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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
has the right to be represented on that committee. International organizations, governmental and
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Introduction

This Technical Report introduces two approaches, one by Japan and one by Korea, to three-dimensional
seam pucker measurements. Other systems are emerging in the area but are not yet widely available. The
two approaches were presented for consideration as ISO methodology to TC38/SC2/WG4 (Appearance
Retention) in Gothenberg., Sweden on August 2nd-3rd. 2001 and will be processed jointly as a technical report

to [TC38/SC2. As the systems are further developed, resolution of measurements may improve:.(

mg

B4

The American Association of Textile Chemists and Colorists (AATCC) provides a stahdard method
seam puckering based on samples rated on a scale of 1-5, where 1 is the mostheavily puckered a
smoothest (Figure 1). The scale for wrinkles in fabric is comparable, although_for this the AATC

ref

subjective assessment prone to both inter- and intra-grader variability.

nufacturer for the most recent information on system capabilities.

ckground

licas as samples (Figure 2). Typically, both seam and wrinkle grading i performed by human

Eigure 1 — AATCC sample for single-seam gradings 5 down to 1
(Similar double-seam samples exist)

ontact the

of grading

nd 5 is the
C provides

graders, a

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=cc3f156978a6a7b163cf672c0fe91776

ISO/TR 16323:2003(E)

Figure 2 — AATCC wrinkle replicas for gradings (left to right, top to bottom) 1, 2, 3, 3,5,4and 5

Comparison

These Japanese (Method 1) and Korean (Method 2) systems arelintended to supplement the subjective vis
grading of the appearance of seams with a reliable and reproducible instrumental method.

Method 1, |detailed in Annex A, is image-analysis-based: Light is projected through a parallel grid (formin
striped paftern) on to a 250 mm x 250 mm area of thé)seam. The grid pattern appears warped on the surfa

ual

J a
ce,

forming a fopographical map. A CCD camera is then used to capture four images of the striped pattern on the
fabric, each from slightly different positions. Thelimages are then analysed in three dimensions. The software
compares [the analysis to the analysis of the\five-grade seam puckering replicas used by human graders gnd
produces & numerical rating for the seamis appearance.

Method 2, |detailed in Annex B, uses spot laser sensing or line laser scanning. Once the topographical dpta
are obtained, the software associates each point with a vector of five numbers between 0 and 1. These
numbers represent the likelihgod-that the point could be considered a member of each of five different sets.
Each line (s sampled at 9 points and the series of vectors for points on a line forms a frequency distributipn.
These disfributions are _then input into a classic fuzzy neural network, which produces output pattefns
correspondling to AATCEpucker grades.

Table 1 — Comparison of the methods
Method 1 Method 2
Software basis Image processing/analysis Artificial intelligence (neurofuzzy)
External CCD camera, parallel grid, light Spot laser sensing system or laser line
Input/image capture device source, controller, PC scanner (with CCD camera), PC
Result is a 3-D data set Result is a 3D data set
System output Rating 1-9, which can be mapped to AATCC AATCC pucker grade
pucker grade
Sampling distance is 0,5 mm, points in Height resolution is 0,05 mm, points in the
Sample measurement 250 mm x 250 mm image are sampled at image area are sampled every 2,5 mm in
approximately 1 mm intervals the width and 1 mm in the length directions

Vi © 1SO 2003 — All rights reserved
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Information on the Japanese system can be obtained from Dr. Ryohei Komatsubara, TechnoArts Laboratory
Co. Ltd., 3-10-7 Kotobuku-cho, Fuchu-shi, Tokyo, Japan 1830056 (Tel: +81-42-362-9201; Fax: +81-42-362-
9261; ryohei@talab.co.jp)

Information on the Korean system can be obtained from Dr. Chang Kyu Park, Department of Textile
Engineering, KONKUK' University, 1 Hwa-Yong, Kwang-Jin, Seoul 143-701, Korea. (Tel: +82-2-457-8895;
Fax: +82-62-530-1779; cezar@konkuk.ac.kr)
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TECHNICAL REPORT

ISO/TR 16323:2003(E)

Textiles — Three-dimensional measuring apparatus for fabric
appearance

1

Th

Scope

s Technical Report specifies a test method for the objective evaluation of fabric app€g€arance wi

dimensional measuring apparatus.

2

Th
ref|
do
1S(
1S(

1S(
do
3

Fo

3.1

Normative references
e following referenced documents are indispensable for the application of this document.
prences, only the edition cited applies. For undated references;.\the latest edition of the
cument (including any amendments) applies.
D 139, Textiles — Standard atmospheres for conditioning and testing

D 6330, Textiles — Domestic washing and drying procedures for textile testing

D 7770, Textiles — Method for assessing the . appearance of seams in durable press pro
mestic washing and drying

Terms and definitions

[ the purposes of this document, the following terms and definitions apply.

seam pucker

rid
wh
4

4.1
of

je, wrinkle or corrugation of the material or a number of small wrinkles running across and into o
ch appear on sewing-together two pieces of fabric
Principle

Seamed fabric specimens are subjected to procedures simulating domestic laundering prag
the, washing and drying procedures specified in ISO 6330 should be used, as agreed bg

th a three-

For dated
referenced

ucts after

ne another,

tices. One
tween the

intereSted-parties:
4.2 The seamed fabric specimens are instrumentally assessed using either Method 1 or Method 2.
4.3 These instrumental evaluation methods may not be suitable for all fabrics. Colours and patterns on

fabrics may interfere with the accurate measurement of appearance. For information on whether a fabric is
suitable for analysis, contact the manufacturer of the system.

4.4

For a detailed description of the theory behind the measurement apparatus and the assessment in

Method 1, see Annex A. For a detailed description of the theory behind the measurement apparatus and the
assessment in Method 2, see Annex B.

© 1SO 2003 — Al rights reserved
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5 Apparatus

5.1 General

5.1.1 Washing and drying apparatus, as specified in ISO 6330.

5.1.2 Steam or dry iron, with appropriate fabric temperature settings.

5.1.3 Sewing machine, for fabric seaming.

5.2 Met

521 Li

5.2.2 Th
needle sti

od 1

ghting and evaluation area, as specified in ISO 7770 for measurement (see Figure 4).

ree-dimensional measuring apparatus, for evaluating seam appearance (single and dou
ching) as shown in Figures 5 and 6. Its general principle and technological(zbackground

described Jn Annex A.
5.3 Method 2
5.3.1 3-gimensional measuring instrument, for fabric seam surface scanning:
5.31.1 Non-contact displacement meter, employing a spot laser sefsor (or a CCD camera and a la
light sourge). It is not necessary that this be specified. See Figure 7 for'examples. This instrument sho
have a regolution of the measured heights of 0,005 mm and in totah4. 352 measuring points for each sam
(17 lines with 2,5 mm intervals and 256 points with 1 mm intervals‘aleng each line) see Figure 3.
Dimensions in millime
400
254
Seam o| o
line F| n
Figure 3 — Measuring area

5.31.2 One mounting frame and plate, for specimens (see Figure 8)

5.3.2 Objectivefive rating software, (see Annex B) capable of

a) calcul

ble
are

ser
uld
ple

res

ation of: height data at the measuring points, frequency data between neighbouring measur

ng

points

, each average, each maximum and each variance along each measured line;

b) fuzzification of averages, maxima and variances of height and frequency along each measured line;

Cc) makin
d) object

e) finalo

g the input patterns for the six neurofuzzy engines;
ively rating by six neurofuzzy engines through defuzzification;

bjective rating from the average of the six rating results;

f)  reporting the results;

g) tilities including 3-dimensional image viewing, data filtering, statistics, frequency analysis, etc.

© ISO 2003 — Al rights reserved
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5.3.3 Six artificial neurofuzzy engines, as described in Annex B. Six artificial neurofuzzy engines
evaluate seam appearance of test specimens with different-angled points of view. The first, second and third
neurofuzzy engines are based on height information of the seam appearance and use average, maximum,
and variance of heights along each measured line respectively. The fourth, fifth and sixth neurofuzzy engines
are based on frequency information of the seam appearance and use average, maximum and variance of
height differences between neighbouring measured points along each measured line, respectively.

5.3.4 Personal computer, for data filtering, calculation, image viewing, fuzzification, neurofuzzy engines,
objective evaluating and reporting.

6 | Specimen preparation

Prepare three specimens. For Method 1, each sample should measure 38 cm x 38 cm.For"Methpd 2, each
sample should measure 50 mm wide by 500 mm long. For both methods, each should-be preppred in an
idgntical manner with a seam inserted through the middle. If the fabric is wrinkled;-if-may be smoothed by
appropriate ironing prior to testing. Care should be taken to avoid altering the quality of the segm itself. If
ex¢essive fraying is anticipated, specimens shall be stitched loosely 1%em from the edges, using
dimensionally-stable thread.

7 | Testing procedure

7.1 Washing and drying procedures
Wash and dry each specimen according to one of the procedures specified in ISO 6330, as agregd upon by

thq interested parties. If required, repeat the selectedwashing and drying cycle four times, for a fotal of five
cygles.

7.2 Conditioning
The standard atmosphere for conditioning and testing textiles as defined in ISO 139 shall be used (a

temperature of (20 + 2) °C and a relative humidity of (65 + 2) % with the exception of tests intended to study
thq effects of specific temperatures and/or relative humidities on the appearance of the seam.

7.3 Evaluation

7.3.1 Method 1

7311 Mount.the test specimen on the viewing board as illustrated in Figure 4, with the s¢am in the
verftical direction.

The overhead fluorescent light shall be the only light source for the viewing board, and all other lights in the
rogm shdll be turned off. It is recommended that the side walls be painted black or that blackout ¢urtains be
mqunted on either side of the viewing board to eliminate any reflective interference.

7.31.2 Adjust the position of the three-dimensional measuring apparatus so that photo images of an
appropriate area (17 cm x 17 cm) of the seam can be taken.

7.31.3 Start taking the measurement by projecting a stripe pattern on the surface of the specimen and
taking the image in the computer through a CCD camera and recording the rating indicated.

7.31.4 Each of the other two test specimens shall be processed in the same manner.

© 1SO 2003 — Al rights reserved 3
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7.3.2 Method 2

7.3.21 Mount the specimen on the test plate.
7.3.2.2 Insert the plate with the test specimen into the 3-dimensional measuring instrument.
7.3.2.3 Measure the surface of the test specimen in a darkroom using the 3-dimensional measuring

instrument described in 5.3.1

7.3.2.4 Rate the test specimens objectively from 1 (severe pucker) to 5 (light pucker) using the software

described jp-6-3-2te-6-3-4-
7.3.2.5 Repeat the procedure for the remainder of the samples
7.4 Expression of results

7.41

Average the ratings on the set of three specimens. Report the average to the nearesthalf a rating.

7.4.2 Method 2

Method 1

Table 2 — Seam appearance ratings

Class Seam appearance
5 Equivalent to Standard 5 of 3-dimensional replicas
4.5 In-between appearance of Standard 5 andStandard 4
4 Equivalent to Standard 4 of 3-dimensijonal replicas
3.5 In-between appearance of Standard 4 and Standard 3
3 Equivalent to Standard 3 of 3<dimensional replicas
25 In-between appearance of Standard 3 and Standard 2
2 Equivalent to Standard'2-of 3-dimensional replicas
1.5 In-between appearance of Standard 2 and Standard 1
1 Equivalent totStandard 1 of 3-dimensional replicas

Average the 18 evaluations made by the six neurofuzzy engines on the set of three test specimens. Report

the defuzzffication value“and the final rating to the second decimal place.

8

The test repeftshalbnclude-thefollowinginformation——— |

a)
b)

c)

Test|report

reference to the testing method;

details of the washing and drying procedures used as specified in ISO 6330;
number of washing and drying cycles used;

sewing conditions (sewing thread used, stitch density, stitch type, needle used, etc.);
seam appearance rating as calculated above;

details of any deviation from the specified procedure.

© ISO 2003 — Al rights reserved
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Dimensions in metres

0,6 2,4
Cle = -
1 2
9 \ \
(¥g)
m.
~N
Ln_
0,16
= \[5\0
(=) |——
Key
1 | standard
2 | test Specimen
Figure 4 — Lighting equipment for viewing test specimens
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Key
1

2
3

C}\&
N

sensor
controller
computer

Figure 6 — A set of measuring apparatus
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o)

b) Laser line scanning

a) Spot laser sensing

N
O

Figure 7 — Two types of Iaq@canning systems
\\(\@
oY
4\
xO
O
o
>
o
N
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Key

A ODN -

Dimensions in millimetres

1800
1600
- D QEO
1 ~
A A
57 87 e
t//
A
X
Q
N
4 D
2 2
m
57 D W
~ +
T
D 87
3
D &
D J 87
I 7
\ \ 7
e
40
210
specimgn
plate
frame
side of plate
Figure 8 — Mounting frame and plate for specimens
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Annex A
(informative)

General principle and technological background of a three-dimensional
measuring apparatus for assessing seam appearance — Method 1

A.[l Principle

The principle of seam appearance assessment using a three-dimensional measuring apparatus ig based on
an|image analysis technique. As shown in Figure A.1, a stripe pattern is projected througha paralle] grid on to
thg surface of a specimen by a white halogen light.

Fopr images (17 cm x 17 cm) of parallel grid on the surface of a specimen at‘slightly different pgsitions are
taen by a CCD camera and input to a computer.

-

W////{//////

4

Key

CCD camera
test specimen
stripe pattern
light

A WON -

Figure A.1 — Schematic explanation of three-dimensional measurement

© 1SO 2003 — Al rights reserved 9
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e
>
(50
&
Figure A.2 — Photo image of seam appearance Q"\
The information from these four images is compared with that of Standard 3-D cas, and processed W
an applied method of a finite differences algorithm. The assessment resultss\a\e indicated by a 0,5 unif
rating. Q o)
Y X
06 A
' \\)
%
\ S
0,5 =
0,4 xO
O
o
’ > \
0,2 ~ Q
' @)
o
A
0,1 ¥
0 |§\Q | | | | | | |
«?‘ 2 3 A 5 X
Key %

X Rating of single seam appearance
Y Average finite difference (mm)

ith
of

Figure A.3 — Rating of standard 3-D replica vs seam pucker information of finite difference algorithm

10
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A.2 Verification of the validity of the 3-D measurement

For the purpose of verifying the validity of the 3-D measurement, correlation between the 3-D measurement
and visual rating method based on the procedure of 5.1 (1) described in JIS L 1905:1994 (—6.1 a) in the
revised version of JIS L 1905:2000 was studied using 10 to 20 specimens of single and double seams in two
textile inspection organizations.

The coefficient of correlation in single and double seams is shown in Figures A.4 and A.5 to be 0,840 and
0,948 respectively.

L5

25 F

]

Key

X | Visual rating
Y | Rating by 3-D measurement

Figure A.4 — Correlation in single seam specimens
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4,5

35

]

Key

X Visual fating
Y Rating py 3-D measurement

Figure A.5 — Correlation in,double seam specimens

A.3 Specification of 3-D measuring-apparatus

The specification of Japanese 3-D measuring apparatus used in this Technical Report is summarized in
Table A1. [The apparatus is available from Techno Arts Laboratory Co., Ltd., Fujimori Bldg. 302, 3-1Q-7,
Kotobuki-gho, Fuchu-shi, Tokyo, 183-0056, Japan (TEL: +81-42-362-9201, FAX: +81-42-362-9261, HP:
www.talablco.jp)?)

1) Techno Arts Laboratory is the trade name of a supplier. This information is given for the convenience of users of this
Technical Report and does not constitute an endorsement by ISO of the product mentioned. Equivalent products may be
used if they can be shown to lead to the same results.

12 © 1SO 2003 — Al rights reserved
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Table A.1 — Specification of 3-D measuring apparatus

Measuring area 250 mm (horizontal) x 200 mm (vertical)
Distance from the device to the specimen |500 mm
Horizontal and vertical resolution 512 x 480 pixels
Depth resolution 0,25 mm
Horizontal and vertical accuracy 0,5 mm
Depth accuracy 0,5 mm
Interface PCI bus x 1, serial port x 1
Measuring time 1s
Input device 1/3 in CCD (B/W)
Light 150 W halogen
Grating 0,5 mm pitch
Size 450 mm wide x 200 mm high*x 300 mm deep
Weight 10 kg
Host computer IBM PC/AT compatible
CPU Intel Pentiumm450 MHz or upper
Memory 128 MB-or‘upper
Hard disk 10 GBer upper
Microsoft Windows 95/98
(ON] Microsoft Windows NT 4.0
microsoft Windows 2000
Sampling points 256 (horizontal) x 240 (vertical)
Calculating time 5s

© 1SO 2003 — Al rights reserved 13


https://standardsiso.com/api/?name=cc3f156978a6a7b163cf672c0fe91776

ISO/TR 16323:2003(E)

Annex B
(informative)

General principle and technological background of a three-dimensional
system for assessing seam appearance — Method 2

B.1 Artificial neural network

B.1.1 A simple neural network

An artificigl neural network (or neuro-computing) is based on the mathematical modelling-that simplifies
biological peurons and their connections. The structures of biological and artificial neural,networks are shgwn
in Figure B.1. The main structure of a typical nerve cell includes dendrites for receiving Signals, a single axon
for sending signals and the cell body. Synapses connect the axons and the dendrites. The nerve signals gre
electric impulses that are transmitted across the synapse by means of a chemical(process.

Biological Neural Network Artificial Neural Network

W’
Neuron
T
Activation

Function

kY

Connection
Connection Weight

Neuron Neuron
T T
Activation Activation
Function Function

£ £

Figure:'B.A — The structure of biological and artificial neural networks

In the artificial neural )network shown in Figure B.1, the neurons play the roles of the dendrite and the axpn.
Neurons are connected to each other with directed communication links. A simple neural network is shown in
Figure B.2| The input values to a neuron from connected neurons are multiplied by their connection weights.
Then, all theZinput values are linearly summed (a weighted sum). The weighted sum is transformed by The
activation tunction before it is fransmitted to other neurons; 1.€.,

n—1

Yo = D X x W, (B.1)
j=0

X =fTn) (B.2)

14 © 1SO 2003 — Al rights reserved
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where

X; (/=0,1,...,n=1) isthe input from the jth neuron (or the output of the jth neuron);

Wim is the connection weight between the jth and mth neurons;

Y, is the weighted sum of the mth neuron;

X, is the output of the mth neuron;

+ isthe—activation-function:
The procedure is called the feedforward action.
The activation function can be a threshold function, a linear function, a sigmoid functiomor’a bipolar function.
The sigmoid function is especially suitable for an error back propagation model because it is g

md
bin

fun

notonically increasing and easily differentiable to save computation time. A typical‘activation fun
ary sigmoid function (shown in Figure B.2), which is defined in the range of (0{1,0) as

1

=—— and
1+ exp(—x)

f(x)

J'(x)=f() = f(x)]

neural network is therefore characterized by the pattern:of*connections, the weights and the
ction.

the n'" Neuron

ontinuous,
ction is the

activation

Xo Xi | ... | Xoa

Figure B.2 — Simple neural network

© 1SO 2003 — Al rights reserved
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B.1.2 Error backpropagation algorithm

In the artificial neural network, information is distributed throughout the network that has been properly taught
through learning processes. Learning is an iterative process to specify the connection weights of a neural
network. The error back propagation algorithm (or the generalized delta rule) developed by Rumelhart is one
of the most popular learning rules in multi-layer networks (having input, hidden and output layers), based on
the following principle: the error of a neuron (the difference between the target and output values) is attributed
to all connection weights involved and the connection weights are iteratively corrected according to the size of

error. The correction process is back propagated.
F_igure B.3rHustrates-the-error-back—propagation—algerithm—he-error-in-the-outpuilayeris—ebtaired-frem—the
difference petween the target and output values as

E=1)-% ®3)
where, E; [T;, and X; are the error, target and output values of the jth neuron in the output layer, respectively.

Based on this error, the error factor of the output layer, .

where

S is computed as

D), ®

o (Y;)
o7,
:ij(1_Xj)

for the bingary sigmoid function. The connection weights between the output and the hidden layer are correc

using 61 W

The proce
Figure B.3

hich will be explained later.

dure of the error backpropagation algorithm is the reverse of the feedforward action. As showr
(’)} (j =m,m+1,...,p) are multiplied(by*their connection weights and are transmitted into neurong

4)

ted

in
in

the hidden| layer, where they are linearly summed. This summed value becomes the error of the nth neuron in
the hidden| layer, E,.
P
E, = Z W, (B.5)
f=m
where, W . is the connection weight between the nth neuron in the hidden layer and the jth neuron in fhe
output laygr. Then, as 'was done in Equation (B.4), g, of the neurons in the hidden layer are obtained from Y,
and £,
6, =YX E,
16 © 1SO 2003 — Al rights reserved
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Using the error factors obtained, the connection weights are corrected in the following manner
W(new); ;= W(old), ; + ax & x X; (B.6)
where, « is the learning rate of the neural network (0,0 < a < 1,0).

Note that the connection weights are corrected iteratively until the total sum of errors in the output layer
reaches specified tolerance. The value of learning rate in Equation (B.6) controls the convergence rate. Once
properly trained with converged weight values, the neural networks can recognize or classify characteristics of
objects.

[ Xm | Tm-Xm | Xme1 | Tme1 - Xme1 [ Xp }—? Tp'- Xp
? Em T Em+1 1 ) Q Ep
[H(Ym) | 1 (7(Yme1) | ] LAYe) N
I—Yim—' f(Ym) ,711—| f(Ym+1) l_¢/t<;\ f(Yp)
! v X !
f'(Ym)xEm f'{Ymn )XEmﬂ f'(Yp)pr
> (5m > (5mo1 < = (Sp
DT ya e

Action
Yn
f(Yn) Error
Backpropagation
On

Figure B.3 — Error backpropagation algorithm

T I Feedforward

the n™ Neuron

B.2-Fuzzy logic

B.2.1 Fuzzy sets and fuzzification

Since first proposed by Zadeh in 1965, the fuzzy logic has been expanded by many researchers and applied
to a variety of areas including electronic products, stock markets and medical diagnostics.

© 1SO 2003 — Al rights reserved 17


https://standardsiso.com/api/?name=cc3f156978a6a7b163cf672c0fe91776

ISO/TR 16323:2003(E)

An element of a fuzzy set, A, is the pair of a fuzzy variable, x, and a fuzzy number, u,(x). When “age” is the
fuzzy variable and “the degree of old” is the fuzzy number as shown in Figure B.4, the fuzzy set is

Fuzzy Set, A ={lx, ua(X)]l [x1, palx1)], [x2, palx2)]s - s [xe a1}
= {(Age, The degree of 0ld)|(35,0.11), (70,0.79)}

In this example, the degree of being old is quantified from the age using a membership function. The process
to construct a fuzzy set is called “fuzzification”. There are many types of membership functions and fuzzy
numbers. In this study, the triangular and trapezoidal membership functions shown in Figure B.5 were used,
which are defined as:

Y &

1,00

0,79

0,50

0,11 /

35 50 70 100

<Y

Key

X Fuzzy Jariable (age)
Y Memb¢drship function or,fuzzy number (the degree of old)

Figure B.4 — A typical membership function for a fuzzy set

[T [T
1,00 f----op 1,00

a, a, a, a, a; a, a,

a) b)

Figure B.5 — a) Triangular and b) Trapezoidal membership functions
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a) Triangular membership function

HA(x) =0,0, x<aq
X —aq
=———, aq1<x<aj
az —aq
az —Xx
=, ay <x<as
az —dy
=0,0, X>as
b)| Trapezoidal membership function
uA(x)=0,0, x<ay
X —aq
=———, aq1<x<aj
az —aq
=1, ap <x<asj
az —x
=———, a3<Xx<ay
az —aj
=0,0, X>ay

B.R.2 Defuzzification

Fugzification includes the process for construction of ‘the fuzzy set and fuzzy relation

or matrix.
“Defuzzification” is the process of obtaining the defuzzified values from fuzzy values. There are thrde methods
of |defuzzification: maximum criterion method, mean)of ‘maximum method, and centre of area

or gravity)
megthod. Among them, centre of area (or gravity) method is currently the most frequently used and is shown in
Figure B.6.

L(x;)
“ Ha(x) Hox) (X))

1,00 p-Eop--tem et et T

\

XpXpee X 0 JU S

0,00

B

Figure B.6 — Centre of area method for defuzzification
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The defuzzified x; can be calculated from the following equation expressed as fuzzy variables and fuzzy
membership functions:

D Ly <o)
j=1

X =
0 n
2, #(x))
j=1
where x; ad ,u-()c-) aredomainmvatuesard-kmown fULLy mumbersof-t |ujti| lIIUlIIbCIDiIiP furction; luopubiiv ﬂ|y.

Hence, th¢ fuzzified values through the various fuzzy operations can be easily transferred to the spedific
defuzzified values.

B.3 Neurofuzzy engine

B.3.1 Neurofuzzy algorithm

The structpre of a neurofuzzy engine is shown in Figure B.7. The fuzzy engine desScribed in Clause B.2 is the
pre- or post-processor of the artificial neural network described in Clause B{. 'In the pre-processor, furzy
inputs for the neural network are obtained through the fuzzification process-“Fuzzy neurons in the artifigial
neural network convert the fuzzy inputs into fuzzy outputs. The fuzzy heurons perform tasks using fugzy
values or |fuzzy information. The final fuzzy outputs are transformied ‘into numerical values through the
defuzzificgtion process.

Fuzzy System for D@Xiﬁcation

1

A

. o
ﬁl@ Network using Fuzzy Neurons

OCO0OO0O0||OO0CO0C0C g O00O0

i 8

Fuzzy System for Fuzzification
1’—\
LOOOKX

Figure B.7 — The structure of a neurofuzzy engine

20 © 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=cc3f156978a6a7b163cf672c0fe91776

ISO/TR 16323:2003(E)

The procedure of the new evaluation method is shown in Figure B.8. Using this method, puckered shapes are
measured with a 3-dimensional measuring instrument and transformed into fuzzified values of height and
frequency distributions. In order to rate seam appearance, the neurofuzzy engines are trained using the error
back propagation algorithm described in Clause B.1 with the ISO (or AATCC) reference puckered shapes with
ISO (or AATCC) standard grades, which were selected among many samples rated by human experts
according to ISO (or AATCC) methods.

In Figure B.8, a real puckered seam is measured as numerical data in the 3-D coordinate system using a
measurement system. The measured data are transformed into the fuzzy input patterns for neurofuzzy

engines through the fuzzification process. The neurofuzzy engines produce the fuzzy output patterns of the
obiective ISQ (nr AAT(‘(‘) pucker gmdn

Measured Real Shape | Fuzzy Paltterns of Height
2 H/F |

\ 4

R, || Fuzciicaion

l Neurofuzzy Engine

Construction Procedure

AATCC
Standards

Learning

|OOOOIIOOOOI |OOOO

Objective Grade

Figure B.8 — The procedure of the new evaluation method
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For design of fuzzy patterns for neurofuzzy engines, the definition of fuzzy patterns is shown in Figure B.9.
Five membership functions of a fuzzy variable are defined as triangular and trapezoidal functions as described.
Also, those five membership functions are named as five intuitive linguistic values: small (S), quite small (QS),
zero (ZE), quite large (QL) and large (L). Note that ¢; (i =1, 2,...,5) is a constant which determines the five
membership functions.

l 7 Membership Functions |
> small
> Quite Small
l Qs [ 2] Lo ] = ZE Zero
‘ = UNe Cary
Large
0 Fuzzy Variables
a a a, a a
Height
Frequency

Figure B.9 — Fuzzy sets and membership functions
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