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~. traditional methods of predicting receiver spurious response EMI ‘have

“radwced volumes of tes: data points. To test all the data poiats would consume

ro tust time than is wormaliv available for electromagnetic compatibility

testing. This Technical Memorardum describes an analysis technique that

seen developed to =raphically depict all receiver spurious responses using a

v graph end  permit scloction of optinum test frequencies. The Technical
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SUMMARY

Spurious response EMI for the front end of a superheterodyne receiver follows ‘a
simple mathematic formula; however, the application of the formula to predict
test frequencies produces more data than can be evaluated. An analysis technique
has been developed to graphically depict all receiver spurious responses using a
nomograph and to permit selection of optimum test frequencies.: The discussion
includes the math model used to: simulate a superheterodyné - receiver, the
implementation of the model in the computer program, the approach to test
frequency selection, interpretation of the nomographs, analysis and prediction
of receiver spurious respnnse EMI from the nomographs, and application of the
nomographs. In addition, figures are provided of sample applications. This EMI

analysis and prediction technique greatly improves the Electromagnetic'

Compat1b111ty (EMC) test engineer's ab111ty to visualize the scope of" rece:.ver
spurious response EMI testmg and Optmxze test frequency selectxon.
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APPLICATION OF NOMOGRAPHS FOR ANALYSIS AND
PREDICTION OF RECEIVER SPURIOUS RESPONSE EMI

Mr. Frederick W. Heather
Naval Air Test Center
Patuxent River, Maryland 20670-5304

Ab‘ltr-ct

Spurious Tesponse EMI for the front end of a
superheterodyne receiver follows a simple mathematic
formula; howvever, the aoplication of the formula to
predict test freq ies prod more data than can
be evaluated. An analysis technique has been developed
to graphically depict all receiver spurious responses
_using a nowograph and to perait selection of optimum
test frequencies. The discussion includes the math
nodel used to simulate a superheterodyne receiver, the
implementation of the model in the computer program,
the approach to test frequency ~ selectiom,
interpretation - of the nomographs, analysis and
. prediction of receiver spurious response EMI from the
nomographs, and application of the nomographs. In
addition, figures are provided of sample applications.
This EMI snalysis and prediction technique greatly
improves the Electromagnetic Cowpatibility (EMC)  test
engineer's ability to visualize the scope of receiver
spurious response IEMI testing and optimize test
frequency selection.

Introduction

The Haval Air Test Center (NAVAIRTESTCEN) is the
Navy's technical center for aircraft test and
evaluation. The EMC section at NAVAIRTESTCEN Systems
Engineering Test Directorate (SETD) conducts technical
svaluations of sircraft for Electromagnetic
Environmental Effects (E3) specification compliance.
As & winimm, all aircraft are specified to provide
inttasystem IEMC between all onboard avionics'
. equipment. The RF subsystems are one group of
equipment whick require extensive evaluation. The RF
equipments used on aircraft are usually integrated by
the airframe company and, through the use of computer
prograns like Intrasystea Electromagnetic
Compatibility Analyeis Program (IEMCAP), design
provisions for intrasystem EMC are considered. The
design process considers  all facets of the
installation which would affect intrasystem IMC with
the RP equipment. For example, the EMT coupled by RF
propagstion  would consider transmitter power,
transmitter auntenna gain, path lose, receiver anteana
gain, line losses, and receiver sensitiviry. Computer
programs like IEMCAP combine these considecations and
guide the design on aentenna placement, blankiug,
equipment isolation, and degree of EMC. The dacta is
limited to those areas vhers the design is inadequate,

. outputting predicted recaiver spurious response IMI,
receiver interwodulation Dil, and aseociated ENI
sargins. B

The IMC test euginser takes a diffarent perspective
on aircraft intrasystem EMC. Rather thea design by EMC
_analysis, the perspsctive is testing to verify EMC
anslysis and design. The coupling calculated by the
designer's computer programs must be tested along wiih
the designed incompatibilities. The,K use of the IEMCAP

{without the coupling wodel) as an analysis and

prediction rool for cesting has produced volumes of
test dets points. To test all the data ppints would
consume more teet time than is normally aevai’ ible for

IC testing. Thersfore, et NAVAIRTESTCEN, specialized

Test and Zvsluation (T&R) computer programs havs been
weitten to test the MIMC duun and optimize the
quantity of tnt dats,

Math Model

The predicted veceiver spuricus response of
superheterodyne receiver is one ares analyzed by
these computer programs. A single stage of a
superheterodyne stage consists of a desired receive
frequency range wvhich is wmixed with a local
oscillator (LO) resulting in a new signal called an
intermediate frequency (IF) as shown in figure 1. The
block diagram in figure 1 is mathematically modelled

by equation (1).
?
m

Pigure 1. Block Diagram of a Single Stage
of a Superhsterodyne Receiver

(Pr x Flo + Fif) m
o

vhere: PFr = Receive Prequency
Flo = Local Oscillator Frequency
Fif = Intermadiste Frequency
Pr = Harwounic multiplier for
Local Oscillator Prequency
to raceive Pr
Qr = Harmomic multiplier for
Receive Fregqueacy to recsive
r X

Tr o

The valus for the harmomic multipliers (Pr, Qr) is
the uuciuu veed ia the design of the
»oupc odyne r ¢ to mix the desirad aignal
into the IF range. The spurious response MMI which
could occur is givem im equation (2).

e = (e xne ; sif x Fif @

Tlo # Local Oscillator Fregqueacy

$if » Sign of the Intermediate

. Frequency may be +1 or -1

P = Harwomic multiplier for the
Local Oscillator Frequency

Q = Harmomic multiplier for the
Spurious Response Frequency

vheret

In equation (2), the value of the harmenic
wultipliers (P, Q) cam be sny vhole number snd the 1F
sign osay be positive or .negative (+ or -). Thass
equations wvhen implemsuted via computer programs caa

output many combiastions of frequescies for aa INC -

test. Therefors, & msess becowes necessary to view
all the data st once and them make optisue selections
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of test frequencies. In r:ference 1, predicted
receiver spurious resmonse to EMI was shown using a
nomograph., The nowmograph concept was adapted as an
analysis and predic.icn test tool for predicting
receiver spurious response EMI. The computer program
called Spurious Response Interference Graph (SPRIG)
wvas . developed using t:ie equstions to interactively
plot the receiver spuricus response EMI of one mixing
stage of a superhetcrodyne receiver.

The Program

The program was initially written in FORTRAN 4 and
hosted on a Hewlett Packard (HP) 8500 minicompiter
RTE-I1I system using the RTE-11 operating system,
Subsequently, the program has been rehosted on an
HP 2113E minicomputer using the RTE-VI operating
" system and FORTRAN 66. The graphics is written to use
the HP Graphics 1000, an HP 2648 graphics terminal
equipped with an HP 2671G graphics printer peripheral.

The program structure is a top down design with the
following sequencial sections: initializing variables,
interacting inputting of data, calculation of spurious
responses, ‘drawing of the graph, plotting calculated
data, user menu, screen copy, input test data, read
data from the graph, and victim prediction. There were
eight subroutines deve'oped to provide the repetitive
function of det:rminiag frequency divisions for the
graph, calculating receiver spurious responses using
the victim frequency, calculating victim £frequency
using the source frequency, chanrelizing frequencies,
displaying of the user m2nu, assigning of IF sign
character, inputting data corrections, and calculating
of axis in engineering units. The interaction of these
program elexmants is shown in figure 2. '

The initializa-ion of the variables section sets up
the matrices used in the program and initializes .the
HP 2671G printer and the HP 2648 graphict terminal.

The section to interactively input the equipment
characteristics reflects the computer immlementation
of equations (1) and (2). The source transmitter
range and channelization is inputted for the variable
Psr. The victim receiver rauge 'and channelization is
inputted for the wvariable Fr., A maxioum limit is
inputted for the P,Q values. In order to input the
actual if mixing product nsed in the superheterodyne
receiver design and includa the possibility of either
an IF range or a fixed IF, the 1” .ange is entered
using the mathematical erw.ivalerr range of the IF,
The final quantity en*ered is the hammonic
multipliers (Pr,Qr) used in eyuation (i) to actually
receive the desired signil. With the values of Fsr,
Fr, P, Q, Pr, Qr, and IF range, the value for a fixed
local oscillator (Flo) is calculated by the program
using equation (3).

Flo = (g + Fr ~ Fif) v )
. Pr

vhere: ' Flo = Local Oscillator Frequency

Fr = Minimum Receive Frequency

Pif = Intermediate Frequency for the
Minimum Receive Frequency

Qr = Harmonic multiplier for the
receive frequency used in the
receiver

Pr = Hearmonic multiplier for the
Local Oscillator used in the
receiver ’

If the IF is fixed, then a flag is set in the program
to permit an LO range and to recalculate the local
oscillator (Flo) each time the victim receiver
frequency changes. A sample of the above interactive
input is shown in figure 3. The user is provided the
option to obtain & hard copy of the entered
parameters before proceeding to the graphics phase
(see bottom of figure 7).
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MPUT MAX VALUSE FOR P AND O

P MANMLS VALUE.G MAOMUM VALUE |
s>88 .

NPUT LF, RANGE (+ POR POBITIVE MOGNS, - FOR NESATIVE MOONS)

MUNNAUN VALUELMAXIMUM VALUR
= >-80,80

INPUT CO-CHNANNEL INTRRFRRENCE VALUSS FOR THE PICIIVER (Pr.0r)

Pe VALUL.O VALUS
a>1,1

MPUT SRAPK TITLE
UNP TRANS. (5) V8 UNE R8C (V)
Figure 2. SPRIG Interactive Input

To develop the nomograph for spurious response EMI,
the liuear relationship of equation' (2) was utilized.
The changes in the values of the varisbles in
equation (2) result in a straight line curve which
extends across the range of the axis. Therefore, to
plot the equation on the graph, only two sets of
eolutions to the equation sre required to plot one
curve across the graph. The algorithm used to produce
the nomograph is shown in figure' 4, The calculations
start by attempting to find a solution, for the
equation which would be on the left side of the graph.
A source frequency is calculated based on the minimum
receive frequency, harmonic multipliers, and the IF
sign. The subroutine which finds the frequency for
spurious rcsponse using the victim frequencies (FIFSR)
performs this calculation using the algorithm in
figure 5. If the solution of the equation is in the
range of the graph, then the data is plotted on the
graph and the program sets up to solve for an end
point at the bottom of the graph. The solution for the
victim frequency is based on the minimum transmit

frequency, harmonic wmultipliers, and IFP sign. The

subroutine which finds the receiver frequency for the

victim receiver using the source frequency (FIFR)

performs the calculation wusing the algorithm in
figure 6. If the solution is in the range of the
victim receiver, the end data point is plorted and
labeled; otherwise, the program ‘tries to find a
solution on the left or topside of the graph. This
process is continued for curves which start on the
bottom side of the graph and end on the right or
topside of the graph and those which start on the
right side and end on the topside of the graph. After
all possible solutions have been tried, -then the 1I¥
sign is changed or tha harmonic rwltipliers (P,Q) are
incremented and the pcocess is repeated. The program
leaves this algorithm after the harmonic multipliers
exceed the maximum entered value. At thie point in the
program, the user is presented with the display echown
in figure 7 and permitted to select analysis and
prediction options availeble through the wmenu
subroutine. .

Pigure 4.
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CALCULATE
FREQUENCY
OF THE
LOCAL
OSCILLATOR

4

CALCULATE
SPURIOUS
RESPONSE

‘ B!

RECEIVE
FREQUENCY

EXIiT
—_—

Figure 5. FIFSR Algorithm

' ’ CALCULATE
IL.F. USING
FIXED L.O.

CALCULATE

RECEIVE
FREQUENCY

Figure 6. FIFR Algorithm

UNP TA (8] Vi VHE REC (V)

' : 53
’ 53
e akd
u .
43
- T

1 i 1 1 -l 1 L 1

180 183 128 127 130 132 138 137 140 148 148 148 180

[\

vICTI™
TEET DATA FOR SRAPH OF: UNPF TX (8] V8 VNF REC (V)
GRAPH TITLE UNF TX (8) V8 VP RIT [}

TRAMBMITTER MINIMUM VALLE 298.0
TRANSMITTER MAXIMUM VALLUE  400.0

TRANSMITTER INCREMENT 2800801
RECHIVER MINIMUM VALUS 120.0

" RECSIVER MAIOMUM VALUR 1.0
RECEIVER INCREMENT L8008-01
P MAXTMUM VALUS 8.000

« Q@ MAXIMUM VALUS ) 5.000
LP. MINIMUM VALUS -20.00
LE. MAXIMUM VALUE -20.00
P OF THE RECEIVER 1.000
G OF THNE RECEIVER 1.000

Pigure 7. Receiver Spurious Reaponsé EMI
Nomograph (Fixed IF)

The analysis and prediction options permit hard’
copy of the nomograph, entry and display of test
frequency pairs on the graph, reading frequency pairs
from the graph, and prediction of source frequencies
based on a victim frequency. The programming of the
options varies in difficulty. The hard copy of the.
nomograph was a simple raster dump from the HP 2648
graphic terminal to the HP 2671G printer. The option
to ent_.: and display frequency pairs on the graph

_follows the algorithm shown in figure 8. The

fundamental operation is to plot the character “o" at
the location of the entered frequency pairs. The
option ,to read the frequency pairs from the graph
consists of two operations: (figure 9): first, the
location <f .the screen curser is read from the
display in' coordinates relative to the graph. Then, a
computational loop is entered to find a spurious
response victim and source frequency pair which is
close in value to the nuwsber r2ad off the graph.
Finally, the zcogram recommends & test frequaucy pair
and rounded down frequency channelized pairs by the

‘subroutine CHAML. The "output for this section is

shown in figute 10.
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Cy

K

INPY T THE
NUMBER OF
TEST POINTS

IN VARIABLE
MANY

FOR
DATA

Figure 8.

Algorithm to

Enter Test Data

Pigure 9. Algorithm to Read Data
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VICTIM P8 SOURCE Mes P @ LF.  SAMOR  TX CALCULATED
s 318.138 [ ] 8 o AINE0 318.008

VICT FROE  SOURCE FASE
S40.009 315.000

Pigure 10. Output from the Read Data
from the Graph Section

The section to calculate the source frequency based
on a victim frequency is diagramed in rigure 11. The
algorithm utilires the user inputted victim frejquency
and calculates all possible spurious response HEMI
using equations (1) and (2). The resulting source
frequency is rounded down to the nearest RF channel
via the subroutine CHANL. A sample of the output for
this section is shown in figure 12. .

QUTPUT HEADER
TO SREEN
AND PRINTER .

| | .
DO VICTIM
CALCULATIONS | ‘

Pigure 11. Victim Prediction Algorithm

SATER VICTIM RECEIVE FREQUENCY TO BL SNALY ZED: 241.287

VICTIM PREINCT.ON

VICTMFREG SOURCEREQ P C LF. SOURCE CHANNEL
241,297 341.287 1 4 * 341.000 :
241.287 316.287 T 2 ‘ 318.900
M1.287 307.524 3 3 - 307.000
241.287 303787 4 o * 303.000
241287 3%1.971 s a4 - 331.000
a41.887 01287 s S . 301.000

D0 YOU WANT TO ANALYZE ANCYHER FREQUENCY

YES OR NO? N .

Pigure 12. Nutput from Victim Prediction Section

Once & user has completed exercising all the
desired optioas, the program can be interactively
rerun or programmed for a logical eud.

Equipment Characterization
on

To cpply the program, the tcost engineer must first
characterize (mcdal) the equipment to be evaluated.
Source transmitters are typically either fixed
frequency or transmit over a frequency range with a
fixed minimum channel spacing. In the latter case,
the source characterisiics match the program iuput
sequence; however, fixed frequency source
trsnsmitters should be modelled such chat the fixea
frequency is in the center of an arbitrary range
which is determined by the channel spacing. For
example, & transmitter tixed at 1 GHz could be
characterized as a transmit frequency range of 992 teo
1001 MHz, with 1 MHz channel spacing. The victia
receivars are typically fixed frequency, single
banded or multibanded superheterodynes, with either a
fixed frequency first IF or s first IF range. Since
the program can only calculate cn one IF stage,
multibanded receivers must be characterized as
separate receiver bands for each unique first IF
stage. Thén, the recoive range, channel spacing, and
corresponding IF' frequency or IF frequency rnge can
be identified. Pixed receivers are characterized
similar to fixed transmitters in that the fixed
receiver frequency it centered over an arbitrary
receive range which is determined by the channel
spacing with a fixed I[F. The SPRIG. pregram requires
an IF range (variable 1IF) to be inputted. To
characteri=e a fixed IF, the same IF frequency would
be inputted for .both minimum and maximum IF values.
To characterize whether the IF 1is designed for
positive or negative mixing products, each IF value
is given the sign'(+ or =) of its mathematical range.
It is assumea by thn design of the computer program
that the recriver range (minimum and maximum) matches
the IF range (minimum and saximum). For .wample, at
the minimum receive frequency, the IF will be at the
ainimum IF value inputted. If the rec.iver is not a
superheterodyne and has no IF, . bwn
enve.ope detector, then the receive range is also
characterized as the IF range. The final arem to be
characterized is the co-channel. interference values
which are the harmonic aultipliecs of the local
oscillatre (P) and source frequency (Q). The values
are the multiples us'd in the superheterodyne design
to receive the desired recziver range. Typically,

" these multiples ‘are one ‘P=1,Q=1), 'Once the source

transmitter and victim receivers are characterized,
the test engineer can use the SPRIGC program for
analysis and prediction of t:.ceiv:r spurious respoase
test frequencies, '
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Analysis and Prediction Applications

Two basic types of receiver responses can be

,analyzed: apurious responses and harmonic responses.

Th2 spurious resgcnse EMI prediction §s shown in
figure 13. The engineer viewing the nomograph display
can visvalize all possible receiver spurious response
EMI and determine which curves need tc be tested. If
the  display becomes teon packed with curves,
(figure 14), then the engineer can interactively
reduce the alues for P,Q and immediately be able to
reduce the cluttar and analysis range (figure 15),
The receiver spurious response EMI romogrsphs help
visualize insignificant receiver spurious responsc
predictions as shown in figure 16, or comlex r -ceiver
spurious response predictions as show ‘n figire 17,
where muitiple spurs converge in one area. Ta cases
where the RF equipment operates in the same frequency
ranges, the cr-channel interference curve is displayec
as shown in figure 18. Harmonic response EMI are a
subset of spurious response EMI. By limit‘ng the value
of the harmonic multiplier (P) of the local cscillator
(Flo) to the co-channel interference value an' satting
the harmonic multiplier (Q) of the source transmitter
(Fst) to the higtest harmonic to be displayed, the
resulting graph is a family of curves for harmonic
response EMI. The harmonic response predi~tions are
shown in figure 19. The EMC rest engineer mar select
test rrequencies for transmitter harmonic ~mission
testing or for victim receiver mixer harwonic response
testing.

UNE TX (§) VI VNS REC (V)
‘e 23+ 3.8

%

NS (X} VB N8Y (V] )
o0 - 5.8 .
ars - 11
] 1
288 |-
200 -
ns 4é.
8¢ ol
[ 32 sl
200 0 54
178 b
o it
1us Py
100 - 1,8+
7% 1A
[ - 1%
ri A PR LI § 'S B SRR | i A 4

s 4
1088 1008 1039 1038 WIS 1030 10T 1048 1048 1047 1008
VeTiM .

TERY DATA FOR ORASY G COMM () VI NAY (V)

SRAPNH TR LT cOMM(E) Ve NAY (V)
TRANGMITTER VINARNSYALLE.  30.00
TRANBINTTER MAIWMUNS bAIUR  400.0
TRANBMITTER INCREIMENT 23008-0¢
RECEIVER WINIMVUM VALUE mes.
RACRIVER MAXIMUM VaLUR 1080,
RECAIVER INCREMENT 4.000

. P MAJIMUM VALUS ) 5.000
0 MAXIMUM VALUE 8.000
LF. MRMUM VALUE .00 ,
LB, MANXIMUM VALUS : ro.80
| OF THE RECSIVER E 3008
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Figure 14. Dense Receiver Spurious Response EMI
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Figure 16. Insignificant Receiver Spurious
Response EMI
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Figure 17. Complex Receiver Spurioul
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Pigure 19. Rarwonic Response EMI

After vieving the nomograph, the next step is to
utilize the program's other features. Ths feature of
ylotting test data:has aepplication in the areas of
reviewing p-opond EMI/EMC tést frequency ulcctiou

‘plans and reporting of test results.

The NAVAIRTESTCEN EMC section’s role as the center
for Navy aircraft DMC testing requires the frequent
reviewing of test plans proposed by sirframe/avionics
intcgrators for thoroughness. The EMC test plans
usually contain an extensive EMC test fraquancy
‘salection plan. These frequency selection plans can
be' reviewed rapidly for receiver spurious response
EMI  test thoroughness by the use of the. SPRIC
program., After setting up the nomograph :for the
propused asource and victim equipment, the . ‘test
engineer enters the appropriate test frequencies from
the frequency selsction plan. The teet frequencies
vill be plucted on the momograph revealing whether
the test frequencies are accurats (if they coincide
with & cuvrve) and sufficient in aumber to validate
all reaceiver spurious respons. MMI possidle (if &
curve is not' plotted with test frequencies). When
there ure areas vhere improvements are required, then
the teet enginesr may use other features of the
program to recosmend additional  tase !uqmtu to "’

the frequency relection phn.
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The application of the feature to plot test data
for test reports could result in & nomograph as showm
in figure 20. The fictiona) test results on the graph
indizate which curves are valid receiver spurious
response EMI conditions which should be avoided ia
acctual use. The field operators of the two equipment
can avoid the receiver spurious response EMI by
selecting a frequency pair from .the nomograph which
vill not coincide with curves plotted with test data
indicating known receiver spurious response EMI of the
equipment.
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Figure 20. Receiver Spurious Response IMI
Nowmograph with Test Daca

The utilization of che prediccion cenability of
SPRIG cowmes from the two features of reading victim
and source test frequencies from the nowmograph and
prediction of source, frequencies based on a selected
victim frequency. For example, using the nomograph of
figure 17, a test engineer would want to evaluate the
complex receiver spurious response EMI showa. The
first step would be tn position “he computer program's
graphic cursor over .he intersection of the curves and’
obtain & victim (and source) frequency vhere this EIMI
could occur (figure 21), Them using the victia
prediction feature, <che program will calculate all
possible receiver spuricis responee EMI for the victim
frequency (figure 22). Both features for prediction
provide actusl values and proposed test frequencies
based on channelization of the victim and source,
equipment. '
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Figure 21. Read Data from Receiver Spurious
Response ™I Dispiay and
Prediction Output . L

VICTIM PREDICTION
VICTIMFRES SOURCEMEE » & LF.  SOURCE CHANRE.
147.008 330000 T B - 338.008
147.008 341.500 : 4 * 3M1.808
147.000 40.000 4 8 - 340.000

Figure 22. Victim Prediction

Susmary

The SPRIC program provides an effective tool to
analyze and predict receiver spurious response EMI.
The nomograph presentation can be rapidly drawvm,
using a minimum amount of data. The resulting
aomograph, characterizes receiver spurious response of
numerous frequency combinations on a single display.
The algerithms used to implement the superheterodyne
sathematical wodels in the computer program should
enable other test engineers to develop similar
programs to implement and utilize nomographs in their
receiver epurious response IEMI  analysis ' ari
prediction programs. The application of the nomograph
to analysis and prediction of receiver spurious
response IMI enables new engineering techaniques for
verification of test frequeancy plaans, interpretaticn
of test data, portraying receiver spurious respouses,
and predictiag of receiver spurious response. The
application of receiver spurious respormse nosographs
has allowed optimum, yet cowprehensive, verification
of the EMC design through testing at NAVAIRTESTCEN.
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