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ABSTRACT

Collision detection has been widely used in the industry of Computer Graphic. The
application of this technique on deformable objects has slowly getting attentions in
the field of Computer Graphic. One of the deformable objects which have been
widely used is cloth model. Simple mass spring model is used to model the cloth
where the movement of the particles within the cloth was controlled by applying the
Newton’s second law. After the modeling stage, implementation of the collision
detection algorithm on cloth has been done. The collision detection technique used is
bounding sphere hierarchy. Then, quad tree is used to partition the bounding sphere
with the collision search was based on the top-down approach. A prototype of the
collision detection system is developed on cloth simulation and several experiments
were conducted. Time taken for this system to be executed is around 235.258
milliseconds. Then the frame rate is at the average of 22 frames per second which is
close to the real time system. Time taken for the collision detection system travels
from root to nodes were 23 seconds. The OpenGL functions call test had also been
conducted to show the number of functions called during the execution. This test
showed that the highest number of functions call can reach up to 15,000 calls per
frame which explain why the frame rate is lower than the frame rate for AABB
hierarchy when making the comparisons. While the average CPUs utilization took
around 34%. The number of vertices called per frame is around 42,000 calls. As a
conclusion, the computational cost for bounding sphere hierarchy is much higher
because the bounding sphere requires more vertices for generation process, however
the execution time for bounding sphere hierarchy is faster than the AABB hierarchy.
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CHAPTER 1

INTRODUCTION

1.1 Preamble

In this modern era, computers are commonly used for modeling and simulation as
both the computational speed and realism of the models are constantly improving.
The term “deformable objects” are objects in which their shape will change whenever
there are external forces being applied on the object, but the shape of the object will
return to its original state when there are no other forces applied. (Sulaiman & Bade,
2011). Deformable objects are mostly used in modeling fabric, facial expression or
even water wave simulation. By using mathematical and computational techniques
such as Bézier Curve, Splines, Free-form deformation and mass spring models,
deformable objects can be formed efficiently (Gibson & Mirtich, 1997).

Free-form deformation (FFD) is a technique generally used in modeling
deformable objects. FFD allows is greater control in terms of adjusting individual
points compare to splines because it deform the space of the object to changes the
shape of object which is why FFD is widely used in many graphical representations
(Gibson & Mirtich, 1997). Modeling deformable objects using mass-spring models is
much more complicated than FFD as these require a lot deeper understanding of
mechanics when modeling it. However, this type of model can be used to develop

more complex models such as those used for facial expression.



Collision detection is one of the most frequently used techniques in computer
graphics to detect the intersection between two or more objects. Collision occurs
when there is at least one point of the two objects is overlapping (Jiménez et al.,
2001). Collision detection is most commonly used in animation, modeling and
simulation. As the time past, deformable collision detection had been commonly used
in the field of computer graphics. Due to the recent efforts by researchers in solving
collision detection problems, there has a great improvement in terms of speed and
memory usage. Although there are many algorithms developed to detect the collision
between objects, most of these algorithms which apply to deformable object are only
valid for the rigid bodies (Teschner et al., 2005).

Nowadays there are many applications using deformable collision detection
for simulating the movement for cloth, surgical procedures and animated objects
(Larsson & Akenine-Mdller, 2005). In cloth simulation, the collision detection is
applied to the surface of the cloth and also to determine whether the object is in
contact with iteself. Furthermore, if the simulation involves animated character, the
collision between the character and cloth also need to be detected. This technique
has also been applied to simulate the interaction between cloth and 3D objects to

predict how the cloth will deform after a collision as shown in Figure 1.1.

Figure 1.1 Cloth simulations on solid object (Source: Teschner et al., 2005)

As for surgical simulation, collision detections are needed on both the
deformable organ and the surgical tools. Furthermore, the collision response has to
be processed in order to get an accurate and efficient result. The complexity of this
simulation increases as it requires a lot of responses from cutting, bleeding and
fracture effect. There are many factors need to be considered when performing
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surgery simulation such as material properties of the surgical tools, external forces ,
gravitational force and the environment issues (Teschner et al., 2005).

Figure 1.2  Surgical simulations (Source: http://www.inf.ufrgs.br/~amaciel/old_

projects/surgerySimulation.jpg)

The commonly used algorithms for collision detection are Sweep and Prune
algorithms, Lin-Canny Bounding Volume, Gilbert-Johnson-Keerthi (GIK) Distance and
Bounding Volume Hierarchy (BVHs) algorithms. Among these algorithms, BVHs has
been proven to be one of the most efficient data structures for collision detection.
There are many types of bounding volume been studied in the past, for examples,
spheres, axis-aligned bounding boxes (AABBs), object-oriented bounding boxes
(OBBs) and discrete-oriented polytopes (DOPs) (Teschner et al., 2005). Figure 1.3

illustrated the example of bounding volume.

& |

sphere AABB OBB DOP

Figure 1.3  Types of bounding volume introduced (Source: Teschner et al.,2005)

In this project, collision detection for deformable objects will be simulated

using the method of Bounding Volume Hierarchy. Since simulating deformable
3



objects requires a frequent update or detection of the object during deformation, a
quick and accurate system is needed. During the simulation, the extent of the tree
will be updated while the structure of the tree will remain the same so there will be
no wastage of memory usage. Therefore, DOPs and OBBs for collision detection in
deformable object had proven that they can provide faster update comparing to
other BVHs (Bergen, 2004). However, the expensive computational cost make these
two bounding volume unfavorable in developing the collision detection system.

There are 3 different strategies to build BVHs which are top-down, bottom-up
and insertion. Among these strategies, top-down strategy is commonly used for
collision detection of deformable object. The top-down strategy is the repetition of
splitting the sets of the object parts until the smallest detectable points is reached
(Teshner et al., 2005).

Other than that, the addition of collision responses of the object will make the
whole simulation for deformable object to be in realism. Collision responses are the
reactions of the object after the collision has been detected. The reactions are
normally the motion of the object and change in shape. Sometimes, the response can
also be in the way that the object deform then return to original shape. Furthermore,

the final resting place is also one of the responses that the object could react.

1.2 Problem Background

Bounding Volume Hierarchy was initially used for collision detection in rigid body but
it can also be used in detecting intersections in deformable objects. In the case for
deformable objects, the hierarchy needs to be updated rapidly which cost burdens to
the memory usage, hence making it to be less efficient. Applying a simple, efficient
and fast algorithm will reduce the memory usage. A fast and accurate system was
said to be impossible as the accuracy of detecting collision will decrease as the time
required for the detection decreases. BHVs is said to be the most efficient algorithm
in determining the collision detection (Teschner et al., 2005).

Since the BHVs is used in the collision detection system, a balanced and
stable tree is needed as the update of the tree has to be done to check the latest

4



active nodes of BHVs. When there are many objects intersecting, an accurate
collision detection will requires a lot of time just to determine the intersecting area
and points because the area of environment is too large for the check of intersections
(Sulaiman & Bade, 2011). Therefore, a suitable BVHs needed is depending on the
constraint which the creator needed.

In order to make the simulation of the deformable objects to be more realistic,
collision detection and self collision techniques need to be considered. The self
collision detection is the intersection of the points within the object itself (Lau & Chan,
2002). Self collision needs to be detected efficiently on both the front and backs
faces even though the backs of the object cannot be seen. The self collision for rigid
body model can be ignored but it is not advised to ignore the self collision for
deformable object as this will decrease the realism of the whole system (Teshner et
al. 2005).

The volumetric collision detections will increase the realism of the system
when simulating the collision detection of deformable object. To perform the
volumetric collision detection by using BVHs, additional steps and memory usage are
needed. Hence, applying other methods such as Layered Depth Image (LDI) is
required for the simulation. However, this will increase huge load for the computer
and affect the computational efficiency. Therefore, the volumetric collision detection

is neglected in this simulation (Heidelberger et al., 2003).

The responses given after the collision detections play an important role
especially on the deformable objects. Interactivity becomes the major key because
after the collision happens, deformable objects need to undergo the deform state
and returns to its original states. This process is important in making a more realistic
system. Therefore, a quick and accurate algorithm is needed but there are no
algorithm found to be perfects for all responses since different system requires a
different set of reactions. (Bade et al., 2005).

There is an concerning issue of collision responses apart from the motion and
changes of shape of the object, which is the final resting point of the objects after

the collision. Developing a more nature and real collision system requires
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combination of many responses on a single collision which may lead to inefficient and
inaccurate system. Penalty Impulse Hybrid Method (PIHM) is the solution for this
issue since PIHM is a fast and stable algorithm but it also burdens the whole system
(Bade et al., 2005).

The gigantic graphics hardware will increase the computational efficiency and
the times can be reduced when rendering the simulation of collision detection for
deformable object. Over the past year, many improvements have been made. This
includes collision detection algorithms for deformable object which required high
performance can be done faster by using this graphics hardware. However, this
tremendous graphic hardware is costly and it required a huge space to settle it down
(Larsson & Akenine-Mdller, 2005).

Figure 1.4 IBM's Blue Gene/L supercomputer (Source: http://news.cnet.com
/Photo-2-1BMs-Blue-Genel/2009-1010_3-5439494.html)

When modeling the deformable objects, there are many aspects needed to be
considered such as the properties of the material, external forces applied on the
deformable object and the environmental constraint (Haslach & Armstrong, 2004).
Spline is one of the easiest ways to create deformable object. However, when the
control points increases, the modification for the surface of the object will require
heavy work as a simple change will affect many control points.



Modeling deformable object using mass-spring models can be constructed
easily and fast but there are some limitations such as the physics applying on the
model is hard to derive from the material properties since the model do not has the
knowledge on controlling the nature of the objects. For example bending thin layer
surface which can withstand the deformation. This problem can be solved by adding
extra spring on the model but the cost of the computing this model will increase. The
stability of the mass spring model is highly affected by the stiffness especially with
large spring constant where the large spring constant is use to model rigid object.
Time step is adjusted to be inversely proportional to the stiffness but this may lead to
a slow simulation. Therefore, gravity force often been lowered to prevent large

spring constant but this will lead to unnatural state for the deformable objects.

1.3 Problem Statement

Modeling deformable object require additional steps in comparing with the rigid
objects as the nature of the deformable objects is hard to predict. Simple modeling
techniques such as Free-form deformation can be used to construct a simple model
but not complex model as changing one surface of the object may require
adjustment to many controlling point. Developing a deformable collision detection
system using BVHs requires a fast and efficient algorithm in order to make the
simulation more accurate. Even though BVHs is a commonly used algorithm for
detecting collision of the surfaces of the object, the volumetric collision detection of
the objects using BVHs requires additional steps which will concern higher memory
usage and hence affect the computational efficiency (Lau & Chan, 2002). Besides,
the self collision on the object itself is needed in order to get a more realistic system.
The response after the collision is also an important issue in order to make the whole
system look more realistic.



14 Aim

The aim of this project is to develop a collision detection system for
deformable object using bounding sphere hierarchy.

1.5 Objective

The objectives of this project are to:

1. Develop a simple 3 dimensional deformable object using simple mass spring
model.
2. Develop a simulation system for collision detection between deformable

objects using Bounding Sphere Hierarchy.

1.6 Scope

The scopes to be considered in this project are:

The input devices used to control the system are mouse and keyboard only
The deformable object used is cloth.

Number of particles of the cloth will be in the range of less than 30.

Simple responses after the collision will be made on the cloth.

No texture mapping will be applied on the model.

Only simple lighting techniques will be use in the system.

The collision detection simulation only occurs on the surface of the object.

® N O A WwDNe

The volumetric collision detection will not be computed due to the complexity.



1.7 Justification

The simulation of collision detection on deformable objects plays an important
role in the application for computer graphics, surgery simulation and cloth simulation.
This will enhance the field of computer graphics as many of the games and movies
were produced using this technique in computer graphics. By using collision detection,
the responses of deformable object will definitely increase the realism of the objects
and its surrounding. The deformable object used in this project is cloth model and

the modeling of cloth will be using the simple mass spring model.

Technique used to detect the collision for deformable object is bounding
sphere hierarchy due to the simple construction and lesser storage is needed. The
search tree to check the intersecting point will be the quad tree in order to speed up

the process since the cloth is formed using particles connected through spring.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, collision detection and deformable objects are the main topic to be
discussed. The discussion of collision detection will be the history, bounding volume
hierarchy and bounding volume. The types of bounding volume are bounding sphere,
axis-aligned bounding box (AABBs), discrete oriented polytopes (k-DOPs) and
oriented bounding boxes (OBBs). Later in this chapter, modeling of deformable
objects will also be discussed. Models of deformable objects which will be discuss in
this chapter are splines and patches, free-form deformation (FFD), mass spring

model and finite element models (FEMs)

2.2 Collision Detection

In real world, no two objects can share the same point in the space. In other words,
it is impossible for two solid objects to penetrate which allows the motion of pressing
and stacking to happen in reality. Besides, the impenetrability also applies on
human’s daily motion such as walking and standing. In the computer graphic world,
many works are created based on the real time system and this impenetrability is
one of the behaviors from real world that the simulation needs to be considered.

Hence, collision is used to prevent the penetration between two objects in the



simulated environment that behave like the real world. It is the arrangement of two
objects occupying the same points in the same space (Bergen, 2004).

The detection of collision between 3-dimentional object is the main concern in
the field of computer graphic. Generally, the change in motion of the objects when
the time passes is an interesting issue to in collision detection. These changes of the
motion might only happen for one object and on the direction or shape of the object.
Motion is a continuous flow of how the object arranges itself and it can be done by
using the computer animation system by updating the arrangement of the object
from time to time. Although collision might not happen within the period but the
probability of this situation to happen is almost equal to zero as it is hard for two
objects not to meet up within a certain space when the objects are in move (Bergen,
2004).

Collision detection can be conducted using proper mathematical logic and
algorithms for different type of objects and their behaviors. This can be conducted
easily but when it comes to a complex environment especially when there is a lot of
moving objects and intersecting points, collision detection had become a more
challenging task. Therefore, 2 fundamentals have been come out to solve this
challenging task in order to meet up the real time necessity. These 2 fundamentals

are Spatial coherence and Temporal coherence (Teschner et al., 2005).

Spatial coherence is when collisions are being ignored due to the small
involvement areas of the objects in a wide space where the collision could barely
involve. Spatial coherence is used to make sure that the number of colliding objects
is much lesser than the actual number of the objects in order to decrease the work
loads. While on the other hand, the temporal coherence is used to avoid the extra
unused computation by recycling the data obtained from previous arrangement
because sometimes the changes made only involved a small area when updates were

made. Normally the motions are not affected (Bergen, 2004).
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2.2.1 History

3D collision detection was first applied on robotics and automation. The simulation of
the products was tested using computer to identify the disturbance and the checking
of the disturbance was usually done continuously in four-dimensional space-time.
This simulation can only applicable for certain objects and motions as the exact
space-time of checking the disturbance is very challenging for interactive 3D
applications even on a computer hardware. In the earlier years of computer graphics
world, collision detections were invented to render a more life-liked 3D image
(Teschner et al., 2005).

Moreover, geometric algorithms from a mathematical point of view has
transformed into a new research area named “Computational Geometry”.
Computational geometry has created a lot of algorithms and data structure for
problems such as convex hull computation, intersection for detection and
computation, distance computation and linear programming. These new areas open

up many innovative techniques to solve the collision detection problem.

When the first game device and home computer first showed up in 1980’s,
video games have thus gained their popularity and hence became the first 3D
application. Elite, a space combat game by Ian Bell and David Braben in 1984 was
the first interactive 3D video game on a home computer. The collision detection
between the spaceship and the space station was determined based on simple
primitives such as spheres and boxes even though the spaceship and shape station
both have much more complex shape. This practice happens because the computer
in the early days do not has sufficient processing power to carry out the real time
collision detection. The interface of the Elite game is shown in Figure 2.1.

12
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