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Surgical Tool Tracking CAPMI'LA

« Object tracking estimates object location across time Surgical tool tracking is

workflows and automation.

|t enables perception, understanding, action, and analysis.
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Surgical Tool Tracking

Why track surgical tool?

surgical skill
decision support | assessment | navigation

surgical safety risk zone estimation

laparoscope positioning | robotic visual servoing

insights virtual and augmented reality

. Surgical tool tracking is !
| cantral tomodeling surgicat

[t enables perception, understanding, action, and analysis. E workflows and automation.
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Surgical Tool Tracking is Uniquely Challenging
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Crowded scene
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Poor camera coverage Specular light reflec.:tion Occlusio Dirtiness of lens
. : . . . Multiple tools are visuall
Surgical scene is dynamic Tools follow non-rigid, e y
and constrained disappearing trajectories Sl 2l L
simultaneously
Occlusion is frequent — Tools go out-of-camera Tool’s appearance can
tissue blocks and deformable, view, out-of-body and later change by stains from blood,
2D monocular view reappear fluid, or light reflection

Nwoye C. I. et al CholecTrack20: A Multi-Perspective Tracking Dataset for Surgical Tools



Beyond MOT: Towards Multi-Perspective Tracking (MP-MCMOT)

« Existing tracking fail to capture the complexity of surgical scene.

MP-MCMOT

Laparoscopic
camera
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! Tools move across views: E
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Beyond MOT: Towards Multi-Perspective Tracking (MPT)

« Multi-perspective tracking paradigm:
redefines tracking as perspective-aware trajectories.

« 3 tracking perspectives:

1: Intraoperative trajectory
2: Intracorporeal trajectory
——3: Visibility trajectory
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Introducing CholecTrack20 Dataset . ..

» First multi-perspective surgical tracking dataset

» 20 videos — 35K frames — 65K tool instances
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Surgical visual challenges
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Introducing CholecTrack20 Dataset . ..

rrrrrr
" Aug. track length (Aug. num. track)

Trajectories
3
!
isibility

asper
42.7%
<

> First multi-perspective surgical tracking dataset
> 20 videos — 35K frames — 65K tool instances

35000
30000

25000

> Annotations include:

20000

Total Duration (s)

. Spatial locations (bounding boxes) st R
. Tool categories - _-®

. Tool identity across 3 perspectives -"'-

. Surgeon operating hand identities Tm——

. Surgical phases

. Visual challenges (e.g. smoke, bleeding, ...)

bleeding

Phases - Clipping & cutting
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Label Analys
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Label Analysis

Nwoye C. |. et al

(a) Tool class label features

« grasper
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« hook

*  scissors
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Label Analysis
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Annotation Quality Assurance CA»-.'-.-';-..A
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Annotation Quality Assurance

Tool class labels Tool operator labels
grasper NULL
Intra-rater  Inter-rater
bipolar
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00|
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Benchmarking SOTA Models

« 13 object detectors

Detector Detection AP accross 3 thresholds Detection AP per category. (% AP @ © = 0.5) Detection AP across surgical visual challenges Speed
Model APys Tt APy75t APys5.095 T Grasper Bipolar Hook Scissors Clipper Irrigator Bag Bleeding Blur Smoke Crowded Occluded Reflection Foul Lens Trocar FPS?t
Faster-RCNN [43] 56.0 38.1 34.6 535 650 80.1 609 701 26.8 31.8 579 41.0 545 43.5 55.0 46.9 41.2 35.7 7.6
Cascade-RCNN [7] 51.7 39.0 34.7 520 589 79.7 457 449 237 179 53.9 39.0 48.1 39.5 46.4 29.1 33.7 33.7 7.0
CenterNet [69] 53.0 39.5 35.0 60.2 614 864 563 68.0 258 102 58.0 421 502 36.7 51.7 46.0 35.8 30.8 338
FCOS [54] 43.5 31.5 28.1 512 443 747 492 542 219 72 478 406 515 15.1 40.8 427 29.7 17.6 7.7
SSD [30] 61.9 37.8 36.1 752 622 916 634 729 225 4038 64.5 493 583 57.5 62.4 53.9 47.7 42.6 30.9
PAA [23] 64.5 44.9 41.1 696 790 892 68.7 742 376 289 67.1 556 650 550 64.6 56.0 51.2 47.5 8.5
Def-DETR [71] 58.4 42.0 38.3 60.6 665 838 619 720 399 238 624 427 58.6 37.1 574 439 41.5 474 10.2
Swin-T [31] 62.3 443 40.2 633 648 830 802 772 380 268 63.5 53.8 62.8 353 61.1 66.2 55.2 45.7 9.8
YOLOX [19] 64.7 48.9 442 69.6 722 894 754 79.1 373 271 68.2 556 66.0 459 64.2 52.5 58.1 43.1 23.6
YOLOv7 [62] 80.6 62.0 56.1 90.5 864 960 823 893 491 66.2 80.2 o61.2 80.1 79.5 82.1 65.6 71.2 66.7 20.6
YOLOvS [58] 79.1 62.4 55.6 879 845 962 800 872 484 650 77.1 583 744  76.2 804 70.3 57.4 62.9 29.0
YOLOv9 [61] 80.2 62.6 56.5 885 876 960 793 8&7.1 50.1 67.7 781 540 782 78.6 81.1 65.3 63.4 63.1 23.7
YOLOv10 [60] 80.1 62.1 55.8 876 866 960 819 890 538 613 77.8 619 78.7 77.5 81.2 66.7 59.3 65.4 28.6
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Benchmarking SOTA Models

« 8 object trackers

Nwoye C. |. et al

Model HOTA Metrics CLEAR Metrics Identity Metrics Count Metrics Speed
Tracker HOTAT DetAT LocAfT AssAfT MOTAT MOTPt MT{ PT| ML| IDF11 IDSW| Frag| #Dets #IDs FPS*t
Intraoperative Trajectory (Groundtruth counts: #Dets = 29994, #IDs = 70)
OCSORT [33] 146 527 86.7 4.1 49.2 85.0 24 32 14 9.5 2921 2731 21936 3336 10.2
FairMOT [66] 5.8 258 759 1.3 5.0 73.9 3 24 43 4.3 4227 1924 15252 4456 14.2
TransTrack [50] 7.4 315 844 1.7 4.2 82.9 9 36 25 42 4757 1899 21640 4079 6.7
ByteTrack [67] 158 70.6 857 3.6 67.0 84.0 54 12 2 9.5 4648 2429 28440 5383 16.4
Bot-SORT [1] 174 70.7 854 4.4 69.6 83.7 58 11 1 10.2 3907 2376 29302 4501 8.7
SMILETrack [63] 159 71.0 855 3.7 66.4 83.8 5 13 2 9.2 4968 2369 28821 5761 11.2
Intracorporeal Trajectory (Groundtruth counts: #Dets = 29994, #IDs = 247)
OCSORT [33] 237 514 865 11.0 47.1 84.8 115 87 45 18.1 2953 2796 21797 3526 10.2
FairMOT [66] 7.5 19.7 76.1 2.9 54 74.0 19 60 168 6.0 2890 1496 11287 3962 14.2
TransTrack [50] 13.1 315 844 5.5 4.6 82.9 80 79 88 8.7 4648 1791 21640 4079 6.7
ByteTrack [67] 247 70.6 85.7 8.7 67.4 84.0 176 48 23 16.9 4515 2290 28440 5383 16.4
Bot-SORT [1] 270 70.7 854 104 70.0 83.7 188 38 21 189 3771 2238 29300 4501 8.7
SMILETrack [63] 249 66.7 855 8.9 66.7 83.8 186 39 22 169 4868 2232 28820 5779 11.2
Visibility Trajectory (Groundtruth counts: #Dets = 29994, #IDs = 916)

SORT [4] 174 395 852 7.8 21.4 83.3 139 399 378 134 6619 2138 16595 8844 19.5
OCSORT [33] 370 526 865 262 50.2 84.8 300 371 245 359 2317 2260 22197 3587 10.2
FairMOT [66] 153 250 758 9.5 7.1 73.7 58 218 640 144 3140 1574 15338 4875 14.2
TransTrack [50] 19.2 316 844 118 5.8 829 224 280 412 16.1 4273 1403 21640 4079 6.7
ByteTrack [67] 41.5 707 857 248 69.3 84.0 591 217 108 36.8 3930 1704 28440 5383 16.4
Bot-SORT [1] 447 708 855 287 72.0 83.7 638 184 94 414 3183 1638 29300 4505 8.7
SMILETrack [63] 413 71.0 856 244 68.9 83.8 619 192 105 36.5 4227 1641 28821 5752 11.2
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Qualitative Results of SOTA Tracking Models - Cawa
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Analyzing Tracking Performance in 2D Camra

TOCSORT — ' L Sy W/ s e ~ 7 SMILETrack

— T TByteTrack

Tool icon = predicted tool class and location, tracking @ 25 FPS Transparent tool phantom = ground truth @ 1 FPS
Coloured lines = tool trajectories Change in trajectory colour = identity switch ' Broken lines = track fragmentation




Implications for Al-Driven Surgical Assistance

Facilitates the development of robust Al systems for surgical assistance.

With better potential applications in skill assessment, safety zone estimation, ;@;
navigation, and enhancing human-machine collaboration in the operating room. \_—%1%

A @
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Multi-Perspective Tracking with New SOTA - SurgiTrack
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' SurgiTrack jointly track all the 3 perspectives. ..
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Implications for Computer Vision CANU'!'LA

Multi-camera pedestrian & cross-view tracking

Cross-view learning from autonomous driving

Egocentric & robot-assisted video analysis

Task-aware tracking in robotic surgery

Integrating depth & kinematics for richer insight

Benchmarking next-gen surgical tracking models
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