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3. Data Collection Framework

Problem
= Surgical Al needs high-quality real-world data
» Existing datasets often have

« weak time synchronization

« suboptimal visual fidelity

* nparrow task coverage

Our contributions

» Dual-mode synchronized recording

= Modern chip-on-tip stereo endoscope from Cornerstone Robotics (CSR)
Ltd. integration

= Capacitive contact sensor integration

= Scalable post-collection processing toolbox

= Multi-task user-study dataset from surgeons, experienced researchers

and novice students
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Side Camera

chip-on- t|p endoscope Integration

with the dVRK-Si system capacitive contact sensor integraﬁon

SurgSync synchronizes
Video streams
Robot kinematics
Timestamps
Contact signals

Support both:
* Online matching: real-time =

workflow = Optical flow
= Offline matching: training .

dataset generation = Annotation

Kinematic reprojection

Provide downstream tools for
Depth/disparity estimation

SurgSync overview: synchronized sensing, hardware integration, processing, and dataset generation.

Two recording modes

* Online-matching
 Strict synchronization
during capture
« Discard pairs outside the
time tolerance
 Ready to use

= Offline-matching

« Capture first, synchronize

later

« Higher throughput for .

dataset building

Imaging Result

= |mage sharpness improved by
>30x

= [aplacian variance

CSR: 529.48 + 23.77

« dVRK-Si: 16.93 + 2.47

Legacy (dVRK-Si) Endoscope
with 100% brightness
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Online-Matching
Recorder

Offline-Matching
Recorder

CSR 529.45 23.77
dVRK-Si 16.93 2.47
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SurgSync Framework

4. Post-collection Toolbox

5. Dataset and Synchronization Results

6. Conclusion and Future work

Features

= Stereo rectification

= Depth/disparity estimation (FoundationStereo)
[available on website]

= Optical flow (RAFT)
[available on website]

= Kinematic reprojection

= GUI-based annotation

Kinematic reprojection

* Project robot kinematics (3D)
into image space (2D)

» Use Gaussian heatmap mask

» Generate attention-guided visual features

Annotation

* Video playback

= Multi-frame annotation

= Contact Labels

= Hierarchical task workflow

] Phase
4 Step

A Gesture (arm-level)
= Special Events

User-study dataset

= 214 validated instances

= 13 human subjects

Tasks include

* |ncorporated to NVIDIA open-h- .

embodiment (2500+ trajectories)

Peg transfer

Suturing

Tissue manipulation

Cold-cut di

ssection

Chip-on-tip
Endoscope

Grayscale
Gaussian Rectified
Heatmap Mask Image

Kinematic reprojection with Gaussian heatmap masks
robot hand-eye calibration included

Stereo
Images

(Required)

Optional
Images (%)

Playback
Options

Attention-Weighted
Image

Multi-Frame Labeling

Muffl-F rame Labelling

Phase: |[Enter phase description..
Current Frame Annotations

~ Real-time
Annotation
Statistics La bels

Display

Select Save Folder

Config: fmedia/jack

Save Annotations

(*) can show side-view image /

disparity map ....

“ Label Annotations

* Phase, Step, Event : hierarchical
workflow descriptions

« Gesture: Arm-level task descriptions

« Contact Detection (Boolean)

GUI-based annotator

Dataset Distribution

P: professionals (surgeons or residents)
E: experienced (researchers)

: novice (students)
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Time Synchronization

6.36 1.35
mean (ms)
Cross-modal latency
STD (ms) 4.72 0.81
Cross-deaI latency c cg 133
median (ms)
Recording 4.04 + 10
Frequency (Hz) 1.69

Cross-modal latency

Performance

Online-Matching Recorder
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Develop scalable data infrastructure
including a C++ multi-threaded data
collection framework and a Python-
based data processing toolbox using
Al-driven models.

Transform heterogenous surgical

robot kinematics, vision and sensor

streams into learning-ready dataset

for downstream

* Perception

« State Estimation (e.g. contact
detection)

« Skill assessment

« Scene understanding

* Policy-development workflows

Future work includes additional data
collection, analysis, and further recorder
upgrade (e.g. using GPU acceleration).
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