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Haptic Behavior of Virtual 3D Brush Based
on Variable Stiffness and Force Feedback

HUANG Lei", HOU Zengxuan, LI Nannan,ZHANG Dijing,SU Jinghui
(College of Mechanical Engineering, Dalian University of Technology , Dalian 116024, China )

Abstract: For the exterior design of virtual clay model in automotive industry, a novel variable stiffness brush
model and haptic decorating method are proposed using a six DOF input device and based on real —time force feed—
back technology, and the haptic behavior of virtual 3D brush based on variable stiffness is studied in detail. Firstly,
the relationship between brush deformation and endured force is examined by employing the bending spring —mass
model to construct the 3D brush mechanical model. Then, the collision detection between virtual hairy brush and vir—
tual 3D object is studied based on a collision algorithm of Weighted Average Distance. An effective ball expanding op—
eration is used to compute the smallest bounding sphere of the bent brush and then to determine the projection plane.
The 2D footprint produced between the brush and the projection plane is calculated according to the deformation of
the brush at a sampling point, and then, the 3D brush footprint can be obtained by projecting the 2D brush footprint
onto the 3D object surface. The 3D brush stroke is formed by controlling the exerted force and superimposing 3D

brush footprints along the direction of painting. Experiment results show that the adopted method can effectively en—
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hance the reality to users.

Key words : computer haptics; human—computer interaction; real —time force feedback; variable stiffness; colli-

sion detection
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Fig.1 Sketch map of the geometric model of the brush
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Fig.2 The deformation of brush skeleton
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Tab.1 Basic query table about the relation between
the bending deformation and real-time force
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Fig.10 The determination of the 2D brush footprint plane
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Fig.11 3D brush footprint formed by mapping 2D footprint
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Fig.13 A schematic diagram for brush bifurcation
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Fig.15 The interactive haptic decorating system
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Tab.2 Main parameters of virtual hairy brush
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Fig.16 Brush deformations are presented when exerting

different types of pressure on the brush
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Fig.20 Some bifurcation effects of the brush head are created
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