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Comparative analysis of mid/long-wave performance of infrared search and
tracking system for airborne target detection
WANG Guan, WANG Huilin, LEI Liang, NING Fei, QIAN Kun

(Xi'an Institute of Applied Optics, Xi'an 710065, China)
Abstract: Airborne target detection in the infrared has been commonly known as infrared search and tracking
(IRST), and its detection targets are point source targets. The detection range is an important and systematic
indicator of the IRST system, which directly affects the ability and effect of the system to perform tasks and is
the important basis for evaluating the system performance. For high-altitude IRST system, the detection range
is closely related to the each link in the entire imaging process, such as target, background, atmosphere, optical
system, and imaging detector, etc. Starting from the infrared radiation characteristics of the aircraft target and
combined the atmospheric transmission, the radiation intensity differences between the target and the
background in the mid-wave and long-wave bands were given. Based on the point source target/background
signal-to-noise ratio model, the comparison analysis of the mid-wave and long-wave performance was carried
out, which had reference significance for the design and analysis of IRST systems.

Key words: infrared search and tracking system; band selection; signal-to-noise ratio; simulation analysis
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AR CHLAIL A AE [l £ 5 18] A9 3582 T AR Stgetage
5 RHLSE B G )4 i s B A K (4), TRl
5 BETE Ay~ 2o B 6] A 58 5 58 2 Lrusetage.t, ~a (P
i West ) Al RIR K
_ Efuselages fuselage j/lz <1 [ le ] a1 (5)

5
LBl T/
n A T — 1

U Stusetage A CHLEE B TE M £ T7 1] 1) 45 5 T AR
BN M5 Epysctage N CHLEE R B T3 Trosetage N CHLSE
FERE .
1.2 kARG SMNE SR

TRHIL R T Y £ A1 S R THLEL A S Y
2%%£%T%ﬁkmm%#&Q%%%w%%

Ifuselage,ﬂl ~A

YL AN A o
1.2.1 ®AHUERF LIRS Oy w4
TRHLEE W 1AM e S R A B 140 R

JEE S5 R, (B S BRI f A G, B A UL H5c i, T K
HLHT 2 BR 0 A 2, B4 19 20 0 5 5 0 & 4
B o ARSCAUHIEFE ML K AR I N RAIL R B R
(R
122 Rrmiiirsh g stad s

JFE W A A T ] A Ay (B A AR, I TA kg il et
FREY . R r A R R, L R W E K,
Stiame A B WA TE I 227 ) B4R 52 TR, 5 8800 O
I AH G o DAL IE 0 Sk J7 M B, ALY
Y, HAE R TR Spyame=05 MM T4 0 Asf, HL 4% 52
TR Stame=21r; IIEJG 5 BRI B}, HASE A Spame=
s IFF AR T A0 Sk 4 00 Bk, R W A A fil £ 1) 1)
B W AN LR A Spame=20rsing), Hi 0 KLk 5
JFE WA K T A A

JFE M 1) Y 1 o S AR 2 R T L o
T, EEI N C,0. Hy0 4%, Hirf G0, Hy0 1l

LSS IS SRS A 2.4 um ~3.1 um F1 4.3 pm ~
4.55 pm, KN 0.5 MR

FE WG AE Ay~ Ao B B A [R] AY BE G e B
Tame -, CBAA. West ') AT 7R Ry

— 8ﬂamcSﬂamc J‘}z C [ 1
- 5| e
n A\ T — 1

A Ay~ A ARG 5 eqame A B WEE 2 55

]d/l(6)

Iﬂame,/h ~A

AR5 Stame N FE WA TE I 22 T7 18] (19 B85 11 AR, AL
% Tame M MG, HAL Ko
2 C6) g 5 Bl LAY e W3 e i S it B2 R

3, AR SIAL A BRI 4 A 0 B2 TR 5 0h
], = 2§1ﬂame A~y ( 7 )

flame, 4~
FH R R B ILZ ] ) 48 ) 5 e 2R K, 5 2 BB
B, B RAT R B O, Sl ETHL 0.9,
1.3 XHEGRELLIMES

HI AT SCo BT RTRL, QLSS B LD AN S A P il 5
KW A AR, TR WA R T AR T )
C,0. H,O, H-21 5h 48 5 AU A7 12 T v SOt 3% 7 [l
Mo PRI, TGP I 5 I Y £ A1 5 ik 3 T 3R
NA

I 3umsum = Truselage 3um~sum + Tame 3um~sum (8)

It,8p.m~12pm = Ifuselage,Sum~12um ( 9 )

2 XMAMNESFERE

DL B21 B B 2 KEDL A B35 4T RAHLLL AR S R
P B AT, RS SHOh: ILE 25 m AL K
16.46 m, 3 J&& 40.23 m, i fi 3 & 0.95 Ma, & i 7=
JE 12 km. B21 B2 5 5 KEHL A& ShHL R it bt & S,
S REARIL LT A G i B, O R s Pl S R A N
HEFHLAR TS 35, R 0w O 19 R g 1T, DA
FEAG R AL, [ & sh LHE < 3 A 2 3
2, i HL R AR IR /N R IR R & sh LI
=L
21 XNEREOMNESHFEFE

S BRI B, RS B A AR T ) A 5
. Shuselage M #7R

Sfusc]agc = Svcrtical |Sil’1(l| + Sfront cosa ( 10 )

A o 9IRS RBLHL A A BT 5 Sprone M
TRALPLAR IE A K B AR, BT 0% Syeniea A EHLAL
PRIEMFOLECHIER, 07 m,

SPSE- T/ IRSRERTIEE: 82 ALY T SR VA S



NG 2025, 46(4)  F R, SF: AAMERBER RGN ZS H R o X L AT « 889

2., K2, PRENLE, T HHEFRE, O ek
by, a AIE 5 HERAKCER T2 A, 0 A B2
£, PT=Rt, % i HbrpHE

p 0

o
A

o
B2 HNSEHRAENKERLREPHUEXRE
Fig.2 Spatial position relationship between carrier and
target point within rectangular coordinate system of

earth

H LS H AR s bR A AR R A B O R, Al
KA IZ S B AR 0 I o, Rk
(R. +Hy) +R:* — (R, + Hp)*

2(R.+ Hr)Ry

rp: R, JHIEREAR, R=637 813 7 m; R, i HAREIZRHL
MIRHE ; Hp R B3R & BE s Hy i B bR 3R = B .

2 1§ F-22 B B 6 2F MLAR R 5 4k F-117A B2 &
Yl HLA B-2 B B2 MENLZ 5 38 =R B R,
HRAHLSE Jz 2k 0% 5 2> 7] #9 Topcoat Z1 40 1 il
L, T AR P AT A (R 4T A R O, 5
B R G200 0.3, i B21 /E R 36 H o — 10 B
B W S8 KEDIL, W 0 52 K 215 4R 5 P g i A
K, A SO S L 2 A s SR RE IR T F22,
5% [ R BUE R 0.15,

D5 FAFANR : 201 %AT M B 12 km, B21 AT
B 0.95 Ma, HFrAHE 200 km~ 300 km, B21 K47
B 11 km~ 15 km, 5¢ f2 & 5532 0.15, il T AR
KAE 3 pm~ 5 pm, £ ¥ T /E W K 5 Bl 8 pm~
12 pm,

LR OF AT, B S B, 5 A K
R o L H AR RHE A OC R W&l 3 k. |
3 af o, FEEHL CAT S EE 12 km, HAR ¥AT M

a=arccos( -90° (11)

11 km~15 km, HFr&HE 200 km~300 km T, 1l
AR, HARHLSE B2 A & 5 5 5 8 AH L v
U S e B v P AN B A A M LR A
T, BT HAR 11 km~ 15 km “®A7 55 B8 X 8] 4 19 K
SIRBETEE, 2 B bR CATH RN AE N, HARSE 4R
S B A O e 1E G IR ALY 2 Y H AR AL
5 KR ST 5 B2 K BE AR ML 52 B 7 i 42 07 Il B 4%
AR AL AR 4L X B AR AT & —Ent, A
PRALAARSE B AE B 4 T ) 1 45 52 R FRBE H A5 #HE 19
B HG A, e E bR BLSE R B SR I R B B B bR
ARHIE A G I R Y B AR AR — s i, B EARHL
AR5 2 AR 2 77 1) 1 45 52 180 BB E A AT i B 1Y
Hehmom 8 O, i HARALSE K B 4R S o Bl H AR
TRAT R RS K

0.31
0.30 |
so20p 00— |
2
o 028
=
-!I—Rw 0.27 -
S -
= 026 -7
= -7 .
2 025F7 11 kmig e
s - 12 kmﬁg
b 13 ki
024 14 kmh i
— 15 kmﬁ'JEf
0'23 1 1 1 1 1 1 1 1 1
200 210 220 230 240 250 260 270 280 290 300
H A /km
(a) il
28
11 km
~ 27 :_f//’
2 2%}
=
;‘—glj:
R 25+ -
ﬁi I
o4t ST
Té -7 77712km%&":
S 23t 13 km 3 E
14 km [
- —— 15 kmi ¥
200 210 220 230 240 250 260 270 280 290 300
H bt /km
(b) Kl

B3 XHNREESEESBRRERNXRMEZE
Fig.3 Curves of aircraft fuselage radiation intensity with

target slant distances

22 EBBOMEEEHRE

D5 B4 A 3L AT = B 12 km, HARRHE A
200 km~ 300 km, E fin J7 R 45 (0.95 Ma) J2 5 47 1fF
PRI B 1 UE R 1.0 m, BB AR HUE N 0.5 m,
e I3k 745 (0.95 Ma) T 2 Wi I B2 U R 540 K,



* 890 -

ERESE X R

KRN 0.5,

WIFE B AR, IR Sk AR D, R
A G o E T B AR B OC AR il £k 4 5] 4
R

by | _—--"" 11 kmiys [
020 - = - 12 kmg B
i3 13 km Ji
015} 14 kmgy £
—— 15kmE &

0.10 T S S S S

200 210 220 230 240 250 260 270 280 290 300
HARHIE /km

4 XYERGESEES BRMENXRMEE
Fig.4 Curves of aircraft flame radiation intensity with tar-

get slant distances

& 4w R0, 7R AT E 12 km, HAR K
7% B 11 km~ 15 km. H A5 #HE 200 km~ 300 km
T, E S BRI, Y H AR AT E -, W H R
B WS4 7 B 42 07 1) 1 18052 1T BB 1 s A 11 14
T R, W H bR AL BTG T F R R S 0 R B
H bn AHIE By 38 i3S K 24 B AR RHE — & i, K H
T AL R B 0% 7 1 2 T i) 48 52 T AR A AT
JEE B 3G I 3G O, H AR AL B P A A AR S
SR B bR R R A T K
23 KGR OIMESEHERE

BT RSO B4, 256 CHLEE B FUR LA B
RETHME G, ) IE 39 S FR I T, 200 km~ 300 km H
FRAHEE T HARHL b 4 5k B 5 5 AR AR O R
MR E e s frs .

M S AT, 25 RHLSE B2 R G B & 2040
WA, AL AT 12 km, H bR AT &

055
11 kmpg )
- - -2 kmi
L 0.50 //-
g
= 045
=
= -7
£ 0.40 -
‘% U
= 03 13 ki E
14 kmj i
—— 15 km&HE
030 1 1 1 1 1 1 1 1 1
200 210 220 230 240 250 260 270 280 290 300
HFRAHE/km
(@) ik

11 km

[l
(=2

{

EFRHLI ARSI EE /(W st )
R R
\
\
\
\
\
\

[S]
w

L--" - —-12km@ ¥
13 kmfe [
14 kmyi £
—15 kmﬁE{‘

2300 210 220 230 240 250 260 270 250 290 300
HARAHE/km
(b) K
5 XHESEESBAMENXRMLE

Fig. 5 Curves of aircraft radiation intensity with target sl-

ant distances

11 km~15 km, HFrAHE 200 km~300 km F, iFill
BRI B, H AR I 7 % 5 o BE AR L b i B
5 S AT v K A B B H bR R
11 B — 2 i, BARLEE G A& 48 5898 B BE H br
ARHEE B 38 o3 s 2 H AR AR — g B, B R ALER
B H RS0 R H AR AT B RS g R

3 BinESO/MNESFHERFERE

21 AME AR IR IR R g T FE SR R H AR R
DB, VR B BN S H ARG [ & 58 5 o B A ¢,
5 KB R KA EEAR i 5 B R 5 A
568 B (Fh ML 28 R 2 T 5 ) 1) R/ B AR B ik R
R SARGT I ) M C . BAs/A sima
g 2 22 T (1) R

I vack = Tadi + Loy — Toack (12)

O T N HAR /T 550 S50 B 10 25 4H; o, W RA
B s 1R BARHL A R SR B 5 L LR
H A 1 R A A2 A 0 0 B, Ol KA AR 4 S e
5 HFRTE MG Ty B T BN TR Lo N T 58
SEoREE, i SR S S HARTE I 2R 07 1) 5
TR A SR FH

KA 7 B4 v AR P g KR
A VET, IR, o, JoRET, B ULEE 17 km, Hi
T T EE 288.15 K, A< £8 109.5°, b4k 18.25°, FIHI K
AR AR SR BOZ G A PR A B
R ORABARTR G 595 SR 5 B R, JF 5 T T
SCOH B SRAS B HARPL A KR 55 B, W AT
BARHLCATEE 12 km, AR “ITHEE 11 km, 12 km
113 km, 200 km~300 km #HE T (%) H AR/ 546 5%
J 22, Hb Hbs R AR Y 56 2 2 A 6 B .



BLHDEaE 2025, 46(4)  E O, % ZDAMERRER RGN 23 FARRIN R ST He 7 - 891 -

0.14
20 e FBRESE LT km
g ---- HAmei 212 km
010 —— HAREIE3 km
= S SN B,
=
& 0.08f
=
=
£ 0.06
O =
A e -
£ 0.04 R
m
002 1 1 1 1 1 1 1 1 1
200 210 220 230 240 250 260 270 280 290 300
FIbR A /km
(a) Pk
9.5 —
_ | - BRI km
790 ---- HPrEE12km
@ —— HPR#AIE13 km
=85t
# g0 T
s -
o
s
= 70 —
= .
6.5 T e
B g T
I 6.0F" T
zssp
5.0 1 1 1 1 1 1 1 1 1
200 210 220 230 240 250 260 270 280 290 300
Hbr A /km
(b) Kk

6 BiR/EsRHEEE5ERNENXRHLE
Fig. 6 Curves of target/background radiation intensity diff-

erences with target slant distances

MIE 6l UE Y, e B OF BT, HARHL
AR e/ 57 A S i B 22 3 R T H g 1) H A/
TR R R 22, AN BRI R G RN A
PERTHR T, B B Lo rb i e B A7 A T S )
O NS EANIBE S8

4 BmE=ERILEER
4.1 Bkihae Il EEF

Jik wh E UL B2 R F (pulse visibility factor, PVF) f#i
TG YR v 7R R SR A B AR . FAd 2
PRHELBE B AR 5 AL T R T Z e (IRGE 100% A 35
FERB) o R IREBE K /N, A7 M L (signal noise
ratio, SNR)H H1 1 5t W 75 5 | S (9 HIOR I 75 7 32 %5
QRSB R T — R IAZ OT, R 5 R 2y
T 1 B AR AR BRI Z5 0T I, DLBRAIK SNR,

PVF AL I8 2 R WU 5 2R &8 155t RF Y
Ho A3 5 2, 348 AT 0 B ok B AR 2R I #4545 O 1 AR X
B CR . URELBES, T HRIESAZ 0T oG, H0 25
4T o 1 e 1 B IE R Y O S BE (2
Aok, 7R BB 1 O 0.63 B B IA = SR AL ),

&l 7(a) flr s o & 7(b) W& T 5 IR SNR A1
BT R S R B0 (7 A R i) Ml 2215 100, K2
AR AR N G A — AP X3 9 PVF R 4 iR 7 1
SNR. [& 7(c) ik T 80% 175 ¥ iy £ -1 .

(a) > (b) T (© ity
(100%# 78 550 (100%3H 7T 250 (80%IF7E Z 4%

H7 REBERNERTHANCELRE"

Fig. 7 Relative position diagram of diffraction-limited spot
in detector pixel

X FA/d BN, X R R HCRE /N R O 4R G
ROSF, s 4 8 6 e o R AT L 4 0 4% 14 e 3l
Ao BEE IRRUHENG R CE R FA/d), BE R 2t ) 3
AHAR AR FR14 00 . 100% A FT R AT A9-F-2 PVF
TR (12) #iid

ﬁw=00%5+a%msé“W%) (13)
A F RGBS AR ZI, BDEw RS
FH, ot s d HERNEHEIT R, B4 m; 4 4t
FREPOUK, AL m,
42 BRZR4FME BLIP

TEF 5 32 R TV, R B 21 SRS
BOIE 1 R 7 BRI g O B 4, LI R I R Ol
MR FRART SRR T, IR A% A4 I
DRI Y W P AR AT B O F B X T R R H
PRI, 1 2% &5 NS AT BE b T AR T8 57 32 IR AT
&, RUAT RN D I S SR |G L O AR R
CISE AR
43 REBR/ERERILEDR
431 HRBAR/ERAE RSB EEZL S TH

VRS2 TR ) 0 2 A5 S50 3 4
18 22 (H (A7 Wepm ™) R
2
AB) = T has DT (14)

K R W HAREERMLUEE 2, B0 m; D AGF R G
B RO, BT m; Tpea 0 BAR/AS 5T 58 55 )
22, UL Wosr um ' 7, () RAOGIE B R, o
HW; T (D NERGOGIEE LR, TEN,

¥ 3 C13) 5% 4 Ry 6 1 I KB AT photons:
pm s, WA

n D
A= T

2

Lepack (DT (DT (DA fove (15)



. 892 - o]

k¥

55 46 & 5 4 )

oA b R B R, BUE R 6.626%107 I-s; ¢ Ry
B2 e, BUE R 3x10° m/s,
*Ré}'aﬂ‘lﬁj Tint Wfﬂ?{)ﬂﬂﬁ‘%%fﬂ% /11’\’/12 %l%%r‘ﬂ

I TR v T By
D? A
Mg = o fovetia || s (DTLDT,DAA (16)

Ao RIS B TR0
432 R4%RpE
4321 TR

M 7 ] R A3 R T S EORL M 7R L s R
Mg P IS B 2 S M U, AT SRR A
Nijgon = N+ N2, + N2 (17)
I N2 o WG T MRS T 225 NPy T S HIORL IR 75
T %5 Noy? RO R GSWE P T 225 N 8 e R 5
MRSy 2%

1) 15 SOk g =

6T LA B AL R 31 2k 80 e, PR H
AL SETFRESE IR IAM ST . ST TFIAMS T, 2 N
T n, BORI G TT LTS S o M=
2 Nopg W RN

Ay
4(F*)*he
K PR AR RS F AL, Toie ;s Ag R
PRI A8 A G OC I AR, BT m's Lyg(2) 75 5O I5
S5 RE, AL Wem st um

2) JeE R g

D6 R M O G RN AR IR T, R
SR e XoF IOL A A S B 7 A R TBORE MR P RN 2%
BT DG RS 5 22 N, FTRR N
nanlew(TQ”&mﬂDAdl (19)

A
tian Lo (D7,(DAdA (18)

2 _ —
Nbg - nexlﬁbg -

2

N2 =ng = &
P A(F*)*he
T Lop(Tops 80ps V)N IG2ETCAF K 5F 1) 61 58 I 52
BE S Wem se s RS ICIE R 6
HUHE M 0.05~0.1,

3) B BE R G

2 Jit (cold-shield) % 5f W 7 Ay il v £ Fh 4R I 25
¥ Bf ST R AR A0 FR VA 21 AN I A DA TR T AN
SR oo XTI (A48 S 5 B 7 2B A HIORE M 7
TR IR bR R ST T 25 N W Rl
Loi(Te, &c5,)AdA (20)

2

TA 4
N =ng= mﬁm’] L]
K Leg(Tos &5, A) NIV LL AN 2518 B 5 1Y
Seig s e, B Wom st pm
4322 WEHLI A
M7 L, P P Ay R0 35 9 L 3 9 5 | ) I L O

PRI 7S, DR P, s 1 L B Y, fl I IO I P
IR AR IS GE T R85 50 L 11 I P 37 e
Uik N g AT TR R

) Lqarkint

N = Mok = . (21)
K g A TFRIFEAR B, ¢=1.602x107" coul; igy
G LI, B0 A
4323 RS

PR 5 152 MR 75 Rl AR T DN AR S T AL T B OR
HL I P 2145 5 B e A 3k 72 b BT A Y S I
P MR R TR N, 38 AT AL RGBS 1 S8
FP EHERE, BENESTT LS R T 22 N reaa
CEV|

N2y = Neeas)’ (22)
43.2.4 [ BN

[ o 5 I 7 SRR BRI A AR ST R () 5
SOJET MRS R A [ B R RS 2 7 MR Nep
CEV|

Nrpn = Fou (g + Mo + 1 (23)
4325 RGN

EX st R E N

N = [N

photon
433 EOR B AR/ RASRALR

S8 ] P B A S (3 1 T
RN

+N?

read

+ N2

dark

+ N2y (24)

NR = : (25)

5 ReERERIEFE
51 HFESH

F2HIM T A L K LL A 25 i A
fEbr. B8 IRST OGS R G A AL H 424 200 mm, £
FE A 400 mm, S 27 3% 5 FE5h 0.75, OG0 B IR
21665 K, D627 i B L S 0.2, LT JE
K IRST Xf 45 H brtk REHUM 5 X6 L 7347 -
5.2 FR4yEtiEskEX

FH 4.2 715 T, Sk S A B A I ) e K E B/
SfE e L, BRI R BE N TAETE S St 2 AT .
T H RN A8 B AR H AR 50%~70%, Wik i
BIF 70 3 2 i K (>70% ), B2 3R 00 245 B 2 56 42 72 il
DU 5 S0 A B A, IBOEEK IR Hbr, %3
TR HARm BT S i AR s HE
A PR 1Y) 50% B A L R B e DX B



NG 2025, 46(4)  F R, SF: AAMERBER RGN ZS H R o X L AT ¢ 893

R2 PKIFDIMRSF B B BERR
Table 2 Typical performance parameters of mid-long wave

infrared detectors
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