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Guidewire Simulations

e Important for medicine
e Operations for cardiovascular diseases
e Difficult to simulate physics of guidewire
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Position-Based Dynamics (PBD)

e Guidewire can be modeled as soft body
e Soft bodies can be simulated with PBD
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Position-Based Dynamics (PDB)

e Algorithm:
while simulating solve(C, At):
for all particles i
V, Vv +Atg for all particles i of C
p; < X; compute AX;
X; « X; + At v; X; < X; + Ax;

for all constraints C
solve(C, At)

for all particles i
v < (X; —p;y)/At



Cosserat Rod Model

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




Time Integration

e Solve equations of motion numerically
e Explicit Euler Integration
e Simple but not very accurate
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Implementation in Unity Game Engine

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




Collisions with Spheres

e Easy implementation, but rod element length limited
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Figure 5.27: Illustration of the dynamics using a guidewire with large rodElementLength

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



Method

Simulation Improvements



Verlet Integration

e \Verlet Scheme is symplectic second-order method
o Conserves energy

e No need for velocities
o Have to be computed explicitly if needed

e Update: 5
Xpi1 = 2Xp — X1 + A f(xn)

e \With damping
Xpa1 = (2—=08)xn — (1 —6)xp,_1 + At*f(xy,)

e Use in prediction step



Verlet Integration
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Collisions with Cylinders

e Idea: Use collision constraint solving of spheres
e Distribute collision of cylinder onto neighboring spheres
e \NVeight the contribution to each sphere




Collisions with Cylinders

000

private void OnCollisionEnter(Collision other)
{

ContactPoint collisionContact = other.GetContact(Q);

Vector3 contactPoint = collisionContact.point;
Vector3 collisionNormal = collisionContact.normal;

Debug.Log("Collision Enter");
Debug.Log(collisionNormal);
Debug.Log(contactPoint);

Vector3 spherePositionl = spherePositions[cylinderID];
Vector3 spherePosition2 = spherePositions[cylinderID+1];
Vector3 rodLine = spherePosition2 - spherePositioni;
Vector3 toContactPoint = contactPoint - spherePositioni;

float distance = Vector3.Dot(toContactPoint, rodLine) / rodLine.sqgrMagnitude;

if (distance < 0.5)

{
sphereCollisionHandler.RegisterCollis .transform, cylinderID, spherePositionl, factor*(1-distance)*collisionNormal)
sphereCollisionHandler.Regis Collision(this.transform, cylinderID+1, spherePosition2, factorxdistancexcollisionNormal);

}

else

{
sphereCollisionHandler.Registe lision(this.transform, cylinderID, spherePositionl,factorxdistancexcollisionNormal);
sphereCollisionHandler.Regist ollision(this.transform, cylinderID+1, spherePosition2, factorx(l-distance)xcollisionNormal);

}

Debug.Log("distance:

+ distance);




Variable Rod Element Length

e Collision with cylinders enables rod elements longer than 2 * sphere radius
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rodElementLength = parameterHandler.guidewirelLength / parameterHandler.numberRodElements;




Control of Guidewire

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

o) . &

private void PerformOffsetting()
{

Vector3 direction = spherePositions[1] - spherePositions[0];;
if (transversal) {

direction = new Vector3(0.0f,1.0f,0.0f);

¥

direction.Normalize();
spherePositionPredictions[@] = spherePositions[@] + parameterHandler.displacement * direction;




Method

Software Quality Improvements



JSON as Parameter Files

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

“logFilefath“: "/home/max/Temp/Praktikum/experiments/“,
recompiling the whole simulation o e
L . “diépl nent" : %.0,
e Reproducibility of experiments T e S,

"numberRodElements": 10,

"bendStiffness":
"stretchStiffness":

"damping": 0.0,

"VerletI ion": true,

ne
5

true,
maxSimulationSteps": 4000




Parameter Handler Class

Parametertandler

Praktikun/experinent

gFilePath = "/home/max/Temp

nstraint! rSteps = 100,

e Set and get all relevant parameters

for the simulation
e Save and read JSON files

float deltaThreshold =
- 0.01

loat dampil

Integration = t

dyState = false
inutationstep

g jsonstring)

(jsonstring, this)

olversteps)




Data Logger Class

e Log the state of the system
e Exportas JSON




Command Line Handler Class

e Provide clean interface to command line

e Used to import using Unitytr
o parameters.json file path
o log.txt file path for unity log

namespace Guld

1

public class CommandLineHandler : MonoBehaviour
{
private void O {
Debug. L CommandLineHandler Awake");

}

public string GetArg(string name)

{

var args = tem.Environment.GetCommandLineArgs();
for (int i = @; i < args.Length; i++)
{
Debug.Log("Command Line Arguments:" + args[i]);
if (args[i] == name && args.Length > i + 1)

return args[i + 1];
}
}

return null;




Get Guidewire from Scene }

{

® |f QUIdeWIre nOt Created at GameObject guidewire = GameObject.Find("Guidewire");
runtime
. . . List<GameObject> spheresList = new t<GameObject>();
. ASSlgn gL“derre Correctly to List<GameObject> cylindersList = new List<GameObject>();
SimU|ation |Oop for (int i = @; i < parentTransform.childCount; i++)

{

Transform parentTransform = guidewire.transform;

GameObject childObject = parentTransform.GetChild(i).gameObject;

if (childObject.name.Contains("Sphere"))
{

spheresList.Add(childObject);
i

if (childObject.name.Contains("Cylinder"))

{
cylindersList.Add(childObject);

(spheresList.ToAr
(cylindersList.




Update method

e Unity has two methods for

simulations: .
O Update: Ca”ed Once per frame Copy Count, spherePositionPredictions, out spherePositionsTemp);
o FixedUpdate: called at fixed time interval it

. .
. ReS It- | I m e Ste p IS CO n Sta nt Jnit .Debug.Log("Delta: " + CalculateDelta(spherePositionsTemp, spherePositionPredictions));
u .

if (!parameterHandler.SteadyState)

if (Logging)
i
{

Perform g(true);

}

totalTime += Time.fixedDeltaTime;
simulationStep:

if (Input.Ge
{

Quit();
}

b




Mouse and Keyboard Interaction

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

e Using unity engine peripheral
control

e Mouse can pick first sphere and
push guirewire through vessel




Results

Convergence Study



Longitudinal perturbation
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Longitudinal perturbation

e Wait until convergence
e Measure decay time of damped oscillator
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Longitudinal Perturbation

Constraint solver steps
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Longitudinal Perturbation

Time Step Size
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Longitudinal Perturbation

Number of Rod Elements

(a) (b)

f E 10.04 90% CI
b 0.04+ % —— i?(‘inCI
E i 7.51
& &
g n 5.0
= 0.02 1 %
8 5 251
= =
10 20 30 10 20 30
Number of Rod Elements Number of Rod Elements
() (d)
. = 90% CI
0.3 1 g 31 75% CI
g g —@— Mean
e 5
2 02 E
§ 5
&} 2,
g 0.1 g
O 0
10 20 30 10 20 30

Number of Rod Elements Number of Rod Elements



Longitudinal Perturbation

Displacement
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Longitudinal Perturbation

Total Mass

In-Game Time 3]

Relaxation Time 7 [s‘l]

e
-

o
o

(a)
000 025 050 075 1.00
Total Mass [kg]
(c)
0.00 025 050 075 100

Total Mass [kg]

Average Step Time [ms]

8.00 1

Computation Time [s]

(b)
90% C1
75% CI
—@— Mean
000 025 050 075 1.00
Total Mass [kg]
(d)
90% CI1
75% CI
4 —@— Mean
0.00 025 050 075 100

Total Mass [kg]



Results

Transversal Accuracy Study



Transversal Perturbation

0.05 1

e Offset along y-axis
e Standing wave develops
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Position y [units]

Transversal Perturbation
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Transversal Perturbation
Number of Rod Elements
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Position y [units]

Transversal Perturbation

Total Mass

10 1

e
1

- (.01
- 0.12
— (.23
0.34
0.45
0.56
0.67
0.78
- 0.89

— 1.00

(a) Final Sphere Position

0,
, Reference - W

~100

0 100
Position z [units]

Distance [units|

(b) Total Mass [kg]

—.— 0.01
10 | —.= 0.12
—a— 0.23
0.34
0.45
0.56
0.67
5 0.78
—e— 0.89

- 1.00

, Reference

—100

0 100
Position z [units]

(c) Average Distance to Reference

Distance [units]

3_

[N
1

[E—
I

0.5
Total Mass [kg]

1.0



Results

Collision Accuracy Study



Collisions

Small longitudinal
perturbation until collision
with vessel wall
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Collisions
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Results

Mouse Control



Mouse Control




Discussion

e Less rod elements do not affect accuracy much
o But much less computation time

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

e \erlet Integration makes it very stable and fast
o Even high displacements do not break the simulation

e 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




