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Abstract: Infrared search and tracking systems (IRST) have emerged as pivotal technologies in both military and civilian
domains due to their inherent advantages of all-weather, all-day imaging, flexible deployment, and high concealment capa-
bility. In modern defense and surveillance applications, such systems are crucial for early warning, security monitoring,
missile guidance, and anti-access/area denial operations. Despite these advantages, the detection of weak and small mov-
ing aerial targets remains one of the most formidable challenges in infrared imaging. Factors such as limited sensor sensitiv-
ity, long imaging distances, complex and variable backgrounds, low signal-to-noise ratios, and sub-pixel target sizes exac-
erbate the difficulty of accurately identifying such targets. These targets often exhibit low contrast against cluttered back-

grounds, high maneuverability, and diverse motion patterns, making conventional detection approaches insufficient. This
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paper presents a comprehensive overview of recent advances in infrared dim and small target detection, categorizing meth-
ods into three principal frameworks: traditional detection frameworks, low-rank sparse decomposition (LRSD) frame-
works, and deep learning frameworks. Traditional approaches leverage spatial, temporal, and transform-domain features to
enhance target saliency, utilizing techniques such as top-hat filtering, local contrast measures, gradient and derivative
analysis, multi-scale strategies, and visual saliency models. While effective in relatively simple imaging scenarios, these
methods face limitations in complex or dynamic backgrounds, often yielding high false alarm rates. Recent improvements
incorporate adaptive windowing, entropy-based measures, and trajectory-consistent temporal modeling to mitigate these
issues. Low-rank sparse decomposition frameworks represent a significant evolution in detection methodology. By modeling
infrared imagery as the superposition of a low-rank background and sparse target components, these methods convert target
detection into an optimization problem solvable via robust principal component analysis (RPCA) and tensor decomposition.
Innovations in this domain include the development of infrared patch image (IPI) and infrared patch tensor (IPT) models,
weighted Lp and Schatten norms, non-negative constraints, and total variation regularization, all contributing to enhanced
background suppression, reduced false alarms, and improved detection robustness. Recent studies further exploit spatio-
temporal correlations and hierarchical subspace learning to increase efficiency and adaptivity , making these methods suit-
able for more challenging operational scenarios. Deep learning frameworks constitute the most recent and rapidly expanding
paradigm for infrared weak target detection. End-to-end neural networks, including convolutional neural networks
(CNNs), attention-based modules, and Transformer architectures, have been employed to automatically learn discrimina-
tive features from infrared imagery. Despite the inherent challenges posed by low-resolution, textureless targets with mini-
mal appearance cues, the integration of contextual information, feature attention mechanisms, and specialized loss func-
tions addressing missed detections and false alarms has resulted in substantial performance gains. Hybrid approaches that
combine handcrafted features with learned representations further improve detection reliability. Moreover, recent attention-
guided architectures and multi-scale processing strategies help preserve small target information typically lost in conven-
tional pooling operations, enabling high-fidelity detection in complex backgrounds. In addition to algorithmic innovations,
this paper reviews publicly available datasets, performance evaluation metrics, and comparative experimental studies
across different detection methods. Results indicate that while deep learning approaches offer superior detection perfor-
mance in diverse and cluttered scenarios, LRSD-based methods remain competitive due to their interpretability and robust-
ness in low signal-to-noise regimes. Traditional detection frameworks, though more susceptible to false alarms in complex
environments, continue to provide lightweight solutions for real-time applications where computational resources are con-
strained. The study also identifies several critical research trends and future directions. First, multi-modal data fusion,
incorporating visible spectrum, infrared, and radar data, has emerged as a promising strategy to enhance target detectabil-
ity and reduce environmental ambiguity. Second, real-time performance and computational efficiency remain key chal-
lenges for LRSD and deep learning frameworks, motivating research into accelerated optimization algorithms and light-
weight network architectures. Third, unsupervised and self-supervised learning approaches have begun to demonstrate
potential in mitigating the scarcity of annotated infrared datasets, enabling scalable deployment in operational settings.
Lastly, the integration of trajectory prediction, motion modeling, and adaptive feature extraction is increasingly recognized
as vital for robust detection under rapid target maneuvers and evolving environmental conditions. In summary, this over-
view consolidates and analyzes the latest advances in infrared dim and small moving target detection, encompassing meth-
odological evolution, experimental validation, and future research trajectories. By systematically classifying detection
frameworks, highlighting key innovations, and identifying ongoing challenges, this work aims to provide researchers, engi-
neers, and system designers with a comprehensive reference that informs the development of next-generation infrared
search and tracking systems. The insights presented herein not only advance the theoretical understanding of weak target
detection but also offer practical guidance for improving operational capabilities in defense , surveillance, and aerospace
applications worldwide. The convergence of traditional, LRSD, and deep learning methodologies, along with emerging
trends in data fusion and adaptive modeling, signals-a new era of highly reliable, automated, and context-aware infrared
target detection systems poised to meet increasingly stringent performance requirements. (The corresponding link : https://

github. com/Yoooohan/Collection-for-Infrared-dim-and-small-target-detection-methodsandhtips : //www. scidb. cn/preview?
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Fig. 2 Outline of infrared dim and small moving target detection algorithms
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(2018b) fifi I y YGRS 5 0Bk, % H AR BUER A7
FE Y 5% B Al AL L1 YE B0k B ER 4 H
P, TR A 5758 B % 0 e (i iy 5 M 21X
), R L2, LIS EGHEAT 4K . 2019 4, Zhou 45
(2019b) ik — A 55 A A L1 388 AR 1 24 o) A
LT R EICR B 47 (15 S )L IR Ak, Ay ikt e S T
D7 1 K VG B R A DAy i 1 VR [ 45 44 1 ) 3T
Zhou 4§ (2020) fiff FH &l 1E W) 16 J7 32 A B3 — 4k BR S
B [F4E, {134 ] Schatten 1/2 38475 25 1E 4L 234X
BRIl (Zhou 45 ,2019a) . ILAl , Zhang 55 (2019¢ ) 43
Br TR TREECRTE 2 0 52, e 280 Lp iy
HHBR, BUS T A RS BE

e ¥ AR CSE L PN = = § (R G o
A SEAEANR S IIAL . R B, AR A2 B LS A 7
Zhu 55 (2020) B 75 BB RRETE AL e il Jy b iy
D3 BT T4 A SR AT B 24 SRR R i Bk
L7 75  Fang 55 (2020) 25 4 5 AN L1 JE00E W 1
5TV BT T AR I ZE R, iRy,
TR R A A 5 1 B[R] Ak e i 2 | sl LAt et 52
Presk o PRI, Pang 25 (2020 ) 1 FH 5 51) 14145 He ply 7t
TR BRI | -3 1k 57 A5 U0 oA S s i S 7R
SEELT OB A I B A FH s AR RN A B
Hb AT TR 2 T R B0 38 1 WA A AR
B A I 7 ¥k (Shi %5, 2017 ; Song %%, 2020; Sun
4 2021a;Bertrand %5, 2020; Rawat %5, 2022a; Rawat
45 2022b) .
1.2.2 1AMk Ay

BT Y LT AN YR B S R 0 5 TR AR TS AR
WA EE AR A5 R s AR O AR IS AT
L5 S, SR, B B i 6k 371 o) i A R VE AT A 2
IR He EG A 25K Fn 28 S U ME g ), PR, —

g Sl ke AL A ) ALL AT /N H FRAS I, i — 2
YCHE T AR RA S DT S S T T AR ek 1 7]
RAEHL , 2017 4F, Dai 5§ (2017) B 46 0 20 Ah Bk
SRR R BRI (7] S Ry R AR R R A
(A0, I FH R BB 45 A AR H iR B A & R e ik R
S vz 7 SR AR R RS R RSk, BB RHRR
2P A sk A% S BT IR, i — 28 T 5
ik B A RS 2 (Sun 45,2018) 0BG , 1% A A #
Schatten p yE£L (Sun 45 ,2019b) Fil4: 5 22 1F N4k H AR
(Sun % ,2019¢) 53 51 A 5K A A | M 5 47 1 oF |
FH a5 B o Z5UHl, Zhang %5 (2019 ) K S 1 7E 41
HMPGAE TR rf R L A o0 R XA 50 T4
ShHeak EAFRY  Zha 25 (2019 ) {6 FH 22 ot [ {5 4 7t
sk i, IR BARIE S RRIE 321 T 45 G 4515t
B M5 B 515 5 FAH AR 0 TR R vk

M 2020 45 FF I, MR R 22 T AR EKE H AR 1728
A e 5 B 5 LA SR AR R, DL 4 A Sk Pk
HARSK . Zhang 55(2020) i H br & R 0945 B
Fa 1 2 A A B SR 58 AU 2 . T Sun 5§ (2020)
W2 M) kY Ry =k AR, Liu %5
(2020 ) B FH B35k 22 1t [ 5k e 25 o) i i, i e T
PRAT R 2T 7155 B A ) BT, JE R B XT B2 AR AE
FEAL GEAS I AE 2 rp ) A 5 PR BE L Guan 45 (2020) 5
HRXT LB RE LB | A LT AN K AR A

T AR, PLBE AT B F 22 T AR SGUE T 27 4
FRAT AL LA , Kong 45 (2021) 451 07 51 AJE™N
Sk VKA, B — 2 Btk T L0 A5 /N B BRI AR
Nie 55 (2021) Ry TG4 g AEAK 52 H bn sk it 5
FH T A B UE U AR BUR A AP R 45 2 . K& 4
sk Rk A N AT S R SR R, S B
fEHARS BEA B . I, Liu 25 (2021a) %75 546
ANKEFRZS B 4 5 2229 00, JF 0 T S A T
T, AT AER TR AN R 75 A et . Ieoh
i DRI Z ) S5 v 9 5 i 5 2 [R] AL, Zhou 55 (2021)
I T [R] 75 S AH DG 25 (] A S5 R e 30 5 B 25 A i &%
R BUS T R I 45 5 . 2022 45 LK A
BRI AL 5 A5 BRI B AN 4 1 (Fan 55,2022)
PIRAS A R A AR
1.3 ETFREZFIERMNRNFZ

B N T RE B A R T 285 45 7 ) 5% 2 &
Ji , Rk 22 2 2 B ER AR 55 /0N B A RS I 4502k 7 FH A
KIS BE B R A . SR, th FAr4h
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H bRl o R R 58 B AR, B0A S SO AU LS R
FERE b o] | S EOE T A ST HE R R A I 7
R R B ORGP 22 E BT R
SR SRS LTSN 8 /N B AR RRIE 2R 2T

Wang 45 (2020) £ H} i L A (U-skip context
aggregation network, UCAN) LAY 7 H: T W~ [T
SCERB R, AL E U AG RN B R, S T A
TR BERHY R , 34 1 T G 1 R X470 1 4
(Wang 45,2019b) . Lin 45 (2018) fli [ 7 /265 Blp 2
PO 265 0 L1 2 B8040 2% S0 IR ) A o Sy B A
S AP E TR, Wang 47 (2019¢) M T BAT HHE
S ORI BRI SRAE 1 ZR I 285, A5 8417 1k /s H s 2%
2 IR IR TR 2 0PI BE 4 R AR R

EJLAELIOR iR B NRRZE) T Tz M. Dai
S5 (2021b) ¥ R ioxt LLBEAE B LA R4S A T )Ry &8
X O BEVE R IR . Hou 55 (2021) W Rl T sl 2 e
REAE 55 TR B 1) 265 i JBUREAIE | A A 1 65 A8 A T o)
(robust infrared small target detection network,
RISTD) % . [R]RF 8 F AR 8 hy [T 5 o i) Mg 7
FH W 8 2 5 ) 28 1 7 ik W IS T B3 248 (Shi
55,2020) o LN, Dy figp b — B 2% it AR = S U
H AR E B A8, L4 (2022) BT T EinE L |
B, 8 T R R AL 7 0 % AR i B TR ) &%
, DNANet) o 3¢ [ v 2 5L
TR R U] Y B2 3 o) A5 R 28 X 246 s KAk H bR 5 78 5
FRULLE , SEISR AL PR EE N Y ZLA B AR I (McIn-
tosh % ,2020a F12020b) . 1EAL5E H BLAT RS P4 BE
1 — 22 % 2% (41 YOLO , Faster-RCNN ) 1 Fi i)l 445 7
WAELLAM g/ H bR I s 1 R4 2R (Li 55,
2020 ; Baussard %5,2020; Akula %,2020) .

2021 AFTFUf , Ok 1 22 WF 5T A6 1] T 08 FH R B2 =

(dense nested attention

SJHESR . Wang 55 (2021a) 7 28 Bl FHTR EE 44651
U Do 2%, 75 BF A T PRI IS e Oy 2, SE B0 T H AR R
M. Ying(2022) 1 Ding &5 (2021) [AIAEF 1T B3k 45
B AN ORRERR R SO 2% 4 Ja T 7 I 45 i
U-Net 55 75 H A USO8 S g 19 5 5 LA B v
SIALLAM /N BARKIAT 55 (Yao 55,2018 ; Yao 45,
2022; Ying 45 0022; Zhang 45 2021a; Zhang &
2021b; Dai 4§ ,2021a; Ju %%, 2021 ; Chen %5, 2022a;
Tong 5 2021) . IEAESE, 2B BT Méﬁ(generative
adversarial network , GAN) % 2% 7 1/ 2 40 5 Jif 21,
Zhao %5 (2022) FFH A= m =X W 26tk g 1 2048/ B
PrAS il G 8 He R,y 2e 2 HARINIE Sh 7 PE , Liu 55
(2021b) ff FH g A 2L, I A1) FHAS S iC A2 254 7 >
H AR 12 Bl R [R]85 5 I el = 4E S BRURS T R
S ARG T BE

2022 4%, FE TRl BAR M 2 M g B i,
AR ERL S 2 BLSRHE RS (Wa 55 ,2022a) JE
B IFIE RS (Zuo 55,2022) R IR LA (Gao 45
2022) % . Chen % (2022b ) WA 24 i 42 Bk AF 50 34
Transformer 5| A £1 4k /N H b5 £ Wl 4 55 o Sun 5%
(2022) 3G AN T LI AR RN ST 1] ) 5] %
P I, LA A P ORI 25 I E . Yao
A5 (2022) M T T A B A R 0 6 2% £ — 210
AR, DL SO AG: I B 1)

2 5 5/NEEh BRI EE S

g e HL 58 A bR TR R A A I A R Y
TR BEH BRIk 0 2R e LA
1155 51 MR TOK , = T 1 — &R 50 i 1) £1
A5 /0N B BRI SR A R e B, A 1 BT R o

R2 HMEE/NESN B ARG BLE B & =

Table 2 Overview of existing datasets and benchmarks for infrared detection and tracking

27 R Hhy  BETY PIEC BEGBEC Bis g RETE B
Hui %5 (2020) 2020 = 22 16177 16944 JE = 3~5pum
MFIRST (Wang%:,2019b) 2019 P 11 2198 - - -
Sun %5 (2021h) 2021 & 350 150185 - TN 8~14pum
Dai % (2021a) 2021 i - 427 480 = 0.95~5um
Zhang %5(2022) 2022 e - 1001 1492 - -
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X, DR, BEME, TFH, FRE - WA, BE8, XFiR, #AFH, BXxE, BEHN

LI5h = th §5/NE ) B ARG T AT R ARR

R R S HT LT A1 55 71N B ARSI 45 588 475 A5 B ke
Z B RIS DA AR H BB ] T, Hui 45 (2020) i
T —A s 2 [ BT ANE R B s, il T —
A Bl /23 T A TS ARSI AT R B /N TR AL E bR A R
P4 o 3E Ak B SO A R A RS R
Rz TRAT B/ N AL H A AR R A 1 Al
Bl . BRSPS s B R R A ZLA
Hw, 7T/ BAsta i K 6 i S A2 4 B An
W H .

MFIRST : Wang % (2019b) ¥4 & 1 22 i 21 41 /)y
H #& (multi-frame “infrared small target dataset,
MFIRST) ¥ 45 £ , 60 & HL 920 Ah MR A B IR .
FLLLAMEG R A S ELE /N B ER I B E SCEE
£, 70 ) 2678 SR AL Seqs" 1 "Single" ., "All Seqs" %%
PR 1A B LLAN T I ALk, AL 2, 098 i, 1
"Single" 4 45 £ 7 100 5K % A AN R /N H B 9 ERL
HALLZLAMEMG . A, T B AR UELER [k 7
WA T ARG R PR AMNEMR JF X L]
B R AR TR XU R 5. B #/N BisEm
FIFRI T 5 b DA EEHT 0 50

oo T IEAR A VN eeer N SR iRl R % 4 €755
BN 5 52 R R Y IA) 8, Sun 45 (2021b) 42 11 1
— DRI 250 B 2T 50 T I FLALAR 55708
BBl Hh i G o kW 20 AP BUR I A5 e T
NI & E Al AR S EAR P S 5, 3
FE By 55/ 3 B R AT 5t BT —4F
D5 AR AR o 2Bk A R 55 25 D S B 25 A RN E A R
ik, 3% 204155/ z 3 B An kil 5 BRER AT 5T

SIRST: Dai %5 (2021a) 51 A T — AN BLMTZL AP /1N
H 45 %4 4 4 (single-frame infrared small target data-
set, SIRST) BUEHE 4 , JH T BRLTEL A1/ H AR 4G 4F
o EBHE AL 427 R EIME, 2t 480 4 HARSE
1, KB 53 50% FH T I125 , 20% I T HE , 30%
FHTI . Ay ke Sl kg kA AR 2 A Y
YEF WA LLAMF 9 i A — SRR BRI
A, LA 5 R i, STIRST S8 48 bR 17 7% 4
b 2L ANER AR B4 & T %A R 950nm Y 21 4h
EE

IRSTD-1k: 7% & 51 G 4h 4 o 5 1 B fn A
K BARIEAR AR T AE HE A I 7 vk 9 7 T 2 0C
B, Zhang 55 (2022) #4 £ 1 —> 1000 5K f 46 I £ 4

4E (infrared small target detection dataset-1000,

IRSTD-1k ) (1) 56 5548 , 6175 1001 5K ph B0 50 5
AMHEMLIA R A ZL A E 5 o IRSTD- 1k A 75 & Fh 2%
AU/ N BAR G0 JE AL A A SR 44 ke H
PR B I A5 58 28 AN [ I 25 Ab 3K . TRSTD-1k %X
P SR R SR 51251218 R R & B &
AR TR s bR . B S 2R
S, TR R AT B L IR R S )2 H Al
LS A T KR A 2% I FE 7 . TRSTD- 1k J2& PFAh
BAMTZT A0 55 /0N B ARSI T A RO R 25 A B

3 WSS

3.1 FikiFEELR
h T VAR ELA1 55 /N gy B AR 7 R B PERE
UIRIRENE - ANTR TS
1) 7 5 1l K 7 (background suppression factor,
BSF)
TSR A A 3 T SR R AR ) A AR,
E XN
5.,
8,
X, 6, A8, o AR S A G R it P45 )
HE2E
2) fEZulbizs( signal-to-clutter ratio gain, SCRG)
2% LU A o i R R R R D ) BE T A i
b, 2 Ak PRSI IS 5 4% H (SCR) B U B . SCR 11
HEAXN:

BSF =

|, = |
ag,

Ao, w, A, 3 HIAC R AN 3 77 19 H b DX A ]
P &P 3l 5t XIRR R W BIME . o, AR JE FTT 4R
WG ZE M5 26 . B ARDCEA B A <R B0 S X 5
1) )R B AN 3 i s, Bk B AR KN axb, AR
LT B XK N axb+2d,

SCRG & XN -

SCR =

SCR,,,

K, SCR,, 1R M AR SCR, SCR,, AR F AL HL 5
EI4 1% SCR .
3) R A R

G ) 23 0 i e e P o A (] s A
(IR SRV e S g =N (1l
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K3 fEbnit A X Eos &

Fig. 3 Outline of evaluations

DT
K

Ao, DT RGN B i) H ARECE: , AT AR P91 b B 5
bR, Ah, &R

_ P
“ NP
A PP XS 8, NP AR IE G R 51
RSB LRI R g R AR b, JE S R N AR BR
n] PL 2 il $2 U 8 VE $7AIE (the receiver operation
characteristic curve, ROG) 1 £k , If 115 i 26 5 Ak Fir
Bh 2z (a] AR, Bl £ T FH (the value of area
under curve, AUC){H .
4) X HEEEHE 25 (contrast gain, CG)

Xf e BE B 45 T PEAL B ARXT SR T ARE T

CCHHmT

F

CONOH[
CON,

1 CON,, I CON, 53 5311 24k B Pl £ R4y P45
R LLIE (COND o X HERE AR 2 SR »
CON =|pu, - ,ub|

A, M, 19 5E 5 Z B AR AH T

TE XL BE SR B3 P, SCRG AT CG 2 DA Jey 3 X 35
IRy , T BSF 25T X A G R . B, T
VAR IR J5 i B PR RE 7 [R) =% SR AN TR AR L X 2645
P AL, 2 WA B0 72 1) 1 R S e
3.2 KUWHEESHIEE

ASCHRI T B AR IE R LL A1 55/ HARAS:
D592 AT X S 3, A DR B 9 S 96 S 0 L L
3, AR

1) BT IR At % P45 22 1) /N B 2T 40 H ARG 7
% (absolute average difference weighted by cumulative
directional derivatives, AADCDD)

2) LT 22 RUBEF- 249 448 % I JEE A9 A 77 (muli-
scale average absolute gray difference, AAGD)

CG =

3) T4 X T ) (R 22 S /N H AR AN 7
% (absolute directional mean difference, ADMD)

4) B TR X FR A I 4272 43 5 6 J7 ¥ (asym-
metric spatial-temporal total variation, ASTTV )

5) BUAER $8 456 BE A M J5 15 (double-neighborhood
eradient method, DNGM )

6) 5T T ABEHLIEAE ARSI 7 v5 (facet

kernel and random walker, FKRW)

7) e ¥ 22 RUBE JR) BT LG B B 4t (high-boost-
based multiscale local contrast measure, HBMLCM )

8) 41 /M EMG B AR AY (infrared patch-image model,
IP1)

9) Jm # XF L BE i & (local contrast method,
LCM)

10) FE T Jay &8 5 F0BS BE 09 K6 I 7 125 (local
intensity and gradient properties, LIG)

11) 5 KIE I8 (maxmean )

12) 22 KU Ji HE 22 S5 i ASL VT A5 00 16 A 0 0y 92
(multiscale gray difference weighted image entropy,
MGDW)

13) Z2 N He Xt [ B B 5t (multiscale patch-
based contrast measure, MPCM )

14) 56T Lp 0 8020 o R D A8 4k #9460 07 12
(non-convex optimization with Ip-norm constraint,
NOLC)

15) B FAR MR U/ MEBR & 12, 1 LB AS
M 75 ¥ (non-convex rank approximation minimization
joint 12,1 norm, NRAM)

16) 1 5K BT HGH 73 F (partial sum of ten-
sor nuclear norm , PSTNN)

17) F FHAE J5 78 5 Jas 8 56 56 ) E B A 21 41 B
w15 B (reweighted infrared patch-tensor model with
both nonlocal and local priors, RIPT)

18) 2 RUJE A XF Jay &8 X e B J £ (multiscale
relative local contrast measure, RLCM)

19) B 25 Jag #5%F LY B2 U8 3 (spatio-temporal local
contrast filter, STLCF)

20) i} 78 eyl 22 57 B & (spatio-temporal local dif-
ference measure, STLDM)

21) = )2 % F Y Jey s xt b BE 2150/ B s A 7
®(a tri-layer window local contrast measure, TLLCM)

22) T g 25 48k (tophat )
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X, DR, BEME, TFH, FRE - WA, BE8, XFiR, #AFH, BXxE, BEHN

LI5h = th §5/NE ) B ARG T AT R ARR

23) B 42728 g3 1B U AR R 32 A O3 B ) 219 55
/I B FR 8 J5 2% (total variation regularization and
principal component pursuit, TV-PCP)

24) I AL 5% Ak 1) SR 35 6 EE BE BE i (weighted
strengthened local contrast measure, WSLCM)

25) AL = )2 9% Jmy 3 % EE JEE i (weighted tri-
layered local contrast measure, WTLLCM )
3.3 XWEREHN

TEA Y o, JATTXLL AN /Niz 3y H An Az J7 vk
LR RIS B B AR T A #EAT TSI RS L S
Br 1 P LEESb , i 5d 1 FiA 15 BRI ROC il £k %
AUCE /R T S5 R IR UL T 2% Fh 5 1 948
B EAh IR TR T A B [R] DA 3 ATk 4y i 1
3.3.1 SRR

F AT BSF L SCRG 1 CG #& F5 , 7 Hui % A
(2020) 44 1 1) a4 v i /S 4> i 28 e 81 b X 25
D7 AT TR LA S B E R 3 R .
FRARFS &R T 25 Pt LIk e AN 5 781
AUPERETE bR . IR AT R R, X B IEAEAF
S BRI BEAF AE 135 22 S s LK e [R] — 7 5t
B AR Z A W AP RE2E 57 o X LAY

SR E 4 BRI 9PN . S5 TR AR B Al
FERIUE R R BRI , A AFR bR ESH A ik = A
YrFE AT LR A R

T S 7 (BSF) S B 1 83 3 i MR 75 5
TH AR T, (H 8= R PR Re R ey . X R
/N EARAITE 2415 SRR ) Data_06  Data_08 Fll Data_
15, 48 B0 Sl 1 R ok #AIK , BSF(EAAR . 7F
Data_08 il Data_15 H1, H A5 £ 25% 55.7% (1) BSF {H it
i 110, MifE Data_06 71, 3% — L% 2 12. 5%, AH
b2, 7F Data_09 Data_16 fll Data_20 F7, #8 1 50%
Y BSFAEE I 10, Hirp Data_20 32 0 5 = 119
PERE (23K 75%) o (EAF1ER Y&, ASSTV .NRAM &
IR T AR S S SRR R SRS
() BSFAE YL 100 55 I8 Bl B L A 2, LM
FIRIPT FAM A5 R 2 2% , #6 BT A7 ik 3% 5 b L BSF
EAATE VAL e, EHAEEWE, 8K
WSLCM 1 WTLLCM 7£ Data_06 . Data_08 F Data_15
b RBH P AETERE H B A1 7E Data_09 , Data_16
Data_20 [ S2F0 T #3100 A4 B BSF(H . X Fh i
T2 SR E TS T B AR 5K

®3 MRS THENA ENIRSHIRE

Table 3 Details of parameter settings for the 25 comparative methods in the experiments

i 7

SR E

AADCDD (Aghaziyarati 55,2019) P HR5F:3 x3,5%x5,7 % 7and9 x 9

AAGD (Moradi % ,2018)
ADMD (Moradi %5 ,2020)

ASSTV (Liu % ,2021a)

DNGM (Wu %5 ,2020)

FKRW (Qin % ,2019
(Qin % ) m—

HBMLCM (Shi%§,2017)

IPI (Gao % ,2013)

LCM (Chen 4§ ,2013) JEERE O RF: 3 x 3
LIG (Zhang %% ,2018a)

MAXMEAN (Deshpande %5 ,1999)  Jai#ei R 5F: 5 % 5

WKL = 3, RIS EH = 6, IEMELZSHA, = 0.005, A, =

FMGHRIST: 50 x 50, W 2K 105 IS5 =

FHArE 0 R F:3%3,5%x5,7%X7and9 x 9
ARBRN S} 3 x3,5%x5,7%x7and9 X 9

H

— A, =100
Jmax(M,N) - L

FHE AR : 3 x 3, 3 EIEESE L = 40

SrEIBESBK = 4, H br3g s o B2 p = 6, 10 30 2530 B 42 1 2 $0B = 200, % H R

B RT: 15 x 15, 3 BES$ e = 25, AR KBTI EK = 4

1 .
e = 107
Jmin(m, n)

S RS 11 x 11,k =02

(CEIEISEASIES e ks

11
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F3bik

i 7

SR E

MGDWE (Deng % ,2016)
MPCM (Wei % ,2016)

NOLC (Zhang % ,2019c¢)
NRAM (Zhang %5 ,2018b)

PSTNN (Zhang %,2019)

RIPT (Dai %, 2017)

RLCM (Han%:,2018)

STLCF (Deng%:,2018b)
STLDM (Du%:,2019a)
TLLCM (Han%%,2019b)
TOPHAT (Tom 4§, 1993)

TVPCP (Wang % ,2017b)

WSLCM (Han % ,2020)
WTLLCM (Cui %5 ,2021)

REEZH:3 x3,5%5,7%xTand9 x 9
BWHRSE:3 % 3,5 % 5,7 x 7, ¥{HEIENE AR :3 % 3

L
max (size(D))

BG5S 30 x 30, W hE K« 10, fEF 2404 = TS Ep = 0.5

v mwss.c-

min(m,n)

AETIH T :p = 3/ min(mn) , JEEH Ty = 0.002, ISHE: 6 = 107

FEMG IR S 40 x 40 WEEEK 10, IESFATSE0A =
3

min(m,n)

— 0% wgimfe = 107

max ( n,n, ) iy

FEMGHR ST : 40 x 40, sl 40, Vi 240 =

1
min(7,J,P)

PeRGE: 30 x 30, W88 K 10, FESHA = WSS e = 107 HifPS4L

h =10

B RIR MR (K, LK,) = (2,4),(5,9) and (9,16); HITR 529

R 5 x 5, Wik = 5

%% Frames= 5

AR [1/16, 1/8, 1/16; 1/8, 1/4, 1/8; 1/16, 1/8, 1/16],
IR R IR :5 x5

FHZSHLA, = 0.005, FESH:A, = ,m =50,n = 50, WK 14, {5512

min(m,n)

BB = 0.025, kLK y = 1.5

BN F:3%x3,5%x5,7%X7and9 x 9
FR T3 x 3, Il SORFEE:K = 4

XiF L BE 3 25 (CG) 16 b 32 B2 1F AR B 1 14 580 H b
FTE SO0 LU BE B RE T o B 1 CG [ R BN L 42
FHERE T L, REOE (ARRAE (1 BARTE 28 o Xl
0 E VAR BAE A 51 . —J7 1, BAR B s
{8 ; 75— J7 i, HAR&BIL Y
NRAM F1 PSTNN 7R , 3X 9 # 4 & 3 &5 CG fE .
# K, AADCDD. AAGD. MGDWE., HBMLCM i
MAXMEAN 3 H ALK 10 CG A, 2 X sk e H

Prd o 7 R AV

SCRG J i 7B tinm Hin 515 2Z 542 kb
(SCR)MIRE J1 . 5 CC AL, SCRG & AL & 1 4
Ay —3t, B E b5 JE 5

T RBEMEARR AR, W

BRI % (o). Wik,

SCRG W LU HE TS Se 44k 28 1k, R B T 5k 1
H A B 3 300 1 S T A M . AAGD FiTRLCM
FEFTA 7SN T8 1 BUS T S5m0 B SCRG fH, &
WA IAEm I B A A S 54007 T 2 i P
it . (HA3E RIS, BSF RO T34 L 1075 5H0
TR, T SCRG & 11 B2 5 B A5 BT (9 55 54 il g
J1o I, AN 7 TN , AAGD 26 B H A G 85 25 1 4
Jai s SR G AR B B 2R T e 4R
H b D355 0 2 0 B AR A o o 26 4 b ) i ot
—UESE T X — 5, AAGD 7E data_15 FHEIH T
fik BSF{E{H #5751 SCRG 1A o

7E data_06 ., data_08 Fl data_15 #, HFRAR/N, (L

-2 MEE R TR L REAR, O 52 B v 1 B A A
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XHE, DI, BEMS, TFH, FRE - AR, BEE, XFiR, #AEH, BAkx EﬂIi‘fﬁ

b= EMER B IR :)“'Jﬁlﬁﬁﬁai

F4 AEENTTEERESIR

Table 4 Results of comparative methods in the experiments

Data__06 Data__08 Data__09
LoRlDIRFS
BSF SCRG CG BSF SCRG CG BSF SCRG CG

AADCDD 5.168 3.061 0.207 4.919 4.112 6.776 21.293 2.847 5.096
AAGD 1.257 21.625 0.932 0.972 1.212 0.727 3.960 6.709 3.876
ADMD 3.870 5.889 7.541 4.554 5.691 11.603 16.719 2.569 2.759
ASSTV 43.220 4.824 68.995 107.827 3.986 19.401 70.589 1.021 6.760
DNGM 5.950 3.647 24.409 7.899 2.546 13.671 44.405 2.262 5.311
FKRW 2.878 5.707 39.246 4.472 8.350 33.556 3.778 2.245 62.084
HBMLCM 3.397 14.781 2.738 2.468 12.370 2.460 17.733 3.529 2.351
IP1 7.535 4.975 7.180 9.383 3.620 20.326 15.043 1.774 29.053
LCM 0.653 1.844 65.882 0.736 0.878 45.406 1.191 0.378 15911
LIG 2.875 5.433 38.242 3.965 4.895 47.180 9.707 2.574 55.295
MAXMEAN 2.742 2.333 5.947 2.372 0.962 2.857 4.016 0.300 0.000
MGDWE 0.832 2.767 0.532 0308 0.510 0.264 8.677 1.803 0.498
MPCM 3.127 11.431 5.563 3.934 8.520 10.711 12.742 2.796 1.652
NOLC 9.932 5.193 53.875 10.192 4.023 71.464 15.216 1.733 23.133
NRAM 10.253 5.269 86.157 17.394 4.462 82.714 25.441 1.711 30.095
PSTNN 6.731 4.539 98.002 7.045 4.136 90.232 24.768 1.914 38.714
RIPT 1.672 3.290 13.665 1.882 2.267 26.928 1.153 0.710 2.181
RLCM 1.93 11.162 82.73 2.244 8.197 75.982 7.322 6.054 87.038
STLCF 1.897 3.648 27.258 1.995 2.757 35.469 2.73 1.369 38.027
STLDM 7.903 6.111 61.431 10.57 3.218 67.653 11.824 0.561 2.194
TLLCM 2.818 2.437 12.847 4.109 1.669 4.204 24.636 2.100 7.012
TOPHAT 0.980 2.045 31.724 1.111 1.501 38.034 1.898 1.201 67.56

TVPCP 5.605 4.397 10.575 7.893 3.181 19.259 12.976 1.689 39.025
WSLCM 7.154 4.377 19.119 7.212 3.071 8.131 362.57 2.705 24.431
WTLLCM 6.562 5.277 66.071 10.423 4.971 65.053 117.607 2.808 80.313
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Table 5 Results of comparative methods in the experiments

Data__15 Data__16 Data__20
LRUIDRFS
BSF SCRG CG BSF SCRG CG BSF SCRG CG
AADCDD 6.204 1.299 0.000 37.499 2.114 3.815 27.745 2.432 12.090
AAGD 2.502 11.666 1.701 1.428 0.940 0.177 16.617 19.987 3.716
ADMD 6.627 2.577 0.083 27.389 1.844 2.039 19.604 2.473 11.740
ASSTV 24.920 1.994 53.050 35.557 0.979 10.650 29.618 1.468 22.971
DNGM 10.179 1.988 0.295 70.580 1.599 0.737 44.715 2.385 40.119
FKRW 6.093 0.010 0.001 14.527 2.155 56.583 3.904 5.178 40.623
HBMLCM 5.785 8.653 0.566 57.202 3.731 2.580 11.015 6.120 9.098
IP1 11.557 3.249 1.515 15.898 1.716 25.010 15.180 1.880 5.031
LCM 0.894 5.561 77.262 1.727 0.330 3.371 1.776 0.034 65.458
LIG 3.933 2.779 2.004 30.507 2.650 57.548 17.013 4.458 30.454
MAXMEAN 3.270 1.817 6.534 3.511 0.268 0.000 6.901 0.447 0.070
MGDWE 3.183 5.757 0.302 15.780 3.210 0.421 10.078 8.628 2.397
MPCM 5.444 3.048 0.091 19.280 2.027 1.631 16.830 4.042 8.155
NOLC 12.402 2.652 72.039 15.711 1.507 11.222 16.589 1.794 17.247
NRAM 12.632 2.665 86.842 27.839 1.608 29.120 22.783 1.979 39.083
PSTNN 2.039 0.731 25.355 22.082 1.613 34.645 14.833 1.890 40.070
RIPT 1.382 1.297 30.466 1.214 1.114 3.507 1.553 0.951 1.136
RLCM 2.328 7.589 67.582 5.732 5.234 110.856 9.213 10.959 100.176
STLCF 1.560 4.082 19.849 2.794 1.732 34.312 5.356 1.843 22.446
STLDM 6.931 4.015 55.054 14.128 0.655 1.913 20.582 1.427 40.690
TLLCM 5.938 1.329 3.941 27.527 1.957 21.679 28.369 2.698 39.657
TOPHAT 1.110 1.534 14.922 2.398 1.157 61.165 3.462 1.274 28.554
TVPCP 11.040 2.539 4.796 19.184 1.559 31.662 19.537 1.584 5.980
WSLCM 8.396 1.706 2.836 635.970 1.963 20.787 121.906 2.732 34.603
WTLLCM 10.047 2.044 0.027 195.403 2.001 78.659 102.556 2.735 101.431
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Fig. 9 ROC and AUC of different methods on data 20
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Fig. 11 Results on data06 for Comparison of Infrared
Small Target Detection Methods
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Fig. 12 3D Results on data06 for Comparison of Infrared Small

Target Detection Methods
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E13 AEEM T ETE data08 1l 45 R
Fig. 13 Results on data08 for Comparison of Infrared
Small Target Detection Methods
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Fig. 14 3D Results on data0O8 for Comparison of Infrared Small

Target Detection Methods
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Fig. 15 Results on data09 for Comparison of Infrared
Small Target Detection Methods
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Fig. 16 3D Results on data09 for Comparison of Infrared Small
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Fig. 17 Results on datal5 for Comparison of Infrared
Small Target Detection Methods Q \&V) Q) Q/‘
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Fig. 18 3D Results on datal5 for Comparison of Infrared Small
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Fig. 21 Results on data20 for Comparison of Infrared
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