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Abstract: The effectiveness evaluation of fighter’s infrared countermeasure is the key of operational use
of weapon equipment. In allusion to simple infrared environment, fixed operational situation and single
component, traditional effectiveness evaluation methods are researched, which can’t fully reflect the
authenticity and exhaustiveness of infrared countermeasure. So the effectiveness evaluation method of
fighter’ s infrared countermeasure was put forward. The process of infrared countermeasure that was
divided into three phases was studied in accordance with actual countermeasure process, such as detecting
target phase, occupying phase, and killing target phase. The probability weights of different phases were
confirmed based on probability methodology. And an effectiveness evaluation method based on infrared
countermeasure whole process was proposed. At last, the success probabilities of accomplishing fighter’s

infrared countermeasure mission were obtained. Comparisons show that the effectiveness evaluation of
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infrared countermeasure is valid and correct, which can provide theoretical basis for infrared attacking

strategy and infrared defensing strategy.
Key words: fighter; infrared countermeasure;

probability methodology
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Tab.1 Detection probability parameter table of

airborne radar

APQ- APQ- AWG- APG- APG- APG-

Fighter type 7 150 9 63 65 66

F/A-
F-16A

F-5E F-4E F-14A F-15A
18A

Fighter

Detecting target

, 37 30 160 100 120 74
distance (10°m)

Detecting target

- 0.85% 0.85% 0.85% 0.85% 0.85% 0.85%
probability

3.1.2 ALk Lo s aR A A
PLERLLAMRIIME AR5 2

(=0.1625R/R,))

Pr=(w/360°)xe (4)
K o WELAMER T R, HbRUE L IR RS . &K
FRWUTT R UL At A S0 B8 A o D LR LT AR
W
3.1.3 RALAILR AR R

B AU B RS HUR ST R B R H A & B
HFRBESR Py, 7EREULEE S5 BT , BB SEHLR S
5 HM R BRI R R 2 fs

0304008-3



gk A2

% 3

www.irla.cn

% 45 %

14.0 .
13.5 Lt O
13.0 1 ¢
12.5
12.0
115
11.0
10.5
10.0

9'550 60 70 80 90 100 110

Size coefficient/m’

K2 BERHLNT 280 H A B F AR B B 5 AR i 42

Fig.2 Relation curve of fighter’s size coefficient and visual

Mig-27
A-7

Detecting targeet distance/km

detecting target distance

K2, B A BPREES HiR R R2EOF
AR R B /AT Al RS I 10 m? RSF &R
B, U2 H AL B 253 1 900~1 000 m,

ML ST 2B 60 m? 1 H AR, FEA R
(1 000,2 000,3 000,4 000, 5 000,6 000,7 000,8 000,
9000,10000), PAN7A m, #&BLIHER P, 4(0.93,
0.85,0.79,0.74,0.70,0.65,0.60,0.56,0.51,,0.47) , A~
Al 0 5 H A& B B ARBER A e R 2 an i 3 TR .

e
o
G

o
o
3

e
9
<

o
o
<

O!
W
<

Detecting target probability

e
ES
O

1 2 3 4 5 6 7 8 9 10
Distance/km

[ 3 AEIEEES 5 H AL I A AR R A OC R
Fig.3 Relation between different distances and visual detecting

target probability

PRI B B A B E A 04 B 25 58 21 4 0.85 B, 44
USRI A
3.2 HACEIhEEER

— BRI E] B bR, SCHPLRIRTIEA AR B 7E
R B, il L0 A0 S i ey B, R PL e e
Wikiz B4 R o] Yo 7 & A5 S50 0k 9 55
o7 57 ) A A S5 B T R SH ML A AL B 1 R
H, Mg Bk, REEA S 30G 80 2, /)
AL RS AN AR v O [RIAE R 5 T AN
[ AL RS |, 32 T ORE XA EE 2L A% T LR

ZLANTBL B B o5 L S Py, SEATHIESE
3.2.1 AALFELL I AT F & AR A&
LB LT MG 5 R 3 Py /N
32 AT T A S R A S
P =w/360° (5)
K o T AT B A B IR fBise HE A S i ] 1K
o A BE YU R 29 2 3000, 5 67 YA SR AT R A5 T
300°/360°, EJ 0.83,
BB 2T A e ad i v, MLARFR I 2R G i St
PRI BE H bR 2 A 55 20 T e o ] B, 76 o
B B B BB I, 2 F b B ARG — 2T .
s [(0/360°)e"™ fipu<t<T
T w360 1>
2 1.6 PRI G5 20 H AR 0.85 B T4t
D3 B[] 5 2 2 5% S AL o 57 B B2 JIT 75 B5F 0] 5 7 Sy B[]
W, — RS 5 1 R — A A
T=max (t,, ) (7
Aot A ERCHHLEUE B AR 2205065 5 50 R 5k
Dy e ZEREF 1] 5 o R GRS HLIR S B B AR S, 204h
il - S T A CAT R[]
3.2.2 ALIE W LS b AS R T A F
LB ZEAP R AR, BTy IR B AR X T
R W EEAIC) N O IR 8 L A N SN A EA A DO B R YR

DE(0)

(6)

AR Py, T2 S R B | FIR U5 R
BRI  )
0,R=20km
i ngxgg)oo ,6 km<R<20 km (8)

®/360°, R<6km
AP o ] Hodi M BEE L R 9 CGHALS H A
MLZ B A BEES
DF(1)

Bedi Ty Hbsi Py AT

0,R=50km
P "= (1-R/60)(w/360°), 10 km<R<50km  (9)
w/360°, R<10km
H 2~ 3(8) M (9) Fb e vl T, Mok FF n 71 H A i al
Yo i g B 1 K

3.3 R BEHRHE
TSR ST bR R0 SR R f) Bt | 315
SIS S PUIE , B LT R R R R, R AL

0304008-4



gk A2

% 3

www.irla.cn

% 45 %

SxTPra b FEAE KT, — B HAREA R I
X, SN A ST S SCE HAR R G, St H
PRI AR T KE ARG, RIS (UK 55 it 43 i
Hor, i B AE HARB I Ve ae A 05 HAs , B S5
PR R A R, oA R S A H R
by et AT R AR B Y 5 H AR s 2 Bt Y it
BB SRR O A S SRR SRR RE A — A
AR, 5 AR RAE S WA BEERS BE , N T AT
RRCRE PSR 1 T B Ak H

(1) oI5 e T 55

TR LR HE B B9 B0 AR A R (s Yims 20) , B BRI
JC AR A (s 3, ), DS B0 R O

D=\ (x=%,)* +(V=yn) +(2—20)°

(2) PR TSR AT H AR R

5 Y32 Sh L A H ARis shlal, nl3kfs
SBEEE R R S S g P A AR AL N
R, B BEEE RO AT XS H AR B9 28 05 B 2R ik |

2 L T H AR A SR TR R

(10)

2 _D2
Py=—— > CEP? 1
) (R2+CEP2 || Rt g (an
" 1.386 -

A P O S O H AR B R D HE 5 R, O R 3R A

A A% D N TR CEP Ry 5 Y R AR R 1R 22
(Circular Error Probable),

A D) TR T 5 i B SR A T R A
X A U HE A B2 IR R ABOR AT SE , THR R S5 2R 5 52
PRECANS BUEE RAFAE— E MR 2E, &REBH K
E, 5 2 BOMCT S H AR A B3 RS

2 -D?
Py=—"—t—exp| p? , CEP (12)
CEP? ) R+ —

R LT
BlR.+ 1.386 1.386

K o Ml RO R B AT R B

(3) ZHF A H bR

0% S LR B[R] B 5 (0 2 K2 b il 2 S, %
Y AR R 35000 P, Pa, -+, Pty 2258053900
oy, I 4o+ +n=N B, T 5508
AR P R

n19n2,...

Pe=1-IT-P.)" (13)

SR P K SR A R =12,
4 LT3R eeE{H EHI

4.1 ERWEFEHE
fiHHL A B FIC RI R AL AR AR 2 B

x2 BRANMMBUEH
Tab.2 Initial condition of fighter

Flyi Yawi S i
Fighter ymf anlng Stealth uper'somc RCS Weapon mount Initial position
spee angle cruise
A 510 m/s 270° Yes Yes 0.1 m? Internal weapon bays, two medium-range infrared (0m,9000m,0m)
' ' guided missiles, and two near infrared guided missiles ’ ’
T _— inf . sl P
B 292m/s  90° No No  12.7me ©Wwomedium-range infrared guided missiles, and four o600 950000m)
near infrared guided missiles
T _— inf . sl P
c 202 m/s 270° No No 4.9 m? 'wo medium-range infrared guided missiles, and four (Om,9000m, 0m)

near infrared guided missiles

4.2 5 3FEENITE
2 W8 22 SCRk (141790 58 3F BLEL AN ST B BE 1 PFAk

FERI AR A 1507 B b S PLLD SR XL RE
PEAREER, K 3 R,

R3 KIMAABENTHEER

Tab.3 Evaluation result of fighter’s infrared countermeasure capacity

Infrared countermeasure capacity A B C
Infrared countermeasure capacity of dog fight 0.197 0.176 0.175
Infrared countermeasure capacity of BVR 0.537 0.456 0.374
Infrared countermeasure capacity of mounting medium-range infrared guided missiles 0.090 0.071 0.058
Infrared countermeasure capacity of mounting near infrared guided missiles 0.010 0.021 0.032
Infrared countermeasure capacity of fighter 0.834 0.724 0.639
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Fig.4 Detecting target probability vs time
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Fig.5 Probability of occupying success vs time between fighter
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Tab.4 Different phases’ infrared countermeasure
effectiveness evaluation results of fighter

A and B

Infrared
countermeasure Quantify index A B

phase

Detecti t: t
clecting farge Py=0.85 58's 3545
phase

Occupying time 7 t=142s 1h=3s

Occupying phase Probability of
occupying success 1.00 0.89

Py,

Probability of killing

Killing target phase target P, 0.90 -
Total time of infrared countermeasure 206 s -
Success probability of infrared
0.90 0.9207

countermeasure P, suc
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B AR A AT 0.1 m?; 1AL BB i 2
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A5 B AR B AR B Br 2 T
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Tab.5 Different phases’ infrared countermeasure

effectiveness evaluation results of fighter

C and B
Infrared
countermeasure Quantify index A B
phase
Detecting target E
Py=0.85 282's 365
phase
Occupying time 7 1=95s t=12s
Occupying phase Probability of
occupying success 1.00 0.93
Py
Probability of killi
Killing target phase robabiity of kitung 0.83 0.99
target Py,
Total time of infrared countermeasure 388 s 383
ility of inf;
Success probability of infrared 0.83 0.920 7
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