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A Curve Refinement Method Using Joint Similarity

MakoTo SaTon’! and Jous1 Miwafl

This paper presents a novel method for refining Bezier curves while keeping
the similarity in shape. In the method, the criteria to optimize the shape defor-
mation are the similarities in the shape and the joint, and the difference of the
control points of curves. The scaling factors of the similarity at each position
of curves result from optimizing the constraints for curve refinement. Also the
global refinement of curve is achieved by using soft constraints. The method is
suitable for the user interface of interactive applications.
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(a)translation (b)rotation
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Fig.1 Examples of refinement using nearly even scaling factor of similarity.
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0 1 BezierOJO AB
Table 1 Bezier curve AB.

l order [ curve parameter u [ total segments [ start point [ end point l

[ 3 [ from0tol | 20 [ A [ B ]

02 00000000D0O0O000O0O0000O0O0OO00OOO (0 1)
Table 2 The constraints used in the examples of refinement using nearly even scaling factor of
similarity (Fig.1).

constraints H Fig.1(a) [ Fig.1(b) l
joint hard in similarity (Oth., 1st. and 2nd. derivative) Eq.(9,10)
soft in similarity Eq.(7,8),
shape parameter of position v = 0 and 0.5 (each segment),
coefficient of similarity o = —3. x 10~ %
translation A =(0,0), B(C) = (—100,0) | A=(0,0),

(—100, 50)
(

B(E) =
(Az, Ay) A = (0,0), B(D) = (100,0) | A= (0,0), B(F) = (100, —50)
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(a) with soft constraints in similarity

&Q%

(b) without soft constraints in similarity (c) insufficient soft constraints in similarity
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Fig.2 Examples of varying similarity in shape.
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Table 3 The constraints used in the examples of varying similarity in shape (Fig.2).

constraints H Fig.2(a) [ Fig.2(b) [ Fig.2(c)
joint hard in similarity (Oth., 1st. and 2nd. derivative) Eq.(9,10)
softly in similarity Eq.(7,8), softly in similarity Eq.(7,8),
shape u = 0 and 0.5 (each segment), | not used u = 0.5 (each segment),
a=-3.x10"*% a=-3.x10"*%
translation (Az, Ay) A =(0,0),C(D) = (0,-10), B =(0,0)
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Fig.3 Examples of variations of shape with respect to the similarity coefficient.
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Table 4 Variations of curvature with respect to the similarity coefficient.

segment 0 4 8 12 16 19

parameter of position u 0.0 0.5 0.5 0.5 0.5 1.0
curvature (befoer refinement)(x1072 ) 221.6 | 8.663 5.889 -4.723 | -3.383 | -1.661
curvature a=-3x10"" 244.0 | 24.87 | -10.00 | -3.426 | -3.497 | -1.676
(after refinement) | a = —3 x 1072 189.7 | 12.17 4.002 -6.315 | -3.956 | -1.715
( x1073) a=-3x10"3 195.3 | 10.44 | 7.391 | -4.157 | -3.214 | -1.638
a=-3x10"1% 195.4 | 10.40 7.457 | -4.101 | -3.190 | -1.635
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(a) without joint smularlty

S

(b) with joint similarity (translation) (c) with joint similarity (bend)

04 0O0O0OO00O0OO0O0ODOOODOODO
Fig.4 Examples of the shape refinement using joint similarity.
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Table 5 The constraints used in the examples of the shape refinement using joint similarity (Fig.4).

constraints H conditions l

The intersegments of the curve ACB:
00 Hard in the continuity of Oth., 1st. and 2nd derivatives. (Eq.3)
joint The intersegment of the curve ADB:0 The same with the curve ADB.
The joints of the curve ACB with the curve ADB (A and B):
00 Hard in the continuity of Oth. derivatives (Eq.3) and
00 hard in the similarity of 1st. and 2nd. derivatives. (Eq.9,10)
shape Soft in the shape similarity. (Eq.7,8)
00 (u =0 and 0.5 (each segment),a = —3. x 10~%")
Fig.4(a): A = (0,0), B(E) = (-50,0)
translation (Az, Ay) Fig.4(b): A= (0,0), B(FE) = (—50,0)
Fig.4(c): (Az, Ay)A = (0,0), D(F) = (0, —2), B(E) = (—30, —20)
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Fig.5 Examples of multistep refinement.
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