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Prediction model of second-order intermodulation pseudo-signal
interference effect for radar equipment
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(National Key Laboratory of Electromagnetic Environment Effects, Army Engineering University (Shijiazhuang Campus), Shijiazhuang 050003, China)

Abstract: To master the anti-electromagnetic interference performance of radar equipment, it is necessary to
carry out comprehensive electromagnetic environment effect test and evaluation to provide technical support for radar
application and electromagnetic protection reinforcement. Based on the mechanism of pseudo-signal interference
effect of second-order intermodulation electromagnetic radiation, the concept of effect index is introduced to
characterize the multivariable problem of complex electromagnetic environment adaptability with a single variable.
The quantitative characterization of pseudo-signal interference effect of radar equipment in complex electromagnetic
environment is realized, and the evaluation model of pseudo-signal interference effect of second-order intermodulation
is established. Taking a certain type of sweep frequency continuous wave ranging radar as the research object, aiming
at the second-order intermodulation pseudo-signal interference phenomenon in the test radar, the method of
determining the model parameters is given, and the prediction and evaluation method of the second-order
intermodulation pseudo-signal interference effect of radar equipment is proposed. Experimental verification shows that
whether it is to change the pseudo-signal sensitivity level, or to change the dual-frequency electromagnetic radiation
combination in the range of large radiation frequency offset and large intermodulation difference, the universal
second-order intermodulation pseudo-signal interference effect model can be used to evaluate the second-order
intermodulation pseudo-signal interference effect of the tested radar. The evaluation error is within 2.5 dB, and the
second-order intermodulation pseudo-signal interference of radar equipment can be objectively evaluated according to
the effect prediction method.
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Table 1 Fitting values of single frequency electromagnetic radiation critical blocking interference field strength

A/MHz  Eo(Vm) || Af/MHz Eo(Vm") || Af/MHz Eo(V'm') || Af/MHz EJ(V-m") || Af/MHz  Eo/(V:m")
-320 90.2 ~180 2.1 —40 0.5 100 0.6 240 79.4
-300 88.1 ~160 0.9 -20 0.5 120 0.7 260 85.1
-280 76.7 ~140 0.5 0 0.5 140 0.8 280 87.1
~260 50.7 -120 0.5 20 0.5 160 1.1 300 89.1
-240 243 ~100 0.5 40 0.5 180 4.0 320 87.1
-220 114 ~80 0.5 60 0.6 200 18.2 - -
~200 49 ~60 0.5 80 0.6 220 60.9 - -

083001-5



weOoW s 5 Ol TR

4 s MR B TE R TR . B, TR e A R AT 3 IR SR I, L 3 A D (5 Dl - 9 23
DB P48 S D A5 5 B (B B B R OO A5 5 H P BT 0 3 5 SR AR A A AR ML AN 18] 3 BT 7R, 52 BHL 2 28 1 32 i
TR BRI, — B B O 15 5 155 U 55 3750 (0 R RS Le, B4R S5 370 10, — B LR OO 15 5 i 1 1k
A, B 2R R E fH.

normalized distance profile-time domain average 35

0 peak position: 8.25 m
peak level: 47.87 dB-mV 30

—10 + minimum decibel value: —65.0 dB g - i
real target signal By 52

¥:-19.46 =g 25t
8 20t - g4

3 _— 22 a0}
g 30t second-order intermodulation g E)

= pseudo-signal =2 15¢
& 5 E

< 28 10t
£ <4

= §2 o7
8 2

22 ,l

-70 L L L L =5 > * * g
0 1000 2000 3000 4000 5000 =50 —40 —30 —20 10
distance/m dual-frequency interference field strength/(dB-(V/m)?)
Fig.2 Radar detection target imaging under dual-frequency Fig.3 Variation curve of second-order intermodulation
electromagnetic radiation pseudo-signal with interference field strength
P2 XUHEH A AR T AR Sk R H AR R B3 B E IR OME S R T i i 7 Al il £

LA RN T o B PR A S T DN s e B B R O 45 - R T B SUNT R I 5 i e R e
AR KK, B 12 dBmV AE N Z B B O (5 5 sk e o (RO ) .
23 ZHEAMES THREFNR

S A v I A BT L R, T R A A 52 T T T A R 2 Y KRG L 1 A TR S
R E TR IR ARSI . 53 1A T U5 5 4 S A0 28 45 18 K, [ o G A 5 D 3K B B 98 P £ 5l ST i
WY R 2 A AL C Z L 1 4 TR SR HR S0 E\=E,=0.22 V/m B IR S5 58, T4RA5 5 2 45 S 0 25 K B 0.2 MHz,
PLA ML 22N T 0.7 dB. A AT UL, A2 38 A9 — B T R SRR AR 25 Y I 7E 0~ 3.3 MHz 26 47, He v B T 9 gl ek
B 22 4b T 0~ 1 MHz 1 [, — [y 598 Dh 15 5 HL P FEARAS it 4 500 25 A5 1k

T LR RIS A, PR BUIS A RE 8 S B R 22 AFIf—1=0=0.2 MHz ANAE | Sk FE B B E P A S UK
1P 12 dBmV, AR B 78 4 6 00 AU T B8 A5 5 B 1l 23 31 3 Af0.5Q), AT B B8 P 45 5 it S T 4 3007 ik
5, AR 2 B DB o 7 7R R 2 (26) THERE Be(A ) — 0.5X,(Q), T 1 I 4 S 931 i 79 728 AR KL A, 45 R AN 5 BT,
TE 58 S50 9 6] (=140~ 140 MHz) N, — B B DA (5 5 90 B 728 fh i B2 AR, #U5 (H7E 11.9~13.3 dB Z [A]; U
5 S A0 915 ] — 180~ 20 MHz, #045 th 48 ¢ Ki% 2% 0.6 dB.

55 13.5
Z 130}
'% 20 -
5 8 125¢
= =
g %
2 c|> 11.5
= 10} ~
& 3 110
w 5
£ st =
§ 105+
= A 100
0 05 L0 15202530 400 300 200 100 0 100 200 300 400
Af/MHz frequency offset/MHz
Fig. 4 Change of second-order intermodulation Fig. 5 Change of second-order intermodulation
pseudo-signal level with radiation frequency difference when the pseudo-signal interference factor with
interference field strength is fixed radiation frequency offset
Pl 4 437 [ R B A — I 9 P 15 fi P B S 00 2 1 A2 Ak B s B P (R 5 T T B AR A R 1 ZE

083001-6



BRESE . RIBER W IS S T RO T AR B

2.4 {RIAGHIS S M AR X E i ’s
{2 4 S0 95 T (—140~ 140 MHzZ) P4, — Wy 2 8 £l £ 2 ftting curve o
TR TR R, BT B P U T B e et ot i
A R A A TR 5 AT 2 s)
SERSPEUR M 0.1 MHz & UK Q=02 MHz B8, JE7 B 2
T BIER TR, B QDI ERE S S
o A B B R AL e B SR 6 = s
5 T o IR 24 TSR L 1 T 2 5 A 1 o
2, A B ER AN, 8 (5 MR 9 [ 01822 /0 T 0.8 dB. T

I i 1 20 dB YT O 155 TR AU 28 R 0~ order mautual frequency modulation difference

second-order mutual frequency modulation difference/MHz

2.9 MHz, Fig. 6 Curve of the relative value of the low-frequency

25 HRESHHEE pseudo-signal level with the second-order
RIEE 6 (K585 5 Ha S A0 X E BE By B )8 46 22 i 28 cross-frequency modulation difference

AL A 2, AR08 15 5 F 3 o S X(AF) 1 B /M 6 ARAIOA(E 5 v~ A% B — B L 98451 25 (AR 4k

WU 0 dB, i 15 1 S 4 X(2)=0.5 dB; KA 5. [ 6 WA 45 R A4l th £k, o — B TR O 55 TN 1 R4
D AR5 PR X (Y e A HUE S 0 AN 2. 3% 3 T3l
#2 “HEAHESTFRETF sONHHMIRER

Table 2 Test results of second-order intermodulation pseudo-signal interference factor Br(Af;)

Af/MHz Br(Af)/dB Afi/MHz Br(Afi)/dB Afi/MHz Br(Af)/dB Af/MHz Br(Af)/dB
—340 10.3 —-160 114 20 12.8 200 10.8
-320 10.5 —140 11.9 40 13.0 220 10.4
=300 10.5 -120 124 60 13.2 240 10.2
—280 10.4 —-100 12.7 80 13.3 260 10.2
-260 10.3 —80 12.8 100 13.3 280 10.2
—240 10.2 —-60 12.8 120 13.0 300 10.3
-220 10.2 —40 12.7 140 12.5 320 10.2
-200 10.4 -20 12.6 160 11.9 340 10.1
-180 10.8 0 12.6 180 11.3 360 9.9

x3 RIAAESEFEINME X AN HWARER

Table 3 Test results of low frequency pseudo signal level relative value X (Af)

IAf|/MHz ~ X(Af)/dB || |Af|/MHz  X(Af)/dB || |Af|/MHz  X(Af)/dB || |Af|/MHz X(Af)/dB || |Af|/MHz  X(Af)/dB
0.1 0.4 0.7 0.0 13 2.4 1.9 6.3 2.5 115
0.2 0.5 0.8 0.0 1.4 3.0 2 7.1 2.6 12.9
0.3 0.4 0.9 0.2 1.5 37 2.1 79 2.7 14.7
0.4 0.4 1 0.5 1.6 43 22 8.7 2.8 16.9
0.5 0.2 1.1 1.0 1.7 4.9 2.3 9.5 2.9 19.6
0.6 0.1 1.2 1.7 1.8 5.6 2.4 10.4 3 22.7
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U, LR S BRVPAN ok e, MO f 5 AU i P AR 32 BT 15 00 T 3 9% LB b T i, 99 4 22 [ T B A2 K 22
St o A PRUEATR SO PPARER 0 ST 1, T B B A (5 5 TR A (19) BEATE IE
31 ZHEENES FHREAALE LS

TR 2 T SR D 059 9 T DA 55 5 SR T o, T 552 B DA B 8 1 P Ak DR £ 5l T
e HLF, P T2 T A e BRI I T O 1 5 U L P T 0, A B B S AR 6 s AR O £
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FSHHABEEX). X(HZ LS hE S Fy. Fg Z HEAHTE, B
X()/Xs(f)=Fo/Fs (28)
SE R PEAR I B B P 5 T PR HE 2L Ry,

GT,\(f)T>(f>)

2
Xs(Af) (29)

RFSZ(Af) =

FIH(4) . (8). (28) #& H Al 15

_ FoBeABAS) B, By
Risi(8f) = = e p e ) () (30)

A (30) BP o 6 1) — B 5L OB 5 5 T AR AR A
32 ZHEIFMHES TR A E LR EIE
Ay 6 UE B TR A £ 5 T R0 A AR 2 3 AR, SR S [ SRR B S R ) T B 00 2 AT 2 4
T B O AE Tl ST RO G, F A R B A A T T RN AR R e b AR R AN AR R S RO
Oy B O (55 T IRV 16 B Rpgy, RIS BRIPPAR 222, Z5 R AN5K 4 g, B K% 1.0 dB.
x4 FEHREEBET_MERMES THAMTRH

Table 4 Interference effect evaluation of second-order intermodulation pseudo-signal under different sensitive levels

criterion/dBmV Afy/MHz Afy/MHz Br(AR)= Br(Af) X,(0.6M) (%.EE—;)/dB Rpsy/dB
-0.6 0 12.6 0.1 -30.5 0.6
6 -03 0.3 12.6 0.1 -32.1 -1.0
0 0.6 12.6 0.1 -30.2 0.9
0.6 0 12.6 0.1 ~18.6 0.5
18 -03 0.3 12.6 0.1 -19.1 0
0 0.6 12.6 0.1 ~18.9 0.2

WCHURE L P 15 dBmV ., B A 25 0.8 MHz, 78 4 5450 70 BBl P9 2647 B B 08 PR A5 55 i S T PR An 156 . ot
I, Fo/Fs=—3 dB. X(Af) =0 dB, —Bi HiRNE S TP 1 M Fa g R an e 5 g, #EmguUsdn i i F6 (=300 ~300 MHz)
W, DS S RN 550 Reg, (BIPPAS 1R 22) e Kl 1.9 dB.

IO 15 dBmV, XU T LA A P 1A TG 5 i8R [ 2 76 2 30T I8 1 TAEMR, U8 5 — T e 5
(R 080, E K L IR A 22 3 TR N R AT B R PR AE S G AT RO KB . LB, Fo/Fg=—3 dB. Bp(Af))=12.6 dB,
Be(Af)« X{(AF) 1 BRUE S I3 1+ 55 25 SR an % 6 I 4], e B50ak B R 43 22 3 B 1N (0~ 3 MHz), PR {5 53000 46 2 Rps, (RITT
fliiR 22 ) e KA 2.5 dB.

x5 XEHREEEZMERMES FHRULIERY *x6 XEFRMELCE_MERMES FRUITERY
Table 5 Interference effect evaluation of second-order intermodu- Table 6 Interference effect evaluation of second-order
lation pseudo-signal in large radiation frequency offset range intermodulation pseudo-signal with large intermodulation
E, E frequency difference range
Af/MHz Be(Mf) (- 25 Rysy/dB uency &
10 E20 E; E;
Af| /MHz A X(Af)/dB —.—)/dB Ryg,/dB
7300 1075 ,19'1 ,1.1 | fl ﬂF( f2) r( f) (EIO EZO) FS2
—200 10.4 -18.0 -0.2 0.6 12.6 0.1 —21.5 0.6
100 127 —224 0 12 12.6 1.7 -19.6 0.9
0 12.6 -22.0 0.2
1.8 12.6 5.6 -17.1 -0.5
100 13.3 —23.5 0.1
200 10.8 197 11 2.4 12.6 10.4 -13.5 -1.7
300 10.3 -15.7 1.9 3.0 12.6 22.7 3.0 2.5

25 LR, Joie i o O A5 5 SUR L -, i S A R S (i R L R A3 22 31 R PR eSO SOUM P R S A R
e3P B B O A5 S RO R X 52 3 R Ik AT T B R DA AR o T IO IR, I AL R 22 2 P AR 7E 2.5 dB LA
W, FF A IR R 22 20K
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33 ZHEAKESTRAEZEEITMHRRE

DAL A B A | AR AR S B0 S AR R S 6 90 F R LR, B R T A 28 A B LR DR AR S T M RN A AR
T B S %t 32 3 T TR BEAT F A RO LRI Y, o L SR I S B JE T, 32 BT S0 O 15 5 BURR
HL S B A DR A5 5 BRI 25 1) R BGE Bl R AT AR R 2 00 3 i J R AR A T BRI e R ARG o0 A1,
ZAX TR B AT B B O AE S TR RN I B Al RS T A | DR A5 5 SOOI Y PR 5 T R AR T B Bl
T BT VA s AR AR B R AR 2 Y B, A SRR S A LN T B T AR S e B I LR PR A
5T RO TP 4G5 RIS U T 0 206 16 3 5 R DA S 80, 538 M 1 — B B O A5 5 T A A5
BUIHE Resa(Af) » Resa(AF) =1 2K SA A0 T HAF SE AT B IR O 15 5 T30, Resa(Af) <1 223K
EASHI W EIRNE S T 2 — I FE A e A 5 55 5 A XU T 40418 1Y Resa(Af) , 25 H R
B E IR E S T r R R G A A B I TR A AN S B I BN E S TR PP A5 i .

4 & &

AR SRS T A 2 A% U H R R AR S OV AR S RO LB, S T B B DRSS T sk AR A, 45
TR SR PR E T R B R O A D T DA R, A B TR R LU0 0 E 1 AR A A v A
WIE P, FEEEU T (1) 32303 578 58 S0 35 Bl (—140~ 140 MHz) PN, K B ROV 5 TR FEUEE K, —
W L 58, E R A0 5Tk 200 MHz 495 Bl A BRI 55 /0N B itk 2l A1, 3% W B U T8 17 58 i 18 K, e BHLZE T
PRl E B 22w, T I AU B 5 T AN B T S B B BRSO A5 S TR s (2) R AR O 15
H, S AH X B 7E 0~ 1.0 MHz I BE AR 35 R 78, 76 1.0~3.0 MHz I 32 A5 15 K 2 20 dB VL I, % P 7E—ERE R
W T 3238 T Ik SR SOHL I S A 0k 2 B T (3) JCIR R AR D A5 5 U L, A R AR R S AR . R L IR AR 225
L DA 8 BUUT FL R F S AL  SR TS 3 B B AN A 55 T R AN AR A X 27 X T A AT o LR O 1 5 TPk
AR, PEAR IR 22976 2.5 dB LAPY, AR08 2000 T0000 75 2k BE A% % WL T4 B 3k e 4 B B BB 5 5 T .
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