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Abstract: Objective The tracking task of unmanned aerial vehicles (UAVs) often encounters various complex scenes.
Factors such as illumination change, image blur, and low resolution greatly affect the tracking performance, which causes
difficulty in achieving stable and long-term tracking tasks. The previous target tracking algorithms mainly focus on the

robust tracking task of UAVs under sufficient light and high resolution. Less research is available on the tracking task in
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low-light scenes. The existing tracking algorithms for low-light scenes typically add an independent pre-image enhancement
module to achieve an “enhancement-before-tracking” architecture, which can deal with low-light scenes. However, this
architecture isolates the perception of scene information using the regularization module in the correlation filter, which lim-
its the adaptability of the tracking algorithm to the tracking scene. Method To solve the two problems mentioned above, a
target tracking algorithm based on image enhancement using a regularized correlation filter for UAVs is proposed to achieve
robust tracking of UAV targets in the case of light changes and low resolution. First, an adaptive image enhancement mod-
ule is constructed, and an illumination quality criterion composed of brightness and brightness difference is proposed. This
criterion can flexibly determine whether to enhance the image according to the size of the illumination quality criterion,
which avoids the large reduction in the running speed caused by image enhancement processing for all images and the exces-
sive processing of some normal illumination images. In this way, the performance of the algorithm is not decreased but
increased. The improved image enhancement module can improve the insufficient light of the image in certain cases and
ensure clarity. As a result, the image can provide more effective feature information for subsequent processing, which
effectively enhances the performance of the algorithm. Second, the illumination quality factor obtained in the image
enhancement module is introduced into the temporal regularization to constrain the difference between the tracking response
values of the two frames, and the illumination information in the scene is fused to realize the dynamic constraint of the tem-
poral regularization. This fusion further enhances the adaptability of the algorithm to complex scenes and improves the
robustness of the algorithm. Finally, the alternating direction method of multipliers is used to optimize the objective func-
tion of the proposed algorithm. The closed-form solution of each parameter can be obtained with fewer iterations, which fur-
ther enhances the performance of the algorithm. Result To comprehensively evaluate the performance of the proposed algo-
rithm, sufficient experiments are conducted on two public UAV datasets. The UAVdark70 dataset is mainly for dark-light
and low-resolution scenes, with few categories but a large amount of data. The difficulty lies in accurately tracking the tar-
get in low-light and low-resolution situations. The UAV123@10fps dataset is a large and comprehensive dataset, with com-
prehensive tracking scenes, rich tracking objects, and many types of challenge attributes. It is used to test the comprehen-
sive capability of the algorithm. On the UAVdark70 dark-light dataset, the proposed tracking model ranks first in tracking
accuracy and tracking success rate. Compared with the benchmark algorithm AutoTrack, the tracking accuracy and track-
ing success rate of the proposed model are increased by 5. 7% and 4. 3%, respectively. The results show that the algorithm
can run stably under dark-light conditions and has good adaptability to the environment. In the UAV123@10fps comprehen-
sive dataset, this model ranks first in tracking accuracy and tracking success rate. Compared with the benchmark algorithm
AutoTrack, the tracking accuracy and tracking success rate of the model are increased by 1. 8% and 1. 3%, respectively.
Therefore, the proposed algorithm can effectively track the target with the temporal regularization fused with the illumina-
tion quality factor in various complex situations, which reflects robustness and scene adaptability. The data of challenge
attributes reveal the overall excellent performance of the algorithm on the UAV123@10fps dataset. Specifically, in the face
of camera motion, fast movement, out of view, occlusion, similar objects, and other challenge attributes, the proposed
algorithm ranks first, which fully reflects the scene adaptability and robustness of the algorithm. It fully embodies the scene
adaptability and robustness of the algorithm. To particularly test the effect of the algorithm, ablation experiments are con-
ducted on the UAVdark70 dataset. The results show that the two proposed modules can improve the algorithm, and the
combination of the two modules maximizes the comprehensive performance of the algorithm. Compared with the baseline
algorithm, the tracking accuracy and tracking success rate are increased by 5.7% and 4. 3%, respectively. However,
given that the UAVdark70 dataset mainly contains dark-light images, image enhancement processing is required. Thus,
the speed is 4. 1 frame/s lower than that of AutoTrack, but the real-time requirement is still achieved. Conclusion For the
target tracking task of UAVs in low-light and low-resolution scenes, a target tracking algorithm based on image enhance-
ment using a regularized correlation filter for UAVs is proposed to enhance adaptability to low-light scenes. In this way, the
UAV can work in various scenes for a longer time. The comprehensive experimental results indicate that the proposed algo-
rithm can effectively deal with insufficient light. It can also improve the tracking performance of UAVs in complex scenes
with sufficient light. Therefore, the algorithm can effectively adapt to different scenes and provide strong support for stable

and sustained operation of UAVs.
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processing unit, GPU) , T A5 A0 TR 2 > 0 38 B
B AUKEE CPU (central processing unit) i) JC A ML
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enhancement with correlation
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Table 1 Terminology introduction

EAS ES0 K
K58 A2k aspect ratio change ARC
BRI background clutter BC
TG HLIZ ) camera motion CM
PR iz 5l fast motion FM
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MR 254k illumination variation v
(i low resolution LR
AT out of view ov
AP partial occlusion POC
AL scale variation SV
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AL viewpoint change vC
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— WAL one pass evaluation OPE
LN A RS center location error CLE
I intersection over union IoU
TR area under curve AUC
Giasl precision plot pp
I E success plot SP
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Fig. 1 Overall flow chart of FIERCF algorithm
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Fig. 2 Flow of image enhancement algorithm
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Table 2 Experimental platform configuration
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Table 3 Performance comparison of different « and w

SHE TR /(Wi/s) R il
Baseline 36.60 0.668 0.476
a=w=2 30.26 0.678 0.479
a=w=4 30.23 0.680 0.482
a=w=6 30.25 0.668 0.475
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Table 4 Performance comparison of different 8

ZHUE T /(i/s) HER LiF1Ea
Baseline 36.60 0.668 0.476
B=04 30.31 0.680 0.479
B=05 30.23 0.680 0.482
B=0.6 30.47 0.677 0.477
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Fig. 7 Comparison of the effects of temporal regularization

((a)original time regularization ; (b)improved time regularization ; (¢ )other parameter values time regularization )
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Table 5 Accuracy comparison on the UAV123@10fps dataset

Jitk ARC BC CM FM FoC v LR oV POC  SOB SV \(®
AutoTrack 0.584 0.503 0.641 0.516 0441 0544 0523 0.534 0.584 0.677 0.626  0.590
AMRCF 0.565 0475 0.601 0497 0413 0560 0489 0541 0574 0.677 0.601  0.594
ADTrack 0.577 0483 0.621 0460 0430 0.570 0.568 0.496 0.570 0.660 0.633  0.598
LADCF 0.561 0443 0637 0503 0432 0481 0.549 0.537 0.564 0.653 0.608  0.548
JSAR_Re 0556  0.543 0592 0430 0435 0517 0516 0519 0577 0.687  0.600  0.540
MSCF 0.567 0431 0598 0517 0415 0543 0521 0.545 0582 0.650 0.606  0.578
STRCF 0.524 0477 0.602 0488 0426 0493 0509 0.523 0.559 0.630 0.580  0.537
SRDCF 0472 0389 0527 0427 0418 0436 0431 0492 0504 0585 0531 0474
BACF 0478 0425 0.532 0407 0336 0430 0431 0421 0467 0.605 0.525 0491
AL 0.614 0479 0.653 0.562 0.447 0.565 0.543  0.561  0.609 0.691 0.639  0.59]
TE IR R Rk GRMAR TR 35 3R 2 5 Bt ARG 2 3 14

£6 UAVI23@10fps B I KL H
Table 6 Success rate comparison on the UAV123@10fps dataset

7k ARC BC CM FM FOC v LR (00% POC SOB SV v
AutoTrack 0.398 0.313 0460 0341 0240 0381 0311 0394 0407 0471 0442 0413
AMRCF 0.380 0306 0430 0328 0.217 0373 0287 0399 039 0469 0424 0410
ADTrack 0.400 0295 0456 0322 0236 0384 0339 0372 0397 0460 0450  0.423
LADCF 0.400 0.301 0466 0340 0237 0355 0315 0395 0391 0461 0438 0.408
JSAR_Re 0.383 0331 0439 0302 0.237 0355 0311 0389 0393 0469 0430 0.399
MSCF 0394 0270 0439 0354 0227 0366 0304 0403 0404 0455 0434 0413
STRCF 0373 0317 0443 0328 0.232 0355 0291 0389 038 0455 0419 0.39%
SRDCF 0346 0.263 0.399 0311 0.229 0333 0237 0368 0355 0421 0390 0.356
BACF 0346 0275 0397 0275 0.173 0310 0248 0321 0327 0424 0374 0353
AL 0418 0301 0467 0371 0242 0386 0318 0413 0416 0473 0449 0416

L T R RHAF R B FR A S L A B 3SR
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%7 UAVdark70 AEIE M ERIMHERELLER

Table 7 Performance comparison on the different property of UAVdark70 dataset

K IR
Jrik
FM v LR 0cC \(® FM v LR 0cC (o
AutoTrack 0.641 0.665 0.651 0.655 0.666 0.447 0.463 0.436 0.460 0.482
AMRCF 0.579 0.658 0.638 0.649 0.635 0.401 0.454 0.417 0.442 0.452
ADTrack 0.609 0.703 0.665 0.695 0.708 0432 0490 0436 0479 0507
LADCF 0.576 0.636 0.568 0.623 0.632 0.437 0.469 0.413 0.450 0.470
JSAR_Re 0.522 0.514 0.550 0.522 0.506 0.391 0.378 0.402 0.430 0.376
MSCF 0.637  0.687  0.663 0.693 0.704 0460  0.474 0442 0484  0.508
STRCF 0.639 0.651 0.551 0.648 0.675 0.467 0.473 0.387 0.463 0.501
SRDCF 0.625 0.624 0.574 0.657 0.658 0.443 0.443 0.398 0.456 0.490
BACF 0.580 0.616 0.546 0.624 0.627 0.417 0.439 0.382 0.443 0.475
AL 0.629 0.713 0.658 0.706 0.702 0.434 0.493 0.449 0.488 0.499
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Fig. 9 Visual result analysis
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Table 8 Results of ablation experiments
- B
PR KEEEI%  JREH1%
(Mi/s)
AutoTrack 0.681 0.484 36.6
AutoTrack + TEA 0.716 0.502 30.5
AutoTrack + TRE 0.693 0.494 36.4

AutoTrack + TEA + TRE (A& )
I E R RS S8 L 2
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