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Abstract: Objective Infrared video satellites serve as critical tools for detecting aerial moving targets, with infrared small
target detection technology forming the essential foundation for this capability. The rapid advancement of deep learning has
yielded numerous single-frame detection datasets and methodologies, enabling substantial progress in identifying spatially
salient targets. However, moving aerial targets captured by infrared satellites typically exhibit low spatial salience and fre-
quently occur in complex scenarios, rendering single-frame detection methods reliant on spatial information ineffective in
such challenging conditions. This urgent challenge necessitates the development of multiframe infrared small and dim tar-
get detection techniques. A major bottleneck restricting the advancement and practical application of aerial moving target
detection technology has been the lack of dedicated datasets for infrared video satellite-based detection, primarily due to
the difficulties and high costs associated with data collection and annotation. To address this gap and promote technological
development, we construct the first infrared video satellite aerial moving target detection dataset containing many real-world
scenarios, called SatVideolRSDT dataset, and organized the inaugural detection competition based on this dataset.
Method First, we collect 20 126 frames of real infrared video satellite data from Wuhan No. 1 satellite featuring aerial mov-
ing targets and annotate 29 757 aerial targets. During the data annotation phase, we design a two-stage annotation method
to address the challenge of extremely poor spatial salience of the targets that makes them difficult to distinguish. The first
stage is data preannotation, where videos are initially cropped spatially into multiple locally enlarged subvideos. By repeat-
edly playing these subvideos, we determine the presence of targets in each and annotate their temporal and spatial range
information. The second stage involves fine-grained data annotation based on the preannotation results, following a specific
workflow: confirming target positions, drawing target boundaries, and filling to generate masks. In this manner, well-
annotated real data can be obtained. Then, we integrate two simulated infrared aerial moving target datasets with authentic
space-based backgrounds to enhance scenario diversity. The resulting dataset comprises 1 401 real scenarios, 122 265
video frames, and 454 116 annotated targets, with mask labels distinguishing different target instances to support detection
and tracking research. In the challenge based on this dataset, we establish two core tasks, i. e. , aerial moving target detec-
tion and tracking, to advance integrated detection-tracking technology. Corresponding to the two tasks, we design two spe-
cial evaluation metric systems. Especially, the tracking performance metrics are proposed for the first time, including tra-
jectory completeness rating and trajectory accuracy rating. Result Analysis reveals the high complexity of our dataset: The
real targets are extremely small and dim, with an average size of no more than 20 pixels and an average signal-to-noise ratio
(SNR) of only 3. 06. Among them, over 80% of the targets have an SNR below 2. The real videos contain rich dynamic
variations of targets, including changes in motion state, grayscale distribution, and morphological size. The background
also exhibits complex dynamic changes, including translation, rotation, stretching, and scaling in different directions, and
local grayscale variations. Additionally, complex mutual radiation interference exists between targets and backgrounds.
The diversity introduced by real-world scenarios and actual systems cannot be easily replicated by simulated data, which
also causes our SatVideolRSDT dataset more challenging than other public datasets. For the detection task, a state-of-the-
art baseline algorithm achieved a recall of 0. 578 2, precision of 0. 495 8, and Fl-score of 0. 533 8 on this dataset. For the
tracking task, a typical baseline algorithm yielded a trajectory completeness rating of only 0. 241 9 and trajectory accuracy
rating of 0. 519 1. Conclusion The competition fully validated the practical value and high challenge of our SatVideolRSDT
dataset, providing crucial data support for research on infrared small and dim target detection technology. It also attracted
substantial attention to the field, facilitating academic exchange and technological progress. Through this event, we col-
lected numerous outstanding aerial moving target detection and tracking solutions, which have contributed valuable new
insights to drive domain development. The dataset is available at https://github. com/TinalLRJ/DeepPro (or Science Data
Bank: Infrared video satellite aerial moving target detection dataset ).
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Fig. 1 Example scenes with targets of infrared small and dim moving target detection datasets in satellite videos (SatVideoIRSDT)

((a) simulated scenario 1 from SDG satellite (Li et al. , 2025); (b) simulated scenario 1 from Landsat satellite (Ying etal. ,
2025a); (c) real scenario 1 from Wuhan No. 1 satellite; (d) simulated scenario 2 from SDG satellite (Li et al. , 2025);

(e) simulated scenario 2 from Landsat satellite (Ying et al. , 2025a) ; (f) real scenario 2 from Wuhan No. 1 satellite)



=EW, FHE, FE, B, BEB, LB, FFR, BER, 2I1%, FEE, FTEE, =K, BH, 257, FEE, KT8,

FF, BEME, B, TR, KK, BiE, EFRE,

$31%5 /598 /2026 £9 A

¥R, BRE, BEE, BHAH, KitF
LI5MILET T 2 == v gy B ARG B4R £ B BT A

A B B R 42 NUST-SIRST (single-frame infrared
small target dataset) , 3 i B 07 ELBE H A5 45 0 21 % 52
133 A FLIZLL AN R v, DT A5 21 R 4
Li 55 A (2023a) 8 16055 05 22 H ARS8 19 7 EL AL
fi4E NUDT-SIRST . Fifi 45 U i1 & R 4K A% 1T £ 11
KU, B BT — S /N R Y SR 4R L

NUAA-ACMT %495 % (Dai 5%, 2021a) F1 IRSTD-1k %%
Pi4E (Zhang 55 ,2022a) . BlJ5 , Wu S A (2023b) A1
TE A REE TR LI AR A SRS I £ A S I A
H b5 3048 52 NUDT-SIRST-Sea. 1 46 B i 46 1 5 5
LR AR A e AR 4R, T R i A 5t 2 A
15 L 5 AS DN St £ 1) T LA

F1 BN B MEESE

Table 1 Single-frame infrared small target detection datasets

Pl You aRieE oo e e B
NUST-STRST A 128 x 128% N fii Bk 73 151 10337
NUDT-SIRST i E 256 % 256 R BhAE A g FOBE AN BB M4 44 1901
NUAA-SIRST SEl 303 x221%  ERE 3k a3 SOBE TE AL M 40 533
IRSTD-1k S 512x512 N fili e FOBE TS 85 1001
NUDT-SIRST-Sea S 1024%x 1024 ffEfE P AR BT AN ke OMEERE 29 17 598

T URZ R HERI I 0 HER

1. 1.2 JpFlfe a4

AT B LT A1 /0N E BRI 4 e B 2 2 D i i
12 LI AR A A = A Eb SRS I 5 4 |, B 4
TR B 5 | bR A R /N FLAE e L BE A, Sun
SN (2021)FES7 T 45 FE IR A Y RS L85
B A i bR K 73 S 2 R AL B (R B 21X
AL T HAR OO BB ZE (PREE ), TT RE R M 5
RIYN L5l e, BRG] T AR HEZR B 7L (9T o Sun 55
AN(2023) 0 T — N RIAEIR A P FI L 51N B ks
DA 42 IRDST , 12888 A AL & P 43, — & 43 5
IEHESE , 75— U5 HABAEAE Wi or B bR
BIRGFEINT 10182, 0P HNL050IN B e 42 A
WFFE AL T S SR BRI R R
by L 2 IR A, S BORTR 7 H pw b AR 35 507
GLRAS i ZREE RN | SEBRAG I e B 51K
Li 58 N (2025) 05 B0 T 8 MINAE e LIPS0 2050 N H bR
K 42 NUDT-MIRSDT , o it 2 492 B 5 e 1L )
GRS THE, Hod — A7 48 B AR T 245 1 L AIK
T35 ZER AR N (2025) FE N7 T 1 A KRR K UL
DU FA 21 416 55 B bR A I BCE 42 , 0BT 1 R AL
FEILT A TR EHR L BT AS B IRORTE T 5 55
F AR ARG I I, Ying 25 A (2025a) 20 M T R L0
TS5 (32 sh RRTEIF 36T IO BU T R~
(7 R 4

IS RNV N AL I FAW ) VAN ER 7Y iail €
AR ARSI AR 5 D, O HAIE ok S8 e B LS
LA DR A AR, AR R s B2 S
H AR Sh ARk, KRB AL A T B S0 $5 s 4754
2
1.2 Z5MNBRRENE AR
1.2.1 BG4 BArRiE A

e e AN BAs ke R 205 TR &
R 3 R A S VR A 248 AN TR] 43 Sy B G:
ARAFFINRMFEA o HWiZT S0/ B A5 A 3222
3Ty ik T S WE I 5 v (Bai il Zhou,
2010; 5K 4% %5 ,2016; Zhu %5 ,2020) FE TR REFR i
PEAY 77 (Kong 45,2021 ; Zhao % , 2022 ) Fl1 5 T #HL3E
T ML AY 7 25 (Liu 25, 2018; Yang 55, 2023) . J¥#
FNLT AN HBRAGIN B AR 2 B J T = e I 0 ik
(Gao % ,2017; Li 45,2021 ) Al 3 I Bk A 5 1 19 7
7 (Li%,2023b; Wu%5,2023a) .

Xy VA ) A RO RO T T RME SR
U E e SEBAG I, Sy B T IR B A 20 A ARG I AR 1Y
KR T G . R (LG T I A TEM
FOME : 1) T TAEIZ AL RE 755 , B G5 PR A it
Sext s i R sl Tk i B AR DL ECEIAR , 5t
¢ H A O 2 10018 I A 10 25 5 R A5 2) A N 3ok 5k
JEEXE LASHE B, >4 b B B SR AR 5 B 1 R e 22 41 TR

3325



3326

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 9,Sep. 2026

Z T TR EICH 3 T 0 R ) = 4] 28 {5 B T
B, 3 25 S SO0 o R W R R . BE TR
5 RE A T G b il DA% 2 5 10k R R80T, ) Esf o e I
EPEREEETT .
1.2.2 TR LSS BARKEI AR

ULAER , BT IR 24 ) 1) 5 i ol 1 i R i e
T2 2 B8 1 3K A% 1 b A% 48 I ok 0 4 i A I 1 g
GENTT 45,2024) o AR SRS B UE 10 2 B A
[, [RRE 4 Ay BRL Mt R AGE I 8 A R 371 5 R AL I
Ao BRMTRG I 7 32 T BEA 4% 3 R0 A 2 2 Y
H AR 5 52 22 BN K i st (A s 5
A 3o TR R A o) 245 58 P i B D s 1 S0
M e R SR AR SRR S AR . Ry
T HEECE bR R R 2 M REAE , Dai 5 N (2021b) ¥4 )5
T b B R Rl ) R BE R 25, Zhang A
(2022b ) ¥ Jmy F0T Fo B JB2 1 5 488 by TR J22 AR 5 (]
(AR REPIEAS 22 i . ka5 A (2026) 3L Fik %
e =WALyIN B LA AN S R AN R T
FH B 0 s AT 5 AR | Zhou 55 A (2023)
Pt T — T R B AR A i A I 5 3 o [ 5 ke
O3 AR S o AR B H AR o S H
T 00 [ 2 A Ry IR A it L AR R A Ak TR, T
GRS 7 i ELAT B G R RS IMAEG 24 38 3 S 2 1 H A
DG = 2 A S ), EEA TR
PERFIE B 5 5 AL 38 ShRRAE 9 7 i, =38 53 Fl
FHH B 0 B 23 8 35 P R AE FLE SRR E . Du 98 A
(2022) JF i (5] il 5 R ARG SR AL G ST T 25 R AE
PEICHY B A AEZL R H bR 2 o 2 P s
PRGN . Sun %5 A (2021) 1% H AR 5 J5 355 W
PEFN 4 Jr 3% S M HEA T AR, JF 4 LR A0 Sl A~ 290
T, LA 2 it B s ik ) S B, LisgA
(2025) 3t 1T —Fh 3 T 07 0] gt (1) 4 B R84
18 )7 1) S i BN RRAE o, £ 1 4% BE 98 $2 B H AR i
IS NS SR 7Y el 8

TSy 3 ok R A B S 06 1 S TR B T 2% il
AL UG T R ERE . A T HE— 2B B TR
AE , — L5 B R AL (Liu 55,2023 5 Zhang 55
2025) il A F1) 9 45 Hh 38 BUAS [] Jey 350 =22 1) A A G4
el 0 28 T G 3 i R AR B — 2805 1 (Lin 5%,
2024; Li % ,2025) 38 i i SIS A 2040y B AR
(R 2 PR BT B I 5 SR B P A . IR 2
2 J5 WAL T B 8 7 1 1 S ek )

AE, [AIF, 753 25 T 2R BB s -5 RE T, B A
R E W IR BT, JEBE 1A% GE T 1 KNG R A 3 2
AR

2 HIE&E

2.1 HERESKE
2. 1.1 R4

H A E A LT /MR T8 %5 w3l B RS 5
L R 07 BACHE 4 A 5 H bR B 4R (Ying 55,
2025a) A1 55 H bR 20 4 (4Rl 45, 2025) , X 2
B AR 1) LA BRI s R S LA 45 R BT Y
U5 5 B AR LURBCEE , R — 9 51 vf g 5 B H il #
KSR E S EFERBIAK,

SR, BSL g seh, [/l — HARER 1 iz shRZ& O
] R A5 ) 2 BN R) & A= AR Ak, BARIY IR 43 A4 B
BRNFERE 2 KA T4, W —E HRA
7] CAT I 2 AT AR AR 58 T SRS W PT REAEAE
T SRS X 5 BARAS R CAPIRE T & 1m
T HAs R AR E DL S S R R A &R
XK. By BB W E— A, &
Bt AN TR CAT B B (A e 38R0 o BE 25 ) DL R AS ]
BRI 21T R = 2 i 5 ) S5 & A
o WAL, B st HR 58 S0 M BARR i
IEAE AR Y T B i G R (VF 205 LS AR H
P R BE B N 2075 5erh) o 22 HbRR 575 5@
e, HAR S T SR T RRAE R A U 5 R
S, T FEER ST

g5 b SN s B 0 52 Rk 2 R R 2 AR T
SRR X TS L AN /N B ARG I H A
BUMAE . SR, % SR SN AT B R 25 1, R4
FLL AN DA 2 v sl B bR gl TorE 2. R
I, AR 9T R AR T R — 5 P2 LT AMEPLIA R Y
ANFIHLZ B O . B A 2 sl B bR
TR ML & FETE LG AT AL B AR, BFREY
18 BRSO EE A FOE S KNSRt A 5 10
SRR T H T SRR A BARIRES 2
2.1.2 BRI

F T 52 37 S B AR B R, B A B, TR
SEFRTE A B SR ECE 36 20 126 T, (& 25 sh H
FR29 75740 AT RENE B b b S R A I 25 1|
Y5 R TR L AN DR 2 sl H AR5 EA



=EW, FHE, FE, B, BEB, LB, FFR, BER, 2I1%, FEE, FTEE, =K, BH, 257, FEE, KT8,
FhFE, EHBE, B, ERN, KK, B, BERE, =76, BRK, BEE, BOE, KHE

$31%5 /598 /2026 £9 A

LI5MILET T 2 == v gy B ARG B4R £ B BT A

A 3K H SDGSAT-1 T AT AMHPL R 1Y IRAIr 5L
P (2RI 45, 2025) By IS H AR B0 MK A Land-
sat8-9 T2 OLI L XA L1 4P B 52 1% 1 TRSatVideo-
LEO X4t 48 (Ying %5, 2025a) A 05 EL o2 HAREHE . H:
ook H IRAEEAE A 1 31455, 31565 700 i ;
2 H IRSatVideo-LEO %k #ff % 19 & 82 1~ 37 5t , It
36 4391, 35 IRATEICHE e [ 44 il o 28 1 B 4

BT A5 1401 S FLE 5, 122 265 I
T G K, DL M 454 1164~ HARRI LT AN T2
25 3l H AR A 5l 4 SatVideolRSDT,
2.2 EXHsHERE

HY T 2R 4 B8 3 s Bt b i B B o AR
/N, ELAE W FLARAR, PR e 47 1B OB A v AT, 7
Bk A VR T B ARG O IR T B H AR
D5, DA RN AR B AR LIS A2 S13 LA S B
ALAT T BB Can H AR 1 B 2055 N1—N2 T, )L
(21, yD)izsh 8| (22, y2)) , %L B A HbRTE. Ik
BB H bR B RS S, RS IR B %8
ARG PR TAE , 5 2459 3] mask R%5 .

TbrE R, PSR, BARRSHR/N,
J T RIE bR, B SR U REAG 2 (R AR 5 AR
VFZ/INRUSE BYRRAIE, S8 5 K /0N RO PR A8 750 R 3

i G tEpRiChi S EbRic H bR

A7 F R TR e 1 IO AU 5 R i s — ot
IO B S R B T o R T SRR R T L
i B2 RO ) 7 5, N TS A A Ry s b
Se AR Bl HAR (R AL R . 5 kB
FUAR , WIRET 454~ HARBUIE ST 1D 5 I8 5% H briz gl
10 AN TS R 1R S, e A B TR TE 4 2R

BT WAR LR, I R Z A H bR BRE bR TE T
VE X TAE RAR R an P 2 fieos o 8 2, R 408 A
TEL R AR BN R AR aC H AR i i TR 181 A R
HURFRIE [, FF R F AR B £ (4 a0 X 3 SR ) il
Ao SR [ U4 Y B A S TR S5 P, B A B TR
(i I Zdp i AfR 5 W SR F L. 2T
I, O K BEAEARIC 1 57 DX 48k, T H AR 1D 5% B2 Y
BUEAE 9 IR E AR SE 2 00 b i) AR IX Sk, %
JE ) H bR G K 5 5ORBERL, Bl H bR ig
A, 5 R AL, R AR R BRI
PR IR A, H e A 0% H AR A mask #R45 . B4 b
AR SE A WU i B bR 0 SR TE TR H
PREGIIIRR I , foe 24 2 R DX 70 AN ] A 5
(LR R TR A SR TS| W R R R S TR S
TR AL AN T A rh gl H AR B R AT 55
e,

=

=

ISR E TR A B AR E i B bRi 546 SHFTIFAE i, mask FR2E

K2 AR R E

Fig. 2 Schematic of target precision annotation process
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Table 2 Signal-to-noise ratios of targets in our real data
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Table 4 Benchmark results of detection task on the
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JUEEYIES 0.817 0 0.990 1 0.895 3 0.8158 0.990 1
W2 Ty %8 0.830 3 0.959 0 0.890 0 0.829 5 0.9590
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Fig. 5 Motion compensation module processing flowchart
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Fig. 6 Schematic of bidirectional reasoning
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Fig. 7 Framework of DTUM-based deep detection model
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