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Abstract: An algebraic B-spline curve fitting algorithm based on the signed distance field is proposed in this
paper. Given a planar point set, the moving least square (MLS) method is adopted to denoise and resample it so that
the resulting point set is with low noise and uniform sampling density. Then the reliable signed distance field of the
preprocessed point set is constructed by using the Level Set method. Finally, an algebraic B-spline function is
adopted to fit the signed distance field by solving a linear equation system. As a result, an algebraic curve is
obtained which is the zero level set of the algebraic function. By using the proposed method, not only the high
quality curve is obtained, but also geometric information around the curve. Furthermore, the unwanted branches in
implicit curve fitting could be avoided.

Key words: curve reconstruction; algebraic B-spline curve; signed distance field; moving least square (MLS)

method; Level Set method
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(@) Fifinis (b) h i /N, 2R AN B (C) h LK, Mg AR (d) R EIERE b B IR 2 R 2OR

Fig.2 The influence of # on MLS denoising results
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(a) Original point set (b) Results by using Lee’s method™  (c) Results by using improved Lee’s method
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Fig.3 The determination of % in the MLS method
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Fig.4 Comparison of point set denoising results
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Fig.5 Resampling the point set
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(a) The original point set (b) The denoising result  (c) The resampling result
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Fig.6 Resampling example
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Fig.7 Generation of discrete distance field
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Fig.8 The example of the curve reconstruction
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(a) The result of field fitting of (b) Iso-Contours of (c) Iso-Contours of
the point set XingNoise field respectively point respectively
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Fig.9 The example of the curve reconstruction
B9 = gt ) S 451

(a) The result of field fitting of (b) Iso-Contours of (c) Iso-Contours of
the point set CrownNoise field respectively point respectively
(@) miz CrownNoise &AL R (b)) BHIWNGHHMEL (c) miUA AL

Fig.10 The example of the curve reconstruction
K10 ek B g se

(a) Reverse (b) RouNoise (c) SthNoise

Fig.11 More curve reconstruction examples based on distance field fitting
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Table 1 Computational costs comparison of two curve fitting methods
F 1 PR S E G N T N TR B AR
Fitting point set Fitting distance field
. Number " Runtime (s)
Point set h

of points Fitting error | Runtime (s) FeI:trl;rg p . Distance Fitting Total
reprocessing field distance field ota
Reverse 132 0.000 7 5.968 0.000 5 0.876 0.094 0.016 0.986
XingNoise 526 0.176 4 6.813 0.1352 2.891 0.125 0.031 3.047
CrownNoise 796 0.486 6 7.672 0.4500 4.204 0.047 0.015 4.267
RuoNoise 940 0.276 5 7.882 0.2413 5.688 0.125 0.030 5.844
SthNoise 969 0.355 7 7.687 0.300 6 4.328 0.062 0.015 5.311

Bl 12, B 13 S T OGO R E w 040G 85 RN RE .3 2 25 HE T w MU [RME I 2045 1) o S I ) 352 22
MF 2 AT LA (1) wloR U5 SR IR ZE K, w L 55 /NI (w<0.00001), Y MIURT 06 45 52 LT
0.4 15 26 5 (1 250 gt il 2 HLP0L -5 R 22 480/ R B A5 3E 1) w(lin w=0.0001);(2) HUA Fty i ) 3= 2 el I 12537 1) 351
SYBEPEVE, BB R PO T SRR Pk B AL I 4ER0(3) 2 w=0 B SR IEAT 4007 U £, 15 AL A L, 5
Ak PN TN R E NG F AN EATS S

(a) w=0.01

(b) w=0.0001

(c) w=0.00001

Fig.12 The curve reconstruction results of the point set CrownNoise with different ws
Bl 12w BUAFME R 52 CrownNoise [ 8 g 45 1

vy

(a) w=0.01

(b) w=0.0001

(c) w=0.00001

Fig.13 The curve reconstruction results of the point set RuoNoise with different ws
13w BUAN[FME I 212 RuoNoise [ 5 g 45

Table 2 The influences of w to the results of reconstruction
T2 NI RE w LA 45 R A m

Point set Prep_rocessing Runtime of distgnce field Weight w Fitting time (s) Fitting
time (s) computation error

0.000 1 30.406 0.912 3

0.000 01 30.406 0.476 8

CrownNoise 4.057 0.125 0 30.031 0.476 8
0 (Fitting along parametric

directions) 0.016 0.476 8

0.0001 29.969 0.804 1

0.000 01 29.875 0.2715

RouNoise 5.801 0.172 0 29.781 0.2715
0 (Fitting along parametric

directions) 0.016 0.2715
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