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program includes two separate loops—one for updating
graphics and the other for displaying force. The graphics
update rate is maintained around 30 Hz, although it
decreases slightly during the rendering of texture-
mapped objects or deformable surfaces. We provide hap-
tic rendering examples for four types of objects:

(a) Rigid smooth objects: The number of polygons of
each polyhedron we tested ranges from hundreds
to thousands. (See Table 1.) It can be seen that
the haptic servo rate is approximately constant
even if the number of polygons is increased by
approximately 5,000 times.

(b) Texture-mapped objects: Figure 8(a) shows the

simulation of a doughnut with texture mapping.
In this simulation, an image-based haptic-textur-
ing technique is used to map 2-D periodic waves
onto the surface of the object. The users were
able to feel the texture of the object when the
surface of the object was explored with a haptic
device.

(c) Dynamic objects: Multiple objects whose dynamics
are governed by the equations of the motion are
simulated. (See Figure 8b.) Dynamical equations
are solved using the Euler integration technique,
and the state of each object is updated at every
iteration. The user can manipulate the objects to

Figure 8. Examples of haptically rendered 3-D objects that can be touched and felt through a haptic interface: (a) textured
object , (b) objects with dynamics, (c) deformable object. The small ball in the figures represents the cursor (called the ideal haptic

interface point, or IHIP).

Table I. Haptic Rendering Rates for Various 3-D Rigid and Smooth Objects

Object 1 Object 2 Object 3 Object 4

Number of vertices 8 239 902 32402
Number of lines 18 695 2750 97200
Number of polygons 12 456 1800 64800
Haptic servo rate
(kHz) !12 to 13 !11 to 12 !11 to 12 !9 to 10

The results were obtained with a Dual Pentium II, 300 MHz PC running two threads and equipped with an advanced
graphics card (AccelECLIPSE from AccelGraphics). Servo rate results are based on rendering 3-D objects for at least 3
min. Rendering test is repeated at least three times for each object.

Ho et al. 489

Today’s Agenda

• Rendering surfaces with friction 

• Exploring large virtual 
environments using devices with 
limited workspace

[From C.-H. Ho et al., Presence 8(5), 1999.]



Coulomb Friction What is it, and how do we render it?



Coulomb Friction

• Friction force proportional to normal force 

• Static (sticking) friction: 

• Kinetic (sliding) friction:

Ff = µFN

Fs  µsFN

Fk = µkFN



Rendering Friction

• Basic case: avatar

surface
µ = µs = µk

FN = �Fc

Fc



Rendering Friction

• Do we move the avatar?

surface

↵

FN = �Fc cos↵

Ff = �Fc sin↵
???

sin↵ > µ cos↵

tan↵ > µ

Move avatar if



Rendering Friction

• How far do we move the avatar?

↵

↵ = tan�1 µ

surface

how far?



Friction Cone

↵

↵ = tan�1 µ



Friction Cone in 3D

device position

avatar



Static & Kinetic Friction

• Case where static and kinetic 
friction are distinct: 

• Two different coefficients of 
friction gives two friction cones: 
- static friction cone 

- dynamic friction cone

↵ = tan�1 µ

� = tan�1 µk

�
↵

µs 6= µk



Static & Kinetic Friction

• Do we move the avatar?

�
↵



Static & Kinetic Friction

• Do we move the avatar?

�
↵

how far?



Static & Kinetic Friction

• Do we move the avatar?
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Static & Kinetic Friction

• Do we move the avatar?
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Static & Kinetic Friction

• Do we move the avatar?

�
↵



Static & Kinetic Friction

• Do we move the avatar?

�
↵



Coulomb Friction: Summary

• Friction force is proportional to normal (contact) force 

• Construct friction cone(s) from coefficients of friction 

• With a proxy algorithm, we can render forces of static and kinetic friction 
- In general, μs > μk 

• When do we switch between static and kinetic friction cones? 
- This is the crux of Assignment #2, Part II



Friction Demo



Workspace Management



Your Haptic Device

How much workspace does the Novint Falcon 
haptic device have?

< 10 cm



How can we deal with this limitation?



Strategy #1: Absolute Position Scale

rA = s rD/W + rW

• natural, direct mapping 

• navigate large virtual 
environments 
- or small ones

• loss of spatial resolution 
- serious adverse effects on haptic 

performance and stability 

• fixed workspace

PROS 🙂 CONS 🙁



How does your computer mouse interface handle this?

< 25.6”



to coarsely position the controlled object, (e.g., move a
mouse cursors from one object on the screen to another
across a large region of the screen). This type of control
requires that the avatar be very sensitive to device move-
ments so that the avatar will fly rapidly across the screen.
Ballistics also helps to provide accurate control of an ava-
tar when the user wishes to finely position the controlled
object, (e.g., to home in on a particular position). This type
of control requires the avatar be less sensitive to device
movements to allow fine motions. Often, both methods are
combined in a single device movement by the operator:
first the user swings the avatar quickly into a general
region and then he or she homes the avatar in on the target,
back-tracking to the target if the avatar overshoots the tar-
get. 

When the device is moved quickly, ballistics assumes
that coarse positioning of the cursor is desired and a large
distance is mapped to the avatar. When the device is
moved more slowly, ballistics assumes that a finer posi-
tioning of the avatar is desired and therefore a smaller dis-
tance is mapped for the same motion of the interface. 

Equation 2 expresses the relative mapping between the
motion of the avatar and the device during a time interval

of dt where  represents the distance through which the

haptic device has been moved and represents the dis-
tance which the avatar covers during that same period of
time.  is a constant that increases slightly based on

the current velocity of the device, as explained above. 
      

4 Rate control
Rate control is also a commonly used control strategy

that refers to a mapping in which the position of the inter-
face is abstractly mapped to move some kind of mecha-
nism or object. In a computer haptic simulation, where rate
control is applied, there is not a direct physical mapping

between the physical device motion and the avatar motion.
Thus,  rate control paradigm is fundamentally different
from position control in that the interface can be held
steady at a given position but the controlled avatar is in
motion at a commanded or given velocity, while the posi-
tion control paradigm only allows the controlled computer
object to be in motion if the interface device is in motion. 

For example, a common form of rate control is a veloc-
ity derived abstraction in which displacement of the user
object dictates a velocity of the computer object, such as a
vehicle or other graphical object displayed on the screen.
The further the device is moved from the original position,
the greater the velocity of the controlled avatar. Such con-
trol paradigms are very popular in robotic teleoperation
where velocity (or acceleration) of a vehicle is dictated by
the displacement of, for example, a joystick. [14]

Equation 3 expresses the displacement  of an avatar

under rate control during a period of time dt.    corre-
sponds to the device origin position at the center of its

physical workspace and  to the current position of the
device.   

While rate control strategies allow users to control a
simulated object through an infinite workspace without the
disadvantages of indexing, such control paradigms also act
as low pass filters in position control and remove the abil-
ity for the operator to perform fast motions of the avatar in
different directions. Thus haptic tasks like scratching a
rough surface or tapping against a hard object are no
longer possible using such control models. 

5 Workspace Drift Control
An essential observation about human perception is that

people are greatly influenced by what they perceive visu-
ally and often do not notice small deviations of their hand
or other physical members of their body in physical space
unless that small deviation has a corresponding visual
component [18, 19, 20, 23, 24, 25]. This dichotomy
between the physical and visual experience has been used
previously in haptics to simulate force shading for instance
[26] or to render height fields by using only two degrees of
freedom planar haptic displays [27].

In our new control strategy, we make use of this obser-
vation about human perception to create an imperceptible
drift of the physical workspace of the haptic device
towards the area of interaction of the avatar. Slowly shift-
ing the workspace of the device when the avatar is in
motion instigates the user to unconsciously correct this

drd

dra

k vd( )

vd

dra k vd( ) drd⋅=(eq.2) 

Figure 2 - Under ballistic control strategy, faster motions of
the device end-effector translate into larger displacements
of the avatar. 

trajectory of the avatartrajectory of the end-effector

vd

va

dra

rd0

rd

dra kr rd rd0–⎝ ⎠
⎛ ⎞⋅=(eq.3) 

trajectory of the device trajectory of the avatar

[From F. Conti & O. Khatib, Proc. IEEE World Haptics Conference, 2005.]



Strategy #2: Ballistic Control



�rA = s(vD) �rD/W

Strategy #2: Ballistic Control

• adaptive spatial resolution 

• span large workspaces when 
moving fast 

• precise control when slow

• workspace gets shifted or offset 

• essentially requires “indexing” to 
correct offset 
- can use a button or switch on device

PROS 🙂 CONS 🙁



How about mimicking these devices?



Strategy #3: Rate Control

• infinite workspace! 

• no indexing needed 

• viable for Assignment #3

• cannot perform fast motions in 
different directions 
- scratching a rough surface 
- tapping a hard object 

• force feedback is awkward

PROS 🙂 CONS 🙁

vA = s rD/W



Workspace Drift Control

François Conti & Oussama Khatib, 2005

Finally figures 5 and 6 illustrate the user locally inter-
acting with the virtual object. This task is illustrated by
small motions of the avatar in different directions around
the edges of the virtual object.  During this time the con-
troller progressively moves the workspace of the device
towards the avatar, therefore restoring the device at the
center of its physical workspace.

When the device is located near its origin the drift is
negligible but its amplitude increases noticeably once the
user moves towards the edges of the workspace creating
an important distortion between the motion of the opera-
tor's hand and that of the avatar. The drift factor is
expressed by kd and represents the maximum bend that
can occur when the workspace drift is perpendicular to the
motion of the end-effector and when the end-effector
reaches the edges of the workspace. This situation is illus-
trated in figure 7.

6 Results
Our Workspace Drift Controller was directly integrated

within the software drivers of an Omega Haptic device,
therefore decoupling its implementation from the applica-
tion. Initial experiments were performed by manipulating
large objects inside a 3D Haptic Viewer [15] which inte-
grated a finger-proxy type haptic rendering algorithm.
Since the dimensions of the virtual objects were up to 10
times the size of the actual workspace of the avatar (see
figure 8), without using the workspace drift control algo-
rithm, the user could only explore a very small portion of
the environment (1/10th). When the workspace drift con-
troller was engaged, the user could gradually explore fur-
ther portions of the scene.

As presented in equation 4, the workspace drift rate is
regulated by kd which directly dictates the maximum level
of distortion between the physical and visual representa-
tions at the edge of the physical workspace of the device.
We provided a slide bar to the user to adjust the drift gain
kd. Initial results showed that for a 3-DOF Omega Haptic
Device with a physical workspace radius of R = 0.075m
(75mm), a distortion factor of 30% (kd = 0.3) was unno-
ticed by the operators. Beyond this limit (kd > 0.3) haptic

artifacts were observed when the user was interacting with
virtual objects; if a workspace drift occurred during this
time, the user would experience a slip: the sensation of the
object sliding under his or her hand. 

To allow the user to cross large regions of the work-
space, ballistic control was also integrated into our con-
troller and was only triggered when fast motions of the
device occurred. A demonstration program with its source
code is available on the CHAI 3D server and can be down-
loaded at the following address: 
http://www.chai3d.org/projects/wdc/index.html

7 Conclusion and future work
The Workspace Drift Control algorithm presented in this

paper has proven to significantly improve workspace
usage of  haptic interfaces without introducing visual or
haptic artifacts to the operator when reasonable drift fac-
tors are chosen. With this new control approach the opera-
tor can explore much larger workspaces without losing
spatial resolution through high scaling factors and thus
avoid the drawbacks of indexing. 

Future work includes extending this methodology to
haptic devices with higher numbers of degrees of freedom
and pursuing further studies in contact space when multi-
ple collisions and interactions occur between the avatar
and the virtual environment. 

Additional experiments using different types of haptic
devices and a larger number of human subjects will also
help us better define the limits of this approach when peo-
ple begin to perceive haptic and visual artifacts as high
spatial distortions are applied to both the physical and
visual representations of the virtual scene.

Figure 7 -  Moving an avatar along a straight line 
during a workspace drift requires compensating for 
the shift by slightly moving the end-effector in the 
opposite direction of the workspace drift.

motion of
the avatar 

motion of
the hand 

avatar 

workspace drift

rd

ra

fa

Figure 8 - Demonstration within a 3D environment. The vir-
tual workspace is constantly relocated towards the avatar,
therefore maintaining the users hand near the center of the
physical workspace of the device.  

workspace drift

workspace drift

trajectory of the avatar



Main Ideas

• Take advantage of our imprecise 
proprioception 

• Move the centre of the virtual 
workspace to coincide with the 
centre of the device workspace 

• Use the device operator’s own 
motion to apply workspace drift



Initial condition

drift while executing at the same time a task with the
device.

So that the workspace drift remains imperceptible to the
user several conditions are required: Firstly, a workspace
drift may only occur when the user's hand is in motion,
otherwise the user would perceive such drift as an unre-
lated event to the motion of his or her hand. Secondly, the
velocity of the workspace drift should remain proportional
to the velocity of the user's hand so that the magnitude of
the spatial distortion between the physical and visual expe-
rience remains below a boundary level which we will dis-
cuss later on. Finally a small drift of the workspace should
not create any large variations of forces at the end-effector
which would be perceived as perturbations by the opera-
tor.

 In the following figures (3-6), we illustrate our model
by using a 2 degree-of-freedom haptic device [4]. The
same algorithm is used with a 3 dof haptic device and is
presented in section 6.

Figure 3 illustrates the hand of a user holding an end-
effector located at the center of the physical workspace of
the device. The device directly dictates the position of the
avatar as described in equation 1.

To preserve the first two conditions stated above, the

velocity of the workspace drift    is defined by multi-

plying the instant velocity of the device by its current off-
set position from its point of origin. Finally this result is
multiplied by a scalar kd/R where R corresponds to the
radius of the smallest sphere that encloses the device
workspace and where kd  expresses the drift factor which
dictates the maximum level of distortion between the
visual and physical representation when the device is
located at the edge of its physical workspace (worst case
condition).

The velocity of the virtual workspace drift (equation 5)
is obtained by multiplying the device workspace drift by

the scaling factor ks. Once the position  of the work-

space updated we finally compute the position of the ava-

tar  using equation 1.

In figure 4 the operator moves the end-effector towards
the edge of the physical workspace of the device; this dis-
placement is directly mapped to the avatar which moves
towards the virtual object in the scene.

vwd

vwd
kd

R
----- vd rd rd0–⎝ ⎠

⎛ ⎞⋅ ⋅=(eq.4) 

rd

ra

vwa ks vwd⋅=(eq.5)

Figure 3 - The hand of the operator is holding the end-
effector of the device which is positioned at the center of its
physical workspace. The physical workspace is mapped
inside the virtual environment (virtual workspace) and par-
tially includes the virtual object.

physical workspace 
boundaries of the device.

virtual workspace

avatar 

virtual object 

2-dof haptic device

Figure 4 - The operator moves the avatar toward the virtual
object. At the same time the device reaches the border of its
physical workspace.

Figure 6 - The workspace drift instigates the operator to
move his or her hand towards the center of the workspace of
the device.

direction of 
hand drift. 

Figure 5 - The operator interacts locally with the virtual
object. The virtual workspace drifts towards the avatar. 

velocity and direction of  

local interaction
avatar-object

vwa

-vwd

 the workspace drift. 

vwa

graphical display 

of the avatar

[From F. Conti & O. Khatib, Proc. IEEE World Haptics Conference, 2005.]



Motion toward object

drift while executing at the same time a task with the
device.

So that the workspace drift remains imperceptible to the
user several conditions are required: Firstly, a workspace
drift may only occur when the user's hand is in motion,
otherwise the user would perceive such drift as an unre-
lated event to the motion of his or her hand. Secondly, the
velocity of the workspace drift should remain proportional
to the velocity of the user's hand so that the magnitude of
the spatial distortion between the physical and visual expe-
rience remains below a boundary level which we will dis-
cuss later on. Finally a small drift of the workspace should
not create any large variations of forces at the end-effector
which would be perceived as perturbations by the opera-
tor.

 In the following figures (3-6), we illustrate our model
by using a 2 degree-of-freedom haptic device [4]. The
same algorithm is used with a 3 dof haptic device and is
presented in section 6.

Figure 3 illustrates the hand of a user holding an end-
effector located at the center of the physical workspace of
the device. The device directly dictates the position of the
avatar as described in equation 1.

To preserve the first two conditions stated above, the

velocity of the workspace drift    is defined by multi-

plying the instant velocity of the device by its current off-
set position from its point of origin. Finally this result is
multiplied by a scalar kd/R where R corresponds to the
radius of the smallest sphere that encloses the device
workspace and where kd  expresses the drift factor which
dictates the maximum level of distortion between the
visual and physical representation when the device is
located at the edge of its physical workspace (worst case
condition).

The velocity of the virtual workspace drift (equation 5)
is obtained by multiplying the device workspace drift by

the scaling factor ks. Once the position  of the work-

space updated we finally compute the position of the ava-

tar  using equation 1.

In figure 4 the operator moves the end-effector towards
the edge of the physical workspace of the device; this dis-
placement is directly mapped to the avatar which moves
towards the virtual object in the scene.

vwd

vwd
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R
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⎛ ⎞⋅ ⋅=(eq.4) 
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Figure 3 - The hand of the operator is holding the end-
effector of the device which is positioned at the center of its
physical workspace. The physical workspace is mapped
inside the virtual environment (virtual workspace) and par-
tially includes the virtual object.

physical workspace 
boundaries of the device.

virtual workspace

avatar 

virtual object 

2-dof haptic device

Figure 4 - The operator moves the avatar toward the virtual
object. At the same time the device reaches the border of its
physical workspace.

Figure 6 - The workspace drift instigates the operator to
move his or her hand towards the center of the workspace of
the device.

direction of 
hand drift. 

Figure 5 - The operator interacts locally with the virtual
object. The virtual workspace drifts towards the avatar. 
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local interaction
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[From F. Conti & O. Khatib, Proc. IEEE World Haptics Conference, 2005.]



drift while executing at the same time a task with the
device.

So that the workspace drift remains imperceptible to the
user several conditions are required: Firstly, a workspace
drift may only occur when the user's hand is in motion,
otherwise the user would perceive such drift as an unre-
lated event to the motion of his or her hand. Secondly, the
velocity of the workspace drift should remain proportional
to the velocity of the user's hand so that the magnitude of
the spatial distortion between the physical and visual expe-
rience remains below a boundary level which we will dis-
cuss later on. Finally a small drift of the workspace should
not create any large variations of forces at the end-effector
which would be perceived as perturbations by the opera-
tor.

 In the following figures (3-6), we illustrate our model
by using a 2 degree-of-freedom haptic device [4]. The
same algorithm is used with a 3 dof haptic device and is
presented in section 6.

Figure 3 illustrates the hand of a user holding an end-
effector located at the center of the physical workspace of
the device. The device directly dictates the position of the
avatar as described in equation 1.

To preserve the first two conditions stated above, the

velocity of the workspace drift    is defined by multi-

plying the instant velocity of the device by its current off-
set position from its point of origin. Finally this result is
multiplied by a scalar kd/R where R corresponds to the
radius of the smallest sphere that encloses the device
workspace and where kd  expresses the drift factor which
dictates the maximum level of distortion between the
visual and physical representation when the device is
located at the edge of its physical workspace (worst case
condition).

The velocity of the virtual workspace drift (equation 5)
is obtained by multiplying the device workspace drift by

the scaling factor ks. Once the position  of the work-

space updated we finally compute the position of the ava-

tar  using equation 1.

In figure 4 the operator moves the end-effector towards
the edge of the physical workspace of the device; this dis-
placement is directly mapped to the avatar which moves
towards the virtual object in the scene.
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vwd
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R
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Figure 3 - The hand of the operator is holding the end-
effector of the device which is positioned at the center of its
physical workspace. The physical workspace is mapped
inside the virtual environment (virtual workspace) and par-
tially includes the virtual object.
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virtual workspace

avatar 
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Figure 4 - The operator moves the avatar toward the virtual
object. At the same time the device reaches the border of its
physical workspace.

Figure 6 - The workspace drift instigates the operator to
move his or her hand towards the center of the workspace of
the device.

direction of 
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Figure 5 - The operator interacts locally with the virtual
object. The virtual workspace drifts towards the avatar. 
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drift while executing at the same time a task with the
device.

So that the workspace drift remains imperceptible to the
user several conditions are required: Firstly, a workspace
drift may only occur when the user's hand is in motion,
otherwise the user would perceive such drift as an unre-
lated event to the motion of his or her hand. Secondly, the
velocity of the workspace drift should remain proportional
to the velocity of the user's hand so that the magnitude of
the spatial distortion between the physical and visual expe-
rience remains below a boundary level which we will dis-
cuss later on. Finally a small drift of the workspace should
not create any large variations of forces at the end-effector
which would be perceived as perturbations by the opera-
tor.

 In the following figures (3-6), we illustrate our model
by using a 2 degree-of-freedom haptic device [4]. The
same algorithm is used with a 3 dof haptic device and is
presented in section 6.

Figure 3 illustrates the hand of a user holding an end-
effector located at the center of the physical workspace of
the device. The device directly dictates the position of the
avatar as described in equation 1.

To preserve the first two conditions stated above, the

velocity of the workspace drift    is defined by multi-

plying the instant velocity of the device by its current off-
set position from its point of origin. Finally this result is
multiplied by a scalar kd/R where R corresponds to the
radius of the smallest sphere that encloses the device
workspace and where kd  expresses the drift factor which
dictates the maximum level of distortion between the
visual and physical representation when the device is
located at the edge of its physical workspace (worst case
condition).

The velocity of the virtual workspace drift (equation 5)
is obtained by multiplying the device workspace drift by

the scaling factor ks. Once the position  of the work-

space updated we finally compute the position of the ava-

tar  using equation 1.

In figure 4 the operator moves the end-effector towards
the edge of the physical workspace of the device; this dis-
placement is directly mapped to the avatar which moves
towards the virtual object in the scene.
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Figure 3 - The hand of the operator is holding the end-
effector of the device which is positioned at the center of its
physical workspace. The physical workspace is mapped
inside the virtual environment (virtual workspace) and par-
tially includes the virtual object.
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avatar 
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2-dof haptic device

Figure 4 - The operator moves the avatar toward the virtual
object. At the same time the device reaches the border of its
physical workspace.

Figure 6 - The workspace drift instigates the operator to
move his or her hand towards the center of the workspace of
the device.

direction of 
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Figure 5 - The operator interacts locally with the virtual
object. The virtual workspace drifts towards the avatar. 
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Workspace Drift Control

• Drift only occurs when the operator’s 
hand is in motion 

• Velocity of workspace drift is proportional 
to the speed of hand motion 

• Can be combined with ballistic control or 
rate control if needed

vW = s kvDk rD/W

Finally figures 5 and 6 illustrate the user locally inter-
acting with the virtual object. This task is illustrated by
small motions of the avatar in different directions around
the edges of the virtual object.  During this time the con-
troller progressively moves the workspace of the device
towards the avatar, therefore restoring the device at the
center of its physical workspace.

When the device is located near its origin the drift is
negligible but its amplitude increases noticeably once the
user moves towards the edges of the workspace creating
an important distortion between the motion of the opera-
tor's hand and that of the avatar. The drift factor is
expressed by kd and represents the maximum bend that
can occur when the workspace drift is perpendicular to the
motion of the end-effector and when the end-effector
reaches the edges of the workspace. This situation is illus-
trated in figure 7.

6 Results
Our Workspace Drift Controller was directly integrated

within the software drivers of an Omega Haptic device,
therefore decoupling its implementation from the applica-
tion. Initial experiments were performed by manipulating
large objects inside a 3D Haptic Viewer [15] which inte-
grated a finger-proxy type haptic rendering algorithm.
Since the dimensions of the virtual objects were up to 10
times the size of the actual workspace of the avatar (see
figure 8), without using the workspace drift control algo-
rithm, the user could only explore a very small portion of
the environment (1/10th). When the workspace drift con-
troller was engaged, the user could gradually explore fur-
ther portions of the scene.

As presented in equation 4, the workspace drift rate is
regulated by kd which directly dictates the maximum level
of distortion between the physical and visual representa-
tions at the edge of the physical workspace of the device.
We provided a slide bar to the user to adjust the drift gain
kd. Initial results showed that for a 3-DOF Omega Haptic
Device with a physical workspace radius of R = 0.075m
(75mm), a distortion factor of 30% (kd = 0.3) was unno-
ticed by the operators. Beyond this limit (kd > 0.3) haptic

artifacts were observed when the user was interacting with
virtual objects; if a workspace drift occurred during this
time, the user would experience a slip: the sensation of the
object sliding under his or her hand. 

To allow the user to cross large regions of the work-
space, ballistic control was also integrated into our con-
troller and was only triggered when fast motions of the
device occurred. A demonstration program with its source
code is available on the CHAI 3D server and can be down-
loaded at the following address: 
http://www.chai3d.org/projects/wdc/index.html

7 Conclusion and future work
The Workspace Drift Control algorithm presented in this

paper has proven to significantly improve workspace
usage of  haptic interfaces without introducing visual or
haptic artifacts to the operator when reasonable drift fac-
tors are chosen. With this new control approach the opera-
tor can explore much larger workspaces without losing
spatial resolution through high scaling factors and thus
avoid the drawbacks of indexing. 

Future work includes extending this methodology to
haptic devices with higher numbers of degrees of freedom
and pursuing further studies in contact space when multi-
ple collisions and interactions occur between the avatar
and the virtual environment. 

Additional experiments using different types of haptic
devices and a larger number of human subjects will also
help us better define the limits of this approach when peo-
ple begin to perceive haptic and visual artifacts as high
spatial distortions are applied to both the physical and
visual representations of the virtual scene.

Figure 7 -  Moving an avatar along a straight line 
during a workspace drift requires compensating for 
the shift by slightly moving the end-effector in the 
opposite direction of the workspace drift.
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Figure 8 - Demonstration within a 3D environment. The vir-
tual workspace is constantly relocated towards the avatar,
therefore maintaining the users hand near the center of the
physical workspace of the device.  
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Workspace Management: Summary

• Many feasible strategies exist for managing a device’s limited workspace 

• Absolute position scale is easy and direct, but loss of resolution is bad 

• Ballistic control works well for mice, but requires “indexing” or clutching 

• Rate control makes haptic interaction difficult, but can be effective when used 
carefully in specific workspace regions 

• Workspace drift control tries to combine the best qualities of these strategies


