
Improving Guidewire Simulations in Unity
Fortgeschrittenen Praktikum

Maximilian Maria Richter
Universität Heidelberg
Fakultät für Mathematik und Informatik
Betreuer: Prof. Jürgen Hesser, Lei Zheng



Guidewire Simulations

● Important for medicine
● Operations for cardiovascular diseases
● Difficult to simulate physics of guidewire

[1] https://www.researchgate.net/figure/Endovascular-procedure-basics-a-Insert-guidewire-into-femoral-artery-navigate-to_fig1_301719931



Position-Based Dynamics (PBD)

● Guidewire can be modeled as soft body
● Soft bodies can be simulated with PBD

[1] https://www.youtube.com/watch?v=jrociOAYqxA



Position-Based Dynamics (PDB)

● Algorithm:

[1] https://www.youtube.com/watch?v=jrociOAYqxA



Cosserat Rod Model

● Similar to Kirchhoff rods, but with twisting
● Position and Orientation-Based Dynamics (POBD) using quaternions
● Points (Spheres) and connecting rod elements with orientation

[1] https://www.cosseratrods.org/cosserat_rods/numerics/



Time Integration

● Solve equations of motion numerically
● Explicit Euler Integration
● Simple but not very accurate



Implementation in Unity Game Engine

● Unity is a feature rich game engine using C# 
● Guidewire simulation uses rendering and collision detection of unity



Collisions with Spheres

● Easy implementation, but rod element length limited

[1] Convergence Analysis of Guidewire Simulations Employing Real Patient Data, A. Kreibich, 2023



Method
Simulation Improvements



Verlet Integration

● Verlet Scheme is symplectic second-order method
○ Conserves energy 

● No need for velocities
○ Have to be computed explicitly if needed

● Update:

● With damping

● Use in prediction step



Verlet Integration



Collisions with Cylinders

● Idea: Use collision constraint solving of spheres
● Distribute collision of cylinder onto neighboring spheres
● Weight the contribution to each sphere



Collisions with Cylinders



Variable Rod Element Length

● Collision with cylinders enables rod elements longer than 2 * sphere radius



Control of Guidewire

● Instead of only displacement in one-direction
● Use first rod element as orientation for push



Method
Software Quality Improvements



JSON as Parameter Files

● JSON: Hierarchical data structure
● Change variables without need of 

recompiling the whole simulation
● Reproducibility of experiments



Parameter Handler Class

● Set and get all relevant parameters 
for the simulation

● Save and read JSON files



Data Logger Class

● Log the state of the system 
● Export as JSON



Command Line Handler Class

● Provide clean interface to command line
● Used to import

○ parameters.json file path
○ log.txt file path for unity log



Get Guidewire from Scene

● If guidewire not created at 
runtime

● Assign guidewire correctly to 
simulation loop



Update method

● Unity has two methods for 
simulations:

○ Update: called once per frame
○ FixedUpdate: called at fixed time interval

● Result: Time step is constant



Mouse and Keyboard Interaction

● To give an initial implementation for 
the external control of the guidewire

● Using unity engine peripheral 
control

● Mouse can pick first sphere and 
push guirewire through vessel



Results
Convergence Study



Longitudinal perturbation

● Wait until convergence
● Measure decay time of damped oscillator



Longitudinal perturbation

● Wait until convergence
● Measure decay time of damped oscillator



Longitudinal Perturbation

Constraint solver steps



Longitudinal Perturbation

Time Step Size



Longitudinal Perturbation

Number of Rod Elements



Longitudinal Perturbation

Displacement



Longitudinal Perturbation

Total Mass



Results
Transversal Accuracy Study



Transversal Perturbation

● Offset along y-axis
● Standing wave develops
● Reference solution per parameter



Transversal Perturbation

Constraint Solver Steps



Transversal Perturbation

Time Steps



Transversal Perturbation

Number of Rod Elements



Transversal Perturbation

Total Mass



Results
Collision Accuracy Study



Collisions

● Small longitudinal 
perturbation until collision 
with vessel wall



Collisions

Constraint Solver Steps



Collisions

Time Step Size



Collisions

Number of Rod Elements



Collisions

Total Mass



Results
Mouse Control



Mouse Control



Discussion

● Less rod elements do not affect accuracy much
○ But much less computation time

● Many parameters correlate with relaxation time / stiffness
○ Solution: Extended Position-Based Dynamics (XPBD)

● Verlet Integration makes it very stable and fast
○ Even high displacements do not break the simulation

● Runge-Kutta is not possible because derivatives can not be evaluated at 
future points



Conclusion

● Many new features for the improvement of the guidewire simulation in unity
● Enhanced software quality
● Framework for evaluating experiments with the guidewire
● Very stable and fast simulation with high physical accuracy possible


