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Fiber-Based 3D Cloth Modeling and Garment Simulation with Photorealistic Appearance
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Abstract: Traditional cloth and garment simulation is normally based on the mesh model where cloth and garment are generally
rendered according to the lighting, texture and color setting, which cannot fully reflect their photorealistic appearance. This paper
proposes a novel fiber-based cloth and garment simulation algorithm that facilitates photorealistic appearance. The algorithm first uses the
sphere set constraining the particle perturbation to express the contour of fiber, and then simulates the fiber-based yarn reconstruction
helped by the dynamics and kinematics principle of yarn twisting process. Next, it combines the organization structure of the yarn warp
knitting with the mass spring model to construct the cloth model based on the fiber blocks. Finally, it builds up the hybrid bounding
volume hierarchy of the human body model to speed up the collision detection between the body model and the garment composed of the
fiber based cloth, which helps achieving satisfactory dynamic simulation. Experimental results show that the presented method is valid
and effective, as it can reflect the detail in the fiber level of the cloth models and express the geometric texture and the photorealistic

appearance of garments.
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Fig.2 Fiber simulation based on the particle system

K2 KLf RGN AT 4

© TEBEEKFFSIR  https/ www. jos. org. cn



2590 Journal of Software #4F5## Vol.27, No.10, October 2016

2.2 HERIME

T 3 L T A T o g AR FRATT AT ARG S AR R A R P R 4P 2 BT IR 4P 4 b AR R AR A L G B b A I g
Tl B . A T S I B M AR A 2 4 5 ) AR SR — R B A I 14 D vk, RIS T N 32 3h 2% O AR U TR B
Sy UL BEAOL A ML o 20 D 4 0 o 75 B e R R 4D R R,
22,1 IERMIZ BT TR

BATAT AR AR RE AW 2D 2k 45 52 R b 0 8 x A RIFRRE AR Ab . 203 1 R) de Ji5 A7 e—doe Ak B9 BT 1T 465 i
HE R %5 A E x4, ILAR FEAR AL T B R AU AN IR 2 el

(1) 78 x—dx 5 x P ITTH Ab (¥ 4633 2 5

(2) 1 x—dx 5 x P33 7 1H] A 1) 4 5 0 25 S

FELE AT B x A2 ER AR FE IR I IR AR Ak F 0] T il b 3R W 2 22, TR B 43 3 2D 28 n g o i o 1138 B 2% 5 i

OT /0t +0(VT)/ éx=0ds/ ox )

Hrp TRIRG AR SE,V KRR i ik (L3S s by ek
222 hndRMEh 1 IR

IO IR I, FRA 1 T % RE AR T AE INE8 X 20 Be dx b (1 S, 3 A 1S,

(1) 2028 v v PRI 4 28 T i 7 A FF L T

(2) MFESIH mdx, P m 2 AL L By EAE RN AN

nf e NI B) g 24 R ERAG BI 20 26 Itk 1) 3 1 25 i R

2m(@+V§ﬂ=cgz+m )
ot ox x

o Dy PR K S AP LR M B A o I MR B LA AR T RO R I R HL
223 ZEMEHE NS

I R (3 ), BRI AR ER R 0 IZb 8 LIRS v il A MR IR X, B 5, =0. 258, A 7E 4,B HiA
P B EASN I FAE T 2P 23 5 1,30 BUE 1 BIEEAR SAR AN IR BCA 0), th 7 FR(Q2) W] &1,B% 4,B W 552 41
B oAb A7 2 b, thF m=0,F7 LA 6T / 6x ~ 0. 1)

X IERIZ BN TR 4 B BTN B B C Xf x F53 IR A [R]A7 B 1R B8 R0 3 G 28 1k oy 5 F23K
FF AT BN 4 FR G I I 7 R A

a

S, ~Vila
T =—<%(l-e
= )

5
S a Vi Vi
Tb a ( tla t/b)

Va-b

Hoa 4,8 WS IAIMEE 25,6 2 B,C Wi SR IE 2,5, 9 A s ARIREEH, T, F1 T, 3 AR IN a BLAT b BEIIERBE.

AR S 3 T R A A TT LAY A o) AT 15 26 T 45 2 20 20T R A A T B TRD ) AR A A7 25, A T AR 4R 0 £k

BT 118 B TR B A AL 20 42 1 g i AR
A

D ﬁ% o

C

@ )

Fig.3 Yarn twisting
K3 e
224 ZEBEINEENL R
AR 20 2 20 25 s 1) S B, JRAT T T A58 BT 485 5 2 T R SR A 20 e b1 B 7 8, T A AL 1 b 2 s A 4 ) 1o

© PEBEBPHIFST  hip:/www, jos. org. cn



AEF F BTG R BAIA Z B LREAT A 2591

FE,JF B A3 BN A8 5 1) = e 20 2, 2D BRI T

Step 1. HRAEARANZT A R ICHE (K002 (2 R0ARE AN KL 18 = 252 18] (-9 A8 ) 3E T A KL 135 0 D9 P A IS
B 55 AT HHAR K 2 Be b, 70 3 RS0 S 2

Step 2. MkHi LR LML AN AINAE ¥ ) 2477 R, b DB B 20 vh AN R 1 A s ) v A SR A A B B R Ty
T BT A5 2 ) 20 2 i B B IR 5 (1 A2 A6 175 D0, A5 BIDRL R — I )20 4 BT 6 1A 02 182, 3 A HUBEALL Hh 20 2 I 4 72,
R R s eb k.

Step 3. E73BC I AL B Ja ] T AT AL A B T LA AL B OG0 AT — AN BE LIRS 30, AT 18 Jn 20 26 1)
5P A 2D 2 1) = AR R R S

B 4 R8T s A IMEs Bt FE A SRR, T D93 7548, 3RATT 23 SR 2Lt M g (AR P e P 20

(a) (b)
c) (@
Fig.4 The dynamic process of yarn twisting ((a)~(d) represent the twisting state at the different time)
4 D INTE LR ((a)~(d) 73 2R 7 AN [ I 280 40 Jp 40k 25%)
?‘Zﬂ‘] ﬂH ?%iﬂ G’JQ’/"%% W2 4 o

2.3 LRI

Xf 3 — 2 ARl L2 A 2L
A BT 5 A R D A
UG 23000 e, W R A R I
fﬁu‘ﬂw*ﬂ i :éMiUE] s RFTH () BT LR (b) BBHPALAL
73 4 245 42 (1) = e 5L A1 AE BT Fig.5 Cloth with different organization structures
YL B BATT I BT LS 0 S R[4 R g 1 A

2R IRV T A I 20 2 25 20 3 T
TT 1A 20 2. 0 T K 3 20 A RO,

AN HL A EA, AE S 4R 1 T2 IR Gk 22

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



2592 Journal of Software #4F5## Vol.27, No.10, October 2016

Eﬁ%ﬂﬁ%ﬁﬁﬁﬁﬁﬁ R LR AN BB 20 2 B0 v] LA 3 = 2k JSURZUY), RO R AN A 6 JEORIR i 40 Bt o ik
T AT SO AR G, 2 S IR AT 2 1 . = ¢ U SV RO Wi 8] 6 BT,

8 -

Fig.6 The textured fabric simulation
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Fig.8 Mass-Spring model extracted from the fabric structure
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Fig.9 Dynamic simulation of cloth (the left is the mesh-based model, the right is the particle-based model)
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Fig.12 Static display effect of cloth
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Fig. 13 Local amplification effect of cloth
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Fig.14 The folding effect comparision between the actual cloth and the simulated cloth
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Fig.15 The display effect for the short skirt and T-shirt
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Fig.16 The dynamic display of the fiber-based dress
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Table 1 The number of particles in the different fabric garments

R 1 ARG IS KR EH &

2 RN AICTTIEI SR

T il 6245 377 508

SR 4612 248 250
EACH 8 853 584 705

Table 2 Collision detection and response time for different fabric garments

2 AR GU) MR AR R S A [ N T

Y] A 5 77 YR ARG ARSI A 0 )8 5P 24 B 8] (ms) S5 VR TR AT U 0 1 ST~ 347 B 1] (ms)
T il 43.5 46.1
KA 323 37.2

ERM 84.6 89.3

Table 3 The speed of each frame for different fabric garments
R 3 AR R R

Y A 48 7 VEAE W34 I 7] (ms) A7 VE B WF 38 15 (8] (ms)
T il ! 63 81.3
bk e 49 60

EAHE \ 124.5 147.1
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