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Research on optimum operating point and detection probability

envelope of airborne IRST system
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Abstract: According to the difference between theory detection and battlefield detection ability of
airborne IRST system, the relation between airborne IRST and operational requirement or detection ability
was analyzed firstly. Secondly, considering the operational factors as relative entering angle, azimuth
angle, pitch angle, environmental background radiation and so on, the models of detection ability in level
and pitching angle on airborne IRST were built. Finally, the concept of detection probability envelope
was put forward based on operational environment and the character of detection probability, and the
model of detection probability envelope on operating range and the ability of airborne IRST and its
probability were analyzed quantificationaly in different battlefield situations. It can be seen from the
results of simulation that when meeting the demands of false alarm probability and SNR, the detection
probability envelope has optimum detection point, which provides theoretical reference for guiding aircraft
to change the situation and develop the operational effectiveness of airborne IRST. Meanwhile, it also
provides theoretical support for simulating real battlefield environment and test in lab.
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Fig.1 Diagram of IRST detecting target
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Fig.3 Diagram of angle level detection with the target as center
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Fig.4 Diagram of basic battlefield situation
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Fig.6 Envelope of airborne-oriented detection in level angle

AT, B A B0 BE 1 4R 2 i SEBRMLER IRST
(4 )5 7 MR 3l £60° B g 1Y), B P LR 45 T HIL 4R
IRST iz K AE FHFE B 4 26 A R R F 28, e AT
HIS Bt 2 7 £ 5 O° T R B0 A 5% ML AR U /N

AT AS 2 R A A A SE MR, 45 H DA
ZRMIL A L B4 ARF AV 3k RT3 446 T BE 77 f 26 1) L
S5 7 AE 8 s, B I f EE RR D A B,
B e (0,90°) WM, B e (270°,360°) Bl i f | sk
K, BRI R 25 530 Sk R 3t | FEACHR 22 30— 3K
ARt Ra s I E W 76 0B M R e e,
BEE AR B934, HLAR IRST #R300 FE B 52 Wi /) | HL
ARG | TR, RO AR B35 K, HLAR IRST H£9 #
B BN R A ER Bk — R B AR, R
P BRI SRR ML KRR s
R FRA)ZBE RN, i H R AR % 5 %
) b T 15 AR S 0 T, Rl LA A R B A A
15 TTORF FF1 4000 B 2 AR AR A5 DR IRF 1 Ak B 48

P 7 LA A o 64 A RFAD S8 Sk 200 2
Fig.7 Envelope of airborne-oriented head-on detection in pitching

angle

210X Optimitpi range St /3300

P 8 LAZAIL A v i A R4 38 R0 . 2
Fig.8 Envelope of airborne-oriented tail-on detection in pitching

angle

0504006-5



aohligk T2

% 5 2

www.irla.cn
——

% 45 K

M REHEAS L TR AT R AR 2 A
7, HESR R EMRE P=10"" I 133 an 8 9~12 (1)
o AR TR TN ARE 2 T L4 R, T 4 R A I

ax10

ax10th

g<]

.|\ i i

Optimum operating range/m

Pl O LB o 10 i KT 80 K0
Fig.9 Enveloping surface of airborne-oriented head-on detection

in level angle

£ B
S 1ox10°
8

o0

g

5 sx10*

&

£

B

£ ol

B 5

8

P10 LML A o 1 £ 7K T R 38 A 840 T
Fig.10 Enveloping surface of airborne-oriented tail-on detection

in level angle

Optimum operating range/m

P11 RUBRAIL 0 B4 A R A8 Sk 3000 42 T

Fig.11 Enveloping surface of airborne-oriented head-on detection

in pitching angle

AL B PRI R P,=0.92, 31X 2 H B B AL R DA

FRANE R L 2 [ B & R TR A, X MRIER
2o AT R o BT 9 TR 10 A2 LLEHL A oL Ay

FKP AR R AL, & 101 A 12 RN
LG B A IR R R AR i, 5B | IX 224531
T AR OUA RIS R AT, A3 PR3 il T R SR A8
AR DR, HLZRG IRST ZEHM A, i i1
W AR S AT, DU B SR AR

tox10' "

sx10°f

wne

Optimum operating range/m

0
Plrad

P12 UL 0 B4 A R A0 3 %000 4 T
Fig.12 Enveloping surface of airborne-oriented tail-on detection

in pitching angle

RS R R B A R A B R, Y
LEAFHIRTTOL . D . BRINAE R LA K AR % 34 5% 4
K, HBOR B HERAG P=107 B, U753 380 200 HE %R
P,=0.90, 4nl& 13 FlE 14 # BRI 24 16, & vp

e tae s e
LR

Optimum operating range/m

P13 LAy v 93 Sk SR ME 5 B2 T
Fig.13 Probability enveloping surface of airborne-oriented head-on

detection

1ox10°

5x10*

Optimum operating range/m
Y-

P 14 LB b 1 2 38 SR 0 MR a1 T
Fig.14 Probability enveloping surface of airborne-oriented tail-on

detection

0504006—-6



aohligk T2

www.irla.cn
——

% 5 2

% 45 K

SeWe 7 AR T A7 AR Z T Bl IRST A4 e AR AL
REEE, WA LUA 4 B AL T8 LIE AT H
Ak /I BE DRV [ PN AR A, HLE IRST BA et
PRI AR X R HLER IRST M9 AR iz FHERHE 751 %,

48 i

-l

il 1 RA S AR R B T HLER IRST 2 ZE#50
e, SCRAEE T ML IRST £ 7K 7 F 1 0F A #6006
T ERAERY | AE ML BERT 1 45 G 1 SO S5 R D g %
R Sr 1R B B IR B A A 225 iy
Sy AT, nT U, BRI RE ) A AR B R AR BEA A T5
R AR TSR SR R SR RE A0 A T B
[l A AL, BEA AT 45 SEBR A 0, [RIIN 25 1 T et
PRI T 6L o LRI, R 22 STk 21 AR AR ) 2
SEAEFFS AT R, R BETE 5 B PR B0
PRI BT A PRI 45 SR AT AE 5 SEBR A 22 80K, 520 T AL
2 IRST VESLAE JT A UEAPEAL DL — 2D K i i
P SCH RIS AE A AN E AT DL AL 2 IRST e fE T
VEFE I A5, A T LAXFHLER IRST #4911 5 A AR AR A
HHEBtZ % 5 X

SE

[11  Scheuer M. FLIR/IRST of the European fighter aircraft[C]//
SPIE, 2002, 4714: 1-10.

[2] Schneider Z. ELTA’' s IRST defense and self-protection
system[C]//SPIE, 2007, 6542: 654232.

[3] Lu Jun, Lv Tongguang. Application and development of
optoelectronic detection technology in fire control system[J].
Infrared and Laser Engineering, 2012, 41(4): 1047-1052.
(in Chinese)

R, BIEOL. SEH BRI BT K2 R gt b i o Y B K e
[J]. D450 TR, 2012, 41(4): 1047-1052.

[4] Diao Weihe, Mao Xia, Chang Le, et al. Operating distance
evaluation method for infrared imaging system under
complicated backgrounds [J]. Electronics Letters, 2009, 45
(25): 1309-1310.

[5] Gao Sifeng, Wu Ping, He Manli. Estimation on the operating
range of infrared system under complex atmosphere condition

[J]. Infrared and Laser Engineering, 2008, 37(6): 941-945.

[6]

[7]

(3]

[9]

[10]

[11]

[12]

0504006-7

(in Chinese)
(SRR S S (LTI -2 N -1 Ol AW R (S E
BRI, 205M 506 T, 2008, 37(6): 941-945.

Wu Hanping, Yi Xinjian. Operating distance equation and its
infrared search

e —equivalent test for system with full

orientation [J]. International Journal of Infrared and
Millimeter Waver, 2003, 24(12): 2059-206.

B Eier K, Gemperlein H. Simulation of infrared detection

range at fog conditions for enhanced vision systems in civil

aviation [J]. Aerospace Science and Technology, 2004 (8):
63-71.
Fu Qiang, Shi Guangwei, Zhang Xin. Modeling and

evaluation of infrared point-target operating range [J].
Infrared and Laser Engineering, 2013, 42 (8): 1991-1997.
(in Chinese)

A58, sy 4, SKRHT. £LA0 R E AR AR IR B B @ s 5 O
], LM 53O TR, 2013, 42(8): 1991-1997.

Zhang Jihua, Yao Dongsheng, Tan Bin. Analysis on effect
factors of ground-based electro-optic system detection ability
on space object[J]. Acta Optica Sinica, 2008, 28(6): 1178—
1183. (in Chinese)

ke Ak, BEAR T, wom. RO R G s ] B AR5
FEHTI. S22, 2008, 28(6): 1178-1183.

Mao Xia, Chang Le, Diao Weihe. Estimation for detection
probability of infrared point target under complex
backgrounds [J]. Journal of Beijing University of Aeronautics
and Astronautics, 2011, 37(11): 1429-1435. (in Chinese)
Tk, WK, M. BARHE ST LA A B AR IR AR A
BN TR AR K24 4R, 2011, 37(11): 1429-1435.
Yuan Yihui, Zhang Junju, Chen Zuolong. Simulation study
on temperature and infrared radiation characteristics offlying

projectile[J]. Acta Armamentaii, 2010, 31(8): 1090-1094. (in

Chinese)
R, WA, WeAl e, AT IR T IR S AL A R A

DT ELSE (D). £ AR, 2010, 31(8): 1090-1094.

Li Jianxun, Tong Zhongxiang, Wang Chaozhe. Calculation
and image simulation of aircraft infrared radiation
characteristic [J]. Acta Armamentaii, 2012, 33 (11): 1310—
1318. (in Chinese)

e, Eeh, £ OO AR AR T S IR

i E[T). £ T 244k, 2012, 33(11): 1310-1318.



