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A brief introduction to CS 277 @ Stanford

Core topics in haptic rendering

Use of the CHAI3D framework

Development of homework assignments

Haptic rendering course projects
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CS 277:
Experimental Haptics
Really a haptic rendering course

Has its roots in the computer science department, 
but we get a good mix of students

Workload is 4 programming assignments plus 
open-ended course project

Students usually design a game, but other 
projects, including mechanisms, are encouraged



AND THE TORCH BEARERS

F. Conti J. K. Salisbury

THE FOUNDERS

Who is behind chai3d?Who is behind chai3d?

• Francois Conti

• Dan Morris

• Chris Sewell

• Fed BarbagliF. Barbagli C. Sewell D. Morris S. Chan A. Leeper



Core Topics
in Haptic Rendering



Teaching Haptic 
Rendering
Identify key computational algorithms and data 
structures required for haptic rendering

Present the algorithms in a progressive, coherent, 
and consistent style

We’ve settled on a syllabus that roughly follows 
historic progression



Introductory Concepts
Haptic interfaces

Impedence rendering

1000 Hz control loop

Virtual wall

Force field rendering

M. A. Srinivasan and C. Basdogan 

Fig. 1. Haptic interaction between humans and machines. 

neurophysiology, and human perceptual as well as 
motor capabilities (http://touchlab.mit.edu). 

a Machine sensorimotor loop: when the human user 
manipulates the end-effector of the haptic interface 
device, the position sensors on the device convey its 
tip position to the computer. The models of objects 
in the computer calculate in real-time the torque 
commands to the actuators on the haptic interface, 
so that appropriate reaction forces are applied on 
the user, leading to tactual perception of virtual 
objects. In our laboratory, and in collaboration 
with Dr Salisbury’s group in the MIT Lab, we have 
developed computer controlled electromechanical 
devices and the associated software to simulate the 
‘feel’ of different objects. Studies are underway to 
investigate how controlled alterations in visual, 
auditory, and haptic displays affect human percep- 
tion (refer to Section 5). 

The goals of this paper are (1) to clarify the 
terminology concerning both the human and the 
machine aspects of this rapidly developing field, (2) 
to provide pointers to the relevant literature, (3) to 
summarize the results of research in various multi- 
disciplinary areas relevant to haptics in VEs, along 
with a guided review of our own research at the MIT 
Touch Lab, and (4) to discuss the challenges for the 
future. The next three sections describe the status of 
the three major components of haptics in VEs, 
namely, human haptics, haptic interfaces, and 
computer haptics. Although a large number of 
references are given to aid the reader, our goal is to 
summarize our research. We do provide references to 

the related work by others, but do not claim to be 
exhaustive in covering the literature. In Section 2, we 
describe the salient terminology and quantitative 
results in human haptics. In Section 3, we give 
primary classifications of haptic interfaces and 
discuss the relevant issues briefly. Section 4 focuses 
on the recent advances in the software aspects of 
haptic displays. In the next two sections. we describe 
briefly the issues and our experiences in two areas: 
Section 5 is on multimodal VEs composed of visual, 
auditory, and haptic displays; Section 6 is on haptics 
across the Internet. Finally, Section 7 discusses the 
various challenges facing haptics in VE today. 

2. HUMAN HAPTICS 

The ihuman haptic system consists of the mechan- 
ical, sensory, motor and cognitive components of the 
hand-brain system. Here, we give a brief summary to 
clarify the terminology and to provide quantitative 
performance specifications pertinent to haptic inter- 
faces. More details and references can be found in 
Srinivasan [34]. 

The mechanical structure of the human hand 
consists of an intricate arrangement of 19 bones, 
connected by almost as many frictionless joints and 
covered by soft tissue and skin. Altogether, the bones 
are attached to about 20 each of intrinsic and 
extrinsic muscles through numerous tendons, which 
serve to activate 22 degrees of freedom of the hand. 
The sensory system includes large numbers of 
various classes of receptors and nerve endings in 
the skin, joints, tendons, and muscles. Appropriate 

Salisbury et al. introduced an extension of the god-
object algorithm for virtual objects based on implicit sur-
faces with an analytical representation.18 For implicit
surfaces, collision detection is much faster and we can
calculate many of the variables necessary for comput-
ing the interaction force, such as its direction and inten-
sity, using closed analytical forms. Other examples of
3-DOF interaction include algorithms for interaction
with NURBS-based19 and with Voxels-based objects.20

More than 3-DOF interaction. Although the
point interaction metaphor has proven to be surprisingly
convincing and useful, it has limitations. Simulating
interaction between a tool’s tip and a virtual environ-
ment means we can’t apply torques through the contact.
This can lead to unrealistic scenarios, such as a user feel-
ing the shape of a virtual object using the tool’s tip while
the rest of the tool lies inside the object. 

To improve on this situation, some approaches use
avatars that enable exertion of forces or torques with
more than 3 DOF. Borrowing terminology from the
robotic-manipulation community, Barbagli et al.21

developed an algorithm to simulate 4-DOF interaction
through soft-finger contact—that is, a point contact with
friction that can support moments (up to a torsional fric-
tion limit) about the contact normal. This type of avatar
is particularly handy when using multiple-point inter-
action to grasp and manipulate virtual objects. 

Basdogan et al. implemented 5-DOF interaction, such
as occurs between a line segment and a virtual object, to
approximate contact between long tools and virtual envi-
ronments.22 This ray-based rendering technique allows
to simulate the interaction of tools by modeling them as
a set of connected line segments and a virtual object.

Several researchers have developed algorithms pro-
viding for 6-DOF interaction forces. For example,
McNeely et al.23 simulated interaction between mod-
estly complex rigid objects within an arbitrarily com-
plex environment of static rigid objects represented by
voxels, and Ming et al.24 simulated contact between
complex polygonal environments and haptic probes. 

Surface property-dependent force-rendering
algorithms 

All real surfaces contain tiny irregularities or inden-
tations. Obviously, it’s impossible to distinguish each
irregularity when sliding a finger over an object. How-
ever, tactile sensors in the human skin can feel their
combined effects when rubbed against a real surface.
Although this article doesn’t focus on tactile displays,
we briefly present the state of the art for algorithms that
can render virtual objects’ haptic textures and friction
properties. 

Micro-irregularities act as obstructions when two sur-
faces slide against each other and generate forces tan-
gential to the surface and opposite to motion. Friction,
when viewed at the microscopic level, is a complicated
phenomenon. Nevertheless, simple empirical models
exist, such as the one Leonardo da Vinci proposed and
Charles Augustin de Coulomb later developed in 1785.
Such models served as a basis for the simpler frictional
models in 3 DOF.14,15

Researchers outside the haptic community have
developed many models to render friction with higher
accuracy—for example, the Karnopp model for model-
ing stick-slip friction, the Bristle model, and the reset
integrator model. Higher accuracy, however, sacrifices
speed, a critical factor in real-time applications. Any
choice of modeling technique must consider this trade
off. Keeping this trade off in mind, researchers have
developed more accurate haptic-rendering algorithms
for friction (see, for instance, Dupont et al.25). 

A texture or pattern generally covers real surfaces.
Researchers have proposed various techniques for ren-
dering the forces that touching such textures generates.
Many of these techniques are inspired by analogous
techniques in modern computer graphics. In computer
graphics, texture mapping adds realism to computer-
generated scenes by projecting a bitmap image onto sur-
faces being rendered. The same can be done haptically.
Minsky11 first proposed haptic texture mapping for 2D;
Ruspini et al. later extended his work to 3D scenes.15

Researchers have also used mathematical functions to
create synthetic patterns. Basdogan et al.22 and Costa et
al.26 investigated the use of fractals to model natural tex-
tures while Siira and Pai27 used a stochastic approach. 

Controlling forces delivered through
haptic interfaces 

So far we’ve focused on the algorithms that compute
the ideal interaction forces between the haptic interface
avatar and the virtual environment. Once such forces
have been computed, they must be applied to the user.
Limitations of haptic device technology, however, have
sometimes made applying the force’s exact value as
computed by force-rendering algorithms impossible. 

Various issues contribute to limiting a haptic device’s
capability to render a desired force or, more often, a
desired impedance. For example, haptic interfaces can
only exert forces with limited magnitude and not equal-
ly well in all directions, thus rendering algorithms must
ensure that no output components saturate, as this
would lead to erroneous or discontinuous application
of forces to the user. 

In addition, haptic devices aren’t ideal force trans-
ducers. An ideal haptic device would render zero imped-
ance when simulating movement in free space, and any
finite impedance when simulating contact with an
object featuring such impedance characteristics. The
friction, inertia, and backlash present in most haptic
devices prevent them from meeting this ideal. 

A third issue is that haptic-rendering algorithms oper-
ate in discrete time whereas users operate in continu-

IEEE Computer Graphics and Applications 29

Human
operator

x(t)

F(t)

Haptic
device

Haptic
rendering

x(K)

F(K )

5 Haptic devices create a closed loop between user and haptic-
rendering/simulation algorithms. x(t) and F(t) are continuous-time position
and force signals exchanged between user and haptic device. x(K) and F(K)
are discrete-time position and force signals exchanged between haptic
device and virtual environment. 



Proxy-Based Rendering

God object & proxy 
rendering algorithms

Implicit surface 
representations



Haptic Rendering 
« Tricks »
Surface properties

Friction

Texture

Underactuated 
rendering

Device workspace 
management



Collision Detection

Intersection tests for 
primitives

Spatial partitioning

Bounding volume 
hierarchies



Dynamics Simulation

Laws of motion

Time integration

Mass-spring models

Modelling dynamic & 
deformable bodies



Six Degrees of Freedom

Penalty force / 
dynamic proxy 
methods

Constraint-based 
methods (6-DOF god 
object)



Event-Based Haptics

Human vs. device 
bandwidth

Open-loop playback

Synthesized and 
sampled transients



A Course Text?
We distribute key 
papers as readings

Lin & Otaduy appear to 
agree with our 
selection of core topics

Text is a collection of 
many seminal papers

Is it mature enough?



The end!The end!

CHAI 3D
www.chai3d.org

http://www.chai3d.org
http://www.chai3d.org


Excellent Teaching Aid

CHAI3D was developed at Stanford in conjunction 
with CS 277

Both platform and device agnostic

Reduces image/geometry manipulation and 
graphical rendering burden

Can be a double-edged sword!



CHAI3D can do a lot...

Implements direct rendering, god-object, force 
shading, friction, surface effects, mesh structures, 
collision detection, mass-spring simulation, etc.

context |  design |  extensions | public release | applications | future milestones | conclusion

www.CHAI3D.org | Francois Conti

architecture

universal haptic interface

scene graphforce 
rendering

graphic
rendering



...but has its drawbacks

Can be difficult for someone not versed in object-
oriented programming in C++ to ramp up

Code internals could be much more pedagogical

It already implements most of the concepts 
we’re trying to teach!



To use or not to use?
One solution is to distribute a reduced CHAI3D

Device communication and basic graphics

Alternatively, design assignments that exercise key 
concepts but are not implemented in CHAI3D

Can be difficult!  (and gets trickier every year...)



DESIGNING PEDAGOGICAL EXERCISES
FOR HOMEWORK OR LABORATORIES



Pedagogical Exercises
Use it or lose it!

We converged on 1-2 week assignments

Covers a good cross-section of haptic rendering

Challenge: CHAI3D already has implementations 
of all the key algorithms!

Extensions to CHAI3D?



The Novint Falcon

A huge boon for 
teaching our course!

Every student takes 
one home on loan for 
the quarter

Inexpensive and 
virtually indestructible



Potential Fields

Force field rendering

Experience pop-
through problems

Attractive fields

Identify stability 
limitations



Proxy-Based Rendering

Implict surface 
rendering algorithm

3-DOF planar 
constraint tracking

Virtual spring

Coulomb friction effect



Surface Effects
Force shading

Barycentric normal 
interpolation

Texture-mapped 
surface effects

Image gradients for 
normal modulation



Collision Detection

Point cloud scene 
representation

Metaball implicit 
surface

k-D Tree to find points 
within support radius



Deformable Objects

Mass-spring system

Penalty force model

Time integration

Stiffness vs. stability
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Haptic Hammerfest Deluxe 2.0 

Arne Bech and Adam Leeper 

 
Conquer the Galaxy! 
In Haptic Hammerfest, you play in an intense 
multi-player battle for galactic domination! Using 
your trusty hammer, you launch objects toward 
your opponent while defending against his sinister 
attacks. When the going gets tough, you can cast 
mighty spells to confound your opponents. Blast 
them with wind, reverse their movements, or bog 
them down in sticky honey! 

When your opponent's objects come toward you, 
smash them with your hammer before they reach 
your goal. But watch out! When you hit a bomb, it 
will explode! Also, the ice cubes will deep freeze 
you if they reach your goal!  

The game timer runs for two minutes. The team 
with the most points at the end will win! 

Feel the Action! 
Designed for use with the Novint Falcon haptic 
device, Haptic Hammerfest comes to life by 
letting you feel the game! Every smash and every 
explosion is rendered in full detail. 

Play with Your Friends! 
The game supports up to 16 players in network 
play. A server manages the game, sending data 
about new objects to all players. Since every 
client handles the haptics loop and object 
updating independently, haptic rates are sustained 
even when many players are connected to the 
server. 
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Crosscut Saw Simulation

John Jessen

Overview
This project attempts to realistically simulate the feeling 
of sawing through a tree with a crosscut handsaw. Forces 
against the user's hand are implemented using the chai 3D 
haptic  rendering  library  and  a  Novint  Falcon  haptic 
device. Rendering of the tree structure was implemented 
using OpenGL and C++. Sound was added using SFML.
Implementation: Haptics
To simulate  the forces  applied to the saw when sawing 
through the tree,  a  set  of  points  representing  the tip  of 
each blade on the saw were defined relative to the position 
of the haptic tool in the graphical environment. To allow 
for fast collision detection between the saw points and the 
tree,  the tree  is  rendered  and defined  by a  set  of  cubic 
voxels arranged into the shape of a cylinder. When it  is 
determined that at least one of the points of the saw has 
penetrated the surface of the tree, the projected point of 
the  haptic  tool  position  is  locked  into  place  until  a 
significant enough force is applied to the haptic device to 
destroy the intersected voxels. 

Figure 1. Collision detection and rendering of the tree were 
implemented using voxels and point quads.

This force is determined by the distance of the tool from 
the  projected  point.  To  determine  when  the  user  has 
applied enough force to destroy the voxels intersected by 
the saw, the force applied by the user is divided by the 
number of voxels intersected by the points of the saw. If 
the resulting value is larger than some predefined voxel 
strength threshold, then the intersected voxels are deleted 
and the projected point is moved in the direction of the 
actual tool position.

Implementation: Graphics
Using  voxels  also  allows  for  easy  rendering  of  the 
deformation  of  the  tree.  For  each  voxel  present  in  the 
environment, a point quad is rendered, where the color of 
the quad depends on the distance of the quad from the 
center of the tree. As voxels are destroyed, fewer points 
are rendered, creating the illusion of actually sawing away 
parts of the tree. A simple particle system was also used to 
show sawdust emanating from a lateral cut on the tree.

Figure 2. Contact points used for collision detection are 
presented in red.

Implementation: Sound
In addition to simulating the visual and haptic aspects of 
sawing, two sound tracks of a person sawing forward and 
backward through a tree were used. While the approach 
used  in  this  project  is  somewhat  lacking  in  realism,  a 
portion  of  the  forward  or  backward  sound  tracks  were 
played depending on the location the saw gets stuck in the 
tree  and  the  distance  by  which  the  saw  moves  after 
destroying a set of voxels. To vary the sawing sound, the 
pitch and volume of each incremental sawing sound are 
randomly tweaked from the source sound file. 
User Input
Pressing 3 and 4 will increase and decrease the point quad 
size.  Pressing  1  and  2  will  increase  and  decrease  the 
strength of each voxel in the tree, making the tree harder 
to saw. The cuts made to the tree can be reset by pressing 
R, and the points used for collision detection between the 
saw and the voxels can be turned on and off by pressing P.
References: 

“An amputation simulator with bone sawing haptic interaction”, M.S. Hsieh, 
M.D. Tsai, Y.D. Yeh, Oct. 2005

 “Visuohaptic Simulation of Bone Surgery for Training and Evaluation”, D. 
Morris, C. Sewell, F. Barbagli, K. Salisbury, N. Blevins, S. Girod,  Nov. 2006
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RHYTHM GAME WITH HAPTIC DEVICE

Chintan Hossain, Yanzhu Du

Introduction
Rhythm  games  are  a  popular  genre  of  games 
which  simulate  playing  an  instrument.   Notes 
drop down into view and the player must play the 
right notes at the right time.  The more accurately 
the notes are played, the higher the score.  Almost 
all  rhythm  games  available  currently  require  a 
dedicated controller to play.  Haptic devices are 
well  suited  to  replace  dedicated  controllers  in 
rhythm  games,  because  a  haptic  device  can 
simulate  tactile  interactions  with  a  musical 
instrument.

Gameplay
There are four drums within the workspace of the 
haptic device, which are rendered as rigid objects. 
Every time the avatar hits  the top of one of the 
drums, a drum sound is played.  The target notes 
for each of the drums drop into view.  When a 
drum is hit,  the player  gains score according to 
the timing accuracy of the drum hit.

Fig 1. Screenshot of the Haptic Drum game

The game can  be played with  multiple  devices, 
turning it  into a 2-handed game.  One avatar  is 
displayed for each haptic device, and each device 
can hit  any drum within the workspace.   Using 
one device for each hand makes the game more 

fun,  and  allows  more  complex  and  challenging 
beats to be played.

Event Based Haptics
The  game makes use  of  event  based  haptics  to 
make  the  drumheads  feel  stiffer  and  more 
realistic.  When a drum head is hit, the program 
generates a momentum impulse perpendicular to 
the drum head.  This causes user to feel a sharp 
kick upon hitting the drum head, which makes it 
feel like a rigid object.  The momentum impulse 
is  spread out over several  haptic rendering time 
steps  due  to  the  maximum  force  limit  of  the 
device.

Fig 2. A momentum pulse, illustrated in blue, is 
applied upon contact with a drumhead.  This 
kicks the avatar away, making the drum feel 

stiffer.
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Realistic Slicing Sensations using Haptics

Alex Quach

The goal of my project is to accurately model the 
forces  involved  when  slicing  through  various 
deformable objects using a knife. The feeling of 
slicing  through  an  orange,  a  piece  of  meat,  a 
cucumber,  or  a  tomato  is  unique  to  the  sliced 
object,  and  my  project  attempts  to  capture  the 
various sensations that come from slicing through 
each  of  these  objects.  I  came  up  with  a 
parameterized  model  for  expressing  the 
deformability,  surface  stiffness,  and  other 
properties  of  the  layers  of  each  object.  For 
example, the orange’s peel would have a different 
feeling than the fruit itself.

Fig 1. Title screen.

In  Super  Food  Cutter  Panic  2,  the  player  must 
cleanly  cut  through  the  given  object  without 
mangling  it.  The  player  begins  with  an  easy 
object  like  tofu,  before  moving  on  to  more 
difficult objects like oranges and eggs. The player 
must carefully use the haptic device to carefully 
bisect  the  object,  sawing  back  and  forth  as 
necessary.  The  knife  probably  will  not  be 
serrated, so it may take some vigorous sawing to 
get through some of the objects.

Fig 2. Gameplay.

Getting  the  objects  to  be  simulated  well  took 
some  effort,  but  addressing  stability  and  the 
slicing  of  the  polygonal  model  was  extremely 
difficult.  Slicing  is  notoriously  difficult  to  do 
using  standard  polygonal  models.  Voxels  can 
help, but require completely different algorithms 
that I didn’t have time to implement. As for the 
forces, I realized quickly that the haptics device 
could not generate forces large enough to give an 
adequate  cutting  sensation,  and  that  the  haptics 
device  cannot  detect  force.  Because  cutting 
revolves more around the force applied, I had to 
make major concessions in my theoretical cutting 
model  to make it  work.  Furthermore,  I  ran into 
stability issues, because I was often being caught 
in small areas with large deltas in forces applied. 
Since  the  knife  is  wedged  in  the  food  and 
therefore has normal forces from every direction, 
it’s  extremely  easy  for  the  device  to  become 
unstable. A lot of my effort went into attempting 
to keep the device stable while ensuring a good 
experience.  Although I didn’t  get as realistic an 
experience  as  I  wanted,  I  learned  a  great  deal 
about the problems that haptics researchers often 
encounter,  and  got  a  lot  of  experience  with 
constructing a video game.
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Haptic Pottery 

Rifat R Joyee, Narendran Thiagarajan 

 
Haptic pottery is a single person game for pottery 
enthusiasts to get “hands-on” with the art of pot 
making. Players use the falcon to haptically 
interact with the clay on the pottery wheel. A 
variety of tools allow different types of interaction 
with the clay to make different types of products. 
The sound effects add more realism to the 
experience. The haptic pottery has a free form 
mode and a game mode - where the players are 
asked to remake a pot from a given picture. 
 

 
Fig 1. Starting point: Clay on the wheel 

User Experience 

Pottery is made by deforming clay into objects of 
a required shape. Here we simulate pottery by 
starting with cylindrical mount of clay. The player 
uses the falcon to touch the surface of clay and 
shape it similar to real pottery. There are various 
tools they can use to curve out different shapes. 
We have implemented three different tools - 
cylinder, sphere and point tool. The point tool 
makes very narrow groove in the pottery clay, the 
cylindrical tool curves out larger area easily and 
the sphere tool is similar to the cylinder but with a 
round object. 

 

Game Mechanics 

The game starts with a target shape and 
challenges the player to achieve that using the 
toolkit. The score measures how close the user is 
to the target. As the user levels up, the shapes get 

harder and the wheel spins faster. Different tools 
can be selected by pressing 1 to 4. Use ‘a’, ‘s’ and 
‘d’ to select the level. 

 

 
Fig 2. Finished pot 

Techniques 
The technique we use to render the pottery is 
Cylindrical Element Method (by Han, et al.). This 
techniques is based on the fact that clay pots on a 
turning wheel are symmetric about a central 
vertical axis. During collision detection, the 
position of the tool at any point is known. Also 
the since the cylinders are stacked vertically there 
by greatly decreasing the number of cylinders to 
check collision with. If collision is detected 3 
different forces act on the tool - Stiffness, 
Viscosity and Friction. 

 
Texture and Sounds 
To make the graphic experience richer we used 
texture on the pottery wheel, wet clay and 
background. We also use SDL sound library to 
simulate the electric motor under the wheel and 
the background environment. The ambient sound 
is always played for a pleasant user experience. 
There are different sounds for the rotating wheel 
and the tool shaping the clay. 

HAPTIC RENDERING COURSE PROJECTS
A SMALL SAMPLE FROM 2008-2011



Fair Warning

Open-ended projects require extremely heavy 
guidance from the instructors!

Most students learn just enough to get intro 
trouble, but not enough to get out...

This selective sample of excludes many a 
misguided project



Crosscut Saw 
Simulation
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Crosscut Saw Simulation

John Jessen

Overview
This project attempts to realistically simulate the feeling 
of sawing through a tree with a crosscut handsaw. Forces 
against the user's hand are implemented using the chai 3D 
haptic  rendering  library  and  a  Novint  Falcon  haptic 
device. Rendering of the tree structure was implemented 
using OpenGL and C++. Sound was added using SFML.
Implementation: Haptics
To simulate  the forces  applied to the saw when sawing 
through the tree,  a  set  of  points  representing  the tip  of 
each blade on the saw were defined relative to the position 
of the haptic tool in the graphical environment. To allow 
for fast collision detection between the saw points and the 
tree,  the tree  is  rendered  and defined  by a  set  of  cubic 
voxels arranged into the shape of a cylinder. When it  is 
determined that at least one of the points of the saw has 
penetrated the surface of the tree, the projected point of 
the  haptic  tool  position  is  locked  into  place  until  a 
significant enough force is applied to the haptic device to 
destroy the intersected voxels. 

Figure 1. Collision detection and rendering of the tree were 
implemented using voxels and point quads.

This force is determined by the distance of the tool from 
the  projected  point.  To  determine  when  the  user  has 
applied enough force to destroy the voxels intersected by 
the saw, the force applied by the user is divided by the 
number of voxels intersected by the points of the saw. If 
the resulting value is larger than some predefined voxel 
strength threshold, then the intersected voxels are deleted 
and the projected point is moved in the direction of the 
actual tool position.

Implementation: Graphics
Using  voxels  also  allows  for  easy  rendering  of  the 
deformation  of  the  tree.  For  each  voxel  present  in  the 
environment, a point quad is rendered, where the color of 
the quad depends on the distance of the quad from the 
center of the tree. As voxels are destroyed, fewer points 
are rendered, creating the illusion of actually sawing away 
parts of the tree. A simple particle system was also used to 
show sawdust emanating from a lateral cut on the tree.

Figure 2. Contact points used for collision detection are 
presented in red.

Implementation: Sound
In addition to simulating the visual and haptic aspects of 
sawing, two sound tracks of a person sawing forward and 
backward through a tree were used. While the approach 
used  in  this  project  is  somewhat  lacking  in  realism,  a 
portion  of  the  forward  or  backward  sound  tracks  were 
played depending on the location the saw gets stuck in the 
tree  and  the  distance  by  which  the  saw  moves  after 
destroying a set of voxels. To vary the sawing sound, the 
pitch and volume of each incremental sawing sound are 
randomly tweaked from the source sound file. 
User Input
Pressing 3 and 4 will increase and decrease the point quad 
size.  Pressing  1  and  2  will  increase  and  decrease  the 
strength of each voxel in the tree, making the tree harder 
to saw. The cuts made to the tree can be reset by pressing 
R, and the points used for collision detection between the 
saw and the voxels can be turned on and off by pressing P.
References: 

“An amputation simulator with bone sawing haptic interaction”, M.S. Hsieh, 
M.D. Tsai, Y.D. Yeh, Oct. 2005

 “Visuohaptic Simulation of Bone Surgery for Training and Evaluation”, D. 
Morris, C. Sewell, F. Barbagli, K. Salisbury, N. Blevins, S. Girod,  Nov. 2006
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Crosscut Saw Simulation

John Jessen

Overview
This project attempts to realistically simulate the feeling 
of sawing through a tree with a crosscut handsaw. Forces 
against the user's hand are implemented using the chai 3D 
haptic  rendering  library  and  a  Novint  Falcon  haptic 
device. Rendering of the tree structure was implemented 
using OpenGL and C++. Sound was added using SFML.
Implementation: Haptics
To simulate  the forces  applied to the saw when sawing 
through the tree,  a  set  of  points  representing  the tip  of 
each blade on the saw were defined relative to the position 
of the haptic tool in the graphical environment. To allow 
for fast collision detection between the saw points and the 
tree,  the tree  is  rendered  and defined  by a  set  of  cubic 
voxels arranged into the shape of a cylinder. When it  is 
determined that at least one of the points of the saw has 
penetrated the surface of the tree, the projected point of 
the  haptic  tool  position  is  locked  into  place  until  a 
significant enough force is applied to the haptic device to 
destroy the intersected voxels. 

Figure 1. Collision detection and rendering of the tree were 
implemented using voxels and point quads.

This force is determined by the distance of the tool from 
the  projected  point.  To  determine  when  the  user  has 
applied enough force to destroy the voxels intersected by 
the saw, the force applied by the user is divided by the 
number of voxels intersected by the points of the saw. If 
the resulting value is larger than some predefined voxel 
strength threshold, then the intersected voxels are deleted 
and the projected point is moved in the direction of the 
actual tool position.

Implementation: Graphics
Using  voxels  also  allows  for  easy  rendering  of  the 
deformation  of  the  tree.  For  each  voxel  present  in  the 
environment, a point quad is rendered, where the color of 
the quad depends on the distance of the quad from the 
center of the tree. As voxels are destroyed, fewer points 
are rendered, creating the illusion of actually sawing away 
parts of the tree. A simple particle system was also used to 
show sawdust emanating from a lateral cut on the tree.

Figure 2. Contact points used for collision detection are 
presented in red.

Implementation: Sound
In addition to simulating the visual and haptic aspects of 
sawing, two sound tracks of a person sawing forward and 
backward through a tree were used. While the approach 
used  in  this  project  is  somewhat  lacking  in  realism,  a 
portion  of  the  forward  or  backward  sound  tracks  were 
played depending on the location the saw gets stuck in the 
tree  and  the  distance  by  which  the  saw  moves  after 
destroying a set of voxels. To vary the sawing sound, the 
pitch and volume of each incremental sawing sound are 
randomly tweaked from the source sound file. 
User Input
Pressing 3 and 4 will increase and decrease the point quad 
size.  Pressing  1  and  2  will  increase  and  decrease  the 
strength of each voxel in the tree, making the tree harder 
to saw. The cuts made to the tree can be reset by pressing 
R, and the points used for collision detection between the 
saw and the voxels can be turned on and off by pressing P.
References: 

“An amputation simulator with bone sawing haptic interaction”, M.S. Hsieh, 
M.D. Tsai, Y.D. Yeh, Oct. 2005

 “Visuohaptic Simulation of Bone Surgery for Training and Evaluation”, D. 
Morris, C. Sewell, F. Barbagli, K. Salisbury, N. Blevins, S. Girod,  Nov. 2006
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Haptic Pottery 

Rifat R Joyee, Narendran Thiagarajan 

 
Haptic pottery is a single person game for pottery 
enthusiasts to get “hands-on” with the art of pot 
making. Players use the falcon to haptically 
interact with the clay on the pottery wheel. A 
variety of tools allow different types of interaction 
with the clay to make different types of products. 
The sound effects add more realism to the 
experience. The haptic pottery has a free form 
mode and a game mode - where the players are 
asked to remake a pot from a given picture. 
 

 
Fig 1. Starting point: Clay on the wheel 

User Experience 

Pottery is made by deforming clay into objects of 
a required shape. Here we simulate pottery by 
starting with cylindrical mount of clay. The player 
uses the falcon to touch the surface of clay and 
shape it similar to real pottery. There are various 
tools they can use to curve out different shapes. 
We have implemented three different tools - 
cylinder, sphere and point tool. The point tool 
makes very narrow groove in the pottery clay, the 
cylindrical tool curves out larger area easily and 
the sphere tool is similar to the cylinder but with a 
round object. 

 

Game Mechanics 

The game starts with a target shape and 
challenges the player to achieve that using the 
toolkit. The score measures how close the user is 
to the target. As the user levels up, the shapes get 

harder and the wheel spins faster. Different tools 
can be selected by pressing 1 to 4. Use ‘a’, ‘s’ and 
‘d’ to select the level. 

 

 
Fig 2. Finished pot 

Techniques 
The technique we use to render the pottery is 
Cylindrical Element Method (by Han, et al.). This 
techniques is based on the fact that clay pots on a 
turning wheel are symmetric about a central 
vertical axis. During collision detection, the 
position of the tool at any point is known. Also 
the since the cylinders are stacked vertically there 
by greatly decreasing the number of cylinders to 
check collision with. If collision is detected 3 
different forces act on the tool - Stiffness, 
Viscosity and Friction. 

 
Texture and Sounds 
To make the graphic experience richer we used 
texture on the pottery wheel, wet clay and 
background. We also use SDL sound library to 
simulate the electric motor under the wheel and 
the background environment. The ambient sound 
is always played for a pleasant user experience. 
There are different sounds for the rotating wheel 
and the tool shaping the clay. 
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Haptic Toothbrush 
Sammy Y. Long 

Haptic Toothbrush offers the exciting experience 

brushing the virtual teeth with our favorite device 

Novint Falcon! The body and bristles of the tooth 

brush realistically turn and bend as they interact with 

the teeth. User can rotate the device as they like.  

 

Fig 1 Haptic Toothbrush 

Algorithms behind the Brush  
1. Multiple Interacting Points (god-object) 

I extended CHAI3D cGeneric3dofPointer to a 

toothbrush mesh with 6 3dofPointers attached which 

represent the end points of each bristle. God-object 

algorithm detects if the bristle penetrates the tooth, 

updates the proxy, and computes the contact force. 

2. Virtual Coupling Force & Torque   

A virtual coupling spring is added between the virtual 

brush (center of mass) and the real device position, 

with a damping component (Figure2). In each time 

step, the position of the brush is updated by Hooke’s 

Law, given the two forces applied on it: the force 

from the bristles (Fbristle; in green; closer look in Fig3), 

and the force from the coupling spring (Fc; in black). 
Explicit Euler Integration is performed. 

 Fbrush = Fbristle + Fc 

The orientation of the toothbrush is updated, in 

every time step, from the sum of the two torque 

exerted on it: one resulted from Fbristle, and the other 

from the torsion spring. 

Τbrush = r × Fbristle – kRθ - bRω 

 
Fig 2 Virtual Coupling  

3. Spring-Mass Dynamic System for each Bristle 

Each bristle is modelled by a spring which connects 

its end point and its attachment point to the handle, 

named it “bristle spring” (Fig3). The attachment 

points are fixed relative to the brush handle. Each 

end point position is updated according to the two 

forces exerted on it: Fattach, the spring force from the 

attachment spring, and Favatar, the spring force which 

models the contact (god-object). 

Fbristle, the total force exerted by the bristle system 

used in the previous steps, is the sum of all individual 

spring force from each bristle. 

Fbristle = sum (Fattach[i]), 0 ≤ i <6 

 

Fig 3 the Bristle Spring-Mass System  

Reference: 
[1] CHAI3D 

[2] DAB: Interactive Haptic Painting with 3D Virtual Brushes. Bill et al. 

Department of Computer Science, University of North Carolina Chapel Hill, 

NC 
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Lock Picking Simulation

DAVID JOHNSON 



Summary

Identified core topics in haptic rendering

Discussed use of CHAI3D for teaching

Examined pedagogical haptic rendering exercises

Reviewed a sample of course projects



Thank You!
Questions?
http://cs277.stanford.edu

http://cs277.stanford.edu
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