LRSI
Chinese Journal of Liquid Crystals and Displays

X EHS :1007-2780( XXXX)XX-0001-17
ZEEENEMEERBHNIT AV AEBRERE

BOHLAEST, D BLLEMEL R KD HAR®
QA FEARBAEEELLAB BN MAREEREZR, 77 MW 1100005
2.FERFR KELFBENMEDEFRA, /4 K& 130033)

FEE O 7R ANE BARIRER AT 55 P AAER B 2% TR L B AR RS S5 () 0, 32 10 1 — Rl g | A B 0 AL A0 A 28 4 )
SRR i 20 2 A 2 P 4 B AR BR B 300k Siam AL, LR LRl & B A el 55745 19 2 f& Siam AL-Det, T SiamDMU 55945 , &
Sete B T R gl AT R I HLE R B SR T B 00 80 o6 B h-swish, 32 FE T & 28 T A0 T BORAE R AR B8 s 2k,
SIS T R R & g P 13z 2h S 50 %t B AR B SE AT Ak T, R T BRI RS AR I 00 00 0 2 X BRI IR A R AT 43 )
Sl < E " H RS I, 3 N B A2 Bl e B AN, A T G U0 TR R 0 i M R S R — R A A I g R R A R VR AE
B Sfe T S IR B BRI, 7E ) B R O ™ F IR A I fil R R e R A3 S BEAT AN 5 4 0 . 7ER A UA V23 |,
SiamAL LA M SiamAL-Det 2 1 14 1 2 R RS B 25 3 T 65. 3% .86. 6% 1 68. 6% .88. 8% , A I K i34 v SiamDMU 43
ST T 2.5% 3. 7% F15.8%.5.9% o 5 2Bl 32 Ui B T 25 45 9 45 1) BRI R 0 LE A S UG i S R B A e B 4R
Y I BETE T A ML AN = v B R AT N BT 5

X B O RANAA; EAEBARRIE; EE AN TR EEK

FESES TP39%4.1 X#k#RIZEE: A doi:10.37188/CJLCD.2026-0076  CSTR:32172.14.CJLCD.2026-0076

UAY aerial target tracking with combined attention and
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Abstract: To address the challenges of complex interference and target occlusion in UAV target tracking,
a Siamese network-based tracker named SiamAL is proposed, which incorporates an attention mechanism
and an occlusion-discrimination module, along with its variant SiamAL-Det that additionally integrates an
object detection module. Based on the SiamDMU algorithm, an attention mechanism 1s first introduced

into the backbone network, and the h-swish activation function is adopted to enhance feature representation
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under complex interference conditions. A Kalman-filter-based motion prior is then introduced to estimate
the target trajectory, and the tracking state is evaluated based on tracker confidence and prediction-
observation residuals. In cases of severe occlusion, the motion prior weight is adaptively increased to
maintain trajectory continuity. Finally, an integrated detection-and-tracking framework is designed to
enhance tracking performance. A lightweight detection branch is triggered for re-detection and correction
upon tracking failure or severe drift. Experimental results on the UAV123 dataset show that SiamAL
achieves a success rate of 65. 3% and a precision rate of 86. 6% , while SiamAL-Det achieves 68. 6% and
88.8%, respectively. In comparison with several mainstream Siamese network-based trackers, SiamAL

outperforms in both success rate and precision, demonstrating the promising application prospects of the

proposed method in UAV aerial tracking scenarios.
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Tab.2 Data of the Kalman update process at key frames
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Tab.3 Ablation study of different Kalman fusion strategies under occlusion scenarios
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SiamAL-KF-C MR BAE BE IR 0.482 0. 740
SiamAL-KF-R AR % 22 90 0.492 0.737
SiamAL-KF-C+R S+ sk 22 0. 509 0.769
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Fig. 12 Trajectory visualization of re-detection under out-of-view sequence
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Tab.4 Ablation study of the re-detection trigger strategy

5k ik Kz 5 s B K ff 2% SF- 2k A2 Wi A
SiamAL g i 0.653 0. 866 TCE A, B AR E 5 R W60
SiamAL-Det-C S AF BE b & 0. 650 0.851 22.4
SiamAL-Det-R 5% 2% fih & 0.672 0. 870 17.8
SiamAL-Det-C+R AR A ik 0.686 0.888 13.5
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Tab.5 Results of ablation experiments on UAV 123

SRR ERPERR B A T AR sT R, Rl A B bR
K I B 3% B9 SiamDMU + Det $2 T+ ¢ o0 B 2, A1
BT B UE B BT SRR 0 R B T 4.9 %
5% o M EERE b, R A R b = B s
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50 12 H DL Pk R4 0 2 - A P (Full Oc-
1 549 (Background Clutters) (AL H
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Ak A KR
SiamDMU 0.628  0.829 era Motion) . %8 43 3 4 (Partial Occlusion) . 2\ 4
SiamDMU+CBAM 0.633  0.841 It 7% 1k (Aspect Ratio Change) . W %% 55 o 748
SiamDMU + h-swish 0.630  0.829 (Viewpoint Change) (JUEE 24K (Scale Variation) |
SiamDMU + H-ResNet-50 0.637  0.841 1 43 9% % (Low Resolution) LA K & H B 5t v Fl
SiamDMU -+ HFREL A FIHLEH  0.637  0.840 (Out-of-View) o AR FE7EAE LA L $k % 15 21 1 5
SiamAL 0.653  0.866 Ty 2 FUKG g 22 25 L 4 il n 3¢ 6 FL & 7 v, mT LA
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Tab.6 Success Rate Performance on the UAV 123 Dataset
(ER7S VC SV SOB POC OV LR IV FOC FM CM BC ARC Overall
SiamRPN++ 0.650 0.597 0.533 0.532 0.613 0.426 0.595 0.433 0.617 0.631 0.391 0.588 0.611
DaSiamRPN  0.608 0.566 0.521 0.494 0.514 0.437 0.468 0.436 0.516 0.614 0.403 0.551 0.587
DiMP-50  0.648 0.626 0.589 0.550 0.577 0.495 0.570 0.454 0.609 0.624 0.492 0.604 0.642
TDSiam 0.659 0.630 0.593 0.554 0.578 0.500 0.576 0.416 0.616 0.627 0.515 0.607 0.645
SiamDMU 0.619 0.615 0.515 0.535 0.577 0.570 0.585 0.466 0.596 0.614 0.608 0.556 0.628
ECM 0.622 0.621 0.564 0.549 0.585 0.579 0.558 0.477 0.594 0.615 0.624 0.563 0.635
SiamAL 0.664 0.645 0.629 0.568 0.626 0.562 0.590 0.509 0.603 0.652 0.526 0.606 0.653
SiamAL-Det  0.650 0.676 0.633 0.619 0.630 0.639 0.646 0.572 0.636 0.662 0.702 0.632 0.686
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Tab.7 Precision Rate Performance on the UAV123 Dataset

Bk vC SV SOB POC OV LR v FOC FM CM BC  ARC Overall
SiamRPN-+-+  0.838 0.788 0.728 0.749 0.817 0.674 0.811 0.699 0.841 0.840 0.609 0.795 0.820
DaSiamRPN  0.772 0.754 0.717 0.692 0.704 0.663 0.644 0.574 0.707 0.777 0.605 0.736 0.781
DiMP-50 0.830 0.801 0.774 0.733 0.746 0.713 0.750 0.645 0.797 0.804 0.638 0.772 0.822
TDSiam 0.834 0.807 0.780 0.738 0.748 0.722 0.758 0.648 0.807 0.808 0.640 0.776 0.827
SiamDMU  0.797 0.807 0.695 0.730 0.757 0.786 0.771 0.679 0.783 0.818 0.798 0.752 0.829
ECM 0.797 0.810 0.755 0.744 0.767 0.798 0.729 0.690 0.783 0.813 0.808 0.759 0.831
SiamAL 0.864 0.857 0.861 0.797 0.836 0.807 0.794 0.769 0.828 0.873 0.720 0.824 0.866
SiamAL-Det  0.823 0.874 0.853 0.832 0.851 0.872 0.838 0.809 0.828 0.863 0.902 0.839 0.888
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Fig. 13 Visualized results of four sequences on UAV 123(from top to down:bike2 carl5 personl4_1 and person19_2).
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®8 UAVI23HF 4N FIIMRERER
Tab.8 Tracking results of four sequences on UAV123

R 4B SiamDMU SiamAL SiamAL-Det
bike2 0.051 0.166 0.148 0.263 0.792 0.823
carl5 0.055 0.244 0.621 0.963 0.607 0.956
personld 1 0.131 0.202 0.128 0. 208 0. 357 0. 520
personl9_2 0.581 0.727 0.812 0.951 0.813 0.949
4 % w e AT, A SR H AR BLE R B S . 7E
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FI 3 F R R 20 I 1942 ) e 56 %t B bR gl o
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A 0 PR A A ™ Y B S N 5 T B
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KA TAE R, Ry B XA BR 5 R H AR AR
BN BN RRAE IR L Im) R, F— Ak /N B
B BRI 51X 43 RiE

=

=z

(1]

[2]

[3]

Z X #k:

WOE R, B NER,F TN N AR RER L] R 5 25, 2023, 38 (02): 256-266.

MIAO Z C, GAO SY, HE Z M, et al. Single-objective tracking algorithm based on Siamese networks [J]. Chinese
Jowrnal of Liquid Crystals and Displays, 2023, 38(2): 256-266. (in Chinese)

BERTINETTO L, VALMADRE J, HENRIQUES J F, et al/. Fully-convolutional siamese networks for object
tracking[ C]//Computer Vision-ECCV 2016 Workshops: Amsterdam, The Netherlands, October 8-10 and 15-16,
2016, Proceedings, Part I 14. Springer International Publishing, 2016: 850-865.

LIB, WU W, WANG Q, et al. Siamrpn+ + : Evolution of siamese visual tracking with very deep networks[C]//
Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2019: 4282-4291.

LI B, YAN J, WU W, ez al. High performance visual tracking with siamese region proposal network [C]//

Proceedings of the IEEE conference on computer vision and pattern recognition. 2018: 8971-8980.



16 RS RN

[5] HUANG, B, XU, T, SHEN, Z, et al. SiamATL: Online update of siamese tracking network via attentional
transfer learning. IEEE Transactions on Cybernetics, 52(8), pp. 7527-7540.

[6] CHEN Z., ZHONG B., LI G., et al. Siamese box adaptive network for visual tracking. In Proceedings of the
IEEE/CVF conference on computer vision and pattern recognition (pp. 6668-6677).

[7] MUELLER M, SMITH N, GHANEM B. A benchmark and simulator for UAV tracking [C]. 14th European
Conference Computer Vision. Amsterdam: Springer, 2016: 445-461.

[8] LIUJ, WANG H, MA C, et al. Siamdmu: Siamese dual mask update network for visual object tracking. IEEE
Transactions on Emerging Topics in Computational Intelligence , 8(2), pp. 1656-1669.

[9] Ma, J., Ren, J., Zhang, J
et al. Quantum imaging using spatially entangled photon pairs from a nonlinear metasurface. eLight 5, 2 (2025).

[10] Han, GR., Eryilmaz, M., Goncharov, A.
et al. Deep learning-enhanced dual-mode multiplexed optical sensor for point-of-care diagnostics of cardiovascular
diseases. Light Sci Appl 15, 190 (2026).

[11] fhit, etk 7, M, F . K AMLIERS XGBoost YLLA AR FI 4325 [T]. i A& 5 41,2021, 25(03) : 737-752.

XU Y, ZHEN J N, JIANG X P, er al. Mangrove species classification with UAV-based remote sensing data and
XGBoost [J]. National Remote Sensing Bulletin, 2021,25(03) :737-752. (in Chinese)

[12] spR% ARTF, 2 #, 5 B/ AN B S AT HIERET]. 32 A 5 3 & ,2021,40(09) : 1550-1569.
GUO QH, HU T Y, LIU J, et al. Advances in light weight unmanned aerial vehicle remote sensing and major
industrial applications [J]. Progress in Geography, 2021,40(09) :1550-1569. (in Chinese)

[13] R &ERAFEF,FRE,F . — PRI R UN 5 T i v 22 0 By 70 B B 2k AR I B0 vk [ ). B R AH3, 2021,
48(05):35-41+53.

WU ZC, LINX G, XU IJH, eral. An algorithm for missing detection of anti-vibration hammer on high voltage
transmission line based on aerial image [J]. Computing magazine of the CCF, 2021, 48 (05) : 35-41+53. (in
Chinese)

[14] sREF, 7 AVA, FAGE 5 . T EGE YOLOLL (I8 AWML &/ B AR 53k [T, % ,2025,40
(06):915-930.

ZHANG Z H, LI X R, CHEN S H, er a/. Small object detection algorithm in UAV aerial images based on
improved YOLO11 [J]. Chinese Journal of Liquid Crystals and Displays, 2025,40(06) :915-930. (in Chinese)

[15] SOLEIMANITALEB Z, KEYVANRAD M AND JAFARI A. Object tracking methods: A review. In 2019 9th
International Conference on Computer and Knowledge Engineering (ICCKE) (pp. 282-288). IEEE.

[16] CHENG F, LIANG Z, PENG G, etal. An anti-UAV long-term tracking method with hybrid attention mechanism
and hierarchical discriminator. Sensors, 22(10), p. 3701.

[17] HUANG B, CHENJ, XU T, et al. Siamsta: Spatio-temporal attention based siamese tracker for tracking uavs. In
Proceedings of the IEEE/CVF international conference on computer vision (pp. 1204-1212).

(18] 5k, F a4, % . (o B HUK Transformer L1 5 BARK AL RI[T]. 56 545 % £ 42,2024,32(05) : 727-739.
LI Daxiang, XIN Jiani, LIU Ying. Position-sensitive Transformer aerial image object detection model[J]. Optics and
Precision Engineering,2024,32(05) :727-739.

[19] YUAN X, XU T, LIU X, et al. Multi-step temporal modeling for UAV tracking. IEEE Transactions on Circuits
and Systems for Video Technology, 34(8), pp. 7216-7230.

[20] LIU X, XU T, WANG Y, et al. BACTrack: Building appearance collection for aerial tracking. TEEE
Transactions on Circuits and Systems for Video Technology, 34(6), pp. 5002-5017.

[21] PANG H, SU J, MA R, et al. Multiple templates transformer for visual object tracking. Knowledge— Based
Systems, 280, p. 111025.

[22] HOWARD A, SANDLER M, CHU G, et al. Searching for mobilenetv3. In Proceedings of the IEEE/CVF
international conference on computer vision (pp. 1314-1324).

[23] ZHOU L AND ZHANG J. Combined kalman filter and multifeature fusion siamese network for real-time visual

tracking. Sensors, 19(9), p. 2201.



B WA A5 ST TS DU R S 1 ALEEA H AR B 17

[24] FUC, LUK, ZHENG G, et al. Siamese object tracking for unmanned aerial vehicle: A review and comprehensive
analysis. arXiv 2022. arXiv preprint arXiv:2205. 04281.

[25] kb, kAt Mok, 4. —FIRANN BRI BRER L[], 6 & % T 2 X 5 $ 4% ,2022,54(05) : 104-116.
HUANG H, ZHANG K, CHEN Y A, et al. A long-term tracking algorithm for UAV aerial photography [J].
Journal of Harbin Institute of Technology, 2022,54(05) :104-116. (in Chinese)

[26] HE K, ZHANG X, REN, et al. Deep residual learning for image recognition. In Proceedings of the IEEE
conference on computer vision and pattern recognition (pp. 770-778).

[27] WOO S, PARK J, LEE J, et al. Cbam: Convolutional block attention module. In Proceedings of the European
conference on computer vision (ECCV) (pp. 3-19).

[28] BEm#, FRM, RES,F . ETHEERENKHRBAZGEMILEGESL[T]. FPERLF(FEL),
2024, 17(6): 1316-1328.

YAN Gang-qi, LIANG Zong-lin, SONG Yan-song, DONG Ke-yan, ZHANG Bo, LIU Tian-ci, ZHANG Lei,
WANG Yan-bo. Image reconstruction of snapshot multispectral camera based on an attention residual network [J].
Chinese Optics, 2024, 17(6) : 1316-1328.

[29] ZAF, RaEE, F 00 X 0EE LS BARK I 2 [T]. F Bk & (F L), 2024, 17(3) -
538-547.

WANG Bo-xiao, SONG Yan-song, DONG Xiao-na. Indistinguishable points attention-aware network for infrared
small object detection[ J]. Chinese Optics, 2024, 17(3) : 538-547. CHEN H, ZHANG W, YAN D, et al. Efficient
correlation information mixer for visual object tracking. Knowledge-Based Systems, 285, p. 111368.

[30] SUNL, YANG Z, ZHANG J, FU Z, HE Z. Visual Object Tracking for Unmanned Aerial Vehicles Based on the
Template-Driven Siamese Network[J]. Remote Sensing, 2022, 14(7): 1584.

[31] ZHU Z, WANG Q, LI B, et al. Distractor-aware siamese networks for visual object tracking[ C1//Proceedings of
the European conference on computer vision (ECCV). 2018: 101-117.

[32] BHAT G, DANELLJAN M, GOOL L, et al. learning discriminative model prediction for tracking [C] //
Proceedings of the IEEE/CVF international conference on computer vision. 2019: 6182-6191.

fE& o

EBEW LT, WL, BIELE T 5L, 2023 4F
T R TR R A AR A L i,
BENTFE A ) B bR R B 1 i B vk
W %% . E-mail: zhengbinxi@hrbeu.

edu. cn

BB TR, 2014 4F G
IR LA R ARG 2, EE
FOHL AR AL R BT . ME A -
635766103@qq. com




