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FEDERAL AVIATION ADMINISTRATION
SYSTEMS RESEARCH AND DEVELOPMENT SERVICE
SPECTRUM MANAGEMENT BRANCH

STATEMENT OF MI1SSION
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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 of a natural resource - the electromagnetic radio frequency spectrum.

This objective is achieved through the following services:

. Planpin, anu detending the acquisition and retention of sutficient
radio 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
spectrum.

. 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

,‘4
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. to all aviation interests, users, and providers of equipment and services,
' 4 -~ both national and international.
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Chapter 1 : Intraduction

The pucpose of this prcject was to deteraine as closely
as possible the ipterference characteristics of tygical ADF
Systess on the market today. The resulting data is to be
used by the Federal Aviation Administration (FAA) to revise
the criteria fcr adjacent channel and cochaonel Non-

Directional He¢acon (MLE) freguency assigmment.

The scope of the tests performed for this (roject
include verification of the manufacturers' specifications
tor the ADF systemss and Bseasurement of the interferemce

susceptibility of the systess.

This report examines grevious work in the area of ADF
interference susceptibility testing, evaluates the probless
created by prior errors and the newer generation of ADF
systems, and describes an effort to acguire interference
susceptibility data fros sodera receivers. The results are

analyzed in the fipal chapters, and recommendations are made

based on these results.




Chapter 2 : Frevious Hork

The most relevant work dome to date on the sukject of
ADEF receiver interference susceptitility testing is
described in two regorts by William A. Kissick [1,2]. The
first deals with ADF receiver susceptibtility to interference
from Fower Lline Carrier systems, and the second is a test
glan for determining ADP receiver interference
susceptibility. Both regcrts have their drawbacks, which
are dealt with is chapter tour. This chapter provides a
sopmary of the relevant areas of the Power Line Carrier

interference report and the test plan.

Fower Lime Carrier (ELC) systemss are used by the power
company to facilitate i1nternal cosmunicatious, remotely
control switches, and to pexform other related fumctions. A
PLC system comsists of tramsmitters and receivers cougled to
pover transaission limes by satching nmetworks. Because of
the physical characteristics of the trabnsmission 1lines, a
fairly low-leakage transmission path 1s formed. The
frequency Land most coamsonly used for PLC tramsamissians
covers the range of 30 to 300 kHz, although frequencies as
higbh as about £0C kHz are cccasionmally used. The injected
pouer levels being considered ramge from a fraction of a
vatt to several hundred watts. Most currently used systeas
are limited, however, to a fev tens of wvatts of injected

signal.




The possibility of interferemce to the ADF spystem by
direct radiatiop cf the PIC is obvious. Investigations of
several plane crashes in bcth Burope and the United States
have 1listed FLC interferemce as a possible cause of the
crash. The FLC interference report lists a set of suggested
criteria for the siting and frequency assignaeat of HNoo-
Directional Beacon (NDB) transaitters so as to reduce the

prokakility of this type of interferemce.

Tbe PLC interference regort also lists a set of ADF
interference susceptikility test data taken in a laboratory
sityation with the transaitter and antenna systeas
sinulated. 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 regotrt is not reliable. 1The test configuration
in the PLC interference regort is very similar to the onme in

the test plan of reference two.

The interferenmce suscegtibility test plan i1s a document
describing a complete procedure for am analysis of the
susceptibility of ALF receivers to interference in the
presence of desired and undesired signals. Included are

three test configurations and appropriate sets of varied

test conditions toc determine the performapce of the receiver
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in terms of indicated bearing erraor for most passible
cosbtinations of desired and undesired signals. Also included
are suggestions for the display of the seasured data and a

set of forss fcr recording the data in the laboratory.

1he *®antenna simulatcr®™ boxes referred to in this
report are devices which simulate the loop and sense signals
fros the ADF system antennas. They are calibrated in such a
aanner that an irput sigmal of one micro-volt at the input
port will prcduce the same voltages at the input ports of
the receiver as the norsal ALF antemanas would wben a field
of one m@micro-Volt per meter vas present. This allows the
simulated transmission and reception of the desired and
undesired signals in the lakoratory without the necessity of
radiating actuval sigmals. This is a tremendous advantage
when one considers the altermative: build an BRF cage with a
set of radiating elements and a section of airplane fuselage
inside to sisulate the transaission in free space. The
problem, however, is that ADF antennas vary comsiderably,
and that a0 single simulator cam correctly sisulate thes
all. This will be given fuyrther comsideration ib chapter

four.

fhe first configuraticn (Pigqure 2.1) simulates the

arrival of the desired and undesired signals from directionas
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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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Figure 2.2 Test set up for simulating the arrival
of the desired and undesired signals
from the same direction.




differing by 90 degrees. This provides a "worst case®

situation to the receiver in terss of bearing error siace

the signals ate arriving im space guadrature. Thus, the

tearing needle can be exgected to

point at the desired

station, the undesired station, or someshere in Letveen. The

desired signal is fed into tbhe receiver through the EAST-

WEST loop and the undesired signal is entered through the

NCRIH-SCUTH lcop. The simulated semse

and fed into the sense input teraminals
The second confiquratiom (Figure

arrival of the desired and undesired

! direction. This condition Bsay not

capture effect.

The third configuraticn (Figure

components are susmed

of the receiver.

2.2) simulates the
signal froms the same

be likely to cause

i bearing error but may cause probleas wvith the [ilot's

| ability to 1identify the beacon because of heterodynes oar

2.3) simulates the

arrival of the desired signal from differing directioas.

This allows such phencmenor as re-radiation from standiag

structures and geographical features

investigated.

{mulipath) to be

Jote that only the first configquration vas used in the

performance aof this contract.
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I'igure 2.3 Test sct-up for simulating the arrival
4 of thc desired signal from different
' directions.
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The plan alsc includes a set of forss for recording the
data from each configuration. These sheets are then to be
included in a log book of measured data. Figures 2.4, 2.5,
and 2.6 are sawmjples of these data sheets. HNote that data is
recorded with tespect to only three variables: the
difference in fieguency, the undesired signal level, and the
bearing errocr. 411 other variables are held constamnt for

that parcticular set of measuresents.
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Chapter 3 : Description of Becessary Receiver Tests

There are two parts to be considered in the receiver
testing. These are: Veriticatiom of the ability of the
receiver tg jerform accordiang to the manufacturer's
specifications, and determination of 1its susceptibility to
ioterference. This 1s oanly logical since a receiver which
will not perfors according to its listed specifications will

not give [refpresentative data when it 1is tested for

rnterterence. This chapter provides a brief description of
L the tests involved in each part, and am idea of what they

* mean.

There are four types of tests which aust ke done in
! order to verify that the receiver is performsing dccording to
the manutacturer's specifications. These are: Selectivity,

Sensitivity, Image Hejection, and ALF Bearing Brror.

ndmbalihioaticaik,

Rl

Selectivity is a Bwmedasure of the receiver's ability to
reject undesired signals. A receiver is said to have good
l selectavity vhen the received bandwidth is just sutficieant
3 ta pdass the desired signal treguency and its modulation

sidebands. A receiver is said to have poor selectivity wbhen
! the received bandwidth is so wide as to allow adjacent
chanuel signals and noise to be received along with the
desired signal. The selectivity of the ADF receiver 1is the

major determining characteristic of its susceptibility to

13
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interference.

Sensitivity is a measutre of the signal level which aust
be provided to the receiver tersminals in order for it to
function Froperly. If a receiver lacks suffaicient
sensitivity 1t 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 "i1sage"™ frequeacies. An
image freguency is that frequency (im a superheterodyne
receiver) which is displaced from the local oscillator by anm
amount equal tc the first intermediate freguency in the
direction copposite to that of the desired signal. For
instance, it the first IF cf the receiver is, say 455 «Hz,
and the desired sigmal is at 255 kHz, then the local
oscillator must run at 200 kHz. This would mean that the
image freguency corresponding to 255 kHz in this receiver
vould fall at 655 kHz. 1kis image frequency is in the AM
broadcast band, which wmeans that if the receiver bhas very
poor image rejection, and the aircraft it is 1installed in
were to fly in the vicinity of a broadcast station ofperating
in the wvicinity of 655 kH2, them it is very likely that

interference would result.

1L
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Bearing error is the error imduced in the ADF pointer
needle by the receiver. %The receiver is tested for Bearing
Brror by praviding sigpnals to the receiver 1input terminals
with the [froper amplitude and phase relationships to
simulate a given bearing and recording the difference
betseen the simulated and the indicated bearing. Obviously
this is a very important factor i1n ADF receiver perforamance.

The maxiaum allowvable bearing ecror is three degrees [5]).

There are two major thiangs to be considered in
detersining the 1interference susceptibility of an ADF
receiver. 1These are: the Ltearing error, and the signal +
noisesnuoise ratio (or, the signal to signal ratig). Given
receivers which are performsing properly, this information
taken under various test conditions will produce a data bhase
froam which tygpical receiver performance can be determined. ‘;
These measuresents are usually takem with both the desired
and the undesired signal present, daffering in angles of
ar-. -4+ by 90 degrees. This provides a "worst case" 3

situation to the receiver [5].

After verifying that the receiver performs according to
specs, we can proceed to evaluate its susceptability to
interference fros undesired signals. The bearing error test J

is 4 measurement which deterwmines the ertor induced in the

15




ADF bearing needle by the undesired signal. Tbis bearing
error test is distinctly different from the one made in the
performance verification in that the bearing error being
measured here i1s that which is generated by the presence of
the wuadesired signal, not just that generated by the
inherant inaccuracies of the receiver hardware. By varyiung
the [proximity of the undesired to the desired sigmal in
frequency, asplitude, and sodulation type and recording the

resulting error, the bearing error data base 1s formed.

1he signal ¢ bpoisesnoise ratio test determines the
akility of the pilot to reccgmize the NDB station identifier
with the receiver in RERCEIVE mode. If the pilot canmnot pick
the tone-modulated Morse code out of the heterodynes or
other effects, be <cannot be sure that the receiver is
tracking the fproper signal. If the signal+noise/moise ratio
in the receiver audioc drops below 6 dE (the wminisus level
considered usable), then an interference condition exists
L3]- These measurements are taken along with the bearing

eIrLor measuresents and added to the data kase for

evaluation.
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Chagter 4 : Proklems Encountered

There wer€e several probless encountered during the
progress of this fproject. The problems can be broken dowan
intc two categories: praoblems with the design of the test
plan, and probless with the receiver and test set-up
hardvare. The first part of this chapter deals with the

former, and the second part deals with the latter.

There were two basic probleas with the test plan
itself: fan error in the fundamental design which ipntroduced
nanlineaéit’ into the circuit, and the fact that the test
plan ladé no provision for takiang imto account the signal +
nolse ratic in the receiver audic in the presence of both
the desired and thke undesired sigmals. The first error would {

] make any test data measured useless, and the second leaves

out a wery) imgortant perforsance parameter.

The intrcduction of the non-linearity vas ktrought about
by the improger use of the power combiner in the sense

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

generally a very high ismpedauce apd the power combiner 1is a
reletively low ispedance (usually 50 Chas), an isgpedance

sismatch occurs. This missatch means that the signal level

|
I
{
1
1
i

at the input termimals of the ADBF receiver cam not be
accurately predicted. In crder to corxrect this situation,

the test set-ufp of figure 5.7 vas devised. Note that now the

B T UL, Ny
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povwer comkiner is terminated au the proper 50, Oba ispedance,

-5

as are the signal generators that feed the systes.

§ithout proper data regardiag the signal ¢ poise ratio
in the awudiog, there would be no way of telling whether or
not the pilot would be akle to properly determine which
beacon station he was homing on, as he may oot be able to
pick the station identifier out of the interference and
noise. The data fcrm of figure 4.1 was te used to record the
sigoal ¢+ noise data. The proceedure for taking this data is

described in the next chapter.

After the test set-ufp was wired and the first receaver
ia place, it was foumd tbhat there were problews in the

hardware of the set-ug.

The first problem tco surface was that BF leakage
through the <cases of the sigynal generators was being
directly radiated to the input tersinals 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-6068B and the

General Radio 1003.

The next protlem encountered with the hactdware was the

18
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6 dB (S+N)/N

Receiver: Date:

Personnel:

Comments:
Measure- Af U-Level S/N of
ment for & 4R Desired Remarks
Number (S+N) /N ignal Only

Figure 4.1 Data recording form for signal to noise measurements
in the presence of both the desired and undesired signal.




leakaye of the interconnectiag coaxial cables when
excited Ly relatively high BF Voltages. This leakage caused
the same general problems as the leakage through the cases
of the signal gencrators. This problem vas solved by the use
of shorter runs of cables which must carry the high level RP
and by wusing 1lcwer signal generator levels and lover

attenuvation settings.

Cnce these r[rroblems vere solved, testing went along
more or less smcothly for the older types of receivers which
did not put amy of their actaive circuitry in the antenna
unit. However, more prcblems arose with the others. These
proLlems were <centered around a basic incompatability with

the collins 477U-2 antenna siaulators.

In the case of the receivers with electronics in the
antenna assembly, separate loop amd sense teraminals are not
usually available at the receiver. Instead, signals are
modulated and in some cases aultiplexed ontoc fewer cables
betore 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 aatenna
unit and ezxcited separar-ly. Doing this progerly can be
difficult hcvever, as the removal of the electronics fros

the antenna upnit (vhen fossible) can change circuit

20




calibration parasaters and take avay needed shielding fros
the electronics unit. In addition, the electronics uaits are
very closely wsatched to the antennas, wmaking the circuit
parameters critical. This can cause complications because
of the necessity cf interconnectiny caktles betveen the test
set-up and the antenna electronics. Bach wmanufacturer has
its oun method of dealing wsita this situatioum, and it was
impractical and unecomomical to deal with each situation
given the tise apd budgetary coastraints of this project.
An attempt was wmade, however, tc work with the systes

antennas as units in a sisulated HB-field.

In vcder to synthesize the H-field (loop) pertion of
the ADF antepna systea without the use of the Collias
simulators, a small screen roos was coanstructed. A diagraas
of the screen rcos is shown inm FPigure 4.2. In order to save
space apd time, the room vas made physically small. The
forsulas used for determining the resistor values and the
"room factor" were taken from 00-142. In this case, the rooms
factor being used is 30.0, and the input impedance seen at
the input terminals 1s op the order of several thousaad
Ohms. In order to allow both the desired and undesired
signal to be present and to bhave the simulated signals in
sgpace quadrature, two crossed H-field traansaitting antennas

were placed in the room. 7The ADF antenna was then placed on

21
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a metal platform slightly raised above the bottos of
the roos to sisulate its preseace on the aircraft fuselage.
The same capacitive voltage divider as wvas used with the
Collims antenna sisulator set-up is used to synthesize the

E-field (sepse€) ccaponent.

1he screen roos vworked fime for the older tyg« of

receivers already tested, which bhad ssall antenna
assesblies. However, when the larger assembly of the Bendix

ACP-2070 systes vas iastalled in the room it still did not

work. Since the antempa asseaby of the Bendix sjystes was
very large cospared to the size of the rooa (the top of the
i antenma was touching the field simulator vires), this is
; most probably the reason for aits tailuwre to tunction

projerly. Also, there was wmuch difficulty in trying to

sinulate the sense antemna signal propecrly. This situation
i was particularly difficult in the case of the Bendix ADF
k systea. A telephone call to the company requesting the
effective height and capacitance of the system sense antenna
revealed that that particular cospany did not take the
effective height and antenna capacitance into consederation
in the design process, and therefore was unable tc 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 bhad special elements added that allow
it to sisulate both B and H fields. The time and coatract
funds availatle did pot justify the construction of such a

device at Chio University.

Unfortunately, the TIC Box method also seess tc be the
best suited to testing ADF systess which incorporate part of
the receiver electronics 1in the aﬁtenna assesbhly. For
example, the Collins ADF-60 system has only one BF feed
cable to the antenna unit, and a few control lines carrying
logical data. The sense and both loop signals are

sultiplexed ontc this single BF cable.

It is obvious at this point that the provisions of
DO-142 for receiver testing are obsolete, as they do nat
apply to the never geperatiocn of ADF systeas. Although each
manufacturer has nov develoged a somewvhat different approach
to these tyres of tests, RTCA should updata their material

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

There wvas also soame disagreeament as to the proper way
to wmake the sigpmal ¢ noise/noise Bseasuresents in the
interference susceptiblity stage. The question sas whether

the seasuviements should be taken in BECEIVE wmode or ADP

24

FRVONIINC

al




mode. This necessitated the re-seasureseat of about 75% of
the signal to noise data. All signal + noise/noise data ia

this report vas taken in BECEIVE made.

This chapter bhas sussarized the problems encountered in
the course cf the project. The next chapter uwill describe
the revised test set-ups and proceedures used to test the

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

ADF-300 (two xeceivers), and the Collins 51Y-7.




Chapter 5 : Testing Proceedures

After the probleas im the test plan vere accounted for
and corrected, test set-ups for receiver perfcrmanmce
verification and ADF interference susceptibility were
devised. These set-ugs and detailed instructions for their
use for making the tests described ip chapter three are the !
subject of this chapter. It should be emphasized, howvever, |
that these procedures work only for the older types of ADP
receivers which do not incorporate electronic circuitry in
their antennas. The probleas which arose with these

receivers were discussed im the previous chapter.

The test set-up for perforsamce verification is shown

; in figure 5.1. It coansists of three major parts: the sigqaual 1
; source, the radio frequency field simulator, asd the audio

section.

The sigpal source 1is a Hewlett-Packard model 606-B
signal generator with an HP-5245L fregquency counter. This
bene:ator vas cinosen because of its low signal leakage. " In
order to properly test the receiver, the sigaal qenei¢tor
must be capable of providing both CW (Continuous Wave) and
HC¥ (Modulated Ci (30-85%)) sigmals. Additional resolution
in vutput level wvithout chamging the output level vernier of
the generator is provided by a set of HP click attenuators

at the output of the gemerator. These attenuators provide 1
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. HP-524SL
Counter
Figure 5.1 Test set~up for receiver performance ﬂ
verification.
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dB steps in output level. 7The signal 1is split by a
Werlatone power combiner (acting as a sgplitter) before being
fed to the RP field simulator. It is recommended that the
signal gepnerator cutput level and wmodulatiaon be checked for
proper calibration before testing begias. It should also be
noted that the use of the [powver cosbiner/splitter in the

circuit causes a three dB reduction in the output level of

the signal source. To correct for this error, the person
taking the measurements shcoculd subtract three dB from the
indicated signal level at the generator. For example, 1if
the signal generator reads ( dBm, the first click attenuator
10 dB, and the second click attenuator 0 dB, the corrected

signal level would be -13 dBx.

The BF field sisulator copsists of two Coiiins 477u-2
antenna simulater boxes, a 50 Ohm pick-cff termination, a 50
Ohs dumsmy lcad, and a capacitive voltage divider network.
In order to make the simulators appear as a very high
b impedance the 51 Oham resistors were removed froms the input
circuits of the 477U-2 simulators. This change is marked ou

the schematic of figure 5.2. The required 50 OCha termination

for the signal source is now supplied by the 50 Chm pick-off
and the 50 Chs dusay lcad. The sample supplied by the pick-
off is routed thrcugh the capacitive voltage divider netwoctk

to supply the projer signal to the sense antenaa input

28
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terminals of the receiver.

The Capacitive voltage davader metwork is degpicted in
figure 5.13. In order to determine the proper values it is
necessary to kncw the effective heaght (He) and the
capacitance (Ca) of the ADF systes sense antenna. The values
for the capacitors can then be determined fros the following

foraulas {3]:

Cs ¢+ Cp = Ca (10X tolerance)

Cs = HeCa (10% tclerance)

All capacitances are in pico-Farads.

The audio section consists of two svitched subsectious.
The first is a General Badio 583-A output power meter and an
HP 33CB harmonic distortior amalyzer. The second is a two-
channel tape reccrder, microphone and an asplifier for
monitoring the audio output of the receiver. Note that the
tape recorder is pot used in the perforsance verification
stage, but is lett in the set-up in order to facilitate the
switchover to the interfereunce susceptability stage of the

testing.

30
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FIGURE 5.4 Set-up used to verify the calibration of the

siqnal gemnerator output aseters.




The set-ug 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
Faicchild EMC-25. The EMC-25 has am accuracy of 2 decibels
throughout its range. Checks should be made approximately

every 50 kHz an the range of 200 - 50C kHz2.

The set-ug of figure 5.5 should be used to verify the
percentage of smodulation (vhen HNCH 1is used) since the
modulation meter ocn the HE-606B is valid only for a full-
scale reading aon the output level meter. The technique used
to measure the percentage AM modulation is the trapezoidal

sadulaticn vavefors technique 4],

The trapezcidal wavefora gemerated on the oscilloscope
and the formula used to determine the gercentage modulation
are depicted in figure 5.6. Also shown are typical waveforms
for amplitude modulatica of less than 100X, 100%, and
overmodulation (greater than 100%). The trapezoidal waveforn
is dgeperated by the correspondance of the “peaks™ and
%yalleys” of the wmodulation vavefors wvith the gpeaks and

valleys ot the cosposite AM signal.

Before testing can proceed one sasust determine am audio

signal level kocwn as "reference output". Befereance output

3
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FIGORE 5.5 Set-up used to measure the percentage of

modulation of the signal generatot.

34

AY




TRAPEZOIDAL MODULATION
PAT TERN

Modulation percentage =
Emox =~ Emin !

mn PROJECTION DRAWING SHOWING
TRAPEZOIDAL PATTERN
. T
Ewm E uan
* 1
LESS THAN 100% MOODULATION 100%

OVERMODULATION
MODULATION

Figure 5.6 Representative trapezoidal modulation

waveforms and their interprectation.
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is defined (for a receiver without an RBRF gain coutrol)
as that audio output power produced b,lan ipput signal of
100 wmicro-Volts/meter with the same aédip gain control
setting as that which produces the wmaxisum audic output
pover with nc scre than 25% distortion, wben the BF input is
<5 Volts/meter. The input signal for this test is to be
modulated 30% at one kHz (5]. The proceedure for finding the

reference outfut is as follous:

1) Set signal generator to a freguency in the aiddle

of the trequency tand im question ( say 300 kiz ).

2) set signal source to .5 V (resember to add 3 4B,

making the generator output meter read .707 V)

3) Set sodulation to 30 X

4) Find saximum audio gain control setting which will

still have a total harmonic distortion of less

than 25%

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

dB = 14C micro Volts at gemerator outpat)

6) BHead reference output level on output power meter
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and recard

The next perforsance test is the receiver seamsitivity.
The needed quantity is the level of signal mecessary to
achieve a 6 dB signal + npoise/moise ratio in the audio
output. Note: Some manufacturers bave more striagent
requireseats. iben these requiremeats exist the appropriate
nunbers should be substituted in place of the 6 4B figure
used in this section. This test should be perforased for
both ADF and RECEIVE nmode [5], and should be made for every
50 kHz 1increment of frequency in the band 200 - 500 kHz.

The following procedure should be used:

1) Set sigpal source output to 0 dBa (signal geaerator

to ¢3 dim)

2) Set both antenmna simulator resolvers to NORTH

3) Set modulation of sigmal source to 1 kBz, 30% AN and
set freguency with to the receiver settiang with

the counter.

4) Set receiver audio qutput level to 20 % of reference

output
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Shut off modulation

If the drop in receiver audio output power is about

6 dB8 when perforaing step 5 them go to step 8.

7) Adjust signal level : Go to step U

8) Becord sagnal level. This is the sensitivity of the

receiver in this sode at this freguency.

The next test to be made is the receiver selectivity
test. This test is made oaly in BECEIVE mode and deteraines
the receiveirL®s ability to reject sigmals on freguencies
othexr than the desired one. This test should Le repeated
every 50 kHz in the frequency band of interest. The

following proceedure should ke used:

1) Select freguency, set signal source for 310% AN

modulation at 1 kHz

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

reference audio outgut.

3) Add n dB (o = 6,12,50,55,70,80 dB)




4) Tune generator below desired fregueancy unptil 20% of

referecnce output is preseat iy audio.
5) Becord freguency

6) Tune generator above desired fregqueancy enitil 20#% of

reference autgput is preseat in audio
7) Becord fregueancy

8) The frequencies just recorded are the upper and
lover n dB points of the receiver selectivity

curve.
9) Go to step 3 uvntil all values of n are exhausted
10) Go to step 1 for pext frequency

The next test is for ADF bearing accuracy. This test
measures the ability of the receiver to indicate the proper
bearing with all other copditions being ideal. Otviously
this test must be made in ADF mode. This test was repeated
for signal levels of -70, -50, ~-10, anod #+7 dBs in order to

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

2) Becord indicated bearing.

3) Botate the resolvers on the simulators clockuise by

15 degrees [3].

4) Record indicated bearing.

S) If simulated bearing 1is mot O degrees theu go to

ste 3.
6) Finisbed

The last performance test to be dome is the Image
Le jection test. This test should be performed in BECEIVE
mode at 100 kH2z ipcrements. Proceedure:

1) Set signal Jenerator freguency.

2) Set modulation to 30% at 1 kHz.

J) Sset signal geperator output level and audio gaias

control to produce 20% of referemnce output.




e il

W

bl dade, ciFae o 2

4) Becoaord sigpmal level

5) Set signal generator to image freguency

€) Iocrease signal level until 208 of reference output

1s present in receiver audio

7) Record difference in signal level between steps &

and 6.

1be nusber in step 7 is the image rejection in d¥ for

the fregyuency of step 1.

The test configuration for the ADF interfereace
susceptibility tests is shown in figure 5.7. The test set-
up consists of four major parts: the desired signal source,
the undesired signal source, the BRF field simulator, and the

audio chain.

fhe desired sigmal scurce coansists of the HP 606-B
signal generator, an audio signal generator, and a telegraph
key. For most measureseants the desired signal saurce
provides either (B or HCW (85%) without the npecessity of
keying by wusing 1its imternal 1 kHz wsodulation source.

However, for determining the effects of interference on the
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Pigure 5.7 The test set-up used to measure interference

susceptability.
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pilot's ability to recogaize the NDB station
identifier, it is necessary toc use the external keyed source
to generate an artificial station ID. The desired signal
source pravides CH and HCH signals to the BP field simulator
section. Its frequency can be checked by the HP 5245L

cgunter.

1he undesired signal source copsists of a General Radio
1003 siynal generator, a click (1dB steps) attepuvator, and
an FSK generator which was constructed for these tests (see
chapter 6). FSK wmodulation is accosplished by feediag the
output of the FSK yenerator through a level shifter imto the
external modulaticn inputs of the sigmal generator and using
this signal tc frequency msocdulate the gemerator. The data
"transaitted" by the FSK source is part of a paragraph froa
a sesmiconductor data book. The undesired signal source
‘ptovides CW and FSK signals to the field simulator. Its

frequency can be checked with the HP counter.

The BF field sisultor section 1is somevhat different in
configuration fron the one used ia the performance
vecrification set-up but is very similar in functiosn. This
section consists ¢f two Collims 4770-2 antenna simulators, a
50 Ohm power coabiner (3dB Hybrid), a 50 Ohs pick-off

tersination, and the cafpacitive voltage divider retwork
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described earlier in this chapter. The 51 Oha resistors have
been removed froa the input circuits of the simulators in
order to wsake thea appear as a very bhigh impedance imput.
The power cosbiner reflects the 50 Ohm impedasce of the
pick~-off termination Fack to its input ports in ocrder to
properly terminate the signal sources. The pick-off side of
the termination sees the high impedance of the capacitive
voltage divider petwork and the ADF receiver, so there is

effectively no load on it.

The audio chain counsists of a General Badio 583-A
output pouer smeter, amn HP-330B harsmomic distortian amalyzer,
a two chaonel tape recorder, and am amplifier for monitoring
both channels. The gutput poswer smeter and the barmoanic
distortion analyzer are used ian the susceptibility
measurement phase to monitor the sigmal ¢ pnoise/noise ratio
in the receiver. At all other times the receiver output is
switched through the 2-channel recorder and the audio
amplaifier. The second channel is used by the operator to
cossent on the measurement currently keing recorded. The
audio output cf the ADF receiver is always terminated in its

rated output ispedance.

All wmeasuresents in the interferance susceptibility

testing phase are recorded on the stapdard forss discussed
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earlier in this report.

As aenticned earlier, both sigpal generators should be
caecked against a selective voltmeter to insure accuracy. In

addition, when using FSK, the undesired signal source must

—rm—

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 FSK generator and level shifter.

First, the output of the level shifter should be
renoved from the input of the signal generator as shown ia
FPigure 5.8-A. 1he freguency of the generator should then be
set with the counter to the desired fregquency. Bext, the
ainus power supply should be hooked up to the generator
inputs as shown in Figure 5.8-8 amd the voltage adjusted so
as to produce a 100 Hz shift. The oscilloscope should then
1 be set for DC input and this level marked on the screen vith
a felt-tip pen (tbis type is easy to uipe off later). HNext,

L the [power supply leads should be reversed and the same

proceedure folloved. ZThe level shifter can now be hooked up
, again, and the fower supply remaved. The scope should be
left in the circuit henceforth for later calibration. With
the FSK generator turped on, the FSK generator outgut and
the ¢two gower supplies for the level shifter should be

adjusted so that the 0-1 binary levels at the input to the
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Figures 5.8A and B Calibration of the system when

generatina FSK signals.
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signal gyenerator fall oa the sarks previously sade on
the oscillaoscope face. HNote that these levels are frequeacy
dependent and sust be re-measured for each desired
freguency. With the level-shifter pover supplies on and the
PSK genmerator OFF, the desired frequeacy can now te set with
the counter. Jurning the FSK gemerator ON w1ll cause the

generation of 200 Hz shift FSK sodulation.

Mow that the set-ufp 1s calibrated, the interfereace
susceptibility Bmeasurements can be sade. There are tvo
measuremeants to be made in this stage: ADP bearing error,
and signal + ncise/noise in the audio. Note that now the
antepna simulators are set in space guadrature so that the
undesired signal will try tc "pull*" the needle avay froam the

desired bearing.

For a lasting of all the test conditions refer to Table
5.1. This table lists all the settings of desired signal
level, frequency, and mocdulation type that should be used in
order to obtain a good data set. This table was taken from
the test plan [2]. Por each of these 10 settings, it is
necessary to vary both the difference in frequency Letveen
the desired and undesired signals, and the level of the
undesired signal. The resuglts of these variations will be a

set of data points which should be recorded on the standard
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foress depicted inm earlier chapters of this report. The
values of delta-f (frequemcy difference between the desired
and undesired signals) for the set of measurements vere
chosen to be plus and mibus .25, 1, 3, 6, and 12 kHz. The
following proceedure should be used to measure the Learing

error and signal ¢ noise/noise data.

1) Set desired signal source with a frequency counter,
set gqutput level to desired level for the
particular seasuresent. The frequency should
match the receiver dial freguency. Remesber to
compensate for the three dB loss in the power

comlizer

Z) Set the undesired signal frequency to the first

value of delta-f.

3) vary the level af the undesired signal level in such
a mapper as to obtain emough data points to fit a
smooth curve wvith respect toc bearing error and
undesired signal level. HNaost important, deteramine

the three degree Learing error point.

4) Becord the values measured in step 13 on the fora

provided (see figqgure 2.4).
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5) Por this value of delta-f, fipd the undesired sigmpal
level which degrades the signal +¢ npoise/noise
ratio 1o the receiver audio in BECEIVE nmode to 6

dE.

6) Becord the nuaber seasured in step 5 on the fors

provided (see Figure 4.1).

7) Repeat steps two through six for all the given

values of delta £ for the measurement being done.

8) Hepeat steps cne through seven for all the entries

aa taltle S5.1%.

This chaptexr has provided a description of how the
measwrements that wvere possible wvere perforaed. Again it
shaould be noted that these proceedures only worked for the
alder types of receivers. 1he next chapter provides a full
description of the FSK gemerator and its interface to the

General Radio 1003 signmnal gemerator.
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Chbapter 6: The FSK Gemeration Schenme

Cne of the reyguired tests involves the use of FSK
(Frequency Shift Keyimg) modulation of the undesired signal.
Since there was no provisicn bullt into the Gemeral BRadio
1003 for FSK modulataion, and @no convenient source of data
to Le "transmitted®, at was decided to design and Ltuild a
unit which would simulate the transmission of FSK signals.
This chapter describes the design and cocustruction of the
FSK simulator and its intexface to the General Radio 1003

sagnal generator.

Since neither the test plam ar the PLC radiation report
[1] specify the type of data to be ®"tramnsamitted® via FSK,
standard TELETYEE signals were chosen. This means that the
data to e transmitted msust be BAUDCT encoded and adjusted
to one of the standard speeds. The standard speed of 75 baud
Ls sgpecified 1in the PLC report, and 30 baud in the
measuremeunt plaus. 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.

Tuo other features vweie desired in the design. These
vere: variable ocutput ( (-5 Volts ) and the ability to
single-step through the transmitted data character by

character. 1he ccmpleted design is depicted scheamaticly in

tigure 6.1.
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The message to be transsitted ( part of a fparagraph

from a data ktook ) 1is contained in the 1702-A EPRON, which

e o e b e ks sl b _J

is addressed sequentially by the chained set of 7493 binary

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

level code, culy bit pasitions D1-05 of the EPROM are used.
! These pius are connected tc the data inputs ot the HN5303
UABRTI. The UABT adds a start bit, 1.5 stop bits ( BauDoOT
convention ) , and does a parallel to serial conversion.
The data output pin of the UABT 1is then cononected to a
potentiometer , and the output taken froa the center viper
sSao that the output level can be coantrolled. The remainder
of the PSK sisulator provides timing signals to the UART and
counters, apd provides switched ccoatrol fros the froat

panel.

10 achieve thbe 75 baud transmission rate, the UART must

have a timing signal at 16 ¥ 75, or 1200 Hz. This signal is

generated by the three inverter ascillator 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 Linary up-down counters. The two inverters in the

) active-low 1ds [in of the UARBRT provide a delay to
. synchronize the data-latch with the output of the 1702
EEFCM. The 555 timer <chif is simply vired as a copne-shot

circuit to allow single stegpping of the 1702's data.
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The PSK geperator requires two pover supplies, one at

+5 Volts, and one at -9 Volts.

The 0-5 Volt output of the FSK generator is not
sufficient to properly scdulate the General Badio 1003
signal genmerator iu FN mode to provide the desired 200 Hz
freyuency shift. To remedy this situation the level shifter
of fiqure 6.2 was devised. This circuit is sisply a CA8O0S50
acting as a level shifter. To adjust the 1-0 th:esiald
voltages, one need only adjust the plus or sinus power

supplies ip covjunction with adjusting the output level of

the FSK generxrator.

The level shifter requires two variable power sugplies,

one each at plus and sinus 10 Volts.

To FB modalate the Gemeral Radio 1003 sigaal 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 pganel. 1he modulation selector is then rotated to
wEXT AC™. then the level shifter i1s properly calikrated ¢
see chapter 5 ), and the FSK gemerator powered on, the

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

1bis chajter bas provided a description of the PSK

54




3ITNO23ITO

133314S ToA3T 343 Jo zeiberp oOT3ewayss ¢g°9 IF¥NOIF

A3~

€]

[Gg]
% 95 10 S yS4

™S

A L2

e ~ ™ R ]




generation technique. The next chapter will discuss the
results aobtaiped when the measureseats of chapter three vere
sade using the techmiques of chapter five, incorgorating
(among other things) the FSK techmigques discussed in this

chapter.
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Chapter 7 : Test Besults and Comparison with Published Data
This chapter is a susmary of the results of the
perforsance verification tests and the ADF interference
susceptibility tests. The receivers'! comgliance with the
manufacturers® specifications is discussed, and then the
inteferance susceptibility data is analyzed for correlation
with the undesired and desired signal levels versus the
difference in freguency betvween the twa. The interference
susceptibility data 1is then compared to the existing ATCA
specifications ( DO-137 and DO-142 ) and to the data

reported by Kissick [1,2].

Generally speaking, the receivers which could Lte tested
had little trouble seeting their sanufacturer?'s

specifications.

Figures 7.1 through 7.4 represent the three degree
beacring error points for the XKing KB-86, the two Cessna
ADF-300, and the <Collins 51Y-7 ADF receivers plotted with
respect to the desired to undesired (Ds/U) signal ratioc and
the difference in freguency (Delta f£) between the desired
and wundesired signals. The three degree bearing error
points define the boumndaries of an area inside which haraful
interference will occeur. As can be seen from the figures,
the shape of the curve is siaply the selectivity curve of

the receiver. Alsc plotted on the figures are the
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selectivity curves sgecified in DO-142 catagory A
(+3dd, to allow tor a 3 dB MDY stationm monitor toleraance)
and 6C50.10. As can be seen, the specifications of both

were met by all the receivers tested.

Figures 7.5 throcugh 7.8 are the same three degree
bearing error goints as wvere plotted in figures 7.1 through
7.4. However, this tise they are plotted wath respect to the
aksolute undesired level and delta-f. It should be obviaus
that there is nc correlation between the absolute undesired
level and the three degree tearing error points, as there is
no distinct boundary. In other words, it is ispossible wvhen
refering to this curve to determine when interference will

QCCur.

Figures 7.9 through 7.12 are essentially the same as
figures 7.1 through 7.4 except that nov the quantity beiang
plotted is the point where the signal ¢+ moise/noise ratio in
the receiver audic drops below six dB. As can be seen froa
an exasination of the fiqures, 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 1m the three degree bearing
ecrror plots, no correlation cam be seen Letueen the
interference threshold and the aLksolute undesired signal

level.

Figures 7.17 through 7.20 are plots of the three degree
bearing error p[points with respect to the desired to
undesired signal ratio and the absolute undesired signal
level. An inspection of these figures shous that the tread
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 beang very spread out over the range of
absolute undesired level. 1his leads to the conclusicn that
the suscegtability of the ADF system to interference fros an
undesired signal is primarily correlated to the ratio of the

desired to the undesired signal levels.

Figures 7.21 through 7.24 are the same types of graphs
as tigures 7.17 through 7.20 except that nov the 6 dB signal
+ noise/noise breakover paints are being plotted. The same
general conclusine can be drawa £froas these graphs as were
drawn from the bearing error graphs of the G[previous

pacagraph.

Since it has been deterained by sisple graphical
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inspection that the interference susceptibility of the
airrcratt ADF system is primarily dependant on the D/U ratio,

a detailed statistical analysis 1s unpecessary.

Eecause of the problems associated with the original
test set-up described by the test plan and the PLC
interference regort [(1,2), the receiver susceptibility data
obtained when it was used are uareliable. In one case, this
data suygested that interference would npot occur when the
undesired signal was only 250 Hz separated from the desired
and nearly V13 dB stronger. The data gathered with the test
set-uf descriked an this regort, however, amakes auch more
sense in light cf practical kpnowledge of the characteristics

of communications receivers.

1his <chapter nas summarized the results obtained by
tnls phase 0Ot the project. The next chapter provides a

summary of this report.
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Chapter 8 : Suasary and Recommendations

1his geport bhas sumsmarized the relevant work previously
done in the area of ADF receiver interference susceptibility
testang, and has presented the latest work in this area. The
significant results obtained by this work and
recoasendations based on these results are the subject of

this chapter.

It vas found that the measurement proceedure described
in the test plan (1] was in error due to several fundamental
prokleas. A corrected plam which works for some of the ADF
systeas on the market today has been presented in chapter
five with the given constraint that it is only valid for the

aolder types of ADF systems which do not incorgorate active

receiver circuitry in their antenna assesblies.

It has been shown that the provisions of DO-142
regarding receiver testing are obsolete. Although each
manufacturer anow has a differemt sethod of s=making the
required tests, BCTA should update their material onm test

setups shen DC-14Z is revised.

It has also been demonstrated that the susceptibility

e

of an ADP systes to interference froa an undesired sigaal is
only dependent on the desired to umdesired signal ratio amd

pot on the absolute levels cf the umdesired signal.
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;{ In general, the eguipments tested meet the reguiresemts
] of DO-142, catagory A.
t !
]
i
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List of Acroanyss

ADP - AJutomatic Directioa Piade:x

BAUDOT ~ A standard 5-level code used for trapssissioa

of digital data such as teletype signals.

CW¥ - Continucus lave mode of tramsmission

D - Desited signal level

L/0 - Desired to Undesired sigmal ratio

E-8 - The 'East-lWest' loop of the ADF systea.

EPRCB - Eraseable Prograssable Bead Cnly Hesmory

FAA - Federal Aviation Adaministration

FCC - Federal Communicatioans Comaission

ESK - Frequency Shift Keying

NDB - Bon-Lirectiomal Beacom

the 'Borth-South® loop of the ADF systea




ELC - Power line Carrier

BF - BRadio Prequency

2ds - A pin on the UART chip, refer to figure 6.1

U - Undesired signal level

UABT - Universal Asynchronus Receiver / Transamitter j







