UTPTrack: Towards Simple and Unified Token Pruning for Visual Tracking

Supplementary Material

To complement the manuscript, this appendix presents
additional content and is organized as follows:

¢ Section A: Introduction of benchmarks.

» Section B: Practical efficiency.

* Section C: Overall performance (Sec. 4.2).

 Section D: Controlled-budget performance (Sec. 4.2).
* Section E: Additional ablation study and analysis.

* Section F: Visualization.

A. Introduction of Benchmarks

A.1. RGB-based Tracking Benchmarks

LaSOT. LaSOT [9]is adensely annotated, class-balanced
large-scale long-term tracking benchmark. The benchmark
consists of high-quality 1400 training set videos and 280
test set videos with an average video length of approxi-
mately 2500 frames, containing challenges of various com-
plex scenarios. The evaluation metrics include Success
(AUC) and Precision (P and Pnom), among which AUC
serves as the primary metric.

LaSOTe. LaSOT.,, [10] extends the LaSOT benchmark
to include 150 videos of 15 additional new object classes,
which were carefully selected outside of ImageNet. The
evaluation metrics remain consistent with LaSOT.

TrackingNet. TrackingNet [30] is a large-scale short-
term tracking benchmark containing over 30K video se-
quences and over 14M bounding box annotations. The test
set of TrackingNet contains 511 video sequences without
publicly available ground truth. Researchers evaluate track-
ers by submitting their results to the official online evalua-
tion server, which provides AUC, P and Pyorm-

GOT-10k. GOT-10K [16]is a challenging, high-diversity,
large-scale benchmark with more than 10K video se-
quences, covering most of more than 560 categories of mov-
ing objects and more than 80 categories of motion patterns.
The test set has 180 video sequences, including 84 object
categories and 32 motion categories. It is worth noting that
GOT-10k advocates a one-shot protocol, which means that
the object classes between the train set and the test set are
zero-overlapped. Similar to TrackingNet, the tracking re-
sults need to be submitted to the official evaluation server
to obtain the tracker’s performance. The evaluation met-
rics include Average Overlap (AO) and Success Rates at
thresholds 0.5 and 0.75 (SRgs and SRy 7s), among which
AO serves as the primary metric.

A.2. Multimodal Tracking Benchmarks

VOT-RGBD22. VOT-RGBD?22 [18] is a dataset designed
for evaluating RGB-Depth (RGB-D) tracking algorithms,
consisting of 127 video sequences. The evaluation follows
the VOT protocol, including Accuracy, Robustness, and Ex-
pected Average Overlap (EAO), with EAO as the primary
performance metric.

LasHeR. LasHeR [22]is a large-scale RGB-D dataset fo-
cused on long-term object tracking, containing 245 video
sequences in its test set. The evaluation metrics include
AUC and P, with the AUC as the primary metric.

RGBT234. RGBT234 [21] is an RGB-Thermal (RGB-T)
tracking dataset, comprising 234 test video sequences that
cover challenging scenarios such as illumination changes,
occlusions, and low visibility. The evaluation metrics in-
clude Maximum Success Rate (MSR) and Maximum Preci-
sion Rate (MPR).

VisEvent. VisEvent [36] is a large-scale RGB-Event
(RGB-E) object tracking dataset comprising 320 test video
sequences. It emphasizes tracking performance under high-
speed motion and low-light conditions. Researchers evalu-
ate performance using the AUC and P metrics.

TNL2K. TNL2K [35] is a language-guided visual track-
ing dataset with 650 video sequences in the test set and
covers a wide range of natural language descriptions. Re-
searchers evaluate performance using AUC and P, with
AUC as the primary metric.

OTBY99. OTB99 [23] is a classic benchmark for short-
term visual object tracking, with the test set consisting of 48
video sequences. Researchers assess tracking performance
based on AUC and P scores.

B. Practical Efficiency Comparisons

As shown in Table 8, UTPTrack achieves higher FPS and
lower per-layer backbone latency on both GPU and CPU
across resolutions for OSTrack and SUTrack, while reduc-
ing training hours via lower backbone computation.

Table 8. Efficiency comparison. Lat.: per-layer backbone latency.
GPU: NVIDIA 1080Ti; CPU: Intel Xeon Gold 6226R@2.90GHz.

Model ‘ Train Hours FPS (GPU) FPS (CPU) Lat. (GPU,ms) Lat. (CPU, ms)
OSTracksse 38.3 94.0 9.0 15.0 66.5
UTPTrack-O»s6 32,6 95.0 16.7 12.7 49.5
OSTracksgy 101.4 39.8 32 36.1 340.8
UTPTrack-Osg4 80.6 473 6.0 30.2 212.6
SUTrackaps 56.8 40.5 7.8 17.4 66.4
UTPTrack-Sao4 533 427 9.3 17.8 56.4
SUTracksgy 209.2 274 34 63.3 340.2
UTPTrack-S3g4 186.6 30.7 4.6 53.0 261.2




Table 9. SOTA comparison on RGB-based tracker across RGB-Based tracking.

‘ LaSOT ‘ LaSOTex ‘ TrackingNet GOT-10k

| AUC Pyom P | AUC Pxom P | AUC Pnom P | AO  SRos  SRgss
Trackers with Resolution 256

OSTrackyse (Baseline) | 67.9 769 733 | 47.6 57.5 53.6 | 845 89.0 830|749 842 730

Method

OSTrack-CE;se 674 765 72.8 | 46.6 565 523 | 837 883 824|755 8.5 738
OSTrack-ToMe;sg 67.6 766 726 | 465 560 525 | 84.0 88.6 826|734 834 724
OSTrack-EViTase 684 777 741 | 46.1 557 51.1 | 84.0 88.7 829|758 859 74.6

UTPTrack-Ops¢(ours) | 674 763 725 | 473 571 533 | 840 888 828 | 752 853 739
Trackers with Higher Resolution 384
OSTracksg, (Baseline) ‘ 70.7 806 772 ‘ 50.0 61.1 56.8 ‘ 84.0 887 83.0

76.6 869 753

OSTrack-CE3zs4 70.6 80.1 77.0 | 50.6 612 57.0| 84.1 888 83.0 | 763 865 749
OSTrack-ToMesgs 70.2 80.1 76.6 | 504 61.1 56.6 | 84.1 888 83.1 | 771 872 747
OSTrack-EViTsg4 70.1 799 764 | 521 629 59.2 | 843 89.0 833|764 864 753

UTPTrack-Osg4(ours) | 70.7 80.6 77.1 | 494 598 558 | 84.0 887 827|765 869 745

Table 10. SOTA comparison on unified tracker across RGB-Based tracking.

‘ LaSOT ‘ LaSOTey ‘ TrackingNet GOT-10k
Method
| AUC Pyom P |AUC Pyom P | AUC Pnxom P | AO  SRgs SRyss
Trackers with Resolution 224
SUTracks»4 (Baseline) \ 7377 83.8 80.7 \ 532 645 616 \ 859 904 857 \ 775 86.7 78.1

SUTrack-CEjy4 728 829 80.2 | 529 637 604 | 8.3 900 848 | 77.6 87.6 78.0
SUTrack-ToMejo4 714 812 783 | 520 629 593 | 8.2 900 846|775 814 715
SUTrack-EViTyy4 713 819 783 | 513 6277 585 | 845 895 835|764 865 75.7

SUTrack-DynamicViTys | 574 655 593 | 40.8 497 466 | 656 69.1 602 | 71.6 812 647
UTPTrack-S;z4(ours) 72.6 828 798| 53.6 648 614 | 8.2 900 847|773 87.1 171.7

Trackers with Higher Resolution 384
SUTracksgs (Baseline) ‘ 739 832 8l1.2 ‘ 52.8 633 603 ‘ 86.8 909 87.3 ‘ 79.1 87.6 80.2

SUTrack-CE3s4 73.0 823 802 | 541 647 619 | 862 906 86.6 | 79.7 89.0  80.1
SUTrack-ToMesg4 742 838 819 | 530 633 605 | 8.3 90.7 86.8 | 79.1 88.1 79.1
SUTrack-EViT3g4 73.7 834 81.6| 53.0 637 61.0| 8.1 906 86.4 | 784 879 781

SUTrack-DynamicViTsgs | 63.0 72.1 63.0 | 448 534 473 | 735 805 663|695 790 618
UTPTrack-S3g4(ours) 743 839 818 | 536 643 615| 8.4 909 869 | 793 883  80.3

C. Detailed Overall Performance Comparisons RGB-based Tracking. We evaluate UTPTrack on four
large-scale RGB-based tracking benchmarks, covering both

In Sec. 4.2, we validate .the effectiveness of UTPTrack long-term (LaSOT, LaSOTey) and short-term (TrackingNet,
under two tracking paradigms: RGB-based tracking and GOT-10k) scenarios. The results are summarized in Tab. 9

Unified tracking, which includes RGB-Depth (RGB-D), .,y Tab. 10. For the RGB-based variant, UTPTrack-O
RGB-Thermal (RGB-T), RGB-Event (RGB-E), and RGB-

Language (RGB-Lang) tasks. Using OSTrack and SU-
Track as representative base models, we compare UTP-

maintains the accuracy of base model across all four bench-
marks and both resolutions. At 256 resolution, UTPTrack-
. ) 0356 closely matches base model on LaSOT, LaSOTy, and
Track against state—of—the?—art token compression methods, TrackingNet while slightly improving AO on GOT-10k, and
including CE, ToMe, EVIiT, and DynamicViT, across vary- remains competitive with other compression methods. At

ing input resolutions. We report comprehensive results for 384 resolution, UTPTrack-Osss similarly matches the per-
Overall Performance, with detailed tabular data and analy- formance of base model across all benchmarks. In con-

sis provided in this section.



Table 11. SOTA comparison on unified tracker across RGB-Depth, RGB-Thermal, RGB-Event, and RGB-Language tracking.

Method | VOT-RGBD22 | LasHeR RGBT234 | VisEvent | TNL2K | OTB99

| EAO Acc Rob | AUC P |MSR MPR | AUC P |AUC P |AUC P

Trackers with Resolution 224
SUTrackys (Baseline) | 75.5 825 913 | 59.9 748 | 700 921 | 633 80.7 | 678 738 | 684 91.1
SUTrack-CEyy4 76.7 827 924 596 740 | 70.1 924 | 628 799 | 657 711 | 708 927
SUTrack-ToMesz4 76.1 827 918 | 592 737 | 694 918 | 61.7 789 | 659 714 | 705 916
SUTrack-EViTxy 75.0 821 909 | 586 73.0 | 692 916 | 620 794 | 650 70.0 | 70.8 919
SUTrack-DynamicViTy4 | 62.8 742 844 | 461 575 | 632 851 | 50.9 718 | 556 550 | 658 868
UTPTrack-Sx4(ours) 764 827 92.1 | 592 739 | 704 929 | 626 80.0 | 656 710 | 7.9 937
Trackers with Higher Resolution 384

SUTracksgs (Baseline) | 76.0 832 91.5| 60.6 753 | 692 924 | 63.0 793 | 682 747 | 692 91.0
SUTrack-CEsgy 779 836 928 | 604 750 | 69.7 920 | 629 795 | 662 726 | 700 90.6
SUTrack-ToMesg, 76.8 838 91.5| 597 741 | 694 920 | 62.6 793 | 664 72.8 | 70.8 918
SUTrack-EViTss, 77.1 832 925 | 588 732 | 682 90.8 | 62.1 792 | 662 727 | 725 94.6
SUTrack-DynamicViTsg4 | 712 81.0 87.8 | 51.6 635 | 56.7 822 | 56.4 734 | 589 580 | 68.0 865
UTPTrack-S3s4(ours) 76.8 838 91.6 | 60.4 748 | 69.7 922 | 628 79.7 | 66.6 729 | 722 937

trast, the unified variant, UTPTrack-S, consistently delivers
strong results across all benchmarks. UTPTrack-S;4 im-
proves the AUC on LaSOTe and TrackingNet over base
model, while UTPTrack-S;g4 achieves the best or second-
best scores on all four datasets. These results demon-
strate that our pruning strategy effectively preserves accu-
racy across different resolutions and tracking paradigms.

RGB-D/T/E Tracking. As shown in Tab.11, UTPTrack-
Sy4 and UTPTrack-Ss;g4 consistently rank among the
top two across all benchmarks, including VOT-RGBD22
(RGB-D), LasHeR and RGBT234 (RGB-T), and VisEvent
(RGB-E). This demonstrates the robustness and generaliz-
ability of our pruning strategy across diverse modalities and
dataset scales, while maintaining strong performance and
high efficiency.

RGB-Lang Tracking. As shown in Tab. 11, UTPTrack-
S significantly outperforms the baseline model on the short-
term tracking dataset OTB99 across different resolutions.
It achieves gains of 3.5% at 224 resolution and 2.0% at
384 resolution. On TNL2K, however, the performance
of UTPTrack-S decreases relative to the baseline model,
likely due to compression-induced performance loss. Even
so, UTPTrack-S still delivers competitive performance on
TNL2K, and at 384 resolution it achieves the best results
among all compared methods. Such degradation across all
compressed models may be attributed to the limited preci-
sion of the initial language descriptions in later stages of
long videos, especially in long-term sequences, which re-
duces the reliability of language-guided cues.

D. Detaild Controlled-Budget Performance
Comparisons

In Sec. 4.2, we conduct controlled-budget experiments un-
der fixed compression ratios to ensure fair comparisons for
RGB-based and unified tracking, with comprehensive re-
sults presented in this section.

RGB-based Tracking. For RGB-based tracking, we
compare UTPTrack with other methods on four widely used
RGB-based benchmarks. As shown in Tab. 12, UTPTrack-
O consistently outperforms all other methods across all
pruning rates. Notably, with 18.8% of the visual tokens
pruned, UTPTrack-O,s¢ outperforms the baseline model by
0.2%, suggesting that removing redundant tokens can even
lead to performance gains. Similarly, in Tab. 16, UTPTrack-
S surpasses all other compression methods across all prun-
ing rates, and at a retained ratio of 35.4% visual tokens, it
achieves a 1.0% improvement over the second-best method.

RGB-D/T/E Tracking. As shown in Tab. 17, UTPTrack
outperforms the baseline on both the RGB-D and RGB-T
benchmarks across different pruning ratios. On the VOT-
RGBD?22 dataset, it surpasses the baseline by 1.3% when
pruning 25.6% visual tokens. On the RGB-E benchmark,
UTPTrack consistently ranks among the top two methods.
These results demonstrate that UTPTrack generalizes effec-
tively across diverse multimodal tracking scenarios.

RGB-Lang Tracking. As shown in Tab. 17, UTPTrack
maintains competitive performance across different com-
pression rates on the RGB-Language benchmark. At all
compression rates, UTPTrack outperforms the baseline on



Table 12. Performance comparisons under different vision token compression settings for RGB-based tracking. The baseline uses 384
tokens. The first row shows raw scores, and the second row reports percentages relative to the upper bound.

Method ‘ LaSOT ‘ LaSOT ‘ TrackingNet ‘ GOT-10k ‘ Avg Perf.(%)
| AUC Pxomm P | AUC Pyom P |AUC Pyom P | AO  SRgps SRy |
Upper Bound, 384 Tokens (100%)
OSTrackys (Baseline) 679 769 733 476 575 53.6 | 845 89.0 83.0 | 749 842  73.0 100%

100% 100% 100% | 100% 100% 100%

100% 100% 100% | 100% 100% 100%

Retain 87.2% Tokens (= 335 tokens, | 18.8%)

67.1 758 720 | 469 567 524

OSTrack-CEass 98.9% 98.6% 98.3% | 98.6% 98.6% 97.7%

84.1 888 83.0 | 749 850 735

99.6% 99.8% 99.9% |100.0% 101.0% 100.7% 99.3%( 0.7%)

68.0 769 729 | 464 563 515

OSTrack-ToMease 110099, 99.9% 99.5% | 97.5% 98.0% 96.1%

83.8 887 827 | 743 842 730

0
99.3% 99.6% 99.6% | 99.2% 100.0% 100.0% 99.0%( 1.0%)

66.8 757 717 | 46.7 563 523

OSTrack-EViTase 98.4% 98.4% 97.9% | 98.1% 98.1% 97.5%

84.1 889 88 | 750 852 739

99.5% 99.8% 99.7% |100.1% 101.2% 101.2% 99-0%(. 1.0%)

67.1 757 722 | 483 583 544

UTPTrack-Oas6 98.9% 98.5% 98.5% |101.5% 101.5% 101.4%

840 887 830 | 756 858 747

0
99.5% 99.6% 99.9% |100.9% 101.9% 102.3% 100.2%(T 0.2%)

Retain 75.5% Tokens (=~ 290 tokens, | 24.5%)

673 762 726 | 473 572 531

OSTrack-CEass 99.1% 99.1% 99.1% | 99.4% 99.5% 99.0%

842 89.0 832 | 742 841 72.8

0;
99.7% 100.0% 100.2%| 99.1% 99.9% 99.7% 99.3%( 0.7%)

682 77.1 732 | 465 56.0 522

OSTrack-ToMease 10 49, 100.2% 100.0% | 97.6% 97.5% 97.4%

842 89.0 832 | 749 851 73.6

0y
99.7% 100.0% 100.1%|100.0% 101.1% 100.8%| 22:4%( 0-6%)

67.8 768 734 | 47.1 56.6 528

OSTrack-EViTase 99.8% 99.9% 100.2%| 99.0% 98.6% 98.4%

838 885 825 | 729 828 704

992% 99.4% 99.4% | 97.3% 98.3% 96.4% 98.8%( 1.2%)

676 763 729 | 413 572 530

UTPTrack-Oas6 99.5% 99.3% 99.5% | 99.5% 99.6% 98.9%

838 884 827 | 748 851 73.5

99.2% 99.3% 99.6% | 99.9% 101.1% 100.7% 99.5%( 0.5%)

Retain 65.6% Tokens (=~ 252 tokens, | 34.4%)

672  76.1 725 | 465 563 518

OSTrack-CEass 99.0% 99.0% 98.9% | 97.8% 97.9% 96.6%

833 882 8.0 | 728 829 709

0
98.6% 99.0% 98.7% | 97.2% 98.5% 97.1% 98.1%( 1.9%)

663 757 711 460 559 509

OSTrack-ToMeaso | o7 700 9849 97.0% | 96.7% 97.2% 94.9%

825 875 8.2 | 71.0 813 679

0y
977% 98.2% 96.6% | 94.8% 96.6% 93.0% | 0% 3-3%)

68.1 712 732 | 46.1 558 512

OSTrack-EViTase 100.3% 100.4% 99.9% | 96.8% 97.1% 95.5%

83.0 879 81.7 | 728 833  69.7

[ 0,
982% 98.7% 98.4% | 97.2% 98.9% 95.5% 98.1%(} 1.9%)

682 773 740 | 462  56.1 51.8

UTPTrack-Oas6 100.4% 100.5% 101.1%| 97.0% 97.7% 96.6%

84.0 889 831 749 8.0 733

99.5% 99.8% 100.1%|100.0% 101.0% 100.4% 99.2%( 0.8%)

the short-term tracking dataset OTB99. With 25.6% visual
tokens pruned, UTPTrack surpasses the baseline by 3.3%,
and even at a pruning rate of 64.6%, it still leads the base-
line by 2.7%. On TNL2K, UTPTrack consistently ranks in
the top two compared to other compression methods.

E. Additional Ablation Study

E.1. The Effect of Pruning Location for RGB-based
Tracking

To analyze the impact of pruning locations, we systemati-
cally vary the pruning positions of both the CE and DTE
modules across different transformer layers, with detailed
results summarized in Tab. 13. Based on empirical re-
sults and a meticulous consideration of the performance-
efficiency trade-off, we select the pruning configuration

(#3) that prunes CE at layers [3, 6, 9], and DTE at layers
[4, 7, 10]. This arrangement achieves an optimal balance,
maintaining competitive tracking performance while sub-
stantially reducing the computational overhead.

Table 13. Ablation Study on CTEM Location for RGB-based
Trackers with a 12-layer ViT backbone.

L

g g I T VR S

st 225 5 2 Z|wf & g. 2%
S ng|2 2 § o©|fz COg 290 <%

# a | QA = @) > > = a
1| - — 679 476 845 7493840 384 345 100.0
2| 3,691 [3.69] | 67.6 47.0 838 7452678 176 25.1 993
3] [3,69] [47,10]|68.4 466 83.8 753|2712 176 254 99.6
4| 3,691 [258] |67.4 457 838 7754|2643 176 248 98.8
5| 12581 [3.69] | 680 464 839 75.7|2538 176 239 99.5
6| [47,10] [3.69] | 675 465 839 7342817 176 263 986




E.2. The Effect of Spatial Priors in Token Type-
Aware Strategy

TTA does not replace attention-based importance estima-
tion, but stabilizes static template pruning, which is sensi-
tive due to limited tokens and foreground—background im-
balance. The bounding-box prior uses only initialization
information. As shown in Table 14, attention-based prun-
ing without priors consistently outperforms random prun-
ing, while adding spatial priors yields modest but consis-
tent gains. These results indicate that TTA complements
attention-based pruning by improving stability under high
compression ratios.

Table 14. Effect of spatial priors in attention-guided pruning.

Method | LaSOT LaSOTe TrackingNet GOT-10k
Attn-based Pruning w/o Priors | 67.2 46.5 84.3 744
Attn-based Pruning w/ Priors | 67.4 473 84.0 75.2

Random Pruning w/ Priors 67.0 46.8 83.9 74.2

E.3. The Effect of Token Type-Aware Strategy for
Unified Tracking

Table 15 compares the effects of three foreground bonus
strategies on ST pruning for unified trackers, corresponding
to the Full, Soft and All variants introduced in Sec. 3.2.1.
Among them, the Soft bonus delivers the best overall per-
formance across the five benchmarks, achieving an average
accuracy of 99.8%, outperforming the Full and All strate-
gies by approximately 0.5% and 0.7%, respectively. Under
a strict pruning ratio, the Full bonus rewards only patches
that lie entirely within the target box, making it overly con-
servative and prone to underestimating foreground tokens
near object boundaries. Conversely, the All bonus assigns
the maximum reward as long as a patch merely intersects
the box, which is excessively permissive and easily intro-
duces background noise. The Soft bonus, computed as
the mean mask value within each patch, provides a more
fine-grained estimate of foreground coverage and yields
smoother boundary transitions, making it a more reliable
continuous signal for guiding pruning.

Table 15. Ablation Study on bonus for Unified Trackers.

VOT- . Avg
RGBD22 LasHeR VisEvent OTB99 Perf. (%)
1| Full | 71.7 75.7 59.5 61.7 69.7 99.3
2| Soft | 72.4 75.9 59.4 61.9 70.7 99.8

31 All | 722 75.6 59.5 61.2 69.4 99.1

# ‘ Bonus | LaSOT

F. Visualization

We present visualizations of the UTPTrack pruning process
for RGB-based, RGB-Lang, RGB-D, RGB-T, and RGB-E
tracking, as shown in Figs. 5 to 9. The top-left shows the
search region image, with the static template on the bottom-
left and the dynamic template on the bottom-right. Masked
areas indicate pruned tokens. The six stages illustrate a pro-
gressive schedule: stages 1, 3, and 5 progressively prune to-
kens from the search region, while stages 2, 4, and 6 further
prune tokens from both the static and dynamic templates.



Table 16. Performance comparisons under different vision token compression configurations across unified tracking on RGB-based
tracking benchmark. The vanilla number of visual tokens is 294. The first line of each method is the raw performance of benchmarks, and
the second line is the proportion relative to the upper limit. The average performance listed is calculated across all 10 benchmarks.

‘ LaSOT ‘ LaSOTey ‘ TrackingNet ‘ GOT-10k ‘ Avg
Method Perf (%
| AUC Pyom P | AUC Pygm P | AUC Pyem P | AO  SRys SRgss | Fort(®)
Upper Bound, 294 Tokens (100%)
. 737 838 807 | 532 645 616 | 859 904 857 | 775 8.7  78.1
SUTrackos (Baseline) | 1600 1009, 100% | 100% 100% 100% | 100% 100% 100% | 100% 100%  100% 100%
Retain 71.4% Tokens (= 218 tokens, | 25.6%)
724 84 792 | 528 636 602 | 851 897 844 | 774 870 780
SUTrack-CEz2 98.3% 984% 98.1% | 99.1% 98.7% 97.7% | 99.0% 99.2% 98.5% | 99.9% 1003% 99.9% | 3% 0-5%)
721 80 789 | 526 637 597 | 854 900 847 | 769  86.5 772
SUTrack-ToMex4 97.8% 97.8% 97.7% | 98.8% 98.8% 96.9% | 99.4% 99.6% 98.9% | 992% 99.8% 98.8% | 20-4%( 0-6%)
. 716 819 790 | 523 632 595 | 849 897 841 | 769 872 768 .
SUTrack-EViTz 97.1% 97.7% 97.8% | 983% 98.1% 96.6% | 98.8% 99.0% 98.2% | 99.2% 1006% 983% | 0% 1.0%)
. 688 81.6 711 | 497 630 553 | 802 864 749 | 746 871 721 .
SUTrack-DyViTau | g3 40, 9749 $8.0% | 93.4% 97.8% 89.8% | 93.4% 95.6% $74% | 96.3% 1005% 92.3% | 20-3%W 3.5%)
721 822 789 | 529 638 60.1 | 851 897 845 | 777 874 782 .
UTPTrack-Sz4 97.9% 98.1% 97.7% | 99.4% 98.9% 97.5% | 99.0% 99.3% 98.6% | 1003% 100.8% 100.1% | *2-8%U 0.2%)
Retain 52.0% Tokens (= 153 tokens, | 48.0%)
720 818 789 | 528 639 604 | 853 900 847 | 771 8.8 777 .
SUTrack-CEz24 977% 97.6% 97.7% | 99.2% 99.1% 97.9% | 993% 99.6% 98.8% | 99.5% 100.1% 99.5% | 2% 0-8%)
714 812 783 | 520 629 593 | 852 900 846 | 775 874 715 .
SUTrack-ToMez24 96.9% 96.9% 96.9% | 97.8% 97.6% 96.2% | 99.1% 99.6% 98.7% | 100.0% 1008% 99.29 | 2>-0%( 1.0%)
4 712 816 784 | 519 61.1 589 | 847 897 840 | 769 872 769
SUTrack-EViTz4 96.6% 974% 97.1% | 97.5% 94.8% 95.6% | 98.6% 99.3% 98.0% | 992% 100.6% 98.5% | 5o%U 1.5%)
. 532 60.6 553 | 365 441 417 | 582 624 522 | 522 600 348 .
SUTrack-DyViTou | 0500 7030, 68.5% | 68.5% 68.4% 67.6% | 67.7% 69.0% 61.0% | 67.4% 692% 4d.6% | o570t 21.2%)
] 725 85 796 | 531 640 605 | 855 90.1 849 | 771 868 775 [
UTPTrack-S74 98.4% 98.5% 98.6% |99.7% 99.3% 98.% | 99.5% 99.7% 99.1% | 99.5% 100.1% 99.29 | 22-5%( 0-5%)
Retain 35.4% Tokens (=~ 104 tokens, | 64.6%)
705 805 772 | 51.8 630 593 | 848 895 839 | 759 859 753 o
SUTrack-CEz4 95.7% 96.1% 95.6% | 97.3% 977% 96.2% | 98.7% 99.1% 97.9% | 97.9% 99.1% 9649 | 23%( 1.T%)
] 679 739 707 | 486 559 538 | 800 831 755 | 716 812 647 [
SUTrack-ToMez24 92.1% 88.1% 87.6% |91.3% $6.6% $7.2% |93.1% 92.0% 88.1% | 924% 937% 82.8% | J=>7%(T-5%)
‘ 696 800 765 | 506 61.8 57.6 | 843 892 832 | 740 843 724 N
SUTrack-EViTz 045% 954% 947% |95.1% 959% 93.4% |98.1% 98.8% 97.0% | 955% 97.2% 92.79% | 207%U3:3%)
. 44 36 36 | 29 58 25 | 88 67 57 | 714 7.1 0.8 ,
SUTrack-DyViTzz4 500 420 44% | 54% 90% 4.1% |103% 74% 67% | 95% 829  10% | 7% 85.3%)
723 83 793 | 527 637 600 | 852 897 844 | 775 8.1 779
UTPTrack-Sx4 98.0% 98.2% 98.2% |99.0% 98.8% 97.4%|99.1% 99.3% 98.5% | 100.0% 100.5% 99.7% | 203%(0-7%)




Table 17. Performance comparisons under different vision token compression configurations across unified tracking on RGB-D/T/E/Lang
tracking benchmark. The vanilla number of visual tokens is 294. The first line of each method is the raw performance of benchmarks, and
the second line is the proportion relative to the upper limit. The average performance listed is calculated across all 10 benchmarks.

Method | VOT-RGBD22 | [LasHeR | RGBT234 | VisEvent | TNL2K | OTB99 | Avg
| EAO Acc Rob | AUC P | MSR MPR |AUC P |AUC P | Auc p | FPerf(®
Upper Bound, 294 Tokens (100%)
SUTrack 755 825 913 | 599 748 | 700 92.1 | 633 80.7 | 678 738 | 684 9Ll 1009
24 100% 100% 100% | 100% 100% | 100% 100% | 100% 100% |100% 100% | 100% 100% o
Retain 71.4% Tokens (=~ 218 tokens, | 25.6%)
758 828 914 | 599 747 | 700 925 | 61.8 792 | 660 715 | 705 926 . .
SUTrack-CEx4 10049, 100.4% 100.1%|100.0% 99.9% |100.0% 100.4% |97.6% 98.1% |97.3% 96.9% | 103.0% 101.7%| 2227 (- 0-5%)
760 825 919 | 600 746 | 69.0 920 | 623 796 | 662 718 | 704 913 .
SUTrack-ToMex |10 70, 100.0% 100.7%|100.2% 99.7% | 98.6% 99.9% |98.4% 98.6% | 97.6% 97.3%| 102.9% 100.3%| °°-4%C 0-6%)
. 757 826 914 | 590 732 | 700 920 | 620 791|657 71| 707 914
SUTrack-EViTos 10030, 100.19% 100.1%| 98.5% 97.9% |100.0% 99.9% |97.9% 98.0%|96.9% 96.4% |103.4% 100.4% | °2-0%C 1-0%)
, . 744 815 912 | 576 718 | 687 908 | 613 794 | 640 655 | 715  93.6 .
SUTrack-DyViToos | g¢ 500 98 8% 99.9% | 96.2% 96.0% | 98.1% 98.6% |96.8% 98.4% | 94.4% 88.9%| 104.5% 102.8%| 0> %C 3:57%)
765 827 921 | 60.1 749 | 702 931 | 620 792 | 664 720 | 707  93.1
UTPTracksy 101.3% 100.4% 100.9%| 100.3% 100.1%| 100.3% 101.1%|97.9% 98.1%|97.9% 97.6%|103.3% 102.29%| *2-8%( 0-2%)
Retain 52.0% Tokens (=~ 153 tokens, | 48.0%)
761 828 918 | 584 727 | 704 930 | 615 786|661 71.7| 705 926
SUTrack-CEx4 100805 100.4% 100.5%| 97.5% 97.2% |100.6% 101.0%|97.2% 97.4%|97.5% 97.2% |103.0% 101.79% | 2227 0-8%)
761 827 918 | 592 737 | 694 918 | 617 789 | 659 714 | 705 916
SUTrack-ToMex |10 g0, 100.2% 100.5%| 98.8% 98.5% | 99.1% 99.7% |97.5% 97.8%|97.1% 96.9%| 103.1% 100.6%| °°-0%C 0-5%)
. 752 8.1 914 | 578 719 | 699 923 | 623 798 | 651 703 | 705 917
SUTrack-EViTos | o9 ¢or 99 505 100.1%| 96.5% 96.1% | 99.9% 100.2%|98.4% 98.9%|96.0% 95.4% |103.1% 100.79% | 287 1-5%)
. 63.0 743 848 | 506 634 | 633 863 | 496 672 | 543 544 | 653 860
SUTrack-DyViTon| ¢34 90195 92.9% | 84.5% 84.8% | 90.4% 93.7% |78.4% 83.3%|80.0% 73.7%| 95.5% 94.4% | o5 21.2%)
757 828 914 | 596 744 | 707 936 | 617 788|659 715 701 912
UTPTracksy 100.3% 100.4% 100.1%| 99.5% 99.5% |101.0% 101.6%|97.5% 97.6% |97.2% 96.9%|102.5% 100.1%| *2> % (- 0-5%)
Retain 35.4% Tokens (=~ 104 tokens, | 64.6%)
755 822 918 | 578 719 | 693 922 | 614 787|654 705 | 717 942
SUTrack-CEx4 10009 99.6% 100.5%| 96.5% 96.1% | 99.0% 100.1%|97.0% 97.5% |96.3% 95.5% | 104.8% 103.5%| 237 1.7%)
709 786 902 | 538 666 | 636 879 | 580 774|617 636 | 613 870 }
SUTrack-ToMexu | g3 900 9530, 93.8% | 89.8% 89.0% | 90.9% 95.4% |91.6% 95.9%|91.0% 86.3%| 98.4% 95.6% | 22 7Ck 7-5%)
, . 750 819 91.1 | 564 703 | 678 902 | 608 784 | 644 693 | 704 915 )
SUTrack-EViTns | 9930 9930, 99.8% | 942% 94.0% | 96.9% 97.9% |96.1% 97.1%|95.0% 94.0%| 102.9% 100.5%| 0~ %C 3:3%)
. 137 497 236 | 103 155 | 179 324 | 73 148 | 159 135 ] 13.6 208 .
SUTrack-DyViTon | 1o 60205 258% | 17.2% 207% | 25.6% 352% |11.5% 18.3%|23.4% 18.3%| 19.9% 22.9¢ | \+7%( 85-3%)
76.1 830 915 | 586 729 | 704 929 | 615 79.1 | 660 714 | 703 919
UTPTracksz 100.8% 100.6% 100.2%| 97.8% 97.5% | 100.6% 100.9%|97.2% 98.0%|97.3% 96.9%|102.7% 100.9% | 223 %W 0.-7%)
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Figure 5. Visualization of the UTPTrack Pruning Process for RGB-based Tracking.
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Figure 6. Visualization of the UTPTrack Pruning Process for RGB-Language Tracking.
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Figure 7. Visualization of the UTPTrack Pruning Process for RGB-Depth Tracking.
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Figure 8. Visualization of the UTPTrack Pruning Process for RGB-Thermal Tracking.
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Figure 9. Visualization of the UTPTrack Pruning Process for RGB-Event Tracking.
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