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BB R, 4R SR 7R T A HLER 5 DA B T AR R BE

K2R : HARIRER ; Transformer; i N A WA IE 5 BRERAESE ; FRAER G5 TTAML; 15 5l L
FESFES:TP391.4 XHEIREL:A XEHS:1673-4785(2025)06-1483-10
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Target-aware Transformer unmanned aerial vehicle tracker:
a focus on key information

LIN Shubin'?, WU Guishan'?, YANG Wenyuan®
(1. School of Computer Science, Minnan Normal University, Zhangzhou 363000, China; 2. Fujian Province Universities Key Labor-
atory of Data Science and Intelligence Application, Minnan Normal University, Zhangzhou 363000, China; 3. Fujian Key Laboratory
of Granular Computing and Application, Minnan Normal University, Zhangzhou 363000, China)

Abstract: Unmanned aerial vehicle (UAV) visual tracking is a foundational technology in the field of UAV applica-
tions. Existing UAV tracking methods focus on the input search area for learning, leading to a decline in feature discrim-
ination and difficulty in dealing with complex background interference in UAV scenarios. This paper proposes a target-
aware Transformer UAV tracker that focuses on key information. First, a single-stream tracking framework integrating
feature learning and target search is constructed to enhance the information interaction between tokens. Second, an ad-
aptive relationship modeling mechanism is proposed. This mechanism models the relationship between the target tem-
plate and the search area tokens and dynamically classifies them. As a result, the processing of background tokens is pre-
maturely terminated, and the focus shifts to key target information. A feature aggregation module has been developed to
retain the detailed features of the target, enhance the discriminative power of the feature representation, and introduce
temporal consistency constraints to ensure the stability of features. Experiments on the UAV123, DTB70, and UavDrak
135 UAV tracking benchmarks demonstrate that the proposed algorithm exhibits superior performance in UAV tracking.
Keywords: target-tracking; Transformer; adaptive token termination; tracking framework; feature aggregation; un-

manned aerial vehicle; background suppression; benchmark
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AT IRANERER SR, Cao S5V i@ 1 Al A VR )2 25
B AR 2 18 AR BN X T AL ER 3 5 1) &R 4%
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Fig.1 TUTTFKI tracking process

G By 5 20 vl YN 2R i R 2 EC),
PR KA TR
T, = E(Z,X) e R®? (1)
Kb DRI ANAEEL, Th = [Th;TE, 4]
Th RN TR, Tk |, 287 18 3R D4 it
A ZJE, X4 A R gmisas b, B9
fidh i J22 38 2k — > 22 3k 1 B R — AT 15 R 2%
Fogr i A, X T() N Z ) Transformer 2,
D) 4> ik A8 i 58 12 Transformer f# 65 28 5 ok

T, = ¥ (T5) = (17410 )

FFN ([T T7'1+ MHA(g, k,v))

P [ RN B IRAE, ¢ KRy RN IE 4G £

SLEBE AR EAE, g=k=v=[T,T].

FH TR A A REURTE 2 A LR B 22 3k 7 B ) gt )

Ab3, I TE A b e )2, R T RN KR

FFGE N O R, I — A b 25 J2 1 Bk

F R, I SO B R S (A B A — A iy
(RS

@)



. 1486 * O R

S S 55 20 &

B R AE R S H A i SOE I A% 5 AR S
wE A, it — 2 ERE- R IR
1% PR 402 (convolutional-batch normalization-recti-
fied linear unit, Conv-BN-ReLU ) ZH i 1Y) 56 4= 5 T4
TR 4% 1 0 3, Eiifwﬁl‘f H s ry i F4E, 74 H
BRI pel01]T T R 0 (0,1
DL A — 4k i BEHE K /N s e [0, 1]>7F<7 , Hor,
HH W R EE @ FSE, PR RFER, HERLE
FH B 1 7 25 0 B o

(xe,ye) = arg max p(x.y) (3)

1 2 y); W, )] = [(Xe y ) +0(xe, ye): 8 (xe, yo)]
IR B bR BHE . TR AT 55, 51 A AL
LA RIAT BAR 28, R L3R L, 1T
FHENH . B pR AN

~£ ((((( all = Lcls + /liou~£i0u + /ll~£l + ap'E* (4)
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Fig.2 Proposed feature aggregation module
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SiamAPN++[0.791] = - AbaTrack [0.859]
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Fig.3 Proposed method is evaluated comprehensively with the results of nine other methods
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Table1 Comparison of tracking speed among different al-
gorithms
Fe T BRI VITIR I )7 ik BRERH R/ (T/s)
AbaTrack 43.7
AVTrack 59.7
DDCTrack 97.2
SGLATrack 74.8
TUTTFKI 69.7
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Table 2 Comparison of center position errors of different algorithms in various challenging scenarios of the UAV123 dataset

BEAW ARC  BC CM FM  FOC v LR OV POC SV SOB vC
AutoTrack  0.628  0.579  0.660 0.542 0464 0629 0595 0562 0.586 0.654 0661 0.624
AbaTrack  0.857 0.652 0.898 0.834 0773 0818 0.739 0.842 0822 0850 0876 0.895
AVTrack 0.861 0.691 0.902 0.828 0750 0.845 0.752 0.852 0.826 0.866 0.877  0.907
DDCTrack ~ 0.713  0.639 0.872 0813 0721 0759 0.699 0.801 0.794 0.813 0.793  0.846
HiFT 0.703  0.676  0.728 0.661  0.619 0709  0.694 0.650 0704 0.724  0.738  0.690
SiamAPN++  0.741  0.608  0.780  0.743  0.571  0.740  0.636  0.732  0.704  0.765 0.693  0.798
SiamRPN++  0.818  0.635 0.863 0.774 0.661 0819 0690 0816 0771 0.820 0.800  0.899
SGLATrack  0.849  0.662 0.891 0.827 0.793 0.814 0739 0.822 0811 0.842 0.851  0.889
TCTrack 0.616 0.454 0.650 0.525 0473 0549 0549 0.555 0579 0.633 0.668 0.585
TUTTFKI ~ 0.855 0.673 0.898 0.833 0781 0826 0743 0.844 0.828 0.854 0.878 0.895
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Table 3 Comparison of overlap ratio results of different algorithms in various challenging scenarios of the UAV123 dataset

ERF A ARC  BC CM FM  FOC v LR OV POC Y% SOB vC
AutoTrack 0415 0345 0465 0363 0233 0404 0338 0401 0392 0444 0447 0424
AbaTrack  0.651  0.448 0690 0.632 0508 0.611 0498 0652 0.606 0.655 0.649 0.708
AVTrack 0.655 0.474 0.691 0.627 0493 0.633 0.503 0.659 0.607 0.690 0.646  0.712
DDCTrack  0.624 0399  0.607 0.582 0468 0583 0481 0592 0571 0603 0589  0.657
HiFT 0.537 0392 0.600 0.554 0358 0502 0428 0.522 0488 0571 0514  0.588
SiamAPN++  0.561 0423  0.600 0.546 0362 0556 0425 0548 0.513 0584 0515 0.631
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GERF A ARC BC CM FM FOC v LR ov POC Y SOB VC
SiamRPN++  0.614  0.448  0.658 0581 0425 0.607 0454 0.609 0563 0.623 0.590  0.682
SGLATrack  0.650 0443  0.679 0.629 0.507 0.628 0.499  0.639 0.601  0.655 0.647  0.699
TCTrack 0.566 0397 0605 0.553 0391 0518 0438 0575 0518 0586 0531 0616
TUTTFKI  0.652 0449 0.690 0.632 0512 0612 0508 0.652 0.605 0.659 0.650  0.706
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Table 4 Ablation study results on the UAV123 dataset

F ﬁfﬁé? %@ ®E&  BE e PR
AL Bk i3 HA/(fs)
x x 0.806  0.638 70.47
x \ 0.821  0.642 60.34
Y x 0.846  0.651 83.67
V \ 0.867  0.664 69.73
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