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Curve Design Method on Mesh Surface Based on Distance Constraints
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Abstract:  Existing work of designing curves on mesh surface suffers from issues such as weak robustness, slow convergence, and
narrow application ranges. To address these issues, a distance constrained approach is proposed, which converts the complicated manifold
constraint into distance constraint, and formulates the problem as a constrained optimization combining with smoothness and interpolation
(approximation) constraints. To solve the optimization, the curve is discretized into a poly-line, and the distance constraint is relaxed to
point-to-plane distance by approximating the local surface patch with tangent plane. Since the curve points and the corresponding tangent
points involved in the distance calculation are interdependence, a “local/global” alternating iteration scheme is adopted and the idea of

Gauss-Newton method is used to control the convergence behavior. In the global stage, the iterative step is solved by relaxingthe problem
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into a convex optimization via distance approximation. In the local stage, a robust and efficient projection method is applied to update
tangent planes. Finally, each segment of the poly-line is projected onto the surface by cutting planes. Experiments exhibit that the
proposed method outperforms existing work on various aspects, including effectiveness, robustness, controllability, and practicability.

Key words: mesh surface; curve design; distance constraint; alternating iteration
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Fig.2 Illustration of the distance from a point to its tangent plane
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Fig.4 Generated curves during the iteration on the face model
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Fig.5 Comparison results with different strategies of local neighboring search
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Fig.6 Interpolatory curves on the face model with different values of 4

6 AHUANFELIN, NS AR I (4 L i 2k



3274 Journal of Software #2154 Vol.31, No.10, October 2020

P P A UL 2 AR A 1R 10 N 286 A 25 ) s P 2 A, A 1 380 70 40 i, 4 FLHAE > 0.1 1 0.01 1), Bh 26
BRTGR I ZR Bt AR G FEAS B T B O T i LA il 2R IR D' B AR SR T R s it & i 2 1 e ek S b T R
1 A AXG)HATREE. AN 0.01 AZ0E] 10,4 #h & H6H B4 51l 29[0.0200,0.0133,0.0237,0.0247]. 38 i 0K 1 5246
I, A=0.1 BT 3RAT 11D 1 2 B 008 BUASHE L (¥ D 88 BRI b A ST SE 30 ol S A ABR A 0.1
33 kE=Wm
A LG ST B AR MU I B VR AR S BAT AN A AR SO T SRR 1 2] 3R 1R S G
SHFSCALS B4 Rl 58 5 R 30T 26 7)), 0 F 5 AT T .
o PSSR i SCHR 1207 IR 51 B SRR S T A R SR I B Y B L b B D
PR H T AR 8 B /N Z SR (MLS) Al 5 JR 6 it 28, A5 A5 2802 K0 FRARL I8 7(a) B 7s A R 7 i 7E AR
A i e g B, b A S TG BRI 117.2ms, SCHR[12] 7 B 75 (4 DAL 281.9ms(%48 22 &
80);

o LYK PR FIRE 0 20 B B T R A S DAk H B (A ST 1045 B i 45 SR8 L STHR[12] 1 45 SR 5
G SCHRT 12146 38 A5 B I H A% RIS LA, FLIR 258 75 K a2l T 1) il R BE R 2 A L, IR A
— R R T G A S O P B S B D BRAS AT, Hh T T b A R R
FEPARS T b AR 22 I S B 52 A B A 2% AR B R R0 17 kb AR e v L T 7(a) s 46 SR A i e
R 10 22 5 A 2, g AR SCR 2 2X(5) SR BE I B 5% JUadE AT e A BRI g BE A A 2.497 A+
(IR EA b 2,767

o TR RSCNIETE R B HE SR 1217 BAT R BULFFIEL AR b vt iR N, mT Al DRI o5 il S04 it
DA AN I, AT 5 BB AR, A i 2 R IR S BR VR Cn Bl 7(b) A2 Bom), I AR SC T 1A 2
FFAE L R (T 7(b) 47 TR,

(a) MEAGAEAY B gk (b) Fandisk 157 | (1 il £k

Fig.7 Comparison results of the algorithm!*® and our method
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Fig.8 Comparison results of the algorithmml and our method on the wings of the gargoyle model
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Fig.9 Comarison results for open curves of the algorithm!® and ours
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Fig.10 Comarison results for close curves of the algorithm™! and ours
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BI1L 8 A 4 il
34 1 R
AT vt (8 ih 2k, H R G MES 5E 1 th 2k 12 ) R0 454N T ¥ 8T T 906G 2k coeS AOLTE i
2. TR AL 0 Fi L 20 R R o s, BRIV 2 3(10) R (47 L e 2 SRS S5O 400 5 1, O LU T R R FE U 21
I bR H0 A5 75 1A 2 A A5 21 ' MR [+ IS AT S S ) 4 ot £, ) ozzz’1 o, —ajf 1P Ferdr,qf REEE cot5 gy ATV
2ot o T ARR S 1 SR GRS BE ) i o BRI 4 0.01. B 12(a) BT Jh S - fie 135 7 (A1 e o ) 2, v 4 i

T XA 320 A A S s, T e TR AR PR B AR A W S5 T 2 AR SO, mT A5 2B 12(0) s 1) i 4, AL %
R H T

(a) WIUHI>HILk (b) GG )73 2k
Fig.12 Curve smoothing result on the duck model
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Table 1  Cost time of generating curve on various models
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