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INTRODUCTION +
BISEINII@INN

What does laparoscopy mean?
- "keyhole" surgery

- minimally invasive (5-10mm incisions
instead of 20cm)

- 1nstruments into the abdomen

- cholecystectomy, rectum surgery




What does it look

&




WHY do we need VRe

Problem:
O 57% of medical error-caused death surgical

O limitation of manipulation space+viewing angle

Q high risk of damaging organs

a Basic skaills:
O ambidexterity, hand-eye coordination

O Recognition of cues to provide a sense of depth!




Current facillities and their kickbacks

Training modes:
physical: box trainers (not lifelike)
virtual: LapSim (realistic but pricey)
augmented(hybrid)

biggest 1ssue: all represent routines!
planning the procedure not possible

this paper: tackling some of the problems




What needs
to be donee

1. Deformation
simulation

2. Colllision
detection

3. Soft tissue
dissection

4. Realistic
rendering




Task 1 : DEFORMATION
SIMULATION




1.DEFORMATION SIMULATION

all biomedical behaviours controlled by
parameters

two methods: finite element / PBD
method

finite element: high comp. cost

PBD (= position based dynamics): the
better choice




1.1 SIMULATING
TISSHIES

a 3 types: volumetric,
fascia, glandular

What to keep 1in mind?

d deformation only in
local contact area

3 algorithm: needs to
do 2 things:

- keep global shape

- keep local
deformation
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1.1 Volumetric tissue

shape matching: finding the
optimal best-fit

Original Shape Matching Coll; Isiop o—o Mesh Surface

transformation = TUnne g Q Colliding Object
each vertex dragged towards Qﬁ Q + GoalPosition
goal position Our Goal Limiting Method

recovering to original shape Q‘ %% QSQ‘
problem solved: by limiting
Time

the tendency of going back to
goal position




1.2 Fascida siFpiElESRE

problem: extensibility
piece of clothing

j‘> looking like a

solution : long-range attachment
constraint(LRA)

1dea: confining unconstrained vertices
within the distance

of attached vertices

Two steps: 1. initial distance calculation —— -

Cremaster ==

2. 1f out of range, project it back



1.2 Fascida siFpiElESRE

taking advantage of

fast convergence rate No LRA LRA Relaxed LRA
of LRA

Initial
State

Draggec
making relaxation to
the LRA constraint

Figure 4: The improvement by using relaxed LRA



nonlinearity characteristic
volume/shape does NOT remain constant
bending, stretching, pressure!
(previous methods won't work)
solution: filling the tissue with
elastic truss structure

high movement flexibility with different stiffness



' Our Truss

Based Method
B o

' e

Existing Methods

1 2 3 4

1. Shape Matching

2. Volume Constraint
3. Stretch Constraint
4. Pressure Constraint
5. Bending Constraint

Figure 5: Truss structure based deformation and comparison of the

deformation results using existing constraints

Method
IHlustration

1.3 Tubiform
elgle
glandular

fissue




Task 2: COLLISION
DETECTION




2. COLLISICHNIESRE

essential for interactive real-time application
\/ery fast bullet

becomes the bottleneck for complex simulation
in this paper: a dynamically generated
circumsphere structure @\})
based on local geometry features | /\,>
I T~
PBD framework: accelerating convergence o
i+

without visual artefacts

prevention to collision tunnelling



2.1 Method overview

Two phases:

1. bounding sphere phase: checking potentionally
colliding pairs

2.circumsphere phase: test for overlapping of underlying
primitives in circumsphere + resolution




BRI OW IS |
Unnecessary Collision Provide Tolerance To Artefact

Detection with Circumsphere for Large Curvature Area d O n e 2
\ o

Apply Curvature Factor S
3 Cutr = 2 — NewRacot@H(K) * collision happens

!

* bounce away the
®—® Mesh Surface O(‘jrwmsphue collided pair

» firstly:localizing where
1t happened

Figure 7: Adjust the size of circumsphere according to curvature

* secondly: updating




2.2 Method analysis

Stability?accuracy?

Circumsphere Bounding Sphere

dstable method

dgood approximation

Jadds fewer unstable
factors to the
process

dTime efficiency:

re-calc. needed

Our Method Bounding Sphere Method Polygon Method



Task 3: SCHEEESS U

DISSECTION




fat, musles, nerves, blood vessels I S —
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Soft Tissues

- Blood vessels

Fibrous tissue

— Membranes
— Glands

Bone

(hard tissue)
Nerves

Organ




3.2 How Is It done¢

combination of implicit shapes > unifying to general
framework

' Avd Y~ a4y
a generalized method Aﬁtﬂ"!ﬁz A AﬁéAv_ SR
Surface mesh dissection: &%’A’A’é?" —_— NV;‘@M\; N
cutting + tearing V{%’é" ' é'éé'

mesh composed to triangle faces (a) (b)

Figure 12: The process of surface cutting. (a)The intersected trian-
gles are in purple color. (b)After cutting, the green triangles (inside
Vsweep) and yellow triangles (too small) are removed, blue trian-
gles are reserved.



3.3 Volumetric mesh dissection

composed of tetrahedra elements ( )

finding intersections + subdividing primitives

edge / face intersections

Figure 14: The dissection of fascia and volumetric mesh.



Task 4 : REALISTIC
NENBIENINE




4.1 Make it all
seem real?¢

d abdomen: very complex

O plenty of types of tissues/
membrane glistening

O previous method: shading
models+gloss maps

d our method: physically based
rendering (PBR)

3 using realistic shading
models with measured
surface values




4.7 Differenii iiCliESREISEERE|chiniNg

M = 1mage based lightning

representing incident light
no expensive lightning computation

time-consuming part: post—processing stage

such as HDR, depth of field, motion blur etc. =) expensive pixel operation

Our rendering pipeline:

deferred shading
focus on lights + materials
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Figure 15: Demonstration of objects using different material




Diffuse Map Diffuse Material & Lighting [

Anti-Aliasing& Colour
Correction

Normal Ma < .

Spherical Ilarl;lonic\ Image Based  BRDF Term

Diffuse Lighting Reflection
* Environment Map

Deferred Colour
i > ; . >
G-Buffer Shading wpd Anti-Aliasing PRSI

Diffuse Map

Image Based Lighting | MSAA
Depth Map o

Ramp Texture
Realtime Local Reflecti s

Based Colour
Normal Map Diffuse BRDF+ Spherical Correction

Transparent Pass Harmonic
Specular BRDF
Shadow

Figure 16: Overview of the rendering procedure and pipeline

Rendering
pipeline




5.IMPLEMENTATION AND
RESULTS




5. 1implementation

rectum cancer surgery
simulator

using C++, OpenGL,
OpenHaptics
value determination: help

from practitioners

aim: achieve the same
effect as the actual
operation

Computational Cost per Frame
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Figure 17: Computatioanl cost distribution analysis



5.2 FUTUR ESAGGRISES

constraint solving procedure:
consumes most computation resources

solution: moving 1t to the GPU
(graphics processing unit)

parallel computing

smoke and fluid simulation

enhancing v| ffects




5.3 Video to see all the effects

Sources:

-Virtual Reality Based Laparoscopic Surgery Simulation Kun Qian *1, Junxuan Bai
2, X1aosong Yang 1, Junjun Pan2, and Jianjun Zhangl 1National Center for
Computer Animation, Bournemouth University 2State Key Laboratory of Virtual
Reality Technology and Systems, Beihang University



