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YOLO26-DeepSpace: a multi-scale and multi-target detection and
tracking network for dim and small targets in deep space

ZHAO Yanyan , CAO Yue
(Jilin Communications Polytechnic, Changchun 130000, China)

Abstract: In space early warning and space target surveillance systems, aiming to effectively detect
various space debris and other small-size, weak-signal celestial targets, it is necessary to address the
challenges in deep space environments such as noise interference, faint target features and discontinuous
trajectories. Therefore, a target detection and tracking algorithm based on improved YOLOZ26 is
proposed. Firstly, an image sub-region self-perception enhancement module is deployed to enhance the
visual clarity of dim and dark targets via local contrast optimization and edge preservation mechanism.
Secondly, the YOLOZ26 detection network is lightweighted, and an improved multi-scale attention module
GCEMA is introduced to strengthen the detection capability for dim and small targets. Finally, combined
with the OCSort tracking algorithm and the appearance re-identification model CosmicRelD, multi-target
cataloging and stable tracking are realized. Experimental results show that compared with the original

YOLOZ26 network and OCSort algorithm, the improved network has fewer parameters and faster inference
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speed, with the detection speed increased by 11.9% ; the tracking accuracy of the integrated system is

improved by 6.2%, and the frequency of target identity switching is reduced by 48.5%. The proposed

method meets the requirements on detection accuracy and tracking accuracy of automatic tracking and

measurement systems.
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Fig. 1 Overall framework for multi-object tracking
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Fig.2 Image enhancement process and gray profile comparison of SSEM module
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HOTA 73 548 TF 2. 400 H1 1. 400, 45 51 2 16 % 1R
JE G 5N B/ B AR A RGBT . HRACR
J5 1, GCEMA #5& e it 38 18 73 21 5 2 (8] 1 0 1
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(R B %A 8 3, AR /D 37. 1% 8 1y [R] i #i
PR ST 11,90, IR ok 4.2% 1 MOTA 54
28 o BB AT T PR R IR 2 0 I A R AR
P IA) TBD-S 3K & 8% A 4k 5, 78 55 /1 H A5 IR 25
55 v 08 400500 OF- Vi B A5 B4R T AT LR S H A
PRI 4 5 B0 1D P48 ] 8, R AR 26 7 DG fic
I, CosmicRelID & # T HAT B 1B 8l ¥R AE X 551
POFEE TRERIRRE S, RO 0 15 2 v

FEAE AR DL, 5 w5 DG JC 5% R I B R, B 4 o
RS kH52. 1% B MOTA F148. 4% I HOTA,
JEE MR A KA TR A

RO 7R 22 FEAE il Ao B v A% 2R AR AR 1Y
A A L, AR SC 0 B A 27 A1 3 5 i S i
XA TR H Ax ks M HE R 2R L s B 3 s B
J7 1) H AR XK BB DL B CNN R#AE G2 11 i it
fricst, 2Rk 4 iR,

x4 WN-RERSHEHESIT

Tab.4 Numerical statistics of detection-tracking fusion features

WS ERID RWHE/(alykelh)  REM /Y EREGE/W JrE/ PHRKIEM CNNFHESH
125 1 (214, 168, 32, 46) 0.71 3.26 18.4 146.7 0. 382
126 1 (217, 169, 33, 46) 0.73 3.16 18.1 148.2 0. 391
127 1 (220, 170, 33, 47) 0.74 3.20 17.8 149.5 0.395
125 2 (351, 204, 28, 39) 0.52 2.41 —12.6 132.4 0. 344
126 2 (353, 203, 28, 40) 0.53 2.24 —13.2 133.1 0. 351
127 2 (355, 202, 29, 40) 0.55 2.26 —12.8 134.6 0. 359

H 2R X AT, 8] — H AR 7E 2 2Lt 1R 3R
bt iz s B iz 3l ) B R (B AR A B
Ut W] 3K SE KR AIE RE 8 A %0 R B H A i RUBE iz Bl iR
PO EARA N DA S & S i A N I NS R ezl ST R )
TR BE A AT CNN FRAEGE T A7 — 2 25 5%, Ui W
HbWLRE AR VL A1 K BE A AR BE % S A BLE Bl R3S
T HAR KA AR 7 AE B
3.4 HIEBUESEEFTENNEFAEIR
2 HAR IR ER SRR b ANl 3 50 F 45 2R BRAE
Xt H bR B Y BTk IR R A . #E H bR E R B 8
i, ToU Filiz 20 4 AiF 38 H B A7 55 5 v 5 % 5 1 7E
H b5 58 S mk S I 3 P4, A0 00 AR AE LI BE R AE X
TFFE bR By — B N E 2, Wk, A Sk —
5 A Sh A AE AR AR B bRz sk S
VC e {5 B N7 IR R AN TR REAE (A
ZEAVCEARAN A
Cy=2Cou+ 2, Croion + 2,C,p, + 1,Cy . (20)
ANIF Y& RS B ESBAE 5 Fis.
& SATW,ZE B IERZaE 0T, ToU
15 Bl R EACE B A R TR R B i S Y
H bs & A 0 P4 3558 U, A0 047 AE LB BE 7 AiF AL
I, DA H AR B 0 HI I RE ) AR S TR
BRI, KRR AL AR = A B TR aR 404 B
b5 15 S 2 R X 0

£S5 TRABRTHEHENESE

Tab.5 Dynamic feature weight allocation in different sce-

narios
Y5t Ao Aotion A Agray
1EH iz 5l 0.45 0.30 0.15 0.10

A 0 44 0.25 0.20 0.35 0.20
H 4538 X 0.20 0.20 0.40 0.20
% A4k 0.35 0.25 0.25 0.15
GRS 0.30 0.20 0.25 0.25

Oy 36 Ik T 3 R T ML B AR AR SO SE T
AN [ 3 18 i B PN O O R O A SR AR 6
JIER o

H1 5% 6 AT, AN (W] 3 3H Y 1 5 ) A E A A ]
22 5, Uk P T T AL RE S AR OE H AR ik
M JS7 56 555 11 3 7 4] B AN [+ e Gl BY DTk . AN £

x6 BEFENMNEFITER

Tab. 6 Statistical results of channel attention weights

1t 18 - = FN R/ L
1 [l R R D& b v 22

C1~C16 0.318 0.612 0.087 0.126
C17~C32 0.426 0.735 0.102 0.148
C33~C48 0.391 0.698 0.094 0.137
C49~C64 0.463 0.781 0.116 0. 156
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Fig. 6 Loss curve and accuracy curve of different detection methods
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(b)mAP of the ipmproved algorithm

(] B 3 45 A [ R B2 A 3k A o) Ll i e, i 1Y) Space. YOLOv10-OCSort, YOLOv11-OCSort,
YOLO26-DeepSpace 5 ¥ 43 Jill 5 YOLOVS- OC-SORT . FairMOT % 2 f 8 vk BE 47 1 [0 %
ByteTrack, YOLOvVS8-SORT . YOLO26-Deep- FoL SR INE TR R .

RT HEWNIEIREER

Tab.7 Experimental results of algorithm comparison

Ak mAPO. 5/ % MOTA/% HOTA/% IDSW FPS
YOLOvVS8-ByteTrack 59. 34 44.3 40. 4 224 55.17
YOLOvV8-SORT 60. 28 40.6 39.1 216 68.15
YOLO26 61.67 45.4 41.7 167 55. 23
YOLOv10-OCSort 58.19 42.1 39.6 238 54. 39
YOLOv11-OCSort 59. 58 40.7 38.9 271 54.15
OC-SORT — 45.9 44.3 249 49.12
FairMOT — 18.4 16.4 221 30. 81

ours 64.15 52.1 49.2 128 58.42

S A5 R R B 09 S YOLO26-Deep- WRRRAE , {22 b BB BE AR 15 7. 800 M4 Tt
Space HILTEE Az M st RIML R . M T 5YOLOvV8-SORT L AHIL, 148 SORT HA H
YOLOvV8-ByteTrack 5 , R 5 & # i K /R = MR TT A 44 B (F AR 31 FEAE ToU D i i) 4%
U e T A 45 A ToU A4 LR AF 9F 47 B3 6 PEZS 5 S 30 ID Y4 0] B, o SR T AR
I, AFLZE TG A 55 /08 AR RS D T A A B B REAE FEZ B REAE B SR AL, LA 2K FPS 52
B o T YOLO26 B 1 M 2% rh i A 7 ) B PE9. 735 AR IR R S T 11. 5%,
GCEMA, & 1 55/ HAR R 2 HUGe 01 5 51 ATT A H T YOLOvV10-OCSort, YOLOvV11-OC-
AN UERAE 38 AL B R CosmicRelD, £ 5 1 4 d 5 Sort - H 1k, YOLOVI10 /s B A5 46 I B 3 (1%
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Fig.7 Weak target image tracking performance
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Tab.8 Comparative experimental results of different data

association strategies

MOTA IDF1 HOTA IDSW
A u 0 v
ToU JT fic 76.8 71.5 61.2 56
IoU + Motion 78.6 74.2 63.8 42
IoU + Motion
+ CNN
IoU + Motion
+ CNN + Gray
Ours 83.7 80. 6 68.9 19

DC T 55 e

80.1 76.5 65.2 35

81.3 77.8 66. 1 31

R A CNN SMIARAE S5, B A5 B 05 051
AE 11958, IDF 1 48 b5 W] b £ T 5 i — 25 m AR i
FRAOEJG , 2040 H bR 5 15 5 2Z A9 X 4 g ) 3 o
e & 25 438 38 T ) RN B A AU A R S AR
AIfE MOTA IDF1 1 HOTA #§#5 I ¥ BUAS f%
s L Ud B AR ST £ 1 22 REAE il B0 DG Bk
KW RENS A AR B H I AL AN g 5 R £ H AR IR
R R
3.6 4A5FE/NERRERIRE

it — 20 B8R A SO B 1 R i Ak YO-
LO26 & ¥ 2% 5 OCSort £ H b5 I i 8 B e 4L
A5/ B AR 5T WA SvE AR SCRN T S 4141
55 /0N H AR IR B 08 ok LT A 55/ H AR ER
GIAE R MR o 127 90 o H AR RSE /N, Hpw
DX 35830 S o R R i /N LB, ELS S A
T — 2 W A R R AR, % 1A B T S R 4
Ja) K PE G R AE HEAT IR B S5 S 3R 9 R .

% 9 R 0L, 280 TUAL B , 21 40 55 /08 H b &
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1R 00 K B 7 22 b 1 22 RN 3l 25 0 el 24 B & 4
Bl a0, B’AZ 10 G bR 22 44.30 B 2 &
9.93, sh &L FE i 238 ¥ ' £ 255, Ul B WAL By
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Tab.9 Global grayscale results before and after preprocessing of infrared weak and small target
P15 4 = Ak BB B Bfic i % b v 22 R/ME AR S
10 T 4k 34 T 101. 663 1963. 36 44.3098 16 254 238
10 sk ¥ 5 2.89113 98.6333 9.93143 0 255 255
11 T4k 2 i 101.673 1967. 14 44,3525 14 255 241
11 TiAb 3 5 2.85274 96. 9509 9. 84636 0 255 255
12 T 4k 34 T 101.785 1966. 86 44.3493 13 255 242
12 oAb 5 2.86917 99.4744 9.97369 0 255 255
13 T4k 2 102. 002 1968. 65 44.3695 16 255 239
13 oAb H 5 2. 86881 100. 978 10. 0488 0 255 255
14 T Ak B iy 102. 045 1974.58 44.4363 15 255 240
14 T b 3 5 2.84225 101. 837 10. 0914 0 255 255

R e R Y P B Y SR G R
7R SC sk B B R 5 vh 3 4 B Aw ] s AR
S W B 0 AR bR R HE L R R R
ARA, EE RN 10 Fros .

1 2 10 AT, [7] — Track-1D 7 3% 22 Wi vh Y
Hhs JS AR AR AR AL B N S . Track-ID1 ££ Frame-
120 % Frame-124 1, #0551 (238. 5/176. 0)

1% (240. 5/178. 0), Hl 4B W A B 52 /N , ¢ i 39
WA EBEAS . Track-ID 2 #1 Track-ID 3t {3345 T
3 5 R S WL 8 R, D AR S 1 B M A U b
52 RLT AN /1N BT 4 2 B B

t 7 AL A S R R A R 55/ H
BRI S e . AR IE AR A0 2 43 A6 T
ot B IS D R A L X TS By

R 10 LI5ME5/N BARER BR BT ol R AR AR

Tab.10 Coordinates of the center point of infrared weak and small target tracking trajectory

i Track-1D ot AR (cle,)  BRERAE /(lylolh) A SR EOIR S
120 1 (497,421) (488,416,18,10) 0.91 Tracking
121 1 (497, 422) (488,417,18,10) 0.92 Tracking
122 1 (497, 423) (488,418,18,10) 0.93 Tracking
123 1 (497, 423) (488,418,18,10) 0.92 Tracking
124 1 (497, 423) (488,418,18,10) 0.94 Tracking
120 2 (407,407) (398,402,19,11) 0. 88 Tracking
121 2 (407,408) (398,403,19,11) 0.89 Tracking
122 2 (407,409) (398,403,19,12) 0.90 Tracking
123 2 (407,410) (398,404,19,11) 0.89 Tracking
124 2 (407,411) (398,405,19,11) 0.91 Tracking
120 3 (320, 395) (311,390,19,11) 0. 86 Tracking
121 3 (320, 396) (311,391,19,11) 0. 87 Tracking
122 3 (320, 396) (311,391,19,11) 0. 88 Tracking
123 3 (320, 397) (311,392,19,11) 0.87 Tracking
124 3 (320, 399) (311,395,19,11) 0. 89 Tracking
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Tab. 11 Initialization state of Kalman filter for infrared weak and small targets

WS TrackID  WRTOAAaly) WEEREE/(chlkelh) W (vl,) MRS B X,
1 1 (490, 409) (488,406,18,10) (0,0) [490, 409, 0, 0, 18, 10]
1 2 (401 , 402) (398,400,19,11) (0, 0) [401, 402, 0, 0, 19, 11]
1 3 (314, 383) (311,380,19,11) (0, 0) [314, 383, 0, 0, 19, 11]

He T LR EORTAS R SR 2 RSk AT R
P SR, AT A 2 AR DT EEAE AR

12 13 AT DL, = A F AR A TG00 A7 B -5 360 1 A
S e [ <O S O o N = BT N e S0 VAT E B 7

22 (] e B, AT ORGS0 G B 45 SR A T & L

XF 55 124 it o DT FE B 2 1 B A L i — 20 Pt
R, BURT A R AN K 14,

M 14 T LLE H, =4 B br 5 H Rl
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Tab. 12 Kalman prediction and updated results of infrared weak and small targets

L/ , SR e U/
Wi Track-ID B L /() (ru) frEsk 2 /(rlr,)  HHEF O/ 2ly) (oo,) I
121 1 (497.00, 421.00) (497, 422) (0.00, 1.00) (497.00, 421.80) (0.00, 0.20)  0.92
122 1 (497.00, 422.00) (497, 423) (0. 00, 1.00) (497.00, 422.80) (0.00, 0.40)  0.93
123 1 (497.00, 423.20) (497, 423)  (0.00, —0.20) (497.00, 423.04) (0.00, 0.36)  0.92
124 1 (497.00, 423.40) (497, 423)  (0.00, —0.40) (497.00, 423.08) (0.00, 0.28)  0.94
121 2 (407.00, 407.00) (407, 408) (0.00, 1.00) (407.00, 407.80) (0.00, 0.20)  0.89
122 2 (407.00, 408.00) (407, 409) (0.00, 1.00) (407.00, 408.80) (0.00, 0.40)  0.90
123 2 (407.00, 409.20) (407, 410) (0. 00, 0.80) (407.00, 409.84) (0.00, 0.56)  0.89
124 2 (407.00, 410.40) (407, 411) (0. 00, 0.60) (407.00, 410.88)  (0.00, 0.68)  0.91
R13 F 124 MANBNERBIFEXARER
Tab.13 Correlation results of infrared weak and small target data in frame 124
Track-1D T s VEBC-ID IR RN B PSS
T1 (497.00, 423.40) D1 (497, 423) 0.40 U Jic. J8. 2
T2 (407.00, 410.40) D2 (407, 411) 0. 60 VE E i 3
T3 (320. 00, 397.20) D3 (320, 399) 1.80 VEHC 2
R4 FRAMFREBREVERER
Tab. 14 Kalman Filter Measurement Update Results for Frame 124
Track-1D ?ﬁ?ﬂﬂW!b/(i"U}) i‘f)ﬂ']"l"!l}/(x,,,\y,,,) 173%%/(7‘1|ry> E?ﬂf}ﬁrﬁlb/(ﬂy) Eﬁfﬁ}ﬁiﬁ)ﬁ/(v,\vy)
T1 (497.00, 423.40) (497, 423) (0.00, —0.40)  (497.00, 423.08) (0.00, 0.28)
T2 (407.00, 410.40) (407, 411) (0.00, 0.60) (407.00, 410.88) (0.00, 0.68)
T3 (320. 00, 397.20) (320, 399) (0.00, 1.80) (320.00, 398.64) (0.00, 0.72)
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