Computer Science and Application +EHLAI5 M, 2023, 13(5), 1100-1108 Hans Y
Published Online May 2023 in Hans. https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2023.135108

H EE SR EF B ETNURBSHE) A {4/ BB
FEL Ly R AR N

# A 2 £Y F H

RERE BRPE SRR, L
HRIERFGIH B, Ll

ks HiH: 20234F4H25H; A HEM: 20234F5H23H; kA HM: 20234F5431H

=

RNEBERE RKOPRE. B, RET —MEFNURBSKAG/PMEERESEHMERTR. @
TR ETAHE. WEEERAEES B/ MEMEER. ENURBSHEELH, N THRAN ARER
BiX—E eI EREAEN RIS, RET —ME TR FREENY SEEE . R4 ERE
MERERENT B BERRE, NI ERENTTARE. BE/MIBREREARTEST KRBl
BIRET10%, HHERRERKER0.21 mm,

K27
K%k e, NURBS, MIEER, WARE, RT##itt

Optimized NURBS-Based Modeling of Human
Calf for Accurate Customization of Medical
Compression Socks

Bing Han?, Xi Wang®*, Qiao Li2

'College of Information Science and Technology, Donghua University, Shanghai
2College of Textiles, Donghua University, Shanghai

Received: Apr. 25", 2023; accepted: May 23", 2023; published: May 31%, 2023

Abstract

In this work, an NURBS-based high-precision parametric modeling scheme for human calf is pro-
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posed to achieve rapid and accurate customization of medical compression stockings. To this end,
surface reconstruction of human calf can be implemented through point cloud prepossession and
surface approximation. A particle swarm optimization-based knot placement method was pro-
posed to solve the high-dimensional nonlinear and non-convex optimization problem for knot
vector selection. This proposed method evaluated the merit of knots positions by a given fitness
function to determine the optimal knot vector. The final calf modeling accuracy is observed im-
proved by 10% compared to traditional knot placement method, and the surface reconstruction
error reaches a satisfactory minimum of 0.21 mm.
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Algorithm 1. PSO-based knot placement
Input:
data points of calf qu with parameter pairs (ﬁ,» oV j) ; number of control points m, n; degree of surface £, /; and

parameters related to PSO: three weight factors w, ¢,, c¢,; population size N and iteration number M.

Output:
[U, V]: knots of fitted surface

s’ (u,v) : fitted surface of calf

1:  x, v, pbest, gbest < initialization

2:  FOR i=1 to MDO

3: FOR j=1 toNDO

4 X, < update jth position using Equation (8)
5 UV « decode x; toknots

§” (u,v),é < use the obtained knots U,V to perform the surface approximation introduced in

6 Section 2.2, the fitting error ¢ is then used as the fitness
7 IF ¢ is less than the fitness of pbest; THEN

8: pbest, < update pbest,

9: IF ¢ is less than the fitness of gbest THEN
10: gbest «— update gbest

11: Uy «uy

12: s¢ (u,v)<—§‘” (u,v)

13: END IF

14: END IF

15: END FOR

16: v <« update v using equation (9)

17:  END FOR
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Figure 1. Point cloud pre-processing process
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Figure 2. Fitness variation curve of particle swarm optimization
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Figure 3. Reconstruction process of calf surface
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Figure 4. Surface reconstruction error of the calf
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Table 1. Accuracy of calf surface reconstruction with different number of control points (mm)

= 1. NE B /) bR E E A5 E (mm)

Method 13x7 15x 10 16 x 11 20 x 16 26 x 20 32 x32 36 x 36

NKTP 0.52 0.42 0.37 0.32 0.29 0.25 0.24

PSOKP 0.48 0.37 0.34 0.29 0.25 0.23 0.21
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