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The research on aircraft altitude estimate method based on
multispectral feature matching in thermal infrared
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(1. Key Laboratory of Space Active Opto—Electronics Technology , Shanghai Institute of Technical Physics,
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Abstract: The acquisition of aircraft altitude information is crucial for aviation safety and traffic control applications. Currently, it
is difficult to obtain the altitude information of aircraft only through passive remote sensing methods. By combining atmospheric
parameters retrieval and high-sensitivity infrared detection technology, space-borne remote sensing platforms can achieve accurate
measurement of target thermal radiation information and have the potential for quantitative observation of aircraft characteristic in-
formation. A method for estimating the altitude of airborne targets based on infrared multi-channel feature matching is proposed in
this paper. Firstly, a thermal infrared radiation characteristic observation model of aircraft is established, which is based on the ther-
mal infrared radiation characteristics of large aircraft and atmospheric radiative transfer models. Secondly, based on the observation
model, a spectral database of aircraft at different altitudes and flight states under different atmospheric conditions can be obtained
by simulating. Thirdly, target spectral information can be extracted from remote sensing images and the altitude information can be
estimated with spectral angle matching (SAM). Finally, verification and analysis were completed using simulation data and SDG-
SAT-1 in-orbit data. The results indicate that the proposed method can achieve kilometer-level estimation accuracy for aircraft at
cruising altitude. This method provides a new solution for estimating the altitude of aircraft and has important application potential.
Key words: thermal infrared remote sensing, altitude estimate, spectral curve matching, large aircraft

Yo B # :2024-05-07, & [2] A # :2024-06-11 Received date:2024-05-07, revised date:2024-06-11
{E& B /v (Biography) : ¥R (1983-) , I, ZRUZ R, FEA-WFR0 A, FEEWFF G AR R H . E-mail : lifengyang@mail. sitp. ac. en
1B I4EF (Corresponding author) : E-mail: jywang@mail. sitp. ac. cn



5 LT 5N 5 B K k% IR XX %
55 P, AL E B AR D) R R, A

TRAIL A B A A s A e AR BE R
WLV AN | ] 2 A S A R R
o R AR S 22 4 R0 23 Sl YR BT I8 A2
k= B =R I N R VAN = e S
PRI T 2 WU L ZS 28 10 CATAT M IR, DA PR )
— 73 B AN [ JE 25 i Ak T 10 s B R L DA
s R SR RO K A iR E %4
YHEO T 25 25 50 B A5 B A B TR 1 A 4028 ok
AU g BhRpARVS A7 R B, N8 E DLk T
VER PRI S % i H A 4 58 & i R 40
T TR IR AR Y = B A Bk A ML AL,
B e A L PR AL DA IR AR AR, Y WL - g 28 B 55 58
FW &SR A E A R Hk, R
AL A% SR A BRI 2 28 1o B A A 1T AR A
FEHA T EENE L,

H B0 L AR 28 #5 m FE AR BN T 7 2 B 4y
JE TR IR AR AN . F7E 1998 4F , Papazo-
glou ZE N WEF X B AL BE TR IS4 ) TR T A 14 Lk
BA HO R VG e S A0 B RAL v A O i BT AR
223 ) 22 4 (] v A2 T B ) R R OIR A A ) v
WHPESZ L T T 5000 92 R ARG E , 37 R =
25 TRHLIYE K R BB AT T RIE . Zhang 5 AP
28T LR R A b B RS S v R e A T
(RS ], 76 i b AR B 22 25 1 4 itk AT B A
ST, 8RR 22t i IR B & T H AR S48
R 0 22 114 0 R DA RS BE L % 20 000 m &
17 B B bR & A TS R 8 T 7. 22%.  Zhao
SENHE T — e A% R e 0 A b g U b g A
U 78 I v A TS ) R RS M T/R 35 R R 3l 42
W A5 5 [l g 2 S EA T oo BE AR EOR R . T
IRPRI AR 2 25w BEAR TR L mT R R 27 75
R A ER il A A BRI, FLRE 2 AR Ok K
T ik b B H AR A & e, Sl R0 B 1 B AR
1AM B 2 — 2B 3R

AR, 3 T A1 A BT B 0 K 3 H AR IR 4
R IGHZ B 5T B o INLT A J 3 BRI
HAR A S i R S5 B, BT Bl Mo 4 KBS 4%
PRIE R ASSZ G IR IR e 58
2R HL S TRBLER I T B BL , FALT S IR T 4 sh iR
B, 78 R0 B bR 9 & 31548 R R b JAR

() £T AME s T3 A0 HL 2% v SR 05 A i 19 25 [
Iy B — R MU ZS SRR AE A5 8 R T A I £ v
S17, Zhao ZE N HH T Landsat—8 T3 52 fili #1114
ASCJE 0 £ it B3 s S R 7 i I T A v B 1 AR b R
fIE BT — i T R 43 Y RAT LA T A
A, Li % AN T SDGSAT-1 LT 4h =58 18 i %
1B, $2 H T —BhE HER A R AR B2 YOLO 1
TREE 24 > I 45 A5 R0 S T K R o 328 AR h T 7
AT BRI RO

[] BRF 7E ARG 28 IR, , WP N LT = )2 4L
AL T T 2 T 5 B A5 LAY S . Schreiner
SR 22 U R B 2k, 3 5 B o R EICHS T2
2 IR B 11 S5 Ak B R R A Ry 2 TIOR3 i
oz e B . H B LT AN Pk 2 )2 AT AL R
T 25 L8 1038 3 R DA B 2 TR A i 553 ) A
FIEE I, AGE TR AR B I = )2, ka3 T
758~778 nm AT A A IR R AU A A 1Y
= TR 5 5 2 T DA b S SOG4 5 B A %o iy 26 2 F
172 TS BER SR % . Shenk 25 A UHR T —Fh 3GHE
T 2 W 5 i il ad 2 )25 R PO i 4
ST W8 55 2%, R R B 55 58 R 21 A1 38 18 D 4
19 5] 2 19 21 H0 5 R KRR BRI L 45 & MOR-
TRAN B 8 SE B T 2= Tt B (9 A 11 . Hamada 45
NPFIH L m ZE A 20503 2404 838, 3T GMS-5
B 5 2k T A Fd A S A R A% [ vk
SEELT 2 IO B R BT . 6T T B A B
e, o] i S A 2 AR R 2 T I ) A 1 2
P TR BE (0 S, B R 8 7 T RS BE R e Tk
PVu . BN S o RS R R
()25 S KA PL2S #8 6 R S T nl 4 4 1
JUT RGT R /N TCRRIE W R AR, B T AR R B =
T pe B S T A 0 T2 e I M 22

ZE R P T —Fh 3k T A 2230 A R fiE DT
Be AL Zs 2 CAT i AT ik o ik B T
25 AR TR R BE A T W R AR G et 2 5
S —2b T KA s 2% B AR ALL IR B Rk 2
B KA SAL A R 7 ARLT AN BE R L2 A R
SRR IR 55 D BT O DU AR A5 B AN [
KAGZM AR CAPIRE T A2 2861 05
BRI . 5 b R IGE RN T Y B AR S



X AR 265 32T 51 40 0 00 A DL A2 5 85 B O 5 5

BRI GIE M DB vE JF R R AT A T . B
s B G A SDGSAT-1 76 UEUE EAT 1 56 3E A
G)MT . ZERFW, T LA 2 R AE DU A A A

1o BE A T 25 OV 408G B T8 T oK 90, S UG
AlIK 0. 33 km, Hgg— & SCPRR AW 7

1 REAMR=HREEMGITRERE

1.1 RELDIMRMER
RELLHMRM Z I T RIE T BB R4 h
J A AR B B AR I I rh B BB R 1 H FR AR
BB R 5T R IRLLAMED T BRI AR B
=R Y A N EE T TR N N el T E i R (S
PIZE R BRARIL B ARA SRR SN IR 326 IR A K
SEEARER I KA Ao 2 S 1 S ) o R S R R
S AERZL M B, WA K BH 4 5 ST A S A
55, d JR AR IR 1 B s K A2 (top of atmo-
sphere, TOA)Hi5% BE F 2R G T WA 3 B P 5 F0
KRABEARTRSS , 7T LARAE N,
Lion(A) = L (A) - 7 m+Lpd()\) . (D)
H L, (V) 2 HWRERE, o, 2 RIELR,
Lo (A) R BEAR SR

K1 i %%jtm]ﬁ}:'??aamf“
Fig. 1 Radiance of aircraft at TOA

1.2 ZHHEIRIIMEF

Wizs 2 MR IG5 FEOR AL Z LT
FI BRI O R A R S e R 1 B R A A
FESTEEDT X T B=737 L A320 25 R AR 22 (1 B i 2
%, RELULIN AR BE T RMLALEL 2 %) 2l Fn R i 4 7
A RS, I R IR & RE I 2 A A 2 2R e 5 5
FEOR F SR B SRR 0 IR A T
XFF 8~14 wm A FRET M B, HHIC 4 S 0E— 25 3
55, ML A8 T 4 % AT AR S RO AR R A &
8 ST E L2 BIML TR RN K B R R R D A
JE R LARAE N

2che?
L= 2
)\2(%“ - 1)
Ho e PR L HR, KBSl a5 K £

SR FH R R R WA B AR A IR )2 — AR 0.8 ~
0.95 & 47" s h 3 B v 4%, B 6. 62607015%107
Jesse MG, BU3x10° m/s; A WK sk MR ZE &
BB L. 380649x107 J/K T R as fs 2R TR
HRAT R R R BE IR R R A R0 3 3 A o
BN AT ARAE N,

T = T0(1 +B('y;1)u2) . (3)

Horp Ty g RAFAEGIRE B R il BRI R Ay R
SRS, B H L. 350 2 HAR RATHUE
mE 2(a) FoR T RIREEIEE N 220~280 K
BIL - Yk B Bl o B2 ) A8 4k o &1 2(b) R T ATt B
BLE Y HRSEE -

320
310 }
300 |

¥ 290 |

£ 2801

—
2270t
S 260

.
—z—
—a—
£ 250t 4
w2
240
230

220
0 0.2 0.4 0.6 0.8 1
Flight Speed/Ma

(a)

—220K
——240 K4

260 K
— 280K

Radiance/10™*W/sr/um
—_ [\ w BN W (o)} ~ o] O

85 9 95 10 105 11 11.5 12 125
Wavelength/pm

(b)
& 2 THHFIEVTME§EZEEET%T&F:(a)KIﬁJiETETE‘J
HLE L (b)BL B

Fig. 2 Radiation characteristics of aircraft skin under differ-

oo

ent environmental temperature conditions: (a)skin temperature

at different speeds; (b)irradiance of aircraft skin



4 AN RSP SN g 2 ¢

XX &

1.3 EFROIMEREHEHHENMESESE
it

M) AT LA B, KA T 28 A £ Ah R
PE 52 0 AN W] 200, FUARIE KA ) 22 5 3, AN ]
5 AR TRLEE B SR T S A i R ek A T
AR, AR e B AUALAG) 2 1 RVSM 2 5 B
PR, B ZS 2530 8 121778 15 km LR & B, O~
15 km 75 P 2 I8 T35 0236 F, HOR SR
KA AR RN B & TR s, 3z K<
BNk (SR A RS AN I =2 R (U N TR
WA 3 i 7s S 3 T MODTRAN A5 70 15 31 A ] /& 2 1Y)
KABE SRR

—_
(=)

O T IR UUNERT
Sos| l
E
£06 ! l
[am}
|
504 \ ! |
2 |
= |
g 0.2 _Him |
 — m
—— 8 km
o L —12'km
8 85 9 95 10 105 11 115 12 125
Wavelength/um
(a)
6 10
1
—in
S 72km

2

Path Radiance/W/sr/pm
58]

1

Al
k()

crale LA DU
95 10 105 11 115 12 125
Wavelength/pm

(b)
3 T MODTRAN 8 1 iY KA 5 45 - (a) A IR e
KRB ; (b) ARl & R A 5

Fig. 3 Atmospheric radiation characteristics based on MOD-

0 ‘&L‘“‘L S
8§ 85 9

TRAN model: (a) atmosphere transmittance at different alti-

tudes; (b) atmosphere path radiance at different altitude

255 (D)~ (3) AL A SR L0 AP LI AR AL
Ve AL BN 1 PR, MR [l i A S8
23 e AR SE LA AR . W IET 4 BT 7R AN [ e B2 4%

R RAIL 25 4% 9 — 16 TOA B8 52 B B th 24521, ol LI
H AN T e A S A B e B it 2 HAT W B 2%
AT TR T A 2 4 i BE A AR T A

®1 HEEREBASH

Table 1 The parameters of aerial target detection model

A Kt
PG 8~14 wm
iR E i 100 nm
R 280 ~300 K
Hh A LR LB ARA
Bt RSN s
B et ] A [F]
H s €17 B 0~12 km
H bR AT HE 0~1 Ma
LT AR 0.8~0. 95

S

EEEEEE]

1k
——2.k
3k
—4k
S5k
——6km\
7
—8k
9k
—10
11
—=12

_BEeiEe

normalizedintensity

8 85 9 95 10 105 11 115 12 125
Wavelength/um
(a)

1.0
1 km
2 km*
3 km «
0.8 F 4 km
> 5 km
= 6 km
s i
2 L m |
g %og S km "
o 10 km
! i
=] m
s 04 1
15
=]
021
0

8 85 9 95 10 105 11 11.5 12 125
Wavelength/um

(b)
K4 TR B AL & 19 TOA il il 2k O % 43 B 4% 100
nm): (a) TE6 & K ; (b)#ar
Fig. 4 TOA spectral curves of aircraft at different altitudes
(spectral resolution of 100nm): (a) mid-latitude summer; (b)

tropical



XX 1] Wi 45 - BT 2140 22 38 T R AE VT C A A0 2 45 o BE A T 12005 5

fit s g e BE AR EAG TR AR AN 5 s, N2 il
18 1R SR P R I R T 2 IR REA T R A A
R — Al b B, 5 57 AT 2 e e JEE 5 S 12
HEATUCHL , R FHEHE £ (spectral angle mapper, SAM)
FEAETHE H bR e BT #2815 07 BRSO 1 AR (DL
JE 38 2o A A B A fre /I 0 B i S
14 bR AT o B Ry g A T

B A 2 29 AR 0

[ oemsmr ||

| srmumme |
| ownasms | o LR TERIEI
R

’ ZMBA N

AR |

TEHLG T it £ ()

_____________________________

3 3 _ 4

{ FHIESAM, DGR HE R B4R
K5 AT ik e
Fig. 5 Flow chart of altitude estimate method

2 KBHSITiE

2.1 {FEXWSH

B A ELSLI SR T R PR IR E 290 K
A H A AR, MRS R 5 5 B AR
B A IR L0 A AR 20455 LA 3 AN TR v B A A 1 A
25 g TOA f@ e BE th e, IR 450 5% BEL e 30 73 A A
WeAe5 ™ g5 F A& 6 i , T A DT B 25 2 ok
B G A AR e, BE 404 2 G FEAE DT C
B AR T AR B T R Ar i 25 5

0.5

0.4}

03F

SAM

02r

0.1

0 2 4 6 8 10 12
Flight Altitude/km

Fl6 1 km % 12 km = DTS
Fig. 6 Matching results of 1 km to 12 km height

Ti) B - B JE At 52 i R 28 6k DC i 45 SR () S ), 2
AR ARSI P Z AT 8 km WA 5 BE (007 B2 56 Ty
ANFAM R 2 7N o AR TS R E 7 s

FRR TR ZELE 1 km DL

x2 HEBWREESH

Table 2 Parameters of the simulation target

HEH HEK

. TRATEREE PR LbB] R
BORE g -
Testl 295K 0.9 0.95 Ma 0 e 2
Test2 290K 0.9 0.8 Ma 0 hE e 2
Test3 290K  0.95  0.95Ma 0 TR
Test4 298K  0.95 0.8Ma 0 R R
Test5 290K 0.9 0.95 Ma 5% h R
Test6 290K 0.9 0.95 Ma 0 RS =S
0.3 "
Test1
—0—Test2
0.25} a _e_%iﬁ
o2l N
5 0.15}
wn
0.1+
0.05}
0

0o 2 4 6 8 10 12
Flight Altitude/km
K7 AR 8 km w455
Fig. 7 Estimate results of aircraft at 8§ km altitude under dif-

ferent test cases

AR 2T R AR KRB AR
PRI TR BB M. bR iR A, £
ARG ERAETEBOE B MR AR L T B
J2 T A R 25 A 2 0k o B A B TS R T AR s e
FEASR R ZE o] L5 5| AR Z 52 [ R 4T
SR R T AN T ARG B R
2.2 FTEHEBBWIES

by it — 25 B 7 VA P RE SR SDGSAT-1 12
B =5 BEI LT A UG AR 038 SRS AT TORG B
VAR Kt AT BCE A LD AR A = A6
i, 5%k 8~10.5 um, 10.3~11.3 pm ., 11.5~
12,5 pm o K DL S SRR AR Hh B B ) R AR A
JEE 5 =30 3 RO Oy LA AT VS S, B0 E AR
FE o R MUAS #8 %F 1 = BE A5 B0 Flight Radar24 (%)
whi A W ] Y ADS-B i , an &l 8 i, vT LA E A
ZIAMBR o G P 5 S S B AR X L AL B A
TR LS Rl .

o BE A TH 25 R 5 S0 g B an 3R 3 B, B T AL
A1 Z2 30 TE R AE VG FC A T 235 25 o5 5 00 A A ) £k o



6 LT 5N 5 B K W 2% i

XX &

(a)

SEBREJE: 9. m
b

(b)

8 SDGSAT-1 PAEMRLLIM CHLEBL
Fig. 8 Thermal infrared aircraft images of SDGSAT-1

SRS HLI R AT LU ERG RE LIk TR G, 5
A 3 23 J2 o B I R A 2

R3 LRSESETREHEZCRNERGITISESER

Xtk

Table 3 Comparison between the actual altitude of
target and the altitude estimate results of

the proposed method

it km  ADS-BEiE/km X (2 /km
Target 1 11 10. 67 0.33
Target 2 8 9.52 1.52
Target 3 10 10.97 0.97
Target 4 9 8.37 0.63
Target 5 9 10. 06 1. 06
Target 6 7 8.59 1.59

3 it

ST h KT B K A ) 2 AR 7R 11 o
BN 12 pom 5 B B RS AR S R A e 25 5, HLil
J3E 28 S FIRUS 28 T R AT AR I 45 75 2 18] 0 It
FORE iy S AEORE , AT 2 A R 25 T 2

S PRI, L e B RO B TR, ML TR
G, FE 30 ~ 70 m IS A% HARAE R K IEF-BE
PRIE , LB AR I 21 A B w8 BoA S 2 [ &
SRS E W R A W0 AR R, JF H AR R
HhEMG R PLEE 2 IO L (RP B AR S 5 L
T 5AE 9/ XS A RS Boh TS e
SR b W T S N K 4 A I G 6 4
[ R, B BT X AR A 2 B g, s MU TR
[Fi] 5 BE AL 25 A B R B R RR e 25 57 0T 45 6o
VCHC, $2 0 T — BT 0 € AT H Ar = BE AR AT
B0 BT T INLLAIMILZS g AR SRR R R 2
B RAAE R AT T AR o B M CAT RS T AL
MR Z LML, B0 W THEAN
] KA AL T 100 nm GRS B2 190 25 250655 A His
o 55 =20 BRICT BAnotig M4k, 45 5Ot A
AL 5 80 22 R A7 D E , AT A 3 B bR o, I
TEAN BT T RATIRAS B i 52 . f e, 45
A LL AN SEIEE , T2 PEAG G IE T B H A
BRI PERE . SCORZE AR I 0 SCH Hh A AR TR A 15
FEAR T T ELA R TERE . JF R R A g
JEEHE SDGSAT-1 = i G AUE s A T 8000, 5
LA R R A G, 5 T 40 A £ 5 AR DS B Y
JE A TR RS 5K B2 W] K TR G0, 5 B N A4
(1) 2 J2 e B T 0 B AH >, B L 2 SRR 22 0. 33
km, W I E R SEBR R M . X —BF5E )R T
R I 25 2RI () 21 F1 388 B e 7 58, Ay 328 A ik
PEUET A M E BT B B

References

[1] Papazoglou M, Krolik J L. Multi-dwell matched—field alti-
tude estimation for over—the—horizon radar [C]. Proceed-
ings of the 1998 IEEE International Conference on Acous-
tics, Speech and Signal Processing, 1998, 4: 2533-2536.

[2] Zhang Y D, Ahmed A, Himed B. Target altitude estimation
in over—the—horizon radar [J]. IEEE Access, 2022, 10:
11260-11273.

[3] Zhao K, Yu C, Zhou G, et al. Simultaneous altitude and
RCS estimation with propagation attenuation in bistatic HF-
SWR [J]. International Journal of Antennas and Propaga-
tion, 2013, 4. 1-8.

[4] Yongtan L. Target detection and tracking with a high fre-
quency ground wave over—the—horizon radar [ CJ. Proceed-
ings of International Radar Conference, IEEE, 1996:
29-33.

[5] Chen Z, Schwartz M J, Bhartia P K, et al. Mesospheric
and upper stratospheric temperatures from OMPS-LP [J].
Earth and Space Science, 2023, 10(5): €2022EA002763.

[6] Piontek D, Bugliaro L, Miiller R, et al. Multi—channel

spectral band adjustment factors for thermal infrared mea-



XX 1] Wi 45 - BT 2140 22 38 T R AE VT C A A0 2 45 o BE A T 12005 7

surements of geostationary passive imagers [J]. Remote
Sensing, 2023, 15(5): 1247.

[7]Hu Z, Zhu M, Wang Q, et al. SDGSAT-1 TIS prelaunch
radiometric calibration and performance [J]. Remote Sens-
ing, 2022, 14(18): 4543.

[8] Zhao F, Xia L, Kylling A, et al. Detection flying aircraft
from Landsat 8 OLI data [J]. Isprs Journal of Photogramme-
try & Remote Sensing, 2018, 141(8):176-184.

[9] Zhao F, Xia L, Kylling A. Mapping global flying aircraft ac-
tivities using Landsat 8 and cloud computing [J]. Isprs
Journal of Photogrammetry & Remote Sensing, 2022, 184:
19-30.

[10] Li L, Zhou X, Hu Z, et al. On—orbit monitoring flying air-
craft day and night based on SDGSAT-1 thermal infrared
dataset [ J]. Remote Sensing of Environment, 2023, 298:
113840.

[11]Li L, Jiang L., Zhang J, et al. A complete YOLO-based
ship detection method for thermal infrared remote sensing
images under complex backgrounds [J]. Remote Sensing,
2022, 14(7): 1534.

[12] Schreiner A J, Schmit T J, Menzel W P. Observations and
trends of clouds based on GOES sounder data [J]. Journal
of Geophysical Research Atmospheres, 2001, 106
(D17): 20349-20363.

[13] Zhang Y. Research on inversion of cloud and aerosol pa-

rameters by oxygen A absorption band [D]. University of

Chinese Academy of Sciences, 2011.
ik AR ARG RO = RIE RS HWRE(D]. hE
BhEEBE R, 2011,

[14] Shenk W E, Curran R J. A multi-spectral method for esti-
mating cirrus cloud top heights [J]. J. appl. Meteor.,
1973, 12(7): 1213-1216.

[15] Hamada A, Nishi N, Iwasaki S, et al. Cloud type and top

height estimation for tropical upper—tropospheric clouds
using GMS-5 split—~window measurements combined with
cloud radar measurements [ J . Sola, 2008, 4(1):57-60.

[16] Hu Jian—-Ming, QiaoKai, Zhi Xi—Yang, et al. Influence of
complex environment on the detectability of weak and
small aerial target under space—based observation mode
[T]. J. Infrared Millim. Waves, 2019, 38(3): 351-357.
B, TR0, BB, A ORI AR B Je3R 5T
X s s /N AR AT ERIE R 52 (], 050 s 2
iz, 2019, 38(3): 351-357.

[17] Mao Hong—Xia, Liu Zhong-Ling, Tian Yan. Infrared radi-
ation and target recognition [M]. Science Press, 2022,
94-95.

BRE, XBES, WA . aiMEe S BAsiRs M) &
AL, 2022, 94-95.

[18] Ma Jun, Wen Mao—Xing, Zhou Feng. Skin radiation mea-
surement method of high altitude aircraft based on long
wave infrared light [J]. Infrared Technology, 2021, 43
(3): 284-291.

LI, RRR, R T RIELAMY S A RS
SRy vk BF g [0 £0 4 R, 2021, 43 (3) -
284-291.

[19] Zhou X , Ni X , Zhang J, et al. A novel detection perfor-
mance modular evaluation metric of space—based infrared
system [J]. Optical and Quantum Electronics, 2022, 54
(5): 274.

[20] Li J, Zhao H, Gu X, et al. Analysis of space—based ob-
served infrared characteristics of aircraft in the air [ J]. Re-
mote Sensing. 2023, 15(2): 535.

[21] Yu S, Ni X, Li X, et al. Real-time dynamic optimized
band detection method for hypersonic glide vehicle [J]. In-
frared Physics & Technology, 2022, 121:104020.



