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Abstract: This paper presents a geodesic-based constrained deformation method for polygonal mesh models.
After a user specifies a series of constraints (which may consist of points, lines and faces), their effective radii,
maximum displacements, scaling, and rotation angles, the method creates the deformation weights for the vertices
of the mesh surfaces using the field values determined by the geodesic distances between the vertices and the
constraint sources. Compared with the traditional constrained deformation model based on Euclidean distance, this
method can avoid the undesired deformation on the regions near the constraints. Experimental results show that the
new deformation model is both efficient and intuitive.
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Algorithm FastMarching(G).
Input: A graph G(v,f) of the given mesh surface M and a given shape S,
Output: The updated weight number W, of every triangular node.

1 for every node v,e G {
2. Ww <+
3. Set the flag of vi—— fhp,  to unprocessed;
4. if (vie9
5. Add v; to the minimal heap H,, Wv, «0, and set fhp\,l to active;
6. }
7. do {
8. Vi«—pop the primitive with minimal value from H,;
9. Set fhp, tofixed;
10. for every node v; adjacent to v {
11. if (thetriangle feG incident to v; and vy contains a vertex v, which  fhp,  isfixed){
12. Compute the distance value WV’J for node v;;
13. if (WV’J <in )
14. WVJ <—WV'I ;
15. if (fhp, isunprocessed){
16. Set fhpVJ to active;
17. Addy; toH,,
18. }
19. Update H,;
20. }
21. }
22. }
23.  }while (H,=9)
Novotni  Klein ( 12 )
: 3 Vi,Vo V3, Vi V2
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[21] ) Vi V2 )
) 3(b) Vi ( ) 01 Vi
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30 - . , : :
T(va):
. \AZ v T(va)=min{ T(va)+{[vavall, T(v2) +]Ivaval[} -
. Az AVViVo  AViVoV3, 3(d) , Xy T(va)

© PEBREBALTU bt/ www. jos. org. cn



1547

T(va)=min{ T(Vo)+|[VoVall, T(ve)+[Vavall, T(v2)+]IVavall} -

Vo
> '
Vi (M
(© (d)
Fig.3 Computing the geodesic distance of T(vs3)
3 T(vs)
2
: ( )
R ( ), ( )
1 )
R
2.1
S R, , S
R , S R 2
, Myvill 23
6 4 2
4(r 17(r 22(r
——| = +t=| =] == 0<r<R
f(rR)= 9(Rj * Q[Rj Q[Rj % @
0, r>R
T S R f(r,R) S
p! (2) fp(rlR)!
2.2
221
p=(xy,2) ,d(dy,dy,d,) S Jolr,R) S p
.Displacement(p) , :
Displacement(p)=p+dxfy(r,R) (©)]
2 , , p S R ,Displacement(p)=p, p
; p S ,Displacement(p)=p+d, . 4

© DEEREBAAAIFUN bt/ www. jos. org. cn



1548 Journal of Software Vol.18, No.6, June 2007

goNw

(a) Original model (b) A point source (c) A curve source (d) A surface source
(a (b) (© (d)
Fig.4 Deformation results by displacement
4
222
; S ;
, . (gimbal lock) ,
. p u 20 ¥ g=(sinéu,cosd)=(x,y,z,w),
R(26) 241,
1-2y2-27% 2xy—2wz  2xz+2wy
R(20)=|2xy+2wz  1-2x®-27° 2yz-2w
2xz-2wy  2yz+2wx  1-2x*-2y?
, S u 20 , :
Rotation(p)=R(26xf,(r,R))xp 4
fo(r,R) S p .
5@~ 5(c) . 5(b) ,
R , .
(a) Displacement and rotation (b) Twist (c) Bend (d) Scale
(€) (b) (0) (d)
Fig.5 Deformation results by rotation and scale
5
223
(505, p
Scale(p)=p+(sc—1,5-1,5-1)xfy(r,R)xp (5)
5(d)
3 ,
23
. ( )

© PEBREBALTU bt/ www. jos. org. cn



1549

15 . 1 ,

Table1l Deformation time

1
’ Time cost for calculating "
Model Times of deformation Eﬁ;nbg;f geodesic distance (s) dgg:%ﬁ%g?;
Global calculation | Local calculation
Dragon 1 118 732 0.609 0.062 0.031
Stretch 1 0.015
Bunny | Bend 1 69 451 0.359 0.015 0.016
Twist 1 0.015
Thumb rotation 1 0.000
Thumb rotation 2 Re2 QLo 0.000
Forefinger rotation 1 0.000
Hand 7 Forefinger rotation 2 12750 0.062 0.000 0.000
Forefinger rotation 3 0.000
Forefinger displacement 1 0.063 0.000 0.000
Forefinger displacement 2 0.063 0.000 0.000
1 0 . 3
, 1
IV 2.4GHz,512M PC
, 10 , )

(a) Original model (b) Point constraint source (c) Effective constraint range (d) Deformation result
(a@ (b) (0) (d)
Fig.6 Constrained deformation results for the Dragon model
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Fig.7 Constrained deformation results for the Bunny model
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Fig.8 Constrained deformation result for the hand
8
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