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Abstract We present a novel haptic sculpting system where the user intuitively adds to and
carves out material from a volumetric model using new sculpting tools in the similar way to handling
real clay. Haptic rendering and model deformation are implemented based on volumetric implicit
surface. We enhance previous volume-based haptic sculpting systems by presenting fast and stable
force computation on 3D models to be deformed. In order to bridge the gap between fast haptic process
(1 KHz) and much slower visual update frequency(~30Hz), the system generates intermediate implicit
surfaces between two consecutive physical models being deformed. It performs collision detection and
force computation on the intermediate surface in haptic process. The volumetric model being sculpted
is visualized as a geometric model which is adaptively polygonized according to the surface
complexity. We also introduce various visual effects for the real-time sculpting system including
mesh-based solid texturing, painting, and embossing/engraving techniques.

Key words : Haptics, Haptic sculpting, Volumetric implicit surface, Digital clay
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T Qlol FHsiA =t
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AL o83tk A FEZAIS v Ak ALS
He Fe w29 A7 B dE5H0E Wi o
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e v AdSEe] AE siAed
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NS mHA 239 244 £YIE Aol o
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E HE AREA 329 A olBAE 4 sk o)
RooAe 2489 9K, Y, 181 A7E 9oly
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2gE AR A& £ Utk 248 3] Y8
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5.5 B8 M HCjg
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R I
turb( X, b) = 3 # 2; [(27) * noise(2¢, X)] @

Marble(X ) = mColor(D(X )+ a *turb(X , b)) (9)

a7l De HETA UL 2= Xxy,2)o &
o)1, g IEE, be JAFFE Azt dolth

AT AukFE ol mpFoh L= f Waoe
HGd dugs S A AN ANNE g2
23 "e2ys 87%c fSo] Xdo| W¥HE 2
Zr A &Hde A3EtA| ok

B dFdMe ZF 28e HdAM #28(procedural)
wolZ I5E Fi AEYF o)z g o83 w4
A 2R Helg 2Y W ASFoEN TE
3l ® &do 9238 74 s9nk 829 ¢ #X
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ol E2]29 =79} R wat o] WAe @)
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g ot 479 Folrl Hddte AFxEe ol=27] 714
n
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