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A Study for the Real-Time Textile Dimension Inspection
System Using Image Processing Technique

Fung-Joo Lee'- Sung-Ho Bae'!

ABSTRACT

Texntile chmension mspection 18 one of Lhe basic 1ssues 1 the lextile dyemg and hmshme mdustry.
an inportant role m the guabty control of tofal fabrie procucts In tus  paper,

And also, 1t plays
we implement a real-ume lexlile
dimension inspechion system which detects various real defects, defecl posilions of rexole and the density of tesliles
The propused method consists of rextile density measurement algorlhm  wilh zone-crossing method which uses
cylindrcal lens and textile delecl inspection algordthm using grav level co-pocurrence features from sabband image
which delect various lvpes ol real defecls, The performance of the proposed method 15 tested with a number of real
textile samples wilth 10 types of defects and three hasic structures of texhle Dy the dunension inspection of lextile al
conbmuous slages wn the {abrication process, i 13 possible o measure the density ol texbie up to 150m/mun and fo
detect the delect of textile at real ume withim & 1% error percentages And also 1l can be momiored the condition ol

textile throughoul al all the sigmficant working process and can he improved textile quabty.
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1. Introduction

Quality inspection of textile is an essential and
mporlant problem for lextile industry, Currently, in the
textile manufactures, dimension inspection of a fahiie
which moves at a speed of 20-150m/min is mostly done
by human operators. Dimension inspection such as
densily, defect, width, length, etc., piays an important
role 1 the automatic visual inspeclion of textile as wall
as in the conlrol of textile quality control. Improved
product quality contributes to mereased profitability and
consumer satislacton

Therefore to be ahead of Lhe rest, quality has to be
the priority in performance cntena of everv textle
mamfacturer. These requirements create a significant
demand for objcctive, more reliable, tume and cost
effective, Real-time textile dimension inspection syslem
for the detection of textile defects and density can mect
Lhis requirement,

Many studics have been developed for the im-
provement ol lextile quality[1-4]. However. there have
many problems to solve inspect automation and real-tune
problems These problems can meets textle dimension
ngpection system which measures and displays various
dimensions of textile such as width, lengih, and density
of textles, but also stores and records such data and
automalically detects irregularitics[5, 6]

The dirnension of textle ks a very important parameler
in the development of texule quality and textile fab-
rication svslem. Alter finishing treatment in particular,
it is absolutcly necessary to know the exact textile
dimension over the current textile. In order to mspect
Lextile dimension automatically as regards gqualily of the
timished textiles, 1t 1s necessary to he able to reliably
measure the entire process of textle fabrication.

To improve Lhese problems, we propose a ilextile
density measurement method to calculale the densily of
textble autornatically. And also. we propose a (exiile
delect inspection method which continuously detect real
defects of textile such as wefr {loat, hole float, shutile
warp mark defect, shuttle marle wett defect, warp flat,
pazle fleck, warp edge defecl, well edge defect, warp
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thread defect and welt thread defect,

By inspection density and delects at conlinuous
poinis of the fabrication process it is possible to monitor
the textile dimensions throughout and control the states
of fabrication, at all the significant stages.

In this paper, the problem of texlile dimension
wspection and the basic of lextile analvsis me stated
m section 2, The proposed tlextile densily measurement
and defect inspection algorithms are mentioned in
section 3 Experimental results with the real defected
textile are shown i section 4 Fmally we conclude with
a summary of our proposed algorithm and outline our

future work.

2. Problems of Textile Dimension Inspection and
the Basic of Textile Analysis

Generally, textile qualily grading which depends on
the number of welt threads of textile. frequency of
defects in a roll of the textile. Thus, the efleclively
perlformed  textile dimension inspeetion not only
maintaing contral over the qualily ol the 1otal products,
it alse provides a continuous process conool.

To ensure high quality of Lhe fimal textile products,
the textile is usually inspected visually. There have heen
many atternpis Lo provide a method to visual textile
inspection. However, 1t 1s still generally perlormed
manually. The assessment of fabric quality relies on the
mspeclor’s attention and experience and aleo, this task
very labor inltensive, monotonous and tiring. To
overcome these problems, automatic iextile dumnensicn
inspection system is necessary. To implement of this
svstem, the structure and the basic properties of textiles
must be considered. The implementation of the real-
time textile dimension inspechion system 1s a sclulion,
which provides reliable, objecuve and stable per-
formance.

In the textile products, woven fabrics consist of warp
and wefl yarns which are interlaced with one another
according Lo Lthe class of structure and the form of design
desired. And also, the structure of textile is somewhat

different [rom the crossing slale as well as the Lypes
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of lhreads, Thus, the lorm of mterlacing of warp and
welt varns can be divided basically into three categories
such as plain weave, Lwill weave, and satin weave. The
{extile dimension inspection system should le alile to rely
on the visual attributes of the defects in order to identify
them as well as the exact measurement of textile density
to fahricate desired lextile product.

Mostly, textile analysis techniques can he classihed
into statistical and structural approaches, The statistical
approach involves a global analysis and characteristic
of patlern Meanwhile, Lhe structural poinl of view,
texlile is [ormed by sub-patterns that ocour ropeatedly
according to a certain placement rule. The mamn
dilference between these two approaches 1s the level of
description of textile.

There scems Lo be no unique wayv Lo enalyze every
textile, The same textilc may need to be analyzed
diflerently depending on the applicalion pupose, In this
paper, we will provide the hybrid analvsis approach
based on iexiile densily measurcment algorilhm to
siructural and texule defect inspection algorithm Lo
statislical approach, respectively. Because density
measurement will be processed from the structural
states of welt thread image and defect inspeclion will
be processed [rom the statistical [catwres of gray level

co-gccurrence matrix,

3. Proposed Textile Dimension Inspection System

3.1 Textle Density Measurement Algorithm Using
Zong-Crossing Method

The ohjeclive of our paper 15 to unplement a rextile
dimension inspeclion systemn pertaimng to the automaled
textile density measurement and defect detection of
texlile rnaterial.

In the textile [abrication manufactures, [abrics are
procecded over lhe welt straightener al a specd of
minignum 20m/min up to maximum 150m/min. Thus. 1t
is very dilficult to measure the densily of textile al
real-time 1n the high speed moving lextile object.

For the measurmg of textile density al real-tme, we

suggesl the new densily meastrement method using

apbcal lens mstead of [requency spectrum analysis.
Because it is powerlul to noise and to solve the
real-time prablem. Namely, we proposc a wetl Lhread
acquisition method using cylindnical lens as a necessary
pre-processing step lor the acguisition of wefi thread
feature. As mentioncd above, the density of lexule is
the crossing mumher welt (hread per square inches
Thus, densny measurement method from the welt
tread is nceded with regard to noise and real-time
problem.

To develope this problem, the proposed method uses
cvlindrical lens lo acquire the horizontal information of
weflt thread [rom the texlile and also uses convex lens
to acqure the enlarged 1mage. In lhe proposed methed,
cylindrical lens can be only transfer weft (hread
nformation to the computer [rom the high speed
running lextle stroightener

For the mmprovement of textle density measurement
in the lugh speed running iexlile siraightener, seleching
an iihuminant injection method is a imporlant problem
which decide a resolufion of acqured weft 1mage
Generally, CCD eamera wilh normal shutler speed can
be acquired a natwral mmage. Howover, im order (o
absorb opomal light in the high speed mimming lextile
straightener, additional oculer illuminant sysiem is
necessary. In ihe proposed system, we used the direct
Hlurnination method of light which penetrate much light
to the rumnmg textile in the back of camera by using
hallogan lamp.

For the ahead of textile density measurement, the
complex structure of textile should he converled into the
weflimage using optical lens I we can count the number
of wett thread willhun the unit square mches of lextile,
Il is possible to measure the density of textile [or the
number of welt thread, Thus, we also propose a
zonc-crossing method which can be count texiile density
at real-time from the one-dimensional wefl image.

In the zone—crossing method, for the count of weft
threads 1 a acquired cnlarged well Lhread image, we
should measure the number of threads which has
crossing zero at the cenler of horizontal 1mage scale.

The proposed zone crossing method is powerful to noise



anel can be solve the real-time problem.

In the zone-crossing mwcthod, the mean value of
horizontal gray level at the cenler of image is shown
n following equation Here, X, isthe honzontzl gray

value of 1mage and # is the number of horizontal data

Ix_,

n ' 1

Based on the relerence of global mean value E. we
also calculate two relerence value -2, and —Z; for the
following conditions as shown in equation (2) Here, m
and { are the number of crossing harizonral data in two
reference zones, respectively.

Then weft threads are divide into positive reference
zone +£; and negative reference zone —Z, it can be

regarded as a well thread in a textile.

al

p2p ¢

(X, ~E)>0, 5 =47 @

(X, —E)<0,

I[ the number of zone-crossing hetween positove and
negative reference zone in N, then 1 can be regarded
that the number of weft thread is N/2 which is
approximatcely detected willin square centimeter. Ta
convert this value into Lhe textile densily as the definition
of density, additional scale facror is multiplied to this value.

3.2 Textile Defect Ingpeciion Algorithm Using  Gray Level
Co-occurrence Features from Subband Image

Textile may he defined with respect to the global
properties of an image or 1o lhe repealing units that
compose it. And defecl detection can be defined as the
process of determining the location and/or the extend
of a collection of pixels in a textured image with
remarkable deviation in their intensity values.

In this paper, the co-occurrence hased method is
rmployed fo extract the textile image [or the purpose of
finding the defeet of varicus categories of fabrics. This

is representative of a statistical approach to textile

AL AR JHE 905

analysis. A co-occurrence matrix is a square malmix
wilh elements corresponding to the relative [equency
ol oceurrence of pairs ol gray level of pixels separatcd
by a certain distance in a given direclion.

Suppose, every NN pisel of an image can be represented
as fix,v), lhe gray leval of it 15 (7 distance between two
pixtels o, and position angle between twop pixel & are
imployed Then thers are four directions among the
direclion position angle such as 07, 457, 80°, 135°.

The four kinds of relative position hetween Lwa prel

can be defined as equation (3).

a=0°
g =45¢

= RH(d):|j—m!:d. k—n=0

Rop () (f—m=—d, k—n=-d)
or (J—m=d. k—n=d)

8=90° R,(d).j—m=0, |k—nl=d

& =135 R, (d):(j—m=—d. k—n=d)

or (j—mi=d k—-n

—d)

And also, Lhe relationship hetween the ashove-

mentianed pixel pair and the co-occwrence prabalbulity

of grav level p and g can be illustrated as equabon (<),

Pip.g.d, O=#{R{), Fiik)=p. fimm)=a}
Pip,q.d, 457)=#{R{d}, f(j.&)=p, fnn)=gq)
Plp.g.d, 90°)y=#{R(d), [k k)=p. fimm=g}
P(p,q,d135%)=#{R(d), F(j,k)=p, flunn)=q}

b

Futhermore co-occurrence matrix is processed by
normalization melhod Lo make the sum of all ihe entnes
in matrix equal to 1. In this paper, for extracting (earures
in the delect delection of textured imuges are eontrast
and angular second moment. Based on abave equations,
ASMlangular  second CON(contrast)
features are obtained as following equalions. Contrast

moment) and
[eature iz a measure of Lhe image contrast or the amount
of local variations present in an unage. And aiso, engular
second moment 1s a measure of the homogeneily of an
image. In equation (5) and (6), & denotes the sum of

all the entries of co—occurrence malrix.

ASM = EE(L;’("!)"
b

ne=l
CON=Y 5% Y (mp(?‘?))}
R=i

[p=sl=¢

(6)
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Based on the above equabions, (he textile ceflcct
mspection procedures are as follows : To save the
processmg time and find delect positions, 256 X 266 gray
level mage is divided inlo 32 <32 subband mmage. And
each suhband images are down leveled o 16 gray level.
And also, to enhance the data, hislogram equalizations
are processed far the cach down leveled subband images.
Andthen, welind co-occurrence malriz, accumilate CON,
accumulate ASM, and average value of these iwo features.
Tinally we can estimate the defect and defect subbuand
position of textile from Lhe dilference value of CON{ASM)
of each subband and average value of CON{ASM)

Based on lhe proposed texlile density measurement
and defect inspection dlgoriilims we implement real- Ume

textile dimension mspection system as shown in (Fig 1),

| 12202 rolirg cylneinca viefl Somwes Tensily
Iha\lnganlan[ T lers msge lens TZSUIEmeNt

dimenzion
mpul 34 B disloriian angle necion
IEQe soirect on ‘ ;\nltem ‘
dovin "svel ravleval e
2 F— ¥, ELU]
niag3 acounence malni e deector

{Fig, 1) Configuration of the proposed textile
dimension inspection system.

4. Experimental Results

In the experiment, we expenmment with the three
onginal weaves such as plane, [will, and salin weave
for the measurcmenl of lextle density and the 10 types
of delected textiles for the detect of textile defoct.

(Fiz. 2) shows the three basic texties and their
structures. {Fig. 3) is a resulung well image of plan
weave fextile for the outer hallogan lamp. From the
result, the hrightrness of well threads is changed for the
power of outcr llurminanl and cxact density can be
calcwlated from lhe zone—crossing method. In this
experunent, to acquire unilorm weft image. we used
hallogan lamp with 37-42V

{Fig. 4} shows lhe ongnal textile and the 10 tvpes

aof real defecl images such as welt [loat, hole (loat, shuttle

warp mark delcer, shutlle well marlk defect, warp [loal,
pasie flecl. warp cdac defect. welt edge defect. warp
thread delect, and wefl thread delect ol wextile. (Fig. &)
shows the histogram cqualized mmage ol 10 types of
defected texlles mecluding onginal image. Through
histogram ecqualization, a more uniform gray level

distmbubon of mage 18 obtamed.

{(Fig 77 Basic lexbles and thelr siructures
{a) plain, (b) twill, {c) satin weave.

{a) W ic}

{Fig 33 Plain weave for the intensity of extefior
Mummant: (a) 37V, (b) 40V: (o) 42V,

<Table 1> shows Lhe ASM and CON values [or the
original and 10 values ol delects texhile mage. And also,
(Fig. 6) shows (he test equahzed textiles such as original,
shutlle warp mark delecl, well [loat, small hole {loat,
large hole toal wxtiles, (Fig 7) shows the resulting delect
subbands of defect texiiles lor each test mmages m (Fig. 6).

The proposed density measwing system can be
acquired enhanced well thread image and measured
desired density within minimum error as well asmeasured
thread density up lo 1530M/min well slraightencr speed.
And the mplemented Lextile defect ingpection system can
deicct defect posilion of textile as well as defects of textile.
<Tahle 2> shows the specification of the proposed textile

dimension mspeclion svstem
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(Fig. 4) Varlous defecl types of textle
{a) original image: (b)Y weft float: (o) hole float:
{d) shuttle warp mark defect (&) shuttle wefi mark
defect {f) warp Nogt (g paste Peck. {h) warp edge
defect, (1) wefl edee defect, {J) warp thread defect,
(k) weft thread defact,
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(FIg 5) Histogram soualization images for the defecl

images in (FIg. 4).
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(Fg. 6) Test equalized defect textiles (a) original:
{b) shultle warp mark defect; {c) weft float: ()
small hole float: () large hole float (&) paste fleck,
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{Fig 7) Resulting detect subbands of defect taxtiles
in (Fig. 67, {(a) orignal; {b) shuttle walp matk defect,
(c) weft float: (d) small hole float () large hole float,
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{Table 1> ASM/CON values for the images of (Fig. 7).

Defecl CON and ASM wvalues of texiles
CON 07, d=1 369752
CON 45°, <=1 1753210
CON 807, d=1 144167
Onginal textlle CON 1357, d=1 . 1618296
ASM 07, d=1 2288110483
ASM 45°, d=1 108307262
ASM 9, d=1 124237125
ASM 1357, d=1 . 1129523R0
CON 07, d=1 375804
Shuttle warp mark CON 457, d=1 1661710
defect CON o, d=] 1295006
CON 135, d=1 1458270
ASM 07, d=1 220663402
Shuttle warp mark ASM 457, d=1 111448516
defect ASM Q0 d=1 ¢ 120220374
ASM 1357, d=1 . 119121654
CON 0", ¢=1 397190
CON 45°, d=1 1543880
CON 907, <=1 1251524
B CON 135°, d=1 . 1537830
Vet Tioat ASM O, d=1 224188308
ASM 437, d=1 117151996
ASM 907, d=1 134607810
ASM 135", d=1 @ 117141398
CON ¢°, d=1 367126
CON J5°, de=1 1575382
CON a0, d=l . 1260756
CON 1357, d=1 . 1490684
Small hole Tloat ASM O ¢l TORIORLE
ASM 457, d=1 113183940
ASM 907, =1 12R845006
ASM 135°. d=1 * 116314208
CON 07, d=1 440400
CON 457, d=1 1277010
CON 9. d=1 1026900
Large hole float CON 1357, d=1 1407680
ASM (O, d=1 215783368
ASM 45°, d=1 129103168
ASM 907, d=1 : 143060814
ASM 1357, d=1 124133386
CON 1%, d=1 376448
CON 437, d=1 1376998
CON 507, d=1 1083170
Paste lleck CON 135, d=1 1277808
ASM 07, d=1 279397680
ASM 45", d=1 169508374
ASM 907, d=1 : 192720608
ASM 1357, d=1 © 172006332 L

{Tahle 2> Specification of the proposed textile
dimension Inspection system

Svstem| . .
Specitication Dimension Inspection System

Computer Vigion(oplical +
image processing)

Inspection Types

Inspection Ttems Density and Defect of Textde

Halloman lamp

DC power DL, 3742V opumally
Nao. of Mcasured Densily | Up to 130 threads/inch
Up to 1H0M/min,

Plam. twil], satin weave

J.amp Lype

Max sneed of Rolling Speed
Tesl lextle

I Errors of Denaly Measurement | £ 194
LEm:rs of Delect + 1%

5. Conclusion

In this paper, we implemented textile dimension
Inspection system In the proposed svstem, we provide
density measurement method to caleulate textile densily
using optical lens and defect inspechion method using
gray level co-occurrence matrix to detect the various
types of defects,

By the measurement of texlde dimensions at
continuous stages of the production process. it i
possible to mornlor the overall texlle throughoul, at all
the significant points. It can be implemented on the
fabrication controller 1o prevent thread irregularilies
and 1o hold a constant number of threads. [n addition
to momiering and recording the relevant data, the

system 18 able @ control fabrc machines.
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