Sim-to-Real for Autonomous Tumor

Resection via Minimally-Invasive Robotics
Proposed Solution

% Autonomous surgical robotics have the potential for: s The present research proposes autonomous robots to
> Unprecedented precision and dexterity remove tumors from anatomy via the Sim-to-Real paradigm
> |mproved safety, thus reducing operative risk > The robot will learn the procedure in simulation
> Expanded access to high-quality care [1]. > Simulated anatomy will be obtained from medical scans

< However, most systems deployed in clinical settings remain fully > The robot will train via a hybrid learning approach
teleoperated because of challenges like anatomical % The research offers adaptability to tissue deformation,

preoperative validation of surgical success, and greater
precision via autonomous robots.

variability, tissue deformation, and constrained visual fields [2].

Step 1 - Recreate Patient Anatomy in Simulation
To recreate patient anatomy in simulation, medical scans are
segmented via existing machine learning systems to produce 3D
models of the healthy and tumor matter. These models are simulated
with soft-body physics, such that they deform like human tissue.

Figure 1: Scan to Simulation. Diagram created by Finalist using PowerPoint, 2025. Note. MRI image adapted from [5].

+— WristRou Step 2 - Recreate the Surgical Robot in Simulation

A virtual replica of the Patient Side Manipulator (PSM) of the da Vinci
A e robot is configured within simulation [3]. The PSM enters the patient
i through an incision and pivots about it. The simulated robot has an
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Figure 2: PSM Kinematics. Diagram created by Finalist using PowerPoint, 2025.
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Step 3 - Train a Policy to Control the Surgical Robot

A policy to control the robot autonomously is trained via multistage
approach. First behavior cloning is used to mimic an initial trajectory, in
this case: a spiral cut to remove the tumor. Then, the policy is fine-tuned
with reinforcement learning to account for tissue deformation. The
policy continuously observes its environment and predicts the next best TOTRIOI:::T:M Piercinlg o/rfsearing Jaw State Tumor Surface

aCtlon that maXimizeS ItS reward metriCS’ inCIUding inCIUde tOOI tangency’ Figure 3: Policy Observations Space. Diagram created by Finalist using PowerPoint, 2026.
tool adjacency, tool force applied, and tumor surface area coverage.

The system was tested on the da Vinci Research Kit (dVRK)
operating on gel phantoms mimicking simulation anatomy
[4]. Running the trained policy in simulation moves the virtual
robot and updates the anatomical models. The movements
are sent to the dVRK to be performed on the physical
anatomy which ideally deforms in the same way.
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Figure 4: Hardware Overview. Diagram created by Finalist using PowerPoint, 2025.
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Real View
The experiment measures the extent of resection to
' qguantify the success of the robot using a Geometry-based
, , ‘\‘ Estimate. Using the pre/post removal 3D scans of the
Simulation : . :
View _ phantoms, the volume removed is calculated, including the

X amount of tumor and healthy matter resected.

Figure 5: Sim-to-Real. Diagram made by Finalist using PowerPoint, 2025. pre-Removal Ground Truth Volume
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Figure 6: Geometry-based Resection. Diagram made by Finalist using PowerPoint, 2025, °W-grade-brain-tumors Papar, R.

phantoms tested.




