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tr�iditional meth'�ds of predicting receiver spurious response EMI have

i�eJ ;olumes of tear A.at�a points. To test all the data points would consume
t�t time than i�; ;�rrnaliv available for electromagnetic compatibility
Le�ting. This Techni�a� Memorar�dum describes an analysis technique that
� developed to �ripaicaliy depict all receiver spurious responses using a

�x±ph cud permit �cL�ction of optiniuni test frequencies. The Technical
)wO'�tidu�� v� prepareA frut� a paper with the same title inserted at the
VS 1�.EE-E�1C symposium at Wak�field, Massachusetts.
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program, the approach to test frequency selection, -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 analysis and prediction technique
greatly improves the Electromagnetic Compatibility (EMC) test engineer's
ability to visualize the scope of receiver spurious response EKI testing and
optimize test frequency selection.
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SUMMARY

Spurious response EMI tor 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 iLo 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 superheterodyne 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 response EMI from the nomographs, and application of the
nomog'aphs. In addition, figures are provided of 'sample applications. This EMI

analysis and prediction technique greatly improves the Electromagnetic'
Compatibility (EMC) test engineer's ability to' visualize the scope of' receiver
spurious response EMI testing and optimize test frequency selection.
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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

Abstract Math Model

Spurious response EMI for the front end of a The predicted rec"iver spurious response of

,superheterodyne receiver follows a simple nothematic superheterodyne receiver is one area analyzed by

formula; however, the aDplication of the formula to these computer programs. A single stage of a

predict test frequencies produces more data than can superheterodyne stage consists of a desired receive

be evaluated. An analysis te.hnique has been developed frequency range which is mixed with a local

to graphically depict all receiver spurious responses oscillator (LO) resulting in a new signal called an

* using a nomograph and to permit selection of optimum intermediate frequency (IF) as shown in figure 1. The

test frequencies. The discussion includes the math block diagram in figure 1 is mathematically modelled

model used to simulate a superheterodyne receiver, the by equation (1).

implementation of the model in the computer program,
the approach to test frequency selection, -'.
interpretation of the nomographs, analysis and
prediction of receiver spurious response DII from the
nomograph*, and application of the nomograph*. In
addition, figures are provided of sample applications.
This •MI analysis and prediction technique greatly FAD=

improves the Electromagnetic Co6qpatibility (DIC) test
engineer's ability to visualize the scope of receiver
spurious response OIl testing and optimize test
frequency selection.

Introduction

The Naval Air Test Center (NAVAIRTESTCEN) is the M
Navy's technical center for aircraft test and f .
evaluation. The INC section at NAVAIRTESTCRN Systems o "T "

Engineering Test Directorate (SETD) conducts technical Figure 1. Block Diagram of a Singl. Stage
e1valuations of aircraft for Electromagnetic of a Supetheterodyne Receiver
Envirotmental Effects (13) specification compliance.
As a sinimum, all aircraft are specified to provide (Fr z Fle 71i)
inttasysten IC between all onboard avionics' F ( - (1) +."

equipment. The R7 subsystems are one group of qr

equipment which require extensive evaluation. The RF
equipment& used on aircraft are usually integrated by where: Ir - Receive Frequency

the airframe company and, through the use of computer Flo w Local OacillatorFrequency
progrm like Intresystes Electromagnetic Fif 0 Intermediate Frequency

Compatibility Analysis Program (INCAP), design L or - H Oasc mltipller for

provisiona for intrasystem mC are considered. The Local Oscillator Frequency

design process considers all facets of the to receive Fr

installation which would affect intrasystem IC with Qr - tarmomic multiplier for

the BF equipment. For example, the EMI coupled by RF Receive Frequency to receive

propagation would consider transmitter power, .r

transmitter antenna gain, path loss, receiver antenna .
gain, line losses, and receiver snesitivi'y. 'Computer The value for the bazanic multipliers (Pr, Qr) is

programs like IuCAP combine these conside:ations and the quantities us" in the design of th

guide the design on antenna placement, blankiug, superheterodyne receiver to six the desired signal

equipment isolation, and degree of MC. The data is into the I range. Thm spurious response SII which

limited to those areas wheri the design is inadequate, could occur is ivem is equation (2).
* outputting predicted receiver spurious response NMI, (F ? no Sif

receiver interuodulotion Pit. and associated Da For W . Fit) (2)
margins. o

The INC ctst engineer takes a different perspective wheret Flo w Local eIllator Frequecy

m aircraft intrasystem INC. Rather then design by DEC Sif e Sign of the Intermediate

.analysis* the perspective is testing tO verify. FC Pr eommic sty be +1 or -th

analysis and design. The coupling calculated by the P s Rarmnelc Wltiplior for theny

designero computer programs must be teqted along wit. Local Oecillatior Frequency

the designed incompatibilities. The, use of the INKCAP Q a parems meltplier for thequn

(vithout the coupling model) as an analysis si d Spurand Response Frequencyan

predit.ion rool for testing has produced volumes of
tees data points. To test all the data ppints would In equation (2), the value of the harmonic

consumesmore test time them is normally avoi7 ,ble for multipliers (F, Q) tan be any,'wole number end the IF
NEC testing. Therefore, at NAVAIRTESTCES, specialised sign may be positive or negative (+ or -). These

Test and Eveluatioa (T&I) computer progrms have bee" equations when impleaonced via computer prograi cean

written to test the 310 design and optitsmi the output many iobtuatlom* of fre*qoucies for an 31C

quout.ty of test data. test. Therefore, 4 mmems becomes neciseary to view
q tall the data at o" ai the* meke'etme seleetiema

- 1.
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of test frequencies. In- r'ference It predicted The section to interactively input the equipment
receiver spurious response to EMI was shown using a characteristics reflects the cjmouter implementation
nomograph. The nomograph concept was adapted ab an o$ equations (1) and (2). The source transmitter
analysis and predir*cion test tool for predicting range and channelization is inputted for the variable
receiver spurious response EMI. The computer program Far. The victim receiver rauge 'and channelization is
called Spurious Response Interference Graph (SPRIG) inputted for the variable F.. A maximum limit is
was de'eloped using t',e equetions to interactively inputted for the P,Q values. In order to input the
plot the receiver spurious response EKI of one mixing actual if mixing product ised in the superheterodyne .
,stage of a superheterodyne receiver, receiver design and include the possibility of either

an IF range or a fined IF, the I? range is entered -
The Program using the mathematical e,';.ivaler range of the IF.

The final quantity entered is the harmonic
.he program was initially written in FORTRAN 4 and multipliers (Pr,Qr) used in e4uation (1) to actually

hosted on a Hewlett Packard (HP) 8500 minicomp-iter receive the desired signzl. With the values of Far,
RTE-II system using the RTE-11 operating' system. Fr, P, Q, Pr, Qr, and IF range, the value for a fixed
Subsequently, the program has been rehosted on an local oscillator (Flo) is calculated by the program
HP 2113E minicomputer using the RTE-VI operating using equation (3).
system and FORTRAN 66. The graphics is written to use
the HP Graphics 1000, an HP 2648 graphics terminal (r + Fr- Fif)
equipped with an HP 2671G graphics printer peripheral. Flo - (3)

Pr

The program structure is a top down design with the where: Flo - Local Oscillator Frequency
following sequential sections: initializing variables, Fr Minimum Receive Frequency
interacting inputting of data, calculation of spurious FiP - Intermediate Frequency for the
responses, 'drawing of the graph, plotting calculated Minimm Receive Frequency
data, user menu, screen copy, input test data, read r Harmonic mltiplier for the
.data from the graph, and victim prediction. There were receive frequency used in the
eight subroutines deve'oped to provide the repetitivereceiver
function of det~rminiag frequency divisions for the Pr Hamonic mltiplier for there

graph, calculating receiver spurioas responses using Local Oscillator used in the
the victim frequency, calculating victim frequency receiver
using the source frequency, chanrelizing frequencies,
displaying of the user m,-nu, assigning of IF sign If the IF is fixed, then a flag is set in the prngram
character, inputting data corrections, and calculating to permit an L. range and to recalculate the local
of axis in engineering units. The interaction of these oscillator (Flo) each time the victim receiver
program elements is shown in figure 2. frequency changes. A samle of the above interactive

input is shown in figure 3. The user is provided the
The initialize-ion of the variables section sets up option to obtain a hard copy of the entered

the matrices used in the program and initializes the
Ptcpar ers before proceeding to the graphics phaseHP 2671 printer and the HP 2648 graphictee bttm of figure 7).

Figure 2. latecectioe of SF12 Proga Ilemeate •[

Now.

2

S, DATA
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Figure 3. SPRIG Interactive input

To develop the nomograph for spurious response 041,
the litear relationship of equation (2) was atilized.
The change. in the values of the variables in
equation (2) result in a atraight line curve which 011
extends across the range of the axis. Therefore, to
plot the equation on the graph, only two sets of
rilutions to the equation are required to plot one
curve across the graph. The algorithm used to produce V11111

the nomograph is shown in figure- 4. The calculations iwu
start by attempting to find a solution, for the mo
equation which would be on the left side of the graph.
A source frequency is calculated bosed on the minimuma
receive frequency, harmonic multipliers, and the IFWII
sign. The subroutine which finds the frequency for
spurious rcsponse using the victim frequencies (FIpSR)
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 plottee 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 frequevity is based on the minimuma transmit M

frequency, harmonic multipliers, and IF sign. The
subroutine which finds the receiver frequency for the
victim receiver using the source frequency (FIll)
performs the calculation using the algorithm in W11111
figure 6. if the solution is in the range of the
victim r-tceiver, the end data point is plotted and
labeled; otherwise, the program tries to find a
solution on the left or topside of the graphý This
process is continued for curve' s which start on the Figure 4. ouemexag Plotting Algorithem
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 IF
siga is changed or the harmonic rtultipliers (P,Q) are
increlmented and the peocess is repeated. The program
leaves this al1gorithm after the harmonic multipliers
exceed the maximum entered value. At this point in the
program, the user is presented with the display shown
in figure I end permitted to select analysis and
prediction options available thzfough the menw

*subroutine.

be
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Figure 7. Receiver Spurious Response NII
Figure 5. FIFSR Algorithm Nomograph (Fixed IF)

The analysis and prediction options permi t hard'
copy of the nomograph, entry and display of test

ENTER 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,

CALCULATE namograph was a simple raster dump from the HIP 2648
FREQUENCY graphic terminal to the HP 2671G printer. The option

OF THE to ent-. and display frequency pairs on the graph
LOCAL fol lows the algorithm shown in f igure 8. The

OSCILLATOR fundsmental 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 'si the screen curser is read from the

- -VARIABLE YES display in' coordinates relative to the graph. Then,a
LO.?computational loop, is entered to find a spurious

*response victim and source frequency pair which is
close in value to the number reead off the graph.
Finally, the program recomends a test frequency pair

L and rounded down frequency channelized pairs by the
CALCULATE subroutine CHAKL. The 'output for this section is
I.F. USING shown in figure 10.
FIXED LO.

CALCULATE
RECEIVE

Figure 6. FURl Algorithm
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UwM a~•= s weinrsr VMM i&M 1 gga mUmy TO or AgtALv4M. 1141.237

L- VICIM FROm MiUnaE PROM P U. 2CUMc CHANME.

"wI-34.17 341.2117 1 I 3 41.000
341.47 310.257 a a 21*.100
841.487 307.924 2 2 307.000

. 30$-76? 4 .... 30.000
241.257 211.371 5 4 231.000
241.28 20J17 01.000

- - - min~l 00 YOU WAN? TO ANALMZ AMMM1ER PUSOUINOY
- " TO IS YNOM ? W

e . Figure 12. hitput from ictim Prediction Section
DATAeri MOMd e OqP.p to w e (ined

T seio n mo a ahe soc= Wreuncy bnce a user has completed exercising all the
o t req31&1e6 1s 3i0gr 00e desired opti-r , the program can be interactively

""aMg rerun or programmed for a logicanl h etid.

n a as l ps e re Equipment Characterization
?igure 10. OutpuL from the Read Data

from the Graph Section To spPly the program, the test engineer must first
characterize (mcda-I) the* equipment to be evaluated.

The section to calculate the source frequency based Source transmitters are typically either fixed

on a victim frequency is diagramed in rigure 11. The frequency or transmit over a frequency range with a

algorithm ittioi's the user inputted victim fre1hency fixed minimum channel spacing. In the latter case,

and calculates all possible spurious response 12XI the source charntcteriatics match the program ir.put
using equations (1) and (2). The resulting source sequence; howvevnr fixed frequency source
frequenLuy is rounded down to the nearest RI channel transmitters should be modelled such i:hat rhe fixeo
viA the subroutin#' CHMlL. A sample of the output for frequency is in the center of an arbitrary range
this section is shown in figure 12. which is determined by the channel spacing. For

example, a transmitter tixed at I 0Hz could be
chiracterized as a transmit frequency cange of 999 to

SU1001 MHz, with 1 MHz channel spacing. The victim
receivers are typically fixed frequency, single

banded or 'multibankled superheterodynps, with either a

~.SARfixed frequency first IF or * 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. Th.n, the rec--ive range, channel spacing, and
TO I 7NF corresponding IF, frequency or IF frequency r'nge can

ANALYZRO. be identified. Fixed receivers are characterized
similar to fixed transmitters in that the fixed

receiver frequency is centered over an arbitrary

M h receive range which is. deterrined by the channel
' MN spactng, with a fixed IF. The SPRIG, program requires

AND PINTM :an IF range (variable IF) to be inputted. To
characteri-e a f~xed, I2, the same IF frequency would
be inputted for ,bo':h minimum and maximum IF values.

0O VICTIM. To characterize whether the IF is designed for
* W2C•IOO I positive or negative mixing products, each IF "clue

CALCULATIO, is given the sign,(+ or -) of its mathematical range.
It is assumen by the design of the computer program
that the recn;iver r~ange (minimum end maximum) matches

OUTPUT"DATA the I1 range (minimum and maximum). For ý,umple, at
I TO EEN Ithe minimum receive frequency, the IF will be at the

superheterodyne and has no IF, . but insteed an
enve.ope detector, then' the re:eive range is also
characterized as the IF range. The final yrea to' be

Aa Z1 yam chaieteriaed is the co-channel interference values
NOR Which are the harmonf: =,itipliers oE the local

oscillatir (M) and source freqý.ency (Q). The valuea

are the multiples us -d in the superheterodyne design

NO to receive the desired receiver range. Typically, '
these multiples 'are one ' 't). Once the source

i N PUT transmieter end victim receivers ore characterized,
VARIAU1.6TO the test engineer can use the .PKIG progrm for
INTIL VALUI analysis anl prediction of tce*vsr spurious responce

teat frequencies.

Irigure 11. Victim Prtdictios Algorithm

6
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Analysis and Prediction Applications

Two basic types of receiver responses cav be roe
analyzed: qpurious responses and harmonic responses. 276.1
Tha spuriuos response L'41 prediction is shown 4ia 350 - II
figure 13. The eagineer viewing the nomograph display W06
can visualize all possible receiver spurious response we
EMI and determine whicha curves need to be tested. If __________________

the, display becomes t..o p-icked with curves i
(figure 14), then the engineec can interactively I- I
reduce the ,alues for P,Q ani iimmediately be able to :
reduce the clutter and anslysis range (figure 15). 1"git
The receiver spurious reeronse C41 r.,nogrephs help In
visualize insignificant receiver spurious responsc IO _____0_______________

predictions as shown in figure 16, or ccozplex r -ceiver 75 la
spurious response predictiooas as showit -n fig ire 17, DO.5
where multiple spurs converle in one area. T, ase eeis swsm I a ge u iii
where the RF equipment operates, in the sare frequency 51
ranges, the cr-channel interference curve is, displayeL: Tsm CAVA MR MuininmuWmAVm
as shown in figure 18. Harmonic response EXI are a inplvmsvtv
subset cf spurious response EII. By limit,-ng the value TMAkV YDWrM %NMU0VL . 20A-
of the harmonic multiplier WP of the local cacillator TRANGAMAM MAauIMMN AAZ 400.0
(Flo) to the co-channel interference value sr.' setting
the harmonic multiplier (Q) of the source transmitter NCMOAMM cinv.low 7(Fsr) to the higbest harmonic to be displayed, the
resulting graph is ,a family of curves for hdrmonic P MAXMwSU snuf AM
response EMI. The harmonic response predi-tions are VA~YLUE *AVGi
shown in figure 19. The MIC test engineer ma'- select LP " OMU inin M 6116100L.P 064=11010 VA&M AMtest trequencieE for transmitter harmonic -mission P O TMMOIPME am.n
testing or for victim receiver mixer harmon'ic response GOulT~IMEs
testing.

Figure 14. Dense Receiver Spurious Response EMIfe

WUNTX (a] ) W VNPUMW (V)

-1N - ________

2W 3.5

Le.8
3"I _ __ _ _ _ _ __ _ _ 58

- 1j

A52 40 48 50 U eM ii 76 00 4s Wm51

.'AInssM U NIMUM V*Lfda suimawus 0 asow,"
IXASfl1 IND.

sAcaME WOMuiua v&Au $ams ANMM10 O-FMU
M3am MAXMMIVM MODS 83P MOMO Pwa Lm &e.sAWN

0 11AXOMUM ULANf $AMus LP. IiSNmN it"" MAO

VP. isei VWAME SSSA 0 OP" MV A
Lit. MAXIMUM WAi IS 3W6* 0, s " maim

0 I'rC M1.0M Figure 13, Reduee4 Og-ity Spurious, 1empoisee

Fi ,re 13. Reetiver Spureious eeoeef~
Nomogta"l (Var'.abW it)
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Figure 16. Insignificant Receiver Spurious 409 VAN-VSAW

Response ENTu
ass'

SWPTN(3VGWNPM3 u

Son1.8.

no -A

Figure 19. Harmonic Response ENT

1n614- "6116Ii 146it 146 1 i66 51601"' 153185 1 After viewing the nomograph, the next stop is to
utilize the program's other features. The feature of

1MA1 656571(VSUW.Mplotting test data, has application in the areas of
60001". SWYUVSUWO M reviewing p--oposed DEN/DEC test frequency selection

I~Vom A Asl So". plans, and reporting of test results.
IAONY A 1 6*51 386.

,in omi~ur4 ~The NAVAIRTESTCZN DEC section's role as the center
smininee mssmva,.s U"4. for Navy aircraft DEC testing require* the frequent
MINVE A6m6 RW 74 reviewing, of test plans proposed by airframe/avionics

MAUM1MINAUM Lane intzgtators for, thoroughness. The DEMC test plans
e61Y~flSAM6 usually contain .an extensive DEC test frequency

LF. ýVAA .4"61 . selection plan. These frequency selection plans can
TU. inni 651 be' reviewed rapidly for receiver spurious response

owl " REMOVD SAMEE test thoroughness by the use of the. 'SPRI0

Figus 17 CoplexReceverSpurousprogram. After setting up the nomograph -for the
Figue 1. Cmplx Rc~ior purousproposed source and victim equipment, the, -test
Response.DEE engineer enters* the appropriate test frequencies from

the frequency selection plan. The test frequencies
will be pl..cted on the nomograph revealirg whether
the test frequencies are accurate (if they coincide
with a crrve) and sufficient in number. to validate
all receiver spurious respon, DEET possible (if a
curve is not, plotted with teet froquencies). When
there are areas where improvements eat required, then
the test engineer may use other features of the
progrom to recommend additional -test fre~ueeciee to,-
the frequency Pelettion plan.
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The application of the feature to plot test data
for teat reports could result in a nomograph as shown SmGU
in figure 20. The fiction&) test results on the graph VWM ný Sm"mggu p a a.,. .mmeCHMcni
inditato ,jhjch curves are valid receiver spurious W7A 33Aun a a 338AN
response IMl conditions which should be avoided in 1s6.Aa aetass a 4 341AS
actual use. The field operators of the two equipment *pAM 34AMas 4 5 - SAuna
can avoid the r-tceiver spurious response C41 by
aelecting a frequency pair from the n~omograph which Figure 22. Victim Prediction
will not coincide with curves plotted vith test data
indicating known receiver spurious response ENI of the Summary
equipment.

The SPRIG program provides an effective tool to
No Z(1 we VWme I analyze and predict receiver spurious response EMI.

l~m - The nomograph presentation can be rapidly drawt
lift -using a minimum amount of data. The resulting
1120 - omograph, characterizes receiver spurious response of

numerous frequency combinations on a single display.
The algo~rithms uaed to implement the superheterodyne

¶ mathematical models in the computer program should
les enable other teat engineers to develop similar

urn, programs to implement and utiliza nonographa in their
s. receiver spurious response DII analysis a nd

Isms prediction programs. The application of the nomograph
Jos to analysis and prediction of receiver spurious

response SKI enables new engineering techniques for
verification of test frequency plans, interprotaticn

loss of test data, portraying receiver spurious responses,
"a lie lie am 110 13 In I I " and predictiag of receiver spurious response. The

application of receiver spurious resporse nomographa
has allowed optimum, yet comprehensive, verificaticon

Figure 20. Receiver Spurious Response ENI of the DIG design through testing at MAVAIRTESTCEN.
Nlomographa with Test Data

Reference
The utilization of the prediction conability of

SPRIG comes from the two features of reading victim 1. NAVAIR 5335, Naval Air Systems Command DIG Nanual,
and source test frequencies from the nomographi and of Kay 1972.
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 rbe
complex receiver spurious response EMI shown. The
first step would be tn' position !,h* computer program's
graphic cursor over ýhs intersection of the curves and,
obtain a victim (and source) frequency where this EMI
could- occur (figure 21. -Then using the victim
prediction feature, zh.e program will calculate all
possible receiver spurie.,s responsee DI for the victim
frequency (figure 22). Both features for prediction
provide actual valijse - and proposed test frequencies
based on channelization of the victim and source,

equipment.

am~
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DISTR13tJTION:

NAVAIRSYSCOM (AIR-516B)()
PACMICTESTCEN (Code 4034) )
NAVAIRDEVCEN (Code 2034) 1
ECAC (Code CN)()
NAVAIRTESTCEN (SETIr)()
NAVAIRTESTCFEN (ASATD)()
NAVAIRTESTCEN (SATD)()
NAVAIfrTESTCENi (RWATD)()
NAVAIRTESTCENq (TPS)()
NAVAIRTESTCEN (CT24) (3)

* lTIC (2)
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