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A Method for Representing the Shape of a Virtual Object in Real Time

Hiroshi Hoshino*, Ryokichi Hirata*, Taro Maeda* and Susumu Tachi*

We have proposed a system which enables an operator to feel himself/herself touching an arbitrary surface with
edges in virtual environment. This system represents the shape of an object in virtual environment by locally con-
structing its shape around his/her finger tip with Shape Approximation Device(SAD), of which each surface has

convex and concave edges.

In this paper we propose a shape model of an object in virtual environment for this local construction of its shape
and an algorythm of shape representation based on this model. We design the shape model so that it is possible to
construct the represented shape including curved surfaces and curved edges in real time. In this model an object in
virtual environment is divided into quadrangles called patches, and the shape on each patch is described using Bézier
surface, which is suitable to describe a complicated shape. We realized a hardware system which could represent a
shape which included curved surfaces and curved edges in real time.
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Fig.1 Representation of surface and edge

(c) Rotation along
an edge

(a) Translation on
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(b) Rotation on
a surface

Fig.2 Motion for representing surface and edge
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Fig.3 Combination of motions for representing surfaces and
edges

Shape Approximation Device

Active Environment Display

Fig.4 Conceptual diagram of the proposed system
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Fig.5 Block diagram of virtual visual and haptic space representation system
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2. Transmit the shape information
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3. Determine the position and
orientation of a virtual
object at the contact point
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4. Control the position and orientation of SAD .

Fig.6 Flowchart of the proposed algorithm

199749 A



872 2 % ¥ O F H ®F

Fig.7 Changing parts of SAD for representation of edged sur-
face

Fig.8 Adjacent patches
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Fig.10 Coordinate for rerepsenting a virtual surface
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Fig.11 Coordinate for rerepsenting a virtual edge
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Fig.12 Coordinate of the surface of SAD

Fig. 13 Coordinate of the edge of SAD
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Fig.14 Active Environment Display (AED)
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Soint 2 Encoder

(b) Front view

(c) Bottom view

Fig. 15 Passive Master Arm

Fig.16 Shape Approximation Device (SAD)
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Passive Master Arm D& OSREEL, ED 3 AHED
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¥ 5~10 [msec].
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Fig.19 Controlled movement of SAD to represent the edged surface
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Table 1 Experimental result of force vs. displacement

Force [gf] | Displacement [mm)] | Standard deviation [mm]
500 1.57 0.02
1,000 2.59 0.04
1,500 3.57 0.05
2,000 4.65 0.02
2,500 5.62 0.06
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Fig.20 Measured stiffness of a virtual surface

Table 2 Result of linear regression

a[mm/gf]
0.00203

b [mm]
0.552

Regression coeffcient
0.9998

RCWBBREOESZ TH Y, Fig 19 12, A% SAD %/
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Tbb, Fig. 19 50 1 TIHKAEYEOBEO FRIOHE % k-
TBY, 21BN THEMD, 3~6 TIBOLBOHEE - T
wa., FLT, TRBWTHUBEMD, 8, 9 CE-HOTH
OERMo TS, &P, Fig. 19 #oME Lo, Fig 18
FOERIIGT B —EDIRy FE2RLIZDDTHA.

B, COBRIZAMD NNy FROBEINATED, £/3y
F DKk & L3 50 [mm] x50 [mm] BETH 5.
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Fig. A The situation of representing a virtual edge incoorrectly
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