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ABSTRACT 
 

Soft-body models are common in games to 

simulate cloth or elastic objects.  To realistically 

simulate soft-body objects, collision detection and 

response is required.  In addition, soft-body models 

must re-arrange their internal structure to react to the 

collision.  This paper presents a new collision 

detection and response algorithm which can simulate 

a variety of soft-body material behaviors ranging 

from stiff to elastic. In this approach, a line-triangle 

intersection test is used for collision detection and 

force propagation is used for collision response.  

Implementation and experiments using the algorithm 

show that complex deformable objects composed of 

thousands vertices can be animated at interactive 

speeds. 

 

1. INTRODUCTION 
 

Soft-body, or deformable, objects in games 

and simulations include flags, banners, cloaks, rubber 

or elastic walls, trampolines or bounce pads, and 

semi-solid surfaces such as slime.  Soft-body objects 

impose additional complexity to collision 

computation over solid-body objects due to: (1) 

changing collision detection boundaries, and (2) 

collision response that requires change of the solid 

body internal structure.   

  Deformable models have had some recent 

research attention [6, 30, 26, 32], many of which 

utilize a mass-spring system.  Mass-spring systems 

can be classified as either finite-element methods 

(FEM) or long-element methods (LEM).  Bounding 

volume hierarchies have been developed to speed up 

intersection tests of close bodies. For example:  

bounding spheres [14, 15], axis-aligned bounding 

boxes (AABBs) [2, 31], oriented bounding boxes 

(OBBs) [16], quantized orientation slabs with 

primary orientations (QuOSPOs) [11], and discrete-

oriented polytopes (K-DOPs) [19], octtree [25], BSP 

tree [27], brep-indices [3], k-d tree [13], bucket tree 

[8], hybrid tree [20] , BVIT [28], and uniform space 

subdivision [31]. There are also collision detection 

algorithms for large environments such as I- 

COLLIDE [4] and CULLIDE [9].    

 In order to simulate realistic collision 

response [12, 25, 17] in deformable objects, a basic 

idea is to use discrete-time simulations. Penalty 

forces are generated to eventually separate 

deformable objects that are colliding. The function of 

penetration depth represents the distance and the 

direction of vertices in deformable objects.  

Additionally, response force is considered as a 

function of the relative velocity of colliding 

structures and their penetration depth. Many 

penetration depth approaches focus on specific 

problems in large penetration. However, these 

methods are not suitable to our algorithm. 

The method proposed in this paper extends 

existing deformable modeling techniques by 

incorporating efficient ways to compute the contact 

surfaces in colliding objects. For computational 

efficiency a mass-spring system is used. As a result 

large environments of at least 10 thousand faces of 

deforming primitives can be simulated at interactive 

speeds. 

   

 

1.1 SOFT BODIES 

 

This section explains the modeling of soft-

body behavior with a pressure force. The model in 

this paper is based on the classic soft body method 

presented in [22]. Pressure force is represented as a 

vector. Matyka and Ollila [22] computed pressure 

force vector by applying pressure at particular point 

to the normal vector of that surface, since pressure 

force is always acting in a direction normal to the 

surface. The expression for pressure at a specific 

point is:  







⋅=

2
ˆ

m

N
nPP

r
 

where P is a pressure value, n̂  is a normal vector to 

surface where the pressure force is acting, m 2
 is a 



surface area, and N is a force dimension.  Pressure 

forces can be evaluated with P
r

multiplied by 

][ 2mA  which is the area of the surface.  The 

equation becomes: 
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Note that a larger force might generate a 

smaller pressure if it is distributed in a wider surface 

area. In contrast, a smaller force can create a larger 

pressure if the area is smaller.  The value of P is 

from thermodynamic approximation known as ideal 

gas approximation. In the Clausius Clapeyron 

equation: 

nRTPV =  

where V is volume of the body, n is gas mol 

number, R is ideal gas constant, and T is a 

temperature. Then, the pressure can be generated by 

the temperature and volume of the soft-body as: 

nRTVP
1−

=  

It is assumed that the temperature does not 

change while volume of a soft body changes. 

 

1.2 EULER INTEGRATION 

 

The following notation will be used 

throughout the paper. 

 

Geometry 

v
i
0… v

i
n are the positions of vertices for object i. 

m
i
  is the mass of object i. 

 

 

Direction 

nve
i
k is the velocity of v

i
k at time n. 

nn
i
k is the normal vector of v

i
k at time n. 

nf
i
k is the force of v

i
k at time n.  

 

Note: k is vertex number of object i 

 

 For forces that are applied to the objects:  

 

1) Rigid body has one external force. 

    nfg is the external force (gravity) 

 

2) Flexible body has one external force and one 

internal force. 

nf
i
g is the external force (gravity)  

nf
i
s is the internal force (mass spring 

nf
i
k = nf

i
g + nf

i
s +Pressure force ( P

r
) 

 

Euler 1
st
 order integration is used to simulate 

the soft bodies for ease of implementation.  Each 

time step in the animation is computed by the interval 

from frame to frame.   From Euler 1
st
  integration 

we have: 
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    Next, 

 n+1ve
i
k = nve

i
k + (nf

i
k/m

i
) dt 

    Then,  

  n+1v
i
k = nv

i
k + n+1ve

i
k dt 

 

Using integration, the position of each 

vertex in the flexible object is computed.  Then 

collision detection and collision response will be 

applied. 

 

2. ALGORITHM OVERVIEW 
 

For collision detection and collision 

response of dynamically deforming bodies in a large 

environment, four steps of collision detection and 

collision response algorithm proceed as follows:   

 

(1) Multi-level Subdivided Bounding Box (Multi-level 

SB): All soft bodies are surrounded by a bounding 

box (AABB) for tracking. Two points, a minimum 

and a maximum, define the bounding box.  Then, the 

bounding box is subdivided to n-levels of sub-

division.  A 3-level subdivision is used for this 

simulation.   

 

(2) Box Hash Function (BHF): The box hash function 

is applied to each point that we use to create the 

subdivided bounding box. One subdivided bounding 

box has 8 points. Each point is hashed and given hash 

index by box hash function. A list of subdivided 

bounding boxes is put in hash table related to hash 

index. Then, the contact surface is computed from 

vertices that belong to subdivided bounding box in 

the lists of hash table.  Multi-level SB Collide and the 

box-hash function which are further detailed in [24]. 

 

(3) Collision for Flexible Models (CF):  A line-

triangle intersection test detects collision. To reduce 

high computation in triangle-triangle intersection, we 

use multi-passes of line-intersection. Using the line-

triangle intersection, there are two possibilities: 1) 

one line from one triangle interferes in another 

triangle 2) two lines from one triangle intersect with 

another triangle. A triangle intersects with another 

triangle if and only if there is one or two lines in the 

triangle intersecting with another triangle. 

  

(4) Collision response (CR): For soft bodies, the 

objects change shape dynamically in response to its 

typical environment. Response is handled by using 



normal vector at the surface of colliding object and 

response is provided accordingly.  

 

2.1 MULTI-LEVEL SUBDIVIDED BOUNDING 

BOXES (Multi-level SB)  
 

Step one of the algorithm is tracking with 

multi-level subdivided bounding boxes.  Each object 

is surrounded by an axis aligned bounding box 

(AABB).  A minimum point and maximum point are 

calculated to bound the soft body. The AABB is 

subdivided in to 2
n
 regions, where n is level of 

subdivision (see detail in [24]).  
 

2.2 BOX HASH FUNCTION (BHF) 

 

We use a Box Hash Function (BHF). The 

idea is to use BHF and hash to 8 points that we use to 

create the subdivided bounding box. To facilitate 

hashing, initially a hash table is created which is 

based on grid size.  The formula is:  

 

Index = ( floor(Grid.min.x / length) * xprime+ 

                floor(Grid.min.y/ height) * yprime + 

                floor(Grid.min.z / width) * zprime)   

                % bucketsize; 

 

where length is grid length, height is grid height, 

width is grid width, grid.min.x, grid.min.y, and 

grid.min.z are  

minimum points of each grid, xprime, yprime, and 

zprime are any prime number  for x, y, and z.  Next, 

the BHF is applied to 8 points of the subdivided 

bounding box. Since there are 8 points, [0..7], in one 

subdivided bounding box, the BHF is: 

 

HashIndex = (floor(point[0..7].x /length) *                 

                      xprime+ 

         floor(point[0..7].y /height) *      

                      yprime + 

                      floor(point[0..7].z /width) *   

                      zprime) % bucketsize 

 

where xprime, yprime, and zprime are any prime 

number  for x, y, and z , length, height, and width are 

length, height, and width of grid cell.  

 

2.3 MULTI-PASS LINE-TRIANGLE 

INTERSECTION 

 

All particles in the subdivided bounding 

boxes which are in the same hash index will be 

passed to the next step to find if the objects are 

colliding or not.  Three passes of the line intersection 

test are as follows: 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Two examples of line intersection; one line 

is intersecting with a triangle (left) and two lines are 

intersecting with a triangle (right) (black dots 

represent the particle points) 

 
First pass: The algorithm takes first line of the 

triangle in 3D space. Then, it finds if the first line is 

penetrating the triangle or not. If so, the collision 

occurs and then finds the intersection point. The 

algorithm continues to the second pass 

 

Second pass: the algorithm takes second line of the 

triangle. It checks again if the second line is 

interfering with the triangle or not. If so, the collision 

happens and calculates the intersection point. Incase 

the first line and second line are interesting with 

triangle, the algorithm stops. On another hand, 

algorithm continues to next pass if either first or 

second line is intersecting.  

 

Third pass: The algorithm take the third line and 

check for intersection test as describe in first pass and 

second pass 
 

To test for line and triangle intersection, first 

we compute the point of intersection between line 

and plane. Next, we check if the point is in the 

triangle or not by using Barycentric coordinates. For 

a 3D plane, we drop the component in which the 

plane normal has the biggest absolute value. If the 

point is in the triangle, the point of intersection is 

returned. If not, the line is not intersecting with the 

triangle. section.  Next the intersection point is 

passed to the to next step, which is collision response.  

 

2.4 COLLISION RESPONSE 

 

Collision response for soft bodies in most 

analytical methods is based on penalty forces. The 

methods calculate response forces based on 

penetration depths to resolve colliding objects. 

However, those methods are not appropriate for our 

soft body representation. To simplify the algorithm, 

we use a method for response based on contact 



surface and the intersection point.  There are two 

cases.  

 

 

a) 
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Figure 2: a) collision detection algorithm detects the 

collision between soft bodies and another object 

surface (dark vectors represent velocities of the 

particles and dashed vector represent normal vector 

of the surface) b) collision response pulls back the 

position of the particle to object surface.  

 

In first case (figure 2), there is only one 

intersecting surface. The position of particle is 

changed to be at the intersection point of line. If there 

are more than one intersection lines for that particle, 

we take the smallest distance between particle and 

intersection point. Then, we move the position of the 

particle to the intersection point.  The velocity of the 

particle will be calculated form normal vector at that 

surface.  

In the second case (figure 3), there are two 

intersecting surfaces. We keep track of the first 

surface and second surface. Then the position of the 

particle will be pulled back to the corner between 

those two surfaces. The velocity of the particle will 

be computed by the average of normal vector from 

those two surfaces. 
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Figure 3: a) our collision detection algorithm detects 

the interference between two objects: (again dark 

vectors represent velocities of particles, dot vectors 

represent normal vectors at the particular surfaces) 

b) our collision response pulls back the velocities of 

the particles by the normal vector of the surfaces.  

 

3. EXPERIMENTS 

 
The simulation was implemented in Visual 

C++ with OpenGL. It ran collision detection in soft 

bodies up to 10,000 vertices at more than 30 frames 

per second on Pentium4 3.2 GHz Laptop with Nvidia 

GeForce Go 6800 GPU.  Clearly this is more vertices 

than required for most games, but the simulation was 

done to test the limits of the algorithm.  Figure 4 

shows the collision detection between two 

dynamically deformed soft bodies. The gray spheres 

represent the colliding points between those two 

objects.  

From the results, 2480 faces of soft bodies 

can detect collision at 120 frames per second. Figure 

5 is a comparison of using our collision response and 

without collision response. The soft body bouncing 

with the ground is shown in figure 5a. Figures 5b and 

5c illustrate that (b) some particles of the soft body 

are passing through the ground, then in (c) the 

particles colliding with ground are pulled up above 

the ground when collision is detected. For this 

simulation, frame rate is captured at 80 frames per 

second.  Figure 6 shows soft bodies that are falling 
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down from the top to the bottom and colliding with 

another sphere at 45 frames per second.  

 
a) 

 
 

b) 

 
 

c) 

 
 

Figure 4: Two deformable objects are colliding; the 

gray sphere presents the colliding surfaces that have 

been captured by our collision detection algorithm;  

the simulation is captured at frame 100, 200, and 300 

shown in a), b), and c) respectively 

 

Figure 7 and 8 present the comparison between our 

multi-level SB collide with collision response and 

spatial hashing proposed presented in [31]. 10k faces 

of soft bodies are simulated and animated from frame 

1 to frame 2000 measured in frame per second (FPS) 

with the same number of collision.  The performance 

in figure 7 is decreasing when the frame number is 

increasing while the performance in figure 8 is 

slightly decreasing. Both show that our proposed 

method is more efficient than normal spatial hashing 

method. 

 

a) 

 
b) 

 

 
 

c) 

 
 

Figure 5: a) a soft body is colliding with the ground 

(eye poison is set to look above the object and the 

direction is set to look down to the object and 

ground, b) some particles colliding with the ground 

are passing through the ground without collision 

response algorithm, c) some particle colliding with 

the ground are not passing through the ground with 

our collision response (eye position is set to look 

below the ground and direction is set to look up to 

the ground in b and c) 

 

 

 

 

 

 



a) 

 
b) 

 
c) 

 
 

Figure 6: our deformable objects are falling down 

from the top to the bottom and colliding with one 

sphere; again the deformable objects are modeling 

by our modeling algorithm and detecting the collision 

by our collision detection algorithm shown in a), b), 

and c) respectively 
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Figure 7: Performance of the collision detection by 

spatial hashing 

OUR PROPOSED METHOD
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Figure 8: Performance of the collision detection by 

our proposed method 
 

4. CONCLUSION AND FUTURE 

WORKS 
 

In 3D games and simulations collision 

detection and collision response of soft bodies is a 

significant problem. Since soft bodies are composed 

of possibly thousands of moving particles, it becomes 

time consuming and adds additional complexity over 

regular, solid-body collision detection.  To speed up 

collision detection and collision response, we propose 

a line-triangle intersection test to extend Multi-Level 

SB Collide. Several passes of line-triangle 

intersection give accurate results for collision 

detection and collision response in soft bodies. There 

are four main steps in the algorithm: Multi-level 

Subdivided Bounding Box, Box Hash Function, 

Collision for Flexible Models and Collision response. 

Experimental results show that our algorithm is 

efficient method for real-time collision detection and 

collision response in soft bodies for real time gaming. 

There are several ways to extend this 

research.  The first is to simplify the operation 

process to optimize the algorithm.  The second 

possibility is to use a tree structure to determine the 

area of collision in the object body and perform the 

collision detection in the overlapped area to reduce 

time complexity.  And finally to create additional, 

suitable test cases to compare with other algorithms.  
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body objects, collision detection and response is required.  In addition, soft-body models must re-arrange their 
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