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Abstract

Weave patterns affect end-use properties of woven fabrics. ldentification of
weave patterns has been done traditionally by visual evaluation. This is prone to errors
as depends on the skill of inspectors. In addition, three-dimensional simulation of woven
fabric structures has been done for some years but limited to high performance
computers and long rendering times. As performance of computers become much more
powerful, the simulation can be accomplished using ordinary computers with shorter
rendering times. This research aims to develop an algorithm and a computer program
for identification of weave which was then simulated as a three-dimensional image of the
woven fabric structure using VRML (virtual reality modeling language) based on
geometrical models. The fabric images were analyzed by calculation color differences
between each pixel. It was found that color different data obtained directly could not be
used. Thus, the autocbrrelation technigue was performed on the image prior to the
calculation. A diagram acquired from the calculated color differences were made
available. Position of each yarn float was then obtained by detecting upper and lower
peak of the curve in the diagram. Length of each float can be obtained using information
about yarn size. A Visual Basic program was developed based on the above algorithm,
Images of a square-inch woven fabric were obtained using an ordinary scanner with
resolution of 600 dots per inch and saved in bitmap format. Users were asked to specify
the scanning lines, vertically and horizontally. Weave pattern was then displayed. It was
found that preciseness of the program to analyze number of yarns in each direction and
the weave pattern can be identified depended on the selected scanning lines. Average
scanning time for each fabric is around 15 seconds. As for weave simulation, warp and
weft yarn paths were constructed according to weave patterns. Three-dimensional
image of each yarn was created by the extrusion method that is a cross-sectional image

was swept along the yarn path. The generated warp and weft yarmm images were

nz



assembled to form the woven fabric structure. A user-friendly program for simulating
woven fabric structures was developed using Visual Basic language. In this program,
users will be asked to provide a weave pattern. Various weave parameters are also
available for adjusting, including yarn sizes, warp and weft densities, yamn colors and
yarn cross-sectional shapes. Accordingly, a three-dimensional image of the specified
structure can be displayed. The program is able to correctly simulate various woven
structures including elementary weaves, namely, the plain weave, twill weaves and
satin/sateen weaves. The average rendering time on a 1.8MHz PC is less than 2

seconds.

Introduction

Woven fabrics are censtructed by interlacement of warp and weft yarns at 90
degrees to each other. At a particular intersection, the warp end can be placed either
over or under the pick. Combination of these arrangements forms the fabric. The area
that contains one complete weave is termed as a weave repeat. The numbers of ends
and picks required in a repeat are called the warp repeat and the weft repeat,
respectively. The smallest possible weave repeat contains two ends and two picks.

Figure 1 shows a woven fabric which can be represented by a weave repeat in Figure 2.

-

Fig.1 A three-dimensional simulation of a woven fabric showing warp-over-weft and weft-

over-warp interfacing points

Fig.2 A weave repeat representing the fabric in Figure 1

Weave pattern greatly affects optical and mechanical properties of fabrics.
Traditionally, a weave pattern can be determined by visual inspection of woven fabrics.
However, visual inspection is time consuming and depends on skilis of the inspector.

This research thus proposes a computerized method for evaluation of weave patterns
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from fabrics. Fabric evaluation using computerized systems are welled established
based on image analysis technique. Generally, fabric images are captured using digital
image capturing systems which are complicated. [Ohta et al 1986] Some efforts have
been made so that a simple scanner can be used as a capturing tool. [Sakaguchi et al
2000] Weave pattern evaluation is conversely little studied. [Kinoshita et al 1989, Huang

et al 2000 and Kang et al 1999]

The main challenge for applying 3D computer graphics to the simulation of
woven fabric structures is to understand sufficiently the woven fabric structures [Hearle
1994]. A number of mathematical models have been developed in order to represent the
thread paths in a woven fabric. One of the most important models is that of Peirce
[Peirce 1937]. The model for the plain weave is shown in Figure 3, assuming that yarn is

incompressible, flexible and of circular cross-section.

-+
-

Fig.3 Peirce’s model of the plain weave structure {The notation used is shown in Table 1)

P2 >

Table } Notation used in the Peirce's model

warp thread amplitude or warp weft thread amplitude or weft crimp
g crimp height h, height
l, the length of warp thread axis P, weft spacing
d, the diameter of warp thread d, the diameter of warp thread
the angle of the thread axis to plane sum of the warp and weft diameter
LQ of cloth b D=d, +d,=h +h,

This geometrical model has been adopted and modified by many researchers

(Lin 1996]. None of these models was believed to be the actual path, but all were
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reasonable approximations. The paths in real fabrics are complicated and depend upon
yarn properties and forces, which cause the yarns to arrange themselves in positions of
minimum energy subject to external constraints and frictional effects [Lin and Newton
1999]. The structures can be represented in 2D fashion, taking the weave and some
simple fabric properties such as warp and weft density into account. However, the 2D

visualisation cannot be totally satisfactory for today's textile applications.

Later, several programs were produced which resulted in graphics showing the
thread path of fabrics in three dimensions, particularly that of Xu [Xu 1992]. Her work
macde progress on the representations of varieties of single-layer weaves as well as a
limited range of multi-layer fabrics. The employed method followed sine curves and
straight lines to represent the yarn path within a fabric based on Peirce's geometrical
model for the plain weave and Love's Peirce-like parameters based on Peirce’s
geometrical model for non-plain weaves. Since then, other researchers have published
papers that demonstrate solid-modeling techniques, for example, Keefe and his
colleagues [Keefe et al 1992, Keefe 1994a, 1994b). Keefe's work provides new
possibilities for the simulation of woven fabrics, that is, the 3D models generated can be
used further used for rﬁechanical property analysis, and for engineering design and
analysis of 3D woven fabrics. Lin also developed a program to generate and display
various woven fabric structures in three-dimensions by computer graphics [Lin 1992].
The thread paths displayed are generated by using cubic B-splines, the mathematics of
which is well developed, mainly for other areas of engineering design, especially in
aerospace engineering. This work emphasized on the true 3D sclid model of limited
typical weave structures. The program requires high performance computers to process
the simulation. Chen and his colieagues have developed a computerized simulation
system for-3D woven fabrics based on their mathematical models [Chen et al 1992]. The
structure has been parameterized and modeled mathematically [Chen et al 1993a,

1993b].

Because of some limitations in computer technology, 3D sirmulation of woven
structures was mostly performed on very expensive and high performance computer

systems. The advance in computer technology permits the 3D graphics to be available
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in microcomputer systems. These affordable systems are sufficient enough to perform
3D graphics simulation. This is a great advantage as it can give much more insight to
the structure. There are many 3D simulation techniques available nowadays. The VRML
(Virtual Reality Modeling Language) was firstly used for visualization of some woven
structures based on the extrusion method that is the yarn cross-sectional image was
swept along the predetermined yarn path [Chen and Potiyaraj 1999]. The structures
were limited to angle-interlock and orthogonal structures. In this work, most of the weave
parameters were also not taken into account. VRML is a computer language used for
describing objects in a scene. VRML codes are simple ASCII text that can be parsed by
a VRML interpreter [Ames et al 1996]. These interpreter programs are often called VRML

Browser and are freely available as an add-on for several Internet browsers.

Apart from identification of weave patterns by image analysis technigue, in this work,
VRML was used for generating 3D images of woven structures based on geometrical
models. 3D image of each yarn was created by the extrusion method. The generated
warp and weft yarn images were assembled to form the woven fabric structure. A user-
friendly program for simulating woven fabric structures was also developed using Visual
Basic language. In this p}ogram. users wili be asked to provide a weave pattern. Various
weave parameters are also available for adjusting, including yarmn sizes, warp and weft
densities, yarn colors and yarn cross-sectional shapes. Accordingly, a three-

dimensional image of the specified structure can be displayed.

Weave Identification

Fabric Image Preparation

Two major types of woven fabrics were considered in this research, namely,
plain and twill fabrics. They were scanned using a HP scanjet 5470c at the resolution of
600 dpi. The scanned images were kept in bitmap format. The images were converted
to grayscale mode. Equalization was then performed on the images in order to make
distinction between free spaces and yarn-occupied spaces. The examples were shown

in Figure 4.
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Fig.4 Scanned images of (a) a pla:n fabric (b) a piain fabric after equalization {c) a twill

fabric after equalization

image Analysis

When scanning through a selected line in a prepared fabric image, one would
encounter alternate bright and dark area. A bright area is found when the yarn float is
presence while a dark area is found when the yarn going down to interface with the
corresponding yarn or at the space which was not cover by warp or weft. Luminance at
each pixel along a selected line in a fabric image can be calculated from RGB data
according to Grassmann's law. A plot of luminance at each pixet is shown in Figure 4. It

can be seen that peaks are presence in various width and height. The interpretation

could be error easity.

||||:'

Fig.5 Luminance curve of a plain fabric

in order to make these peaks uniform, the autocorrefation method can be

adopted using the following equations.

iG G, (1)

l i

~Mx —M:

H
Il

J
N

2.G,G ey (2)
A

where G, luminance at coordinate (i, /)
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the maximum scanning point in the warp direction
the maximum scanning point in the weft direction

o autccorrelation values at points along the warp

H 0 =2 R

,  autocorrelation values at points along the weft
x and y are the coordinates of pixel in the warp and weft direction,
respectively.
The same data using in Figure 5 was then recalculated and consequently gave a

plot with uniform peaks as shown in Figure 6.

Fig.6 Autocorrelation curve of a plain fabric

Applying the same technique, twill fabrics were evaluated. The autocorrelation

curve of a twill fabric can be shown as in Figure 7.
-

Fig.7 Autocorrelation curve for a twill fabric

Weave Identification

Width of each peak can be calculated by detecting the lowest point at each
wave. This lowest point is the point where the slope of curve changes. This can be

determined using the following equation.

Cro = (Clempo = Cpop x +1)—x (3)
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Coy = (Co,(yﬂ) - C(o,y)J/ (y+1)-y (4)
Width of each peak can be then compared. For the plain weave, width of peaks
is approximately equal in warp and weft directions. Contrarily, for twill fabrics, width of
peaks is markedly different in warp and weft directions. This information can be

interpreted so that the weave pattern is successfully identified.

Algorithm Img!zmentation

Visual Basic 6.0 was used for developing a program based on Windows
platform. The program as shown in Figure 8 can analyze fabrics images and then weave
patterns are identified. Users choose a file which contains the equalized image of fabric.
Then, scanning lines would be selected (shown as crossed lines in Figure 8). The
program can calcutate the number of yarns in each direction and also the weave pattern

of the fabric.

Fig.8 Weave identification program interface

The experimental results indicated that the program can identify most of plain
fabrics correctly. However, in the case of twill fabrics, the correct scanning was around
70%. This is due to the fact that twill weaves are much more complicated than the plain

weave, The precision of counting the number of yarns was about 90%. It was realized
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that the position where users choose the scanning lines is very important. It should afign
perfectly with a warp yarn and the corresponding weft yarn. This may be difficult to
achieve since yarns in fabrics tend to offset from the straight and perpendicular lines.
The scanning times were reported by the program. it was pointed out that the average

time used was 15 seconds. Obviously, this is quicker comparing with visual inspection.

Woven Fabric Structure Simulation

Generation of Yarn Path Images

In order to represent a weave mathematically, a two-dimensional binary matrix is
used to keep the data of the weave. An element value of the binary matrix is either Q or
1. The value of 1 means the same as a mark on design paper indicating a warp-over-
weft cross-over, and the value of 0, corresponding to a blank on design paper, means a
weft-over-warp cross-over. The position of each element in the matrix is located by a co-
ordinate (i,j), indicating the i column from the left and the j™ row from the bottom.
Such a matrix is, hereafter, called a weave matrix. A weave matrix has w, ; as its the
element, where 1<i<r, and 1< j< r,; r, and r, are the warp and weft repeats of the

weave, respectively.

Mathematical mpdelling of yarn paths in single layer woven fabric structure was
developed based on Peirce's model combining with weave pattern. The yarn path can
be divided into three sections, namely, the overfloat section where the warp is floated
over the weft, the underfloat section where the weft is floated over the warp and the

linking section where the former two sectidns are joined.

Warp yarn path coordinates, E(x,., y,.), were determined according to Eqg. 5 and

6.
‘xi =X "{_I"J (5)
ppe
| D4 |w, ; =1 .
lepa w0 (

where ppc is the weft density (picks per centimetre).
D is the summation of warp thickness (d,} and weft thickness (d,)

{centimeter)
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Weft yarn path coordinate, P(x,., y,.), was caiculated in the same way.

Generation of Yarn Cross-section Images

Several yarn cross-sections were employed in this work, namely, circular, ellipse
and racetrack. Peirce's model was based on the assumption that a circular cross-
sectional yarn in consideration is incompressible. In the actual situation, as shown in
Figure 9, yamns are deformed so that two diameters must be considered, namely, D,
and D, which correspondence to yarn width and yarn thickness in the structures,
respectively. The extent which a yarn will be deformed is flattening coefficient which

can be determined from D, /D, . This value is always less than 1.

Fig.9 Compressed yarn cross-section

Circufar Cross-section
Peirce’s model dealt with circular cross-sectional yam which D, =D, and
D,, =D, where D, is the warp thickness, D, is the weft thickness, D, is the warp

width, D, is the weft width.

Warp yarn cross-sectional image's (E,(x,,y,)) coordinate was calculated

based on the equation of circle.
Dvlz =x52 +yi2 (7
Weit yarn-cross-sectional co-ordinate P, (x,., y,.) was calculated similarly.

Ellipse Cross-section

In case of ellipse cross-section, E (x,., yf) is acquired using Equation 8.
X; ‘
Dyl=li 2 (®)

P, (x,,y,) is determined similarly.

Racetrack Cross-section



Race track cross-section can be divided into 3 sections as shown in Figure 10.
Section 1 and 3 is a half-circle with r=h,. Section 2 is a rectangular with h; and

Dh, — Dv, as its width and length, respectively.

Fig.10 Racetrack cross-section divided into three sections

Lenticular Cross-section
Lenticular cross-section image is formed by two incomplete circles as shown in

Figure 11. Equation for circle is adopted with only selected co-ordinate.

©-0-G

Fig.11 Assembling of lenticular cross-section

Yarn Jmage Formation by Extrusion Technique

In VRML, an object can be created using the extrusion technique. This
technigue involves sweeping a 2D cross-section along a line, which is called a spine,
resulting in 3D images. If the yarn path is used as the spine, then an image of this yarn
with circutar cross-section can be generated. If the simulated yarn is the components of
a woven structure, integration of these yams at appropriate positions gives the 3D

image of the structure.

Programming Implementation

According to the established models, a computer program ‘Weave3D' was
developed using Visual Basic 6.0. In order to disptay 3D images, a web browser must
be installed with corresponding VRML plug-in which is freely available on the Internet.
The woven structures must be input by users. Users are also available to alter relevant
weave parameters, i.e., warp and weft densities, the size and colour of yarns. The varn

cross-section must also be specified.
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The program is able to simulate all elementary weaves, namely, the plain weave,
twill weaves and satin/sateen weaves. The users specify the weave and its parameters
and the VRML browser is automatically invoked. Consequently, the 3D image of the

specified woven structure is shown as an example in Figure 12.

Fig.12 3D visualization of a twill weave

Colors affect the appearance of woven fabrics. In the program, users can
specify the different colors of warp and weft yarns. However, it was found that, due to
the limitation of VRML, some colors may deviate from users' specified colors, especially

those of lighter shade.

The program ig able to calculate each structure in the jammed condition. This is
very useful information for practical purposes. However, mechanical analysis would be

of interest for further analyzing of weaving conditions.

Conclusions

- A computer program for identification of weave patterns from woven fabrics was
developed. The fabrics were first scanned using an ordinary scanner. The fabric images
were converted to grayscale figures and were processed using equalization method.
Autocorrelation was performed at every pixel in the equalized images and
autocorrelation curves were then plotted. The distances between peaks of
autocorrelation curves were used to distinguish between the ptain and twill weaves. The
data could also be used to interpret the position of each interfacing point. Consequently,
weave patterns were identified. It was found that the program can identify about 70% of
fabrics correctly. Preciseness of the program to analyze weave patterns depended on

the selected scanning lines. The scanning time was about 15 seconds for each fabric.
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Additionally, 3D simulation of woven fabric structures was done by generating
each warp and weft yarn images and assembling them into fabric images. Various yarn
cross-section, namely, circular, lenticutar and racetrack, was employed. Yarn paths
were analysed according to several parameters. The yarn cross-section images were
then swept through the yamn path images using VRML extrusion node. A computer
program was developed enabling users to specify a weave, and its relevant parameters.
A weave is transformed into a binary matrix and the data is used to generate yarn path
and yam cross-section co-ordinates based on the developed model. The VRML file is
then generated and is displayed in a VRML browser. Elementary weaves, including, the
plain weave, twill weaves and satin weaves were successfully simulated. The average
rendering time on a 1.8MHz PC is less than 2 seconds. However, it was found that the

specified yarn colours were sometime changed in 3D images, especially the light ones.
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3D SIMULATION OF
O O O | WOVEN FABRIC STRUCTURES
USING VRML

P. Potryarag and C Subbakalin
Center of Excellence in Textiles .
Department of Materials Sci
Faculty of Science, Chul
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* Introduction

® Yarn path images
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* Programming implementation
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O OO | INTRODUCTION

* A number of mathematical models have been
developed in order to represent the thread paths
in a woven fabric.

* One of the most important models is that of
Peirce.
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&,&m FACULTY OF SCIENCE, CHULALONGKORN UNIVERSITY, BANGKOK THAILAND




000

INTRODUCTION

* Several geometrical models were developed
according to Peirce’s model in order to
approximate the actual yarn paths which depend
upon yarn properties and forces which cause the
yamns to arrange themselves in positions of
MInmum energy.
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O OO | INTRODUCTION

* Because of some limitations in computer
technology, 3D simulation of woven structures
was mostly performed on very expensive and high
performance computer systems.

* The advance in computer technology permits the
3D graphics to be available in microcompurer
systems.

* These affordable systems are sufficient enough to

perform 3D graphics simulation.

LR Gt
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O OO | INTRODUCTION

* In this research VRML (Virtual Reality
Modeling Language) was used to generate yarn
3D images.

* VRML is a computer language used for describing
objects in a scene.

* VRML codes are simple ASCII text that can be parsed
by a VRML interpreter.

* The interpreter programs are often called VRML
Browser and are freely available as an add-on for
several Internet browsers.

L CENTER OF EXCELLENCE IN TEXTILES, DEPARTMENT OF MATERIALS SCIENCE,
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O OO | INTRODUCTION

* VRML was firstdy used by Chen and Potiyaray ar
UMIST for visualization of some woven
structures based on the extrusion method that 1s
the yarn cross-sectional image was swept along
the predetermined yarn path.

* The structures were limited to angle-interlock and
orthogonal structures.

* Most of the weave parameters were also not taken into
account.
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INTRODUCTION

* In this work, VRML was used for generating 3D
images of woven structures based on geometrical

models.

* 3D image of each yarn was created by the extrusion
method.

* The generated warp and weft yarn images were
assembled to form the woven fabric structure.

2R
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INTRODUCTION

* A user-friendly program for simulating woven
fabric structures was also developed using Visual
Basic language.

* Users will be asked to provide a weave pattern.

* Various weave parameters are also available for

adjusting, including yarn sizes, warp and weft

densities, yarn colours and yarn cross-sectional shapes.

* Accordingly, a three-dimensional image of the
specified structure can be displayed.

hom
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O OO | YARN PATH IMAGES

* The yarn path can be divided into three sections:
* overfloat section: the warp is floated over the weft
* underfloat section: the weft is floated over the warp

* linking section: the former two sections are joined.
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O OO | YARN PATH IMAGES

* Warp yarn path coordinates, £ (x,, ¥, ), were
determined as follow:
1 D/4 w,; =1
x, = xi_ + | — yI ’
-D/4 Iw,.. ;=1

ppc
* PPC s the weft density (picks per centimetre).
«D is the summation of warp thickness ( dl )
and weft thickness (dz ) (centimeter)
* Weft yarn path coordinates, P(x,,y,), were
calculated i the same way.
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O OO | YARN CROSS-SECTION IMAGES

* Peirce’s model was based on the assumption that
a circular cross-sectional yarn in consideration is
incompressible.

* In the actual situation, yarns are deformed so that
two diameters must be considered; D, and D, .

b—p——4 * The extent which a yam will be deformed 1s
i 7t flattening coefficient which can be determmed
from D, /D, .

* This value is always less than .

3 CENTER OF EXCELLENCE IN TEXTILES, DEPARTMENT OF MATERIALS SCIENCE,
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O OO | YARN CROSSSECTION IMAGES

* Circular cross-section
* D, - D Y
. D hz = sz

* Warp yamn cross-section coordinate ( E (x,., y:)
was calculated based on the equaton of circle.

Dv 12 = xi2 +y :'2
* Weft yarn-cross-section coordinate ( Py (x,. s y,.))
was calculated similarly.
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O OO | YARN CROSS-SECTION IMAGES

* Ellipse cross-section
* Warp yam cross-section coordinate { £ (x, y,.)) is

acquired as follow:
2 2
X; + Yi

th D"z

* Weft yam-cross-section coordinate ( Py (xi s yi))
was calculated similarly.
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O OO | YARN CROSS-SECTION IMAGES

* Racetrack cross-section
* Race track cross-section can be divided into 3 sections.
* Section I and 3 is a half-circle with 7 =h,.
* Section 2 is a rectangular with &, and Dk —~ Dv; as
its width and length, respectively.
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YARN CROSS-SECTION IMAGES

* Lenticular Cross-section

* Lentdcular cross-section image is formed by two
incomplete circle.

- 0-0-0

* Equation for circle is adopted with only selected co-
ordinate.

g
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YARN IMAGE FORMATION BY

000
EXTRUSION TECHNIQUE

* In VRML, an ob,ect can be created using the
extrusion technique.

* This technique involves sweeping a 2D cross-section
along a line, which is called a spine, resulting in 3D
images.

* If the yarn path is used as the spine, then an image of
this yam with circular cross-section can be generated.

* If the simulated yarn is the components of a woven

structure, integration of these yarns at appropriate
positions gives the 31D image of the structure.

g CENTER OF EXCELLENCE IN TEXTILES, DEPARTMENT OF MATERIALS SCIENCE,
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O OO | PROGRAMMING IMPLEMENTATION

* A computer program ‘Weave3D’ was devdoped .

using Visual Basic 6.0.
* The woven structures must be input by users.

* Users are also available to alter relevant weave
parameters, i.e., warp and weft densities, the size and
colour of yarns. The yarn cross-section must also be
specified.

* The program is able to simulate all elementary
weaves, namely, the plain weave, twill weaves and
satin/sateen weaves.

L CENTER OF EXCELLENCE IN TEXTILES, DEFARTMENT OF MATERIALS SCIENCE,
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O 0O | PROGRAMMING IMPLEMENTATION

e,
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O OO | PROGRAMMING IMPLEMENTATION

* Colours affect the appearance of woven fabrics. In
the program, users can specify the different
colours of warp and weft yamns.

* Due to the limitation of VRML, some colours may
deviate from users’ specified colours, especially those
of lighter shade.

* The program is able to calculate each structure in
the jammed condition.

* This is very useful information for practical purposes.

* However, mechanical analysis would be of interest for
further analysing of weaving conditions.
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O OO | OUTLINE
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OO0 O | CONCLUSIONS

e 3D simulation of woven fabric structures was
done by generating each warp and weft yarn
images and assembling them into fabric images.
Various yarn cross-section, namely, circular,
lenticular and racetrack, was employed.

* Yamn paths were analysed according to several
parameters.

* The yarn cross-section tmages were then swept
through the yarn path images using VRML

extrusion node.

L CENTER OF EXCELLENCE IN TEXTILES, DEPARTMENT OF MATERIALS SCIENCE,
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O OO | CONCLUSIONS

* A computer program ‘Weave3D’ was developed
enabling users to specify a weave, and its relevant
parameters.

* A weave is transformed into a binary matrix and the
data is used to generate yarn co-ordinates based on the
developed model.

* The VRML file is then generated and is displayed in a
VRML browser.

* The average rendering time on a .8MHz PCis less
than 2 seconds.
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CONCLUSIONS

* The program is able to correctly simulate various
woven structures including elementary weaves, namely,
the plain weave, twill weaves and satin/sateen weaves.

* The program is able to calculate each structure in the
jammed condition.
* This is very useful information for practical purposes.

* However, mechanical analysis would be of interest for further

analysing of weaving conditions,
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2/ 2 TWILL (LENTICULAR)
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2/ 2 TWILL (RACETRACK)

P
&l

CENTER OF EXCELLENCGE IN TEXTILES, DEPARTMENT OF MATERIALS SCIENCE,
FACULTY OF SCIENCE, CHULALONGKORN UNIVERSITY, BANGKOK THAILAND

-

17



ORORG,

272 TWILL (ELLIPSE/LIGHT COLOURS)
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