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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 significant 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 multi-frame 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 20126 frames of real infrared video satellite data from Wuhan No. 1 satellite featuring aerial mov-
ing targets and annotate 29757 aerial targets. During the data annotation phase, addressing the challenge of extremely poor
spatial salience of the targets that makes them difficult to distinguish, we design a two-stage annotation method. The first
stage is data pre-annotation. Videos are initially cropped spatially into multiple locally enlarged sub-videos. By repeatedly
playing these sub-videos, we determine the presence of targets in each and annotate their temporal and spatial range infor-
mation. The second stage involves fine-grained data annotation based on the pre-annotation results, following a specific
workflow: confirming target positions, drawing target boundaries, and filling to generate masks. In this way, the 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 1401 real scenarios, 122265 video
frames, and 454116 annotated targets, with mask labels distinguishing different target instances to support both 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, there exists complex mutual radiation interference between targets and back-
grounds. 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 (SOTA) baseline algorithm achieved a recall of 0. 5782, precision of 0. 4958, and Fl-score of 0. 5338 on this
dataset. For the tracking task, a typical baseline algorithm yielded a trajectory completeness rating of only 0. 2419 and tra-
jectory accuracy rating of 0. 5191. 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 collected numerous outstanding aerial moving target detection and tracking solutions, which have contributed
valuable new insights to drive domain development. The dataset is available athttps ://github. com/TinalLRJ/DeepPro(or Sci-
ence Data Bank: Infrared video satellite aerial moving target detection dataset ).
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Fig. 1 Example frames of infrared small and dim moving target detection dataset in satellite videos (SatVideoIRSDT)
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Fig. 2 Schematic of target precision annotation process
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(a) TILBFZ] Eﬁ#ﬁiﬂﬁﬁlﬁl}ﬂ(b) T2 B %) B Ax— Rk

(¢) TURTZ BAR—JRdac R () T2 i) B AR —JRidBig

(e) TUMFZIHAR =JRHHRE (D) T205 %] HAR = K&k
PN
((a) Target 1 at time T1;(b) Target 1 at time T2; (¢) Target 2
at time T1;(d) Target 2 at time T2; (e) Target 3 at time T1; (f)
Target 3 at time T2)
K3 B HARAS R 2000 R ok
Fig. 3 Local magnification views of real targets at different

times
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((a) Real scene 2 at time T1;(b) Real scene 2 at time T2; (¢)
Real scene 3 at time T1;(d) Real scene 3 at time T2)
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Fig. 4 Real scene images at different times
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TEJR ks JWE I AE ) H R, il 3(b) iy H R, A
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27N

SNR = (1)

F2 LMEEBRMERELER
Table 2 Signal-to—noise ratios of targets in our real data
(EUSS
FArdi bt

[0, 1) [1,2) [2, +)

29.6% 51.7% 18.7%

MFER AT LI 1, A 3T 30% B HARME B R T
1, #1d 80% 1Y B AR Wt T2, D HbRf5 M L
AT 20 A L% S A i s v 3l B AR S L R
) R B A R A R, SRR RN S M 21 A 55 7N H A A
D ARSI AL T AR 0 B S #

WAR i A T A BT T LSRR SRR T
XPL T E A BFFNLLAR /N B br ks I B 1 48 1R
PR, X LEA5 SR N3 3 R o

R3 FRMEESITEERTEE

Table 3 Comparison of statistical properties across different datasets
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TD

Re _ﬁ (2)
TD

Pr= D + FD (3)

P, TD (True Detection) #1 FD (False Detection) 4}
Sl kg T ARG DU Y B R RN M H AR B L AT
(Amount of Target) & H 5 S5

SR RE ) ) PP 4 SRR o0, S
HE XU

2 X Re X Pr

3.1.2  BRERRAR

02 BARIREE TR bR (Lu 25,2025) 4 £ HFr iR
ER UME B BE (Multiple Object Tracking Accuracy,
MOTA) \%MEﬁﬂﬁﬁ&F(Higher Order Tracking Accu-
racy, HOTA) . £ H br IR % 45 & (Multiple Object
Tracking Precision, MOTP)ZE48 45 , 25 & VEAL H A iR
B I A ASIIORG B2 O IBORS B2 R E LRS BE A% o BTN 2L
AN TL R WL R iz e gl B Ax, S Eodls AT ER
EAFfERZE , Hin 51 F I R QA Z MR E R
RE , X X5 /N B AR B0 ] BEA R AR 3, X I sh
JEMELLRE SRR, PR IHGAS SOAS AR PTG BRI RE SRS I
WA, SEBR A i RS R R L e R A
JIE DL K B0 i DE TR VR P B (45 4 , PRI 1 23
56 R JBE NI S0 VR I P A oo R R 2 SR A T VA

MUl e B, e SO 2 ad BRI K )R, B
PRl se BRIk AR . A UE LR

Ny

Tcomp = N ( 5 )

Hrp N, (Number of points True Associated ) A H AR#L
WA 1F B K I OC K ) A%, NV (Number of track
points ) AFREE T B AR S AL

MU AERR B, A SCR 2k BRER R OCHR IS L 9K
IR vh A 5O L E AR R . A UE SR

N
nm:ﬁl (6)
A

Hrr, N, (Number of points True Associated ) Ay % B
Bk v B S H bR AL, N, (Number of points Associ-
ated ) ) FEE GRS AL
3.2 HiERSHESETENS

RFE SatVideolRSDT R 42 , 2690 T 1 LA L
P TR 25 vh gl H AR R 9k A € (B, SatVideoIRSTD
PRARTE) o IZ L FRLAZ) H ARG 2455, i 3h

(4)

H AR ERER AT 55, FE AR HE 20 AP T 25 vh 3l B sk
I A GBI 00 [F) I A B AT X %2 5 B AR
PREFRORBIRER . BRI S] T 1 N4 R AL W5
JIr 5 9256 % DA KRR 2wl SE BT B 3L 73 SCBA T
(338 N) 4 298, 7= AR 1 19 303K AR L 3825
FONZEAR IR SR A T 78K
3.2.1 FRESSR

# DeepPro-Plus (the plus version of deep tempo-
ral probe network ) (Li 45, 2025a) 15 AU AF A 12 5 4 46
EARINAT 55 B BRI A BUR ZLAMEME T A
E ot PR A LB 230 285 5, O i 1 (L 93 1 N 2R
FERFLLAF RN A e AL EAR S WD B ARR I 4 5
[, X6 L 7 At P 0 20 A6 /0 B A A D 7
ResUnet+DTUM (residual U-Net and direction-coded
temporal U-shape module) (Li 5%, 2023b) , DNANet+
DTUM (dense nested attention network and direction-
coded temporal U-shape module) (Li 45 2023b) LA K
ResUnet+RFR (residual U-Net and recurrent feature
refinement framework ) (Ying &5 2025a) J5 i, 1F Sat-
VideolRSDT Ml il b AIPPAL S5 RN 4 F7R

4 SatVideoIRSDT ##E& FHMESEELR
Table 4 Benchmark results of detection task on the Sat-
VideoIRSDT dataset

AUl RPS HInlR AGHR F M
ResUnet+DTUM 0.3641 0.5894 0.45402
DNANet+DTUM 0.4642 0.6866 0.5539
ResUnet+RFR 0.5150 0.4313 0.4694

DeepPro—Plus (3 ER )
BT IRFIR RIS R

0.5782 0.4956 0.5337

MEERAT , 25 P AR S 5 N RN,
B e T A 22 04 [al A, 3843 3575 (11 ResUnet+RFR)
FE S 7 57 A A R ) R 2 B A
RK.

55T DeepPro-Plus £ U #5 #1 |, >R H] 48 i SORT
(Bewley 45 ,2016) S5 vE AR iz 80 4 - BRERAT: 55 19
FEWETTE AR U8 2% 1 a5 A5 B R AT R G
i e 0 v A BRI Bt B E bR R ER 2
H,7E SatVideol RSDT MRS I (4 PFAh 25 4Nk 5 77
N B LS R L PR — S A5 IR )

A€ E SRS S T S 1B Sl RE g S i
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=E, FHE, FE, B, BEFEB, LB, TR, BER, B2I1%, =EE, TXFE, =k, ®E, 257, FEE, KERE,
FhFE, EBE, B, ERN, KK, B, B5REE, =Fh, BR%, GiEE, TAE, KiHE

&5 SatVideoIRSDT H#E & FIRIRESEELER
Table 5 Benchmark results of tracking task on the SatVid-

eoIRSDT dataset
Bl Bk
. [~ A I, s
ok 7'; *%; FOSE sels e
B B
DeepPro—Plus+
SORT 0.5611 0.5191 0.3399 0.2419 0.5191
(FEAERL)
RS 0.8170 0.9901 0.8953 0.8158 0.9901
W% 0.8303 0.9590 0.8900 0.8295 0.9590

I RO FHETR R AR

B IR R =R B
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AL, R HARE 5 Wik ;

2) AR , o TSI SR S AR
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[t , 5 R o AR 2T 3 W e X L TR
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LI AR A, AN J, T TR N () 48 B T AR E
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TR K5 75 357 A I AE FRAE 2 8] A B, ARSI O
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7 (Phase Correlation Method, PCM) , ) 5 %) ¥ i [&]
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£t %J DeepPro(deep temporal probe network ) 3/
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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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(Hybrid Moving Infrared Small Target Method ) : 7 5
N ZRGE A e — B 74 1 783 S 4 TR L I Py A 1
A DLHA, T E A1 i 125 AR 4 L, IR 6 T
RECHE 75 S 2 L SRR PR RE , 45
AR B AL A I H 20 R T X
AT BT IR AE AN R 50 1 B 2 A i i) 5 e
T HE S T TR E b

—| match [—ResUnet|

| DTUM [—*
{t-8, t—7,..:1) {f-8, f-7,...f} Predipaslﬁ

e L

f+8) Pred_future

{t, t+1,...,t+8} {f, f+1

;;;;;

7 T DTUM YR B AL RHE L P
Fig. 7 Framework of DTUM-based deep detection model

LA H TR PR ARG DN A AR AE 48 G & T R, LA
DTUM (direction-coded temporal U-shape module) (Li
45 ,2023b )RR Ry BR it AL 1 5| Az 3h BB dE
Y Bl 5 5 0 1) 4 5 4 AL (direction-coded convolu-
tion block, DCCB) , ¥ U gt iz 3l J7 17 FEAE , {55
/N A BRTER F— B0 T Bl i, RERS AT 30X o) H b
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ARSI 77 5 56 A SIFT (Scale-Invariant Feature Trans-
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=E, FHE, FE, B, BEFEB, LB, TR, BER, B2I1%, =EE, TXFE, =k, ®E, 257, FEE, KERE,
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