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A lightweight dark object detection network for infrared images

LI Zhao-Xu', XU Qing-Xu', AN Wei"”, HE Xu', GUO Gao-Wei', LI Miao", LING Qiang',
WANG Long-Guang®, XIAO Chao', LIN Zai-Ping'
(1. College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073,
China;
2. Aviation University of Air Force, Changchun 130000, China)

Abstract: Small target detection has been a classic research topic in the field of infrared image processing, and the ob-
jects are usually brighter than the local background. However, in some scenarios, the target brightness may be lower
than the background brightness. For example, the civil airplanes usually have low-temperature skin when cruising, ap-
pearing as dark points on medium spatial resolution thermal infrared satellite images. There are few features of these ob-
jects, so the current detection networks are redundant. Hence, we proposed a lightweight dark object detection net-
work, AirFormer. It only has 37. 1 K parameters and 46. 2 M floating-point operations on a 256x256 image. Consider-
ing the lack of infrared dark object detection dataset, the authors analyzed the characteristics of airplanes on thermal in-
frared satellite images, and then developed a simulated flying aircraft detection dataset called IRAir. AirFormer
achieves 71. 0% at recall and 82. 6% at detection precision on the IRAir dataset. In addition, after training on simulated
data, AirFormer has achieved detection of real flying airplanes on the thermal infrared satellite images.
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The thermal infrared images of real civial airplanes capured by SDGSAT-1: (a) 8~10.5 pm; (b) 10.3~11.3 um; (c¢)
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PRIEAK ZI T ECSEIE 55 AR K B AR FE 25
RO, BIE T AR SCRTH45 B0 15 A 50
2.3 HIEENA
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Wi G NIRFEASBRVE , A SOK H AR F KT 0. 1R
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Fig. 3 Schematic diagram of the calculation for object abundance matrix: (a) object shape modeling; (b) shape model embedding in

image; (c) object abundance matrix calculation; (d) Gaussian blurring of the abundance matrix



. L1 BN 5 K U IR XX %

> B

(a
(¢)

P4 S0 H AR — R0 AR« () D LR (b) 2055 H
bR ()P 2L R

Fig. 4 The lIst real civial aircraft and its simulation: (a) simu-

lated image; (b) real object; (c) simulated object
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Fig. 5 The 5th real civial aircraft and its simulation: (a) simu-

lated image; (b) real object; (c) simulated object
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Table 3 Simulation parameter settings for real objects

28 H#r1 Hbz2
LN (10.2,10.7) (10.3,9.95)
b 80m 80m
e £ 45° 0°
FEAH L] 0.18 0.11
TR bR 22 0.7 0.7
FIE

(1) Hbpfi S H0EE
HFR KB AR ZE A R RAHL R F 22 R d ok,
W5 747-8 MPREHLHL K 76.3 m, FLJE 68.4 m,

M2 % A320 PR BREENNL S K 37.6 m, HJE34.1 m,
R, A OB B AR B THUE 3 40 m .50 m .60 m
70 m F1 80 m, & HUE Y HAREL H Ho iy 3:3:1:1:1
HAREFE : 21 BT CHLIEA I 3 L, A
SO H bR JE LA 800~900 km/h, 7E 30 m 45 [A] 43
HERA EUR XY B ARE R R 7.4~8.3 pixel/s.
H A5 K BE - H AR K A8 22 (8 LA - BUE i
0.1~0.2.
e TR - S TR AR E 22 o [E 2 M 0.7,
HARBUI : A SO BT 505 2z sl A5 e R
Jiliz s 2 RIL H braz sk, H bR ) B v
Jy-180°~180°.,
H Fr L 5 IR 2 £ 509% 1) H A5 78 S 46 it HF 20, 1
A 50% 19 HARTESS S W EI 5 35 Wiz m] i 3. AR 4R
RS R IR GE AR E RN Do T S S
Ll BN S R A TN R A R VARRESHE SR T
HARK B bR B L H AR K B AR50 F H
B0 G DR A5 AR A BRI Y [ N B LA G, DAORIE B A%
FEAR B ZREE R EE M
Q)i Ry E
Jit— B R 2R B T ARS8
WEZ AN ARG BT EUR WU B 150k B L i [a]
k% G 4
MATAA « BV LA 1~ 10 Wi FD (FPS) o
VB AFEITHIMB 1 B2 AIB3 =ANB TR —1,
Wit 1] 57 % < ph 00 OF /5 7 B DL s B S5
OB EUR WU RS . D B AR SO A
W] S Tt e S UR WITAS B, B A0 B, IS 22 1) B —
TG R AR X AR MRS e 15 25 0 X T28 kiM%,
VARl R T R 1 IR S 0 A
Ax = ecos 0, , (11)
Ay = esinf, , (12)
Forr 0, R 55 kWt G 0 O A% 5 1) AR BU(E Y R
[-m, m]o e HUERNO I FI2Q R . TEIHHA A i
Jei A AR AR B T A A2 ) 1 RIS
PRI 7 5 3 - A6 U 47 28 bR s 9 RS L
3R ) LS g
Vi=V!(1+n) . (13)
Hop v S0 HEMG B (i) 1B R AL B KA, V!
TSI 7S S AR R K BEAE , m R I N X (E R O A
22 R n WREALAE L. n BUE A 0. 002 5% 0. 005, 4% 5L
iR Ay W 7 5
Hyng : BT BAREH R A 3 ~ 10 Z [H]
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Bo B6L T 4 Befii B2 05 50 i & . J7HE
S 50 TR H AR EAE , (B A A I 49 T H AR B
HERI G RSN4BUTEFIRSHBCE . K
6 1 LA H, A [ et A ot (6] 37 2% 508 T H bR Lk
25 SRR, WU Ry 1FPS HLIC M E] 057 8% i H AR e
R L) T 2 Wk 10FPS HLit [E] 07 B8 hy 2 15 3
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Table4 Sample numbers under different load parame-
ters on the IRAir dataset

Yist YIE  YIggE Mt Ml
2 FEEEC BAREC JEAIEL BERE
Bl 301 1970 338 2260
W B B2 363 2271 345 2332
B3 336 2131 317 1977
1~5 FPS 480 3059 499 3229
g7}
6~10 FPS 520 3313 501 3340
- 01%8% 339 2158 315 2063
i =)
s 14 % 339 2157 361 2374
N
218 %K 322 2057 324 2132
I 0. 002 497 3200 467 3079
R 0. 005 503 3172 533 3490
Bt 1000 6372 1000 6569

3 XBERSESHN

3.1 ELEHET
A SCAE IRAIr B AL - %F T4 H AY AirFormer [
AT T PE . AirFormer BYRRNE4EFE C 10 64, ¢

(a) (b)
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Table 5 The parameter settings of example simulated

sequences
o gl izl 731 gl
0041 0077 0266 0393
B B2 B2 B3 B3
A 1 FPS 6 FPS 2 FPS 10 FPS
Wil 5% 015z IECES 2143 215%
W i, i 0. 002 0. 002 0. 005 0. 002
ERayiess 4 10 8 5

WA 8, B B 2 L8 H Mk 32, MR
TR I RAE AT ECE N 4, 455 A MRSk 256
256, Y ZIEAEE RS 2 50 5 R KN R 8, 11
Adam AL , 2% 2T F0) 46k 0. 0001, 75 40 S 127
2RI/ R IEAR AT 0. 1o AN, AR SCA X RGB B4
38 H AR M 2% CornerNet™ . YOLOv3™  Deform-
able DETR"* . RTMDET-tiny"*" il YOLOX—tiny ', )
Fen] o' TR ANZ ) H A5 A I 5535 DSFNet ™ 7
IRAir BUEAESAT T . AAFEXT EE, CornerNet
YOLOv3. Deformable DETR . RTMDET—tiny F1 YO-
LOX~tiny ¥J7E Bl 256256 &4 Il 50 %, H %
FH PG B0 5 AV R U1 2 i 9 2008 15 5 T B2 . YO-
LOv3 . RTMDET 1 YOLOX 575 by 5B BERG I 53
A2 LI BEAS: T00) 8 9 48 4 3%, 9 L S o M
. RTMDET-tiny Fl YOLOX~-tiny 43 %% RTMDET
I YOLOX Y e /NS BUAS | 2 3 4F H A ) 451 35
e s Al B B AR R . RTMDET-tiny Al
YOLOX—tiny /2 Ifif [i] RGB P45 # B H AR AT 55 )
R4, 7F IRAir B0 45 0700 o & 90 B R
J5L A% 8 RTMDET-tiny #1 YOLOX~tiny ¥ 645 &%
T H bR, P 7E AR SCSE 5 o 5 RTMDET—tiny £
YOLOX—tiny FUZ5 4T T #F X 8% . RTMDET-

(c)

Ko fiEFFIRE: (a)/F510041;(b) 5510077 ; (c) 7510266 ;(d)/751 0393
Fig. 6 Simulated sequence examples: (a) sequence 0041; (b) sequence 0077; (c) sequence 0266; (d) sequence 0393
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AL TR AT/ N RSEHE B A2 4R AT 552 Jor
FAVASEIN 53 | 36673 AR FH 2 ) S0 2547 I8 A B 2 ot
]38k _I- (932 2 15 8 A TR
3.2 iEMIEER

AR SR COCO Bidla B2 v A P48 A7 F- 40K
J& (average precision, AP) , 1 5K & HiUE {5 FE 7E H1j 300
B TIINAE , 315545 R0 0 532 () AP N AP,,, Hirp AP 7E
0.5 % 0. 95 3 10438 I Fb B {E T 2085 B 197
B #IERESS HAR RTINS FLEHESS I L AR
) T AE A AT — 7 1) s 57 3 S, O 1Al T 38
JF HCI{E 0. 2 I 19 P BKE BE AP, Ak, A SCIR A
FHE BN H bR AT 55 5 FH A9 4 17128 (Recall, Re,
NRRAS R HERAZR (Precision, Pr) LA M F1 53 5%
SAEbR . B ISR LR 0 B AR ECH 5 B
H A S B0 ], A 2o IE SR 1 i HARECE
A U B AR H M EB . F1 AU A R
FAERA R IR A 88 AR

_ 2 X ReXxPr

Fl="-——— 14
Re + Pr > (14)

F1 2R E080S  Fm Kl Jy 2 P AR AT o 7R A A1
Re JEHH 2 Pr Al F1 53803, 55 2825 1B T AE
5 FAAAE 1Y 5 I B B DL B 00000 A1E 2 1% 13 19 1 ok
A T FEUAE S 75 by M o AR SCRs BUINAE 5 FL(EAE
5T LE RN 0. 20 2% 251 i T ATE 515 2
BIELLO. 192K AN 0. 13 5] 0. 9, B F1 35w K
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Table 6 Performance comparison of detection methods

PRI ZE S . A7 Ui HE S AR AR HURE Ab P, 5 )8
SN [7) — 3 5 25 ot BRI A AR AL, 7% SC HL PP 45 D3
JFE A5 30157 56 40 i AN S50 i &4

AR SCIRVEI T 45 05 1 I 45 B S50 A
FE R SE Ry 256256 B 1 77 £ 32 55 YK 5K (floating
point operations, FLOPs) F] F 3 57k 19 &2 4% )&
A, A SCINH T i A B 5K 256x256 IR & H il H
G 0 7 1 A BRI (B) . P T DSFNet i 045 20 B
BRI 2, PR T DSFNet [l 46 A 5 7k 256
256 J7 51 UG A T4 BT A R] o AR A 3R
PG A 90 2 v i % T PR S T, AN 25 PV in 28 e T
FJ Ab B[R]
3.3 &R0

W 6 T/, 76 1A 10 FH I 28 B A A 26% 3t Ak
SRR R 4 BRI LT, AirFormer SEEL T /NI
BRI SR A R, S8R 37 1 K, 77
JIB B R BN R 46,2 M, BB HEFREE B K 5.7
ms, ¥ B ER TR L. SR AR SIS FIR
B, AirFormer AHHE 24 1 &AL H AR A %) 24 7]~
B 3 2 4 B0 9, AR T S AR 4R S 1 RTM-
DET—tiny Fl1 YOLOX~tiny P /~%% 5 2% H A5 K 0 ) 2%
T2 AN B

TE [ 25 FI0 A5 I, 28 FEAIC B9 1% 00 T, AirFormer 7£
TRAir $idl 4 B SCBLT 4 55 H AR AR AR,
APPERER]IX 0. 349, A M1 Z A 3K 0. 710, #ERH ] 15
0.826, AirFormer DA N AVAH F — JZ K )2 F4E K /Y
RTMDET-tiny Fl YOLOX~tiny 7& AP #4544 % T Cor-
nerNet, YOLOv3 . Deformable DETR , {H J& 7E 4 [8] 3% |
HERR AL 8 AR KL FEARFTH HE bR
TR A REXT 25 RIS — 3 APFE bR 2K
I o ELAE 1) A5 R 7, DRI I P D 2y R
B AN — U T SRAE A RRAE R ARG 9 45 7E AP F5 b5
AR R VA 45 R . (HSEBR B T TRAG 5K

VRS CornerNet YOLOv3 Deformable DETR RTMDET-tiny YOLOX~tiny DSFNet AirFormer
AP 0.336 0.270 0.274 0. 350 0.398 0.233 0. 349
AP, 0.770 0.752 0.709 0.812 0.765 0.528 0.737
FEN IS 0.738 0. 766 0. 688 0. 544 0.716 0. 504 0.710
TR 0. 904 0.902 0. 897 0. 675 0. 843 0.932 0. 826
F1 0.812 0.828 0.779 0. 603 0.774 0. 653 0.764
e 201. 0M 61.5M 41. 1M 2.7T™M 2.7M 17.0M 37. 1K
FLOPs 112. 8G 12. 4G 15.0G 5.9G 5.5G 12.2G 46.2M
HEHFERT 29. 4 ms 11. 7 ms 32.3 ms 10. 6 ms 9.1 ms 50. 1 ms 5.7 ms
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KRSFIHAR . 763 000 5K MK E A 1,40 m K3
) H bR EAEHON 6 222, B2 HIE#KH T 3 0164
Hin, A 13K 48. 5%, BiE B s R, Kl
W2 X6 H AR 9 3 LR SR T, % 80 m KB 1 H b
1A BRI 92, 6%, R B H AR K S5
A5 B HAR R SR80 B, (H 24T B 52 H s
553 F A RS X ARG I B ) S0

&7 AirFormer 3 A [5] R~F B ARG BEXT EE
Table7 Detection performance comparison of AirForm-

er for objects with different sizes

FAR K /m HAHK Kt 8 A 11 5/%
40 6222 3016 48.5
50 6 154 4626 75.2
60 2109 1838 87.2
70 2016 1798 89.2
80 2062 1909 92.6

AT IR Air B8 SR VI 2 K 1 AirFormer 945 X0
2. 1T A B A8 oA 20 25 o R RHLAL 15 5K B
T T LT AN PG HEAT ARG, A0 235 58 TR A 155 10 4 ]
TR o SHE RN IEB A I Y B b5, BHE R T K
B H AR, LLRE RS T o 78 15 kIR L, Ar-
Former $t4z t 33 A FIAHE , H b 14 A S50 AE Sy
SR RAIL, T4 19 A THOINAE Ay kg, A LS H
P 1A SE H AR — = AR 5 R i
AirFormer K 115 4 %8 B A5 , {UAE BUGDFEEE S AL 7= A
ISR S0 B AR — N = T e st s A bt b iy
R AT R, T E 2%, AirFormer i 24~ B
SN BR = B3 PBL G AT P A% e I s 2 i e s
2547, AirFormer TE X P 45 457 L h T 9 % .
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Fig. 7 The detection results of AirFormer for real civil air-
ports: (a) the 1st real airport; (b) the 2nd real airport; (c) the
3rd real airport; (d) the 4th real airport; (e) the 5th real airport
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