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A lightweight dark object detection network for infrared images

LI Zhao-Xu', XU Qing-Yu', 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 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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11.5~12. 5 um

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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y)  EARAIE A 0 (it 1] S5 7K 2R A e £ ) K A 2%
(B H A9 - e ST ORI AZ A v 22 o, Horh H AR Pt S5 4
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1 4T 1, 3T SN T R 1925 o R
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0.3 A3 F AR L A5 A7 B A H AR 1 £, 6 fRT Ak
J 0 B AR R A A G 20 R o 35 H AR AR AR
IR MR REAME R LT 5 Heil (RO B bR ), # 2
HEMGRIRSHY BARFER A, 5B R
FRGEAFAE IR 22 AT SO0, S G IR AR AL B - T
Y BOR R LR, T AR 25 N
o 119 15 JT ARSI AZ X B bR = B R R SR AT R 0T AR
AbFE

3) BARMKEETEA

MR 26 M TR A BB 8 B AR K B T A B B
%1

Vi=(1-A,)V,+A,(1-r)V, . (10)

Hor v, BRI AMNEMG b (i,)) 15 3 Ak 1 K 2
{EL, V! R IN5 B BARS B R IK

WE 4 FELS Frs A8 3053 53855 1 B bR —
H A 8 Bl 30x30 K/ UG, 4k 4l 36 3 1 EL S 4K
SRS BAs i A M. L HR A
R O E H AR LT @ FE (D) PR (o) 451
HJRFBORE . ATLAE W bR TR =4, i 5 H
PRIEAE ZI M T B 55 H AR AY K BE R AE A S
FHE, B0 TIE T AR SCAT 4 0 B 2 A 20k .
2.3 HIEENAE

H T SDG LA 15/ Sl I 21 Ah KR L —
TR B bR E O AR SO EE T AT A
16 w5 55 2 H bR B0 48, i 44 00 IRAir, B4 &
2 000 B 74 EG DI ZRAE R4 1 000 BT,
TR BT HAL & 50 5K A 7] 75 554 5 ) 5 ik Be 0 B R

0 jofofo 0.01 | 0.04 [ 0.04 | 0.01
0/) 0 [023]023] 0 0.04 | 0.14 | 0.14 | 0.04
</\> 0 (023]023] 0 0.04 | 0.14 | 0.14 | 0.04
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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

1%, MR SE R 256256 , 4847 4 TIFF EI§ A% R
WA NRBEASBR A, ASCK B AR R F0. 1918
RAEB MR KIMERIEAE N BAr bR ERE . 58
2 Bl B AR I 32 38 H 7 2R 2 i 8BRS

B KRBT AR 30 Wi EHSAE A U Rl KR
AT 20 WS B8 18 sl B A I 291 % 1 £ F i
B . T SOk E—2 048 B bRl B B s 5
S E .

(1) Bbrli S H0E

H AR AR 288 A WAL F 22 R 8k,
i ¥ 747-8 W BRZALHLE K 76.3 m, 3/ 68.4 m,
M2 % A320 PR AN S K 37.6 m, 3 JE34.1 m,
A, A SR B B B THUE 3 40 m .50 m .60 m
70 m 180 m, £ HUE K HFrEH Fu %k 3:3:1:1:1,

H bR < S R CHLIEA A W35 R, AR
SCEF F bR R 5 LA 800~900 km/h, 7E 30 m 45 A 43
e EUZR X ) B AR B A 7.4~8.3 pixel/s.

HAR K « H AR K (8 25 (5 b r BUE 35 %
0.1~0.2.

T SRR - TR AR E 22 o [ 2 M 0.7,

H AR : AL BT 505 H ks sl RS R
J&iz 2 BT H bRz sh Ik, H b i BUE
J-180°~180°.,

H A5 2 16 R A £ 50% 19 B A 76 2 46 ot 3 30, 5
A 50% 1) B ARTESS S WUE]SE 35 Wiz (Al ., A hh
W B %) B Ao e o7 i P B Ay e sk T 4%, ke
sl IR RS R Ao VA R VAR R KSR 138

HARK B H AR EE L H bR KB L H AR50 A H
P RS AB AE BB BBl N R AL A ARSI H b
FEA Y Z e R 5 1

)i E sk s

ik —2 F w2 B T BRI S L
WEZ AN AR SCGE % 8T EUR WU B 150k B L i [a]
PRSI M 45

A« BV LA 1~ 10 Wi FP (FPS) o

BB AFBUTHI M B1 B2 B3 = AN Be L —4~.

M ] 57 % < Fh 1 00 SF /5 5 B L s B 5
2R WU AEAE A . TR Eob AR SCHIA
W [R] 57 B8 B e RS U MIUAS AR B A B, )5 252 11 B —
T AR AT AR R LR U e 4R 35 o X T4 kiU,
S KT S R 2 2 ) DR R 0 3

Ax = ecos 6, , (11)
Ay = esinf, . (12)

Forp 0, R 55 k Wt G 0 D A% 7 1) £, BB S Ly
[-mmle e BUAE RO I M2MGE . fEITHE B2
Jei (5 SR AR B T 3R A I A% S 4 A

PRGN 7 8 3 - ZE AN 4 B B bR s ) S L
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3R 2 S g s
VI =V!(1+mn) , (13)

Horp, v SR RS (i, ) 1R B AR IR EES, V!
TSR PSS A AR R R BEAR , m R IR AN BIME R O Bk
2K n AL 5 . o BUE A 0. 002 5% 0. 005, 48 3C
FRMMEFS SR IE

Hprga : BP9 HhrE H %8 3 ~ 10 Z [A]

H PR 5t 2 DL H AR B R ot 1 5X5
FAE S E/N T B B B0t KEE A Bk
BEEHE , AAINZ Hbr

404G SR F OV ECN B bR B g R
o Blegyih 7 4B BIPHI05 50 miE& . JrtE
S5 50 it i B bR A7 B AE B A5 R I 49 Wi H AR A
HER H L o RS N4 Belff P A IS8 E . HIE
6 7] LR Y, AN [R] ot a0 R i (] 437 515 &R B An Ll
PSS, MU Ry 1FPS HLIG a5 8% B B AR
AR R T S WA Ok 10FPS HL Wi la] 15 82 N 2 1% &
B H bR o5 2 B REHLIE SRS .

3 XRERSHSN

3.1 HEZETS

AR SCHE IRAir B 52 F X8 8 B9 AirFormer [%)
BIEAT TVED . AirFormer RU4RME4EE C 5N 64, ¢
BN 8, R IR 2 LB H Mk 32, BT
JIWRAE B R 40 & AR T R 256%
256, YRR EBE R 5048, LR K/ N A 8, i H
Adam TG , 2% 2] F W H AR 0. 0001, 75 40 FE 27
2 ZWIN R BRAR B 0. 1, AN, AR SCE X RGB EI&
8 B AR M 2 CornerNet'™ . YOLOv3™'  Deform-
able DETR" . RTMDET—tiny>" i YOLOX—tiny**', )
Fn] W6 TR 3l B A5 A i 53 DSFNet ™ £

(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
751 751 731 751
= 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
HirgE 4 10 8 5

IRAir B 84T T PF . A FXT B, CornerNet
YOLOv3. Deformable DETR, RTMDET-tiny #1 YO-
LOX—tiny ¥J7E B 256x256 1% FillZk 504, HR
FH PG B0 5 A R U1 25 B 9 2500 15 5 T B2 . YO-
LOv3 . RTMDET F1 YOLOX %7 Ay BA By BEAG I 33 3%
A2 XU B 1000 5 90 e 48 g 5 35% e T 92 o)
4. RTMDET-tiny F1 YOLOX~tiny 43 % &y RTMDET

(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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HYOLOX fy fie /NS HBUBAS | & 3T 4F H s A I 4651 35,
ER AL B AR E R . RTMDET—tiny 1
YOLOX—tiny /2 T [1] RGB F& # #L H b A AT 55 1)
R TE IRAr Bl S 0F I v & B B %
J5 #H % B RTMDET—tiny F11 YOLOX~tiny ) A fE 47 %%
T H bR, R AR AR SCSE 5 4 RTMDET-tiny F
YOLOX~tiny FY &5 #4347 T #F X5 % . RTMDET-
tiny F1' YOLOX —tiny 24 BRI &1 9 £ %5 H 19 P3|
P4 1 PS RRAE E E AT R, e RS Sk D4 g A LR
RS9 1/8 . 1/16 711732, IRAir B2 vh it H b5 A 5
RSFA/N  ZE4R /N B9 P3 2 PS5 ARAE K] E HARERIE
BN, P, FEAS B 5L 8, RTMDET—tiny il
YOLOX—tiny & Ay ffi F P1RRAE & (R SF Ry T 4 4
A BME RS0 12) #4780 . DSFNet T2 £ XF F
AL TR AN R ST 2 20 42 40 AT 552 T 42
FAASEIN B33, 36645 R FH 2 ) 38O 254 J8, DA B 22 it pisf
)3 | i)z 315 S #EA TR
3.2 iFiEtR

AR COCO B 45 e A P48 4 - Y4
Ji (average precision, AP) , & 7K K U E {5 B 7E AT 300
F PN AE , 315545 K0 0 5025 1) AP A1 AP, Horp AP 7E
0.5 % 0. 95 1043 IF Lo I B P20 B 1971
Ho B IERESS BAR RSN, 5 BABHESS T LR
4 U AE AT — 2 1) H A 67 8 S, O P A T 58
I LE R 0. 2 I - BIAF B2 AP, I Ah , AR SCE
FHE &N B AR IAT: 55 8% B9 4 171 3 (Recall, Re,
SORRAG R ) HERA R (Precision, Pr) LA M F1 43 B &
“AEAR . A MR IE A 0 B RS E s
H AR GEH He ), ERa 2 E B A A B AR ECH o
PR B0 i B AR H B EL G F1 A B0 A )R
FERA A I8 A 288, A0

2 X Re X Pr
Fl="p " p , (14)

Fo6 WA EEBRILE

Table 6 Performance comparison of detection methods

F1A B0 Fom Ky vkt Re Ay . 78 A R
Re JERAR Pr Al F1 50 15, 75 2255 [E T0AE
55 FAHAE 09 22 1 b B A DA B 990 0 A 15 (ke
VAT U0 A 2 5 O R AR SOHE TN AE 5 (B HE
(S FL BIE R R 0. 2 #5 FEF 5 1) T0U I AE 15 1
BIELLO. 12K M0, 13 775 0. 9, BUF1 40 5iR K
0 R Pl T e 9701 D O I B iR R i<
PEZEE o FrAA F00 0 AE 349 {8 A bR U Ab B 2% g
FI [ — 3 5 45 ot R3S AH AL, 78 S0 HL P 45 D3k
FE A5 3057 55 40 AN 50 &4

ARSI T 45 805 1 0 25 MR SR A
EIG R SF Sk 256x256 B 1) 77 #4532 5 B (floating
point operations, FLOPs) F] F 38 574 19 & 4% )&
BEA , AR SCINA T i A HL 5K 256x256 EI5 45 H i H
PRI B33 R HE BEAF ] . H T DSFNet #0451 8 H
BRGNP T DSFNet [l B A 5 7K 256%
256 )75 G AT HE 3BT I ] o SRR oA
PG AE N 265 iy % Jr ], A4 5 PR 28t ]
FUe Ak PR A]

3.3 RO

R 6 FT7R , 76T AT {8 FH I 265 B AS R ) 4% 5t £k
EERER R A5 BAE R LT, AirFormer SE 3 T /N AR
BRI SR AR, S8R U 37. 1 K, 7
JAs BB Ry 46,2 M, BA PR A FRRE B A K 5.7
ms, B0 E LT X Ok . AES B FITE SIS FAK
B, AirFormer A 24 A &AL B AR AS I X 24 7]
K 3 31 4 A Hom 9, oA = L AR AR S (9 RTM-
DET-tiny Al YOLOX—tiny P42 1 2 H A7 A8 0 % 2%
TRE2A B S.

TE [ 28 R0 A5 & 25 PR AIC B 1% 0 T, AirFormer 7£
IRAr $di 4 B S PLT 0P 55 H AR R AR,
APPERER]IK 0. 349, H M Z 0] 3K 0. 710, HER ] 15
0.826, AirFormer DL X AL A# H — JZ 1K )2 47 1E K 19

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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RTMDET-tiny F1 YOLOX~tiny 7E AP #4544 %5 T Cor-
nerNet . YOLOv3 . Deformable DETR , {H /& 7F 3 1] %
TR FL 8 LA KL H . AEARFETHN bR
TR REXT L2 RIS — 2, APFE bR 26
T TIOIAE X EC(EAE i 0 B B8 7, PR e ol 0 R T
B — R SRR AR AIE T A G T 90 265 7 AP $5
S PAR A5 R . ASERR b X IRAIr 8L
P4 i NS BARTIT S, B AR5 T 5 X 430
TSI, BE 28 BRI 7 ki A it TiE
SRIUAE S5 BEAERER S EAE . WAk, T L2 hiE
411432 2 B AR K I 59 2% DSFNet 354 @R Ak T
2 BT AR AR R0 2% A PE R, T RE S IR A 4% 8
P4 T ) 37 S FITTAR S 7 22 I RS AE A B 3
(9 IR 5T it 37 RS K 52 B3z 2l H A sz il
T2 H 5 75 B — A 5 A HE A5

T TV T BAR TS P RE R R RS
TEFEH 40 m HARFI 50 m HAx & 35 55 ZREA L),
R 3K P 28 H AR 9 A ] 2247 9 25K F ot = 2808
KIS B AR 73 000 5k LI A, 40 m KB
) H bR EAEECN 6 222, (12 HIERK H T 3 0164~
HA%, A BIRK 48. 5%, B H AR R 3K, )
0 2 %6F H B 0 4 B3R A2 T, % 80 m K B A H A
B4 A 5A 92, 6%, R H B in K E S5
AHe5 B H bR R R R, (E 47558 520 H B
555 H A RS X6 T B A 5

7 AirFormer Xt A5 [5] R ~F B AR 4 i) 1% 5E X LE
Table7 Detection performance comparison of AirForm-

er for objects with different sizes

AR /m U Kt # A [114/%
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

FIH IR Air 8088 B2 I 2k R ) AirFormer [ 25 X
2. 179 TP T A A LA S S v BRI 15 5Kk R
T TE ZLAMEVG AT RN, 60 235 R AT 4047 O 4 &
THI7R o GHER S IERA I B9 B bR, 20 Ros T A
B H bR, LLRE R R B . 7E 15 5k IR |, Alr-
Former 34z t 33 D FIIHE , Horb 14 A T HE Sy B
SR CHIL, T4 194> TOIAE DAy kg, T A L5 H
PR 1A S5 s — AT 7R 5o i 5t
AirFormer K 5 438 B A5 , {UAE BUGDFE S Ak = A

LA S H bR N = et bl iy
ST R, GRE S, AirFormer it 1 2 &
S H AR = B3 B EIMEA T A% i I 2 e e
2k, AirFormer £ 3X W 55 457 LA T 9N B
A, S H bR —AE B3 B S 1 S AR K E iR,
K EZE LB R 1. 98% , AirFormer A fEAS H o

Bl B2 B3

B1 B2 B3

¥

(e)
€17  AirFormer X S % 55 H AR 25 2R P - (a) 20 H AR
— 5 (b) S F AR =5 () F2M F bR =5 (d) S HARDY ;5 (e) 5%
HUISEZS i
Fig. 7 The detection results of AirFormer for real civil air-
ports: (a) the Ist real airport; (b) the 2nd real airport; (c) the
3rd real airport; (d) the 4th real airport; (e) the 5th real airport

4 it
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HEAT T RGN 7 3 R B0 42 5 5 T A TAE S AE R
DR AR SCHE T —Fh 3 F R E AR 7R 7 I HLA
) Ml A e 5 55 H BRI X 2%, S8R A 37,1
K, 78 256x256 RUoF () BIAZ 13 A5 is B B R
46.2 Mo TEECHE AR 7 1, BF 0 B SIS 55 H AR5 4
BeZ 55 H AR TR ME Y 0] 8, AR SCH T 2 sh
P45 0 55 B A I 07 FCESCHE 4 TR Aivo i 2 19 9 2%
i) Bt [R5 B 7E TR A BUHE 45 b S230 T s 55 B
FR 71. 0% 3 [ 31 82. 6% K6 I AER R . A6 LI 2T,
HMEUG L HEAT3E , R0 A DI 25 i I 48 7
TR 5t b6 ECSEIG 559 H AR SE B0 T BAE A A 4

] B, % B, 2 2% 7 o DA B /N RS B B AR AT A
TR HE APk, T B e e TAE il — R R .
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