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Mathematical expression and 3D geometrical modeling of weave diagram

Yang Yunchu''?, Li Jituo®, Lu Guodong®
1. Zhejiang Provincial Research Center of Clothing Engineering Technology, Zhejiang Sci-Tech University , Hangzhou 310018, China
2. Mechanical Engineering Department, Zhejiang University, Hangzhou 310027, China

Abstract: Objective In order to simulate three dimensional appearances and predict the performance of woven fabrics
based on the weave structure, this paper presented a method to create the three dimensional geometrical models of yarn
buckling in woven fabrics directly from weave structural parameters. Method In the method, two steps are combined, in-
cluding weave diagram generation form structure parameters and three dimensional geometrical modeling from weave dia-
gram. In first step, weave diagram is looked as a Boolean matrix. According to the weave category, the yarns interlacing
rules in the weave diagram are described by a series of parameters, such as the float array, crossing number, step number
and the numbers of ends or filling in weave repeat. Several functions are created to generate the matrixes of common single
layer weaves according to these parameters. The weaves are separate into regular weave, quasi regular weaves and un-regu-
lar weave. In second step, the yarn paths are separated into two segment types ( straight line and cosine curve) according to
the warp or filling yarns buckling models. The yarns cross section shape are looked as circle or ellipse. The three dimen-
sional geometrical coordinates of warp and filling yarn buckling path are expressed by some piecewise functions according to
weave matrix. The parameters in these functions include the long radius and short radius of ellipse, the straight distances of

line segment in warp yarns or weft yarns, the straight distances of cosine curve segment in warp yarns or weft yarns, the am-
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plitudes of warp and weft yarns buckling waves. Additionally, the modified functions also are created and two correcting
factors are introduced to simulate three dimensional yarn buckling path by considering the distortion of warp and filling yarns
in woven fabric. The values of the correcting factors can be generated by adopting a sine function or random function.
Result Finally, the three dimensional modeling experiments of single layer woven fabrics were performed. In these experi-
ments, the input information includes weave types, structural parameters, yarn cross section shape and yarn distortion pa-
rameters. The created models in these experiments include plain weave, twill weave, satin weave, compound twill, waved
twill curved twill, interlaced twill. The models of plain weaves with different structural parameter values are compared, in-
cluding yarns cross section shape, yarn counts and the yarn buckling amplitude. The models of twisted plain weaves based
on uniform random function are also compared with untwist plain weave model and the scanned fabric image. The results
show that this method is feasible and convenient. All fabric models in the paper with different input parameters have good
simulated effect. Conclusion This paper proposes a convenient method to create the three dimensional geometrical models
of single layer fabric directly from weave structural parameters, which combined weave matrix generation and yarn buckling
modeling. Only by changing the weave information and fabric structure parameters, the different fabric geometrical models
can be created quickly. The method can not only simulate two dimensional yarn buckling models, but also for three dimen-
sional yarn buckling.

Key words: woven fabric; weave diagram; matrix; geometrical modeling

celle RGE, WL RAFZZLG AL CAD 2405,
R LR 2R UG 2B T S 1L, A 41
Y 3 4 A 5 f2E m g S e
LA W i JLATT 25 A B TR R B2 A Peirce [T AR
AU Peirce M IR JE 24 i B5E Y | Kemp [l 16 JP A5 AL
Hearle B4R 452 g 1 s, Horp, 284

0 35

i

205 5, RN RHLIEDE (BB, iR 454
WAL GBS DL S O HPIEER, A
S A AR RCR . B REA AU R ™ AL

IR T S NERE o AR B TS B
TR BT A 8, o U 15 1 4 ZOR R OR ey , HC
FAHNLIY) 3 4RSI ILE R ik S ISR AOCR E A 21
Yy CAD KM E B T7 1) I3 b, 95 U AT b4 Rk
CELAE IR i A AT, LA 45 M R AEAR R
FREE ERZmE = dh PERE S N . I 2050 R AL
(ET TR TSI (LR GRS AR 1)
SRS YERER SR AR T SZ 258U 3 A JLATRL R
BT IRTR o ASCEE A RNHENLS 412111
e A A2 i o IR | T th ZH S A 24
HEAE 3 EL LAy EART , Sy it — 25 B 21
Y LA 4 5 50 PR REAY G 2 B8 B

1 HEXIE

H T E S ZhE, BT TTg— 954
i CAD 240, M LAL ] CAD JEAE 3, G045 2 1L
211 CAD Zr81) CAD 4%kt 214 CAD (454
¥y CAD (EI{E CAD Z5 46 CAD 45 ; ML () 22 45 T ik )
EAT /A ] Design Scope Victor, 9% [E R % 22 7 4124 B
JF K B ScotWeave 24t faf 2% NedGraphics 2\ 7] Tex-

Peirce [ T A5 A1 4538 4 1 55 0 o AR 2% 214005 1
Peirce fi[FJEALAY  Kemp HiiEJE AR Hearle 1545
TEARRY 25 18 T 2 AE Ak s Fe b 2 B 5 1 7 AR T
AR TERCR Bl T B 2 L

N
5

(a) Peirce[ @ JEREIY  (b) Peircelfi [ AR

>
!

(c) Kemplfl i LAY (d) HearleiZ 55 ALY
Bl 1 BRI S5k J LA AR R

Fig.1 Typical geometry models of woven fabric structure

BT LR U] 25 A B | — B R T 4
YUY 3 AE A ) k. Sabit 2 MR R E 40 2
PRI Y, ) I 5% Hh A 2D 26 J fih #5428, P & T
LW 3 4e it 500 R4, Tuba 25 AW 26 T4
[ 2 20 £ 48R 1 0 1 5% il 2R A 20 28 i il e AR ey T
RGP 3 4 JLATHAERL, Nikolay %5 A R
Peirce [RIJEAR A 57 T HLELE B 4140 3 HERIRL,
Jiang 25 NS 2 AR BR R ST, P 2L R R

© [ K G BT AR AU A



1526

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 10,0Oct. 2014

FRAR AR ST A RN AR B 2h 2 i , LA
WY B FE AP L2 M B 4% . Chen %5 N 4
ERIIR T 3 4EHLAR S5/ 4K CAD/CAM R SR
3 YUY LR BT TR R AT T IR, P28 1Y
LU AL TG PR S5 (3 SR IESC 454 |3 2 A R4
SR 3 Yerhas S5 A4 o Lin 28 TSR A R0 4
B, ol A MR 2D 2 i il B AR, s T B
(93 UeJUTSTRY . Zheng 5 N H2 1 T — R 7 i
HESLLP S5 HAT A 3 AEMSRCR SRR 3%
5 B0 AR A 455 A () R U] A AR R AR () st
AR AR R AT R AT 67 B e 2 , T S B 3 4 o
PR B N ST R R IR A S
so A A TR LR B S R BAUTa
AR FLALLIDIG 3 HERCR

25 LR NG 4L CAD HhigZid) 3 4 JL 1]
IR ST TR KRR (BB BT A R Z R
PR AR I A — A 2 HERYECF 1, TR
IS TR K AN R Bz A ) B i A 7]
A T340, SCHRT9-10 R AN [) 8 531 9 21 00 A U
A AT TR R, LU AR LS50 A shisd it
HEW) AL B SUR] e LR IR NS o (X
SESCHRAR AR X e 21 2R RE P — 2P X 210 3 4 )L
R EA T A2 A

ARSCHE A L AR B A AR 25 3 A vt
B EFRES & L T B RS S H R L
21y 3 4 LA R 4 3, Rl e 25 i T 2026
AR 2 4 i 2o h 524 3 Ak il 2k A R AU 48 1E )
R, LU RE S R AU S 22 A2 H B S Y

JLATEEHIEAE .
2 HAMARENHFRMR

LA 2 A2 AH B AR R, 8 22
BkRIE . Wn Rk A A 4% 1 A i — o
2,405 3R, S A 07 0 2R,
A DL AU By 2 YRR AT R AR, BR O 42U
M W, A

Wey1 Wey 2 Wy, Ry
: : w; ; :
W = (1)
Wy 4 w, 5 Tt Wy R,
Wy Wy » Wy R,

X, w, WLV, i AT (L52) &5, MHI (&
) REI LR, WA IEIRE, R, WE D IEIFEL, W
(1) o 4GRS B AT RO R R, 214 R
T A A 2 P R R 3 B A ik B
2.1 AMARNSERSEHR

PLAV A L — 53 R i B 1 40 ( = R4l 4 AR
TRZHST B 80 M ZR 1 80 (A8 U2 K%
JRLHL RGNS B L) R SR X T E
HAMLZHUN T, HAEME A2 HOURTFR b B
JBHL AT E T LU AL AU A i S 5
T ARG S 2 S SS SURL AR A8 SRR R
CIREA N EARASy P 2 R2amet 5 W2 R2a S 85l
L3R RS T ORFIZEIH LU RRE R
FHLH 2344 R AN I B9 S50 A

®1 TEXJARKSHER"

Table 1 Parameter description of different weaves

[10]

I BRI ZFRAE SRR
FEA2L N.=2;C, =C, =155, =5, = =1
FARILL N, =2;>C=3HC, =18C, =155, =8, =«1
INERAHEL N, =2;>C=4HC #1,C, #158 =8, ==x1
AR N, =4;>C=5;8 =8, ==1
RS SCEMEE, fepir N 2255 C= SRS, > 1,5, == LERILS, > 1.5, =1
CH—E
N, =2;>C=5>C#6HC =18C, =1;
SEARR AL -
1<S =8,< >C-1HS,.5 5> CIA%sk
N(,BZ; C?S, C#6HC #I,S Eél;
i 2 2 ‘ ’

1<S =8<>C-1HS.55> CRA%E

© i [H IR I T AR T A



5£19% /5 10H§/2014 10 8 wad, =8, EE / NEYMALRERESFEAS 3 HTEE
2R 1
Continued to table 1
259 B SRR E Y ierpuN
M giat s o WPREL No=2:0 €23 IMHESHK > >
S, AEREL MRS N, =430 C=63mod( > S, €) = 0;Max(5) < Max(C)
P ML L U B S PR ERASURIBRASL, N, =2, > C = 3 B8AKN, =2

1 hSHM R E LRSS

1) 28U : BUAHSUIE SR i R AR 28 i b sc 21
I AT AR AR, 8 T 3 AR H e+ Bk
FZITP A T — 28, X BLE iR K751 (C) .
B2 s 1 ARSI e VA 2/1/372, 1% K
F31 €, .C,.Cy . C, 2352312, > C=¢C, +
C,+C, +C, =8,

2) ZBXHU(N, ) ALHE L 7158 HL N, FE ] 28
NHEN,, o ZXHET R KRG 8 LR E X
Ha TS BN E 2 TR N, =4,

3) REN(S)  AMABWIMRZ: (£6) 20 I MBI 4L
SZRIAHRRG I 4 (22) ZoAR%, A 2 m) B S, Fid
] RELS, Z45, 1 B CA) MIE, 10 (4) A, i
TERBUEA KR BB R RN X e
A > S F£mR.

9 al
T
o 1 R
O A
\j S,
IR

K2 HAEA RSO

Fig.2 Parameters illustration in weave diagram

2.2 LBRBFRBTERK
2,21 KU EH SV B A A
CRIALNH R I K P51 C FREL S, ZE4R15
HAURRE, BB R E NS AR, ohe 4l
BURERER RN AT 2E — 25 X 4 BU B 0 28 1 7 I
B BFRLe ) REGHATITIe , B i AN 20 20 28 )
XN, FoR, BV kIRl C, (k=
1,2, N,) ] REL S, WL 2 1) 2 2095 5L

R, LSRR, Ky

RZ = ch k = 1’27“'9Nr
p R, mod(R,, [S,[) #0 (2)
L {Rz/s1 mod(R,, [S,]) =0

Xﬁﬂ:ﬁﬂéﬂffﬁ%*%ﬁ Sl ’ #ﬁQE‘X 0< S] < Rzo
XPTHLEE W R I0ER w,;, AR 4
LS G C, FREL S HEAT A, AR B = A

&,l]'zl,izlvz,"'9R2 HTJ‘

1 i< > C Amod(k,2) =1

ml={ (3)

0 i< > C Amod(k,2) =0

%].:2’37“"R1 ’i :1’2"“7R2 HTJ‘

Wiss j = Wi i+S5 <R,
{ = w i1+S5 >R,

2.2.2  AERLINZH U R 0 A

YHEFIL I ZH 20 55 U 20 2 09 DX Al B e 2
HAWFA N = — A, AT CBCER 2 e A2 4 R )
AU B B, X T ILIB RS, Sk A
ZH B B B LE O 2R AL, 38 N 4 25 Hh U RS
] R L D7 8 S0 K 26 IR RIS 4 25 209 34
BOR, R, FUREBCEE S, [ ] BE R

(4)

Wiis -Ry.,j ij-1

R, =2K -2
RZ = ch k = 1,2,"',N0 (5)
. 1 j<K |
S, = { ISR 223,08,
-1 j>K

X HZRI AL, 5 B g B BR
T BRI A IRAEL A1, AU 20 SRR R 0 3R A I
FESHMAR -8, ZWA(3) (4),
2.2.3  ARMERLINZH SN R A AR A

FERL I 2H 260 35— L R A 2L (A s AR
o FERE S SUBOR T 2 BIBRIED) LU SR 4
G155 o W ARRLIN A1 2 RT I AL 2 VR , R

© i [H IR I T AR T A

1527



1528

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 10,0Oct. 2014

HA B — DL WS AR TR H G TR A, B
AR AERLIN 2L, AN RETE I AB KL L ZUA: 18, 75
TR TR S S B R T TR R
B BEF R TRAR

PRSI 2 AR SCA B S S — i,
FUHIULFRh 2l S B0 7 o o A T RS0, Bl 21 41
— B A U I AR B, 2 A R — R £ 1, T LU
TEZ2 X AL SN, B ST 24 W ) 2 B0 - FE Rl 2
LOMIERFE) TR IF €, C, (— M €, = C,) Al

R, +Cit +2 - (i’ +]")
row, =
{Clt +2 - (i"+7")

— T RIS N, (— & N, =2) o ARG SRR ZH 2
RSB R A B & AEAEG TN
R, =R, = (C, +C,) xN, (6)
B GV R b A RHER 3 0 2 2 A i X 1 R TG 3%
FH 10,01 oo 2718, T ZEARRES 53 0 ZH A5 BT RE L (R TT 3R
H 10,3 o s FeH rOW,  rOW, € 1,2, /R, col ,col, €
1,2, R B F St %5,6=0,1,--- N, -1
M Ze A BRSO N B 2SR RE W (4T 4]
Rl

Ct+2-(i"+j) =<0
Ct+2-(i"+j) >0

col, =j + Cyt
R R
—f—cmt+1)+1—(f—f) —f—cxt+1)+1—(f—f)>o
row, = (7)
3R R
33—QU+U+1—U“10 f-cmpn)+1—w—f)<0
. R, : R,
J +Cot + — J+Cit-—<0
2 2
col, =
. R, . R,
]+C2t—7 ]+Czt—7>0
ALt =1,2,--,C,,j’ =1,2,-- R /2, by 53R ALY LR A R AR A, A, 4
E— L LUERE W P& I0R w, HIRIE N Wb zey b A R i AR Y 2 A AR
| (i =row,,j =col,) \V DA b3 B IR R MR B FITAR SC 280, 56 T4
w,; = (i = row,,j = col,) (8) HAUGERE W g 2brhubiithZe XY Z 3 4 A pril
0 Hfb 1t LUR 73 Be s B ATl g, W0 (9) —(11) 6

3 HERMARE 3 LR

LAY 22 8N 3 4 JLAn A 3= 4 35 75
ANTT T 202 B AR A LD 22 1 gt ith B A . AR SC
SR PG I A A 78, bl 4 B R A o it 2k 0 B R R
B AL b DA A n ks, B3 A T
et A AT S G D E AR
H AT E AT, B3 PPy Fl PPy B0
BB P P, Al PPy A2 E B a, b, Al a,,
0
Xl + /o
X1, +d,

X1, =
0
Y1,(i - 1) +/,

Y1.(¢) =
’() Y1,(i - 1) +d,

Y(i=1) +d,

b, b,
G . . Zhv i
a ay

Y1j@0)

4
2o

4,

Yi(i-1) 42

K3 & AL

Fig. 3 Crossed model with warp yarn and filling yarn

j=0
JEUAW =W, (9)
J=1LAW #W,,
t=1=0
lZiBI/\ai.:wii.
J L. (10>

t=iz=z1Nw,;#w._,

-1 <t <1

© [ K G BT AR AU A



$19% /51081 /2014 F 10 B

1529

wmatl, FE, BEEE / TRYERERHFEAS 3 1 TEE

A - —
flcos(y Y1,(i 1)11-)
d,

2

2 d,

le(y) =
A,
2

4,

2

A, X o j ARG X Rl EARAR YL () A5 )
IRV Y B A PR R 8, 0 Y SR B 20
Z1,(y) HHGWEI PR jARZZD LA R0 Z 2

Ylj(l - 1) <y=s Yl,(L) A <wi,j £ 0’wi—1,j = 1)

A YL (i
——lcos(wﬂ) Y1,(i-1) <y<Y,() A (w, =1,w,_, =0)

(11)

A (y = Oawo,j = 1) V (wi,j = lswi—l,/’ = 1)

_ (y =0,w,; =0) V (w;; =0,w0,_,; =0)

CIEZ 2 R I ES O G Y A LA DN
fbiid

0 i=0
19%@@’%%:“: Yﬁﬂi%ﬁ‘ﬁ@ﬁ&@ﬁ,ﬁ \fz %FJU?‘:’*H 2. = )y, +f i=1 AW =W (12)
RIS ASPIRLE SR D RS N2 o R
LROD IR Y LR BB,y S B R AL 81 o am T e
RAAHLB MR LR Zb ol 2P I B, B R e 2bal 2h 20 0 t=j=0
S AR SRR BT S sy Sy Ze2b R AR ¢ (i XG -1 +fy t=j=1Nw, =,
RSP FITXINE) Y bRl d, R Y L A E R -1 A2,(1) = X2, -1) +dy t=j=1 Nw, #W,,
/fjﬁﬂgii;Y1j(i>§Fn Ylj(l_l)ﬁj\%U%%]*Eg%@‘% XZ.(j—l) +d j—] <t <j
i AL =1 ST BERY Y AR W, A1 W, 4 ’ x e
RS AS AR — 1 AR ZP A2 R
f;zcos(x_xzji(j_l)n) X2,(G-1) <x<X2.(j) A (w;; = 1,w;;, =0)
2
_%Zcos(’“ ‘XZC}(J' - 7] X201 <v<X20) A Gy =0, = 1)
22,(x) = 2 (14)
& (4 20,0, =0) V (w,, =0y, =0)
A,
_7 (x:(),wo =1) V<wi,j:1’wi,,j—l =1)

A, Y2, NER i REBZP B Y A7 E AR AR X2, (1)
i R 20 il 2 X Tk A bR e R, ¢ O X B Y
M EBHG 22, (x) NHLPEHR PR i R 2P
T £ Z As bR R B, G T X il AR AR Y 23 B R
B NEL MR FAR R ¢ 0 B AT X B X AR
PR sd, o X b 0 E B G- 1AL E AN R
X2,(7) X2, (= 1) 7050 9 25 i iREB L5 j A A
J= VGG T XN X AR s W, W, a3
A BVHE R AR i AR 0 - 1 AR 2D i B
e

AR A REAR 2R D s AR 2D Y il A A
PBEfE— A L B T 2 dEF g, HE,
ALEAY P L TR KT UG T 2%
A5l DR 3% 5 W) 2 AT B R i, DT £l R DA

2 ATt L ol 3 dER s Ml dh 2. PRtk X
XL X ALBR R BN ER 2010 Y AL bR ek E— 25
FEATEIE , R
{Xl; = X1, + €1,
Y2£ - Yzz + 525,/
[ XTRD Y203 BB TE 5 46 j IRA 2P X AR
FER @ AREFLDI Y AR, X1, R Y2, 23 35l A8 IE T &
JIRGL ) X AR i iRAZP ) Y Aebr, €1, Fl
&2, SRR AL X MR IRy Y MRbRER (i) N 2H
SULE R B
X €L M €2, AT AR X S Br gl ) vh 2 2
FH I P X (R 7 22, 2R FAE 5% ith e 2 S R
BRIESAS: BRI 1 1) 0 TE AR, 50R 1 BEAIL R AR 2R i —
i w WL N =R

(15)

© [ K G BT AR AU A



1530

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 10,0Oct. 2014

4 SRIGRERSH

S VC + + 4 F2 52 90 S 50T 32 19 52 41
W2 ERLD i il 2 0 B AR T 5T, SR U5 15 B 3DS
MAX Bt — 45 A 2R A RS, S B AN
RPN 3 g AL

Fl4(a)—C(e) 510 1/1 F50.2/1 4R
472 INERARIEL 3/1/2/1 ZARMELS M3 K& T 4L
S 3 AERTADL, 3 S FU ZH 2, A I A S 400
s, TS E L,

R B B R )

]

N
IMIMINIL

Bt 0 B0 RS
fFIR IR I
IMIMIMNIL
A
IR IMIRD
 BENNTARTENY

(d) AR
K4 RHLIMZHZL 3 Aeps il S f

Fig.4 There dimensional models of regular weaves
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Fig.5 Three dimensional models of quasi regular weaves
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Fig.6 Three dimensional model of irregular

weaves (entwining twill )
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Fig.7 3D models of plain weaves with different parameter values
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Fig.8 Three dimensional models of untwisted

(b) F i pir 2 (c) HLHF A

and twisted plain weaves
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