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Preface

Welcome to the proceedings of the EuroHaptics 2012 conference. EuroHaptics
is the main meeting for European researchers in the field of haptics but it is
also highly international, attracting researchers from all parts of the world.
EuroHaptics 2012 took place in Tampere, Finland, during June 13-15. We re-
ceived a total of 153 submissions in three categories (full papers, short papers,
and demo papers). The review process led to 99 of these being accepted for
publication (56 full papers, 32 short papers, and 11 demo papers). The material
is divided into two volumes. The first volume contains the long papers and the
second volume contains the short papers and demo papers. Owing to schedule
restrictions some of the long and short papers were presented at the conference as
oral presentations and others as posters. In the proceedings, however, all papers
are equal.

Conferences cannot function without the challenging work that the referees
do. They read and consider each submitted paper, often under a tight schedule,
to help the Program Committee choose the best work to be presented. On behalf
of the whole EuroHaptics 2012 Organizing Committee I thank the reviewers for
their effort, including those that we may have unintentionally omitted from the
listings here.

This collection of papers shows, once again, that the field of haptics is of
interest in many areas of science and technology all over the world. I am happy to
serve this community of researchers as the editor of these proceedings. Hopefully,
they will serve us well as a reference and offer many interesting reading sessions.

June 2012 Poika Isokoski
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A Novel Approach for Pseudo-haptic Textures
Based on Curvature Information

Ferran Argelaguet, David Antonio Gémez Jiuregui,
Maud Marchal, and Anatole Lécuyer

INRIA Rennes
{fernando.argelaguet sanz,david.gomez jauregui,
maud.marchal,anatole.lecuyer}@inria.fr

Abstract. Pseudo-haptic textures allow to optically-induce relief in tex-
tures without a haptic device by adjusting the speed of the mouse pointer
according to the depth information encoded in the texture. In this work,
we present a novel approach for using curvature information instead of
relying on depth information. The curvature of the texture is encoded in
a normal map which allows the computation of the curvature and local
changes of orientation, according to the mouse position and direction. A
user evaluation was conducted to compare the optically-induced haptic
feedback of the curvature-based approach versus the original depth-based
approach based on depth maps. Results showed that users, in addition
to being able to efficiently recognize simulated bumps and holes with the
curvature-based approach, were also able to discriminate shapes with
lower frequency and amplitude.

1 Introduction

Pseudo-haptic feedback is a well-known interaction technique that allows to cre-
ate an illusion of haptic properties with the combination of visual stimuli and
passive input devices [7]. When introducing a decoupling between the visual stim-
uli and the users’ actions, the visual stimuli is dominant and can successfully
create something of haptic illusion. Several studies proved that pseudo-haptic
feedback can be used to simulate various haptic sensations such as friction [7],
the degree of hardness or softness of an object [5], the mass of a virtual object
[2] or the relief of a 2D image [6]. Its main advantage is that it does not require
any dedicated hardware device to simulate haptic stimuli. For example, to simu-
late pseudo-haptic feedback in a desktop computer, a standard mouse is enough.
Thus, the pseudo-haptic feedback can be used in a wide range of applications
(e.g. 2D GUIs, video games, virtual reality, tactile images).

In this paper, we focus on the improvement of pseudo-haptic textures [6].
Pseudo-haptic textures allow to simulate the relief of a 2D texture by adjusting
the control-display ratio of the mouse cursor. As the cursor advances along the
texture, the CD ratio is adjusted in a per-pixel basis according to the information
stored in a depth map. Unfortunately, according to haptic studies [ITJ12], using
only depth information does not provide a strong cue for shape discrimination.

P. Isokoski and J. Springare (Eds.): EuroHaptics 2012, Part I, LNCS 7282, pp. 1-{I2] 2012.
© Springer-Verlag Berlin Heidelberg 2012



2 F. Argelaguet et al.

Fig. 1. Comparison of a generated depth map (center) and normal map (right) of a
particular viewpoint of the armadillo model (left). High frequency details cannot be
stored in the depth map due to limited spatial resolution. In contrast, high frequency
details are better preserved in the normal map.

In addition, it is difficult to balance the effect of the depth-based approach for
high depth ranges.

In this work, we introduce the use of curvature information to enhance the
illusion of the pseudo-haptic textures. The curvature is encoded into a normal
map, which provides information about the curvature at each pixel and deter-
mines changes of the local orientation of the surface (see Figure[Il). Normal maps
are commonly used in computer graphics and haptics to store high frequency
data, they can be computed procedurally or using a 3D graphic editing software.
Although the curvature information of a surface is an important discriminant for
haptic perception, as far as we know, there is no study exploring its integration
with pseudo-haptic textures. We believe that curvature information can provide
a stronger cue about the shape of textures than depth information.

The remaining of the paper is structured as follows. In Section 2, we discuss
previous work on pseudo-haptic textures and haptic perception using curvature
information. In Section 3, we present the proposed algorithm based on curvature
information. Next, in Section 4, we detail and discuss the results of the user eval-
uation comparing our approach with the depth-based approach. Finally, Section
5 provides concluding remarks and future work.

2 Related Work

2.1 Pseudo-haptic Textures Based on Depth Maps

Several works have studied the efficiency of pseudo-haptic effects in order to
simulate haptic properties. As one of the first experiments, Lécuyer et al. [7]
simulated friction with a virtual cube moved by the user using a 2D mouse and
a Spaceball. In this experiment, the virtual cube was decelerated when crossing a
gray area by altering artificially the Control/Display ratio (Control refers to the
speed of hand movement while Display refers to the speed of cursor movement).
Here, users were able to perceive “friction” with an increased C/D ratio without
using a haptic device.
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In a posterior study, Lécuyer et al. [6] investigated the simulation of tactile
sensations on 2D textures using a pseudo-haptic approach. The main idea con-
sisted in controlling the speed of the mouse cursor as a function of the depth
information of the texture over which the mouse cursor was traveling. For ex-
ample, when the mouse cursor was moving along a surface with a positive slope,
the speed of the cursor was decreased; on the opposite case, a negative slope pro-
duced an acceleration of the mouse cursor. In these experiments, the users were
able to efficiently identify simulated bumps and holes in the texture. Hachisu et
al. [4] also used the depth information of the textures to combine the pseudo-
haptic effect with visual and tactile vibrations in order to strengthen the tactile
perception.

Mensvoort et al. [§] compared the usability of mechanically simulated haptic
textures with optically simulated haptic textures. The authors used the slope
vector of the texture to increase or decrease the speed of the mouse cursor. In
order to compute the slope, they used the depth map of the texture as source of
information. Later, the same authors [9] compared the perceptual differences of
recognizing bumps and holes using pseudo-haptic textures with the simulation
generated by a mechanical force feedback device. The results showed that in
some cases, for example, for subtle forces, optically simulated haptic feedback
can be even more expressive than mechanical simulations of force feedback.

2.2 Haptic Perception Using Curvature Information

Although previous work present important improvements and applications of
pseudo-haptic textures, there is no study that investigates the curvature infor-
mation of the texture in order to enhance the pseudo-haptic effect. Several prior
studies using haptic devices have shown that the orientation of the surface of
contact is a dominant source of information for perceiving shape [3]. Bernard et
al. [10] presented an experiment in which users had to distinguish an elliptical
cylinder from a circular cylinder using a haptic stimuli. In the elliptical cylinder,
the local curvature varies over the surface, whereas it is constant for the circular
cylinder. The results showed that an ellipse can be distinguished from a circle
when divergences or changes in curvature can be perceived. In contrast, when
curvature information was lacking, shape recognition performance decreased.

Wijntjes et al. [I1] investigated the specific contribution between the curva-
ture (local orientation) and depth cues in order to perceive the shape of curved
surfaces. Their results demonstrated that discrimination performances depend
largely on the availability of local orientation. They also found that a curved
shape that is defined solely by a height profile is hard to discriminate. In a more
recent study, Zeng et al. [I2] constructed a shape-simulating haptic device that
depends totally on the curvature information. The haptic device was able to
move and rotate a flat plate. The rotation angle was dependent on the position
of the contact point and it varied following the position of fingertip in order to
satisfy the local orientation of the curved surface. The results verified that users
were able to efficiently perceive distinct curved shapes.
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3 Pseudo-haptic Textures Based on Curvature

According to the results showed in haptic studies for curvature perception, we
believe that the curvature and local changes of orientation can be exploited in
order to enhance the exploration of a pseudo-haptic texture. While the original
approach [0] only uses depth information to modify the Control/Display ratio,
our proposed method relies on the curvature information of the surface encoded
into a normal map. When the cursor moves from one pixel to another, the CD
ratio is computed according to the curvature at the midpoint of both pixels and
to the changes of the local orientation. Changes in the CD ratio can be seen
as the effect of lateral forces [I]. In the following, we describe the details of
our proposed approach that integrates the curvature information with the local
changes of orientation as important cues for simulating pseudo-haptic textures.
The algorithm differs from [6] mainly for the computation of the CD ratio.

3.1 Algorithm Description

Input. Assuming that the interactive area is restricted to the pseudo-haptic
texture, the algorithm has as inputs (see Figure [ Left): (a) the normal map
(M,,), (b) the current mouse cursor position p,, = (Zm, Ym), (c) the direction of
the mouse m and (d) the physical distance covered by the mouse d,,.

Overview. According to the input variables, the algorithm updates the position
of mouse cursor (starting at p,,) by traversing the texture along the direction
defined by m. Each time the mouse cursor advances one pixel, a new CD ratio
is computed according to the current and previous pixel. The traversal finishes
when the accumulated distance is equal or greater than d,,. Additional details
can be found in [6].

Curvature Computation. In order to compute the CD ratio, we need to
retrieve the curvature information between pixels. Let consider two neighboring
pixels p1 = (z1,91,0) and ps = (x2,y2,0) and their respective normals n; and
ny (see Figure 2 Middle). We define the plane 7 considering the direction of the

‘ cos(a) | X

Fig. 2. Curvature computation summary. Left, top view of the pseudo-haptic texture.
Middle, the computation of the CD ratio only takes into account the projection of the
normals into the plane 7. Right, relationship of the normals of the two pixels with «
and 3.
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mouse m, the viewing direction v = (0,0, —1) and p;. Then, we apply an affine
transformation to m, transforming it into xy plane (referred as 7'); the same
transformation is applied to vectors n; and ng obtaining n} and nj. Finally,
we project the normals nj and n5 into the plane 7’ obtaining nj and nfj (see
Figure [ Right). Notice that the z-axis relates to the direction of movement,
while the negative y-axis relates to the viewing direction. From nf and nj, and
using Equation [I, we can obtain the curvature represented by a and the local
change in curvature (ApB).

cos() = (nf, +nj,)/2

(1)

AB = arccos(nf, ) — arccos(n,,)

The cosine of a determines the magnitude of the slope and its sign and AS
provides information about the change of the local orientation. If A8 > 0, the
slope is locally increasing and vice-versa.

CD Ratio Computation. The computation of the CD ratio has two com-
ponents, the influence of the cos(a) and the influence of AS. First, the cos(«)
is considered as a lateral force which models the friction of the surface. If it is
negative, it applies a force against the movement and vice-versa. As the cosine is
normalized between -1 and 1 we need to apply two scaling constants determining
the maximum and minimum CD ratio. Considering that a CD ratio of 1 refers to
a flat surface (cos(a) = 0), the CD ratio is modeled as shown in Equation[2 &,in,
and kg, are user defined constants determining the maximum and minimum
CD ratio.

. 1 —cos(a) - (1 —1/kpin if cos(a) > 0, kpin > 1

CD ratio = { 1-— cosgag . Ek‘mw/— 1) ) if cosga; <0,kmaz > 1 (2)
However, this formulation accounts for the local curvature but not for changes
in curvature. The same value of cos(c) may result from different values of ny
and ny. As the computation of the CD ratio is done for each pair of pixels,
without considering previous pixels, it would produce unnoticeable effects for
sharp surfaces and edges. For that purpose, the factors k,,q, and k,;, were
adjusted according to AS (see Equation[B]). AS has its units in degrees. If AS ~
0, the CD ratio only accounts for «. Now, &/, ... and k/ ... determine the maximum
and minimum CD ratio when AS = 0. In order to avoid extreme values of k,in
and kinaz, a lower and upper limit can be defined.

kmaz = k;naac : (1 + Aﬁ) (3)

Figure B shows the behavior of the CD ratio according to « and AB. The plot
only considers smooth variations of curvature (Af = £2).
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Fig. 3. CD-ratio variation as a function of ASB and cos(«) for (left) positive slopes,
(right) negative slopes. The upper and lower limit for kmaz and kmin were 30 and 5,
and 4 and 1.5 for k.., and kl,;,.

3.2 Comparison with the Depth-Based Approach

Both approaches exhibit a similar behavior, crossing two pixels with a positive
slope will require a CD ratio greater than 1, and vice-versa. However, the CD
ratio for the depth-based approach is obtained taking into account depth changes
between pixels (Ah). Changes in CD ratio exhibit a linear behavior according
to Ah. Similar to our approach, it also requires to determine the maximum and
minimum CD ratio, but as the depth map is typically normalized between 0 and
1, we also need to provide a scaling factor for the depth map.

In contrast to the linear behavior of Ah, the behavior of cos(a) is not linear.
It provides higher variation for values of a > 37/4 and a < 7/4 (o € [0..7]).
This provides higher precision for surfaces with smaller slopes, thus being easier
for the user to identify them.

Another difference is that our approach is able to simulate C° discontinuities.
One of the results detailed in [6] showed that users tend to recognize sharp
surfaces as smooth surfaces. As we consider local variations of curvature (Af),
non-continuous changes in curvature result in stronger variations of the CD ratio,
which now will be noticeable for the user. All these differences are expected to
provide better shape recognition.

4 User Evaluation

The analysis of the depth-based approach has revealed existing limitations when
willing to recognize pseudo-haptic textures with varying depth ranges. In this
user evaluation we want to explore the limits of the depth-based approach when
trying to recognize shapes with different depth ranges and whether the curvature-
based approach is able to provide better results. For this purpose we have con-
ducted a similar experiment to [6], based on the recognition of simple targets
with different shapes and profiles.
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4.1 Procedure

The visual stimuli was a rectangular area shaded with a constant dark blue of
500px, placed at the center of the screen. Users were presented with a simple task:
identify if the shape placed inside was a bump or a hole. They were instructed
to perform horizontal mouse movements along the boundaries of the rectangular
area. The only feedback provided was the speed of the mouse cursor, which was
adjusted according to the pseudo-haptic technique being evaluated. For each
shape, after ten seconds of exploration an answer screen was displayed, asking
the user to classify the shape. A typical 2AFC protocol was employed, users
could only choose between bump or hole. In order to explore if users were able
to recognize the shape in less time, they could press the left mouse button to
display the answer screen, answering before the time limit. Once the user chooses
an option, the next target is “displayed”. This process was repeated until the
end of the experiment.

4.2 Experimental Design and Hypotheses

Twenty four different targets were considered in the experiment (see Figure M.
They were built according to the Shape (Bump or Hole), the simulated Profile
(Linear, Gaussian and Polynomial), the Height (0.25 and 1, the depth map was
normalized between -1 and 1) and two different Radiuses (100px and 200px).

According to the targets’ configuration and the techniques evaluated, the
independent variables were the pseudo-haptic technique (Depth and Curvature),
the Shape, the Profile, the Heights (High, Low) and the Radius (Large, Small) of
the targets, all considered as whithin-subject. Thus resulting in a 2x2x3x2x2
factorial design (48 combinations). The dependent variables were the number of
misclassified shapes and the time to complete the task. For the task-completion-
time, we only considered the time spent during the active exploration of the
shape.
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Fig.4. Shapes used during the experiment. Linear (green), Polynomial (blue) and
Gaussian (red). The Equation for the polynomial profile was f(z) = 1 — z*.
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The experiment was subdivided into two phases, one for each Technique. Each
phase was also subdivided into three blocks. For each block, users had to classify
the 24 targets which were ordered randomly. For each phase, the first block
was considered as training/adaptation and was not considered in the analysis.
Participants required on average twenty minutes to complete the experiment and
they could take a break at the end of the first phase.

Our main hypotheses were that users would significantly misclassify less shapes
when using the curvature-based approach (H1.1), with higher differences for tar-
gets with a smaller depth range (H1.2). Regarding recognition time, we also ex-
pected lower mean of recognition time for the curvature-based approach (H2.1).
In addition, we also expected a lower mean for the recognition time for targets
with higher depth range (H2.2).

4.3 Experimental Apparatus and Population

The experiments were conducted with a 24” inch monitor with a resolution of
1920 x 1200 pixels, using as input device a standard mouse. The mouse acceler-
ation provided by the operative system was disabled. Participants were placed
at 60 cm from the screen and operated the mouse with their dominant hand.

Twelve volunteers users (undergraduate and graduate students) took part in
the experiment, aged from 23 to 31, 2 females and 11 males. All users had not
experienced pseudo-haptic feedback before.

4.4 Results

For the statistical analysis we used ANOVA analysis. For all post-hoc com-
parisons, Bonferroni adjustments for o = 95% were applied; only significant
post-hoc comparisons are mentioned (p < 0.05).

Error Rate. Regarding the number of misclassified targets versus the Tech-
nique, Radius, Height, Profile and Shape, there were two main significant ef-
fects for Technique (Fy,11 = 8.11,p < 0.01) and for Height (F31; = 18.78,p <
0.001). Post-hoc tests showed that users did more mistakes when employing the
depth-based approach (7.47%) in comparison with the curvature-based approach
(3.47%), thus accepting H1.1. Post-hoc tests also showed that users had more
difficulties to classify targets with lower height, which also supports H1.2. No
main effects were found for shape, radius and profile.

The two-way interactions found significant were Radius and Height (F} 11 =
6.76,p < 0.01), Technique and Height (Fy 11 = 5.42,p < 0.05), Technique and
Radius (F1 11 = 6.64,p < 0.01). The ANOVA also showed a three-way significant
interaction between Technique, Radius and Height (F7111 = 9.58,p < 0.005).
Post-hoc tests showed that users performed worst when combining large radius
with lower height, however a deeper analysis, showed that it only happened when
the users were recognizing the shapes with the depth-based approach. The effect
was non-significant for the curvature-based approach.
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Fig. 5. Boxplot of the mean recognition time for each Technique, grouped by Profile,
Radius and Height

Recognition Time. The ANOVA showed main effects for Technique (Fy 11 =
101.13,p < 0.001), Radius (F1,11 = 14.99,p < 0.001) and Height (F} = 276.88,
p < 0.001). Post-hoc tests showed that users were able to recognize the targets
faster with the curvature-based approach (6.03s) than with the depth approach
(4.88s), thus accepting H2.1. In addition, users required significantly more time
to recognize targets with lower height and larger radius, which also supports
H2.2.

The ANOVA also showed two-way interactions and three-way interaction for
Technique, Radius and Height: Radius and Height (F; 11 = 18.52,p < 0.001),
Technique and Radius (Fy 11 = 16.15,p < 0.001), Technique and Height (Fy 11 =
68.53,p < 0.001), and Technique, Radius and Height (Fy 11 = 11.64, p < 0.001).
Post-hoc tests showed that the combination of low height and large radius re-
sulted in the targets which required more exploration time (see Figure [l), spe-
cially for the depth approach (7.9s) than for the curvature-based approach (5.4s).

There was also a two-way interaction effect between Technique and Profile
(F211 = 28.23,p < 0.001) and a three-way interaction between Technique, Pro-
file and Height (Fz11 = 13.68,p < 0.001). Post-hoc tests showed that users
significantly needed more time to recognize the shape using the Depth-based ap-
proach for Gaussian and Linear profiles, specially for targets with lower height.
In contrast, for the curvature-based approach users required significantly more
time to recognize Polynomial profiles (see Figure [).

4.5 Discussion

From the results, we can state that both techniques presented a similar behavior
in terms of shape recognition except for the combination of large radius and low
height. For these targets, users had a significant better recognition performance
and required less time to recognize them with the curvature-based approach.
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At the end of the experiment, most users reported that they focused more in
the deceleration of the mouse cursor rather than in the acceleration to determine
the shape. Several users explained the following simple strategy in order to locate
the shapes: “if the mouse slows down in the first half of the shape it is classified
as a bump and if it slows down on the second half of the shape it is classified as
a hole”.

Figure [ depicts the variation of the CD-ratio when the mouse cursor moves
horizontally from the left side of the target to the right size. Targets with large
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Fig. 6. Evolution of the CD ratio while moving the mouse from the leftmost of the tar-
get to the rightmost (bump shapes). (a,c), targets with large radius and lower height.
(b,d), targets with small radius and higher height. (e,f), 3D representation of the sim-
ulated profiles.
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radius and lower height presented the minimum CD ratio range, being the CD
ratio range for the depth-based approach the smallest. This low CD ratio range
resulted in less perceptible mouse speed changes which made the recognition
of the targets more difficult. In contrast, for the curvature-based approach the
CD ratio ranges were higher (see Figure [0, Left). That is our main explanation
for users being able to easily recognize targets with the curvature-approach.
Although we could have increased the acceleration and deceleration effect for
the depth-based approach it would have increased too much the CD-ratio range
for the other profiles. Acceleration and deceleration factors were adjusted taking
into account the targets having higher depth ranges. Figures [6b] and depict
the CD ratio range for targets with higher slope.

However, the curvature-based approach poses two main limitations. The first
limitation is related to non-continuous surfaces. Our method is not able to recog-
nize a discontinuity and will proceed as if the surface is continuous, which might
result in an unexpected behavior for the user. A possible solution would be to
detect the discontinuities using depth information and apply the depth-based
approach for this situation. The second limitation is high frequency surfaces.
While the depth-based approach will not be able to detect them, the curvature
in this surfaces will change abruptly, resulting in rapid changes of the CD ratio.
This effect can also result as an unexpected behavior for the user. A possible
course of action can be focused on using depth information to smooth the normal
map locally, for instance keep high frequency surfaces close to the viewer and
smooth those further away.

On the other hand, the normal map provides additional information than us-
ing only a depth map; for continuous surfaces depth information can be inferred
from the normal map. In addition, it does not require the usage of a scaling
factor. Furthermore, our approach is also able to account for abrupt changes of
curvature. For example, in the Linear and Polynomial profiles, when the cursor
crosses a discontinuity (C° surface), due to the abrupt change of curvature a
strong change of the CD ratio is provided.

5 Conclusion

Focusing on the limitation of depth for pseudo-haptic textures and the fact that
the curvature information of the surface is considered as an important haptic cue,
we have proposed a novel pseudo-haptic texture approach that takes into account
the local orientation of the surface and how it varies. The Control/Display ratio
is computed as a function of the slope of the surface and the changes of the local
orientation.

An experimental study was conducted in order to compare the proposed
curvature-based approach versus the original approach based on depth. The
study consisted in evaluating the recognition of bumps and holes with different
heights, radius and profiles. The only feedback provided was the variation of
the speed of the mouse cursor. The results showed that participants made less
number of mistakes when employing the curvature-based approach in compari-
son with the depth-based approach. Particularly, a significantly less number of
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errors was obtained for shapes of large radius and low height. Participants also
required more time to recognize the shape of the targets with the depth-based
approach.

As a future work, we plan to explore whether the curvature-based approach

allows to provide better shape recognition for more complex shapes and surfaces
and we also plan to extend the proposed approach to computer generated 3D
environments as well as some other potential applications like surface analysis,
medical simulators, navigation in 3D websites or video games.
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Abstract. In recent years, typical desktop computer screen sizes and
resolutions have increased significantly. The result of this is that a point-
ing device has to travel a much greater distance to navigate the whole of a
computer screen. For motion-impaired operators that suffer from fatigue
or have a limited range of movement this can make a computer inacces-
sible. This paper introduces a new method for cursor navigation using
the Phantom Omni force-feedback device. The newly proposed workbox
is designed to aid the operator with coarse navigation of the cursor and
improve target selection. The proposed method can significantly reduce
the effect of target distracters, which have been a major hindrance to
the development of haptic assistance in graphical user interfaces (GUI).
The workbox has shown to significantly improve computer access for op-
erators with a limited range of movement by giving them the ability to
navigate all of a computer screen.

Keywords: Haptics, haptic assistance, cursor navigation.

1 Introduction

Computer access for a person with disabilities can significantly improve their
quality of life and provide them with much greater independence. Resources such
as the Internet and Office applications are a major asset in both educational and
working environments but without a suitable interface they cannot be exploited
easily. A computer is a highly versatile tool where both software and hardware
techniques can be developed to help overcome many obstacles that a disabled
person may encounter.

One of the primary tasks when using a computer is to navigate the on-screen
cursor using a pointing device. According to Dennerlein et al. the use of a point-
ing device accounts for 30-80% of all time spent working at a computer [7]. The
use of a pointing device can be a challenge for many motion-impaired computer
users. According to Hwang et al. symptoms such as tremor, spasm, muscle weak-
ness, partial paralysis, or poor coordination can make standard pointing devices
difficult, if not impossible, to use [12]. In recent years typical desktop computer
screen sizes and resolutions have increased significantly. The result of this is
that the pointing device has to move a much greater distance to navigate the

P. Isokoski and J. Springare (Eds.): EuroHaptics 2012, Part I, LNCS 7282, pp. 13-24] 2012.
© Springer-Verlag Berlin Heidelberg 2012
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whole computer screen, which is a major difficulty for people who suffer from
fatigue or have a limited range of movement. Standard pointing devices often
do not provide motion-impaired operators with sufficient access to a computer.
Each disability is unique to each individual and although two people may have
the same diagnosis their level of impairment may differ significantly. As a re-
sult there is not one single assistive input device that will meet the needs of all
motion-impaired people, since each person’s needs and abilities are different.

Alternative cursor control techniques have developed significantly in recent
years such as head tracking and eye gaze. These offer the ability to control the
cursor through processing video camera images to determine the direction of
the cursor on screen. These have shown to be especially effective in providing
computer access for people that are quadriplegic. However, previous studies have
shown that it is often difficult for motion-impaired operators to perform precise
manipulations using these techniques. Many difficulties have been highlighted
with calibrating the equipment [I§]. Modern image processing and eye-tracking
systems have resolved many of these shortcomings but tracking systems are
still comparatively expensive and require great user concentration and efforts to
achieve precise cursor control.

Haptic technology utilises the sense of touch to enable the operator to phys-
ically interact with the environment in which they are working. The inclusion
of haptic feedback in point-and-click tasks has been shown, in several cases, to
improve interaction for able-bodied and motion-impaired computer users. These
improvements have been observed both in terms of cursor navigation and target
selection [I3] [I5]. There are many haptic devices available with varying degrees
of freedom (DOF). According to Langdon et al. increasing the degrees-of-freedom
can improve interaction rates if implemented carefully so that the extra freedom
does not over complicate the interface or increase the cognitive workload [16].
There are valid reasons for choosing the 3DOF Phantom Omni such as the abil-
ity to pass over target distracters more easily. This is discussed in greater depth
in Section 211

The aim of this study is to explore ways to make a computer more accessible
for motion-impaired users through haptic feedback. To permit the development
of haptic assistance we introduce the concept of the workbox in which the user
will interact. The technique utilises a rate / position hybrid method to permit
rapid cursor navigation whilst allowing accurate target selection. The technique
will benefit users that suffer from fatigue or have a limited range of movement
as they will be able to navigate the whole of a computer screen from within the
confines of the workbox. The implementation of this new technique is discussed
in greater depth in Section Bl

The remainder of the paper is organised as follows: Section 2l gives an overview
of work related to the development of haptic assistance for motion-impaired
computer users. SectionBldescribes the methods used to conduct the experiment.
The results of the study are presented in Section @l Finally, the conclusions and
discussion are drawn in Section
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2 Related Work

A number of studies have been undertaken that have attempted to assist motion-
impaired computer users in human-computer-interaction (HCI). For haptic as-
sistance to truly benefit motion-impaired operators it must be able to be applied
to existing interfaces that they wish to use. The following subsections identify a
number of difficulties that have hampered the development of haptic technology
in GUT’s.

2.1 Target Distracters

Under normal conditions the majority of motion-impaired computer users do not
have difficulty with the navigation phase of a point-and-click task [15]. However,
when haptic cues are placed around icons to help with target selection this
can disrupt the navigation phase due to the introduction of target distracters.
A target distraction occurs when the cursor has to pass through an undesired
haptic cue before reaching the destination. The target distracter can disrupt
the position of the cursor due to the force imposed on the operator. Hwang et
al. state that target arrangements requiring the cursor to pass through other
haptically enabled items can be detrimental to user performance and should be
avoided [12].

Studies specific to motion-impaired operators have identified distracters as
an issue for haptic development [3] [II]. Gravity wells are commonly used as
a method for assisting target selection [I3] [15]. When exiting a gravity well
distracter the cursor will often overshoot which can impede the next task. This
problem is amplified with icons in close proximity of each other because the
overshoot can land the cursor into an undesired neighbouring target. This in-
creases user fatigue because the operator has to physically oppose the force of
the gravity well before exiting the target.

Gunn et al. suggest that there may be valid reasons for a skilled user to
want to ignore the advice provided by a computer system [I0]. They go on
to argue that force feedback might limit this ability to ignore the advice and
therefore be less effective as an aid. This has been observed especially with a
2DOF device where target distracters make an interface frustrating to use due
to the operator continually having to oppose forces from distracters to reach the
destination. A 3DOF device offers the potential to reduce the effects of target
distracters by allowing the operator to lift the stylus off the page, pass over the
target distracters and then resume the target selection. However, this can disjoint
interaction as the operator has to continuously lift the device off the page and
then re-apply it for each operation. Asque et al. produced a haptic cone approach
that does not impose a force on the operator and therefore distracters can be
exited more easily [3]. Ideally the operator would not have to pass through any
type of distracter on course to the target.

A possible solution to target distracters is to use target prediction techniques
to only enable the haptic cues that the operator requires. A number of studies
have investigated target prediction by analysing the cursor trajectory [2] [17].
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These techniques monitor the current path of the cursor to predict the path
and distance to the target. The difficulty with this technique is that operators
do not always follow predictable paths towards a target. Holburt et al. have
attempted to use target prediction to reduce the effects of target distracters for
people with motion-impairments [I1]. The targeting performance of the partic-
ipants improved significantly when the haptic effect was applied to the correct
target. Unfortunately within the study the rate of correctly predicted targets
was only 23% which meant that the overall improvement was unclear. This low
performance rate was due to the much lower predictability of data produced
from motion-impaired operators and the sensitivity of the Logitech Wingman in
a limited workspace.

2.2 Factors Affecting Fitts’ Law

Fitts’ Law is a mathematical model of human motor performance which predicts
the movement time (MT) from one position to another as a function of the
distance to a target (A) and its size (W). Fitts’ Law is given below in Equation
[l The variables a and b are empirically-determined constants where a represents
the start/stop time of the device and b is the speed of the device.

MT = (a + b)ID where ID = log((A/W) + 1) (1)

What can be deduced from Fitts’ Law is that targets that are larger and closer
together will be easier to select, whereas smaller targets that are further away
will be more difficult. These factors have a large influence on the design of
GUT’s. Previous studies have shown that Fitts’ Law is appropriate for motion-
impaired operators [I4]. Therefore, if it is possible to increase the size of the
targets or reduce the distance between them then this could significantly improve
interaction rates for motion-impaired users.

As the screen resolution of modern monitors increases the distance in cursor
displacement between icons will often increase. The definition of Fitts’ law indi-
cates that mouse efficiency has decreased with the increase of screen resolution.
For example, Microsoft Word 1.0 was designed for a screen resolution of 640x480
with toolbar button dimensions of 20x20. However, the same button in Microsoft
Word 2010 may be displayed on a screen with resolutions in excess of 1920x1080.
The button size will have remained unchanged but it is likely that the cursor
will be much further away than it could have been on a 640x480 display. This
can cause difficulties for motion-impaired operators because they have to physi-
cally move the pointing device a much greater distance to reach the destination.
The increase in distance to the target will lead to an increase in movement time
(MT) and user fatigue. The increase in resolution also means that the targets
on screen are visually much smaller. Screen magnifiers are useful for increasing
the visual size of the target but they do not increase its size in terms of device
displacement. Previous studies have used techniques such as reducing the gain
of the device when the operator passes over a target, therefore increasing its
effective width [19]. The workspace of a pointing device and the cursor gain are
closely related to the display resolution on a computer screen.
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The gain or sensitivity of a pointing device determines how far the cursor
moves on the screen for a given input movement. Koester et al. investigated the
gain settings of pointing devices for users with physical impairments [I4]. The
results of the calibration did not provide a significant improvement in perfor-
mance when compared to the Windows XP default. Fitts’ law provides the most
logical reason for this. An increase in gain will reduce the target distance (A) by
reducing the amount of movement required by the device to translate the cursor
a given distance on the screen. It will also reduce the effective target width (W)
of the target and therefore increase the index of difficulty. The simultaneous
changes in target distance and width tend to cancel each other out resulting in
little performance change [14]. The limited workspace of haptic devices has been
identified as a concern for the development of haptic assisted interfaces [§] [11]
[21]. For example, the workspace of the Logitech Wingman is only 4cm x 4cm.
The Phantom Omni has a larger workspace of 16cm x 12cm x 7cm. What this
means is that the whole of the computer screen has to be mapped within the
confinements of the workspace of that device to allow the operator to have direct
positional control of the cursor. As a result the cursor gain often has to be quite
high for haptic devices which increases their sensitivity. A large cursor gain will
reduce the effective width of the targets and make them more difficult to select.
Devices such as the mouse do not suffer as significantly from having to move
larger distances because they have an unlimited workspace. When reaching the
limits of the useable workspace, the operator can lift the mouse, and then put
it down on a new location. This is often referred to as declutching.

Previous studies have investigated a hybrid position/rate control system to
enable both accurate interaction and coarse positioning of the cursor in a large
virtual environment (VE). Dominjon et al. proposed a bubble technique for
interacting with large virtual environments using haptic devices with a limited
workspace [8]. The operator is able to navigate the cursor by pressing against the
semi-transparent sphere in the direction they wish to move. Force-feedback is
provided for interactions between the probe and the sphere. When the cursor lies
within the sphere it is positionally controlled. Casiez et al. propose a 2D passive
haptic feedback system through an elastic ring on top of a touchpad to allow the
user to switch from position to rate control without clutching. Results showed
performance benefits when reaching distant targets, whilst maintaining position
control for precise movements [5]. Stocks et al. state that the spherical navigation
volume in the bubble approach does not correspond well to the workspace of the
haptic device and so they propose a navigation cube that is automatically scaled
to fit the workspace [2I]. The navigation cube is used to translate a protein within
the haptic workspace by moving the probe outside of the walls of the cube in
the desired direction. The speed of translation is dependent on the distance
the haptic probe is from the side of the cube it penetrated. This allows the
user to move slightly outside the cube for fine navigation control and to move
further for faster translation. In this approach no forces of interaction between
the navigation cube and the probe are included to avoid confusion with forces
with the biomolecule.
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2.3 Joystick Control

Joystick control is especially useful for people with severe motion-impairments
and a limited range of movement. A joystick can allow the operator to navigate
the whole of the computer screen with small movements. An isometric joystick
is a pointing device that is able to sense the applied force and translate that
into a proportional velocity of the cursor on the screen. Many motion-impaired
operators are experienced joystick users because they are often used on electric
wheelchairs to give proportional control over speed and direction. The neutral
position of the joystick is useful because it acts as a brake.

However, previous research has consistently shown joystick control to be
slower and have a higher error rate than that of the mouse [4] [9]. A study
by Mithal et al. found that participants complained that the isometric joystick
“was hard to control” [20] and that they had a lot of trouble getting the joystick
to stop in small targets. The reason for this is that tremor causes involuntary
changes in the velocity at which the cursor moves. This makes it difficult for
users to achieve fine control to stop the cursor at a desired point on the screen
and explains why isometric joysticks are hard to control. The harder that a user
pushes, the faster the cursor moves. This is referred to as first order control, while
the mouse’s mapping of mouse displacement to cursor displacement is called zero
order control [20].

The workbox aims to overcome the difficulties of selecting small targets by
allowing direct positional control. One of the major aims of the workbox is to
assist those with severe motor handicaps that have a limited range of movement
in their extremities. The workbox approach has been developed to overcome
many of these shortcomings so that motion-impaired operators can use haptic
assistance with existing GUI’s. The workbox aims to reduce the effect of dis-
tracters, increase the effective width of targets and allows operators to navigate
all of the computer screen. The approach and implementation is discussed in the
following section.

3 Methods

This section introduces the workbox concept and the measures used to evaluate
its performance. The haptic techniques presented in this paper have been imple-
mented using an Open Source API, named CHAI3D [6]. The CHAI3D APT uses
Zilles and Salisbury’s God-Object haptic rendering algorithm [22]. The algo-
rithm tracks a history of contact with a surface. The position of the God-Object
(proxy) is chosen to be the point which locally minimizes the distance to the
Haptic Interface Point (HIP) along a surface and a restoring spring force is cal-
culated between the two. The implementation of the workbox is discussed in the
following section.

3.1 Workbox Implementation

The workbox approach is a rate / position hybrid system where coarse navigation
is rate controlled and fine navigation is position controlled. The workbox can be
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considered as a workspace in which the user will interact. The operator will be
able to navigate the whole of the computer screen whilst only moving within
the confinements of the workbox. The coarse navigation of the cursor is rate
controlled. This is achieved by pressing the proxy against the wall(s) of the
workbox according to which direction the operator wishes the cursor to move.
For example, if the operator wishes to move the cursor to the right hand side
of the screen then they must press the proxy against the right hand wall of
the workbox, as shown in Figure [[{a). The cursor speed is proportional to the
force that the operator is applying to the wall. Unlike the approach by Stocks
et al. [2I] it was decided that force-feedback was required on the walls of the
workbox because it was observed that the device felt too free without feedback
and the cursor would often overshoot the target region. The feedback of the
walls provides essential stability to the hand for motion-impaired operators to
more accurately position the cursor. When the proxy is in contact with the wall
the haptic cues surrounding the targets are disabled. This reduces the effect of
target distracters when the operator is coarsely navigating the cursor. When the
device switch is pressed the position of the workbox is locked to ensure that the
cursor does not slip off the target should the operator accidentally press against
a wall of the workbox. The square surrounding the cursor in Figure [[ib) gives
a representation of the area of the screen that will be magnified in the workbox
window. Once the square is placed around the desired target region then the
operator will be able to begin the target selection phase.
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Fig. 1. An example of how to navigate the cursor to the right hand side of the screen
by pressing the tool against the corresponding wall of the workbox (a). The original
window with the black square indicating the area of the screen that will be magnified
(b). The magnified semi-transparent window with the workbox behind (c).

When the proxy is not in contact with the walls of the workbox the operator
has direct positional control of the cursor within the workbox region. This allows
the precise manipulation of the cursor that is not possible with a joystick inter-
face. During this phase the haptic cues surrounding the targets are re-enabled to
aid target selection. The operator is also presented with a semi-transparent win-
dow which is overlaid on top of the workbox. This repeats a section of the screen
surrounding the cursor, which is depicted in Figure [[(b) by the black square.
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The cursor within the window will map directly to the tip of the virtual tool.
The interface and haptic assistance can be scaled up to help people that have
difficulty selecting small targets. The scaling increases the effective width of the
targets which will make them easier to select. The interface within the workbox
in Figure [[l(c) has been scaled by a factor of three. The magnified window is
not essential for interaction but is useful for giving a visual representation of the
haptic assistance and the scaling of the interface.

User comfort is essential for motion-impaired operators especially when using
a pointing device for long periods of time. When using the stylus grip it is
necessary to provide a comfortable leaning position at the back of the workbox.
A diagonal plane has been chosen to produce the parallelepiped shape shown
in Figure (a). One of the key features of the technique is that the operator
can navigate the whole screen within the confines of the workbox and so its
position in the haptic workspace is crucial to user comfort. The workbox has
been placed at the lower region of the y-axis to ensure that the operator can
reach the four walls whilst still using the wrist rest provided with the Phantom
Omni. An example of this is shown in Figure 2I(b).

Phantom
Omni

(a)

Fig. 2. A side view of the parallelepiped workbox with the Phantom Omni stylus (a)
A scale view of the workbox and its position within the physical workspace of the
Phantom Omni using the stylus grip (b)

3.2 Point-and-Click Task

The experiment often conducted with cursor analysis techniques is based on the
ISO 9241-9 standard for pointing device evaluation [I]. The experiment consists
of 15 circular targets arranged in a circular layout. This is often criticised for
its use with haptics because it does not take into consideration the effect of
target distracters and the circular layout is unrealistic for GUI’s. To evaluate
a more realistic interface the Windows On-Screen-Keyboard (OSK) has been
chosen. The task required fifty successful selections, using the Phantom Omni,
to produce a predefined sentence. Six participants were included in the study
and each person was asked to repeat the experiment three times for each haptic
condition over a twelve week period. The sessions were two hours long and the
order of presentation of the haptic techniques was randomised. The target key is
highlighted in red and data collection begins once the first target is selected. Any
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selections of surrounding keys were recorded by the cursor analysis but ignored
in the textbox sentence. i.e. the operator was not required to delete undesired
key selections. The test group consists of six participants, with varying degrees of
motion-impairment, from the Norfolk and Norwich Scope Association (NANSA).
The participants all had at least three years experience with the Phantom Omni
and were familiar with the haptic feedback. The control condition was the ex-
periment conducted with gravity wells only and the second condition was the
workbox with gravity wells.

4 Results

In this section Condition 1 refers to the experiment conducted with direct po-
sitional control using gravity wells and Condition 2 refers to the workbox with
gravity wells. All but one participant was able to complete the predefined sen-
tence using direct positioning of the Phantom Omni and using the workbox
approach. To provide statistical significance a paired t-test was performed to
compare the mean for each condition.

4.1 Missed-Clicks and Movement time

For both conditions a mean of 0.867 and 0.667 missed-clicks were recorded re-
spectively. There were no statistically significant differences between the two
conditions (t = 0.557, p = 0.607). Previous studies have reported increased er-
ror rates when using rate controlled devices and so it is important to allow direct
positional control for accurate targeting [4] [9] [20].

The mean task completion time for each condition was 175.164 and 223.542
seconds respectively. A statistically significant increase in movement time was
recorded between the two conditions (t = -7.593, p = 0.002). This was expected
and will be caused by the increased time of the rate control phase similar to
that observed with isometric joysticks. However, the movement time when using
the workbox only increased on average by (1 = 0.968 , o = 0.708) seconds per
selection. This increase in time is undesirable but may not be an issue if it allows
an operator access to a computer that they may not otherwise have.

4.2 Distracters along Task Axis

Difficulties are often encountered with distracters especially if more than one
distracter lies along the axis of approach. Within the predefined sentence was
a transition from the P key to E. The cursor trajectories of each participant
have been analysed for this segment. When the operator is pushing against the
walls of the workbox the target distracters are disabled. FigureBlshows the cursor
trajectories of a participant using gravity wells with and without the workbox. It
is clear that there is considerably less positional disruption of the cursor through
other targets along the task axis when the workbox is used.
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(a) (b)

Fig. 3. A cursor trace between keys P and E for a participant using gravity wells (a)
A cursor trace between keys P and E for a participant using gravity wells and the
workbox (b)

4.3 Cursor Control for Severe Impairments

One of the participants has a severe motion-impairment and a very limited range
of motion. They are able to navigate an electric wheelchair using a joystick. The
participant is unable to operate the device switch and so it was not possible to
include them in the point-and-click task on this occasion. However, to demon-
strate the potential benefits of the workbox for someone with a very limited
range of movement we asked the participant to position the cursor within four
squares at the extremities of the screen using direct mapping and then using
the workbox. The cursor trajectories of the two attempts are shown in Figures
M(a) and Hi(b) respectively. The range of movement the participant was able to
produce in the unassisted experiment was approximately 8cm x 8cm in device
displacement. Cursor control at the extremities of the operator’s movement were
less controlled and so a workbox was chosen of size 4cm x 4cm. The workbox
was positioned so that its origin was placed around the centre of the operator’s
movement range. Figure @ illustrates the potential benefits for operators with a
limited but controlled movement range.

(a) (b)

Fig. 4. The cursor trajectory of a motion-impaired operator with a limited range of
movement using the direct mapping of the Phantom Omni (a) The cursor trajectory
of a motion-impaired operator with a limited range of movement using a 4cm x 4cm
workbox with the Phantom Omni (b)
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5 Conclusions and Discussion

The workbox approach allows the operator to rapidly navigate large and complex
GUT’s with a haptic feedback device, whilst still permitting accurate and fast
selection of icons. As screen size and resolutions continue to increase this will
become more important especially for devices with a limited workspace.

Five of the six participants were able to perform a point-and-click task on the
OSK using the workbox. Future work will aim to provide an external switching
method for people more severely impaired such as the sixth participant. No detri-
mental effects on the clicking accuracy were recorded when using the workbox
technique. A mean increase in 0.968s was recorded per selection but this is a small
penalty if it allows the operator access to a computer. The technique has many
benefits for people that suffer from fatigue or have a limited range of movement.
An operator with only a limited range of movement (8cm x 8cm) was able to nav-
igate the cursor accurately across the whole screen using a 4cm x 4cm workbox.
People that suffer from fatigue at their extremities are able to navigate the screen
whilst only moving within the confines of the parallelepiped volume.

Using the workbox approach the gain can be adjusted and it will not affect
the distance that the device has to move as it is a function of force applied to
the wall. This allows a lower gain to be permitted inside the workbox to increase
the effective width of a target and aid icon selection. This gain would not be
permissible on the whole display because the cursor would not be able to reach
the extremities of the screen due to the limited workspace of a haptic device. By
using the workbox approach it is possible to increase the size of the targets both
visually in the magnified workbox window and physically in device displacement.

The majority of toolbars are designed in rows or columns. The workbox has
shown to be effective when navigating along a task axis. When the proxy is
in contact with the wall of the workbox the cursor is allowed to scroll freely
as all haptic cues are disabled. The only distracters that can affect interaction
lie within the confines of the workbox. The four walled approach allows the
operator to accurately navigate the cursor using one or both axes at a time. It
is anticipated that the results produced in this study will be useful in providing
assistance that could significantly improve access to computer software.
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at the Norfolk and Norwich Scope Association (NANSA).
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Abstract. In this paper, we focus on modifying the identification of an
angle of edges when touching it with a pointing finger, by displacing the
visual representation of the user’s hand in order to construct a novel
visuo-haptic system. We compose a video see-through system, which en-
ables us to change the perception of the shape of an object a user is
visually touching, by displacing the visual representation of the user’s
hand as if s/he was touching the visual shape, when in actuality s/he is
touching another shape.

We had experiments and showed participants perceived angles of edges
that was the same as the one they were visually touching, even though
the angles of edges they were actually touching was different. These re-
sults prove that the perceived angles of edges could be modified if the
difference of angles between edges is in the range of —35° to 30°.

Keywords: Pseudo-haptics, Visuo-haptic interaction, Identified Shape
Modification.

1 Introduction

Haptics have become an important modality in recent virtual reality (VR) sys-
tems, and several haptic devices have been recently developed [1I2]3]. However,
because it is difficult to perfectly reproduce the force that we perceive when
touching an object, most haptic devices exhibit very complicated problems. As
a result, it is difficult to apply haptic devices to widely used systems, because a
large amount of preparation work, such as installation and calibration, must be
performed for each person.

While research on haptic presentation in VR systems often concerns active
haptics, an increasing number of works focus on alternative approaches such as
passive haptics, which include pseudo-haptics and sensory substitution. Pseudo-
haptics represent a kind of cross modal phenomenon between our visual and
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haptic senses [4]. The pseudo-haptic approach is a potential solution for ex-
ploiting boundaries and capabilities of the human sensory system to simulate
haptic information without using active haptic systems. For example, when we
are working on a computer, the slowdown of the cursor evokes a virtual fric-
tional force on our hand holding the mouse. This phenomenon can potentially
generate haptic sensations using only visual feedback, without the need of apply
any physical devices.

In our research, we use this cross-modal effect to “change” the shape of an
object, and construct a simple system that can display a variety of shapes, while
the user touches only a simple static physical object (Figll). In other words,
using a visual display and physical device, we aim to exploit visual feedback to
widen the range of what can be physically presented by the device. This system
evokes a pseudo-haptic effect by controlling the displacement of a userfs hand in
the image showing the user touching the static object. By exploiting this effect
in simple devices, we can change the user’s perception of the shape.

In our system, we aim to display complicated shapes that are composed of
primitives. Our system concept is presented in Fig[2l To realize this concept, we
must develop two capabilities. First, we need to display primitives, i.e. convex,
edge, concave, and so on, near the point of contact. Second, we need to set
the relative postures of these primitives in an object. By combining these two
capabilities, we can exploit the pseudo-haptic effect and display various shapes
without applying any physical devices.

First, we used our simple system to confirm the possibility of displaying primi-
tives of areas touched by the user. In particular, we proved that using the pseudo-
haptic effect, users can perceive a variety of curved shapes, while touching only
a physically static cylinder [5].

The next step in our research is to use our system to examine the possibil-
ity of exploiting the pseudo-haptic effect to modify an identified placement, in
particular angles of primitives.
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2 Related Work

While much research exists about cross modal effects between our haptic sen-
sation and other sensations, here we mainly focus on effects between our haptic
sensation and vision, which we aim to use in our system.

Haptic illusion which combines the presentation of forces with manipulated
visual stimuli has a long history, dating back to Charpentier’s size-weight illusion
[6], which showed that subjects estimated the weights of objects with equal mass,
based on their apparent visual size. In his work, it was revealed that subjects
feel the object lighter when it appeared larger in their vision.

Pseudo-haptics, which is an illusional phenomena triggered by this character-
istic of our senses, was first introduced by Lecuyer [7]. Lecuyer et al. had subjects
push their thumbs against a piston, which in turn pushed against an isometric
Spaceball device. Simultaneously, subjects were visually presented with a com-
pressed virtual spring. Even though the Spaceball device was not compressed, the
virtual spring influenced the perception of stiffness of the subjects. We can easily
reproduce this effect using PowerCursor [§], a Flash toolkit used to create inter-
faces that a user can touch. Mensvoort developed this toolkit as part of his work
on the feedback of simulated haptic [9].Pusch et al. proposed a pseudo-haptic
approach, called hand-displacement-based pseudo-haptics (HEMP), which pro-
vides haptic-like sensations by displacing the visual representation of a userfs
hand [I0]. Specifically, their subjects wore a video see-through head-mounted
display (HMD). When they placed their hands in the hole of a pipe, the HMD
presented a virtual image of their hand moving to the right. As a result, subjects
felt a force on their hands, even though they did not exert any physical force.

In addition, some research results show the potential of pseudo-haptic effects
not only on our perception of force but also on our perception of texture and
shape [IT/T2]. Research has shown that when we are presented with conflict-
ing sensory stimuli, our vision usually dominates in our perception of a shape.
Gibson’s work [13] is an example of this type of research, demonstrating that
subjects moving their hands along a straight surface while wearing distorting
glasses, feels the straight surface as if it was curved. The work of Rock and
Victor can be considered as another example of this type of research [14]. They
asked their subjects to hold an object through a cloth while viewing the same
object through a distorting lens. In this experiment, subjects matched the shape
of the test object to the one most similar to the distorted visual image they saw,
rather to the shape they actually touched. Kohli et al. proved that distorting a
pointer showing the position of a device along a flat surface of a desk can change
the perception of the shape of the surface [I5]. Their work revealed that when
subjects traced the device on the flat surface while being presented with the
visual presentation as if they were tracing it on a curved surface, they visually
perceived the curved one.

Other research work revealed that in some cases, even though visual stimuli
are not given complete priority over haptic stimuli, cross-modal effects between
the two sensations can influence our perception to some extent. Nakahara et al.
found that in a mixed-realty system, when users are presented with haptic and



28 Y. Ban et al.

HapticStimuli 300
| —>
v’lsual point monitor
mirror w
web cameras
o |
S
<
VisuakStimuli N
physical| &
ject
115 330 120" (mm)

Fig. 3. Shape display system using effect of a Fig.4. Measurements of our shape
visuo-haptic interaction display system

visual cube-shaped objects with discrepant edge curvatures, they perceive the
curvatures to be somewhere in between the two objects [16].

3 DModification of an Identified Angle of Edges

In designing the display system for sensing a shape, we conducted an experiment
on the pseudo-haptic effects on our perception of shape using a simple system we
composed. In this experiment we confirmed the possibility that pseudo-haptic
effects can assist in generating a perception of an angle of a shape. We focused
on touching an object with a pointing finger, and experimented on the shape
subjects felt when presented with visual and haptic stimuli independently.

3.1 Composition of Video See-through System

We constructed the simple video see-through system shown in Fig[3l In this
system, users are shown that they are touching virtual objects whose shapes
are different from the physical objects they are actually touching. They touch
a physical object placed behind a visual monitor and view it through the 3D
monitor.

We placed two web cameras at locations corresponding to a user’s eyes using
a mirror, and captured images around his hand. In this regard, the binocular
parallax is specified by setting the distance between the cameras to 65mm. Then,
the users sat on a chair and we set their heads to the position we established.
Using the images captured by these cameras, the system realizes a stereoscopic
video see-through display (Fig ).

Touching the physically static object, whose shape is defined as Spnysicais
serves as the haptic stimuli. Watching the image of an object as if the user was
touching another one, whose shape is defined as Sy;sual, Serves as the visual
stimuli. The shape of the object reported by the user as the one perceived as
touching is defined as Sperceived- In this system, we aim to change Sperceived
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without changing the physical shape of the object, by changing Sy;sua to a
variety of Sphysical Shapes and by provoking the pseudo-haptic effect.

The proposed system is implemented by postulating that we can combine
primitives to display various complex shapes. Thus, we must be able to modify
not only an identified primitive shape, but also an identified position and an-
gle of a primitive shape. Using the video see-through system we composed, we
first confirmed that an identified primitive curved surface shape can be modi-
fied. Next, we conducted an experiment on the effects of pseudo-haptics on our
perception of angles of shapes. The shape of the object chosen to be touched by
the subjects was selected to contain edges with various angles, so that we could
easily measure the differences between Sphysicats Svisual and Sperceived-

3.2 Algorithm for Visual Feedback Composition

In this paper, we construct an algorithm used to generate the necessary visual
feedback to provoke the pseudo-haptic effect, and enable us to perceive a variety
of angles of edges with only parallel edges.

We compose an image for visual feedback (I, 7) from the images taken by the
two cameras attached(I..), according to the following procedure(see Figltl).

Calculation of the Distortion between Sphysicat and Syisuar- First, we
compare Sphysical 10 Syisual, and decide how to modify the captured image.

Eztraction of the shape of the object. First we set the background image(I in
Figlel), which was taken in advance. Then, on this background image we overlaid
the virtual object Syisual, and extracted both ends of the angles of Syisuar (11
in Figld). In a similar way, we extracted both ends of the angles of the phys-
ical object Sphysicat, from the image taken by the web cameras(IV in Figlf).
Hereinafter, we refer to this image as the “captured image” (III in Fig6l).

Calculation of the warping space for the displacement of the hand. Using the
positions of the ends of the edges we obtained, we warped the space for the
displacement of the user’s hand as if it was touching Spnysicar(V in Figlf)). To



30 Y. Ban et al.

capture
-aF

composed image
./

i

S physical

background
image

Fig. 6. Procedure for manipulating a visual stimulus

obtain this warping, we displaced point P in I. to point P’ in I,y by the follow
process.

Recognition of the Positional Relation between the Ends of Edges of
Sphysical and Point P
In what follows, the x,y-coordinates of point P are denoted by (xp,yp). The
point of origin and the x and y axis are set as shown in Figl[7l In this coordinate
system, the x,y-coordinates of the ends of edges for both of Spnysicar a0d Svirtual
are computed by the formula presented below. We name the ends of edges of the
physical object L;(i = 0,---,4),R;(i = 0,---,4), and name the ends of edges
of the virtual object L{(i = 0,---,4),Ri(i = 0,---,4). The x coordinates of all
L;(i=0,---,4) are equal to each other. The same also holds for R,R’ and L'.
First, we investigated the domain surrounded by the ends of the edges(A;(i =
0,---,5)) in which the point P belongs. Next, we recognize the positional relation
between point P and its upper and lower edges. In Figl7 the positions of points
T and B, and the lengths of wg,w1,ho,h1 are calculated as follows (for the case
of P e Ai )

wo :wy = (zp —xr,) : (xr, —Tp)
Xy =T =Ip
=yt )
yr = YL, wo + w; YR; YL,
wy
wo + w1y
ho :h1 = (yp —yr) : (yB — ypP)

YB = YL;14 + : (yRi+1 - qu',+1)

Displacement of Point P to Point P’
Using the ratios wg : wy and hg : hy, we can determine the position of point



