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A lightweight dark object detection network for infrared images
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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 simple simulation method for medium spatial resolution thermal infrared
satellite images of civil aviation aircrafta, and constructed an infrared image weak target detection dataset IRAir using
civil aviation aircraft as the simulation object. 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 air-
planes 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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Fig. 2 Schematic diagram of AirFormer network structure
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Tablel The imaging information of real civial air-
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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
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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

WA NHRBEA R 1, A SCR B AR R T 0. 11914
REG R ARIMEHF AR AARIARIERE . 58
B gl F AR A 7 vk 38 H R EA ] 2 W ) R A
B KB BUF i 30 Wt G0 S I S Al IR 45

HIT 20 Wt 5 B8 18 3l B AR AS I 5 12 0F & 1 4 F i
B T 3CKE—2 04 Bhs i Bk & M By
S,

(1) B S8 E

H AR AR 2R 8 A WAL F 22 Rk,
W 747-8 WHPRZ HLALEHK 76.3 m, 32 )% 68.4 m,
M2 % A320 PR ENNLS K 37.6 m, 3 & 34.1 m,
R, A8 S0# B AR THUE M 40 m .50 m .60 m
70 m 180 m, £ HUE K HFrEH Fu %k 3:3:1:1:1,

H bR < i R CHLIEA Y W 3 G, AR
SCKF H bR G LA 800~900 km/h, 7F 30 m 45 A 43
PRI EUS XY HARE R R 7.4~8.3 pixel/s.

H AR KB« H A5 KB {8 22 (8 Lo 48] r U 3 [l %
0.1~0.2.

R TR - B TR AR 2E o [N 0.7,

H AR : AL BT 505 H iz sl A A R
Jili2 gh Wi 25 BT B A2 sh B , B FRt 1) B (E v Bl
Jy-180°~180°.,

H A5 2 16 RS £ 50% 19 B B 78 2 46 i 3 30, 76l
A 50% 9 B ARTESS S W EN 5 35 Wiz [m] 3. AR 4R
it A E AR A IR R A B ke % AR
LB NN S R A TN R A R VARRESN SR T

HARK B H AR B L H bR KB L H AR50 A H
B0 4 IR A5 AR A B Y L N B LA &, DAORIE H A%
FEAR B ZREE R FE b

Q)i EYskE

ik FE R 2R B T AR S
WEZ AN AR GE % BT BUR WU B 150 B L i [a]
PRSI 45

T - BUE S R R 1~10 Wi%: 45 (FPS) .

BBt AFBUTHI B B2 B3 = AN Be T —4~.

W 1) 57 % < P 1 00 SF /5 5 B DL s B S
2L EUR WU AFAE LA, . TR BB AR SCRIA
T TR] 37 78 B e RS U USRS B A B, )5 2219 19—
it LA R AR X S R iR S e 1535 . X T2 R i E1A
LU ARty R 2 T Y P A% o 43 A

Ax = ecos b, , (11)
Ay = esinf, , (12)

Horr, 0, 55 kWi 0w #% 5 10 1, BUE S R
[-m, o wle e BUE RO 1 M 2GR E . I B IR &
Jei A SR MEAT B I KA W A2 ) 1 RIS

PRI 7 8 32 - 2 U 47 22 B bR s 1 RS L
33 ) S g
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2 SR, YU R 1FPS HLIE a2 # i B AR
R ), T 24 WA A 10FPS L] 2 8% oy 2 4% 2%
B E AR5 s L BRI 3h IR A

3 KBERSHT

3.1 EHEZETS

AR SCHEIRAir g 48 F X R 8 A9 AirFormer [%
YR AT T PFM . AirFormer B 4FAE4EE C 10 64, ¢
BN 8, R B 2 LB H MR 32, BT R
T3 BYRAE SRR 4. 285 A RME R ST hy 256
256, YRR EE R 5048 LR K/ N A 8,
Adam AL , 2% 2] F W R R 0. 0001, 75 40 FE 27
M ZWUINR IR B 0. 1, HLAh, AR SR X RGB 4
8 FH BRI M 2 CornerNet'™ . YOLOv3™'  Deform-
able DETR" . RTMDET—tiny>" i YOLOX—tiny ', )
BT WG TR 3l B A5 A il 530 DSFNet ™ £
IRAir B 34T TVFE . A FXT E, CornerNet

(a) (b)

R4 IRAir HIRERRHETSH TR
Table 4 Sample numbers under different load parame-
ters on the IRAir dataset

Y5 YIE Y Mt it
HH FAEC HERE  JPAIE HARE
Bl 301 1970 338 2260
B B2 363 2271 345 2332
B3 336 2131 317 1977
1~5 FPS 480 3059 499 3229
M35
6~10 FPS 520 3313 501 3340
) 015% 339 2158 315 2063
M ]
o &R 339 2157 361 2374
A
2185 322 2057 324 2132
W 0. 002 497 3200 467 3079
[1:935% 0. 005 503 3172 533 3490
Bt 1000 6372 1000 6569

®5 THREFRINSHIRE

Table 5 The parameter settings of example simulated

sequences
gl 751 731 gl
= 0041 0077 0266 0393
B B2 B2 B3 B3
T 1 FPS 6 FPS 2 FPS 10 FPS
Wil 37 5% 01%% IECES 21%% 256%
W i, S8 0. 002 0. 002 0. 005 0. 002
ERayiess 4 10 8 5

YOLOv3. Deformable DETR, RTMDET-tiny #1 YO-
LOX-tiny Y75 By 256x256 &% Il %k 5058, H %
JH BG83 VR S U1 2kt i 2548 38 98 T BL . YO-
LOv3 . RTMDET F1 YOLOX %7 Ay BBy BEAG I 33 3%
A0 0L o 5 ARG ) B 9 AR 5 A R 35 A S A MR A
i, RTMDET-tiny 1 YOLOX~tiny %3 %] y RTMDET
FYOLOX W) e /NS ER A, 2 30T 41 H A A 0 251 5k

(c) (d)

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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YOLOX-tiny FZ5 A 64T T EF X PE . RTMDET-
tiny Fl1' YOLOX —tiny 24 BRI -1 R 28 %5 H 114 P3|
P4 Fl PS5 R4 B A7 AR I, 3 RS R SR n i AR
RSB 1/8 . 1/16 F11/32 , IR Air £k 5 vh i B br A B
RSFA/N  ZE4R /N5 1 P3 2 PS5 RE & E HARERE
BN s, L, FEAS B SC 8, RTMDET—tiny il
YOLOX—tiny & A ffi F P1 R B (R S Ry S 46 4
A BME RS0 12) #4780 . DSFNet W2 £ XF F
AL TR AR /N R ST 32 B A2 30 R AT 4524 BT 4
PRSI B33 | 3665 R FH 2 [R) 380 2545 J8. DA B 22 it s
]3| iz 35 S #E AT A
3.2 {EMIEER

A SCRFH COCO Fietla 48 v i P 8 45 F- kG
Ji (average precision, AP) , & 7K K U E {5 B 7E AT 300
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SFRFS H ) HERG R (Precision, Pr) DA K& F1 435045
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Table 6 Performance comparison of detection methods

Re MEIZR Pr Al F1 4B TR 5 252 JE U AE
55 BB ME A 52 1 L (L DA R 3 00 HE B8 A I 1
S DR U0 A 2 5 O R AR SO T AE 5 (B HE
(IAS I EL BIE T R 0. 2 25 ZEFE ) T0U I AE 15
BIAELLO. TR 0. 1375 0. 9, HUF1 43 #de K
A A [0 R R A F 123 B0 S i vk v RE Y
PRI S5 5 . A Y000 AE 347 {1 A bR BCRE Ab 2 25 &
B[] — 3 5 25 ot AR A AR AL, 7% SC EL I 45 D3
JF 55 30157 565 40 T AN 50 it &14.

AR SCA PN T 4 % 1) R 5 B S8 it g A
FIG R ST h 256x256 I [ 7% 1438 BB I B (floating
point operations, FLOPs) F T lL B B ik 1y &2 2% i
WA, A SCINHE T i A B 5K 256x256 I & Sl H
BRI B33 g HE BEEF ] . H T DSFNet S #0451 ) H
BRI 2, PR T DSFNet [R] A 46 A 5 7k 256
256 J7 51 RS IR AT 4 BRI A R] . BRI 5T
LR AE W 265 b i 8], AS 42 85 PG 28 ik ]
G Ak RS ]

3.3 &R0

W 6 o , 76 B A fit FH 190 28 5 A 1 1) 2% 4t Ak
SRR R A5 BRI DL R, AirFormer SEPE T 1 /AR
BRI SRR T, S 80U 37 1 KL 77
JIB BB R 46,2 M, PR E] HEFREE B (LK 5.7
ms, ¥ B EI TR L. SR AR s FIR
B, AirFormer FH#E 24 1 &AL H AR A %) 2% 7]~
B 3 2 4 B0 ), AR T SR R 4R S (1 RTM-
DET—tiny F1 YOLOX~tiny P ~%% 5 9% H A5 K60 ) 2%
IR 2B

TE ) 25 FI0 A5 I 2 FEAIC B9 1% 00 T, AirFormer 78
IRAir $dle 4 B S2BL T 4 55 HAREBAE AR AR,
APPEREN]IX 0. 349, A 1010 15 0. 710, #EH 0] 15
0.826, AirFormer A N AV A# F — E K )2 F4E K /Y
RTMDET-tiny Fl YOLOX~tiny 75 AP #4544 %5 T Cor-

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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Table7 Detection performance comparison of AirForm-

er for objects with different sizes

B E/m FAEEL Fi th 4 A1 4/%
40 6222 3016 48.5
50 6154 4626 75.2
60 2109 1838 87.2
70 2016 1798 89.2
80 2062 1909 92.6

I IR Air B85 A2 1 5 3 R 1Y AirFormer 9 285X
2. 1T A B A8 A 20 25 v R RALAL 15 5K B
SHIBIERARA NGO ST X T ivalll I oAl e Sl RN A T
TR o SHER SRR I B H bR , 08 R T A
B H bR, LLRER IR B . AE 15 5k I, Air-
Former $:4z tH 33 A FINAHE , Ho b 14 A 500 AE Sy
SR L, T A 19 A4S TIOIAE Ay ki T A LS H
B 1A S8 H AR — =T 5o i 5,
AirFormer K 11 4 %8 B A5 , {UAE BURPFEES AL AL P A4
ISR S0 B AR N = e st A bt b iy

ST, s B 4%, AirFormer i tH 241> %
S E FR = B3 BB SR T 4% R G A R R R
5, AirFormer 763X W 25 55y L T 9N R
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TR IEZZE LM 1. 98% , AirFormer A BEX H o
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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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