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Aircraft contrail detection based on satellite-borne hyperspectral
images

XIE Shu-Xin"?, LI Peng-Fei', ZHAO Si-Wei', LIAN Xiao-Ying'?, SUN De-Xin"*
(1. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aircraft contrail detection remains crucial for maintaining airspace safety and addressing the greenhouse ef-
fects caused by the aviation industry. Existing methods for detecting aircraft contrails primarily relied on the radiance or
temperature differences between specific channels in multispectral images. But they did not fully exploit the potential of
spectral features. The advancement of satellite-borne hyperspectral imaging technology has provided a new data founda-
tion for aircraft contrail detection. However, methods that rely solely on either the spatial or spectral dimension of the
image are unlikely to achieve satisfactory results in the task of aircraft contrail detection using satellite-based hyperspec-
tral imagery. Therefore, a detection algorithm for potential aircraft contrails was explored using shortwave infrared hy-
perspectral images from the GF-5 AHSI. A spatial-spectral feature extraction method was proposed, which utilized the
complementary nature of spatial and spectral information in hyperspectral images. The method achieved an accuracy of
over 97% and a false alarm rate of less than 2% on GF-5 hyperspectral image data. It not only provides an innovative
technical approach for aircraft contrail detection, but also offers valuable insights for future researchers and promotes
further development of hyperspectral imaging in practical applications.

Key words: hyperspectral image, aircraft contrails, objection detection, short wavelength infrared

W#s B #5:2025-01-17, f& 5 B #5: 2025-03-06 Received date:2025-01-17, Revised date:2025-03-06

EEMAB : B R [ RBl I 4 T RIH (42192582) ; H E R B AR g 1 56 TR £ 351 (XDB0580000) 5 [ 28 5 s WF & 31X (2022 YFB3902000) 5

3T 2023 4R FE R BB T A R HORBR T H (23DZ2201400) 5 H ERVEBE T ARQUHTHEE 2 (2020242, 2023246 )

Foundation items : Supported by the Major Program of the National Natural Science Foundation of China (42192582) ; the Strategic Priority Research
Program of the Chinese Academy of Sciences( XDB0580000) ; the National Key Research and Development Program of China (2022YFB3902000) ;
the Shanghai 2023 "Science and Technology Innovation Action Plan" Technical Standard Project (23DZ2201400) ; the Youth Innovation Promotion As-

sociation CAS (2020242,2023246)
'f’E%%ﬂ(Biography) SRR (1999 — ), Lo INAR Bl B4, T EWF5T 40 YR AL FR . A FRKEI . E-mail : shxxie@163. com
1@ i4EZH (Corresponding author) : E-mail: sundexin@mail. sitp. ac. cn



1

&

AR A R T R RIS R AT AR R A I 183

51

Tl

AT A R I ARG I X A A R A A Ak N 4 4
Tz CHEE, KPR BR, Wi 2
WS T AR A B IR RN, BT Bk 3R
50%'" . [FIE, A FLSE S IR R I, Rl R R 2% K
7 o o 3 RAT A% B B RAT 8855 I Y38
BRIz " PR, BRSE A [ T R T K K
1 AR, J BEIAEARG I AR ) AT 2% 2 700 H R 5 T 3K
(EE 3

H 20 t 22 40 AT, B2 FZIF R BER ®AT
v Bl ) FERERRAE AR T R T R T AR, a4
PMS (1971) . CIRRUS (1992 F 1994) . SULFUR
(1994-1996) .SUCCESS™?' (1996) . CRYSTAL-FACE
(2002) . CONCERT (2008) . COSIC (2011) , CODEX
(2024)% . #Z BT, 76 ©AT a8 Bl B 2A 1Y 5L a6
FRAE T TS B 1 RAT RN R Y B S R
23 ] ROBE DOK R 2 80T AN AT A A JR AR
REFA/NETRORE Y 2 AT R I B A R
IR AU TE ZE AR VR A Y — A ALk .
e SR B, e RO Y A IR A
i 3 RATHAR R M L A R R 2 MU
FEAMR A RSN AR S T HL P S S e A
A AR Jead

H 20 T 22 70 AEAR, 557 1AL W I A s TR )k
TTas Bl i F 545 8]z P R . AR R i
ERTS(Landsat §ij & ) .GOES ,Metop ,SDGSAT-1 %5 T3
BRI 6L A (AVHRR  TIS 25 ) K15, {HAS
THT I B R B % o 132 3far 23 (8] 3 R g PR
S LSBT G B A IR 2 R B Y RAT A% Rl kAT
Rril o 2 AR AT B T LA BRSO R DA T
KATER L AL AR o R S TR W Y R
Tréw R R AT 28 T S Al A R B HE SR, 32
B R ae it RN Mol IHEZRS S AZS (]
F, 3T G0 1 T A Y (1 R ) HE SR R AR K
A, 56T 73 figp A5 A8 ) TEU 1) HE SR AR 4 JRy REAE , AT
ZAL T RATER RIS MR . DOCIE M A
TG AR HIAE 28 L RX B vk e gk B0 AR
BB S 2 o0 oA, 1S PR IEHR
A 2 AR M Hb ) S A BT R 22 00 i 17 43 A LA
Xof 52 25 20 M6 1R T S i o) i R A T R I e T A
FE T RN A RN AE SR 0 T Ser R i
T3, T 53 R 0 TR S5 HE SR AR5 A it Al 15, B0
DAIE W CA T A% 2 A G AR

IARSR, B3k R IR H AR 1 & R AT R
e my ke I 5 OB T el i SR E R
ESINY & 31 Ny N ES R R e R Y 1l et A =
STt R AR T . Ho, rf IR A v 23 TS AT A
P LT AN S CTREAAL, B T R E B R — 1
FEIETE IR (0. 4~2. 5 wm) JEE/HER (10 nm) (%5 ]
T (60 km) (25 [A] 4323 (30 m) 45 SC S b 77 T
BT HEATHER HEAE S MARAR BN T CAT 48 Rl
(2 ] Y BRAN AL 2FRRAE . 56 T 40 R il A vk
TER Z A EE HORE B A SR A2 TP K J FR A, 45
B IS AR B K AT R s B 1
TG — 0 IR R LA AT A% Rl A I b A 0 H
T A FE A ) S B ORI R (AT R A I 7
PN G770 o o N = S SR S = R T R T
U, AT B 76 3 T RO 5O A 0, e R L 42
05 2 B BB, BT AT A R A I ARG B, A
A TR BT W I A R B R ks . Bk
Wi, B A [ BRG]« AT 38
b EEARTRAS . B, R T aR B S AURHE AL
TR ELAT phRRE: S04 JRy LR R JR) s ik I 4 L
FRRE . R, CAT AR 2 M RRAE FG s AR
A HAME, T 2B P AE O, B A B IR E
IR EEME . fJn, CAT AV R 2 M RRAE MG IS R AE
R I A TR LA 3 P | AR RIS B B — i A —
WERYUNMESE 23 5 B 2 R4 B, G5 B
RAFRAESE oR , flG PR 5 A ) B E , AT S 4%
PN E A A2 RO A [ B RRE B C AT 4%

AW FYFE T 4 T TR AT UL Y 4140
TEAAL, MG TRETE L 6 MER 25 (0] 4 W 4R
SOy PER S SRR, 8 AR R AT 2 R I 1 Atk
FRAE o TEDUIERE T, Bk 4 T 25 R s 0] R G 1) %
SHEREAE A8 B Bl — 56 F ) FE A LRI AE 4
HeJa L 1A AR A SO0 Gk AR AR i iE AT
5 Rl iy A TR R A HLA T ek B R vk
Fohth o RARUL, ARTF ST B SO61E Y0 OGS 4 BE
R 23 (A R R o PR GO T TR
iy 133U 01N C I ¢ P = SR O MY T =281 3 12
BIREE 5 G . 28T eI RO 0 B
— A B T R AT R AR I T i . AT
el gt i, R oGS B S A 1 = & ek (E B
AE A% . 35 1 v R 0 G N 7o oA A MR R R FE R L Rt
X — ik ARG A S R T AR G807 2k B R BR



184 O hh 5 2 K 3 2 R 45 %

AT A RS I P AL 1 — o R Ak A A A
A@A, A —5E BN AT S A e 8.

1 ERSMARIAREGE

1.1 EFZREBENETIRAN G E

HU R TR BMG AT C AT 2% B U DA
N TR T30 K il = 5 A SRIE B &
RERBIEA LB, Joseph 55 N7 2R 25 (8] 43
PR 90 m (1 TR VRS T R alG R , T1HA HAR 5
i . Bakan % A" R H S B H K 1.1 km 1Y
AVHRR LRGN TG EL =~ N TR
3z TR MG o HE R 0 BRI, TG 1 X B0 B
WA TR B AHAILZS 0] 53 BE R () Bl = EA 7 Skl
Hii T RATa Rl i o i il 02 2%, e alb il &2 ]
H LR P 1) 23 ) RUSE I, B 28 1) B2 X 2 R S
TR B AR, R EUR T R S A
BRI

Bifi & LT S0 E AT IE B )z T e, A W A
AT A ARSI A 5 AN ) TR R AE
A E RIS B R Bl = 78 AL A R AN T]
e B B) () 4 5 52 B 25 e SR Rl = o AR R AR A
PEATH T o0 H A 35 0 5l B, AEDG RS R A i R R R
KIS T DR EURFIHRCR . Lee 55 A i
M AVHRR 50 52 31 57 JE B 1Y J 30 75 3 4
(10.3 pm) FLAEEIE S(11. 5 pm) HEE A2, 3X 156 BH B¢
25 B8 300 AE LT ARG AN (] 38 18 1] 04 5 B I B 25 5
K T BA BRI KR E = 5IR G
AEX AN EE P HA M SR R, AL
A1 G R 30 K 0 B A 5 v, R T R IR R 2 Y
PR FH i BE YU LA 10. 8~12. 0 pum B9 4™ 18 38 (8114
VE2E , 7= HE A IR 22 TRIM% TT LR 36 58 2 505 7 2 14 )
IR IRE S5 S o R B R R B H Y. 25
AR 2 R A VR 2058 & R A [R) % B i
B B2 300 2 B TR BE 22, 456 Hough 28 3 (1) 5 K60 SR 1L
BRIE 1 Joe FE N HET GOES-16 ABLE !
S T N TARICEE 4 OpenContrails, $2 1 T —Fh 45
AR BT SR Rl R AR Y | {0 AZ PR T 2 km 1955
(B 3B, T BLAE TR R O i HL & E 08 mT UL R B A
REHEAT N TARIC. Li % AR SDGSAT-1 TIS %X
Pt FE i 21 AR AT 43 B, SR P i A R R AR
e 14 5 VR R LT AP UG b T A e A T I
FRiE, o i L AMERAE , IS Bk 5 AR E =
FEIRLT AN 3 I 0 58 i 2% S5 0 3 3T X 43
Dekoutsidis 25 A AR 5 B2 37 1) 1) BLREME FE 25K 0

SR, M SEVIRIAREI B LL AP A QB SE T Y
BELS P ETE 225~292. 5 km 22 [, %5 [A) L 06 7 7
BEN 5 0. 085%. YudE NI SDGSAT-1 11
IRLL ARG R LY e 8 e IR R oy
TR LR R, G AR s K
I i ok 1 L AT /N T R R 3 ) i L
A BEALYE , TR AT AR A S ™ . PR, R
P AN T 09 2200 1% e R AT e e A A ), A
A A b2 T A I

1.2 ETFERIEHENRN T *

R G S A T VA T BT R ) U v
KR, o i o 24 M) & RX (Reed—Xiaoli algo-
rithm) B B R T SRR L i 4 R
R &, RBETT FIR Z ot = W oA, dd Ak
JIT AT T S5 REAS Y P J7 22 MU 1] R A T AR
JE eR B, I A5 T Y e A B R A5 O i 9 B
AP Gt oA AR BE A B, RXRG DU 25 7T LSRR h -

Dy = (x —,LL)TE’](x -p) . (D)

BSEBR g, 2R S A G B — 2 m i
G3AT VR 20 98 5 A BRGE TF S5 4 A Al Y R i
L T — RN T RXCB Y
Kwon &5 A5 H Y LRX 25 I 3 i 100475 57
0 L R R 4 /N L R L BUET A 2R A Sy J 38 X 3, P
ST E R A AR R A SRS, N T S B e
WARITC ST FARTTIE 5 543 A i SR F W
il BRI 4 9 Rl ] 22 00 v 3 o0 A i i, — e 7R
JEEARTE TR IRCR

BET R BRI J7 5 BB OT Hh R S
WA, HEAE Y AR b R A AR
FNERY T SO N S, B R Y X s
DT XFR A T, T S g o ] AR S h
18 J5L A b 3 s T S A o0 A B8 AR R i A7
PR, BT X FpELAR Li 4 N7 ) — s 5%
I A F B 28 78 B Y (Background Joint SR, BJSR) 2k
Xof S R A AR, L A R R T A% B
BRRPRIY = T S B K 75 125 (Kernel Isolation For-
est—based hyperspectral anomaly Detection, KIFD) ,
SR FH 36k JE1 4G I HE 248 58 43 ) T HST B4 JRy 8 F 42 JRy
B, R B AL B HSTAE A AL 242 B 25 AR AR (iForest) ,
W A2 AR IR 25 [ v 25 ) W RS 8 TR R R S
PEATAGI

BE T i AL RY Y J7 0 U 2 0 BT D 4 Ry A A
A IR R SRR AE TR R AT S A . 7 5



11 AR A R T R RIS R AT AR R A I 185

BOCAEZS R MDEHE 347 AE — 2 R A AR OG A, 1A
AR LR AR BRI, 1T 5 5 F bR 5 75 S A
WUEEAR, R E R . 5Bk R (Low—rank
representation, LRR)&54 1™ B0 AT LUK & 95T &
B AT G Y DG S L B3 S AR R 4 A R
o Xu SRR T — TR A 5 R 1
W K 75 ¥ (Low—Rank and Sparse Representation,
LRASR) , 1% J7 32 8 W LRR N F 21 HST 9847 5 %
i, I ELAEARRY v A KR 75 1 DU AL 100 G
A B MR ITH R A
2 TiE
2.1 FEEY

A SO GIE EUR AR 5 kAT A Bk A5 8] Dl
TR 1 e, 25 T PR G-l - B E O HE 2R, 32 1 —
TP T 25 1 A5 BRA A AT A% A I 55k, REL
530 3R : 23 (R RAAE S BURCER , ST R AiE 42 JURE
P, Fas (8] =G 1 R E X e) S UERE R o i 42 07 12 3
FEE A 1R

A3 (6] b, AT AR R HARTE YL iR TR R A )R
WA TR HEOE S HOR 2 Ryl f gt H bs
G, ELE 0 AR B AT (U B S8R AE B
Fl b i 50 52 B e R F h T i B S 1 5758
RERIES K 2(a) s, 6 b, AT R
AR R, Hosz PR o | HARTS R R
BURZIE , HARGTE 575 SO AR AL

BT LA B A, BT 8 05 1 A 25 TR R Ak S HORE Bk
SR WS T O 1 B R A I 1 D7V X R I B
AV TE IR I G AT RN o R SE R I

o o o o o

JEEN R &5 PF 218 B 2R, 455 X SE PR R 2l
e 71 9 ORI 222 5, o 8 SR 728 4 A 1) 71 B85 A
TRRA HEBR 1K O 1) 5 T 1) 4% 10°YE L HE
B D2 Ak T e 1% [] s 38 T A 50 i) St W 7 . FE
T T LR 5 ) F R PN ) T S ) L R
05 S [A) 1 2 S A /N B PN 2 ok 0, S A
KRS FE 22 57/, S BUR 08 3 S iR D 45 R AN 3%
g, RPCAH IR S50 B LR DL 2 AR BRI AU
B, i 2R, (a) 1 506 nm P B IE L (b) N H
214 Hough A8 #6565 12 15 BeatkA 1 FE 3l i) G kil 7y 45
TR 45 RS T 2 0 I o AR AL
SRR R 45 R () R K AR . BE X 43 A AR ] 2 4L
T2 1 2 300 A N 445 SR % 25 ) 5 15, SR B Bresen-
ham UL AT AR R A I 48 G A5 R 2
() Bt , e AT SRR AR I BE A G691, R BUG
R BCEHU A B AR AT 1 {4 B Fe A5 B 43 ) A
R g 5, i 24 A e A RGT 5 R RS A [ RS
A . ARG OTHR R 2 i FR R ST SN
55 22 38k B i) 107 45 SO 1R A 45 SR, PRI RN 25 SR i )
PR SO [m] b B 380 400 ) 75 B e A PR T . IR R4
SRAE AL A R AT LR R ] 3 TR
TESCTERFAR P2 OB e v 388 32 %o A A D0 8145 i
17 PCA 43 fiff , K IR H br 5 ML S5 B An AR 25
(] 53 A7 Y B L 3 K 25 57 - LR S8 HARTE 30 m 43
PR T N MR R TI ZEWARED . B
WAk, il H bR R oA e T2, Rtk SR H
FEOEAE S EE AR A 5 ik, DR B AT T 224 KRR (A
XoF TN P AR [ %o TR A T F A, % i A P15k
RXCAS I 48 2E A7 5 8 (B VEA |, X 5 8% (B EAR 1 45

K Pk
Fig. 1 Flowchart of the proposed method

I I
I I
I I
Lo | B BtHoughZr #e ; . |
e e RALERBTES WL
I I
I I
8 | 2 ARSI :
ig g S S 1
R B TR R R
o R R
A ! . , |
2 | e e (EHEER |
I I
> PCAAE o] RHEMAE e BGEN > RBHERE [
| I
I I
I I



186

EANP/ RS AP ST =K 4

45 %

(a)
[ 2

(b)

(c)

RN G ORI 25 5 S 5 024 - (a) JELIETs (b) KA G AN IEZEINE 5 (o) B IR SR KL I 10 2%

Fig. 2 Detection results of the wake edge and merging connection: (a) original image; (b) Detected edge discontinuity; (c)
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Fig. 5 Spectral curves along the contrails, away from the direction of the aircraft. (a) points close to aircraft; (b) points away

from aircraft
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