in figure 3 are those required to receive a signal
at -95 dom. However, at least 25 db dynamic range is required for antenna patterns

in order to properly define the beamwidth and sidelobe characteristics. Curve Num-
ber 2 in figure 3 then is the actual gain to be furnished by the receive antenna system.

10
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It should be mentioned here that the 1oss due to atmospheric absorption was neglected
in the foregoing gain calculations, This loss factor is quite complex and is dependent
upon both frequency and elevation ray angle. For example, at a range of 100 nautical
miles and an elevation angle of one degree the atmospheric attenuation is approxi-
mately 1.4 db at a frequency of 10 GHz. When the ray elevation angle is increased to
ten degrees the loss drops to 0.30 db. For lower frequencies, at elevation angles
greater than three degrees, and ranges less than one hundred nautical miles, the
atmospheric absorption can be considered negligible. For frequencies greater than
10 GHz the absorption is extremely sensitive to the water vapor density. The water
vapor loss is directly additive to the oxygen contribution and is directly proportional
to the water vapor density. A range for water vapor density of about 2 to 20 grams
per cubic meter may be observed, corresponding to dry winter air and moist tropical
air, Below 10 GHz, however, most of the loss is due to oxygen, which is relatively
constant for various locations and times. The absorption losses due to rain are too
variable a phenomenon to have been considered at the time the gain calculations were
made,

3.2.2 Beamwidth

The second parameter of interest was the beamwidth characteristic, In partic-
ular the 0.25 db beamwidth would be the most critical for the PAMS since the s ystem
would be slaved to a track radar. At a radar range of 100 miles the beamwidth would
have to be broad enough to maintain a field of view with minimum amplitude variation.
If the beamwidth were very narrow the target might swing up and down on the slope of
the pattern causing large amplitude variations in the received signal. This, in turn.
would put severe requirements on the tracking radar, A secondary parameter of
interest was channel tracking. Since the PAMS would operate in dual polarization it
would be necessary to maintain close amplitude tracking in both polarizations to avoid
ambiguities when the input channels were reversed.

The above discussion indicated a conflict with gain and beamwidth, Since the overall
accuracy of the PAMS is paramount it was concluded that a reduction in range was
dictated for the low power sources that were under consideration. Reducing the range
in half provided a six-decibel improvement which would provide adequate gain for the
most severe case under consideration,

3.2.3 Parallax

In addition to the long range case there was the problem of minimum range, The pro-
posed physical layout of the PAMS and the track radars was such that there would be
approximately a 300-foot baseline separation between the PAMS and the MSQ-1 and

600 feet for the FPS-16. This separation introduced the problem of parallax if the
vehicle of interest was less than some ninimum range, See figure 4 for a typical layout
for a fly-by. It was assumed that the difference in the height of the PAMS and the
track radar would be insignificant in the established configuration. Consequently, the
problem could be reduced to a two-dimensional case, Then the parallax angle « is
specified by

a = tan"! AD/BC ()

A solution for (4) is given in figure 5 for various separations between the PAMS and
the track radar. For the separation in question it is seen from figure 5 that the

12
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minimum range that could be flown and maintain a parallax error of 0. 5 degree was

5.8 miles for the MSQ-1 and 11, 5 miles for the FPS-16. This also pointed up the

need to maintain a 0, 25 decibel beamwidth that was not too narrow. If the beamwidth
were one-half that specified previously, the minimum ranges would be 11. 5 and 23 miles
respectively, since this is equivalent to reducing the parallax error to 0.25 degree.

3.2.4 Sidelobe Levels

The last parameter of interest in the performance of the receive antenna was the side-
lobe level. The primary area of concern here was the effect of multipath on the ampli-
tude of received energy. In order to minimize the effects of multipath it was desjrable
to keep the sidelobe level as low as possible in order to avoid ambiguities in signal
level. However, a compromise had to be made due to the large bandwidths covered
and the dual polarization requirements. Practical sidelobe levels for the application
of the PAMS were -15 decibels. Tie effect on the system operation is covered in the
analysis portion of Section VI.

3.2.5 Antenna Parameters

The preceding paragraphs have described the requirements of the antenna array for
the PAMS. It was detemined, as a result of the previous investigations and analyses,
that the antenna parameters defined for the PAMS were relatively standard and could
be obtained with available hardware. In order to take advantage of this, thc bands
were divided as shown in the following tabulation. Included are the cther parameters
of interest.

.25 3 db Channel Sidelobe

Freq. Gain Beamwidth Beamwidth  Tracking Level
(GHz) (dbi) (Deg) (Deg) {db) (db)
0.1- 1.0 7.0 20 60 0,5 -15
1.0 - 4.0 20,5 - 32.0 3.4-0.8 12,0-2.8 0.5 -15
4,0 - 8.0 27 =30 1.7 - 0,85 6.0 -2,5 0,5 =15
8.0-12.0 29 -32 1.3-0.85 4;0"3.0 :!‘).5 -15
12,0 - 18,0 30 -33 1.2 -0.75 3.7-2.9 0.5 -15

The antenna hardware and configuration is described in Section IV,
3.3 SITE INTERFERENCE

This Section details the investigation of the Radio Frequency (RF) environment that the
PAMS would be expected to encounter at the Verona Test Annex of Rome Air Develop-
ment Center (RADC). There are a large number of active RF systems at Verona
covering an extremely broad frequency spectrum, Consequently, this Section deals
only with those systems which operate in the same frequency range as the PAMS,

The equipments and their locations were obtained from data provided by RADC. The
distances from the PAMS to the various sites were scaled from the Plot Plan - Verona
Test Annex, figure 6. The scaled distances were considered to have sufficient accu-
racy for this investigation. The sites and their distances from the PAMS are given in
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table 1. The beacon equation stated in paragraph 3. 3.2 was used to describe the
worst case condition o1 RF interference, It is then shown how the worst condition was
modified in normal operation by the effects of receiver selectivity and antenna beam
shape. The results of the computer calculations and the discussion on the PAMS were
used as the basis for recommendations to optimize the accuracy and performance of
the PAMS,

TABLE 1
EMITTER LOCATIONS

Bldg, Site Emitter Unit Dist. to PAMS (ft)
1 1 1 FPS-74 4060
1 2 MRC-113 3260%*
2 2 1 MRC-98 3410%
3 4 1 SPS-8 2810*
5 1 SPS-30 2735*
6 1 TPS-40/MPS-16 2530%*
4 7 1 FPS-6 2215%
8 1 FPS-65 2065*
9 1 FPS-67 2095*
Hdqtrs. 10 1 URN-3 2220%*
11 1 GRC-27 2220%*
11 2 GRC-27 2220*
11 3 GRC-27 2220%*
11 4 GRC-27 2220%*
11 5 GRC-27 2220*
11 6 GRC-27 2220*
11 7 GRC-27 2220%*
11 8 RT-723 2220*
11 9 RT-723 2220%*
11 10 RT-723 2220%*
Tower 1 12 1 K-Band 965
12 2 Q-Band 965
6 13 1 FPS-16 640%*
14 1 SG1-B 400%*
15 1 HF XMTR. 156
7 16 - PAMS 0
17 1 MPQ-29 130*
18 1 MSQ-1A 320%*
18 2 MSQ-1A 320%*
8 19 1 TROPO 670*
20 1 TROPO 605%*
21 1 SCR-584 770%
Tower 2 26 1 FRT-60 3000*
26 2 S-Band Breadboard 3000*
28 - H.F. Trans, TWR 150

* Operate in the PAMS frequency range,

17



TABLE I (CONTINUED)
EMITTER LOCATIONS

Bldg. Site Emitter Unit Dist. to PAMS (ft)
Mobile 1 30 1 **TPS-1D 4000*
Mobile 2 31 1 ** TRAIL II 4000*

A 32 1 NIKE "X" 1450%
B 33 1 NIKE "X" 1695*
C 34 1 NIKE "'s" 1570%*

* Operate in the PAMS frequency range.
**These are mobile units - 4000 feet was assumed distance from the PAMS site. Only
those sites known to have an active source are listed.

3.3.1 RF Site Analysis

The first part of the analysis was to establish what the worst case RF conditions would
be at the PAMS site. To accomplish this, it was assumed that the PAMS and the
interfering emitter would be aligned with each other along the RF axis. The effects of
ground reflections and multipath propagation were not taken into account for this anal-
ysis due to the complexity of the multiple site environment. The beacon equation was
used to calculate the power received at the PAMS antenna. Of the emitters listed in
table I and shown in figure 6, those identified as being in the same frequency range as
the PAMS have been asterisked.

3.3.2 Computer Program and Calculations

The equation used to determine the RF power at the input terminals was somewhat
unwieldly and time consuming in its general format as can be seen below:

2
) PTGTGR)\

Pp = —=————— (5)
R n R2 9

where

[}

Receive power at antenna in watts

T

Transmitter power in watts

'-]QHFU

Transmit antenna gain

Q
s > =
0 "

Receive antenna gain
Free space wavelength in meters

Range between sites in m«icrs

18



To simplify the calculations and reduce the time required, equation (5) was transformed
to a decibel (db) format and is shown in equation (6).

- 2F +97.876  (6)

PRbm) = Pr(dbkw) * OT(db) * Crdby ~ 2F dbMHz) ~ 2RdbFt)
Although the above equation proved to be relatively simple to use, the number of cal-
culations required suggested the use of a computer. Therefore, equation (6) was pro-
grammed using BASIC computer language. The data for P, F, and R were entered in
the program in kilowatts, MHz, and feet, and the log functions were calculated in the
program, The gain G was entered in db. The computer program is shown in table II.
Table III illustrates the input data used in the program. The elapsed processor time
for this program as 0. 32 second.

The output data from the computer program are given in table IV, The power received
by the PAMS antenna, PR (DBM), was quite high for a number of the sites. Those
sites which were considered objectionable are identified in paragraph 3.3. 3.

3.3.3 Potential Interference Sites

For the purpose of this analysis peak pulse power greater than 500 watts and contin-
uous wave (CW) power greater than 1000 watts were considered to be detrimental to
the PAMS performance. The limiting characteristics of the Yttrium-Iron-Garnet
(YIG) filter accounted for the low level of peak pulse power used above. The ability
of YIG devices to limit pulse power is dependent on the rise time of the leading edge
of the pulse, A very fast rise time allows considerable peak power to leak through to
the receiver(s) while a slower rising pulse can be limited rather effectively. Since
the pulse characteristics were not known for the emitters in question, the somewhat
pessimistic value of 500 watts was used in this analysis,

Based on the above definitions there were 15 emitters which fell into the classification
of an objectionable source. These were the emitters at sites 4, 5, 6, 7, 8, 9, 13, 17,
18, 20, 21, 26, 32, 33, ard 34, (When site 20 was in a CW mode of operation, it was
not considered to be a threat,) Site 30, which was mobiie, was a potential interfering
source when the distance between it and the PAMS was 1000 feet or less. Referral to
the site locations given in figure 6 shows that most of the emitters considered in the
analysis were on or very close to the headings 150 degrees - 330 degrees true. If an
arc of +5 degrees to the indicated headings were considered, all but sites 13, 14, 17,
18, 21, and 26 were enclosed. The high concentration of RF sources in the indicated
zones effectively restricted any measurement activity in that area, However, sites
13, 14, 17, 18, 21, and 26 presented an interference problem to the PAMS during
measurements, All of the cited emitters could degrade the PAMS receiver perform-
ance up to and including crystal burnout, unless adequate precautions were taken,
These problems and recommended solutions are covered in the following paragraphs.

3.3.4 Effect on PAMS

The ability of the PAMS in gathering data to accurately define the radiation character-
istics of airborne antennas, aircraft cross-section, and cross-section per unit volume
of radar clutter was determined to be primarily a function of antenna and receiver
performance. The following sections evaluate what interference effects the nearby

RF systems would have on the PAMS,
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TABLE I
INPUT DATA

10 1,1,1000,28,29.5,2800, 4060
40 451,1200,37531.55350C,2810
SO 5,1,25005,42,31.5,3500,2735
60 6,1,1000,542,29,5290,2530

70 75,1,5000,5,40,29.5,2800,2215
80 8,1,2000,36,23,1300,2065

90 9,1,2000,35523,1300,2095
100 105157¢557¢55214751151,2220
110 11,15¢15,0,65,262+5,2220

120 11,25¢1505,A,294.6,2220

130 11535¢150,65319.6,2220

140 11,45,¢1,05,5h5341.6,2220

150 11,55541505,62349.652220

160 11,A5,¢15,0,6,383,2220

170 11575¢150,65,384.8,2220

180 11,8,.0255,0,6,123.2,2220
190 11,9,¢0255,05,65,123.4,2220
200 11510,.025,0,65139.8,2220
210 13,151000,42,29.55,56005640
220 145,1,50525.5»,30,305C, 400
230 1751,30,35,30,8700,130

240 1851,300,35,29.5,2800, 320
250 19,155523565303:5,670

260 205153,54,32,7900,605

270 21,1,250533,29.5,2800,770
300 26+,2,1500,34,30,3000,3000
310 30,1,400,27,23,1290, 4000
320 31,1,2.2,38,32.5,6250, 4000
330 32,1,2505,43,30,9000,1 450
340 33,1,250,435,30,9000,1695
350 34,1,500,30,31.5,3300,1570
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3.3.4.1 Receiver

The concentration of high power emitters posed a potential threat of damage to the
receiver crystals. The consequences of high power range from degradation of crystal
performance, to actual burn-out of the crystal. YIG preselectors have an inherent
limiting characteristic and limit signal level to approximately +16 dom. The limiting
action occurs through the precessing magnetization of the YIG crystal, Unfortunately,
there is a time lag involved with the initial absorption which gives rise to some spike
leakage, as shown in figure 7.

SPIKE PULSE WIDTH t

FLAT LEVELING

.

TIME ———&

OUTPUT POWER ———a»

18080

Figure 7. YIG Limiting Characteristics

This spike is equivalent to the spikes encountered in the early radars which were due
to the ionization time of the Transmit-Receive (TR) and Anti Transmit-Receive (ATR)
tubes. It has been shown that the pulse energy (Px T) associated with such a spike is
actually more detrimental to crystal life than CW levels of several watts, For YIG
devices, the pulse width T of the spike can range from 10-7 to 10-11 seconds and is a
function of the doping characteristics of the YIG crystal, the physical size of the
sphere, magnetic field, and the leading edge rise time of pulse signals.

In order to see what could happen cdue to the leakage spike, consider the following
example., Assume the received power from site 13 (FFS-16) was attenuated 3 db by
transmission line and polarizer losses., The approximate peak power at the receiver
input would then be 3.4 kilowatts, If the pulse width T of the spike were 10-9 seconds,
the pulse energy at the mixer crystals would be on the order of 34 ergs which would be
catastrophic. Even with T equal to 10-10 gseconds the pulse energy would be 3. 4 ergs
which could degrade crystal performance when subjected to such energy levels over a
period of time. Safe values of spike pulse width would be in the range of 0.5x10-11 <
T < 0.5x10-10 for peak power values in the range of 1 to 10 kilowatts.

In addition to the problem of crystal damage, the nearby emitters also presented a
potential interference problem which could degrade measurement accuracy. Fortu-
nately, this problem could be reduced considerably by the combination of receiver
selectivity and antenna directivity., The receiver preselector, a multi-pole YIG
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filter, would provide 60 db attenuation to the image frequency 200 MHz away. Signals
further away than the image would be attenuated 60 to 80 db. An unwanted signal might
be detected during the sweep mode but would not interefere with the signal of interest.
This would be the result of the 60-db attenuation if the undesired signal were outside
the 200 MHz band. If the signal were less than 200 MHz from the desired signal the
intermodulation products would be very low until the signals were within one or two
MHz of each other. In addition, the YIG preselector would limit on the largest signal
and would not affect the smaller signal. Consequently, if a signal from a nearby
emitter were detected within the +200-MHz band the signal would be limited to a point
(approximately +16 dbm for strong signals) where the possibility of receiver saturation
would be eliminated. In normal operation, the interfering signal would be the result of
reflections or spillover and consequently, the problem of the high peak powers with the
resultan. pulse spike would not be present,

3.3.4.2 Antenna

The antenna system of the PAMS plays an important role in reducing the problems of
crystal damage and interference. Paragraph 3.3.3 established that most of the
emitters at the site were on the heading 150 degrees - 330 degrees true. This is con-
sidered a ''dead zone.' If one takes a 15 degree arc from the ''dead zone'" (145 de-
grees - 155 degrees and 325 degrees - 335 degrees) 80 percent of the emitters are
enclosed and basically eliminated from the interference problem, Those emitters
outside the +5 degree arc are potential sources of interference. If the emitters exceed
power levels specified in paragraph 3.2.2 (500 watts peak pulse power or 1000 watts
CW) they are also classified as potential sources of crystal damage., The sites which
fell into one or both of these catagories are listed below. (Refer to table 1 for
nomenclature).

1. Site 13, C band - This was a source of both interference and crytstal damage.
2. Site 14, S band - Source of interference.

3. Site 17, X band - Source of interference and crystal damage.

4, Site 18, S band - Source of interference and crystal damage.

5. Site 19, UHF - This site was included as a potential interference source due
to the broad beamwidth of the Band 1 antenna.

6. Site 21, S band - Source of interference and crystal damage.

7. Site 26, S band - Source of interference and crystal damage. The charac-
teristics of the second emitter at this site (FRT-60) were not known at the time, how-
ever, it was included in the survey. This site was located in an area where the PAMS
would be conducting a number of measurements and the probability of interference was
extremely high,

In order to attenuate the level of the interfering signals,isolation is obtained by the
directivity and pattern shape of the PAMS antenna as well as the antenna of the unde-
sired emitter, With the exception of the UHF antenna (Band 1) the antennas making up
the PAMS array are parabolic reflectors. Figure 8 is the theoretical secondary pat-
tern for a circular-aperture antenna with a tapered primary illumination function., The
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pattern is pencil shaped and has theoretical sidelobes of 24 db below the peak of the
beam. (The sidelobes on the PAMS array will nominally be 20 db due to reflector
diameter, Focal Length/Diameter (F/D) ratio, and amplitude taper of the primary
feed.) The positions of the nulls and sidelobes are a function of U where U is defined
as being equal to II)TD. sin 6,

The positions of the first null and first sidelobe are given by:

1st Null = sin”! 1.63 %) radians )
and
1st Sidelobe = sin~! 2. 04 %) radians (8)
where

X = free space wavelength
D = diameter of parabolic reflector
A and D are in the same units, i.e., meters, inches, feet

Examination of (7) and (8) shows their position to be frequency dependent moving
toward the major axis with increasing frequency (beam narrowing characteristic). For
example, the reéflector is 6 feet in diameter and operates over the range of 1.0 to

4.0 GHz, At 1,0 GHz, the 10 db beamwidth and first null are at 15 degrees and 20
degrees respectively, and at 4, 0 GHz the corresponding values are 5 degrees and

3.9 degrees., In other words 10 db attenuation could be achieved by moving the peak
of the beam 10 degrees. The same value could be achieved with only 2. 5 degrees
beam offset at 4, 0 GHz, If the emitter antenna had similar characteristics approx-
imately 40 db attenuation could be obtained at 4,0 GHz by offsetting each antenna about
3 degrees in opposite directions. Applying the results of the above discussion to the
seven emitters listed as problem sites, approximately 15 to 20 db of signal attenuation
could be achieved by offsetting the beams of the PAMS antenna +10 degrees from the
150 degree - 330 degree heading. The broad beamwidth of the Band 1 antenna would
require a larger offset to obtain results comparable to the rest of the system. The
undesirable effects of site 26 could not be eliminated with the technique of beam off-
set. Additional limiting could be achieved with passive PIN diode limiters placed in
the receiver front end, Although the insertion loss of these devices would degrade
receiver performance to some degree the increased protection would be worth the
price when operation would be required in a high emitter density environment,

3.4 RECEIVERS

Receivers for the PAMS would require the maximum possible sensitivity in order to
accurately record the radiation characteristics of the emitters over the entire range
of interest. Furthermore, the radiations under evaluation could have spectral widths
from near zero to a full octave, and modulation characteristics from noise to CW,
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3.4.1 Sensitivity

In order to achieve maximum sensitivity there were three system parameters which had
to be optimized. First, the system noise figure had to be minimized. Secondly, the
image noise had to be suppressed as fully as possible, Lastly, the combined RF and

IF bandwidth had to be restricted to the fundamental spectral lobe of the information
signal. These processes would minimize the noise bandwidth and maximize the signal-
to-noise ratio on the standard pulse or CW modulated signals. However, system sen-
sitivity to the radiated noise source required maximizing the source-noise to system-
noise ratio which is slightly different from the preceding.

Maximizing sensitivity to a noise~type signal still required a minimum system-noise
figure and image-noise suppression, Image suppression not only lowered the system
noise, but also prevented signal noise at the image frequency from introducing ambi-
quities, Variations in the RF - IF bandwidth would not increase system sensitivity
since this would simultaneously vary the signal and system-noise bandwidth, pro-
ducing a change in selectivity only. Consequently, there was no effect on the noise-
to-noise ratio or sensitivity to a signal from a noise source, However, noise-to-noise
sensitivity could be greatly improved by first; selecting the IF bandwidth no narrower
than required to obtain the desired frequency resolution, second; slowing the system
spectral scan rate as slow as possible without creating indicator flicker, and then
narrowing the video bandwidth to conform with the time it would take the frequency to
traverse one frequency resolution cell, This process would create a spectral envelope
of the noise signal and would enhance the sensitivity by the equivalent IF to video band-
width ratios.

The available noise power of a receiver was calculated from the following equation:

P = KTB (9)
where
Pn = noise power in watts
K = Boltzman's constant - 1.38 x 1023 watt/sec/°K
T = Temperature in degrees Kelvin
B = Bandwidth in Hertz
Equation can be stated in a more usable form as:
P_(dbm) = - 114 + 10 log B + NF (10)
where
Pn = Absoclute noise threshold
= Bandwidth in Megahertz
NF = Receiver noisc figure in db
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Using equation (10) and a bandwidth of 1. 5 MHz the absolute noise threshold is
Pn = - 112,24 db + NF

Therefore in order to achieve unity signal-to-noise of -100 dbm it was determined
that a receiver noise figure of 12,24 db would be required.

A worst case analysis was performed on the receiver front end based on preliminary
data from component manufacturers. The results were as follows:

Freq. LO Mixer Mixer Pre- Isol. L:;ISG & Cable, Tuner
Band Power Amp. NF Loss Ripple Conn, NF
S +3 dbm 8.5db 1.0 db 4.75db 1.0 db 15.75 db
C -3 dbm 9 d 1.0 db 4.5 db 1.5db 16.5 db
X +2 dbm 10 db 1.0 db 4.5 db 2,3db 18.3 db
Ku +2 dbm 12 db 1.0 db 4.5 db 2.5db 20.5 db

As can be seen,the required noise figure was exceeded in all bands using the present
day components. However, as mentioned previously, noise-to-noise sensitivity could
be improved by the proper combination of IF bandwidth, scan rate, and video bandwidth,

To cite an example, if a noise or CW signal were to be evaluated with a desired 10 MHz
resolution in Ku band, and if a 24 millisecond sweep were assumed for the 6000 MHz
dispersion, the following conditions would prevail. The video signal would have approx-
imately a 0.1 microsecond grain; however, it would take 40 microseconds for the
sweep to transverse the 10 MHz window. Thus, a video filter smoothing the noise
structure to the 0.1 microsecond grain compatible with the system resolution would
improve the sensitivity by the ratio of 40 to 0.1 or approximately 26 db. However, the
filter would have to be switched out during pulse reception to prevent serious signal
distortion,

When receiving pulse signals, the receiver would be operated in either a fixed-frequency
mode or would utilize a fixed portion of the sweep period. Figure 9 illustrates the type
of scan determined to be required by the PAMS receivers,

During pulse reception the video filter would be deactivated and the signal path would
be through a pulse stretcher and a gated peak detector would be used to maximize
sensitivity. The pulses would be detected and averaged for a specified period of time
and then ""dumped' into computer storage upon command. This technique of post-
detection integration would improve the over-all receiver sensitivity to an acceptable

level when operating with pulsed signals,

3.4.2 Image and Spurious Sigp_gls

In order to eliminate erroneous data from being displayed and processed by PAMS all
image and spurious signals would have to be suppressed by at least 60 db, the dynamic
range of the receivers,
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Figure 9. Sweep Configuration

Image rejection would best be accomr lished using preselection techniques. Sufficient
image rejection could be achieved by this method providing the IF frequency were high
enough to provide maximum frequency separation between the fundamental and image
frequencies without requiring excessively steep preselector skirt selectivity to pass a
10 MHz bandwidth signal and simultaneously attenuate the image by 60 db. In order to
produce a full panoramic display of all radiation within each octave band the pre-
selector would have to be swept across the RF band in synchronism with a sweeping
local oscillator. The preselectors selected for the PAMS were Yttruim Iron Garnet
(YIG) filters, with 18 to 24 db per octave skirt selectivity and sweep drivers. These
devices would provide the required image rejection of 60 db and in addition would pro-
vide some receiver protection to high level signals due to the limiting characteristics
of YIG devices.

It can be noted here, with reference to figure 17 showing the layout of the YIG pre-
selecto» acsembly used in the PAMS receivers, that the basic overall system band-
width of 10 MHz includes the tuned circuits of the YIG preselectors, preamplifier, and
logarithmic amplifier. Consequently, the skirt selectivity of the basic 10 MHz band-
pass filter is very steep due to the multiple tuned circuit configuration of the filter
selection box. However, the narrowband modes of 1.5, 3, and 6 MHz are created by
injecting a narrow filter into the basic receiver circuitry. Thus, the selectivity within
the 10 MHz domain is solely a function of the filter skirts. The narrowband filter is
inserted prior to the logarithmic amplifier since signal sampling is obtained from each
IF stage, thus, the signal spectral width entering each stage should be identical to
ensure proper combining.

3.4.3 Calibration

In accordance with system requirements, the amplitude and frequency calibration
modes of the PAMS were required in both manual and automatic modes of operation,
The inanual calibration of both amplitude and frequency would not be as accurate as
the automatic mode primarily because the operator would be required to make al!
adjustments and interpret the display outputs. However, the manual mode would

29



permit amplitude readings of 3 db and frequencies to be read within several percent.
The automatic mode of calibration required much higher accuracy. Here the amplitude
and frequency requirements would be +1. 0 db and one-tenth percent respectively. This
accuracy would require special circuitry and interface with the computer. The con-
ceptual approach to amplitude and frequency calibration circuits are discussed here
briefly and are treated in greater detail in Section IV,

3.4.3.1 Amplitude Calibration

The automatic amplitude calibration would require an overall accuracy of +1.0 db over
the dynamic range of the receiver. The calibration would be done from -40 dbm to
-99 dom, a 59 db range. Both coarse and fine attenuation control would be used. The
coarse control would consist of 10 db steps and the fine control would be in 1 db incre-
ments, The calibration system would employ a balanced mixer operaiing as an up-
converter, A 100 MHz signal would be mixed with a portion of the local o3cillator
(LO) power. The output of the up-converter would contain the upper and lower side-
bands plus the LO frequency. The undesired sideband and LO frequency would bhe
reasonably attenuated by the main receiver YIG filters. The AGC circuitry would
need the capability to regulate the power of the desired frequency to a few tenths of a
db, However, it would be difficult to suppress unwanted signals of the up-converter
by 10 db or more over an octave band. An unwanted signal in the calibration channel
suppressed by only 10 db would cause a power monitoring error of approximately

0.5 db. To eliminate this error, it was decided that a third YIG filter be placed
ahead of the power monitor detector which tracks the input receiver filters. The AGC
would thus respond only to the desired calibration signal and not to a spur. The AGC
calibration loop would regulate the ainplitude of the RF calibration signal over a 10 db
range in 1 db steps. A voltage control signal would be provided which would match
the RF detector power curve over a 10 db range, This control signal would be com-
pared with a sensitive low drift operational amplifier., The output of this amplifier
would drive the AGC control of a 100 MHz amplifier, The IF amplifier would need to
have adequate gain in order that the 10 db control range plus the variations in loss
through the up-converter, YIG filter, and other components could be compensated for.
The calibrated amplitude data would be stored by the computer to be compared with
measured data during final data reduction,

3.4.3.2 Frequency Calibration

It was required that the automatic frequency calibration have an accuracy requirement
of 0 1 percent over the entire operating frequency range. To obtain this accuracy a
har nonic generator would be used to inject a train of RF input signals every 100 MHz
over the frequency band of interest. During the swept mode of operation the voltage
at each frequency increment would be measured using zero crossover techniques.
These voltage points would be stored in the computer and compared with measured
frequency voltages during data reduction. In order to obtain the accuracy required,
an automatic frequency control/IF amplifier assembly would be used to generate an
error signal which would be sensed by the computer., The error signal would be
derived from a ratio detector and would be coupled into a difference video amplifier,
The gain of the amplifier would be adjustable and would provide an output error sensi-
tivity slope of 0.5 volt per megahertz or greater. This would provide an extremely
accurate voltage point for the computer to extrapolate against. For automat ¢
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calibration during the fixed frequency mode the computer would sense the voltage at
the fixed tuned frequency and then measure several points above and below that point

to ensure adequate data for the computer.

3.4.4 Low Frequency Operation

The requirement for frequency coverage from 100 MHz through 2000 MHz was intro-
duced after the development and fabrication of the S- through Ku-band receivers. The
broad frequency band precluded the use of a single receiver to cover the range. In
acdition the use of YIG preselectors below 500 MHz is not too practical at this time,
However, the frequency range could be covered by a single unit utilizing up-conversion
techniques. The output of the up-converter could then be switched into one or more of
the existing receivers. It was decided that up-conversion to all receivers was not
practical since frequency multipliers and more complex circuitry would be required.
On the other hand the use of only one receiver would limit the efficiency of the system.
The use of two receivers however, would provide a good compromise. In order to

use readily available hardware, S- and C-band receivers were selected for integration
with the up-converter, The input to the YIG preselectors of S and C band would serve
to suppress any unwanted image by at least 60 db.

The actual up-converter would use thin film preamplifiers which have extremely stable
gain characteristics. A 4 GHz crystal controlled oscillator would be used in conjunc-
tion with a pair of mixers to provide a difference output of 2.0 GHz to 3. 8 GHz and a
sum output of 4.2 GHz to 6.0 GHz, The difference output would then be used in con-
junction with the S-band receiver while the sum output would be fed to the C-band
receiver, Since the frequency scales for the up-converted signals would not be the
same as those of the receivers, some correction factors would be required to provide
correct frequency conversion, Input terminals for the 100 MHz to 1000 MHz band
would be provided; however, the antenna would not be a part of the present PAMS.

3.4.5 Mismatch Considerations

The VSWR characteristics of the antenna, YIG filter, and mixer-preamplifier would
produce large gain variations as a function of frequency if these items were connected
directly together by cable. This effect could be suppressed by inserting attenuation
between the components, However, attenuators in the receiving channel prior to sig-
nal amplification would degrade the system sensitivity. Thus, isolators would be
placed between the antenna and YIG filter and between the YIG filter and mixer-
preamplifier. The attenuation of this device to signals traveling from the antenna
through the receiving channel would be only 0. 4 decibel, creating only a minor degra-
dation in sensitivity. However, reflected signals traveling back towards the antenna
would be attenuated by at least 18 decibels in the isolator. When this attenuated sig-
nal would be again reflected forward in the receiving channel and phase combined with
the incoming signals, it would be too small to cause large variations in sign~1 amplitude.

The two isolators in eacl receiving channe! would also further suppress leakage of the
local oscillator signal to ihe antenna by at least 36 decibels, and thus would reduce RF
emission to approximately minus 90 dbm,

The VSWR characteristics of the up-converter, YIG filter, and AGC leveling detector

in the calibration channel would also be countcracted by placing isolators between these
components to prevent amplitude-frequency variations in the precision calibrction signal.
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Since the up-converter in the calibration channel would generate an on-frequency RF
signal at a -20 dbm level and a common local oscillator would be used for the up-
converter and the dual high-sensitivity receiving channels, the receiving channel mix-
ers would have to be highly isolated from signals within the up-converter. The inher-
ent isolation within the mixers, hybrid couplers, and up-converter would be inade-
quate to prevent cross-talk between channels, Thus, two isolators would be included
in the local oscillator line to the up-converter, This would adequately suppress RF
cross-talk, However, a high-pass filter would also be required to eliminate 100 MHz
cross-talk since these coaxial type components would not properly isolate the large
100 MHz CW signal in the up-converter,

3.4.6 Signal Routing

The method of signal routing as conceived for PAMS required a number of parameters
to be investigated. There were several options available in the system design. These
were; (1) route all RF signal data to the receivers which would be located in the Con-
trol Console and, (2) place the receiver assemblies on the antenna pedestal and route
low frequency video signals down to the Control Console.

The first approach would require a multiple channel rotary joint in order not to
restrict pedestal rotation in the azimuth plane. Since each receiver would be a dual-
channel unit the rotary joint would require eight signal channels plus two additional
channels for the amplitude and frequency calibrate signals. However, ten channel
rotary joints are not readily available, The number of channels could be reduced with
multiplexing, but this approach would be quite complicated and the multiplexer would
have to have very stringent specifications on maintaining phase and amplitude levels
over an extremely broad frequency band. The attenuation of fifty to sixty feet of
coaxial cable would also degrade receiver sensitivity by three to ten decibels, depend-
ent upon frequency. The problem of procuring an adequate rotary joint, and the RF
attenuation due to cable losses made it apparent that this approach could not be prac-
tically implemented,

The second option was to place the receiver assemblies on the elevation axis of the
antenna pedestal, This would make greater demands on the physical structure of the
pedestal and its associated servo system., However, such an approach would permit
all the RF to be processed in close proximity of the antennas and eliminate the long
cable runs and rotary joint. The video output signals and all analog control voltages
could then be routed through a conventional slip ring assembly. These assemblies are
readily available and can be provided with both dc and high-frequency capability. Most
slip ring assemblies can handle frequencies up to 50 MHz without any signal distortion.
The attenuation of low frequency video signals is approximately 1.2 db per hundred
feet of RG-58B coaxial cable. This low levei of attenuation would not contribute much
degradation to the overall signal level routed to the Control Console. In addition this
loss could be easily compensated for in the signal conditioning section of the Control
Console,

3.5 PAMS CONSOLE
To provide a control center for the PAMS, a four-bay rack connected together to form

a semi-circular console was considered to be the best design approach. In the con-
ceptuai layout, an effort was made to optimize the location of each control function to
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minimize the reach distance and to provide the operator the best monitoring angle for
the various displays. The console would perform functions and contain contrcls as
follows:

Produce the system timing signals.

Process the receiver video and frequency data.
Display the video data,

Establish the cursor system.,

Display the numerical equivalent of pertinent data,
Provide for manual calibration signals.

Contain the computer control,

Contain the receiver controls.

Contain the pedestal controls,

Interface with the FPS-16 and MSQ-1 tracking radars.
Interface with the site real-time standard.

Include outputs for video recorders and receiver test.

3.5.1 System Timing (Figure 10)

Since the final design of the PAMS system timing remains as it was planned in the con-
ceptual phases of the program, it is briefly discussed here in the light of its present
operating configuration. As shown in figure 10, the PAMS system is cycled at a rate
of 30 Hz, Each receiver is operated in two modes during each cycle, a swept and a
fixed frequency. A settling time is provided before each mode of receiver operation
is begun, This is required to give ti.. receiver YIGS time to tune to the selected fre-
quency. A receiver sweeps through a preselected frequency band for 24 ms after a
0.8 ms settling time, Up to twelve frequency data points can be recorded in the com-
puter. A 4,0 ms settling time is then required to allow the YIGS to reach the specified
fixed frequency level. Data can then be taken for the next 4.5 ms. The fixed fre-
quency data are transferred to computer during the last 0,125 ms, The 30 Hz rate is
synchronized with the power line to minimize flicker when data are displayed on the
oscilloscope.,

3.5.2 Receiver Video and Frequency Data Processing (Figure 11)

The functions of receiver video and frequency data processing are also discussed in
the light ot their present operational configuration for the same reason previously
mentioned for system timing., (Refer to figure 11, the signal processing block dia-
gram,) Each receiver generates four signals: two are the polarized video, the third
is the frequency, and the fourth is the discriminator output. The discriminator is
used for irequency calibration and automatic frequency control.

Both of the video signals are terminated into a 50 ohm impedance-matching load in the
processor section of the console, The signals are then fed to a differential input
instrument amplifier. This was done to give 60 db of common mode noise rejection.
The output of the amplifier is fed to a data gate either directly or through a 100 KHz
filter. If data are to be taken during the sweep mode, then a 100 KHz filter is used to
improve the signal detection. Up to twelve frequency points are selected by the cur-
sors described in paragraph 3.5.4. The cursor opens the data gate for 100 usec,
feeding the filtered video to a peak detector. Since only 100 usec of the signal is
sampled, the peak detector actually acts as a sample hold. The cursor system flags
the computer to read the peak detector output and convert the analog voltage to a 12-bit
digital word.
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If the signal characteristics of a radar operating at a single frequency are to be analyzed
then the fixed frequency mode of each sweep is utilized, In this case, the unfiltered
video is fed to the peak detector for 4,375 ms.

The 4.375 ms is long enough to sample 90 percent of all known aircraft radars. The
4.375 ms time can monitor radars with repetition rates of 220 Hz or more. If a spe-
cial radar with a repetition rate of lower than 220 Hz is beirg monitored the receivers
can be set to operate in the fixed-frequency phase only. In this mode, the sample time
is extended to 8.5 ms or a 175 Hz sigral can be sampled.

The filtered video data can also be fed to a voltage integration and hold circuit, The
integrator start and stop points are selected by cursors, The frequency at the start
and stop points of the integration period are known, thus, the computer can calculate
the power density of the integrated signal in watts/mc.

The frequency signal is in the form of a ramp with a step as shown in figure 10, The
frequency data are buffered by an instrument amplifier then fed to a sample hold, The
same cursor pulse which sets the video peak detectors also sets the sample holds.
These data are then fed to the computer in the form of an analog voltage.

3.5.3 Video Signal Displays (Panoramic and Analysis)

The original design of the PAMS sy:item required eight panoramic displays to show the
swept video signal, one display for each channel of the four dual bands, KU, X, C, and
S. A single large screen scope which could be switched to any band was to be used to
analyze signal characteristics for fixed-frequency data, as range radar pulse widths
and repetition rates. Subsequently, in the light of invoking program cost economies
the number of scopes were reduced and their function modified. A compromise was
made which resulted in one dual-trace 12-inch scope being selected. This scope could
display either the swept receiver video, (panoramic display), or the fixed frequency
video, (analyses display). For the analyses requirements, the bandwidth of this scope
had to be wide enough to display pulses with a minimum width of 0.2 us. The scope
could switch to any of the four bands and display both polarized video channels at once,

The eight panoramic scopes were replaced by two dual-trace 0,5 MHz, 4-inch scopes.
The lower bandwidth and less expenrsive scope could be used because of the lower fre-
quency of the swept video. All sweph video signals would be passed through a 100 KHz
filter for signal to noise enhancement.

Each of the two smaller panoramic scopes could also be switched to monitor any band.
Thus, three bands could be monitored simultaneously. An analysis of most of the
PAMS applications indicated that there would be very few requirements for monitoring
more than three bands simultaneously.

The scopes could also be used as standard oscilloscopes to monitor other functions or
troubleshoot the PAMS,

3.5.4 Cursors
The video data to be monitored by the computer was specified by a cursor or a pair of

cursors, Two types of cursors were considered for use in the PAMS, The first type
of cursor would monitor the amplitudes of both video channels at a specified frequency.
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With 12 cursors in all, four would operate independently and eight would operate in
pairs, The four independent cursors could monitor either the swept frequency or one
fixed frequency point on each receiver,

The eight cursors operating in pairs not only could monitor the video data at a specific
frequency but also could integrate it. The first cursor would indicate the point to start
integrating while the second cursor would indicate the stop point, The computer would
then read the integrated video data. These data could be used to determine broadband
jammer power density.

In order to position a cursor on a signal of interest, any of the three panoramic scopes
could be used. The cursor would be superimposed upon the screen by intensifying the
data at the cursor point. Cursors could be switched to any band, and up to twelve cur-
sors could be placed on one band, Cursors could occur on multiple bands simultane-
ously but no one cursor could be used on more than one band and point at any one time.
(The cursor system, in its operational configuration, is so designed that if required at
a future time it can be expanded from twelve to at least thirty cursors.)

3.5.5 Numeric Display

A six-digit numeric display on the PAMS console would indicate the various system
parameters. The display would work in conjunction with the computer to provide
uncalibrated video data. Any of the twelve cursor outputs could be displayed in terms
of frequency or db of signal. The freguency data would be within 0. 5 percent of the
true value while the video signal wcild be +3 db in the range of -40 db to -85 db, The
dicplay also could indicate the tracking radar range and the site time,

3.5.6 Manual System Calibration

Two tynes of manual system calibration would be available on the PAMS console. One
would be receiver and the second would be scope calibration,

Switches on the console would allow an operator to place the receiver in the amplitude
or the frequency calibration mode. In the amplitude mode, a manually selected video
level would be injected into each receiver and displayed on the scope as a dc level.,
This level could be compared against a signal level to accurately determine the
received signal level without the use of the computer,

For the frequency calibration mode a harmonic generator would inject RF signals at
100 MHz intervals into each receiver,

The scope calibration signal would allow an operator to simultaneously observe a
video signal and an amplitude calibration signal, The amplitude calibration is actually
a dc signal which is gated for 400 usec into the scope video input. The position of this
signal can be adjusted to any location on the scope trace. The amplitude of the cal-
ibrated signal is adjusted by a 10-turn digital reading pot on the analysis scope control

panel,

3.5.7 Computer Control and Interface

A console panel and a processor located in the console rear, would provide a computer
control and interface required to input and read data from the HP2116B computer,
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The console would control the operation of the computer during the data-taking mode.
Five console pushbuttons would perform these functions which are described as
follows:

Freq/Amp Calibrate « « e oo v s ee...... Initiates a computer-controlled
amplitude and frequency cali-
bration of each receiver which
contains a cursor,

RUN ...ctecteaescosesesasasssee Computer takes cursor video
amplitude and frequency data,
plus site time, target radar
range, azimuth, and elevation
data and stores it on 9-track
magnetic tape.

PauSe .....cesescsscssssessss.. Halts data storage on 9-track
magnetic tape, but does not
initiate a new data run nor ter-
minate present run.

StOP ¢ cevererenssesseseesessesss Computer stops taking data mode
and terminates run, Teletype
data input is performed at this
time, Data includes cursor data
types, power, power density,
reflectivity, etc., and aircraft
attitude, plus any other comment
which would be required.

Endof Flight . c e v veveeseseeseesss. Computer terminates data taken
for a given flight, All runs taken
during this flight are combined to
form the antenna pattern data,

The processor would interface with the computer input/output priority interrupt system
to load or read data. Each of the twelve cursors would control an interrupt, causing
the computer to read the video peak detectors and frequency sample hold circuits. The
site time and tracking radar AZ, EL, and range inputs would also have interrupts.

The remaining data are console controls, receiver status, computer mode controls.
cursor receiver assignment, display function control, and receiver attenuation con-
trols, which would all be scanned by the computer automatically as part of the normal
program routine,

3.5.8 Receiver Control

One panel containing controls for the S-, C-, X-, and Ku-band receivers was con-
ceived. The panel would allow an operator to control the following functions for each
recejver:

IFBMd‘Vidm'DCOOOOOOOOOC.OOIOC.. 1.5t010M]{Z

38



Adjust sweep bandwidth ............. From less than 100 MHz to full
band,

Automatic Frequency Control (AFC) ..... Turns AFC on and selects which
channel of the polarized video is
to be used to control the fixed
frequency pattern of each sweep.

Antenna Polarization ........¢...... Select either linear or circular
polarization for the antennas,
The antenna channels can be
interchanged. Thus, if one chan-
nel goes out, the data of interest
can be switched to the operational
channel].

Select Fixed Frequency ............. Select any frequency from min-
imum to maximum band for the
fixed frequency part of each
sweep cycle,

Power Control ....cceseseeees0... Turnany one receiver on or off,

Extending the receiver frequency coverage to include L band was effected as an add-on
contract to the program. To minimize cost and maintain the required performance, it
was decided to share the S- or C-band receiver. The L-band signal is mixed with a

4 GHz oscillator and the difference can be fed to the S-band receiver or the sum fed to
the C band. Whenever an L-band signal is to be analyzed, either the S- or C-band
receiver must be utilized, The computer is informed which band has been selected by
switch logic and programs the display and data reduction equations to convert the S-
or C-band signals to an equivalent L band,

3.5.9 Pedestal Control

It was determined that all the pedestal controls would be contained in bay one of the
console, See Section IV for a more detailed discussion of the present pedestal controls
configuration,

3.5.10 Interface with the FPS-16 and MSQ-1 Tracking Radars

The azimuth and elevation inputs from both tracking radars are 16:1 synchro com-
mands. A Northern Precision Laboratory (NPL) device converts both signals to
binary outputs for the computer and the pedestal electronics. The pedestal elec-
tronics compares the trackers position with its own position using binary inputs
rather than synchro data, The NPL converter also contains a decimal readout for
azimuth and elevation. The tracker radar ranges are converted to binary in two
different ways, The MSQ-1 has a 500:1 synchro input which the NPL unit converts to
a binary number equivalent to range in yards. The FPS-16 has a serial binarv num-
ber representing ranges in yards which is converted to parallel by logic in the proc-
essor. Both tracker binary numbers are converted to nautical miles by the computer
and can be selected on the numeric display.
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3.5.11 Site Time Standard

The console provides the interface between the RADC site time standard and the com-
puter, The time is used to merge the data acquisition information with an airborne
aircraft and attitude monitoring system which is under separate development,

3.5.12 Video Recorder Outputs and Test Panel

Each receiver's video and frequency signals have been brought to a special panel so an
analog recorder may be used to record the data as it is being received. System timing
signals are also available to synchronize the video data to the PAMS sweep times,

This same panel contains circuitry necessary to test any receiver using the S-band con-
trols and reading signals on the oscilloscope displays set to S band.

3.6 COMPUTER GROUP

The computer group comprises all of the instrumentation required to store, reduce,
and display all measured data, The requirements of the PAMS were investigated in
order to define the computer characteristics. This analysis consisted of defining the
number and type of inputs, data sampling rates, number and type of outputs, and the
peripheral equipment needed to provide the required format and display of the data.
From the results of the analysis above it was then possible to determine the com-
putational rates, size of memory, and interface requirements with the PAMS, Also
a factor in the selection of a data reduction system was the available software supplied
as part of the system, and the ease of adding ancillary hardware at a later date. The
computer and peripheral equipment ace to be furnished by the Government. Options
on several systems were given to Actron and based on the above requirements for the
PAMS data reduction an HP 2116B computer was selected, The final equipment
selected for the Computer Group is listed in paragraph 4,2.3.
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SECTION IV
SYSTEM CONFIGURATION

4.1 GENERAL

This Section describes the present configuration of the Precision Antenna Measurement
System (PAMS), A brief general description of the hardware making up the system is
presented, followed by a more detailed discussion of the equipment, including test data
of the major and critical components of the system along with a thermal analysis of
the receiver housing, PAMS theory of operation is presented, and the last part of

this Section lists the computer programs and their functions,

4,2 DESCRIPTION OF EQUIPMENT

As shown in figure 12, the PAMS consists of: (1) antennas and receivers mounted on
an antenna pedestal, (2) a control and display console, and (3) a computer and periph-
eral equipment, The PAMS is a receive-only system, and a tracking radar (MSQ-1
or FPS~16), not supplied as part of the system, is necessary to the operation of the
system. The tracking radar is required (1) to actively track a test aircraft (or
chaff) and to slave-position the PAMS antenna array onto the target, (2) to provide
target azimuth, elevation, and range data for the PAMS computer, and (3) to provide
a blanking input to the PAMS to blank the acquisition of data during the transmitted
pulse of the tracking radar and for a selectable length of time thereafter. The PAMS
computer requires a site-time input, the source of which is not supplied as part of
the system,

4.2,1 Antennas and Receivers

The array of four antennas is used to provide frequency coverage from 1 GHz to 18
GHz. Each antenna includes a polarization network which, at the operator's selection,
switches the antenna from a dual linear polarization configuration (vertical and hori-
zontal components) to a dual circular polarization configuration (right-hand and left-
hand components), or decouples the antenna from the receiver. As shown in figure 12,
the polarization networks for the two larger (lower-frequency) antennas are integral
parts of the feed elements and the polarization networks for the two smaller (high-
frequency) antennas are contained in separate enclosures behind the antennas, The
antennas are positioned by azimuth and elevation drive motors in the antenna pedestal.
The drive motors are controlled by a servo system which includes components in the
pedestal and in the console which is described later, The antennas, polarization net-
works, and antenna pedestal (but not the receiver housing shown attached to the ped-
estal in figure 12) are manufactured by Scientific-Atlanta, Inc.

The receiver housing attached to the antenna pedestal (figure 12) is shown with cover
removed in figure 13. The principal assemblies in the housing are four receivers,
each of which is normally connected to one of the four antennas, The frequency bands
of the receivers are 2 GHz to 4 GHz (S band), 4 GHz to 8 GHz (C band), 8 GHz to 12
GHz (X band), and 12 GHz to 18 GHz (K, band). The frequency bands of the antennas
match those of the receivers except that the S-band antenna operates from 1 GHz to
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4 GHz, The 1-to-2 GHz band is considered part of an L band. An L-band switch
assembly and L-band converter are provided to up-convert L-band signals for proc-
essing either by the S-band receiver or C-band receiver, at the operator's selection,
The L-band converter is aesigned to operate from 0.1 GHz to 2 GHz so that an addi-
tional UHF antenna (not supplied with the system)* operating from 0,1 GHz to 1 GHz
may be used. A harmonic generator and a power divider are included in the receiver
housing to provide RF calibration signals to the four receivers.

All RF inputs from the antennas to the receivers are routed through connectors across
the top of the receiver housing to connectors on the front of each receiver and the L-
band converter (via the L-band switch assembly in some cases), The RF calibration
signals are also applied to connectors on the front of each receiver, The receiver
video outputs from connectors on the front of each receiver are routed through a sin-
gle connector at the top of the receiver housing to the console. Power and control sig-
nals from the console are routed via connectors on the rear of the receiver housing and
a distribution panel (not visible in figure 13) to the harmonic generator and to con-
nectors on the rear of each receiver and the L-band converter. A fourth connector at
the rear of the housing provides for routing power and control signals to the antenna
polarization networks. The distribution panel, accessible from the bottom of the
receiver housing, also provides interconnection between various other components
within the receiver housing, These other components, which are listed in the note on
figure 13, are concerned with air flow and temperature control, The receiver housing
contains three motor-driven external vents (one at the top and two at the back) to con-
trol the flow of external air through the receiver housing. A motor controller circuit
and thermistor control the three vent motors, Air movement is provided by a fan,
Three variacs are required to step down the primary 208-vac line-to-line 3-phase
power to 120-vac line-to-line power for the fan motor. Under-temperature thermo-
stats and heaters are provided to supply heat to the receiver housing when the system
is not in use,

4.2,2 Console

As shown in figure 14, the console includes four bays of equipment. All of the equip-
ment in bay 1 (left-hand bay) is related to the antenna servo system, The tracker unit
converts azimuth, elevation, and range synchro command signals from the tracking
radar to digital signals. The two digital synchro display units convert azimuth and ele-
vation synchro position signals from the antenna pedestal to digital signals. The synchro
junction box selects synchro command signals from either the MSQ-1 or FPS-16 track-
ing radars. The manual command unit provides the capability of manually positioning
the PAMS antenna array. The servo control unit is used to control power to the antenna
servo system and to select the mode of control for the servo system. The digital com-
parator compares the digital azimuth and elevation command data from the tracking
radar with the digital azimuth and elevation position data from the antenna pedestal to
generate error signals for the antenna servo system when the PAMS antenna array is
slaved to the tracking radar. The dc amplifier unit and servo amplifier unit are part

of the antenna servo loop; these units operate in conjunction with power amplifiers,
drive motors, and tachometers in the antenna pedestal to position the antenna array.
One of ‘wo fans for the console is located at the bottom of bay 1.

*After delivery of the system, a UHF crossed log-periodic antenna has been added to
the antenna mount, to extend the frequency coverage down to 0.1 GHz.
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In bay 2, the mode control panel selects the system mode of operation via the computer
and selects various data from the computer for numerical display. The receiver con-

trol panel contains a set of controls for each of the four receivers. The power control
panel connects primary power to the system,

In bay 3, the analysis scope is used to display the video from any of the four bands in
either a panoramic or fixed-frequency display. The analysis scope control panel
band-selects the video to be displayed, selects the panoramic or fixed-frequency dis-
play, and provides for connecting the selected video and horizontal sweep voltage to

the analysis scope via jumper cables, The analysis scope control panel also contains
radar blanking controls and test points for system timing signals. The manual system
calibration panel provides for manual system calibration as opposed to automatic (com-
puter controlled) calibration which is selected at the mode control panel in bay 2.

In bay 4, the integrating cursor control panel controls the generation of four pairs of
cursors, each pair of which is (a) assigned to any of the four frequency bands, (b) super-
imposed on the oscilloscope display of the video for the assigned band, (c) positioned
to any pair of frequencies of interest in the assigned band, and (d) used to acquire fre-
quency and amplitude data at the two selected frequencies as well as integrated ampli-
tude data between the two frequencies. Each of two panoramic scopes provides a pan-
oramic display of the video from any of the four bands. A panoramic scope control
panel is provided for each panoramic scope to band-select the video and to connect the
selected video and horizontal sweep voltage to the scope via jumper cables, The (non-
integrating) cursor control panel controls the generation of four cursors. each of whi-h
is (a) assigned to any of the four frequency bands, (b) superimposed on the oscilloscope
display of the video for the assigned band, (c) positioned to any frequency of interest in
the assigned band, and (d) used to acquire frequency and amplitude data at the selected
frequency. The test-recorder panel is used to (a) provide all connections necessary to
allow any of the four receivers to be connected to this panel for testing. (b) provide
video outputs from all four bands and timing signals for recording, (c) provide con-
nections for radar blanking inputs from the two tracking radars, and (d) provide test
points for power supply voltages. The second of two console fans is located at the
bottom of bay 4.

Figure 15 is a rear view of the console, showing assemblies not visible from the front.
Attached to the side of bay 1 is a power control box which connects power to the antenna
servo system under control of the servo control unit in bay 1. A terminal plate at the
side of bay 1 provides for branching digital azimuth and elevation command data out of
the servo system to the computer. The processor at the rear of bay 2 contains most
of the PAMS video processing and digital control circuits on plug-in circuit cards. The
processor tilts down to a horizontal position for access to the circuit cards., Attached
to the side of bay 2 is a power supply assembly which contains two +28 vdc power
supplies and +15 vdc und -15 vdc power supplies. The receiver interface panel at the
rear of bay 3 provides all power, control, and video signal interconnections between
the console and the receivers. This panel also contains three coaxial connectors used
to acquire range data from the FPS-16 tracking radar in digital form. (Range data
from the MSQ-1 tracking radar and azimuth and elevation data from both tracking
radars are received in the form of synchro signals at the synchro junction box in

bay 1.) Two computer interface panels attached to either side of bay 4 provide all
digital signal interconnections between the console and the computer. (Analog inputs
to the computer are routed directly from the processor to the computer.)
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4.2,3 Computer and Peripheral Equipment

The computer and its peripheral equipment is shown in figure 16. The computer is an
HP 2116B and is contained in three of the four bays shown in figure 16. The first bay
is presently a spare, The second bay contains the following units:

HP 12539A Time Base Generator

HP 12555A Digital-to-Analog Converter (two cards)

HP 12566A Microcircuit Interface (six cai )

HP 12604B 32-Bit Data Source Interface (two cards)

HP 12556B 40-Bit Register

HP 12554A 16-Bit Duplex Register (two cards)

HP 2310B (Options 02, 16) Analog-to-Digital Subsystem

The third bay consists of the following units:

HP 2116B computer with 24, 574 words of memory
HP 12579A Extended Arithmetic Unit

HP 12578A Direct Memory Access

HP 12588A Power Fail Interrupt

HP 12591A Memory Parity Check

HP 2150B (Option 01) I/0 and Memory Extender
HP 2160A Power Supply

HP 2748A Paper Tape Reader (500 characters/sec)
HP 2753A Paper Tape Punch (120 characters/sec)
HP 13181A Magnetic Tape Controller

HP 12575A Paper Tape Winder

The fourth bay consists of two HP 7970A nine-track magnetic tape units.In addition
to the computer there is an HP 2754B teleprinter (10 characters/sec), a HP 2778-01
Line Printer, and a Calcomp 565 X-Y Plotter with HP 12560A plotting interface.

4.3 ANTENNA/PEDESTAL SUBSYSTEM

The antenna/pedestal subsystem is shown in figure 17. This unit was procured from
Scientific-Atlanta Inc. to Actron specifications, The antenna array is made up of four
antennas covering the frequency range of 1 GHz to 18 GHz.* The L/S-band antenna
covers the 1 GHz to 4 GHz band and consists of a six-foot parabolic reflector with a
dual polarization primary feed utilizing crossed log periodic antennas. The C-band
antenna is made up of a four-foot reflector and a dual polarized quadra-ridge wave-
guide primary feed. The X band and Ky band are both of the Cassegrain type with

the X-band antenna using a two-foot reflector while the Ky band uses an eighteen-inch
reflector. All four of the antennas have a polarizer unit to permit the simultaneous
reception of either vertical and horizontal linear polarizations or right-hand and
left-hand circular polarizations. The only difference in the polarizers is the
selection of components to cover the required frequency bands. The polarizer is shown
schematically in figure 18, During operation in the linear mode, the signal bypasses
the hybrid and is routed directly through the transfer switch to the vertical and hori-
zontal channels of the receiver. When circular polarization is selected by the opera-
tor, the hybrid is switched into the signal path thereby providing the required ninety-
degree phase differential for right-hand and left-hand circular polarization, The

#*See footnote, page 44.
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Figure 16. PAMS Computer Group



Figure 17. Antenna/Pecdestal Subsystem
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Figure 18, Polarizer Network

signal then passes through the transfer switch to the respective receiver channels,
The transfer switch is used for improved reliability while operating in the linear
polarization mode. Should a receiver channel fail during operation, the operator can
activate the transfer switch and reverse the inputs to the receiver. This allows the
data to be routed into the operating receiver channel,

4.3.1 VSWR Data

All the polarizer units were measured to determine the Standing Wave Ratio (SWR) of
the unit. The maximum specified SWR for the units was 2,0:1. This limit was exceeded
in all bands to some degree; however, the maximum never exceeded 2. 5:1. In addition,
the out'- of-specification condition was over a very small portion of the frequency band.
The high SWR was the result of interacting SWR s of each component in the polarizer.
The SWR of the polarizer is not seen by the receiver inputs due to the attenuation of the
transmission line which effectively reduces the SWR so that the effective SWR is much
lower. The typical transmission line attenuation is on the order of two to four db
depending on the frequency. This reduces the input SWR to approximately 1.5:1 or
less in all cases. The relationship for input and load SWR as a function of attenuation
is given by

-1 r -1
Coth™” SWR, = Coth SWR, .4+ ®/8.686 (11)

where o = line attenuation.

Figure 19 is typical of the SWR data for the polarizers, The data for the 1 GHz to

4 GHz polarizer were taken using a swept reflectometer technique. The data for the
other bands were taken using a swept slotted-line technique. In the later case the
scale is calibrated using known precision attenuators and then the maximum deflection
is the maximum SWR and is calculated with the use of the following equation:

-1 db

SWR = log10 30 (12)

51



_____

13zlae[od pueg-X - YMSA 61 2andig

—_— -

M

VA

mooz |

60 £ = HMEA XYW
‘NIfaP T

LHIA-HMSA

:.ﬂa.i

(9p)

ADNINDIHL



The maximum is read in db per inch from the data and the SWR calculated. For
example, referring to figure 19, the maximum excursion occurs at approximately
10.0 GHz and is 3.2 inches. The scale factor is 2 db per inch or 6.4 db. Using (12)
we have

1

SWR 1ogw‘1 6.4/20 = log )" .320

H]

SWR = 2,1:1

The maximum SWR in L/S band was 2.25:1, and in C band it was 2, 08:1. The worst
SWR was encountered in K;, band where it was 2,62:1.

4.3.2 Antenna Characteristics

The primary parameters of importance for the antennas are beamwidths, sidelobe
level, gain, gain tracking for both polarizations, and axial ratio. Extensive tests
were run on the antenna subsystem to ensure that these parameters conformed to the
operational requirements of the PAMS.

Figures 20 and 21 are typical of the antenna pattern measurement made. All patterns
of the antennas were made with the polarizers installed, As can be seen there is
excellent correlation between the orthogonally polarized elements. Both the 1/4 db
and 3 db beamwidths approach the calculated value. However, in general the 1/4 db
beamwidths were a little broader than predicted. Fortunately, this worked to the
advantage of the system by providing a larger look angle with less amplitude vari-
ation, The 0,25 db and 3. 0 db beamwidths were to specification for all four bands.

The sidelobe levels were generally better than those specified (-15 db) except at two
points in the C-band antenna, The S band had an average level of -20 db in the E plane
and -17 db in the H plane, The C-band E plane levels were typically -20 db, How-
ever, the H plane exhibited both quadratic and cubic phase error in the phase distri-
bution. This caused the sidelobe level to increase to -12, 5 db at two points. As the
amplitude level is detected over the 0.25 db beamwidth the high sidelobe level does
not interfere with the measurements providing the elevation angle is greater than one
beamwidth. For low elevation angles care is required to minimize the effects of
multipath, The measured sidelcbe levels in both X and K, bands were an average of
-16 db in both the E and H planes,

The measured gains are shown in figures 22 through 25. The channel tracking was
one of the more stringent requirements. As can be seen from the figures, the worst
case encountered was 0, 5 db while the typical value was #0,25 db or better. The

S- and C-band gains met or exceed the gain requirements in both planes. There was
a hole in the C-band gain curve due to the phase error which caused the beams to
spread and reduce the gain. However, the gain decrease at the one frequency did not
affect performance as there was surplus gain available in this band. The minimum
gain required at this frequency was 27.5 db and the measured gain was 29,75 db, In
general, the gain in both X and K|, bands was not as good as expected. This was due
primarily to the small parabolic reflectors used with the Cassigrain feeds. The final
design was a compromise in ovder to best optimize the beamwidth, sidelobe level, and
gain without sacrificing any one parameter,
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The performance of the antennas in the circular polarized nm:ode was very good. The
axial ratio for both the S- and C-band units were considerably under the 2. 0 db require-
ment, being 1,5 db and 1. 8 db respectively. The X-band antenna was 2,0 db or less
across the band, The axial ratio of the Ky-band antenna was within the required 2 db
with the exception of 18 GHz where it increased to 3 db, The percentage change in the
ratio of Emax/Emin for a corresponding change in axial ratio from 2 db to 3 db is

small and wi!l rot affect the overall performance of PAMS when operating in the cir-

cular mode,

4.3.3 Antenna Pedestal

The antenna pedestal is a standard Scientific-Atlanta Inc. unit, A five foot base exten-
sion is provided to give adequate clearance for 180 degree travel in the elevation axis,
A 216 slip-ring assembly is incorporated into the azimuth section of the pedestal., The
assembly contains five 93 ohm coax rings and 50-ohm coax rings with the remaining
rings being used for power and control. The pedestal and slip-ring assembly meet all
of the specification requirements,

4.4 RECEIVER GROUP

The receiver group is made up of four receivers and an up-converter which are housed
in a metal cabinet which is mounted on the elevation axis of the antenna pedestal. The
receiver housing utilizes RFI gasketing and filtered connectors in order to minimize
the problem of interference with the system,

4.4,1 Thermal Analvsis - Receiver Housing

The following is a thermal analysis made on the PAMS receiver housing based on data
taken during a two-hour temperature run, The housing and receiver drawers were
instrumented with thermocouples to monitor the temperature throughout. The housing
was fabricuted using 0, 090-inch aluminum sheet and aluminum channel, and was insu-
lated with a one-inch polystyrene foam sheet. A dual squirrel cage blower assembly
was used to circulate either internal or external air by a temperature-controlled
intake/exhaust system which was adjusted to maintain an operating temperature range
of +25°C to +55°C. The heat dissipation per drawer was calculated to be 350 watts.
(This was based on 50 percent efficiency.) The total heat load for the four receiver
drawers was, therefore, 1400 watts. The blower motor is rated at 800 watts for a
total heat dissipation of 2200 watts or 7500 BTU/hour. From figure 26 it can be seen
that there was a 13°F rise in temperature from the outside to inside ambient air. As
the housing cover and receiver area are insulated a conservative assumption was that
the total heat load would be dissipated by forced convection when external air was
circulating. At 71°F and 14,7 psi (standard laboratory conditions) air has the properties

0.24 BTU/1b -°F (specific heat)

Cp

0.0747 1b/ft.2  (density)

I

(o]

The effective flow rate can be calculated from the energy equation:

q BTU/hr) - w Cp AT (13)
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where w is the flow rate in lb/hr.

c.w = q/CpAT = 7500/0.24 (13)

w 2400 1b/hr.
The volumetric flow rate is then

= Wil
60p

V (cfm)

2400

= -60—(0—74—7') = 550 cfm

This compares well with the rated output of the blower which is 1000 cfm at zero static
pressure.

In order to evaluate the high temperature the data was extrapolated for an outside
ambient of +105°F. Under that assumption the properties of air are:

CP = 0.24 BTU/Ib-°F
(14)
p = 0.0702 Ib/it>
and
w = 60pV = 60(0.0702) (550) = 2320 Ib/hr
then
=] = = (]
AT = o/ ., = 7500/(2320) (0.24) = 13.5°F

Therefore the internal ambient air would be
T = 105+ 13,5 = 118,5°F

From figure 26 the maximum temperature differential at the time the vents were
closed was approximately 13°F, Thus the maximum expected temperature would be
118.5 +13 = 131,5°F (+55°C) at the bottom plate of the S-band drawer. This is within
the maximum operating temperature range of all the receiver components, With the
exterior surface of the aluminum receiver housing coated with a white paint having a
low solar absorptivity to emissivity ratio (&g/E =~ 0, 28) there would be no problem of
the housing overheating at the assumed outside ambient of +105°F.

The last problem to be considered was the minimum temperature that the system

could encounter during operation. The polystyrene foam insulation is very effective

in reducing heat loss. The total exposed area of the receiver housing is approxi-
mately 65,5 square feet with about 10 square feet uninsulated. The minimum tem-
perature was assumed to be -30°F with a steady wind velocity of 30 mph, Under these
conditions an external coefficient of convective heat transfer of ho = 9,6 BTU/hr -ft* -°F
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was estimated, The internal air was assumed to be held at a minimum of 70°F with

an average 2 feet per second estimated velocity. The internal coefficient of heat trans-
fer is then h; ~ 0,69 BTU/hr -ft2 -°F, Using the above values the heat losses were
calculated to be 643 BTU/hr from the uninsulated surfaces and 970 BTU/hr from the
insulated area for a total dissipation of 1613 BTU/hr. The additional loss by radiation
is less than six percent of the convective loss, and the conduction loss at the mounting
surface to the antenna pedestal is also relatively small, Consequently, the total heat
loss to the cold ambient air is less than the 7500 BTU/hr that is generated by the sys-
tem, Therefore, it appeared that provisions for providing additional heat to operate
would not be required.

The above example assumed a minimum internal operating ambient air temperature of
T0°F. However, in normal operation it would be required to bring the internal tem-
perature up to approximately 60°F from -20°F. The time for this can be estimated
from the following:

qQ=W CPAT/AO (15)

where
W = weight of structure in pounds =~ 500

C., = specific heat of aluminum ~ 0,24 BTU/1b-°F

p
AT = differential temperature ~80°F
A8 = time in hours

then

_ _ (500)(0. 24)(80)
AB = WCPAT/q = 7500

A6 =~ 80 minutes
Consequently, it appeared that it would be beneficial to strategically locate some
heaters inside the receiver housing to reduce the warm-up time. This would also
help to minimize any condensation that could occur.

4.4.2 Receiver Housing Configuration

In order to decrease the warm-up time indicated by the above analysis strip heaters
with a total capacity of 500 watts were installed in the receiver housing, The heaters
are mounted directly under the receiver drawers for maximum effect. The additional
heat serves to reduce the warm-up time to less than an hour. The heaters are thermo-
statically controlled to come on at temperatures less than 10°C and remain on until

the internal temperature reaches approximately 50°C. An under-temperature con-
dition is indicated on the console via a panel lamp. In addition, the heaters may be
left on overnight by leaving the pedestal power on. This reduces the temperature gra-
dient that has to be overcome. The receivers have provisions for an over-temperature
condition also. When the receiver base plate exceeds approximately 70°C a thermostat
is energized and automatically removes power from the receiver which has exceeded
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the limit. The receiver automatically comes back on line when the temperature is
reduced to approximately 65°C. The over-temperature condition indicator is also
located on the console,

4,4.3 Receiver

A basic receiver drawer is shown in figure 27. The receiver is a two-channel YIG
preselected superheterodyne with a common YIG tuned local oscillator operating

100 MHz above the input. The receiver is illustrated schematically in figure 28, All
components of the receiver are interchangeable except for the RF components. The
RF components consist of the ferrite isolators, PIN limiters, YIG assembly, mixer
preamplifier, local oscillator coupling circuits, and the up-converter. J10 is the
signal connector that brings the control signals into the drawer, Connector J11 is the
input for the three-phase 60 hertz power. Connectors J1 through J8 are the coaxial
inputs and outputs located on the front of the drawer.

The RF input signal is via J1 and J2 and then is routed through a switch matrix, fer-
rite isolator and PIN limiter to the YIG assembly. Each RF input is filtered with a

3- or 4-ball (dependent upon frequency band) voltage tuned YIG filter. The filter is
designed to have a pass band flat to 1.0 db over 10 MHz with an insertion loss of 3 to

4 db. See table V for measured insertion loss and noise figure of the RF components.
The selectivity of the filter is sufficient to eliminate the image signal which is 200 MHz
from the desired signal, The filter has a minimum attenuation for the image of 60 db
which is the dynamic range of the receiver. The S band YIG assembly was furnished
by Ryka Scientific Inc., the C-band unit by Physical Electronics Labs, and the X and
Ky-band assemblies were from YIG-TEK.

The mixer assemblies are fairly standard balanced mixers with a 25 to 30 db IF pre-
amplifier included in one package. YIG filters are used to suppress the image fre-
quency. Therefore, no particular design criteria is placed on the mixer for image
suppression such as a double balanced mixer would provide. The most important
specification of the mixers is the noise figure,

Optimum mixer performance requires a local oscillator of +5 dbm or greater. The
solid state local oscillator must drive three mixers as shown in figure 28, Under this
configuration, the minimum power supplied to the receiver mixers will be +1 to +5 dbm
as shown by table V. The mixers were biased to overcome the low local oscillator
power in C band. Without bias, the noise figure drops off rapidly with a local oscil-
lator power below 1 milliwatt, With the proper bias, the noise figure can be main-
tained to about 1 db greater than that with optimum LO power. The mixers selected
while operating with the LO power available have noise figures of 7.5 to 8.5 db as
indicated in table V,

The local oscillator for each band is a voltage-tuned YIG oscillator. In S band, the
oscillator is a transistor oscillator, The transistor oscillator circuit is built into a
basic YIG filter structure with the tank circuit of the oscillator coupled to the YIG

hall. As the magnetic field applied to the YIG ball is changed, the resonant frequency
of the oscillator tank circuitry changes. This method provides an oscillator whose
frequency is directly proportional to the current applied to the magnetic coils and has
the same linear transfer function as the YIG filters. A voltage-to-current driver for
the oscillator and each filter is built into the YIG assembly. The power available from
the S-band oscillator is +10 dbm which will provide at least 3 db at the mixer input
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Figure 27. Receiver - C-Band

64



|
l
{
|
|

+I5RTN— - !_;lﬁ
115VDC — 2 | 2k _
-15VDC — 2 P}
IEVRIN — 4 POWER it ,
29VRIN—4 5 SUPPLY } - - Lisolk
+29VD. — & A5 lY)_ :—..—"—) B SR by P
ARE | 7 SIS M |
~ SIARE| 8 I : -: I, el
LOGIC ONQFF | d | 9 { al v 6 YIG
T8:-12 10 I | 19_”— ”J‘" =N osC i | Ll
Jio ™®I I . L
—_— s A RN | i3
J1 HOR12/L CIRC 7'l/ [—{>—‘ |
| — | = 3
=—are=
J2 VERT/RCIRC > o 4 St JT o= SRR ! - MIA
3 J2 =
[S2 —_— Ly b=
——1 ! l i
el v FL ' | I>— YIG |
.J
o — e ——— —— _-_T.
: Atten | L4 ——-{ -1 S
L obDbB ‘ = ——T—
. J | e
=
3FREQCA P 3 SOt 1SOL y -
J LIB > ]
) Snans S| B | |l
J& REF O3L > — s . |
: 1l TRERMOGTAT
JSHOR!Z VIDEDO > , i:Tl_— l | JEA - - | A7
— ——_ Ll L1
JEVERY VIDEO > T AT | | L e b tage
> 08| 10— S
J7 FREOVOLTS BOE|
~af 1
JB(0ISC VIDEO)> o L
THRESHCGLO GATED Al3 > I .
2| e
SRS M
5008 = ——
i
S . =
:’ﬂ \»}1
J1 15 3 14 & I L 704 1 %= » ¢ E
[} i 0:.%;
1

at[f] :

l RAME GLNERATOR

A201]

" AUTOMATIC FRE

73] A B

Q

133148, 350457 " Wb 133147

AE L T

La ]

THRESHOLD GATE

V1080




— ———— e RS

. 2
€] (51’ ! MIER e '_\ - —® IF F1L L2 LOGIF B
s ] | mslhs—t A10_] P
Tt =i I by
— L . pi) —— e ~ P —-—— .
e A ——t
I +« Y . e AFC pod T
3 JRL__ Y3 L7 = Jsle i _.‘ '
| === 73] 73] | |
5 Jel|l = miaer ——F | T e OF 2}
' 1 ,_I,’ J_.' — - J Ah) i ]
l B =——=n s f
T -
A8 | %—J— e L 4:1' o IJ? :
v || § o T =
-4»—1 ' o=
X o Sl |
S
[J1 12, g ! I
| RSS——
! CW TR A NDWID TR CONTL \
1' g2 . A9 L3R A0 )
! ! ; @ U3d NIDy A l
— : [aud - e | 1F 8w
A7 J3 ' L | ' IF-Bw
LN e 3 g
. aGC_ CONV H gl . {108 22
Al 20— ) [1oB23
e o] 7] —
e T8y Jio
: PYOTA-22-55P
____* ‘ - i 074-22-55
: - - — +
]
\ DEQ DIFF
[ VIDED SuM
i l l ‘Bl vOLTAGE
4 o ¢ £ L oR o JELAY H-:-UIL 1186
[ W _|6r§->?33-11
P ) 3 “ w =Y
. e 3 ﬁ—l‘%—o—é—‘ U
ity e 30 e Uy w
43 -
f

Figure 25,

Receiver Schematic



TABLE V

RF FRONT END ATTENUATION NOISE FIGURES

Receiver
Component S Band C Band X Band Ky Band
Coaxial Switch (db) 0.3 0.4 0.5 0.6
Step Attenuator (db) 0.4 0.6 0.7 0.8
Coaxial Switch (db) 0.3 0.4 0.5 0.6
Isolator (db) 0.3 0.4 0.5 0.6
Pin Limiter (db) 0.8 1.4 2.3 2.0
YIG Filter (db) 3.7 2.8 2.2 2.8
Isolator (db) 0.3 0.4 0.5 0.6
Mixer Preamp (db) 7.5 7.5 8.5 8.5
Cable Loss (db) 0.5 0.7 0.9 1.1
Total Loss (db) 14,1 14.6 16. 6 17.6

after the power splits. The C-band oscillator provided the most problems from a
power output standpoint, The frequency range of 4 to 8 GHz was too high for present
transistors and too low for efficient operation of Gunn diodes. A transistor oscillator
and doubler was used in the C-band YIG oscillator to provide a minimum power of

+5, 5 dbm with a resulting mixer LO power of +1 dom. The X and K;; bands were
ideally suited for Gunn diode oscillators. Power outputs in excess +10 dbm are avail-
able from both of these oscillators. The output of the YIG filter channels are coupled
to the IF filter selector unit. The IF filter switch assembly has selectable bandpass
filters which determine the final IF bandwidth of the PAMS receiver, The assembly
was manufactured by Zeta Labs to Actron specifications,

The assembly consists of three programmable, 100 MHz IF filters «.nd filter bypass
having the following bandwidths:

1.5 MHz +0.1 MHz

3 MHz 0.1 MHz

6 MHz 0,2 MHz

Bypass Position: Flat from 95 to 105 MHz

Each filter has a Gaussian type response with 9 db per octave roll off. A combina-
tion of attenuators and amplifier are used to maintain unity input to output gain for

66



all filter positions. The desired filter is selected by two logic signals which are
generated at the control console when a particular bandwidth is selected via the band-
width select switch located on the receiver panel.

After the desired bandwidth has been selected the signal then passes on to the loga-
rithmic IF amplifier. The log IF amplifier is a 100 MHz amplifier whose voltage
output is proportioned to the logarithmic power input, The assembly was manufac-
tured by RHG Electronics Lab., Inc., to Actron's specifications,

The log IF amplifier uses a successive detection technique in which a detector is
placed at each IF interstage to provide a video sample. These samples are then
added in a summing network, Thus, a composite signal is developed which provides
a linear voltage output for a logarithmic power input., The amplifier's optimum oper-
ating range is for input power levels between -80 dbm to -20 dbm. This is equivalent
to the PAMS receiver input of -100 dbm to -40 dbm. Within this dynamic range, the
amplifier has an accuracy of +1/2 db from a best straight line for logarithmic power
input to linear to voltage output. See figure 29 for a typical output of the amplifier.
To a lesser degree of accuracy, the amplifier has an extended dynamic range between
-95 dbm to -15 db.

The output of the amplifier assembly is directly coupled to ensure fidelity of both con-
tinuous wave (CW) and pulse type input signals. The 50 ohm, low output impedance
will minimize excessive pick-up possible over the long cable runs to the signal con-
ditioner and processor.

An output of the mixer/preamplifier is routed to the Automatic Frequency Control IF
amplifier assembly. The 100 MHz AFC/IF amplifier assembly provides an output
voltage which is proportional to a change in input frequency. This is accomplished
with a four-stage 100 MHz IF amplifier followed by a 100 MHz ratio detector. Addi-
tional circuit features are included to provide electrical system interface. These
include (1) a PIN diode switch which selects one of two 100 MHz inputs, (2) a sum
video amplifier which provides a minimum of +2. 5 volts dc output when a signal
between 95 and 105 MHz is present and, (3) a ditfcrence video amplifier which pro-
vides the dc error voltage versus a change in inpuvt frequency. The assembly is
manufactured by Zeta Labs to Actron's specification,

The amplifier is comprised of four amplifiers tuned to 100 MHz with an overall 3 db
bandwidth of 15 MHz. The low-noise first amplifier stage is designed to limit when
the input signal level reaches 20 millivolts rms (approximatiely -20 dbm). This is
done to ensure optimum signal-to-noise ratio at low levels. The second. third. and
fourth amplifier stages operate as limiting amplifiers with their gains adjusted to
ensure that hard limiting occurs (constant amplitude signal at the IF amplifier output)
for input signals of -50 dbm and greater. The output drives the 100 MHz ratio
detector. The ratio detector is used as a frequency discriminator because of its
inherent amplitude limiting. The combination of the limiting amplifiers with the ratio
detector ensures a minimum of discriminator output voltage changes versus input sig-
nal level changes. The ratio detector features a peak-to-peak separation of 10 MHz,

The error signal from the ratio detector is fed into the difference video amplifier.
The amplifier is direct coupled and has a 3 db bandwidth of 5 MHz. Its gain is adjust-
able to provide an output error sensitivity slope of 0.5 volt/MHz or greater. The
video amplifier output impedance is very low, allowing it * i 50 ohm load with
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a 5 volt peak-to-peak signal without pulse waveform distortion. The output linearity
is within +5 percent (best straight line fit) over the input frequency range of 97 to
103 MHz. The response curve for frequency input versus video voltage output is
shown in figure 30 below.

OUTPUT (VOLTS)

100
18115
FREQUENCY (MHz)

Figure 30. Receiver Error Signal

A dc offset is provided so that the difference output may be adjustable to zero (0) volts
at 100 MHz. Symmetry of the response curve, as shown above, will be maintained
after this adjustment. The frequency drift will not exceed 10 KHz/°C within the spec-
ified operating temperature range.

The sum video amplifier will provide a 2, 5-volt dc output across 50 ohms when the
input signal is between 95 and 105 MHz and its level is -50 dbm or greater. The sum
signal is required to gate the difference signal so as to improve discrimination
between noise signals and error signals, particularly near the crossover frequency.

The input switch selects one of two 100 MHz signals to be fed to the IF amplifier.

This electronic switch using PIN diodes provides a switch cycling life much greater
than electro-mechanical relays. It also provides isolation of greater than 30 db
between the two 100 MHz inputs. The switch requires an actuating level of +5 volts dc.

Since the operation of a standard superheterodyne receiver is generally well known,
no further details on the receiver will be given. Instead, the theory of operation will
be presented and this will incorporate the hardware which makes up the control con-
sole. No attempt is made to describe the derivation of all the timing signals and
various logic states. Standard circuit and logic techniques are used, the details of
which are not pertinent to the report,
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4.5 THEORY OF OPERATION

Figure 31 is an overall functional block diagram of the PAMS. As the MSQ-1 or
FPS-16 tracking radar actively tracks a test aircraft, target azimuth, elevation, and
range data are applied to the PAMS antenna servo system. The antenna servo system
slaves the PAMS antenna array to the tracking radar in-azimuth and elevation, and
provides target azimuth, elevation, and range data to the computer in digital form.
The computer samples the azimuth, elevation, and range data, as well as site time
data, each time it samples frequency and amplitude data, as controlled by cursors
described in subsequent paragraphs.

The four PAMS antennas receive RF emissions and reflections from the aircraft
throughout the frequency range of 1 GHz to 18 GHz in four bands: 1 GHz to 4 GHz

(S band), 4 GHz to 8 GHz (C band), 8 GHz to 12 GHz (X band), and 12 GHz to 18 GHz
(Ky band). The RF signals from each antenna are processed separately and simul-
taneously in the data acquisition circuits. A polarizer for each band separates the
signal into two po!arized components, providing either vertical and horizontal linear
polarization or right-hand and left-hand circular polarization,

A receiver for each band processes the two polarized signal components in parallel.
The receiver video outputs are applied to scope control circuits which select the two
polarized components of any band to be displayed o1' any of three dual-trace scopes.
Each receiver operates sequentially in a swept-irequency mode and then in a fixed-
frequency mode everv 33.3 ms. Two of the scopes are panoramic scopes which dis-
play the video during the swept-frequency periods or the fixed-frequency periods.

Cursor circuits gererate 12 cursors, any or all of which may be applied to any of the
four bancs o control the application of data to the computer during the swept-frequency
periods, The cursors selected for a given band are superimposed on the panoramic
scope display of that band so that the operator may position tue cursors to the fre-
quencies of interest in the band, At the same time, gates generated by the cursors

are used in the data acquisition circuits to acquire frequency and video amplitude data
at the frequencies of interest for application to the computer. The amplitude duta
include data for both polarized components. Eight of the cursors (cursors 5 through
12) are also used in pairs to acquire integrated amplitude data between two frequencies,
in addition to the amplitude data at the discrete frequencies,

To acquire frequency and amplitude data at the fixed-frequency setting of any band, an
assigned cursor is set to the fixed-frequency position. Cursors 1 through 4 may be
assigned to the K,;, X, C, and § bands, respectively, for acquiring frequency and
amplitude data during the fixed-frequency periods.

Cursor data are applied to the computer to tell the computer when to ""look at'' the

input lines containing the acquired data (including azimuth, elevation, range and time
data), The cursor data include other information, such as cursor .iumbers and

whether the cursor is being used for the swept-frequency periods or the fixed-frequency
periods. Also applied to the computer as inputs to the program from the data acqui-
sition circuits are data concerning the settings of various manual controls, System
timing is determined by timing circuits which synchronize the data acquisition cir-
cuits, cursor circuits, and scope control circuits,
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In addition to the data acquisition operations described above, the system operates in
an automatic calibration mode whereby frequency and amplitude calibration data are
applied to the computer in lieu of the operational data acquired from the received sig-
nals. These calibration data are stored by the computer. Then, during normal oper-
ation, the computer compares the acquired data with the calibration data to achieve
high-accuracy measurement of the acquired frequency and amplitude data, Automatic
calibration is initiated at the console in the mode control circuits and then controlled
by the computer. Provision is also made for manual calibration. The mode control
circuits also provide other mode inputs to the computer program (run, pause, stop,
end flight),

Numerical display circuits provide for the selection and display of acquired frequency
or amplitude data corresponding to any of the 12 cursors, as well as site time or
tracker radar range data, These data are applied to the display circuits from the
computer. (Azimuth and range data are displayed on units in the antenna servo system.)

Primary power for the system is 120/208 vac, 60 Hz, 3 phase. Power and tempera-
ture control circuits distribute power to the various portions of the system and also
control the temperature of the receivers, which are mounted on the antenna pedestal,

As mentioned above, the S-band antenna frequency range is 1 GHz to 4 GHz, However,
the S-band receiver operates only in the frequency range of 2 GHz to 4 GHz. The sig-
nals in the range of 1 GHz to 2 GHz are considered L-band signals., An L-band con-
verter is included in the receiver circuits to up<convert the signals in the range of

1 GHz to 2 GHz from the S-band antenna, In addition, the L-band converter is designed
to accept and up-convert signals in the range of 0.1 GHz to 1 GHz from a fifth (UHF)
antenna (not provided with the system).¥ These L-band signals from either antenna, in
the range of 0.1 GHz to 2 GHz, areup-converted to the range of. and processed by,
either the S-band receiver or the C-band receiver, at tiie operator's selection, Thus.
the S-band and C-band receivers may process eithcr the 2 to 4 GHz and 4 to 8 GHz
signals from the S-band and C-band antennas, respectively, or the up-converted L-
band signals. As opposed. to the S-band antena and receiver, the C-band, X-band,
and K, -band antennas and receivers are matched in frequency range,

4.5.1 Antenna Seryo'System.

Figure 32 is a fuﬁctional block diagram of the antenna servo system. The units used
in the servo sy$tem are supplied by Scientific-Atlanta, Inc., and Northern Precision
Laboratories, Inc. These units are: two digital synchro display units (elevation and
azimuth), anual command unit, servo control unit, digital comparator unit, dc
amphfier'umt servo amplifier unit 1, and antenna pedestal, all supplied by Scientific-
Atlanta Inc,, and the tracker unit supplied by Northern Precision Laboratories, Inc.
The antenna servo system operates in three modes, as manually selected at the servo
control and manual command unit: digital slave mode, manual position mode, and
manual rate mode,

A;'./ 5.1.1 Digital Slave Mode
/
/ ‘The digital slave mode is the normal operating mode of the servo system, whereby the
/ PAMS antenna array is slaved to azimuth and elevation inputs from the MSQ-1 or
, FPS-16., Although not directly concerned with the antenna servo system, application
7 of target azimuth, elevation, and range data to the computer is also covered in this

*See footnote, page 44.

72



wasAg OAIIE BUUdUY ‘Z¢ aandrg

r———_—_—— e ——_—_— e e e e, ————— - -
i ! |
i _
1
_ ] cvi)
| ' ST BmanT I
| _ T _
I 1
1 A }
_ ' NOLLISOS 1NNV
| | Az 4——O € |
1 o] s
| ! I1ve TYNVm |
| N IAVIS W00 H _
L
| v v st 1 | 011500 TV v |
~03 -— f— —o
| SiouLN swoivinoowso[¥ Tiveon ON1N0D SWIAIII I
wOuN) OWMINAS u..::“nu(-: _
QUHONAS M
| 11V YYNNVR Y |
| IAVYS W10 )
SIWNOIS STYNDIS L |
I wOwW¥3 2G| wOoMwWl 30 = |
| 01 vHON
04§ 1904 l
t Y !
e | 1IviS303) |
IAING SHILINOHIVL WIVSAII4 TYZVL LTVl iy .—
V1vQ NOI1ISO4 13,2V vua STYNDIS NOt L IS8 ONHONAS fﬁu:» Fi
3ve irig -01-OWHINAS
Tennvie NOVLISOd
IvnNYm
~ SIYNOIS
VLS iLwe) L 40 #»OWN]I 20 svi)
SUI A1 LY Su 1Y ECEIFY O—0O0—@ SHOLYRYaWED
wIMO0e OANIS 20 VIS VDK
¢ o
1ws) j—— 1 L
- 5 » @vev
(vis3a3a w1 VAVOIONVNSOD Tz, WUIDIG Foyymoes GNYIRRGO OMHONAS 1338
SIHILIMS . SHOLVIONY IviINa 01 OWHINAS ey j— 1azv
w0138 SIVNDIS drdid viva
any 1wl LW 13 oNY LiwT L
WANG
L VAL .:._,.oxds 133135
STYNOs 1 0sw L OSA % 399
o123 —
™ STYNDIS % H
$1INDM1D HOSHND 01738 2v ~—
ONY S1INDW:D vty
¢ svd) NOISH IANOD
OILISH ———
:ﬁ%wu 200 MIIOMD) viva 1LINE vive 11 ave
Sivnors uo1I% Frivhen Jonve | 01 Wiwis
PLIRE a3INIs v 1000

MWWV
N Sed

73



discussion. MSQ-1 azimuth, elevation, and range data are all received in synchro
form at the (SELECT) synchro junction box. FPS-16 azimuth and elevation data are
also received in synchro form at the synchro junction box but FPS-16 range data are
received in serial digital form,

Concentrating on azimuth and elevation data for now, the MSQ-1 or FPS-16 command
synchro signals are selected in the synchro junction box by the FPS-16/MSQ-1 switch,
which also signals the selection to the computer. The selected synchro signals are
applied to synchro-to-digital conversion circuits in the tracker unit, The digital azi-
muth and elevation command data are then applied to the digital comparator where
these data are compared with the PAMS antenna position data, The PAMS antenna
azimuth and elevation position data are obtained from synchro transmitters mechani-
cally connected to the antenna drive motors in the antenna pedestal. These synchro
signals are converted to digital data in the digital comparator unit, The position
synchro transmitters in the antenna pedestal also drive synchro transmitters/receivers
(operating as receivers in the digital slave mode) in the manual command unit to con-
trol azimuth and elevation position indicators. The digital comparator unit detects
differences between the command data and position data and generates appropriate dc
error signals to control azimuth and elevation drive motors in the antenna pedestal
via the dc amplifier, servo amplifier, and power amplifiers in the pedestal, The
antennas are driven in azimuth and elevation in the directions which tend to cancel

the dc error signals out of the digital comparator unit, Thus, the PAMS antenna
position is slaved to the command inputs from the MSQ-1 or FPS-16.

Azimuth sector switches in the antenna pedestal can be actuated by cams adjusted to
define an azimuth sector where the PAMS is susceptible to high-energy transmissions
from adjacent radars. Either actuated sector switch decouples the receivers from
the antennas to protect the receivers, and inhibits the application of cursor data to
the computer so that the computer will not acquire invalid data while the receivers
are decoupled.

Besides being used to control the PAMS antenna pedestal, the digital azimuth and
elevation command data from the tracker unit are also applied to the computer, The
computer reads the azimuth and elevation data each time it reads frequency and ampli-
tude data, as described in later paragraphs dealing with the data acquisition circuits
and cursor circuits. When MSQ-1 inputs are selected at the synchro junction box,
relays apply MSQ-1 synchro range data to the synchro-to-digital conversion circuits
in the tracker unit., The digital range data are applied to select circuits in the proc-
essor in parallel form. The serial digital FPS-16 range data are applied to the select
circuits in the processor via serial-to-parallel conversion circuits, also in the proc-
essor. The selection function in the processor is contrn!led by the select switch on
the synchro junction box.

When the MSQ-1 data are selected, the MSQ-1 select signal from the synchro junction
box enables gates in the select circuits to which 16 bits of parallel range data and a
range flag are applied from the tracker, The 16 bits of MSQ-1 range data exclude the
three least significant bits (20, 21, and 22) and the bits more significant than 218, The
reason for excluding the least significant bits of both the FPS-16 and the MSQ-1 data
is that these hits represent range accuracy beyond the needs of the PAMS. The reason
for excluding the most significant bits is that the long ranges represented by these

bits are not considered of interest to the PAMS,
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The scale factors for the FPS-16 and MSQ-1 data are 1.95 yards/bit and 0,975 yard/
bit, respectively. That is, for the FPS-16 data, the 20 bit represents a range incre-
ment of 2N times 1,95 yards, and for the MSQ-1 data, the 2R bit represents a range
increment of 2N times 0.975 yard. Note that, because of this difference in scale
factors, the 21 bit to the computer is derived from the 21 bit of MSQ-1 data or from
the 2N-1 bit of FPS-16 data so that the scale factor of the data to the computer is
0.975 yard/bit regardless of the data used. The computer reads the range data each
time it reads frequency and amplitude data as described in later paragraphs dealing
with the data acquisition circuits and cursor circuits.

In the manual position mode of the servo system, clutches in the manual command unit
are engaged to enable handwheels to be used to position the synchro transmitters/
receivers (used as transmitters in this mode). The outputs of these synchro trans-
mitters are applied to synchro control transformers which are mechanically con-
nected to the antenna drive motors in the antenna pedestal. Synchro error signal out-
puts from the control transformers are converted to dc error signals by demodulators
in the servo control unit, These dc error signals are then used to control the antenna
pedestal drive motors via the dc amplifier unit, servo amplifier unit, and power ampli-
fiers in the antenna pedestal. The antennas are driven in azimuth and elevation in the
directions which tend to cancel the error signals out of the synchro control trans-
formers, The antenna azimuth and elevation positions are displayed hy the position
indicators on the manual command unit and are displayed on the digital synchro dis-
play units,

In the manual rate mode, the antenna azimuth and elevation positions are controlled by
rate controls (variable resistors) on the servo control unit, When the azimuth and
elevation rate controls are offset from their zero settings, they provide constant dc
error signals to control the antenna pedestal drive motors via the dc amplifier unit,
servo amplifier unit, and power an plifiers in the antenna pedestal.

4.5.2 Data Acquisition Circuits

Figure 33 is a block diagram of the data acquisition circuits. In simplest terms. the
data acquisition circuits consist of receiver circuits controlled primarily by manual
controls on the receiver control panel, and video processing circuits controlled by
gates generated in the cursor circuits, which are detailed in a later paragraph. The
circuits enclosed by a dashed line in figure 33 are typical of the four frequency bands:
that is, the PAMS includes four sets of circuits similar to those shown within the
dashed line, one set for each band, Circuits shown outside the dashed line are com-
mon to all four bands,

It will be convenient at times to relate the discussion to one specific band to avoid
calling out four sets of reference designations, When this procedure is used. the K
band will be the representative band.

This discussion deals primarily with the normal operating mode of the data acquisition
circuits, as opposed to the calibrate mode. Circuits affected by the calibrate mode
are noted, but details of the calibrate mode for both the data acquisition circuits and
the cursor circuits are detailed in a later paragraph.



4.5.2.1 Antenna and Polarization Network

Each of the four antennas receives either linearly (vertical and horizontal) or circu-
larly (right-hand and left-hand) polarized signals. The antennas are linearly polarized.
When a circularly polarized signal is received by an antenna, a hybrid circuit in a
polarization network on that antenna is switched into the signal path to convert the
antenna to circular polarization, In figure 33 the abbreviation V/RH is used for the
vertical/right-hand polarized signal component and the abbreviation H/LH is used for
the horizontal/left-hand signal component.

The polarization networks are controlled by the ANT POL switches on the receiver
control panel, which also signal the selection to the computer, If the antenna is in
either azimuth sector stop or if the system is in the automatic calibration mode, the
polarization selection is inhibited, and the receivers are decoupled from the antennas,

Each polarization network also includes a transfer switch which can be used to reverse
the paths of the two polarized components of the signal. In case of failure of one of
the two channels of a receiver, this feature allows the operator to swi‘ * the more
significant signal component into the operative channel. The transfer h is con-
trolled by the REVERSE/NORMAL switch on the receiver control panel via an RF
switch driver card in the receiver. This switch also signals the selection to the com-
puter and lights an indicator when the reverse condition is selected.

4.5.2.2 Operate/Calibrate Switching and Attenuator

The outputs of the polarization network on the antenna are applied via an operate/
calibrate switching circuit to tuners in the receiver drawer. (As indicated in fig-
ure 33, the S-band and C-band signals are routed through L-band switching and con-
version circuits.) Referring back to figure 28, the H/LH RF is applied to one chan-
nel of YIG (yttrium iron garnet) tuner assembly A8 via switch S1 and an isolator.

The V/RH RF is applied to the second channel of the tuner via switch S2 step attenu-
ator assembly, A13, switch S3, power limiters, and an isolator. Power limiters
PL1 and PL2 are used to limit the RF power above a preset threshold. The isolators
are three-port circulators used to reduce amplitude variation as 2 function of fre-
quency, to suppress cross-talk between channels, and to minimize emission of RF
energy from the PAMS antennas, Switches S1, S2, and S3 are controlled by calibrate
control signals via RF switch driver card A3 in the receiver to select either the RF
from the antenna for normal operating mode or calibrate signals during calibrate
mode, These switches are shown in the normal operating positions. The use of these
switches for calibration will be discussed in a later paragraph dealing with system
calibration,

The step attenuator assembly in the V/RH RF channel is used both during normal
operation and during calibration. This attenuator is controlled by an ATTENUATORS
IN/OUT switch on th.e mode control panel and by the tens-digit switch of the AMPLI-
TUDE SIGNAL ATTENUATOR switch on the manual system calibration panel, as well
as by automatic calibration control signals via calibration logic circuits in the proc-
essor. The selected binary-coded decimal attenuation setting is applied to a step
attenuator control circuit in threshold-gated video amplifier card A4 in the receiver.
Also applied to this card in the receiver is the attenuator in/out signal from the mode
control panel, which also signals the selection to the computer,
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Figure 33. Data Acquisition Circuits,
Block Diagram




The ATTENUATORS IN ‘OUT switches on 2A1 can be overridden by a relay which is
controlled by a calibra. .n logic circuit consisting of a NAND gate and a relay driver
on a processor card, When the system is in the amplitude calibration mode (auto-
matic or manual), the relay is energized to override the manual setting of the IN/OUT
switches. When the switches are overridden, the in/out signals to the receivers are
in the "in" state so that the attenvators may be controlled by amplitude calibration sig-
nals but the in/out signals to the computer are in the "out' state so that the computer
will not read the setting of the manual AMPLITUDE SIGNAL CALIBRATION switch on
the manual system calibration panel. That is, the computer reads the manual attenu-
ation setting only if the system is not in the amplitude calibrate mode and then only for
those bands which have the attenuator "in",

4.5.2.3 Tuners, Ramp Generator, Frequency Data Acquisition

Referring again to figure 28, the YIG tuner assembly A8 consist of a voltage-tuned
filter for each channel and a common local osciilator tuned 100 MHz above the filters.
The YIG filters, with a pass band of 10 MHz, provide RF preselection to minimize
susceptibility to spurious signals and to eliminate the image signal 200 MHz from the
desired signal, A third fiiter included in YIG tuner assembly is used for calibration,
Ramp generator card Al in the receiver provides the tuning voltage to the YIG filters
and local oscillator, The tuning voltage is applied to a current driver for each of the
filters and the local oscillator, The current drivers tune the YIG filters and local
oscillator to a frequency proportional to the tuning voltage, where the local oscillator
is 100 MHz above the center frequency of the filters to provide an IF frequency of
100 MHz when the signals are mixed.

The tuners can operate sequentially in a swept frequency mode (defined by a timing
signal T1) and then in a fixed frequency mode (defired by a timing signal T2), or can
operate continuously in the fixed frequency mode, The ramp generator in the receiver,
which provides the tuning voltage to the tuners, is controlled by SWEEP and FIXED
FREQ controls on the receiver control panel, The SWEEP ON/OFF switch determines
whether the tuners operate in the swept/fixed sequency (switch ON) or in the continu-
ously fixed frequency mode (switch OFF). SWEEP WIDTH dual variable resistors are
used to determine whether the tuners sweep the entire band or only some portion of
the band, i.e., determine the start and stop frequency tuning voltages. (The SWEEP
WIDTH controls for S band and C band are modified when the receivers are used to
process up-converted L-band signals; this difference is detailed in the description of
the L-band switching and conversion circuits at the end of this discussion of the data
acquisition circuits,) The FIXED FREQ variable resistor determines the fixed fre-
quency setting of the tuners, The fixed frequency setting is applied to the ramp gen-
erator via a frequency shift voltage storage circuit in the processor, which is part of
the AFC loop.

The ramp generator card Al in the receiver generates the sweep start frequency tuning
voltage F1, sweep stop frequency tuning voltage F2, and fixed frequency tuning voltage
F3. For operation in the swept/fixed sequence, a voltage ramp is generated followed
by a fixed voltage during T2 time. The difference between F2 and F1 voltages is applied
to an integrator to determine the slope of the ramp. The F1 voltage is added to the
integratcr output at a summer stage. Thus, during T1 time, the input to the summer

is a ramp starting at the F1 voltage and sweeping to the F2 voltage. During T2 time,
the F1 voltage and the integrator output are effectively disconnected from the summer,
At the same time, the F3 voltage is applied to the summer. At the end of T2 time
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(8.5 ms), the F3 voltage is disconnected from the summer. The F1 voltage is applied
to the summer 0.8 ms before the integrator is enabled to allow the tuners to settle to
the iritial ramp voltage before the integrator starts. For operation in the continuous
fixed frequency mode, the scan input (controlled by SWEEP ON/OFF switch on receiver
control panel). Only the F3 voltage is applied to the summer.

A fourth input to the summer is an automatic fixed frequency calibration voltage. The
tuning voltage (freq. volts) from the summer is applied to the YIG tuner assembly in
the receiver and to a sample and hold circuit in processor at the console., The sample
and hold circuit is on a frequency buffer and scope circuit card in the processor. The
freq. volts signal is applied via a differential receiver buffer stage and emitter fol-
lower stage to a sample and hold circuit. Sample gates (S-H gates) generated in the
cursor circuits at the frequencies of interest cause the sample and hold circuit to
sample the freq. volts and then hold the sampled voltage level for reading by the com-
puter. The freq. volts input to the sample and hold circuit is also used in the cursor
circuits,

4,5.2.4 Mixers/Preamplifiers and AFC Loop

Referring again to figure 28, the outputs of the YIG filters are applied via isolators to
mixer/preamplifier assemblies A14 and 15. The YIG local oscillator output is applied
to the mixers via two 3 db hybrids. The local oscillator signal is also used in an
amplitude calibrate circuit, The 100 MHz IF output of the mixers is amplified by

25 db IF preamplifiers within A14 and A15 and applied to IF filter assemblies A9 and
A10 as well as to AFC detector/discriminator AG.

The AFC detector/discriminator selects either the V/RH IF or H/LH IF for auto-
matic frequency control, as determined by the operator. This selection is controlled
at the receiver control panel. The AFC POLARIZATION switch applies the AFC
polarization signal to a calibration logic circuit in the processor as well as to the
computer. The calibration logic circuit, consisting of NAND gates and a logic level
converter in the processor inhibits the manual selection and enables computer selec-
tion of AFC polarization during automatic amplitude calibration. The AFC polari-
zation signal from the calibration logic circuit is applied to the AFC in the receiver
via RF switch driver card A3 in the receiver. In the RF switch driver card, hesides
being used for calibration cuntrol as described in a later paragraph, the AFC polari-
zation signal converts the signal to voltage levels compatible with AFC detector/
discriminator A6 in the receiver,

The AFC detector/discriminator A6 in the receiver amplifies and limits the selected
IF signal, detects the presence of a signal level of -50 dbm or greater between 95
and 105 MHz to provide a detector video output, and provides a discriminator video
output whose voltage and polarity is proportional to the frequency deviation from

100 MHz (0.5 v/MHz). The detector video output and the discriminator video output
are applied to the threshold-gated video amplifier circuit. The discriminator video
is delayed for 40 ns and applied to field effect transistor gate., While the discrimi-
nator video is being delayed, the detector video is compared with a threshold at the
input of a voltage comparator. If the detector video exceeds the threshold, indicating
that a discriminator video signal is present, the output enables the gate to pass the
discriminator video, The purpose of the threshold gating is to exclude noise signals
from furtner processing. The gated discriminator video is applied to a line driver
for transmission to a time-gated video circuit in the processor. The line driver
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output is also applied to a voltage comparator to detect discriminator crossover points
for automatic fixed-frequency calibration purposes. During normal operation, AFC is
enabled or inhibited by the AFC ON/OFF switch on the receiver control panel, which
applies the AFC on/off status to the logic circuits and to the computer. The AFC reset
and FC inputs to the logic circuits are calibration controls.

The time-gated video circuit consists of a differential receiver buffer, field effect
transistor gate, and gate control transistor stages. The threshold-gated discrimi-
nator video from the receiver is applied to a transistor gate. If the AFC ON/OFF
switch on the receiver control panel is ON, timing signal T3 enables a gate to pass
the discriminator video to a peak detector circuit. The purpose of the time-gating
function is to pass the discriminator video only during the fixed frequency period after
the tuners have settled to the fixed frequency. This feature eliminates extraneous
AFC signals during the swept-frequency periods; AFC is applicable only to the fixed
frequency. The threshold-gated discriminator video is also applied to the cursor cir-
cuits for calibration purposes.

The peak detector circuit includes a positive peak detector, a negative peak detector,
and a reset circuit. The time-gated discriminator video is applied to a voltage com-
parator in the positive peak detector circuit and to a voltage comparator in the neg-
ative peak detector circuit. Only the positive peak detector circuit is described here;
the negative peak detector circuit operates identically except for the polarity differ-
ence, If the input video goes positive, the output goes positive and turns on a field
effect transistor., A capacitor then charges in a positive direction. When the input
video has passed its peak and is no longer more positive than the output of a compar-
ator, the output goes negative and turns off the FET. The capacitor then holds the
peak level., The peak level outputs are applied differentially across a balance variable
resistor out to the frequency shift voltage storage circuit, The peak detector reset
signal is timing signal T4 which resets the peak detectors just before each time-gated
(by T3) input to the peak detectors. Timing signal T4 turns on a transistor which
switches two field-effect transistors to their low impedance states to discharge peak
voltage storage capacitors, The peak detector output is applied to an integrator stage
whose integration rate is controlled by two resistors to determine the AFC loop gain.
The integrator is enabled when the AFC ON/OFF switch on the receiver control panel
is in the ON position. The fixed frequency setting from the receiver control panel is
then applied to a differential receiver buffer. The outputs are summed at the input of
a line driver to provide the fixed frequency/AFC input to the ramp generator in the
receiver,

4.5.2.5 IF Filters and Log IF Amplifiers

Recall that the IF signals, hesides being applied to the AFC loop as described above.
are applied to IF filter assemblies in the receiver., The IF filter assemblies are
selectable bandwidth filters controlled by the IF BANDWIDTH SELECT switch on the
receiver control panel in the console. The selectable bandwidths are 1.5 MHz.

3 MHz, 6 MHz, and 10 MHz. The selection signals are also applied to the computer
and the filtered IF signals are then applied to log IF amplifiers. The log IF ampli-
fiers use a successive detection technique in which a detector is placed at each IF
interstage to provide a video sample. These samples are then added in a summing
network. Thus, a composite video signal is formed which provides a linear voltage
output for a logarithmic input. See figure 29 for a typical IF logarithmic response
curve. The video outputs of the log IF amplifiers are applied to filters and gates in
the processor.
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4.5.2.6 Video Amplitude Data Acquisition

The video filters and gates are located on horizontal and vertical buffer cards in the
processor. The card is used for the V/RH channel video of all four bands and another
card is used for the H/LH channel video of all four bands. This description applies to
both channels. The video input (V/RH or H/LH) is applied via a differential receiver
buffer stage. Prior to the buffer, the video is also applied to a video switch which is
part of the scope control circuits described in a later paragraph. The buffer output is
applied to a 100 KHz filter stage and to a gate circuit. The filter stage is an active
100 KHz low-pass filter, with an emitter follower in its feedback circuit, used to
smooth the video. The filtered video is then applied to a second gate circuit, The
video gates generated in the cursor circuits at the frequencies of interest during the
swept frequency periods turn off a transistor stage to allow the filtered video to be
applied to an output buffer. The video gates generated in the cursor circuits during
the fixed-frequency periods turn off another transistor stage to allow the unfiltered
video to be applied to the output buffer. The output of the buffer stage is applied to a
pulse stretcher circuit. The filtered video is also applied to a test-recorder panel for
monitoring and recording, video switches which are part of the scope control circuits,
and video select and integrate circuits. Two identical pulse stretcher cards are used
in the processor, one for the V/RH channel of all four bands and one for the H/LH
channel of all four bands. This description applies to both channels. The pulse
stretcher is effectively a peak detector and holding circuit which charges to the peak
value of the gated video input and holds the peak level until reset., During the hold
period, the computer reads the amplitude data, After the computer reads the data,
the computer causes the pulse stretcher to be reset via the cursor circuits.

4.5.2.7 Integrated Video Amplitude Data Acquisition

The video select and integrate circuits consist of analog circuits on two identical video
integrator cards in the processor, This description is keyed to an integrating cursor
pair but is equally applicable to the circuits for the other three integrating cursor
pairs. A 3-bit band select signal for the cursor pair is applied to three NAND gates
on a processor card. The other input to each of these gates is the output of a latch
consisting of two NAND gates on another processor card which is set by the first cur-
sor and resct by the second cursor., Thus, the band select signals are gated into the
video integrator card during the swept-frequency periods only between the frequencies
at which the cursor pair is set, The first cursor also sets a flip-flop on the processor
card to enable an integrator circuit. This flip-flop is reset by trailing edge of each
timing signal T5 to discharge and inhibit the integrator circuit between swept fre-
quency periods.

The filtered video inputs from all four bands are applied to two sets of video switches.
Still keying to the cursor pair the H/LH and V/RH video inputs from the desired band
are selected for application to the integrator stages, As indicated above, the video
signals are applied to the integrators only between the frequency settings of the cursor
pair. The computer reads the integrated amplitude data and then the transistor stages
ave turned on at the trailing edge of T5 to discharge and inhibit the integrators until
the next swept-frequency period.

4.5.3 L-Band Switching and Conversion

As mentioned earlier, S-band and C-band RF signals out of the polarization networks
arc applied to the receciver circuits via L-band switching and conversion circuits. The
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L-Band switching and conversion circuits either select the RF from the S-band and
C-band antennas for application to the respective receivers, or up-convert and select
L-band RF for application to either the S-band or C-band receiver. Figure 34 is a
schematic diagram of the I -band switching and conversion circiits, and figure 35 is
a photograph of the unit, The switches in the up-converter are controlled by the L-
BAND CONVERTER switch on the mode control panel at the console, which also sig-
nals the L-band selection to the computer.

The V/RH and H/LH C-band RF signals from the C-band antenna and polarization net-
work are applied to the coax switches, If the L-BAND CONVERTER switch at the con-
sole is not in the C position, these C-band signals are switched to the C-band receiver
by another set of switchies, The V/RH and H/LH S-band RF signals from the S-band
antenna and polarization network are applied via RF hybrids to the switches, If the
L-BAND CONVERTER switch at the console is not in the S position, these S-band sig-
nals are switched to the S-band receiver.

The frequency range of the S-band antenna is 1 GHz to 4 GHz, whereas the frequency
range of the S-band receiver is 2 GHz to 4 GHz. Signals from the S-band antenna in
the 1-to-2 GHz range are considered L-band signals., Thus, the second outputs from
the hybrids are applied to L-band converter for up-conversion of these L-band signals
from the S-band antenna, Also applied to the L-band converter are V/RH and H/LH
UHF RF signals in the 0,1-to-1 GHz range from UHF antenna which may be

used with the PAMS but is not supplied with the system* The L-band inputs are applied
via PIN limiters to RF amplifiers. In addition, the V/RH channels include switches
used to switch 40 db attenuators in or out of the signal paths, These switches are con-
trolled by the L ATTENUATOR IN/OUT switch on the mode control panel at the con-
sole which also signals the selection to the computer. This switch can be overridden
by a relay which is controlled by a calibration logic circuit. When the system is in
the aiqplitude calibrate mode (automatic or manual), a relay is energized to override
the manual setting of the IN/OUT switch and provide an "out" signal to the C-band
converter and to the computer,

The outputs of the R amplifiers are applied, via power dividers used as combiners,
to the mixers. In the mixers, the L-band signals are mixed with the output of a com-
mon 4 GHz oscillator which is applied to the mixers via 10-db attenuator. Since the
combined L-band inputs to the mixers are in the 0.1-to-2 GHz range, the lower side-
band of the mixer outputs is 2 GHz to 3.9 GHz, and the upper sideband of the mixer
outputs is 4.1 GHz to 6 GHz. If the L-BAND CONVERTER switch at the console is in
the C position, the up-converter L-band signals from the mixers are applied to the
C-band receiver which uses the upper sideband. If the L-BAND CONVERTER switch
at the console is in the S position, the up-converted L-band signals from the mixers
are applied to the S-band receiver, which uses the lower sideband.

Note that the upper sideband signal uses only one-half the frequency range of the C-
band receiver (4.1 GHz to 6 GHz versus 4 GHz to 8 GHz). To reduce the sweep width
of the C-band receiver accordingly during the swept-frequency periods. the L-BAND
CONVERTER switch at the conscle controls a C-band sweep limit circuit in the
receiver control panel., When the L-BAND CONVERTER switch is in the C position.

a variable resistor reduces the voltage applied across the C-band SWEEP WIDTH dual
variable resistors. Note also that as the L-band signals increase in frequency. the
lower sideband of the L-band mixer outputs (used by the S-band receiver) decreases in
frequency. When the L-BAND CONVERTER switch is in the S position, it energizes a

*See footnote, page 44.
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1L.-Band Up Converter

Figure 35.



relay in the receiver control panel, via a calibration logic circuit in the processor, to
reverse the roles of the S-band SWEEP WIDTH dual variable resistors, That is, the
SWEEP WIDTH STOP control determines the voltage at which the tuning voltage ramp
starts and the SWEEP WIDTH START control determines the voltage to which the tuning
voltage ramp sweeps in the ramp generator in the S-band receiver. The calibration
logic circuit in the processor is used in driving the relay in the receiver control and
also to inhibit the sweep reversal when the system is in the automatic frequency cali-
bration mode.

4.5.4 Cursor Circuits

This discussion deals primarily with the normal operating mode of the cursor circuits,
as opposed to the calibrate mode. Figure 36 is a block diagram of these circuits. The
calibrate mode of these circuits and of the data acquisition circuits is detailed in a
later paragraph,

4.5,4.1 Non-Integrating Cursors 1 Through 4 and Common Circuits

The CURSOR NO. 1 POSITION variable resistor applies a voltage level to a voltage
comparator in the processor. Also applied to this voltage comparator is the hori-
zontal sweep voltage ramp for the pan scope displays, which is generated in the scope
control circuits, This sweep voltage ramp, representiug frequency, is generated
during the swept-frequency periods of the receivers in synchronization with the
receiver tuning voltage ramp., When the sweep voltage sweeps past the voltage level
set by the POSITION control, the voltage comparator output changes from logic to set
a latch. The latch output then triggers a 100 us one-shot, provided the one-shot is not
inhibited. Thus, a 100 us cursor pulse is generated at a point in the swept-frequency
period determined by the setting of the POSITION control. The latch is reset by timing
signal T1 at the end of each swept-frequency period so that the cursor pulse can be
generated during the next swept-frequency period. The one-shot is inhibited if the
CURSOR NO. 1 BAND SELECT switch is set to OFF or Kyy FIX. If the switch is set
to Ky FIX, the output of a gate on the processor card not only inhibits the one-shot,
but also signals the selection to the computer. (In the case of cursors 2, 3, and 4, the
X FIX, C FIX, and S FIX positions, respectively, of their BAND SELECT switches
correspond to the Ky FIX position for cursor 1.

Assuming the one-shot is not inhibited, the 100 us cursor output pulse is applied to
two sets of four NAND gates, set on two processor cards., The outputs of the NAND
gates are applied to a set of four multiplex lines, one line for each of the four bands.
One of the four gates is enabled by the setting (Ky;. X, C, or S) of the CURSOR NO, 1
BAND SELECT switch to put the cursor on one oPthe four multiplex lines. This switch
also applies a 3-bit band select signal to the computer. Also applied to the four multi-
plex lines are cursors 2, 3, and 4. as well as integrating cursors 5 through 12, which
are described later in this discussion, Any or all of the 12 cursors may be put on any
of the four multiplex lines, The cursors on each multiplex line are then used to gener-
ate the various sample gates used in the data acquisition circuits to acquire frequency
and amplitude data at the frequencies of interest, The generation of these sample
gates is described later in this discussion.

The outputs cof the four NAND gates are applied to a second set of four multiplex lines
used to superimpose the cursors on the video scope presentations. One of these four
gates is enabled by the sttting of the CURSOR NO. 1 BAND SELECT switch to put the



cursor on one of the four multiplex lines, If the CURSOR NO, 1 FLASHER switch is
pressed, it enables a 4 Hz square wave from the timing circuits to be applied to the
four NAND gates on the processor card via a NAND gate on a second processor card.
The 4 Hz signal causes the cursor indication to flash so that it may be easily located
on the scope presentation, Also applied to this second set of four multiplex lines are
cursors 2, 3, and 4, as well as integrating cursors 5 through 12 and fixed-frequency
cursors, Any or all of cursors 1 through 12 may be put on any of the four multiplex
lines along with the fixed-frequency cursor. When the video for one of the four bands
is selected for panoramic display on one of the scopes, the cursors on the multiplex
line for that band are superimposed on that display to enable the operator to position
the cursors to the points (frequencies) of interest on the display.

The 100 s cursor 1 pulse from the one~shot :n the processor is also applied to a cur-
sor 1 flag generator circuit. This circuit consists of flip-flops and NAND gates, If
the system is not in the automatic frequency calibrate mode, signals generated by
NAND gates in the processor enables the cursor pulse to change the flip-flop to the 0
state, A similar relationship exists between the cursors 2, 3, and 4 flag generator
circuits and the X FIX, C FIX, and S FIX positions of the BAND SELECT switches for
cursors 2, 3, and 4, respectively, This flip-flop stores the cursor for transfer to the
flip-flop in the processor when a flag clock occurs,

A flag clock is generated by a four-input NAND gate and. assuming that this gate is

not inhibited by any of three conditions described below, the square wave output of the
timing circuits is gated through as the clock input to the flip-flop setting it to a 1 state,
The logic output of this flip-flop is the cursor 1 flag input to the computer, telling the
computer which cursor has been generated. Another circuit applies a cursor interrupt
(called flag cursor) to the computer to tell the computer to "look at' the frequency and
amplitude data from the data acquisition circuits (as well as azimuth, elevation, range,
and time data).

After the computer has read the data, the computer applies a cursor reset signal to the
processor. This signal resets the flip-flop to terminate the cursor flag and cursor
interrupt. This one-shot also applies a reset s:gnal to the pulse stretcher reset gen-
erator circuits for all bands unless inhibited. 7'he inhibit circuit is to prevent the com-
puter from resetting the pulse stretchers after reading the data corresponding to a
given cursor if another cursor has been generated and is ready to flag and interrupt

the computer,

The generation of a flag clock to transfer a cursor flag and the flag interrupt to the
computer can be inhibited or delayed by any of two conditions, These conditions are
as follows. Ii another cursor flag (and the cursor interrupt) has been set and not yet
terminated, the cursor interrupt generator circuit inhibits generation of a flag clock
until the other cursor flag (and cursor interrupt) has been terminated by the computer,
If the cursor reset signal from the computer is present, this logic 0 signal inhibits
generation of a flag clock.

4.5.4.2 Integrating Cursors 5 through 12

The integrating cursors are used in pairs., The manual controls for cursors 5 through
12 are on the integrating cursor control panel, These controls operate in conjunction
with logic circuits in the processor. In general, to avoid calling out four sets of ref-
erence designations, this portion of the discussion is keyed to one cursor pair,
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In many respects, the integrating cursor circuits are very similar to the non-integrating
cursor cizcuits. The dual CURSOR START/STOP variable resistor applies voltage lev-
els to a pair of voltage comparators in the processor. Also applied to both voltage com-
parators is the pan cope display horizontal sweep voltage ramp generated in the scope
control circuits. Waen the sweep voltage sweeps past the voltage levels applied to the
voltage comparators, each voltage comparator output changes from logic 1 to logic 0 to
change a flip-flop to the 1 state, The output of each flip-flop then triggers a 100 us one-
shot provided the one-shots are not inhibited by CURSOR 5-6 BAND SELECT switch
being in the OFF position. The flip-flops are reset by timing signal T1' (derived from
T1) at the end of each swept-frequency period so that the cursor pulses can be gener-
ated during the next swept-frequency period.

The 100 us cursor pulses from the one-shots are applied to a latch and, in addition,
the first cursor pulse is applied to a flip-flop. These circuits are part of the video
select and integrate circuits. The cursor pulses from the one-shots are also applied
to a gate in the processor, This gate actually performs an OR function to apply the
pulses for both the cursors to the band select logic circuits. The output of the gate is
applied directly to one set of four gates in the procezsor, The one gate of these four
which is enabled by the BAND SELECT switch puts the pair of cursor pulses on one of
four multiplex lines, The cursors on these multiplex lines (one line for each band)
are used to generate the various sample gates used in the data acquisition circuits to
acquire frequency and amplitude data at the frequencies of interest.

The output of the gate is also applied to a second set of four gates in the processor via
other gates in the processor where the cursor pulses are combined with a 4 Hz square-
wave signal when the CURSOR FLASHER switch is pressed. This set of four gates in
the processor card is used to put the pair of cursor pulses on one of the set of four
multiplex lines (one for each band) which superimpose the cursors on the video scope
presentations, When enabled by the FLASHER switch, the 4 Hz signal causes the
cursor indications to flash so that they may be easily located on the scope presenta-
tions, In addition to controlling the two sets of four gates, the BAND SELECT switch
applies a 3-bit band select signal to the computer,

The cursor 100 us one-shot outputs are also applied to flag generator circuits., If the
system is not in the automatic frequency calibrate mode, a signal enables the one-
shot outputs to change the first flip-flop of each pair to the 0 state, These flip-flops
store the cursors for transfer to the second flip-fiops of the pairs when a flag clock
occurs,

4,5.4.3 Fixed-Frequency Cursors

The purpose of the fixed-frequency cursor circuits is to provide, on the panoramic
scope display for & given band, an indication of the fixed-frequency setting for that
band, The manual controls for these circuits are the FIXED FREQ controls on the
receiver control panel, These controls operate in conjunction with cursor generator
logic circuits in the processor. As the S-band FIXED FREQ POSITION variable
resistor is used to select the fixed-frequency setting of the S-band receiver, as
described in the discussion of the data acquisition circuits, the fixed-frequency voltage
is also applied to a voltage comparator., Also applied to this voltage comparator from
the data acquisition circuits is the freq. volts ramp generated by the ramp generator
in the receiver and routed via freq, buffer and scope circuit in the processor, As this
ramp sweceps past the fixed frequency voltage, the output of the voltage comparator
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changes from logic 1 to logic 0 to set a latch, The latch output then triggers a 100 us
one-shot, the output of which is applied to a 4-input NAND gate., This gate is enabled
during the swept-frequency periods by timing signal T1, the trailing edge of which also
resets the latch at the end of each swept-frequency period so that the one-shot can be
triggered again during the next swept-frequency period. This gate is also controlled
by the S-band FIXED FREQ CURSOR MARKER switch, which must be in the ON posi-
tion to enable the gate. Also applied to this gate is the 8 Hz square wave from the
timing circuits which causes a continuous flashing indication. Thus, with the gate
enabled, the 100 us fixed-frequency cursor pulse is put on the S-band multiplex line
used by the scope control circuits so that this cursor, continuously flashing, is super-
imposed on the scope presentation,

4.5.4.4 Sample Gate Generation

The cursors on the multiplex line are applied to a NAND gate, This gate serves as
the sample gate generator during swept-frequency periods of normal (non-calibrate)
operation, If the system is not in the automatic frequency calibrate mode, a signal
enables each cursor on the multiplex line to generate a sample gate via a four-input
NAND gate, which performs an OR function, These sample gates, which are gener-
ated during the swept-frequency periods, are (a) applied to the freq-volts sample and
hold circuit via a gate in the processor to sample frequency data for application to the
computer, (b) applied to a gate which, when enabled by T1 and by a SWEEP ON/OFF
switch in the ON position, gates filtered video amplitude data to the computer via the
pulse stretchers, and (c) applied to the pulse stretcher reset generator circuit to make
certain that the pulse stretchers cannot be reset while the computer is reading data,
as could occur if the computer were resetting a cursor for another band,

If a CURSOR BAND SELECT switch on the cursor control panel is in the FIX position,
it enables the sample gate to be generated during the fixed-frequency periods of nor-
mal operation. This sample gate performs the same function as the swept-frequency
sample gates with regard to the freq. volts sample and hold and pulse stretcher reset.
However, in lieu of the sample gates being used to gate filtered video amplitude data
to the computer via the pulse stretchers, the FIX position of the CURSOR BAND
SELECT switch enables a gate in the processor to allow a timing signal to gate unfil-
tered video to the computer via the pulse stretchers, unless video blanking is occur-
ring, Either of two blanking inputs triggers a one-shot in the processor via a Schmitt-
trigger circuit provided the RADAR BLANKING ON/OFF switch on the analysis scope
control panel is in the ON position, The duration of the one-shot (blanking duration)
is adjustable by a RADAR BLANKING PULSE WIDTH variable resistor on the anal-
ysis scope control panel, For the duration of video blanking, T3 is prevented from
gating unfiltered video to the computer during the fixed-frequency periods by gates in
the processor. The sample gate generated during the fixed frequency periods is also
used to generate a cursor 1 flag and cursor interrupt.

The pulse stretcher reset gate is generated in the following ways, If the band SWEEP
ON/OFF switch on the receiver control is in the OFF position, it enables T1 to gen-
erate a pulse stretcher reset gate for the duration of each swept-frequency period. If
this switch is in the ON position, it enables a pulse stretcher reset pulse to be gen-
erated (a) each time the computer resets a cursor flag after reading the data acquired
by tha! cursor (unless another cursor is ready to flag the computer. in which case the
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pulse stretcher reset gate would be inhibited, and (b) by another timing signal to make
certain that the pulse stretchers are reset just prior to acquiring amplitude data during
the fixed-frequency periods.

4.5.53 Scope Control Circuits

Figure 37 is a block diagram of the scope control circuits. Reference designations
shown in the blocks indicate the locations of the circuits named in the blocks. The
primary purpose of the scope control circuits is to select video from one of the four
bands for display on one of the three console scopes. Each scope is controlled inde-
pendently so that video from any band can be displayed on any scope. When the video
from a given band is selected for display on a given scope during swept-frequency
periods (panoramic display), the cursors assigned to that band in the cursor circuits
are superimposed on the display. The scope control circuits also provide for super-
imposing a calibration pulse on the displays as a means of measuring the amplitude
level of a video pulse. This scope calibration functien is not related to the system
calibration mode described in detail in a later paragraph,

4.5.5.1 Pan Scope Control

The two pan scopes are used for panoramic display of video during the swept-frequency
periods and are blanked during fixed-frequency periods. Control circuits for the two
pan scopes are identical, Filtered V/RH and H/LH video signals for each band are
applied to a pair of video switches for each scope. In addition to the video inputs, two
other selectable inputs to the switches are (a) ground and (b) a calibration voltage set
by a SCOPE CALIBRATION LEVEL DBM variable resistor on the manual system cal-
ibration panel. The video switches are controlled by manual switches on the pan scope
control panels via video select logic circuits in the processor, The 3-bit video select
signals from RECEIVER SELECT switches are applied to the video switches via sets
of three NAND gates in the processor. These gates are in the signal path to allow the
introduction of a calibration pulse as described later in this discussion. If the
RECEIVER SELECT switches are set to one of the four band positions, the V/RH and
H/LH video signals for the selected bands are applied to the pan scopes via connectcrs
J1 and J2 and via jumper cables connected between these connectors and the two verti-
cal inpuis of each scope, If the RECEIVER SELECT switch is set to EXT, none of the
video signals is selected for application to the corresponding scope; the ground input

to the video switches is selected instead, The RECEIVER SELECT switches also con-
trol Z-axis control circuits for the scopes. The EXT position of these switches has
significance to the Z-axis control circuits in allowing the scopes to be used as general
purpose scopes,

If the AMP CALIB switches are ON, they enable one-shots in the processor to allow a
calibration pulse to be applied to the scope presentations as follows, The SCOPE
CALIBRATION POSITIONS variable resistor applies a voltage level to a voltage com-
parator, Also applied to this voltage comparator is the horizontal sweep voltage ramp
for the pan displays. As the pan sweep voltage sweeps past the voltage set by the
SCOPE CALIBRATION POSITIONS control, the voltage comparator output changes
logic states to trigger the enabled one-shots. For the duration of the one-shots, the
outputs of the one-shots override the band select signals at the gates in the processor
and cause the outputs of these gates to select the calibration voltage input to the video
switches for application to the scopes. Thus, the one-shots determine the width of the
calibration pulse. The difference in one-shot durations (and resultant calibration pulse
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widths) for the two pan scopes is not significant; the pulse width is not critical. To use
the calibration pulse, the pulse is positioned next to a video pulse on the scope presen-
tation and adjusted tc che amplitude of the video pulse. Then the approximate amplitude
of the video pulse in dbm is read on the SCOPE CALIBRATION LEVEL DBM control.

The pan sweep voltage used at the pan sweep comparator is the same sweep voltage
used in the cursor circuits, This<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>