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Abstract: To address the challenges of target scale and viewpoint variations, occlusion, and target reap-
pearance after loss in unmanned aerial vehicle target tracking, an enhanced kernelized correlation filter
tracking framework is proposed. The framework constructs a scale pyramid and incorporates rotation-
invariant descriptors to achieve collaborative perception of target scale and viewpoint variations ; a spatial
regularization-based anti-occlusion module is integrated to improve tracking robustness under occlusion ;
and a memory-guided re-detection strategy combined with Kalman filtering and local search is employed
to enhance recovery capability after target loss. Experimental results on the UAV123 and OTB100 datas-
ets demonstrate that the proposed method achieves real-time performance of 33.21/35.39 FPS on
resource-constrained platforms, with localization accuracies of 54.6%/66.0% and success rates of
37.6%/55. 8%, respectively. The results indicate that the proposed approach maintains stable tracking
performance under target appearance variations and short-term occlusion, and is capable of rapid recov-

ery after target loss, showing strong potential for practical engineering applications.
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Fig. 6 Success rate curve of seven algorithms on UAV 123
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Tab. 1

Validation results of seven algorithms on

UAV123 dataset

ik KR 1% IR WU/ (W -s™)

ECO™! 61.126. 8 41.2+4.9 12. 00
STRCF?"! 68.36.3 48.3+4.9 15. 00
SiampFC24 72.746.0 50. 0+4. 6 5.00
AutoTrack 68. 5+6. 2 47.224.5 23.22
fDSST 10! 54.346.9 37.3+4.9 25. 40
KCF'3! 29.545.7 19.7+4.0 26. 47
KSR 54.6+6.9 37.6+4.9 33.21

*2 +HMHEEEOTBIOO K IF 4 K

Tab.2 Validation results of seven algorithms on

OTB100
ik KEBEE % IR I% W)

ECO_HC™' 77+5.8 57.1445.4 13. 40
STRCF'?"! 76+5.9 52.41%5.5 15.00
SiamFC "/ 64+6.2 46. 17+5. 6 4. 00
AutoTrack? 57+6. 4 44. 58+5. 6 21.46
fDssTH® 5546.5 41.2945.7 26. 74
KCF!? 5146.7 40.91+5. 8 28. 41
ARSIk 66+6. 1 55.80+5. 4 35.39

PRI T 225%, X —Z5 BB AR SO AER
BN K SiamFC 5 STRCF %5 3R i 2% > J7 1 (72. 7%/
50. 0% 5 68.3%/48.3%) ,(H1E i A B #E
s I AP S AR B A 121, 4% 1Y) it R B
(AHXT STRCF J7 3% 049 15 Mit/s X L), SE3R T SERf 5
PR 0 RO o A AR SR AR B SRR KCF RITN
(29.5%/19. 7%) , A 3CH7 P ARG BE 5 2 % 134 1
FAR T, R IR L = T DSST J5 ¥ 132 17 38 i (
25. 4 ii/s) o PRI ZO7T AR AZ R T AN 65
RBL T R S A
2.4.2  OTB100 54 TEAL

TE OTB100 % ds 45 L i 45 5 an 1&l 7 OR5 f )
B8 O IR ) LA KR 2 It/ o AR 30T B BUAS 66% 1Y
KB 5 55. 8% MY B2, 23 A 5 LA i e =
5%~ YK ECO_HC 5 STRCF /% . 5 SiamFC.,
AutoTrack . fDSST F1 KCF J7 ¥ AH He , AR S 10K
BE o T2 2% . 9% 1% 5 15%., ¥ EH)
S RSO IEAE OTB100 B4 45 EARFE T 35. 39 Mii/s
RO SEH AL BEEE T, B 3 00 T AutoTrac (21. 46 i/s) |
SiamFC (4 Wii/s) 55 J7 % , M = K B 7Y ECO_HC 5
STRCF 7775 32 B T VR B RRAE 55 58 1 W AL 2 5, (L R
e ARG 52 12~15 Moi/s , X LA A2 I AHLA

BN TR IR TR .
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SR B UE AR SCHE ) RUBE FAE RS DE LS H
P R R B H A RO, 78 A # e A HLEE 5
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RN e N 0 8 R R DS A =R i S N LB 7 75 = o
FHF X PRS0 UE A PR BE
2.5.1 U SRR RIE
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M Z R A 2 (ULE 9(b) ) idad 51 A R E
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(b} Performance of algorithm under scale variation
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Fig. 9  Comparison of proposed algorithm and KCF under scale

variation
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Fig. 10 Effect diagram of improved occlusion matching

algorithm
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Fig. 11 Performance improvement of an enhanced algorithm

for target loss search based on Kalman filtering
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Table 3 Ablation results of each module on UAV 123

dataset

Tk KEHAEE %% I I%

LR KCF 29.5+5.7 19.744.0

23 [A] IE M4k 42.749.2 28.9+6. 2

R &5 44.6+6. 9 33.0+4.9

=X el 52.7+8.8 35.5%6. 0

e E SRS 54.6+6.9 37.6+4.9

FH 2% 3 TH Rl S 56 245 SR AT WL, 45 A e 2 ot i TR
P RE pUmk W HLE I R A B P A2 25 - 43 (R] IE
DU £ 470 S 5 A5 B3 2o 41 o) 7 S R S T, il R AR
KCF 11 B 23 22 FURG B B2 53 1 K e 15 4 9. 2% il
13. 2% , M T 2 225 5 T IRIRLR AL ; 76 5t
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2.6.2  /N[RIHERY SR S I il S 56

oAy 56 I AR SCHRE H 118 5 ) 7 R A R A 1 3
J 50 5 W () R S R 7E UAV123 BdlidE
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Table 4 Ablation experiment results of different
occlusion  discrimination  strategies  on
UAV123 dataset
SR 1) 5 42 /% W%
APCE 42.849. 1 28.9+6. 3
PSR 42.849.3 29. 6+6. 5
AT 54.6+6.9 37.6+4.9
HT SR A5 RS0 Ar ml R, AR SR H A B ) S 5

W& 2 A0 T4 M%) PSR 5 APCE #6845 . APCE 5
PSR FH T 40 591 4 i B — HL Bl = XoJmie) [z 4 P 4 SRy FREAIE
M % i, ) 3215 s M ORI S T4, S BRI
B3R SR B AL AR AHEZ TR AR
530 3 5 e 7 R R D L A v e 0 e S (1)
O3 AT S Z HEREAE BRI AE T 2R oA B Ak, ik
TRy SO (1% 7S 1] S 3 ST H bR IE R AR
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B APCE 75 I 2 5580 B2 E 432+ 1 8. 7% i
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(RN 1% 4 N (51 = ' v o s =0 2 | 1 TR 24
AR IR AN AL o &5 I, AR SR W 38 1o Z2 R fiE
GERAN R, AR T ZE AR TA 5 TS
FEAR A0 Jmy BRAE |, Ay B (ACHE ZL 09 P g 5 B 1t T
WL,
2.6.3 A[FEREEZSKIER R

FUBE & 73 1 R A nscale 5 R K
step Sz A RUBE H 2k WA Sk RE A% O S8 AR
Boow T REALE S, P K doe 7 RBEER
FERRG AL, — 3 AN B2 B bR ROBEAL 110 o
Bff P, T3 o e AR B S DT S Y TR A L
B RV B SE I | B 208 LR BE - A BE R AL G
Fo A ETT AR Z R 6 RS54
A 7 UAVI23 B0 45 1 JF R I Al 52 05, PR 47 4 3
P HE SR R B PO A (R RO R AL S A

<10 -



£ XX 4]

BT ZHHERL S SO E A A TC AL H AR ER

K BT PUZ AN [R) 28020 & HEAT X L, LA El A
K10 B RS BE VRN 4G B L 456 T T4 43 B Sk
AR, ST ZE SR NSRS PR

&5 TREREFKHHEE

Table 3 Ablation experiment results of different scale
sample numbers/step sizes on UAV123
dataset

nscale step R /% IR

5 1.02 43.749.1 30.3+6.5

17 1.01 44.949. 6 34.0+£7.2

33 1.05 42.8+9.4 34.3+7.2
TOR3T5 ) 1.02 54.6x6.9 37.6+4.9

25 AN B RS RE SR
PRSI SR w] R, RUBESRAERG 20 J3E XN 88 4 I [ 4
Tk AEAE .25 A PRV, HLd R AR 2 20T B
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B AE VU 5250 P R G L i 385 0 B 43031
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