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Abstract 
 
The aim for this project was to create 
realistic hairlike behaviors based around the 
cloth simulation, using methods from a mix 
of offered solutions. Striving towards realism 
and accurate behavior was prioritized over 
efficiency. 
 
1     Introduction 
 
Hair has been an ongoing complicated 
problem to simulate accurately and 
efficiently, as there is a large trade-off 
between different methods. An average full 
head of hair will contain approximately 
100,000 hair follicles, and each individual 
hair demonstrates complex properties. 
These properties include stretch resistance 
and rotational resistance, yet displaying 
hinge properties on several degrees of 
freedom. Hair as a whole also has been 
observed to hold its general shape, both 
naturally or with the aid of products such as 
hair spray. However, it has also been 
observed to break out of its shape when 
enough force is applied onto the strands (for 
example, a strong wind). 
 
2     Related Work 
 
The first hurdle was implementing a scheme 
to capture individual hair behaviors that was 
not too complex. We opted to implement the 
core hair behavior as described by 

Rosenblum et al [1], which described a 
mass-spring-hinge model to determine the 
position and orientation of individual hairs. 
While relatively simple, it provides a lot of 
possibility to simulate different hair types, 
such as straight, wavy, curly. However, a 
major downside was that the basic 
mass-spring-hinge model was insufficient to 
capture the more complicated inter-hair 
behaviors. 
 
More complex behaviors involve hair to hair 
interactions, such as static links and rigid 
body collisions. Algorithms to simulate these 
subtle natures were suggested and detailed 
by both Chang et al [2] and Selle et al [3]. A 
considerable mix was taken into 
consideration during implementation. 
 
Lastly, because Chang [2] was the primary 
paper suggesting the use of guide hairs, the 
interpolation model suggested was used to 
create the dense model. Albeit we simplified 
the interpolation slightly due to time 
constraints. 
 
3     Methods 
 
Our model simulates the behavior of hair by 
using a sparse model of guide hairs. Each 
of the guide hairs is used to simulate the 
behavior of a small “chunk” of hair. 
To create the sparse model, several data 
structures were used to contain the relevant 
information. We used an unordered set of 



Strands which each contained a vector of 
HairParticles to hold our basic information. 
Initial strands of hair are constructed with 
random initial positions and directions to 
accurately capture a random scene falling 
into order. 
 
Once the initial strands are constructed 
static links, which will be described in 3.3, 
are constructed immediately afterwards, 
thus followed up by the interpolated hair 
structure. Chang et al [2] details the use of 
an oct-tree to aid simulating Static Links and 
Hair Interpolation, but we disagreed with the 
use of this data structure. While oct-trees 
are extremely efficient with spacial lookups, 
updating the oct-tree every frame would 
become cumbersome and expensive. 
 
Roughly the Algorithm is outlined as such: 
Initial Hair strands created in the scene(); 
Static links created from initial hairs(); 
Animate(){ 
   Mass-spring{ 
     Structural force(); 
     Hinge force(); 
     Static force(); 
     Euler method for next timestep(); 
     Check vertex to head collision(); 
     Check self collision(); 
   } 
   Hair interpolation(); 
} 
 
3.1  Mass-Spring System 
 
Like cloth, our model uses a mass-spring 
and particle system to simulate the behavior 
of hair. Our implementation is based on the 
methods described by Rosenblum et al [1]. 
Unlike cloth, however, Rosenblum’s 
algorithm does not detail the need for shear, 
nor flexion springs, thus sets hairs apart 

from capturing cloth-like behavior. 
Calculating the structural springs is rather 
the same idea as in cloth, except rather 
than p being surrounded by four points, it 
has two points on either end of it. The 
spring force implemented is calculated as 
such: 

 
fspring = (kspring  | L0 - Li |) - dspring(kspring  | L0 - Li |)  
(1) 
 
Where L0 is the natural rest length between 
two particles and Li is the current length. 
dspring is the damping constant and kspring is 
the spring constant. 
 
Hinge forces are used to prevent hairs from 
bending too far out of their original shape. 
This is determined by whatever you define 
your offset as (straight hair maintains a 180, 
wavy alternates with an offset of less than 
180 in opposing directions.) 
Hinge forces are calculated as such: 
 
fhinge  = (khinge ϴ) - dhinge(khinge ϴ) (2) 
 
Despite the format, fhinge is actually a scalar, 
rather than a vector. The direction of the 
hinge force is shown in red in Figure 1. It 
lies perpendicular to p1p2.  

 
Figure 1. Diagram of hinge force 
 
After these have been calculated, all forces 
have a universal drag force applied to them. 
We used the damping equation provided 
from Provot [4]. 
 



fdrag(i,j) = -ddragv(i,j) (3) 
 
 
3.2  Guide Hairs 
 
The process of using Guide Hairs is to save 
on computation and time, as proposed by 
Chang [2]. Guide hairs are used to create a 
sparse hair model, where individual Guide 
hairs do not directly interact with each other. 
The assumption is such that between guide 
hairs, there exists a dense cluster of hair 
preventing them from interacting directly. 
However, they still exhibit forces against 
upon each other.  
 
Our main algorithms are applied first to the 
guide hairs. The velocities, positions, and 
accelerations of the guide hairs are then 
interpolated to the surrounding strands 
(more in (3.5 Hair Interpolation). Essentially 
the behavior of the guide hair is copied to 
surrounding strands.  
 
3.3  Static Links 
 

(a) (b)  
Figure 2. (a) demonstrates the creation of 
static links (b) demonstrates when two points 
get too far apart and breaks the static link 
 
Static links are a phenomenon that are 
observed to naturally occur in all types of 
hair. When hair is at rest it has a tendency 

to maintain it’s shape. While static links 
exist to maintain the hair’s shape, they are 
also easily broken when a strong external 
force is acting upon the strands (for 
example, strong gusts of wind). 
 
Given the initial strands, we create a map of 
static links on each point. If two points are 
within a certain distance of each other, a 
static link is made, which will create a small 
force between the two points upon each 
frame (Figure 1). If ever at any given point 
during the animation where the distance 
between two points with a static link 
exceeds a threshold, say ε, the static link is 
broken permanently, and cannot be formed 
again. 
 
Static links are calculated similarly to how 
springs are, except the assumption is that 
the resting length of the spring is 0. Thus, it 
is equation (1), where L0 = 0; 
 
A major change from the Chang [2] paper 
made in this implementation however, is 
that we do not use an oct-tree to store the 
point locations, for the reason stated above. 
We believed that storing the pointers in a 
map would save on computation time, as 
the hair particles are updated dynamically 
with each frame, instead of having to go 
through the cumbersome task of updating 
the oct-tree every frame. 
 
3.4  Collision Detection 
 
The behaviour of hair consists of a lot of 
intricate interactions between its particles, 
including collisions. There are two types of 
collision detection implemented in our 
system. Vertex to head collision and vertex 
to vertex collision. To handle vertex to head 
collisions we use the method described by 



Chang et al [2], which was to first check 
penetrations of hair particles with the 
triangles of the head and second to change 
the velocity of the particle to be same as the 
the velocity of the head. 
 
To detect collisions between a vertex and a 
head, we perform a test on each particle to 
see if it has penetrated a triangle in head 
mesh. Our hair particle is wrapped in a 
bounding sphere with a constant radius of 
0.01, the same constant distance that 
separates each particle in a single strand. 
We then check if the bounding sphere has 
intersected the plane of the triangle. In the 
case of penetration, we further check if the 
point of intersection is inside the area of the 
triangle. If and only if the check goes 
through do we confirm that a particle has 
collided with a triangle.  
 
An acceleration and velocity of zero would 
then be assigned to the collided particle 
because in our implementation the head will 
always be stationary (velocity of zero). The 
rest of the particles are still free to move. 
 
In the case of vertex to vertex collisions, we 
check a hair particle against every other hair 
particle. Wrapping each particle in a 
bounding sphere, a penetration would occur 
if the two spheres intersect. If collision 
occurs, the particle is simply moved away 
from the other particle by the calculated 
distance of the two centers of the bounding 
spheres. 
 
 
3.5  Hair Interpolation 
 
The final portion implemented is the hair 
interpolation, as proposed by Chang [2] 
once again. Simply put, Change [2] 

proposed creating interpolated hairs 
between guide hairs as a means to fill the 
space for rendering purposes. 
 
Chang [2] proposed a very simple means to 
interpolate hairs dependent on the sparse 
guide hairs. Generally they recommend 
having interpolated hairs find the nearest 
guide hairs and transform these guide hairs 
from world to local coordinates. By 
averaging these by whatever scheme the 
user wishes, the interpolated hair equates to 
the average in local coordinates. Once 
calculated locally, it is transformed into 
world space fairly efficiently. This would be 
done on every strand, rather than every 
particle. 
 
Due to time constraints however, we 
implemented interpolation by avoiding 
translations between local and world 
coordinates and created a rather flat 
interpolation. 
 
Following the creation of the guide hairs, 
interpolation hairs are created as a dense, 
random pack of hairs surrounding the guide 
hair. With each frame, the interpolated hairs 
transformations are meant to match the 
transformations of the guide hairs they are 
associated with, without any need to 
translate between world and local 
coordinates. It saves overhead on having to 
average the closest guide hairs as well, 
though the results look slightly less realistic. 
 
4     Results 
 
4.1  Springs, Static Links, Interpolation 
 
We had three main test cases for our 
system to run. The first one involves 
generating random points on a flat rectangle 



for the initial positions of the strands. This 
test case checks that the springs and 
hinges of the strands behave correctly in 
that they prevent the strands from 
overstretching and to converge to a more 
stable condition with each timestep. In 
addition, this test case (which can come in 
multiple forms) also test for correct 
performance of static links and hair 
interpolation. 

 
Figure 3. The initial state (test 1) 

 
Figure 4. Guide hairs (blue) and interpolated 
hairs (black) demonstrate static linking 
(where the points are drawn towards each 
other), interpolation and proper springs. 
 
Figure 3 shows an example of test 1 before 
the animation. This shows the strands 
distributed randomly throughout the scene 
on a common plane. The strands shown 

here contain both guide and interpolated 
hairs.  
 
Figure 4 shows the results of animating the 
scene after many iterations. The strands are 
not overstretched and are stiff enough to  be 
distinguishable from cloth. Static links also 
allow strands to stick together to form 
clumps, as seen in Figure 4.  
 
4.2  Collisions 
 
Our second and third tests are more 
focused on testing collisions in addition to 
testing correct hair behavior. 
 
The second test (Figure 5) initializes all 
strands to a single point, diverging in 
random directions. This test mainly checks 
for self collision. 

 
Figure 5. Test 2 scene before animation.  
 



 
 
Figure 6.  Test 2 scene before animation.  
Figure 6 shows a frame of test 2 after many 
iterations of animation. The strands fall 
down the way they should and subtly 
expand towards the bottom. Without the 
implementation of self collision detection, 
the strands would all converge to a single 
line. Self collision detection allows the hair 
to have more volume. 
 
The third test involves a 3D mesh 
constructed by triangles that represent the 
“head” or “scalp” for the strands to rest on. 
The user can specify how many random 
strands are generated per triangle in the 
mesh. This test will check for vertex to head 
collisions. Figure 7 shows an example of the 

state of this third test case before animation. 

 
Figure 7.. A half of sphere mesh of 40 
triangles with 3 randomly placed strands per 
triangle and 50 particles in each strand.  
 
Figure 8 shows a frame after many 
iterations of the animation of test 3 without 
collision detection. The strands fall through 
the sphere as if there were no boundaries to 
stop them. On the other hand, Figure 9 
shows the result of implementing vertex to 
head collision detection. The strands appear 
to be outside of the sphere and resting on it 
with stability after many iterations.  
 

 



Figure 8.  A frame of test 3 after many 
iterations without collision detection. 

 
Figure 9. A frame of test 3 after many 
iterations with collision detection. 
 
4.3  What Didn’t Work 
 
Our self collision detection implementation 
unfortunately produces visible artifacts in 
the animation. Sometimes the strands 
would grow unstable due to constantly 
changing positions. The hair thus fails to 
maintain its volume with each timestep. 
 
4.4  Future Work 
 
Some future possible work includes: further 
optimization. Given animating frame by 
frame is already at least O(n), per frame 
subsequently calculates at least an O(n2) on 
top of that, leading to a time-complexity of 
O(n3) at least. 
 
Also, our random distribution of guide hairs 
is truly random, and often looks rather 
unnatural in the scene, where guide hairs 
cluster around sides and edges. Future 
work can include introducing a stratified 
sampling scheme to create a more uniform 
random distribution. This can be applied on 

both the initial strands as well as the 
interpolated strands. 
 
Moreso on interpolated strands, additional 
work can be done to create a more realistic 
appearance with the interpolated strands, 
such as a better averaging scheme and the 
translation between local and world 
coordinates as Chang [2] proposed. 
 
Chang et al [2] also proposed the 
implementation of auxiliary triangle strips to 
assist in detecting collisions. These triangle 
strips connect pairs of guide hairs and 
become an approximation of hair density 
between the two guides. Two kinds of 
collisions could occur: between hair 
elements or a vertex penetrating one of the 
triangles. In the case of penetration a 
repelling spring force is applied to the 
penetrated particle. Compared to our rather 
brute force implementation, Chang’s 
method would work much better in terms of 
maintaining hair volume or to maintain the 
distance between strands. 
 
 
5     Conclusions 
 
While overall a rather cumbersome overhaul 
of homework 2, I believe the results we 
have come to are relatively satisfying. 
 
Additionally the work was divided as such: 
 
Zefanya contributed by drawing the scene, 
creating test cases and creating a lot of the 
groundwork.She also focused largely on 
calculating hair collisions. 
 
Helen did a large portion of the algorithmic 
work, animating the mass-spring-hinge 



model, creating and checking static links 
and forming hair interpolations. 
 
In total, we put in approximately 35 hours. 
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