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FEDERAL AVIATION ADMINISTRATION
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE

SPECTRUM MAN~AGEMENT BRANCH

STATEMENT OF MISSION

The mission of the Spectrum Management Branch is to assist the Department
of State, National Telecommunications and Information Administration,
and the Federal Communications Commission in assuring the FAA's and the
nation's aviation interests with sufficient protected electromagnetic
telecommunications resources throughout the world and to provide for the
safe conduct of aeronautical flight by fostering effective and efficient
use 01 a natural resource - the electromagnetic radio frequency spectrum.

This objective is achieved through the following services:

*Plannint drU uetending the acquisition and retention of sufficient
radiu frequency Spectrum to support the aeronautical interests of the
nation, at home and abroad, and spectrum standardization for the world's
aviation community.

.Providing research, analysis, engineering, and evaluation in the
development of spectrum related policy, planning, standards, criteria,

measurement equipment, and measurement techniques.

*Conducting electromagnetic compatibility analyses to determine intra/
intersystem viability and design parameters, to assure certification of
adequate spectrum to support system operational use and projected growth
patterns, to defend aeronautical services spectrum from encroachment
by others, and to provide for the efficient use of the aeronautical
spec trum.

*Developing automated frequency selection computer programs/routines
to provide frequency planning, frequency assignment, and spectrum
analysis capabilities in the spectrum supporting the National
Airspace System.

*Providing spectrum management consultation, assistance, and guidance
to all aviation interests, users, and providers of equipment and services,
both national and international.
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Chai~ter 1 Introduction

The purpose of this project vas to determine as closely

as 1ossible the interference cLaracteristics of typical A£F

systems on the market toda]. The resulting data is to be

used by the Fedecal Aviation Administration (FIAA) to revise

the criteria fcr adjacent channel and cochamnel Von-

Directional Beacon (NEE) frequency assignment.

Ihe scoje of the tests performed for this Croject

include verification of the manufacturers' specifications

tor the ADF systems and measurement of the interference

susceftibilit3 of the systems.

ihis report examines Frevious veok in the area of AD?

interference susceptibility testing, evaluates the problems

created by prior errors and the never generation of ADF

systems, and describes an effort to acquire interference

susceptibility data from modern receivers. The results are

analyzed in the final chapters, and recommendations are made

based on these reiults.
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Chapter 2 : Previous mork

Tbe most relevant work dome to date on the subject of

AGE receiver interference susceptibility testing is

described in two reForts by William A. Kissick (1,2]. the

first deals with JDF receiver susceptibility to interference

from Fower line Carrier systems, and the second is a test

plan tar determining ADP receiver interference

susceptibility. Both reEcxtE have their drawbacks, which

are dealt with in chapter tour. This chapter provides a

summaxy of the relevant areas of the Power Line Carrier

interterence xeport and the test plan.

Eower Line Carrier (ELC) systems are used by the power

company to facilitate internal communicatious, remotely

control switches, and to perform other related functions. A

PLC system consists of transmitters and receivers coupled to

power transmission lines by matching networks. Because of

the physical characteristics of the transmission lines, a

fairly lov-leakage transmission path is formed. The

fceyuency Land most commonly used for PLC transmissions

cowcs the range of 30 to 300 kUz, although frequencies as

high as about 50C kHz are cccasionally used. The injected

power levels beiag considered range from a traction of a

watt to several hundred watts. Most currently used systems

are limited, however, to a few tens of watts of injected

signal.
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The possibility of interference to the AD! system by

direct radiation Cf the PLC is obvious. Investigations of

several plane crashes in bcth Europe and the United States

have listed ELC interference as a possible cause of the

crdsh. The PLC interference report lists a set of suggested

criteria for the siting and frequency assignment of Ion-

Directional Beacon (1DB) transmitters so as to reduce the

pxokatility of this type of interference.

Ihe PLC interference report also lists a set of ADF

interference susceptitility test data taken in a laboratory

situation uith the transmitter and antenna systems

simulated. Due to errors in the laboratory test

configuration which are described in chapter four of this

report, the receiver susceptibility data in the PLC

interference report is not reliable. The test configuration

in the PLC interference report is very similar to the one in

the test Elan of reference tuo.

The interference susceptibility test plan is a document

describing a complete procedure for an analysis of the

, - susceptibility of AC! receivers to interference in the

Spresence of desired and undesired signals. Included are

three test configurations and appropriate sets of varied

test conditions to determine the performance of the receiver

3
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in terms of indicated bearing error for most possible

combinations of desired and undesired signals. Also included

are suggestions for the display of the measured data and a

set of forms fcr recording the data in the laboratory.

The "antenna simulatcr" boxes referred to in this

repoLt are devices which simulate the loop and sense signals

fxom the aDE system antennas. They are calibrated in such a

manner that an irput signal of one micro-Volt at the input

port will produce the same voltages at the input pcrts of

the receiver as the normal ACF antennas would when a field

of one micro-Volt per meter was present. This allows the

f simulated transmission and reception of the desired and

undesired signals in the laboratory without the necessity of

radiating actual signals. This is a tremendous advantage

when one considers the alternative: build an BF cage with a

set of radiating elements and a section of airplane fuselage

inside to simulate the transmission in free space. The

problem, however, is that ADF antennas vary considerably,

and that no single simulator can correctly simulate them

all. This will be given furtheK consideration in chapter

four.

The first configuratica (Figure 2.1j simulates the

arrival of the desired and undesired signals from directions

'I
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Figure 2.1 Test set-up for simulating the arrival of
the desired and undesired signals from two
directions differing by 90 degrees.
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differing by 90 degrees. This provides a "worst casew

situation to the receiver in terms of bearing error since

the signals are arriving in space quadrature. Thus, the

tearing needle can be ezpected to point at the desired

station, the undesired station, or somewhere in between. The

desired signal is fed into the receiver through the EAST-

VEST loop and the undesired signal is entered through the

NBIH-SCUIH iooi. The simuldted sense components axe summed

and fed into the sense input terminals of the receiver.

The second configuration (Figure 2.2) simulates the

arrival ot the desired and undesired signal from the same

direction. Ihis condition may not be likely to cause

bearing error but may cause problems with the Eilot's

ability to identify the beacon because of heterodynes or

capture effect.

the third ccnfiguraticn (Figure 2.3) simulates the

arrival of the desired signal from differing directions.

This allows such phenomenon as re-radiation from standing

structures and geographical features (mulipath) to be

investigated.

Note that only the first configuration was used in the

performance of this contract.

7
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[be plan also includes a set of forms for recording the

data from each configuration. These sheets are then to be

included in a log book of measured data. Figures 2.4. 2.5w

and 2.b are saujles of these data sheets. Note that data is

recorded vith cespect to only three variables: the

diference in fLeguency, the undesired signal level, and the

beating error. All other variables are held constant for

that Farticular set of measurements.
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chapter 3 : Description of Necessary Receiver Tests

There are two parts to be considered in the receiver

testing. These are: Veritication of the ability of the

receiver tc jerform according to the manufacturer's

specifications, and determination of its susceptibility to

interference. This is only logical since a receiver which

will not perform according to its listed specifications will

not give representative data when it is tested for

IateLference. ibis chapter provides a brief description of

the tests involved in each part, and an idea of what they

mean.

There are four types of tests which must be done in

order to verify that the receiver is performing according to

the manufacturer's specifications. These are: Selectivity,

Sensitivity, Image Rejectiom, and AEF Bearing Error.

Selectivity is a measure of the receiver's ability to

reject undesired signals. A receiver is said to have good

selectivity when the received bandwidth is just sutficient

to Pass the desired signal treguency and its modulation

sidebands. A receiver is said to have poor selectivity when

the received bandwidth is so wide as to allow adjacent

* channel signals and noise to be received along with the

desired signal. The selectivity of the &D receiver is the

major determining characteristic of its susceptibility to

13



interference.

Sensitivity is a measure of the signal level which must

be krovided to the receiver terminals in order for it to

function Froperly. If a receiver lacks sufficient

sensitlity It may not te able to receive the beacon

signals, particularly at the limits of the coverage area.

Image Rejection is a measure of the ability of the

receiver to reject signals on its "image" frequencies. An

imae frequency is that frequency (in a superheterodyne

receiver) which is displaced from the local oscillator by an

amount equal tc the first intermediate frequency in the

direction opFosite to that of the desired signal. For

instdnce, it the first IF of the receiver is, say 455 xHz,

dad the desired signal is at 255 kHz, then the local

oscillator must run at 200 kHz. Ibis would mean that the

image frequency corresponding to 255 kHz in this receiver

would fall at 655 kaz. Iis image frequency is in the AM

broadcast band, which means that if the receiver has very

poor image rejection, and the aircraft it is installed in

were to fly in the vicinity of a broadcast station oFerating

i in the vicinity of 655 kH2, then it is very likely that

interference would result.



Bearing error is the error induced in the ADf pointer

needle by the receiver. The receiver is tested for Bearing

Error by providing signals to the receiver input terminals

with the proper amplitude and phase relationships to

simulate a given bearing and recording the difference

betmeen the simulated and the indicated bearing. Obviously

this is a very injortant factor in 1D receiver kerformance.

The maximum allowable bearing error is three degrees [5].

There are two major things to be considered in

determining the interference susceptibility of an ADF

receiver. These are: the kearing error, and the signal +

noise/noise ratio (or, the signal to signal ratio). Given

receivers which are performing properly, this information

taken under various test conditions will produce a data base

from which typical receiver performance can be determined.

These medsuzements are usually taken with both the desired

and the undesired signal present, differing in angles of

ar-.a t~by 90 degrees. This provides a "worst case"

situation to the receiver [5].

After verifying that the receiver performs according to

specs, we can proceed to evaluate its susceptability to

interference from undesired signals. The bearing error test

is d measurement which determines the error induced in the

15



&DF bedring needle by the undesired signal. This bearing

error test is distinctly different from the one made in the

performance verification in that the bearing error being

measured here is that which is generated by the presence of

the undesired signal, not just that generated by the

inherant inaccuracies of the receiver hardware. By varying

the kroximity of the undesired to the desired signal in

frequency, antlitude, and modulation type and recording the

resulting error, the bearing error data base is formed.

The signal * noise/noise ratio test determines the

dtility of the jilot to reccgnize the DBB station identifier

with the receiver in HICEIVE mode. If the pilot cannot pick

the tone-modulated Horse code out of the heterodynes or

other effects, he cannot be sure that the receiver is

tracking the ELoper signal. If the signal+noise/noise ratio

in the receiver audio drops below 6 dE (the minimum level

considered usable), then am interference condition exists

[3.] These measurements are taken along with the bearing

error measurements and added to the data base for

evaluation.

16



Chapter 4 : Problems Encountered

There were several problems encountered during the

progress of this project. The problems can be broken down

into two categories: problems with the design of the test

plan, and problems with the receiver and test set-up

hardware. the first part of this chapter deals with the

former, and the second part deals with the latter.

There were two basic problems with the test plan

itself: 'an error in the fundamental design which introduced

nonlinearity into the circuit, and the fact that the test

plan made' no provision for taking into account the signal *

noise ratio in the receiver audio in the presence of botb

the desired and the undesired signals. The first error would

sake any test data measured useless, and the second leaves

out a very imFortant pertormance parameter.

The introduction of the non-linearity was trought about

by the improFer use of the power combiner in the sense

circuit (see figure 2.1). Since the sense circuit is

generally a veiy high impedauce and the power combiner is a

reletively low impedance (usually 50 Chas), an impedance

mismatch occurs. This mismatch means that the signal level

at the input terminals of the AGE receiver can not be

accurately predicted. In order to correct this situation,

the test set-uF of figure 5.7 was devised. Note that now the

17
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power combiner is terminated au the proper 50, ohs impedance,

as are the signal generators that feed the system.

Without proper data regarding the signal # noise ratio

in the audio, there would be no way of telling whether or

not the pilot would be able to properly determine which

beacon station he was bosing on, as he may not be able to

pick the station identifier out of the interference and

noise. the data fcrm of figure 4.1 was be used to record the

signal + noise data. The jioceedure for taking this data is

described in the next chapter.

After the test set-uk was wired and the first receiver

in place, it was found that there were problems in the

hardware of the set-uj.

The first problem to surface was that 3? leakage

through the cases of the signal generators was being

directly radiated to the input terminals of the receivers,

causing totally erroneous readings. Several signal

generators were tried before this problem was solved. The

* generators finally settled on were the HP-606B and the

* 8 General Radio 1003.

The next problem encountered with the hardware was the

I8



6 dB (S+N)/IN

Receiver: Date:

Personnel:

Comments:

Measure- Af U-Level S/n of
ment for 6 dR Desired Remarks
Number _______ N Sgnal Only___________

Figure 4.1 Data recording form for signal to noise measurements
in the presence of both the desired and undesired signal.
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leakage of the interconnecting coaxial cables vben

excited by relatively high oF Voltages. This leakage caused

the same general problems as the leakage through the cases

of the signal generators. 1his problem was solved by the use

of shorter runs of cables which must carry the high level BF

and by using lcuer signal generator levels and lower

attenuation settings.

Cnce these problems were solved, testing vent along

more or less secothly for the older types ot receivers which

did not put any of their active circuitry in the antenna

unit. However, aore jrcblens drose with the others. These

proLlems were centered around a basic incompatibility with

the Lollins 477U-2 antenna simulators.

In the case of the receivers with electronics in the

antenna assEmbly, seFarate loop and sense terminals are not

usually dvailable at the receiver. Instead, signals are

modulated and in some cases multiplexed onto fever cables

before being fed to the receiver. This means that in order

to use the Collins simulators and the capacitive voltage

divider, the electronics must be removed from the antenna

unit and excited separatnlj. Doing this properly can be

difficult hcwever, as the removal of the electronics trom

the antenna unit (when Eossible) can change circuit

20
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calibration paramaters and take awaj needed shielding from

the electronics unit. In addition, the electronics units are

very closely matched to the antennas, making the circuit

parameters critical. This can cause complications because

of the necessity cf interconnectning cables between the test

set-up and the antenna electronics. Bach manufacturer has

its own method of dealing vita this situation, and it was

impractical and uneconomical to deal with each situation

given the time and budgetary constraints of this project.

An attempt was made, however, to work with the system

antennas as units in a simulated i-field.

In urder to synthesize the H-field (loop) portion of

the ADF antenna system without the use of the Collins

simulators, a small screen room was constructed. A diagram

of the screen roan is shown an Figure 4.2. In order to save

space and time, the room was made physically small. The

formulas used for determining the resistor values and the

uLoom fdcto" were taken from 00-142. In this case, the room

factor being used is 30.0, and the input impedance seen at

the input terminals is on the order of several thousand

Ohms. In order to allow both the desired and undesired

* signal to be present and to have the simulated signals in

space quadrature, two crossed i-field transmittinq antennas

were placed in the room. The ADF antenna was then placed on
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a metal platform slightly raised above the bottom of

the coon to simulate its presence on the aircraft fuselage.

The sane capacitive voltage divider as was used with the

Collins antenna simulator set-up is used to synthesize the

I-field (sense) component.

The screen room worked fine for the older tjyk of

receivers already tested, which had small antenna

assemblies. aouever, when the larger assembly of the Bendix

ACF-2070 system was installed in the room it still did not

work. Since the antenna assemby of the Bendix system was

very large compared to the size of the room (the top of the

dntenna was touching the field simulator wires), this is

most robably the reason for its failure to function

prokerly. Also, there was much difficulty in trying to

simulate the sense antenna signal propecly. This situation

mas particularly difficult in the case of the Bendix AOF

system. a telephone call to the company requesting the

effective height and capacitance of the system sense antenna

revealed that that particular company did not take the

effective height and antenna capacitance into consederation

in the design process, and therefore was unable to provide

the needed data for the test set-up.

Some avionics manufacturers use a device called a "TIC
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BCX" to make these tests. A TIC Box is a small, portable

screen room which has had special elements added that allow

it to simulate both I and M fields. The time and contract

funds available did not justify the construction of such a

device at Chio University.

Onfortunatell, the TIC Box method also seems to be the

best suited to testing &OF systems which incorporate part of

the receiver electronics in the antenna assembly. For

example, the Collins ADE-60 system has only one RF feed

cable to the antenna unit, and a few control lines carrying

logical data. 1he sense and both loop signals are

multiplexed onto this single iF cable.

It is obvious at this point that the provisions of

DO-142 for receiver testing are obsolete, as they do not

apply to the newer generation of AVE systems. Although each

manufacturer has now developed a somewhat different approach

to these tyFes of tests, ITCA should updata their material

on test set-ups when O-142 is revised.

There was also some disagreement as to the proper way

to make the signal * noise/noise measurements in the

interference susceptiblity stage. The question was whether

the medsurements should be taken in RECEIVE mode or &OF
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mode. This necessitated the re-measurement of about 75% of

the signal to noise data. All signal 4 noise/noise data in

this report was taken in IECEIVI mode.

Ihis chapter has summatized the problems encountered in

the course cf the project. The next chapter mill describe

the revised test set-ups and proceedures used to test the

older types of receivers, namely the King KB-86 , the Cessna

ADF-300 (two receivers), and the Collins 51T-7.
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Chapter 5 : Testing Proceedures

After the problems in the test plan were accounted for

and corrected, test set-ups for receiver performance

verification and ACF interference susceptibility were

devised. these set-ups and detailed instructions for their

use for making the tests described in chapter three are the

subject of this chapter. It should be emphasized, however,

that these procedures work only for the older types of ADF

receivers which do not incorporate electronic circuitry in

their antennas. The problems which arose with these

receivers were discussed in the previous chapter.

Ihe test set-up for pertormance verification is shown

in figure 5.1. It consists of three major parts: the signal

source, the radio frequency field simulator, and the audio

section.

The signal source is a Hewlett-Packard model 606-B

signal generator with an iP-5245L frequency counter. This

generator was cuosea because of its low signal leakdge. '  In

order to properly test the receiver, the signal generStor

must be capable of providing both CM (Continuous Nave) and

MCV (modulated CM (30-855)) signals. Additional resolution

in uutput level without changing the output level vernier of

the generator is provided by a set of HP click attenuators

at the output of the generator. These attenuators provide 1
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dB steps in output level. The signal is split by a

Werlatone power combiner (acting as a sElitter) before being

fed to the HF field simulator. It is recommended that the

signal generator output level and modulation be checked for

Proper calibration before testing begins. It should also be

noted that the use of the power combiner/splitter in the

circuit causes a three dZ reduction in the output level of

the signal source. To correct for this error, the person

taking the measurements should subtract three dB from the

indicated signal level at the generator. For example, if

the signal generator reads 0 dam, the first click attenuator

10 dB, and the second click attenuator 0 dB, the corrected

signal level would be -13 dee.

The BF field simulator consists of two Collins 477U-2

antenna sisulater boxes, a 50 Ohm pick-off termination, a 50

Ohm dummy load, and a capacitive voltage divider network.

In order to make the simulators appear as a very high

impedance the 51 Ohm resistors were removed from the input

circuits of the 417U-2 simulators. This change is marked on

the schematic of figure 5.2. The reguired 50 Ohm termination

for the signal source is now supplied by the 50 Ch pick-off

and the 50 Cho dummy load. The sample supplied by the pick-

off is routed through the capacitive voltage divider network

to supply the proker signal to the sense antenna input

28
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terminals of the receiver.

The Capacitive voltage divider network is depicted in

figure 5.3. In order to determine the proper values it is

necessary to kncw the effective height (He) and the

capacitance (Ca) of the Aof system sense antenna. The values

for the cdpacitors can then be determined from the following

formulas CJ]:

Cs + Cp = La 110% tolerance)

Cs = fieca (102 tolerance)

All capacitances are in Fico-Farads.

the audio section consists of two switched subsections.

The first is a General Badia 583-A output power meter and an

HP 33GB harmonic distortion analyzer. The second is a two-

channel tape reccrder, microphone and an amplifier for

monitoring the audio output of the receiver. Note that the

tape recorder is not used in the performance verification

stage, but is lett in the set-up in order to facilitate the

suitchover to the interference susceptability stage of the

testing.
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desired value.
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the set-us of figure 5.4 should be used to check the

calitration of the output of the signal source. The

voltmeter should be a selective voltmeter such as the

Fairchild ERC-25. The ENC-25 has an accuracy of 2 decibels

throughout its range. Checks should be made approximately

eveLy 50 kill in the range of 200 - 500 kez.

The set-up of figure 5.5 should he used to verify the

percentage of modulation (when BCH is used) since the

modulation meter on the HE-6068 is valid only for a full-

scale reading on the output level meter. The technique used

to measure the percentage IN modulation is the trapezoidal

* modulation uavefora technique 14).

The trapezcidal waveform generated on the oscilloscope

and the formula used to determine the percentage modulation

are depicted in figure 5.6. Also shown are typical uaveforms

for amplitude modulation of less than 100%. 1005, and

overmodulation (greater than 100%). The trapezoidal waveform

is generated by the correspondance of the "peaks" and

Ovalleys" of the modulation waveform with the peaks and

valleys ot the composite AN signal.

Before testing can proceed one must determine an audio

signal level known as "reference output". Reference output

33
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is defined (for a receiver without an RE gain control)

as that audio output power produced by an input signal of

100 niczo-Volts/aeter with the same audio gain control

setting as that which produces the ma um audio output

power with no more than 255 distortion, when the RI input is

.5 Volts/metez. The input signal for this test is to be

modulated 30% at oue kIz [5]. the proceedure for finding the

refErence outtut is as follows:

1) Set signal generator to a frequency in the middle

of the trequency Land an question ( say 300 kfz 3.

2) Set signal source to .5 V (remember to add 3 dE,

making the generator output meter read .707 V)

3) Set modulation to 30 A

4) Find maximum audio gain control setting which will

still have a total harmonic distortion of less

than 25

5) Deduce signal source output to 100 micro-Volts (+3

do= IC micro Volts at generator output)

6) Bead reference out.ut level on output power meter

36
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and record

The next performance test is the receiver sensitivity.

The needed quantity is the level of signal necessary to

achieve a 6 4B signal + noise/noise ratio in the audio

output. vote: Some manufacturers have sore stringent

requirements. Sben these requirements exist the appropriate

numbers should be substituted in place of the 6 dB figure

used in this section. this test should be performed for

both IDF and RECEIVE mode [5], and should be made for every

50 kilz increment of frequency in the band 200 - 500 kliz.

The following procedure should be used:

1) Set signal source output to 0 d8a (signal generator

to #3 d~m)

2) Set both antenna simulator resolvers to NORTH

3) Set modulation of signal source to 1 kflz, 30% AN and

set frequency with to the receiver setting with

the counter.

14) Set receiver audio output level to 20 % of reference

output
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5) Shut oft modulation

6) if the drop in receiver audio output power is about

6 dE when performing step 5 then go to step 8.

7) Adjust signal level : Go to step 4

8) Hecord signal level. This is the sensitivity of the

receiver in this mode at this frequency.

The next test to be made is the receiver selectivity

test. This test is made only in BICEIVE mode and determines

the receiveLes ability to reject signals on trequencies

other than the desired one. This test should te repeated

every 50 kilz in the frequency band of interest. The

following proceedure should be used:

1) Select frequency, set signal source for 30% An

modulation at 1 kHz

2) Set signal level for 6 dB (S+M)/M using 20% of

reference audio output.

3) Add n da In = 6,12,50,55,70,80 dB)
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4) Tone generator belo desired frequency until 209 of

reference output is present in audio.

5) Record trequency

6) Tlune generator above desired frequency unitil 209 of

reference output is present in audio

7) Record frequency

8) The frequeacies just recorded are the upper and

lower n dB points of the receiver selectivity

curve.

9) Go to step 3 until all values of n are exhausted

10) Go to step 1 for next frequency

the next test is for IDF bearing accuracy. This test

measures the ahility of the receiver to indicate the proper

bearing vith all other coaditions being ideal. Obviously

this test must be made in ADE mode. This test was repeated

for signal levels of -70. -50, -10, and +7 dBm in order to

get a good representation.
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1) Set both simulator needles to 0 degrees

2) Record indicated bearing.

3) Rotate the resolvers an the simulators clockwise by

15 degrees [3].

'4) Record indicated bearing.

5) if simulated bearing is not 0 degrees then go to

steF 3.

6) finished

The last Eerforuance test to be done is the image

rejection test. This test sh~ould be performed in BECEIVE

mode at 100 kilz increments. Proceedure:

1) Set signal generator frequency.

2) set modulation to 301 at 1 kliz.

3) Set signal generator output level and audio gain

control to produce 20% of reference output.
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4) Record signal level

5) Set signal generator to image freguency

6) Increase signal level until 20S of reference output

is Eresent in receiver audio

7) Record difference in signal level between steps 4

and 6.

the number in step 7 is the image rejectioo in do for

the frequency of step 1.

Ihe test configuration for the ADF interference

susce~tibility tests is shoun in figure 5.7. The test set-

up consists of four major jarts: the desired signal source,

the undesired signal source, the BF field simulator, and the

audio chain.

the desired signal scurce consists of the UP 606-B

signal generator, an audio signal generator, and a telegraph

key. For most measurements the desired signal source

provides either CM or ACH (851) without the necessity of

keying by using its internal 1 kfz modulation source.

However, for determining the effects of interference on the
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pilot's ability to recognize the Nos station

identifier, it is necessary to use the external keyed source

to generate an artificial station ID. The desired signal

souLce provides CW and MCV signals to the BF field simulator

section. Its frequency can be checked by the HP 5245L

counter.

1he undesired signal source consists of a General Radio

1003 signal generator, a click (Ida steps) attenuator, and

an PSK generator which was constructed for these tests (see

chapter 6). PSK modulation is accomplished by feeding the

output of the FSK generator through a level shifter into the

external modulation inputs of the signal generator and using

this signal to frequency modulate the generator. The data

"transmitted" by the PSI source is part of a paragraph from

a semiconductor data book. The undesired signal source

.provides CW and PSK signals to the field simulator. Its

frequency can be checked vith the HP counter.

The SP field simultor section is sonevhat different in

configuration from the one used in the performance

verification set-up but is very similar in function. This

section consists of two Collins 477U-2 antenna simulators, a

50 Ohm power combiner 43dB Hybrid), a 50 Ohm pick-off

termination, and the capacitive voltage divider network
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described earlAer in this chapter. The 51 Ohm resistors bave

been removed from the input circuits ot the simulators in

order to make thts appear as a very high impedance input.

The pover combiner reflects the 50 Ohm impedance of the

pick-off termination back to its input ports in order to

properly terminate the signal sources. The pick-ot side of

the termination sees the high impedance of the capacitive

voltage divider network and the ADF receiver, so there is

effectively no load on it.

2he audio chain consists of a General Radio 583-A

output power meter, an HP-330B harmonic distortion analyzer,

a tuo chdanel tape recorder, and an amplifier for monitoring

both channels. The output power meter and the harmonic

distortion analyzer are used in the susceptibility

measurement phase to monitor the signal * noise/noise ratio

in the receiver. At all other times the receiver output is

switched through the 2-channel recorder and the audio

amplifier. The second channel is used by the operator to

comment on the measurement currently being recorded. The

audio output of the ADF receiver is always terminated in its

rated output impedance.

All measurements in the interferance susceptibility

testing phase are recorded on the standard forms discussed
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earlier in this report.

As mentioned earlier, both signal generators should be

caecked against a selective voltmeter to insure accuracy. In

addition, uhen using FSK, the undesired signal source must

be calibrated to produce the proper 200 Hz shift at the

frequency in question. Figures 5.8-A and B show the set-up

for calibrating the FSX generator and level shifter.

First, the output of the level shifter should be

removed from the input of the signal generator as shown in

Figure 5.8-A. the trequencj of the generator should then be

set uith the counter to the desired frequency. Next, the

minus power supply should be hooked up to the generator

inputs as shown in Figure 5.8-0 and the voltage adjusted so

as to produce a 100 Ha shift. The oscilloscope should then

be set for DC input and this level marked on the screen with

a felt-tip pen Ithis type is easy to wipe off later). Next,

the power supply leads should be reversed and the same

proceedure followed. The level shifter can now be hooked up

again, and the Fower supply removed. The scope should be

left in the circuit henceforth for later calibration. With

the FSK generator turned on, the FSK generator output and

the two power supplies for the level shifter should be

adjusted so that the 0-1 binary levels at the input to the
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signal generator fall on the marks previously made on

the oscilloscope face. Mote that these levels are frequency

dependent and must be re-measured for each desired

frequency. With the level-shifter power supplies on and the

FSK generator OFF, the desired frequency can now be set with

the counter. lurning the FSK generator O will cause the

generation of 2C0 Hz shift ESK modulation.

Now that the set-up is calibrated, the interference

susceptibility measurements can be made. There are two

measurements to be made in this stage: AD? bearing error,

and signal + noise/noise in the audio. Note that now the

antenna simulators are set in space quadrature so that the

undesired signal will try to "pull" the needle away from the

desired bearing.

Nor a listing of all the test conditions refer to Table

5.1. This table lists all the settings of desired signal

level, frequency, and modulation type that should be used in

order to obtain a good data set. This table was taken from

the test plan [2]. For each of these 10 settings, it is

necessary to vaxy both the difference in frequency ketween

the desired and undesired signals, and the level of the

undesired signal. The results of these variations will be a

set of data points which should be recorded on the standard
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fores depicted in earlier chapters of this report. The

values of delta-f (freguencj difference between the desired

and undesired signals) for the set of measurements were

chosen to be plus and minus .25, 1, 3, 6, and 12 klz. The

following proceedure should be used to measure the tearing

error dad signal + noise/noise data.

1) Set desired signal source with a frequency counter,

set output level to desired level for the

particular measurement. The frequency should

match the receiver dial frequency. Remember to

compensate ior the three dB loss in the power

conminer

2) Set the undesired signal frequency to the first

value ot delta-f.

3) Vary the level of the undesired signal level in such

a manner as to obtain enough data points to fit a

smooth curve with respect to bearing error and

undesired signal level. lost important, determine

the three degree tearing error Foint.

4) Record the values measured in step 3 on the form

provided (see figure 2.4).
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5) For this value of delta-f. find the undesired signal

level which degrades the signal * noise/noise

ratio in the receiver audio in RECEIVE mode to 6

dt.

6) Record the number measured in step 5 an the form

provided (see Figure 4.1).

7) Repeat steps two through six for all the given

values of delta f for the measurement being done.

8) Repeat steps one tbrough seven for all the entries

An tatle 5.1.

Ihis chaptex has provided a description of how the

measurements that were possible were performed. Again it

should be noted that these proceedures only worked for the

oldex types of receiveru. The next chapter provides a full

description of the FSK generator and its interface to the

General eadio 1003 signal generator.

s

4
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ChdFter 6: The kSK Generation Scheme

Cne of the required tests involves the use of FSK

(Frequency Shift Keying) modulation of the undesired signal.

Since there was no provisicon built into the General Radio

1003 for FSK modulataion, and no convenient source of data

to Le "transmitted', it was decided to design and build a

unit which would simulate the transmission of FSK signals.

This chapter describes the design and construction of the

FSK simulator and its inteiface to the General Radio 100]

signal generator.

Since neither the test plan or the PLC radiation report

[1] specify the type of data to be Otransmitted" via FSK,

standard TELEIVEE signals were chosen. This means that the

data to Le transmitted must be BAUDCT encoded and adjusted

to one of the standard speeds. The standard speed of 75 baud

is specified in the PLC report, and 30 baud in the

measurement plan. Since 75 baud is standard and 30 is not *

it was assumed that the 30 baud specification was a

typograpical error and 75 baud was used.

Iwo other features weLe desired in the design. These

were: variable output ( 0-5 Volts ) and the ability to

single-step through the transmitted data character by

character. Ihe ccmpleted design is depicted schenaticly in

figure 6.1.
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The message to be transmitted ( part of a Faragraph

from a data book ) as contained in the 1702-A IPBOR, which

is dddressed sequentially by the chained set of 7493 binary

up-dgmn counters set for count-up. Since BAUDOT is a 5

level code, only bit positions D1-D5 of the EPBOH are used.

These pins are connected to the data inputs of the 185303

UABI. The UASI adds a start bit, 1.5 stop bits ( BAUDOT

convention ) * and does a parallel to serial conversion.

The data outfut pin of the UAB! is then connected to a

potentiometer , and the output taken from the center wiper

so that the outkut level can be controlled. The remainder

ot the PSK simulator provides timing signals to the UART and

counters, and provides switched control from the front

panel.

Io achieve the 75 baud transmission rate, the UABT must

have a timing sigzal at 16 1 75, or 1200 Bz. This signal is

generated by the three inverter oscillator circuit. The 4024

counter and 740E AND gate provide a divide by 16 counter to

provide a data strobe for the UART and an advance signal to

the binary up-down counters. The two inverters in the

active-low Ids Ein of the UABT provide a delay to

synchroniie the data-latch with the output of the 1702

EFDCH. The 555 timer chip is simply wired as a one-shot

circuit to allow single steEping of the 1702's data.

53
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the FSI geneLator requires two power supplies, one at

+5 Volts, and one at -9 Volts.

The 0-5 Uolt. output of the 15 generator is not

sufficient to properly modulate the General Badio 1003

signal geneLator in In mode to provide the desired 200 Hz

fre~uency shift. To remedy this situation the level shifter

of figure 6.2 was devised. This circuit is simply a CA4050

acting as a level shifter. To adjust the 1-0 thresiold

voltages, one need only adjust the plus or sinus power

supilies in conjunction with adjusting the output level of

the FSK genexator.

[he level shifter requires two variable power supplies,

one each at plus and sinus 10 Volts.

To Fa modulate the General Radio 1003 signal generator

with the square wave output of the level shifter, the level

shitter needs to be coupled into the 1003 via a socket on

the rear panel. The modulation selector is then rotated to

"EXI ACM. Shen the level shifter is properly calibrated C

see chapter 5 ), and the FSK gemerator powered on, the

outivut of the signal generator is a 200 Hz shift PSK signal.

ibis chaiter has provided a description of the PSK
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generation technique. the next chapter will discuss the

results obtained when the sedsuresests of chapter three were

made using the techniques of chapter five, incorporating

(among other things) the fSK techniques discussed in this

chapter.
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Chapter 7 : Test Results and Comparison with Published Data

Tbis chapter is a summary of the results of the

performance verification tests and the ADF interference

susceptibility tests. The receijers' compliance with the

manufacturers* specifications is discussed, and then the

iateferance susceptibility data is analyzed for correlation

with the undesired and desired signal levels versus the

difference in frequency between the two. The interference

susceptibility data is then compared to the existing BTCA

specifications ( DO-137 and DO-142 ) and to the data

reported by Sissick [1,2].

Generally speaking, the receivers which could Le tested

had little trouble meeting their manufacturer's

specifications.

Figures 7.1 through 1.4 represent the three degree

bearing error Foints for the King KB-86, the two Cessna

ADF-300, and the Collins 511-7 AVR receivers plotted with

respect to the desired to undesired (D/U) signal ratio and

the difference in frequency (Delta f) between the desired

and undesired signals. the three degree bearing error

points define the boundaries of an area inside which harmful

interference will occur. As can be seen from the figures,

the shape of the curve is simply the selectivity curve of

the receiver. Also plotted on the figures are the
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selectivity curves sFecified in O-12 catagory A

(+3do, to allow tor a 3 di NDd station monitor tolerance)

and 6C50.10. As can be seen, the specifications of both

were set by all the receivers tested.

Figures 7.5 through 7.8 are the same three degree

beating error poiats as were plotted in figures 7.1 through

7.4. Mowever, this time they are plotted with respect to the

atsolute undesired level and delta-f. It should be obvious

that there is no correlation between the absolute undesired

level and the three degree tearing error points, as there is

no distinct boundary. In other words, it is impossible when

refering to this curve to determine when interference will

occur.

figures 7.9 through 7.12 are essentially the same as

figures 7.1 through 7.4 except that now the quantity being

plotted is the point where the signal + noise/noise ratio in

the receiver audic droks below six d8. As can be seen from

an examination of the figures, a distinct boundary curve is

again formed by the points.

Figures 7.13 through 7.16 are also plots of the 6 dB

signal + noise/noise breakover points, and as in figures 7.5

through 7.8 they are plotted with respect to the absolute
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undesired signal level. As in the three deqree bearing

error plots, no correlation can be seen ketween the

interference threshold and the absolute undesired signal

level.

Figures 7.17 through 7.20 are plots of the three degree

bearing error points with respect to the desired to

undesired signal ratio and the absolute undesired signal

level. An inspection of these figures shows that the trend

is for the different symbols representing different values

of delta-f to cluster around a narrow range of values for

the D/U ratio while being very spread out over the range of

absolute undesired level. This leads to the conclusion that

the susceptability of the ACI system to interference from an

undesired signal is primarily correlated to the ratio of the

desired to the undesired signal levels.

Figures 1.21 through 7.24 are the sane types of graphs

as tigures 7.17 through 7.20 except that now the 6 dB signal

* noise/noise breakover points are being plotted. The same

general conclusion can be drawn from these graphs as were

drawn from the bearing error graphs of the previous

paragraph.

Since it has been determined by simple graphical
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inspection that the interference susceptibility of the

aircratt ADk system is primarily deFendant on the D/U ratio,

a detailed statistical analysis is unnecessary.

Eecause of the Froblems associated with the original

test set-up described by the test plan and the PLC

interference rejort [1,2], the receiver susceptitility data

obtained when it was used are unreliable. In one case, this

data suggested that interference would not occur when the

undesired signal was only 250 Hz separated from the desired

and nearli 1J dB stronger. The data gathered with the test

set-uF descrited in this reFort, however, makes much more

sense in light cf practical knowledge of the characteristics

of commuoications receivers.

ibis chapter has summarized the results obtained by

tnis nadse ot the project. The next chapter provides a

summary of this report.
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Chapter 8 : Summary and Recommendations

Ihis ceport has summarized the relevant work previously

done in the area of Aaf receiver interterence susceptibility

testing, and has kresented the latest work in this area. The

significant results obtained by this work and

recommendations based on these results are the subject of

this chapter.

It uas found that the measurement proceedure described

in the test plan [1] was in error due to several fundamental

proklems. A corrected plan which works for some of the ADF

systems on the market todal has been presented in chapter

five vith the given constraint that it is only valid for the

older types of ADF systems which do not incoreorate active

receiver circuitry in their antenna assemblies.!i

It has been shown that the provisions of DO-142

regarding receiver testing are obsolete. although each

manufacturer now has a different method of making the

requiLed tests, RCTA should update their material on test

setups when DC-142 is revised.

It has also been demonstrated that the susceptibility

of an AD? system to interference from an undesired signal is

only dependent on the desired to undesired signal ratio and

not on the absolute levels cf the undesired signal.
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in genexal, the eipsents tested meet the reguizements

of 00-142, catagoxy A.
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List of Acronyms

ADD Automatic Direction riades

BAUDOT - A standard 5-level code used for transuissiom

of digital data such as teletype signals.

CV - Continuous Wave node of trasmission

- DesiLed signal level

C/O - Desired to Undesired signal ratio

2-I - The 'East-West$ loop of the ABE system.

EPBCa - Iraseable Prograusable Bead Culy lemory

fAA - federal aviation Administration

ICC - federal Communications Commission

PSK - Freguency Shift Keying

sD - son-CiectioalEeacom

I-S -the 'North-South' loop of the &Ao system
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ELC - faor Line Carrier

BE- adio xequencJ

Ids - p pin on the UART chip, refer to figure 6.1

a - Undesired signal level

CART - Universal Asynchroams Receiver / Transmitter
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