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Multi-physics coupling-based multi-parameter joint optimization
technique for aerial target infrared detection

DING Xiang"*, QIAO Kai'?
(1. Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094, China;
2. Nation Key Laboratory of Space Integrated Information System, Beijing 100094, China)

Abstract: One of the key areas of advancement in space-based infrared sensing is the high-sensitivity detection of small
and weak targets. A major innovation in this regard is the design of the infrared detection system indicator, which is in-
fluenced by the characteristics of the target background radiation. The effectiveness of space-based infrared detection is
significantly challenged by airborne targets, especially civil aircraft. These targets are active in the upper troposphere
and lower stratosphere. They exhibit weak and variable radiation characteristics due to complex background clutter and
atmospheric attenuation. Aiming to address this issue, this paper proposes a multi-parameter joint optimization method
for an airborne target infrared detection system based on the coupling of the multiple physical effects. Firstly, the initial
optimization of the target detection spectral band in the sky is completed based on the spectral radiation characteristics of
the target, the background, and the spectral atmospheric transmittance change characteristics of the target-sky-based de-
tection platform. Subsequently, the detection sensitivity requirements are proposed. Then, a system parameter optimi-
zation method is established with the target motion speed limit, earth background limit, and detection sensitivity as the
three major boundaries. This method facilitates the creation of an infrared detection index system for air targets.

Key words: Airborne targets, Infrared detection system, Multi-parameter joint optimization, Infrared detection
sensitivity, Detecting spectral optimization

51

T

iz TS LSRR Bz ik, xS
P PRI s WA 28 T e R Ry 2 I ) 2 EERIE T 1]

B HE R O LKA R R B
s ety T UL T & AT L

AR Y2 o B bR i A 4 RS b, )z N T AS

Y5 H #3:2024-09-18, 1€ = H #7:2024-10-17 Received date:2024-09-18, Revised date :2024-10-17

{E& B (Biography) : T HI(1995—) , %, UK , LR PR, AU 50 BRI 538 5 B R W9 T BB 5% 50, i, 2 B 50 U R B3R 63 B )y
] E-mail: dingxiang1212@163. com

: J‘Eiﬂﬂf%(CorFesponding author) : E-mail : dingxiang1212@163. com



34 T A A SET ZY B RS b B RRLLAMAEN 2 S H0K S

TAERT R B A, FLas 7 26 0 [ i) ) Bl DXk
PEATRFSE A SL W R 1, BSR4 A1 Y S R Ty
Peo SR, B2 2 b BRTY S A I R ORI A
HARRLLAMEAE BT R R P T 25 o H bR i ]
PRI o PRI, A5 25 v H bR GG 4 S e O 57
5% 28 v H bR 9 R LT AN 4 B AR 2R R R 2 AT
FIIF ST TR
H s B 2L ZMRRAE A 5 02 43 B JH AT A 0 1 1 i
W“o§¢aﬁﬁﬁﬁ%ﬁ$%ﬁ%%ﬁ%ﬁﬁ
a5 K FLAT B S ) 2T AN S Rt 2 5T 1A BA
ﬁﬁ W B AR LM IR R IE T I I, O
T B bR 21 H0 5 5 R AR A R K s b B bR 4L
M SIERE AT T HRUE ", RITTFRAREN
)25 v B bR ik 5 R B RS (A BAE RDE R T &
ZRIADETE R ST AR, XS v B ARG SR S R A Y
ﬁ%%ﬁ%f&%h%%%ﬁmﬁﬁ+%ﬁﬁm
YEH , P I [ N AR AT T AT 2~5 pum DG Rl
N 22 ERINTE B 1 B s R 2 AR I R4 RE SR T T A
ST B T A T AR RIARHE IS BOA B A S K
SE b FE 5 R R B, AL 4 4. 14~4. 18 pm
2.65~2.90 wm.4. 25~4. 50 pm 25" gpxfas g g
PR 5 2 5 B0 e R AR PRI, Ni 45 A
PR T — I TR B A R SO 0 21 AR
BT | 3 o B B IE T x2S v H BRI a4 g
FEEFH> . H RN 2 T H AR BRI L RE 1Y B K 2
BONIET 2 RS HL, M 2s i B bR i AR &R
GBS DA K o Yuan %5 N BFSE T —Fil
FE TG 5 PR A S LRI 43 3 o3 b i (U2
2% T HA S S BRI AL RE B, FLZms T
25 W H bR 132 Bl B X I R A3 B 1] 2 5500 BRI
M EE X A T H bR S LI R 58 S BN A AU
e — RESHGE WG L, A A 5T 5
FR G e A0 R 3R S CHAR LR () 2 G &R A4
25 HARRRE RN S8 DL RGBS
BEXT AR 0], ASCHE T —FpI T 2 Y
A2 h BARZAMEN RS 2 S5 G FhH
%o WL, HAL T H ER R Y B ARiE sh A
B R E IR I 25545 78 A i 7 A TR 174 R R 2T AR 45
I 455 B A7 LAY 434 25 v B AR RN 2 b 3R Y
SCRDGIEHR SR B, 285 75 1 B AR AT bE B RER
T BE I AR IS R L oM B . i )m , S % R
I ZLREITAN J7 1k, 25 IR RS (] 35 SeFR 1 L H
B iz Bl PR P T30 AL 4% 1 % 2R G2 S 5 A T T

UL, SEBUAT X R G BRI RN R S
AU B, HFFEEE R = i B AR e AR L0
PR N A R BUE R A RS R At T
AR o

1 HIEEn

1.1 = ERAMFERIERE

23 AR AH R T 5 5 T e AT AR A
s g H AR, s A 20 R S R
559, HRFEGRMAAE T, B RGR AT o0 5 32 ©AT e 1
QAT R ORI A5 LI £ RO B v A S R R
My , AT R T PN 1R

I

d\'::t:hﬁf-}ﬁsﬁ

|
1
me-uw HR

fa

A

Rilﬂﬁ&ﬁ]m

o

K1 I$Eﬁ%ﬁ@%fw%ﬁ&m
Fig. 1

aerial targets

Physical model of space-based infrared detection of

Z5 o E bR 21 AN O RE R 2 2 h HLIACSE Bz 4
RS R AR S RIS K B4 PO SO 2 A, Ry 4 T
ST ELRR AR SRR T A F AR A 52 B2 S R B 3
T i 3 A e B AR DL R A AR s s e A5 O T 25
&, Bt i AARZLAMRHE R AR Y

= AbRfeEis sl fe b, 5 S AR ABE I

7 A AR B T AR 5 R I i 2 A I Y K
TR R RN T /T 1B HLUERA
B 152 Bz PR S AR K 1) g, R B R
5¢ B B2 R S R o BILAR 52 B 8 D' 1% 6 A8 113 A

JE -

1
/\S ATy 1 (1)

Horh 58— 4 5 % e, = 2mhe® = 3. 7415 X 10'W -
emum®, F 8RB W B ¢, = helk = 1. 43879 X
10*um =K, Ty, R 52 BRI  h o B v 8 40, K Ak
IR%E SR WLz g B b, B R AR OR,
BN A B SE  ER S AN RE A, JE A
AL A ], TRBILSE B IR

n:rmﬁ+ﬁ(vglﬁaﬂ , (2)

M(T,..A) =



446 g hh 5 2 oKk U e 44 3%

Horp TR CHLEE B B S X, T, LR JE BBk
SIREEIRE 5 B ML BEVR & R 8, FLE RoR T 3L
BILAAR ] P AR T v B o L, — B 0. 82~0. 84
v R S E R RS AR R Z I v=1. 4,
M, R CHLS R, A2, ACBH K2 i R
x2S v HBRZDAMERAE B 5 0 AT DLk 2w AR
HE Y RHLERR B KA ATEE HUA JE B
TR RS URSE J A B A e, (45 AL 52 7 T
FETR R UHUAS E R , H5E K
WET,, .
T, =T, +C(T -T,,) , (3)
Hrr, CRHTA R B
5 R BT E RHLAN R R R Z MR G,
AR SCRHLSE e K B 0. 51 HLIASE A
FRSSRIE L, M
1,.(A) = ‘9:" M(T, . A)A,, . (4)

Hoh &, NS BRI RS A A, RBERUIX (52 ) 2
TR E5 Z 18] B R

RBL R 17 A A el A R i AR
A IR SR T g i DR 2H R IR B 1,
ARz AR A — R AR SE X L0 TR fiE
IR R L BT A T 2 0 B MR TR A
P . oW, RRAEILEE 23 A0 AL TE A S AR R
K S e JEE 114 S BRI A KT R 2 ()
SR =S J AR A TR o AR AL, 5 /AT
JEFARA S, i b A P A U R SO
A LA H R U™ A 5 R A £ M R TS RE
FEAEPLE2. 7 um 4.3 pm BHT, K 2(b) N R
PAILTHMITE e 5 AR B R

MRS T B bR R Il B o A R AL, D Tl A R A
B S BEASE R SR ) P A o il BE A o D
AR, RORS /N B MXN, Se 73 il 4%
A% P ) S 55 5 P BT AT A% BT A5 31 B R
FR RS R, R RAA B LD MRS SR ], M

& \ M x N
Lo (A) = . SM(TMAL, . (5)
i=1

FE 1 NG RT3 A 5 RS 1) 8
LxW
PEICACLe . ()

b, LW o i3 RG34 R I BE
5¢ K BH I B S T 48 5 i S S5 R B,
JEFI R FHA AL, 52 B2 BB B -

1300K

300K

(a)

2 25 3 35
A/pm

(b)
K2 RHLRAE R AR SR« (a) 25 o H b R AG IR E 7
ATHEAE 5 (b) BAGLLIN RS R

Fig. 2 Spectral radiation characteristics of aircraft tail flames:
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(a) Characteristics of the temperature distribution of the tail
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Fig. 5 Atmospheric transmittance from target to detection sys-

tem at different flight altitudes
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