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Research on infrared anti-jamming evaluation method based on

principal component-analytic hierarchy process

Wu Xin, Wu Youli, Niu Deqing, Liu Tongxin, Cai Yuxuan, Xu Rui
(College of Aeronautics Engineering, Air Force Engineering University, Xi’an 710038, China)

Abstract: In order to improve the objectivity and accuracy of infrared anti-jamming evaluation, aiming at the
problem that the subjective factors of discriminant matrix are too strong in the process of evaluating infrared anti-
jamming ability by analytic hierarchy process (AHP), an infrared anti-jamming evaluation method based on
principal component-analytic hierarchy process was proposed. Firstly, the correlation coefficient matrix between
indexes was solved by principal component analysis (PCA), and the index of average influence degree was put
forward. Then, through this index value, the discriminant matrix was adjusted according to the established
adjustment rules. Finally, using the infrared anti-jamming simulation data, combined with the adjusted
discriminant matrix for AHP, the principal component-analytic hierarchy process infrared anti-jamming
evaluation model was established. The simulation results show that the model can better evaluate the evaluation
results of infrared countermeasure in the corresponding jamming environment, there is a negative correlation
between the confrontation result and the evaluation score. The score is bounded by the £=1.0, and the evaluation
results of missile hit are all above the average. The evaluation result of infrared anti-jamming under this
countermeasure condition can be observed intuitively.
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jamming evaluation

is B ER:2021-01-15; 1517 HHB:2021-05-14
EBEN: R, B, w4, FENFLANRHTT eI .
S IffaI A F, 5, 27, A SO, 328 N S S S A AR .

20210060-1



ISk A2

%114 www.irla.cn % 50 A
0 5] 15 ELEE, 81t PC-HP A 7% Fr i i 21 b 448

LLAh2s 23 S ST HALEh RS | iSRG . =k
T LS OLH, 763 JLR I Jm 3 i 4 b & 45 T AR
H, 25 ZE30 K B R A A v i i AN (B, SE AR &
Je o Rl s s Sl P AR A, K 51 I B I
Bl 2T AR S R A K B2, A AR T Br 7
ARWrns, B E pAMY 30T T BOR LA ME
SEAMTARML, o LA HRALR ST X215k 5 i 5
S, H R T LD AP R R S A B L 2L AR AR
il 5 T B A, DR M AT M T N FH A ol 2 4 i AR
PN AWI N K B/ W AR5 R R U)W A
JUT AR — A FH R, |

20 t2d 90 XA, LLAM L T PR3P Al JF i 5 2 ¢
o M2 A R PO (AFIWC) BT 1 s g2t
ST ARTEAL L (AIRSAM) T 1992 4E 58 43} % 2 [ [
FRZS EH O (NAIC), AP LT /M A pi b
E LA S 8L T B, 20 40 90 4R, # [H
Fp g K 24243 Surng-Gabb Jahng DA K H: A1 AT X B0 2R
L3513k | B[RO PR R S5 | S 4548 L
T B 21 AMF T 4005 5 00 3R 30 3k F DA R 3 5
SR RE ) A KB T RE BT, RE ML AM T
PR 50, B arsr st 551 R M P A PE,
YEDN) 2 AL A 5 DN | AR U | T R 0 L R
45 AR g AR N FH o D0 S G A T M AR A
BER G MBCEYy ik Wy ik L B ATk
P H 2 Hi2 2R T S Saaty T 20 42 70 41
AR A2 A3 HT (AHP) 325 7] LUK ELAR 17 1540 i
Hw. N W52, B AR i R 2 i fk . 5L
Ak, O B 2R 0 P O n) A I A R T,
AHP 7E R %8 RGARETPAL . 20T THRIFAG 15 5
e . (B AHP 7R {3k 8 v AT — A B S B
S 0 R B ) B R B SRR B AT B A R
AR, AL

SR AN G5 Sk A JE M TR L S
SR T AR R bR AT A R L0 AN S LR A BT
T RBIE AR R . A 3 -2 R S T T A A 7Y
(PC-HP Model), FI|FH 537471 (PCA) P A AHC &
B % 2 R AT B AR B A T B IE, i DR VR A
T A 0 ) — B ) A e R 204

BRI Z AT IR A . 07 BRI AT 4B B
1.0 432, R RL/AN T 10 m BIEA K Sl e 035
25 FHLE AL L, AT B R th b
BLFHRS5 T MR, BR AR T £ AN 0 R A4
H T R b, SR T IS BT P X A
GEAH

1 5T HfEtRE R

TR A NS eI SR = 1 1 7 N (Y B A
LAt H g e, ol kB JE v biTIerEne
e D R 5 58 BB A R4 B A 5 I 21 4 25 A8 2R
BT IFERN =T . 456 X =0 1 2R
WA LM T IL B RIR A R
11 S3LEERMH%

LLAM AR 2 5| 3k FE B O U R G bl B) R
G AL, XA RGEVERE S B U R 2 A2 55 |
KRBT MERE

JerE AR R G Ok A B FRRYLLAMEST, K
BeF IR B MG IR IZ R AT Ib 2R, e 45y i A5 5 1%
BRI ARG, ) EEMRS B OLEE R
(Light Transmittance, LT), ££1f (Focal Length, FL).
Y1 (Field of View, FOV), ¥4 Wi (Scanning Frame
Rate, SFR). £l (Detection Rate, DR). [El{% Ab ¥ J
] (Image Processing Cycle, IPC),
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Comprehensive performance index

of infrared anti-jamming A
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Fig.1 Infrared anti-interference comprehensive evaluation index system
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Construction of discriminant
"| matrix by delphi method
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Correlation of principal
component analysis

No
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Whether meets the
requirements of
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Whether it satisfies the
consistency test

Output discriminant matrix

[€ 2 PCA EIEFIHE M
Fig.2 Process of PCA modified discriminant matrix
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Tab.1 Quantitative scale

Comparison fand g ag agr
fis as important as g 1 1
fis slightly more important than g 3 1/3
f'1s more important than g 5 1/5
fis obviously more important than g 7 177
fis absolutely more important than g 9 1/9
Adjacent judgment median 2,4,6,8 1/2,1/4,1/6,1/8
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Tab.2 Mean random consistency index
Order (n) 1 2 3 4 5 6 7 8 9 10 11 12 13 14

RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 1.52 1.54 1.56 1.58

24 CR<0.1 i} BIATSA Ay A0 300 R e i A — B0, 5 B HE R 15
O 3% ] 8 2% S 95 T A N S R B, AR B R AT B A W& = popEh . e (18)
R 234 IR
233 ITFARITA G B AR S AL ‘ RSN TH D FOR 56 ST T B 5,

WS k12 B n D8RR LLAM T 5] R 58 19 25 ¥ 0 B 5 % B=B,, B,,--- B.], - B(i=1,2,---.,k)
CEIRERATE S AU A (Wtk‘”,Wék“%-'- s R m GEROH T A7 ELRCE R Z-Score 4

Wi T AEH k2 BRI n A TRER SR (k1) R 448 B T AR AL AL 445 5 B, B3 5 BT ] Bt WO
PREGE AL [ 5 PO = (PO, P20 Pra®), o I S, R A R A BT T 00 B0 i TP AL A5 2R TR A
k JZARRXT LN 35 R LR G TR G UE 2Uh:

WEWU‘)%’: bt bi.i - B./' (19)
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E=B-W® (20) ((°)/s). D8 MAEZLAAE BE ((°)/s). D9 N i A5 PR EF i 2
A i=1,2 ks j=1,2,---,m; B var(B))5 3 K ()/s). D10 KR D11y M EEHEAR , D12 Jy
BT 1 57 9% WA ] (s), D13 S PO DI . D14 2 H s

3 FEIRE

3.1 ERSSHHEXE

FIHPTT PR B R G AR 10 A8 bR Bi
10X 181 J5L IR JE [, 45 Ar B8l n 35 3 TR, Hoh
DI N (°). D2 A6l &% D3 AR (cm),
D4 AL (fps). DS M (10" em-Hz">-W™),
D6 N & 1% 4b B TR 9] (ms). D7 b fix K B B £l B

KL fiR 2 (°). DIS AT G2, E1 h#H
FEES (km), E2 Mk A (°). E3 N 1i0E

XoF S G R P A v Ak SR BBCHE B 22 8] 74 #H G 2R 4L
JERE, FIHZA S (10) 3R A8 AR 097 252 w2, 4k 4
Flin e B3 4 1AL KPR MR 2 (D14) X H A g
i 1) 5% e B A K, LU O RS AL B 4 (D6) 5 R
2R (D3), M7 f (D) % HAth 35 45 1 52 ) 72 1 #;
AN TE IR A BEAE A /N, AR A (1) AR
1B IO 3V R B

= 3 IEEREHE
Tab.3 Index data

No. DI D2 D3 D4 D5 D6 D7 D8 D9 DI0O DIl DI2 DI3 DI4 DI5 El E2 E3
1 10 0965 273 2 49 15 14 03 005 0.774 0.075 0.001 092 0.18 1 4 10 0.9
2 7 0987 272 2 57 16 13 02 004 0595 0016 0.0035 095 0.16 0.97 7 30 0.89
3 9 0.967 269 2 37 15 14 03 003 0676 0.044 0.0022 091 021 0.82 6 60 0.93
4 8 0975 26.8 2 43 15 15 04 0.05 0.88 0.059  0.0008 0.9 0.18 0.55 5 40 0.91
5 11 099 271 4 2.3 17 15 02 0.03 0231 005 0.0028 093 0.19 0.73 4 90 0.88
6 6 0.985 27 4 2.8 20 14 03 0.04 0.702 0.05 0.0014 095 031 0.64 3 120 0.94
7 9 0973 273 4 1.5 20 12 04 005 033 0.035 0.0045 093 0.84 0.46 8 150  0.87
8 12 0983 269 2 33 19 13 03 003 0498 0.026 0.0024 091 0.17 0.39 6 160  0.92
9 7 0.98 26.7 3 54 17 13 03 0.04 0159 0.024 0.0032 092 0.2 0.84 5 70 0.93
10 8 0.95 27.2 4 47 15 14 02 005 0967 0.047 0.0038 093 022 0.78 7 110 0.9

& 4 fEARZ BRI R B
Tab.4 Average influence degree between indexes
Index DI D2 D3 D4 D5 D6 D7 D8 D9 DI0O DIl DI2 DI3 DI4 DIS El  E2 E3

R; 3248 3564 4.019 4350 5804 5.847 4.809 3.676 3.829 4.558 5.307 4.955 3.909

6.039 5.009 3914 5.605 3.893

32 MEITE
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TR IEJR , SRAFAG TE 5 A0 P 9 d KRR LA B
FERT IO PR RFAE 1], S AT ) 30 R e ) — B

B 2 Am X B b 119 40 S50 B LA R A X AU 4

F 5N,

C ZEABbrXt B 2E45 b A9 0 551 e B A0S AL EE

6 iR,

D AR FRXT C 45 1 H4 5 4 B L A A 4
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Tab.5 A-B discriminant matrix and weight

Ry Bl B2 B3 Wy

BI 1 1/7 2 0.131
B2 7 1 9 0.793
B3 12 1/9 1 0.076
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Tab.6 B1, B2-C discriminant matrix and weight

% 11 E~B3 ¥I54EERINE

Tab.11 E-B3 discriminant matrix and weight

Ry, Cl C2 Wei Ry, C3 C4 Wea Ryg; El E2 E3 We13

Cl 1 2 0.667 C3 1 5 0.833 El 1 173 1 0.2

C2 172 1 0.333 C4 1/5 1 0.167 E2 3 1 3 0.6
E3 1 173 1 0.2

& 7 D~C1 ¥ 55 EpERINE

Tab.7 D-C1 discriminant matrix and weight

Ry DI D2 D3 D4 D5 D6 Wpe

D1 1 1/2 173 1/4 1/5 1/5 0.046
D2 2 1 172 173 1/4 1/4 0.070
D3 3 2 1 1/2 1/3 173 0.112
D4 4 3 2 1 172 172 0.180
D5 5 4 3 2 1 1 0.296
D6 5 4 3 2 1 1 0.296

= 8 D~C2 H|FEFERINE

Tab.8 D-C2 discriminant matrix and weight

Ry D7 D8 D9 Wpro
D7 1 3 2 0.540
D8 1/3 1 12 0.163
D9 172 2 1 0.297

R 9 D~C3 H|H4EFERINE

Tab.9 D-C3 discriminant matrix and weight

Res D10 DIl D12 D13 Woi0.13
D10 1 1/4 12 2 0.135
D11 4 1 2 7 0.524
D12 2 12 1 4 0.271
D13 12 1/7 1/4 1 0.070

%z 10 D~C4 FI54EFERINE

Tab.10 D-C4 discriminant matrix and weight

Rey D14 D15 Wpia1s
D14 1 3 0.75
D15 1/3 1 0.25

X Db ) ) A A — B R A e, G 2 R A
SR 2L (17), (18) Tt )2 8T H A% 2 1 246 %)
FUE W=[0.004 0.006 0.01 0.016 0.026 0.026 0.024 0.007
0.013 0.089 0.346 0.179 0.046 0.099 0.033 0.015 0.046
0.015],
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Fig.3 Revised comparison of miss distance and evaluation score
3
10 . * MD
w & N E
* *
102 E —FE=1.0
— MD=10
E
Q * * # # *
; 10 S
X L
L3
10— r s S
+ * + * + e
107!

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Group

P 4 EIERTRIBEAL i SIEAG ST 200 L

Fig.4 Comparison of miss distance and evaluation score before correction
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