In Experimgntal Robotics VIII, Springer Tracts in Advanced Robotics,
Springer Verlag, New York. 2003. pp. 570-579.

Change of Height: An Approach to the
Haptic Display of Shape and Texture
Without Surface Normal

Vincent Hayward and Dingrong Yi

Center for Intelligent Machines
McGill University, Montréal, Canada, H3A 2A7

Abstract. Several haptic shape display methods rely on the surface normal to
compute a force response. Instead, it is possible to use the change of height of an
interaction point to compute a force response when a subject explores the surface
of an object. The notion of surface normal is no longer needed, and the difficulties
associated with it are eliminated. An experiment is designed to illustrate some
differences between this approach and previous ones. Open questions are mentioned.

1 Introduction

For the haptic display of rigid objects, it is natural to replicate the experience
of point-wise surface exploration by producing a force normal to the simulated
surface whose intensity depends on penetration, assuming frictionless local
deformation of the said surface. With haptic devices moving and returning
forces in three dimensions (e.g. Phantom™, [8]) this model applies directly
and gives rise to specific implementations [17,15]. If n is a vector normal to
the surface, p is the penetration, and r(.) is the response:

fnorm - *T(p) n. (1)

With haptic devices in two dimensions (e.g. [2,1,11], Immersions’s Impulse
Engine™, Gravis’ Xterminator™) the display of the shape of a surface can
be effected by projecting this force onto the workspace of the device [12]. If
that patch is represented by z = S(z,y), then only the lateral component of
the interaction force is returned to the user. This reduces to the calculation
of a force proportional to the gradient of the simulated surface at the contact:

fiat = —r(p) Vz. (2)
It is known that this approach is effective for producing the sensation of tex-
ture (high density of details) [9], smoothing geometric discontinuities [10,18],
building GuI haptic landscapes [5,13], as well as displaying large shapes, even
when penetration is assumed to be constant [14,4].

In terms of the information gained by a user about the shape of a surface,
these equations indicate that, during exploration, this information entirely
originates from the change of the factor n in Eq. (1), or in the factor Vz in
Eq. (2). In the absence of sliding movement, information is provided about
just one point at the surface which contains no indication of shape.
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2 Change of Height Method

While these approaches attempt to artificially replicate some key aspects of
the point-like interaction that occur when exploring an object with a small
tool, they also come with practical disadvantages.

In the first case (3D forces), the system must create by feedback a surface
stiff enough to yield a force of sufficient magnitude even with a small pene-
tration. It is known that this requirement puts demands on the device and
on its control to ensure the absence of limit cycles, of saturation, and of other
deleterious effects. In the second case (2D forces), either force sensing must be
used to measure the actual penetration in the direction normal of the device
workspace, or, if constant penetration is assumed, the device will “slide down
the slopes” on its own. A third problem results from the simulation of the
interaction of a point with a surface. Regardless of the device being used, the
normal may not be defined whenever the virtual surface is not smooth, for
example when it is polyhedral and has edges and vertices.

The proposed shape display method does not have these disadvantages.

2.1 Approach

With point-wise interaction, it was observed that shape information is gained
by a user only when there is movement. Without loss of generality, consider
a surface described with respect to two horizontal coordinates x and y (this
can be done in any orientation, given appropriate coordinate transformations,
or even with other kinds of coordinates, spherical coordinates for example).
Referring to Fig. 1 showing a point C' sliding on a surface under user control,
P is the projection of C so that they are at distance z from each other.
The force direction is given by u the direction of movement to oppose it.
The magnitude of the force returned to the user, instead of representing a
response to penetration, is now proportional to the change in height as the
user explores the virtual surface, the “height gradient” with respect to the
user movement.

Fig. 1. Surface being explored.





























