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Abstract

Abstract

Nowadays, there are a number of developments of advanced three-dimensional body
scanners in the world, all aiming at achieving better fit for diverse consumers. However,
a good fit for individual consumers cannot be achieved without establishing the accurate
relationship between the fit design and the body anthropometrical data. Traditional
methods of pattern drafting are based on basic blocks with relevant formulae and tailor’s
experience. These methods of pattern drafting have not been validated experimentally
and the patterns from these methods may only fit a limited group of people. In order to
automate and improve the accuracy of the pattern drafting process, geometrical models
have in the past developed and built in the CAD system to convert three-dimensional
body measurements into the two-dimensional pattern. Such work was very successful
for close-fitting apparel, but may have inherent difficulties for loose-fitting garments,

which involve the complex draping of the fabric.

In this study, 59 male subjects, representing the Chinese male population in Hong Kong
were invited to take part in this experiment. After comparing the shirt pattern parameters
calculated from the traditional drafting formulae with the actual measurements of the
fitting shirts made by the tailor, considerable differences were found. One possible
reason for the inadequacy of these formulae is that, each pattern parameter may relate
with mutltiple body measurements. To address the above problem, multiple linear
regression (MLR) analysis was applied to identify the important body parameters for

each pattern parameter and establish the underlying relationship between body




Abstract

measurements and pattern parameters. Although, the results showed that the prediction
of shirt pattern based on the MLR model has much improved accuracy compared with
the traditional pattern drafting formulae, the prediction is still not accurate due to the
possibly non-linear relationships between the pattern parameters and body
measurements. Therefore, Artificial Neural Network (ANN) has been applied to
establish shirt pattern prediction model from 3D body measurements. ANN has also
been applied to establish a model for the prediction of the fitting perception of men’s
shirts from 3D body measurements and pattern parameter, which can be used by the
pattern designers to evaluate the pattern in terms of fitting to the target customer before
an actual garment sample needs to be produced. Furthermore, an Artificial Neural
Network model was also established to predict the pattern parameters of men’s dress
shirts from both the 3D body measurements and fitting requirements. The validity and
accuracy ANN models established in this study was further evaluated. 1t was found that
ANN model is not only improving the accuracy of pattern prediction, but it is also

providing good fit to the wearers.

The study improved our understanding of the interrelationship between the 3D body
measurements, fit perceptions and pattern design. The developed models can be coded
into a computer program for automatic pattern generation, which is much desired for the
implementation of mass customization. Although the present study is limited to men’s
dress shirts, the original methodology can be applied to the other types of garments in

future studies.
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Chapter 1

Introduction

1.1 Background and Scope of Study

Nowadays, there are a number of developments of advanced three-dimensional body
scanners in the world, all aiming at achieving better fit for diverse consumers. However,
a good fit for individual consumers cannot be achieved without establishing the accurate
relationship between the fit design and the bedy anthropometrical data. Traditional
methods of pattern drafting are based on basic blocks and tailor’s experience. These
methods of pattern drafting have not been validated experimentally and the patterns
from these methods may only fit a limited group of people. In order to automate and
improve the accuracy of the pattern drafting process, geometrical models have in the
past developed to convert three-dimensional body measurements into the two-
dimensional patterns. Such work was very useful for close-fitting apparel, but have
inherent difficulties for loose-fitting garments, which involve the complex draping of
the fabric. The present study aims at establishing the quantitative relationship between
the pattern parameters and 3D body measurements so that garment patterns fit to a
specific individual can be drafted based on the wearer’s 3D body measurements. Owing

to the limited resources and time, this study is confined to the men’s dress shirt,
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1.2 Objectives
The specific objectives of the study are as follows:

1) to establish a quantitative relationship between 2D pattern, fitting perception and 3D

body dimensions;

2) to experimentally evaluate traditional methods and formulae for shirt pattern

drafting;

3) to develop a technique and procedure for the assessment of the perception of shirt

fitting;

4) to improve the understanding of the relationship between the fitting perception, body

dimensions and 2D pattern,

5} to establish algorithm for deriving 2D shirt patterns from the 3D body measurements

using multiple linear regression and Artificial Neural Network;
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1.3. Basic Idea

The basic idea of the project is to predict the basic shirt pattern from the fitting
requirements and human body’s anthropometrical measurements,.so that patterns can be
designed to meet the required appearance and fit for each individual. In mathematical

terms, we would like to find the following function:

G=f (P, B) (1.1)

where, G is a vector of garment pattern parameters; P is a vector of percepts about

fitting; B is a vector of body measurements.

The fundamental methodology of this work is to establish Equation (1.1) empirically
through applying multiple regression analysis and artificial neural network. To do so,
the vectors P , G, B should be determined for different garments and different

individuals.

Theoretically, pattern design is also related to fabric properties. Patterns should be
adjusted for different fabrics. Due to the limitation in project time and resources, this
study is confined to a typical dress shirt fabric. The basic shirt pattern derived from this

study can be adjusted for different fabrics in application.
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1.4 Research Methodology

In order to achieve the objectives of this project, the following research methodology

will be applied:

1.4.1 Literature Review and Interview with Experienced Practitioners
This was the first step for understanding the previous work on shirt fitting, fit evaluation
and remaining issues on men’s shirt. This is very important for clearly defining the
objectives of this study.

For this part of work, journal papers, books and internet publications are searched and
studied. Brief interviews with the pattern technicians and désigners were held. All were
essential for seeking the information on shirt pattern drafting, the problems existed in

the market and the previous research in this area.

1.4.2 Human Subjects and 3D Body Scanning

1.4.2.1 Male Human Subjects

In order to evaluate the men shirt fitting and obtain the body measurement data, a
number of male subjects in various body sizes were invited as human subjects for the

study.

According to the scope of the project, the subjects of this project are male who will wear

men’s shirt for work. Therefore, the age of the subjects is not important for subject
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selection criteria. The main criterion is to have subjects with large variations in the body
dimensions. According to the tailors, pattern technicians, manufacturers and designers,
the sizing system in men’s shirt is represented by the neck size and chest size for ready-
to-wear market. Based on the above consideration, the subjects v\"ith different neck size

and chest size as well as body sizes were selected.

1.4.2.2 3D Body Scanning
A three-dimensional body scanner is used to obtain precise anthropometric data, instead
of using direct linear measurements on the subjects. The existing body scanner system

(Techmath Laser Body Scanner) was used for obtaining the 3D body measurements.

1.4.3 Shirt Samples and Pattern Measurements

1.4.3.1 Shirt Samples

A lot of shirt samples with varying degree of fitting to the male human subjects will be
needed in this study. However, in the first phase of the study, only the best fit shirts for
the subjects were made. An experienced tailor was contracted to design and make dress
shirts for the male subjects. The tailor uses his experiences and intuitions so as to make
the best fit shirt for each of the male subjects. The shirts were tried on the subjects to
examine the fitting. If the fitting was not good enough, the tailor would modify the
garment, or re-make the shirt with a new pattern until a good fit is achieved for the

target subject.
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1.4.3.2 Men’s Shirt Pattern

The shirt patterns are traced back from the vﬁtting shirt. The patterns include front piece,
back piece, yoke and sleeve. The patterns were measured by a set of 33 parameters.
These include the length between each intersection point and the angle at the shoulder
line. These 33 parameters were considered as the necessary and sufficient parameters for
the computer to plot the pattern. In measuring the pattern parameters, the average of 5

manual measurements was taken.

1.4.4 Visual Assessment of Fitting Perception
1.4.4.1 Interviews with Experts
The fitting criteria of dress shirts fitting and fitting procedures were established based

advice from designers, tailors and pattern technicians.

1.4.4.2 Fitting Assessment

The evaluation form for rating was the shirt fitting designed based on the comments
from the experts. There are totally twelve questions for rating different aspects of fitting
including tightness or looseness, ease of body movement and appearance in different
parts of the body. Ratings are performed after the wearer conducts a series of activities
including uplifting and bending forward their hands. Both the wearer himself and the

shirt experts were asked to rate fitting.
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1.4.5 Data Analysis

SPSS and expert system were used to analyze the experimental data.

1.4.5.1 Multiple Linear Regression
The Stepwise Variable Selection Method of the Multiple Linear Regression is used to
select the important independent variables for pattern prediction and to build the

relationship between 3D body measurements and pattern parameters.

1.4.5.2 Artificial Neural Network

Artificial neural network (ANN) is also used for the establishment of the prediction
models in this project. Past research has found that ANN is especially effective for
modeling nonlinear functions or relationships (Fausett 1994, Fan and Hunter 1998, Fan
et al 2001). The principle of ANN is to train the model (i.e. adjusting the weights
between the nodes in each layer) using experimental datasets so that the output from the
ANN is equal or as close as possible to the target pattern. For the application of

Equation (1), G are the output parameters, Pand B are input parameters.
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1.5 Significance of the Study

1

2)

3)

4)

Existing shirt pattern drafting formulae were established based on tailoring experts’
past experience. These formulae were there for a period ofti-me and therefore may
be out of date. They may also only appropriate for a group of people (e.g.
westerners). The validity of the existing formulae for the pattern design of men’s

shirts will for the first time be evaluated.

ldentification of necessary and sufficient body mleasurements for pattern design.
Today 3D body scanning systems can provide numerous number of body
measurements. However, it is not clear which of these measurements are necessary
and sufficient for the pattern design. This study will imprové our understanding on

what to measure and how to measure the human body for pattern design.

This study provides a method for predicting the basic blocks of men’s shirt pattern

of different individuals.

Essential to apparel mass customization, the quantitative knowledge and principles
of drafting the basic pattern blocks for individual fit and appearance will be very
useful to the designers and essential to the implementation of the much desired mass

customization.
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1.6. Originality of This Project

Base on the above discussion, this project have the following originality:

D)

2)

3)

4)

The methodology of pattern prediction is original and can be applied to the study of

the patterns of other garments.

The relationship between the body measurements, garment pattern and fitting

perception will be quantitatively investigated for the first time and better understood.

The traditional pattern drafting method and formulae for men’s shirt will be verified

for the first time.

The important body measurements for pattern drafting of shirt patterns will be

identified for the first time.
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1.7 Flow of the Thesis

This thesis is separated into ten chapters. Chapter |1 and Chapter 2 are the introduction
and literature review. Chapter 3 is experimental and results. Chapter 4 is comparison
and evaluation of tailoring experts’ formulae for shirt pattern drafting. Chapter 5 is
prediction of men’s shirt pattern by multiple linear regression. Chapter 6 is prediction of
men’s shirt pattern from 3D body measurements using artificial neural network. Chapter
7 is prediction of subjective fitting perception from shirt pattern parameters and body
measurements. Chapter 8 is prediction of shirt patterns from fitting requirements and 3D
body measurements. Chapter 9 is evaluation of shirt patterns designed using developed

ANN model. Chapter 10 is general conclusions and recommendations

10
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Chapter 2

Literature Review

2.1 Introduction

This study is concerned with drafting garment patterns based on body measurements to
fit individual wearers for the purpose of mass customization. Pattern design for garment
fitting is interdisciplinary related to garment sizing systems, body measurement
technology, pattern design techniques and fabric properties. The literature review is
therefore intended to cover the contributions in the different related fields. In this

Chapter, the literatures are grouped and reviewed in the following categories:

Mass customization {section 2.2}

3D body scanner (section 2.3)

Anthropometric survey and garment sizing (Section 2.4)
CAD technology (section 2.5)

Pattern design (section 2.6)

Garment fit (section 2.7)

11
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2.2 Mass Customization

Mass customization is a concept of combining the advanced technology with the
accurate pattern design so as to provide individual fit for diverse customers. It is a new
manufacturing trend in which mass-market products (e.g. apparel) are quickly modified
one at a time based on a customers’ needs (Xu et al 2002). [t provides consumers with
personalized products manufactured from standard product components (Tail 2001).
The idea of mass customization has been discussed for many years. Many researchers

believe that it is a global trend for the apparel industry.

One reason for the increasing need for mass customization is the ever-changing
requirements of consumer needs in the entire apparel industry (Anderson et al 1997).
Mass customization has advantages in better understanding customer demands and
shortening product development and product life cycles compared with those of mass
production (Fralix 2001). Companies become more competitive as a result of

maximizing customers’ satisfaction and minimizing inventory costs” (Xu et al 2002).

Mass customization cannot be realized without the relevant technologies. Automatic and
accurate body measurement system is essential for apparel mass customization. The
recent developments of 3D body scanners created a revolution in mass customization
Hye (1999) and Chapman (2000). Automated and accurate pattern design system for
generating patterns from 3D body scanning data and fabric properties is also critical for
mass customization (Xu et al 2002). CAD technology, incorporating digital virtual

human model, virtual try-on, and virtual catwalk, is also necessary as this would offer
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possibilities of modifying the design before the actual product is made, thereby
maximizing customer satisfaction and minimizing inventory costs. The garment
manufacturing systems should also be flexible depending on customer specifications so
as to produce individualized products (Anderson et al 1995). Welc-ion (1995) and Buirski
(1999) further pointed out that advanced information technology, automation, CAD
system and flexible manufacturing are all important for facilitating the implementation

of mass customization.

One recent example of mass customization was from Techmath Co. Ltd. The customer
can have choices of different high quality fabrics and accessories. The scanned data of
target customers and the choices of materials can then be sent through data transfer to
one of four manufacturers in Germany. Four weeks later, the cuétomer can pick up the
tailor-made clothing at the store. A top German mai! order company, Otto Versand, has
also started to offer customized shoes via the Internet. Basically, the customer is the
designer, and with just a few clicks, shoes can be created in different designs and in five
possible colours and the finished products can then be delivered in two weeks (Staab

2002).

Despite of the much progress in the implementation of mass customization, many
challenges still lies ahead. Tail (1998) pointed out that body measurements from body
scanners were not sufficient for made-to-measure apparel. Many of the necessary
measurements involve apparel measurements, not just body measurements. There are

also personal choices regarding customer comfort, psychological and aesthetic

13
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preference. Fitting requirements, for example, is one of the important elements for

implementing mass customization.

Secondly, the existing practice and mind set should also be changed. Most pattern
makers in the industry do not know how to alter the garments pattern to fit individual
customer, because they have always produced garments to fit their company’s sizing
system. And there is little practical guidelines in the current literature about the
alteration of existing garments pattern in conjunction with current technology. In this
regard, Istook (2002) introduced a step by step guideline for using the existing CAD

technology to enhance the custom fit of garments.

Thirdly, only a few body scanning systems are available in apparel industry because of
the high prices of such systems and they are not well intergraded with the apparel CAD
system. 3D garment design technology, which can consider customer’s individual’s size,

shape and requirements, should further developed (Xu et al 2002).

14
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2.3 3D Body Scanning Systems

The first element for the implementation of mass customization is the accurate body
measurements by 3D body scanners. [stook and Hwang (2001) pointed out that a
comprehensive and accurate set of measurements could help to customize garments for
fit. The development of three dimensional body scanning technologies is key to the

apparel industry in terms of mass customization.

2.3.1 Principles of 3D Body Scanners

According to Istook et al (2001), Blais (2004) and Fan et al (2004}, the principle of
three-dimensional body scanners is to capture the outside surface of human body
without physical contact with the body using optical techniques or light sensitive
devices. The subjects were usually required to wear form-fitting briefs or running shorts
during the scanning process. Body scanning systems consist of one or more light
sources, one or more vision or capturing devices, software, computer systems and
monitor screens in order to visualize the data capture process. The primary types of
body scanning systems are light and laser. Leading systems can be found in Japan, the

United Kingdom, Germany, France and the United States.
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2.3.2 Light-based Scanning Systems
A shadow scanning method developed by Loughborough University was used in one of

earliest 3D body scanning systems, which was named The Loughborough

Anthropometric Shadow Scanner (LASS) in the UK in 1987.

SYMCAD is Telmat’s 3D body scanner and developed in France in 1995 (Russell 2000).
The measurement data from Telmat body scanner can be integréted into apparel CAD
systems such as Gerber Technology’s Accumark system or Lectra System’s Modaris
software. It takes less than 15 seconds for scanning and generates 70 body
measurements. MySize's body scanning system (Champman 2000) and Eastman's
Telmat body scanning device (DesMarteau 1999) are also the scanning products from

Telmat.

The Textile Clothing Technology Corporation (TC2) in the United Stated developed the
products 2T4 (Fralix 2001) and 3T6 (Mckinnon 2001). It uses a phase measuring
profilometry (PMP) technique, which is similar to moiré light projection techniques.
According to [stook et al (2001), “it uses a white light source to project a contour pattern
on the surface of an object. A couple charged device (CCD) camera linked to a
computer detects the resulting deformed light strip. The superimposed projection grating
lines interact with a reference grating, forming the fringes. As irregularities in the shape

of the target object distort the projected grating, fringe pattern result.”
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Another white light system with a variation of moiré fringe for capturing the 3D shape
of an object is Triform, which is developed by Wicks and Wilson Limited in the United

Kingdom.

Moiré topography is one of the light-based scanning systems. Many researchers used
this technique to evaluate the body shape and fabric properties on shaping etc. This
method can capture a three-dimensional image onto two-dimensional fringe pattern (Yu
et al 1998). Tanaka et al (1982) used moiré topography to investigate the partial shape
of the human body such as breast, anterior chest slope, bugle around the scapula and
back slope in order to get a fundamental data of clothing well fitted to the human body.
Suda et al (1983) used this method to evaluate the draped shape of various kinds of
fabric. Matsuoka et al (1984) also used this method to evaluate the three- dimensional
shape of wrinkled fabric and applied on bagging. Tomita et al (1987) based on the
technology of moiré topography for obtaining several torso replicas of aged women in
order to enhance the fit of the traditional drawing method of the flat pattern. The
mobility of the pants was evaluated by its amounts of the ease at the hip and the thigh by
Tomita (1989). Yu et a! (1995) developed a moiré system for the measurement of
brassiere cups. The unstable soft material method for measuring both convex and

concave surface profiles of a three-dimensional form was evaluated by Yu et al (1997).

One of the moiré topography scanning systems named Cubicam was developed by The

Heng Kong Polytechnic University in 1999.
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Another light-based system is infrared, which has been applied in Japan to develop the
Hamamatsu Body Lines (BL) scanning system since 1980s. It uses near infrared LED
(light emitting diodes) to obtain the scan data. Near infrared light is reflected from the

subject being scanned and is collected by the detector lens.

2.3.3 Laser-based Systems

Cyberware Limited, in the United States, has developed the body scanner since 1987. In
1995, Cyberware developed a 3D body scanner with WB4, WBX, ARN Scan, Fast Scan
and Vitus Systems. The scanner projects a line, which is reflected into cameras located

in each of the scan heads.

The Techmath scanner developed by a German Company in 1995 (Tail 2000) employs
the laser scanning principle. The company is a leading scanner supplier in the industry.
Techmath 3D body scanner takes only 1.3 seconds to scan an object and the total

scanning time is within 10 seconds.

Voxelan is developed by NKK in Japan and later taken over by Hamane Engineering Co.

in 1990. It is optical 3D scanning system that scans the body with laser.

Bunka women’s University also developed a 3D body scanning system through joint
industry-university research project with in Japan in 2001. It uses halogen light and

takes about one second to obtain the body measurements, with accuracy 1 to 3mm.
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2.4 Anthropometric Survey and Garment Sizing

The improper garment sizing in the market is a prevailing proi)lem. That means the
proportion of the garments and the existing grading methods are not fit to the various
groups of customers. This problem may be due to the out-dated anthropometric data
and the lack of sizes appropriate for the full range of variation in body type that exists in
the population (Asdown 1998). The existing grading rule in -the market is another
concern (Cooklin 1997), as the existing rule for grading the various sizes of a garment
style is based on pervious experience and outdated anthropometric data. Thdse rules
have not been validated experimentally. The one of possible solutions for providing an
appropriate sizing of garment and grading rules for producing a range of ready-to-wear

apparel is the anthropometric survey using 3D body scanner.

Anthropometric survey is a consequence of.thc' development of ready-to-wear clothing
industry. In 1910, the apparel industry started using size designations to produce and sell
ready-to-wear clothing (Xu 2002). Researchers conducted many anthropometrical
surveys in these ten decades aim at providing updated body size information to enhance

the accuracy of garment fitting.

Many anthropometrical surveys have been done on different group of people, such as
women, men, people over 50 years old and pregnant women etc. Gordon (1986)
revealed the problem of the size fitting of the female uniform for U.S. Army. He then
derived mathematically from the U.S. Army’s anthropometrical database an integrated

sizing system for men and women. Workman (1991) investigated the body
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measurements in sizing variation. He especially focused on comparing current standards
for size 8 and 10 with those of the past decade. Kee (1994) conducted the
anthropometrical survey of Chinese women in Hong Kong and China for developing the
sizing system by comparing the size difference of block patterns between the Hong

Kong women and Mainland Chinese women.

Manley (1997) conducted an anthropometrical measurement study for the pregnant
women’s protective wear. Some researchers applied the anthropometrical survey for
garment design and fit assessment. For instance, Momota et al (1998) applied the
principle analysis to understand physical type characteristics of the upper half body of
adult males. Iwasaki et al (1998) stated that physique and body forms are very important
in garment design, therefore, researchers based on necessary information from
anthropometrical survey on each age group of 50-70 years old women for improving the
clothing design. Fberle et al (1999) conducted a simple survey for comparing the
difference between chest girth and waist girth in different age groups of western adult
male. All of them concentrated at the relationship between the body dimensions and the

garment design.

Recently, Asdown (1998) reiterated the importance of using the anthropometrical
database in terms of various body dimensions to create optimized sizing so as to
improve garment fit to the population. Xu et al (2002) reported that many survey

showed the anthropometrical data for clothing design was outdated and cannot provide
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perfect fit to the current population. One of the reasons is due to the outdated

anthropometrical data.

Anthropometrical data should be updated through periodic surveys in different parts of
the world, which is time consuming and expensive. The development of 3D body
scanners provided an effective and efficient tool for collecting accurate body

measurements.

With the availability of 3D body scanners, anthropometric survey was conducted in
different parts of the world. Comparatively, there are more anthropometric surveys on
the western population (Winks 1998), whereas there is only very limited
anthropometrical survey on oriental population so far, With regard to Hong Kong, there
is so far no updated anthroprometric data (Kee 1994). Recently, a project was conducted
by The Hong Kong University of Science and Technology to carry out an
anthropometric survey of Chinese people in Hong Kong by using the three-dimensional

body scanner. However, no results are published.
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2.5 CAD Technology and Computer Simulation on 3D Virtual‘Garments

Apparel CAD is a very important element in mass customization. CAD is a well-known
tool in the clothing industry. CAD systems are widely used in clothing industries, such
as textile design, grading systems, marker making systems, pattern design software,
pattern generation software etc. The following review is focuseci on CAD for garment

design.

2.5.1 Researches on CAD Systems

Many researchers contributed a lot to this area. Imaoka et al. (1989) developed a three-
dimensional apparel CAD system for drape simulation and sample making. The basic
idea of the system was to create natural shapes of the garments by considering the four
main factors, viz. the mechanical properties of fabric materials, geometrical and

topological shapes of paper patterns, shape of the human body and the way of dressing.

Yamakawa (1989) developed the computer patternmaking system, which makes
garment patterns automatically by the input of the fashion drawing, as there were no
systems for patternmaking. Authors regulated the rules for drawing fashion design. Then
they calculated the measurements of the fashion drawing and the measurements of the
real garments. The ratio of those two measurements were defined and used for tight
fitting dress pattern design. The wearing comfort on fitting perception was not verified

before establishing this computation system.
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Heisey et al (1990) developed algorithm for draping a basic skirt in three-dimensional
form and convert the individually fitted skirt to two-dimensional pattern. These
researchers claimed that the factors related to garment fit were the physical
characteristics of factors frdm which the garment would be sewn, the figuration of the

body and the cultural definition of the garments.

Kang et al (2000) developed an apparel CAD system to perfo;m automatic garment
_pattern drafting and the prediction of the final shape of designed garment dressed on the
human body. They based on the traditional pattern drafting methods and grading rules to
create the computerized pattern design script language. The cross-sectional value from
the anthropometrical data was used as the standard for the size accommodation to make
a resizable human body. The designed garment pieces were divided into fine
quadrilateral elements using a specially coded mesh-generating program for draping the
garment. The contact condition with human body, deformations, and the weights of the
elements constituting the garment pieces, as well as the surface texture of the cloth were

also considered.

Carrere et al (2000) stated that “body scan data does not automatically integrate with
any commercially available CAD/CAM system or measurement extraction algorithm
process”. Recognizing this problem, their research aimed at developing exchange
protocols for the current body scanning devices, CAD systems and creating the

conceptual model for body scan/CAD data exchange and garment development.

23



Chapter 2

Istook (2002) proposed a step by step guideline for using the CAD technology so as to
enhance the custom fit of the designed garments. This addressed the problem that most
pattern makers in the industry do not know how to alter the garments patterns through
CAD to fit individual customer, as they have always produced garments to fit their

company’s sizing system.

The recent advancement in appérel CAD technology includes the 3D virtual garment
simulation. The development of garment visualization on 3D computer environments
assists the designers in assessing the design, fabric suitability and the accuracy of
developed patterns. This concept of 3D CAD system provides a true representation of
garment from the computer platform and views the virtual garment from any angle. In
such systems, flattening algorithms are also applied to convert 3D image to 2D patterns.
Furthermore, a virtual dressing facility, where conventionally-designed pattern shapes
are assembled into a garment and viewed on a 3D body form. It plays an important role
in made-to-measure and customized garments (Hardaker 1998). Designers can also
collaborate with buyers by enabling them to play with fabric and style options. Texture
mapping garments can then be posted to WEB-STORE, a 3D virtual shop environment

that enables users to walk-through in real time over the web (Chapman 2001).

The incorporation of body measurement software and pattern generation software could
offer improved custom fitting (Kathiervelu 2001). CAD for garment design has been
very successful for close fitting garments, however for loose-fitting garments,

challenges still remain as it involves complex draping modeling.
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2.5.2 Commercial CAD Systems

There are a number of commercial appare]l CAD software available from different
companies. For instance, AccuMark™ from Gerber technology. AccuMark APDS-3D is
a product from Asahi Chemical Industry Co. Ltd., which is a virtual draping program,
allows pattern makers to select patterns from AccuMark™ Pattern Design and instantly

view them assembled on a 3D dress form.

[ectra system provides two versions of software, which are .LectraCatang and
LectraOnline. LectraCatalog combines an Oracle-based database with texture mapping
on a 2D or 3D image, where styles, fabrics and trims can be mixed and matched
instantly and displayed photo-realistically. It can be used for face-to-face design or as a
Web-enabled catalogue. LectraOnline is an e-prototyping service that provides virtual
sampling for apparel customers by combining texture mapping with 3D garment
construction. It automatically generates lightweight files from pattern pieces created in
two dimensions, from a fabric photo or scan, or from a virtual fabric. The designer
submits a file over the Internet along with a photo of the fabric, and LectraOnline sends

back a three-dimensional virtual garment.

There are two types of 3D CAD software provided from PAD system (Shepard 2000).
They are 3D Virtual Design and Haute Couture 3D. 3D virtual gives the possibility to
visualize all modifications to pattern pieces in real time. The 3D image is automatically
generated from the two dimensional pattern. Haute Couture 3D is an application which

addresses the growing needs of the 3D animation industry with regards to the production
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of high quality, photo-realistic, 3D-garments. This software also includes a graded,

framed and sewn pattern library.

Maya Cloth™ is a spring based dynamics systems that adds new simulation possibilities
to Maya. Properties like thickness, crease angle of seams, stretch and bend resistance all

added to the power of cloth and the variety of simulations that can be created.

Syflex LLC is a company dedicated to providing the 3D animation market with superior
simulation technologies. Landsend is a virtual shopping website; customers can login
into the company website using the My Virtual Model™ to create their own model (3D
mannequin) by submitting their appearance features such as height, weight, shoulder
width, hair colour, etc. After creating their own model, customers can select the outfit
from web store to drape onto the model. Users can also rotate the model to view the

outfit in different sides.

The new 3D Studio Max plug in, ClothReyes, from Reyes Inforgrafica, was the world’s
first cloth simulator when it appeared on the market in 1997. It had such revolutionary
features as tearable cloth and dynamic rigid body features, which it claims are still
unsurpassed, taking its potential beyond fabric simulation. Reyes’ approach to
developing 3D software is aimed at making the technology converge with the practices
of traditional garment production. Among other areas, it is the investigating way to
forecast cloth behaviour; based on weave design, to aid the process of creating the fabric.

It also adapts its advanced mathematical models of the Kawabata characterization
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system, used by the clothing industry for quality-control purposes. It is also addressing
the perennial drape issue and working on sketching and virtual prototyping software,

with the eventual goal — a realistic virtual catwalk.

The above advanced technologies in 3D garment simulation and CAD systems provide
an effective way for pattern generation and 3D garment simulation for virtual
visualization. However, the accuracy of garment fitting has not been verified
experimentally. Besides, the accuracy of virtual garments presented by computer
simulation might be affected by the complex of draping effects from fabric. It is
believed that accuracy of garment fitting could be improved by establishing the

relationship between body measurements and pattern measurements.
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2.6 Pattern Design

Apparel pattern making is the process of transforming three-dimensional fashion
designs into two-dimensional component pattern pieces (Koh 1997). This process
contains a lot of procedures, construction formulae and methods. Precise pattern design
is an important element in.mass culstomization. The interrelationship between body
measurements and pattern design are essential to garment ﬁtting, pattern generation and

3D garment simulation.

2.6.1 Traditional Pattern Drafting Methods

The traditional methods for the acquisition of body dimensions are based on linear
measurements, which are direct measurements from the human body by tape. Then such
data was used for drafting or altering garment patterns with a predetermined technique

(drafting procedures, formulae and methods).

One issue in the traditional pattern design is the visual assessment of body configuration
by the practiced eye of the cutter. Gazzuolo et al (1992) pointed out that this intuitive
approach has been codified in almost every pattern drafting and alteration practice. As
many important dimensions of the pattern are under approximations by experienced
people (Gauzzuolo et al 1992), this method for pattern drafting is not reliable and

without experimental support.
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Furthermore, the formulae in the traditional pattern drafting methods proposed by the
tailoring experts may not be appropriated because each pattern parameter is generally
derived from only one or two body measurements for pattern construction. However,
each.pattern parameter may correlate to several body measurements. In fact, body
dimensioné are very complex for measurements because it Consis.ts of many curvatures,
concave and convex shapes, angles and slopes of human figure. Some of body
measurements are interrelated, which would have significant effects on pattern

prediction.

To address the shortcomings of traditional pattern drafting methods, Howland (1998)
proposed to improve the fit of basic blocks to different body figures. He believed that
this would help to reduce the frequency and simplify the procedures on altering the

pattern into different styles and designs.

2.6.2 Prediction of Garment Pattern Based on Body Measurements

Garment pattern design is very important t6 garment fitting. With the well-developed
body scanning system, accurate body measurements become readily available. Much
work is now focused on improving garment pattern design based on body

measurements.

The research about the relationship between body measurements and pattern design

have been done for years. Brinson (1977) used somatometry methods to compare two
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processes of altering basic bodices and skirt. Hutchinson et al (1978) simulated the body
form by polyethylene foam for moulding the body in order to assess the body shape and
garment fit evaluation. Douty et al (1980 &1986) and Lesko (1982) used somatographs
on women subjects to determine proportions of body segments, analyze body contour,
and measure body angles so as to better understand the body size of women. The
moulds were then cut into the form of two-dimensional shapes. From those shapes, an

average shape was derived which was used to produce an average pattern.

Farrell et al (1983) altered two sets of pants by traditional and experimental methods for
six women subjects for comparison analysis. Data points from somatographs were used
to plot full-scale body contours, giving length along each line. Heisey (1983} proposed
to develop a conceptual framework for studying the relationship between the two
dimensional shape of a garment pattern and the three-dimensional form of the body
geometrically. The comparison of the fit of two sets of attached basic bodices and skirts
was done by Brackelsberg et al (1986). One set was altered by a traditional method that
used body lengths and circumference and other set by an experimental method that
added to the length and circumference measurements information about body angles

from computer-drawn plots of the bady profiles.

Gazzuolo et al (1992) predicted the garment pattern by photographic measurements of
frontal and lateral views of the female body form through statistical regression model.

Shen et al (1993) used somatographs (silhouette photography) to attempt to describe the
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human body shape graphically of female and then to produce the actual garment for

checking the fit of the garment on the body.

Masuda et al (1997) also derived the prediction equation to obtain the gap lengths on the
sides of the shoulder and upper chest blocks on the front trunk §urface from the body
measurements on female without making the pattern. The geometrical equations by
Masuda et al (1998) were set up for determining the gap length on the front bodice in
order to predict the front bodice tight fitting patterns without draping an individual. The
gap length included several side lengths on the tight fitting pattern blocks over or under
the corresponding side lengths of the body surface. These gap lengths were a key factor
for covering the women’s concave and convex shapes with flat sheeting. Researchers
claimed that this was an indication of the void between the body surfaces and the tight

fitting pattern.

The body measurement of stature, three girth items, four width items and four length
items was obtained from the upper half body of Japanese adult males in order to
understand physical type characteristics for making the plane figures by mode-ling
(Momota 1998). The 3D torso curvatures of 110 ladies were recorded with a 3D
digitizer and simulated by a triangulated polyhedron. The relation between plane
development and 3D torso surface curvature was established by examining angle at

concentrated vertices by Masuda et al (1998).
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Tae et al (2000) developed a new direct pattern generation method using body garment
shape matching process. Researchers transformed the three dimensionally measured
anthropometric data to a convex shape body model by stereoscopy and adjusting its
shape with considering the geometrical constraints of the undérlying body model to
obtain the optimum fit garment pattern. They developed a pattern flattening algorithm
that ﬂ-attens the three-dimensionally adjusted garment model into two-dimensional

pattern with considering the anisotropic properties of the fabric.

Masuda et al (2003) compared the body surfaces between 101 young men and 110
young women in terms of two curvatures measurements. The understanding of the
relation between the 3D torso shape of women and men and plane pattern making is
very good for clothing design, however, the certain amount between body and pattern

and the preference of fit from ladies are not considered.

The amount of ease allowance (customers’ preference) on garment is also important for
determining the optimum size of garment pattern from body measurements. Miyoshi et
al (1995) revised the jacket pattern of the width across body, width across side panel,
width across chest and width across back to evaluate the feeling from the wearers in
stationary and moving conditions in order to predict the fit jacket pattern from the
sensory testing. It proves that the relationship between body measurements, pattern
design and garment ease (customers’ preference) are very important for enhancing the

garment fitting on loose-fitted garment. However, the comprehensive approach in this
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area is still limited. Last but not least, most previous research on pattern prediction from

body measurements were only concerned on female body dimensions.

2.6.3 Garment Ease

Many researchers agreed that optimum garment ease are important to the garment
appearance and fit (Reich 1991). The optimum amount of garment ease is an important
parameter for mobility, appearance and fit as too much ease of allowance may block the
moverment and create wrinkles on garment surface, too little nearly “just fit” may create

pressure sensation and also affect the body movement.

The optimum level of ease allowance is important for achieving the high satisfaction on
garment fit for body movement unless the product is stretchable enough for wearing or
is a tight-fitted style of garment. Unfortunately, guidelines on the optimum range of ease

allowance are very limited.

Makabe et al (1988) has attempted to determine the part and quantity of necessary ease
of clothing in the upper limb motion. The change of length surface and relief of the
human body during the upper limb motion has been investigated by means of
dermatograph, moire topography and modeling by gypsum tape. Janice et al (1996) has
evaluated the amount of garment ease in protective garments for allowing the worker to
move uninjured and being recognized as comfortable by the wearer, Ease allowance is

over and above the main girth measurements. Thése allowances can differ from girth to
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girth, therefore, which should depend on girth, garment type, styling and fabric {Cooklin

1997).

Shu et al (1997) claimed that a lof of geometrical style line_s could be drawn in
accordance with the same measurement value from human body, That means the two-
dimensional pattern may not fit the human body without considering the body shape.
Therefore, they suggested that one should consider the ergonomics of human body in

size-ease allocation.

Huck et al (1997) stated that ease quality is the difference between patiern dimension
and human body, which is related to sensation intensity. Optimum ease could provide
optimum garment fit to wearer as well as the appropriate subjective feeling on garment
fit. In order to evaluate this element for crealing precise garment patterns, subjective
evaluation on garment fit is one of the feasible methods. It could further help to fully
understand the customers’ preference on subjective garment fitting. The optimum ease
for motion was evaluated by the subjective testing (Miyoshi 1995 & Huck 1997) which
improved the understanding of the effect of garment ease on the perceptions of the

wearers in terms of garment fitting.

Musilova et al (2003) assessed the allowances on the looseness of ladies blouse, ladies
polo coat and ladies coat. The authors assumed the body was in circle shape to calculate
.the horizontal dimension allowance between the bust level and clothing using the

drafting formulae, which is used to helps the CAD system to create patterns. However,
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the precision of their assessment was affected by the accuracy of the pattern drafting

formulae, which were not verified and the irregular shape of human body.

2.7 Garment Fit

Good fit is crucial to clothing comfort, appearance and consumer satisfaction. Momota
et al (1998) conducted a survey of business suits on Japanese adult males. 607 Japanese
adult males ranging from 20 to 59 in age were selected fo; investigation of the
consciousness of the actual conditions of fit toward them. The results showed that more
than half of the subjects concerned with ease movement and fit of ready-made suits at
the shoulder. Anderson et al (2000) proposed to use the consumer fit preference data into

an expert system to be used in decision-making involving fit.

2.7.1 Definition of Garment Fit

The definition of garment fit is not universal. Different views on garment fit have been
expressed in the past (Yu et al 1998). Erwin (1969) stated that the clements of fit
involve fabric grain, ease, line, set and balance. Park et al (1988) defined comfortable fit
as garment not restricting the freedom of movement during wear. Stamper et al (1991)
defined the well-fitted garments as comfortable to wear, allowing sufficient ease for
freedom of movement, that are consistent with the current fashion, and that are free of
undesirable wrinkles, sags, or bulges. Taya et al {1995) defined fit as how well the

garment confirms to the three-dimensional human body. Meanwhile, Taya et al (1995)
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mentioned that the clothing shape is principally determined by five factors, these are

clothing design, clothing material, clothing size, bedy size and body motion.

Hutchinson et al (1978) and Sieben (1998) pointed out that the hang of garments on the
shoulders is critical to the fit of a garment. Hutchinson believed that the garments should
fit perfectly between the neck and the horizontal line around the lower level of the
armhole. If such areas and garment proportions were better understood, the main fitting

difficulties would be overcome.

Stamper et al (1991) stated some critical requirements of garment fitting. Firstly,
Garments should have sufficient ease for comfort in moving. Secondly, the neckline,
collar, sleeve and pockets rest smoothly in their appointed position without gaping or
binding. Thirdly, long sleeve style has sufficient ease at the elbow to allow the arm to
bend comfortably and the sleeve should extend to the wristbond when the arm is relaxed.
Fourthly, the garment is free of diagonal, vertical or horizontal wrinkles that are not part

of the design.

Huck et al (1997} claimed that proper fit of apparel should depend on the relationship
between the size of the garment and the size of the wearer. Madhu T. (2002) defined
well-fitted garments as those comfortable to wear, allowing sufficient ease for freedom
of movement, conforming to present-day fashion and free of wrinkles, sags or bulges.
Body imperfection such as poor posture, grain of fabric affects poor garment hangs.

Garment without any ease, viz. conforming exactly to the body would be uncomfortable
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to wear, as there is no room for reaching, sitting or even breathing. Too much ease
would cause fullness and bulkiness of the garments. Therefore, a proper relationship
between body and garment ease should be built in order to provide adequate fit to

customers.

2.7.2 Subjective Fit Assessment

To understand the optimum garment ease for wearers and enhance the customer
satisfaction in terms of fit and appearance, many researchers conducted a lot of
subjective assessments on garment fitting. This not only ensures the quality of the
garments, but also provides a yardstick to the manufacturers for product development.
Moreover, it helps to generate precise garment patterns with the consideration of

customers’ preference.

Subjective fitting assessments were carried out by Shim et al. (1993), who conducted a
study with respect to the satisfaction of apparel fit for the women 55 years and older.
The area of the study included the factors such as style, color, fabric, sizing, definition
and ordering information. In second part of Shim et al (1996) study, the overall
satisfaction and dissatisfaction of women 55 years and older with the fit of ready-to-
wear in terms of the demographics, clothing buying practices, and self-reported clothing

problem locations were examined.
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Feather et al (1996) studied 503 female collegiate basketball players in terms of body
cathexis, body form, garment fit satisfaction, uniform deéign preferences and

demographic characteristics towards the fit design of basketball uniform.

The subjective assessment should evaluate at different postures and under body
movements. Huck et al (1997) evaluated the subjective weaﬁng sensation of the
protective overall. Wearers were required to follow the procedure of exercises such as
kneel on left knee, duck squat, stand erect etc. They were required to fill in the scaling
list with pair of description such as stiff and flexible, tight and loose etc from rating | to
9. 1 was equal to stiff and 9 was equal to flexible. Anderson et al (1998) has proposed to
investigate the female consumers in five focus groups for developing a model so as to

understand fit preferences for female consumers.

Aldrich et al (1998) also conducted subjective fitting assessment for women’s tailored
jackets. In their study, a subject with a light clothing was required to perform a series of
sitting and standing postures. In standing postures, the subjects were required to perform
upright standing, ergonomic flexion, natural flexion (midway), maximum natural
flexion, lateral flexion, ergonomic lateral flexion and maximum natural flexion. In
sitting postures, the subjects were required to perform upright sitting, ergonomic flexion,
natural flexion (midway) and maximum natural flexion. The other postures included
trunk flexion and rotation, trunk hyperextension, kneeling- and bending, the different
positions of the right arm in a vertical plane and the different positions of the lower arm

were examined. Those postures were likely to be performed by business women in their
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real activities. Photograph were taken and grouped according to different segments of

the body such as trunk, upper arm and lower arm, and compared visually.

Although the subjective assessment tends to be inconsistent and unreliable, but it 1s still
important for manufacturers to understand the fit requirements of the wearers to a

particular garment in terms of personal perception and garment appearance when

hanging on the body.

2.7.3 Objective Measurement of Garment Fit

Different objective methods have been proposed or developed for assessing the garment
fit more precisely and accurately. These include fitting index, symmetrized dot pattern,
waveform of clothing, moiré topography and video image. In the following sections,

these various methods of objective garment fit evaluation are described and discussed.

2.7.3.1 Fitting Index
In order to predict and measure the garment fit for wearers, Taya et al. (1995) proposed
a fitting index. The index is based on the measurement of the space between the body

and clothing, which can be obtained on a dummy.

Ng et al (1996) suggested four different levels of fit, namely linear dimension, the cross-

section area, the volume and the overall. Correspondingly, Linear Index, the Cross-
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Sectional Index, the Volume Index and the Signature Curve were proposed to provide

measures of the different levels of fit. However, these indices have not been verified

experimentally.

2.7.3.2 Symmetrized Dot Pattern (SDPs)

Taya et al (1995) applied the Pickover’s symmetrized dot pattern (SDPs) to grasp the
subtle difference in clothing shape. As patterns having symmetry elements can make
features more obvious to the observers, clothing shape can be quantified based on the

dot patterns.

2.7.3.3 Waveform of the Clothing

Waveform of the space between body and clothing was used to gnalyse garment fit by
Taya et al (1995). Three-dimensional clothing shapes were measured at the equal
intervals in the direction of the body axis with standard posture. The amplitudes of
clothing waveform were analyzed by using the probability density spectra and the

symmetrized dot pattern (SPD).

Furthermore, the wavelet analysis was applied to extract the characteristics of clothing
waveform for evaluating garment fit. Taya et al (1996) claimed that the wavelet analysis

could detect any small variations in the clothing waveform by a change of materials or

size.
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The wavelet analysis is potentially a good method for garment fit evaluation. However,
the effects of body motion toward the garment fitting, the relationship between the body
dimensions and the proper proportion of the garment design, and the subjective wearing

comfort could not be considered in the method.

2.7.3.4 Video Image
Another objective evaluation method for garment fit is to use the video camera to
capture images from human subjects, then use digital image processing techniques to

detect body features (Pfister et al 1991).

The image of slashed garments is video-captured and analyzed to assess the apparel fit.
Kohn et al (1998) applied this method to study the effect of posture on the fit of

garments worn by mature women between the age of 55 and 65.

2.7.3.5 Limitations of Existing Objective Methods for Evaluating Garment Fit
Although a number of objective methods for evaluating garment fit have been proposed,
in applying these methods, there is still a lot of limitation. The difficuity lies in how to

accurately and efficiently capture the garment surface, which may be folded or wrinkled.
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2.7.4 Fabric Properties to Garment Fitting

Material property is one of the important parameters related to garment fit. Fabric
properties have been considered for pattern generation for enhancing garment fitting.
Aisaka et al (1985) used the physical properties of fabric to develop an estimating
method of the three-dimensional shape of made-up garment in order to develop a
suitable planar pattern information processing method. Okabe et al. (1988) used the

mechanical characteristics of fabric for three-dimensional dress simulations.

Fabric properties such as bending rigidity, the shear resistance, elongation of fabric-self-
weight have been used for predicting the silhouette of flared skirts by multiple

regression analysis.

Investigation of the relationships between fabric properties, pattern construction, and the
fit of knit underwear was proposed by'Rodel (1998) for developing construction rules of

knit underwear for shortening the production times and improving the product quality.

The effects of fabric properties on garment fitting are related to fabric draping. The
draping of fabric becomes more complex when the body is moving. The draping
phenomenon requires complicated mathematiéal simulation (Yamakawa 1996). The
complete modeling of the draping effects has still not been realized due to the
complexity of drape modeling. This is still a major challenge for 3D virtual garment

simulation.
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2.7.5 Simulation of Garment Fit

Simulation of garment fit is one way of predicting the garment fit and appearance before
the real garment is made. Matsuda et al (1994 & 1995) developed a graphic method to
simulate garment fitting on human body in various posture. In their work, a human body
was divided into six columns, which were then subdivided into twelve parts. The results
showed that such method could successfully represent a garment form that fits well the

model body for every type of clothing.

Ng et al (1993) developed an Algebraic Mannequin for simulating garment fit. The
shape of this Algebraic Mannequin is determined by a set of shape parameters such as
girth, width, and length, and therefore may be adjusted to simulate a specific body.

Virtual garments may be put on the Algebraic Mannequin for fitting analysis.
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2.8 Remaining Issues

Although there have been much research and development concerned with pattern

design, garment fit and appearance, many issues are still not fully addressed. The

followings are a summary of the remaining problems after reviewing the above

literatures.

1

2)

3)

Many of the anthropometric data sets are outdated. With' the availability of 3D
body scanning technology, anthropometric surveys should be conducted

periodically for different groups of populations.

Although there are commercial CAD software capable of 3D garment design and
converting 3D garments to 2D patterns; such systems do not work well with
loose-fitting garments as they involve complex garment draping, which can still

not be accurately modeled.

Although there are traditional pattern drafting methods (Aldrich 1997; Cham
1988), which can generate garment patterns based on body measurements. Such
patiern drafting methods have not been verified experimentally in terms of
garment fit. Hence, it is doubtful whether such traditional methods and
techniques can be directly used for creating automated pattern generation

systems.
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4)

Although there have been much work related to pattern design (Hutchinson et al
1978; Heisey 1985; Gazzuolo et al 1992; Miyoshi et al 1995; Matsuda et al 1997
Matsuda et al 1998; Tae et al 2000;), past work was limited to generally tight-
fitting garments. There is no systematic study on the relationships between body

dimensions, customers’ fitting preference and garment pattern.
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Chapter 3

Experimental and Results

3.1 Introduction

In order to establish interrelationships between shirt pattern design, fitting perceptions
and human body so as to automate the drafting of shirt patterns from body
measurements and fitting requirements, it is necessary to quantify and accurately

measure pattern parameters, fitting perceptions and body measurements.

In this project, human subjects were measured using a Techmath 3D laser scanner. The
technical features and scanning procedure of the 3D body scanner are described in this

Chapter.

[t is also important to ensure that the human subjects invited for this investigation are
representative to a target population, which is Oriental male. The Japanese and Chinese
national standards were therefore referred in terms of the key body measurements and
compared those with the key body measurements of the human. subjects in this
investigation. As will be seen from the comparison shown in this Chapter, the human

subjects are representative of the Oriental male population.
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As to the men’s shirt pattern, thirty-three key pattern parameters were necessary and
sufficient to specify the geometry of the patterns. These pattern parameters are hereby

defined and the procedures of measuring these parameters are reported.

This Chapter also reports on the procedure and rating scale of the fitting perceptions of
both tailoring experts and wearers themselves, when the human subjects worn the shirts

and underwent a sequence of activities.
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3.2 Nomenclature

B, = Body height

B, = Head height

B; = Distance neck to hip

B, = Neck diameter

Bs .= Mid neck girth

Bg = Side upper torso length
B, = Torso' width

Bs = Total torso girth

By = Cross shoulder over neck
Big = Cross shoulder

B = |/2 Shoulder width

B, = Shoulder angle L (®)
Bi; = Shoulder angle R (°)
B4 = Cross front width

Bis = Breast width

B = Neck to waist over bust
By = Neck front to waist over bust
Bis = Bust points around neck
Big = Bust point to neck

Bag = Chest band

B, = Midriff girth

B = (Cross back width
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Bas = Back width

Bas = Neck to underarm back

Bss = Back length

Bag = Back length over shoulder blade ‘
Bay = Distance armpit-waist

Bag = Waist to hip back

Bag = Waist girth

Bio = Waist to hip

Bs) = Hip girth

Bi» = Arm length to neck back

B;, = Arm length to neck

By = Arm length

G-Gs;3 = Defined in Fig. 3.41

n = number of pane!

1.96 = the critical value at level of significance at a=0.05
o = standard derivation of each question
E = maximum allowable error of estimate
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3.3 3D Body Scanning

Precise body measurement is important for achieving individual .fit in pattern drafting.
In this study, human subjects were scanned by a Techmath Laser Body Scanner installed
in the Clothing Industry Training Authority (CITA) of Hong Kong. The scanner was
used for its accuracy, speed and relatively good popularity in the industry. It was made

avaitable for the study thanks to the support of CITA.

3.3.1 Techmath Laser Body Scanner

Techmath Laser Body Scanner is one of the leading three-dimensional laser body
scanners in the world. Producer claims that the scanner is very accuracy and reliability.
The current body scanner for clothing applications is VITUS/smart, designed for mass
customization applications. The scanning time is between 10 to 20 seconds. It is a
modular system with four columns, each column consists two CCD-cameras and a laser,
with a measurement volume of 210 cm x 100 cm x 100 cm. External dimensions are 310
x 250 x 185 cm. The resolution of this body scanner is 1 mm in depth, 2 mm vertically,
and | mm horizontally. From the scanner, 3D-models are created that consist of up to 2
million points and the accuracy is +1 mm (2, 3, 4). This body scanner contains 4 laser
bars. Each bar will project the laser toward the subject’s surface simultaneously. Fig. 3.1
shows the platform for body scanning, a subject standing on the fixed position, 4 laser

bars and a red laser light (website from Techmath Co.).
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Fig. 3.1 The Techmath Laser Body Scanner

Source: http://www.human-solutions.com/scanworx

Fig. 3.33 shows a screen output of Techmath Laser Body Scanner with 95 body
measurements. These body measurements are listed on the right hand side of the
computer screen. The upper body measurements such as the neck girth, cross back
width, bust point to neck, are important data for shirt pattern construction. There are
totally 34 upper body measurements considered for the study. These include body
height, neck girth, chest girth, waist girth, hip girth, arm length etc. and were identified
as By to B3y The definitions of body measurements are illustrated in Figs 3.2 to 3.32.
Each red line indicates a particular body measurement of subject obtained from the laser

scanner.
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Fig. 3.2 Body Parameters B, Fig. 3.3 Body Parameter B;

(Body height) and B, (Head height) (Distance neck to hip)

Fig. 3.4 Body Parameters B, Fig. 3.5 Body Parameter Bs

(Neck diameter) (Mid neck girth)
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Fig. 3.6 Body Parameters By

(Side upper torso length) and B, (Torso width)

Fig. 3.7 Body Parameter By

(Total torso girth)
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Fig. 3.8 Body Parameters By Fig. 3.9 Body Parameter B,

(Cross shoulder over neck) (Cross shoulder)

Fig. 3.10 Body Parameters B, Fig. 3.11 Body Parameter B, 3

(1/2 Shoulder width) (Shoulder angle L and R (°))
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Fig. 3.12 Body Parameters B, Fig. 3.13 Body Parameter Bs

(Cross front width) (Breast width)

Fig. 3.14 Body Parameter By

(Neck to waist over bust)

33



Chapter 3

Fig. 3.15 Body Parameter B,

(Neck front to waist over bust)

Fig. 3.16 Body Parameter B,

(Bust points around neck)
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Fig. 3.17 Body Parameter B,

(Bust point to neck)

Fig. 3.18 Body Parameter B,

(Chest band)
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Fig. 3.19 Body Parameter B,

(Midriff girth)

Fig. 3.20 Body Parameter B,,

(Cross back width)

58



Chapter 3

Fig. 3.21 Body Parameters B,; Fig. 3.22 Body Parameter B,,

(Back width) (Neck to underarm back)

Fig. 3.23 Body Parameter Bs

(Back length)
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Fig. 3.24 Body Parameter By

(Back length over shoulder blade Back length)

- ;,.i:"-"»i:.\:,:’iifj‘ : ;v;m_{;;}ﬁ?:;.“

Fig. 3.25 Body Parameter B;;

(Distance armpit-waist)
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Fig. 3.26 Body Parameter B,

(Waist to hip back)

Fig. 3.27 Body Parameter B,y

(Waist girth)
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Fig. 3.28 Body Parameter B;,

(Waist to hip)

Fig. 3.29 Body Parameter B;,

(Hip girth)
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Fig. 3.30 Body Parameter B;;

(Arm length to neck back)

Fig. 3.31 Body Parameter Bj;

(Arm length to neck)
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Fig. 3.32 Body Parameter B3,

(Arm length)
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3.3.2 Scanning Procedure

The subjects were required to wear a white knitted underwear and a white hat before
scanning. Inside the dark scanning room, subject stood straight at the marked standing
location on the platform. The feet of each subject should be vertically parallel to the
shoulder. Their hands were required to be put apart from his waist level for around 5 to
7 inches. When the scanner is switched on, the 4 laser bars project the laser beam onto
the subject’s body from top to bottom within 10 seconds. 95 body measurements were
finally listed out on the right hand side of the computer screen as shown in Fig. 3.33.

The scanned body can be viewed from 4 different angles as shown in Fig. 3.34.

Fig. 3.33 The Outputs of Measurements Data from Techmath Laser Scanner
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Fig. 3.34 The 4 Views of Body Scanning Image
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3.3.3 Comparison between Measurements from the Laser Scanner and from
Manual Measurements

The accuracy of the body measurements from the scanner was verified with manual
body measurements. Table 3.1 compares some common body measurements from the
3D laser scanner and those from manual measurements such as neck girth, chest girth,
hip girth, sleeve length, cross shoulder etc. Those measurements are commonly used by
tailors and tailoring experts’ formulae. The maximum deviation of those body
measurements 15 0.2 cm. As can be seen, the accuracy of the 3D body scanner can be

assured.

Table 3.1 Differences between Body Measurements from 3D Laser Scanner and

Manual Measurements

Body Maximum
Descriptions Differences

Parameters

(cm)
B, Body height 0.2
Bs Mid neck girth 0.1
Big Cross shoulder 0.1
B, 1/2 Shoulder width 0.1
By Cross front width 0.1
Bis Breast width 0.2
B Chest band 0.2
Ba) Midriff girth 0.2
B Cross back width 0.2
Bas Back width 0.2
Bs Back length 0.2
By Waist girth 0.2
Big Waist to hip 0.2
B3 Arm length to neck back 0.2
Bi; Arm length to neck 0.2
Bia Arm length 0.2
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3.4 Selection of Human Subjects

The human subjects in this study should be representative to the target population. In
this study, the target population is Oriental male adults. In selecting the human subjects,
the sizes covered in the Japanese Industrial Standard and Chinese National Standard are

considered.

3.4.1 Japanese Industrial Standard (JIS L4117: 1992)
The first industrial standard related to size of menswear is Japanese Industrial Standard
(JIS L4117: 1992), which is the finished size standard of men’s dress shirt. It has five

types of size classifications according to shirt shape. Those are type Y, A, AB, Band E.

In the standard, “Type Y is called taper or slim type: the type of dress shirts which are
cut and sewn to the shape of tightened waist”. “Type A of dress shirt are designed and
sewn to a balanced form with the standard chest girth and waist girth”. “Type AB is so
designed and sewn that the chest and waist girth are larger than those of Type A, and
that the difference between chest girth and waist girth is smaller than those of type A”.
“Type B is of 43 cm to 46 cm collar girth and is so designed and sewn that each size of
chest girth and waist girth is larger than that of Type AB for each size of collar girth and
the difference between chest girth and waist girth is smaller than that in type AB”.
“Type E is of 43 cm to 46 cm collar girth and is so designed and sewn that each size of
chest girth and waist girth is larger than that of Type B for each size of collar girth and

there is no difference between chest girth and waist girth”.
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The 5 different shapes and styles of men’s shirt described in standard are not so relevant
to the present study, but the body sizes the standard covers give an indication of the size

range of Japanese male population. Table 3.2 lists the sizes of the 5 different types of

men’s dress shirt in terms of collar girth, shoulder width, chest girth and waist girth.

Table 3.2 Summary of Shirt Size in § Different Types (in CM)

Shirt Type Information reference (Standard finished size)
Collar girth | Shoulder width Chest girth Waist girth
Y 35-42 41-49 94-118 78-108
A 35-43 42-50 95-122 82-1i6
AB 36-43 43-51 102-123 90-117
B 43-46 49-52 122-130 116-126
E 43-46 50-53 124-132 130-132

3.4.2 Chinese National Standard

The Chinese national standard, Chinese Size Designation of Clothes (1998-06-01),
describes sizes of clothes in four-categories according to the waist drop, i.e. the amount
difference between the waist girth and chest girth, which are designated in the letters Y,
A, B and C. The detailed size measurements are listed in Table 3.3. As can be seen, the
neck girth ranged from 33.4 to 43.6 cm. This may not be the entire size ranges of neck
girth in the China population, but should cover the majority of Chinese as it is a national

statistic. There is unfortunately no available information about the size distributions of
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male citizens in Hong Kong, but they should be similar to Japanese and Chinese

national statistics.

Table 3.3 Size Designation of Clothes, 1998-06-01 (in CM)

. Y (Waist drop)|A (Waist drop){B (Waist drop)|C (Waist drop)
Ch"étmg)"’th 17-22¢m 12-16cm 7-11cm 2-6cm
Neck girth Neck girth Neck girth Neck girth

72 32.8 33.2

76 33.4 33.8 34.2 34.6

80 34.4 34.8 35.2 35.6

84 35.4 35.8 36.2 36.6

88 36.4 36.8 37.2 37.6

92 37.4 37.8 38.2 38.6

96 38.4 38.8 39.2 39.6

100 39.4 398 40.2 40.6

104 41.2 41.6

108 42.2 42.6

112 43.6

Considering the Japanese and Chinese standards together, men’s neck girth is ranged
from 32.8 cm to 46 cm, the shoulder width from 41 ¢m to 53 ¢m, the chest girth from 72

cm to 132 cm and the waist girth from 78 cm to 132 cm.
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3.4.3 Human Subjects

In order to evaluate the men shirt fitting and obtain the body measurement data, 60 male
subjects varying from slim to obese were invited for the study. Unfortunately, one of the
subjects left Hong Kong during the course of the study, and hence only 59 human

subjects participated the entire process of the study.

The criterion of male subject selection is to cover a full range of sizes distribution of
men dress shirt as specified in the industrial standard. The age of subjects was not a

critical factor for subject selection.

According to the tailors, pattern technicians, manufacturers and designers, the sizing
system of men’s shirt is represented by the neck size and chest size in ready-to-wear
market. Moreover, the sizing systems for men’s garments in Japanese Industrial
Standard, (JIS L4004: 2001) and International Standard Organization, (ISO 4415 — 1981)
stated that the control dimension of formal and uniform shirt is neck girth. In addition,
Japanese Industrial Standard for dress shirt (JIS L4117: 1992} and “Size Designation of
Clothes from China (1998-06-01)" show that the size designation of dress shirt also

includes the shoulder width, chest girth and waist girth,

In this project, the subjects were adult men who wear shirt for working. The definition
of man from “Japanese Industrial Standard (JIS L4004: 2001)” is a male subject whose

growth in height is finished.
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Based on the above considerations of international standards, neck girth of male subjects
in this study was a key element for subject selection. The second important elements in

subject selection were the shoulder width, chest girths and waist girths.

The human subjects were scanned using the Techmath Laser Scanner. Appendix I lists
the body measurements of the human subjects from the laser scanner. The distribution
of neck sizes, shoulder width, chest girths and waist girths of these 59 male subjects

compared with the size ranges shown in the Japanese and Chinese standards.
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3.4.3.1 Neck Size

The neck girth distribution of 59 subjects measured from body scanner is ranged from
32.2 cm to 43.3 cm. Fig. 3.35 shows the distribution of the neck girth. The interval of
each category of neck girth distribution is 1 cm. The mode interval of the neck girth
measurement is between 36 cm and 36.9 cm, with 18 subjects in this category. Owing to
the difficulty in recruiting large human subjects, there are more subjects with small neck
size. In general, however, the neck girth of the subjects covers the ranges indicated in

the two international standards, which is from 32.8 cm to 46 cm.

Fig. 3.35 Neck Girth of 59 Subjects from Body Scanner
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3.4.3.2 Shoulder Width

The shoulder width of 59 subjects measured by the body scanner ranged from 35.1 ¢cm
and 48.6 cm. This range is slightly smaller than those specified in the Japanese
Standard, which is from 41 to 53cm. Fig. 3.36 shows the distribution of the shoulder
width of these 59 subjects. The interval of each category of shoulder width distribution
is 2 cm. The mode interval of shoulder width measurement is from 41 ¢m to 42.9 cm
and there are 14 subjects in this category. The shoulder width of human subjects has an

approximately normal distribution.

Fig. 3.36 Shoulder Width of 59 Subjects
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3.4.3.3 Chest Girth

The chest girth of 59 subjects ranged from 72.7 cm and 118.9 ¢cm, which is also slightly
thinner than those specified in the Japanese Standard which is from 94 to 132. This is
probably because of the difficulty in recruiting large size human subjects for the study
or Hong Kong Chinese are generally thinner than Japanese. Fig. 3.37 shows the
distribution of the chest girth of the 59 subjects. The interval of each category of chest
girth distribution is Sem. The mode interval of chest girth measurement is from 85c¢m to

89.9cm and there are 18 subjects in this category.

Fig. 3.37 Chest Girth of 59 Subjects from Body Scanner
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3.4.3.4 Waist Girth

The waist girth of 59 subjects ranged from 63.9 cm to 104.5 ¢m, which is also slightly
smaller than those specified in the Japanese Standard which is from 78 to 132. Fig. 3.38
shows the distribution of the waist girth of those 59 subjects. The interval of each
category of waist girth distribution is 5 cm. The mode interval of waist girth

measurement is the group from 70 cm to 74.9 cm and there are 18 subjects in this

category.
Fig. 3.38 Waist Girth of 59 Subjects from Body Scanner
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Although the size ranges of human subjects in terms of shoulder width, chest girth and
Waist girth are slightly smaller than those specified in the Japanese Standard, these 59
subjects are still considered as a good redid not cover the requirement on the largest size
measurement from two standards, However, the size distribution of 59 subjects still
could be valid for representing the men’s size distribution in Hong Kong. This is
because firstly, the survey on men’s size distribution in Hong Kong is limited. There is
no evidence to show that the mentioned girth measurements should be covered such
extreme large in size. Secondly, the Japanese standard is according to different shapes of
men’s dress shirt. However, the shape of shirt in this study is common and fitted to
subjects. Thirdly, there is difficult to invite subjects for experiment. Last but not least,
the neck girth distribution of subjects fulfills the size range requirement of two standards.
Therefore, the number of subjects is claimed to be adequate and valid for representing

the male population in Hong Kong.
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3.5 Dress Shirt Samples and Pattern Measurements

In this project, it is necessary to produce shirt samples and quantify shirt parameters.
Shirt samples are used for fitting assessment and their patterns are measured to
investigate the interrelationship between pattern parameters, fitting perceptions and
body measurements. The dress shirt samples in terms of its basic’shape, fabrication and

pattern measurement are described in this section.

3.5.1 Shirt Samples

Shirt samples with varying degree of fitting for the male subjects are necessary in this
study. To minimize the number of shirt samples, one “best-fit” shirt was made for each
individual human subject, and the shirt is worn by other human subjects for fitting
assessment. An experienced tailor was contracted to make the dress shirts. The tailor

alternated the shirt by trials and errors unti! it perfectly fit the subject.
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Fig. 3.39 and 3.40 show the silhouette of the men’s dress shirt in front view and back

view.

Fig. 3.39 Front View of Dress Shirt Fig. 3.40 Back View of Dress Shirt

The shirts were made of a 100% white cotton woven fabric, which is a typical fabric
men’s dress shirt. Moreover, the white colour can better facilitate the visual assessment

of appearance and fitting.

The style of shirt is simple and common. It contains a yoke, long sleeve with cuff, point

collar for tie, front placket, and patch pocket in the front.
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3.5.2 Men’s Shirt Pattern
The shirt pattern consisted of front, back, yoke and sleeve panels. The contracted tailor,

based on the body measurements of the subjects, determined the patterns based on his

gxperience.

Fig. 3.41 shows the patterns of front piece, back piece and yoke. Thirty-three pattern
parameters (G), G, to Gss, are considered to be necessary and sufficient for specifying

the geometry of the patterns. With these thirty-three pattern parameters, the shirt pattern

can be defined and drafted automatically.

Fig. 3.41 Shirt Pattern Parameters
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All these shirt pattern parameters are independent and considered as important for
pattern drafting. Dependent pattern parameters such as design of uppér and lower collar
pieces and sleeve width are not specified. The upper and lower collar pieces can be
determined by the frontline and back neckline of the shirt pattern. The width of sleeve is

determined by armhole measurement of shirt.

3.5.3 Measurement of Pattern Parameters

All pattern pieces excluding the seam allowance from 59 shirts were traced back and
were measured manually. These data are essential for establishing the model for the
prediction of shirt patterns from body measurements. Each of the 33 pattern parameters
was measured by five times, and then the average of the 5 measurements for each
parameter was calculated so as to eliminate the error of the manual measurement. The

results of pattern measurements are listed in Appendix 1I.
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3.6 Visual Assessments by Tailors and Wearers

The fitting of shirts when worn by different human subjects was visually assessed and
rated by tailoring experts and the wearer. Before conducting such subjective rating, the
rating procedure and scales were established taking reference to previous research work

and advices from a number of designers, tailors, pattern technicians.

J.6.1 Sul;jective Fitting Assessment

3.6.1.1 Fitting Criteria

According to Coffin (1993), different shapes and postures of body would cause different
degree of wrinkling of shirt fabric. The critical areas for men shirt fitting are the areas of
shoulder, collar, sleeve and body fit. No matter how loose the shirt, the fitting in such

areas is essential for body movement, comfort and visual appearance.

Furthermore, according to ergonomics standards and guidelines for Designers (Pheasant
1987), people are required to bend forward and uplift their arms for work, especially in
office environment. Shirts should not be too tight to hinder such movements or too loose

to create wrinkled appearance.

Hutchinson et al (1978) stated that the hang of garment from the shoulders s critical to
the fit of a garment. Hutchinson believed that a fit garment should be perfectly fit
between the neck and the horizontal line around the lower level of the armhole. Stamper

et al (1991) stated that the critical areas of garment fit are the neckline, collar and sleeve.
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Long sleeve style should have sufficient ease at the elbow to allow the arm to bend
comfortably and the sleeve should extend to the wrist bone when the arm is relaxed. The

garment should be free of diagonal, vertical or horizontal wrinkles that are not part of

the design.

Huck et al (1997) evaluated the subjective fit péréeption, during which wearers were
required to follow the procedure of exercises such as kneel on left knee, duck squat,
stand erect etc. The wearers were required to rate the fitting in a | to 9 scale, | being
stiff and 9 being flexible. Similarly, Aldrich et al (1998) required the wearers to perform

a series of sitting and standing postures while conducting fitting assessment.

From the past work, it is clear that fitting should assessed at a number of critical areas,
such as neckline, shoulder, sleeve length, the front and the back of garment.
Furthermore, the wearers should be required to perform a series of activities before

rating the fitting perception in a numerical scale.

In this project, five tailors, five designers, five pattern technicians and five researchers
were consulted to determine the assessment criteria for men’s shirts in terms of the
critical fitting areas, fitting requirements and the series of actions the wearers should
perform. The experts agreed that the critical areas of shirt fitting are neckline, shoulder
point, armhole, front panel, back panel and shirt sleeve. The fitting criteria should
include the tightness or looseness perception at these locations both when the wearer is

stationary and in movement. When assessing fitting, wearers should be asked to perform
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a sequence of activities including bending and uplifting their arms, which is in
agreement with the requirements specified in the ergonomic standards and guidelines
(Pheasant 1987). The experts also suggested that fitting assessment should be carried out

by both tailoring experts and the wearer himself.

3.6.2 Assessment Form and Rating Scale

After reviewing the shirt fitting standard and considering the advices from the tailoring
experts, an assessment procedure and rating scale were designed (See Table 3.4). Fitting
were assessed at the critical areas of shirts in a 1 to 5 scale, ! being very tight and 5
being very loose when assessing the tightness or looseness or 1 very short and 5 very

long when assessing the length.

The assessment form consisted of six sections. The first section is the fitting perception
at neck and collar area. Assessors (i.e. the tailoring experts or the wearer himself) were
required to rate the fitting when the wearer is standing still and in dynamic movement.
The second section was about the fitting of the shoulder point. The third section was
about the fitting at the armhole. Assessors were required to assess the fitting when the
wearer was in three different statuses, viz. standing still, uplifting both hands (Fig. 3.42)
and bending forward of both hands (Fig. 3.43). The fourth section was about the fitting
of the front panel of the shirt. The procedure was similar to that of the armhole area. The
fifth section was about the fitting of shirt sleeves. The assessors were required to rate the

length of sleeves. The last section was about the fitting of back panel. Ratings were
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given after the wearer performed two actions, viz. uplifting both hands (Fig. 3.42 and
3.44) and bending forward of both hands (Fig. 3.43 and 3.45). An assessment form is

shown in Table 3.5.

Fig. 3.42 Uplifting Both Hands Fig. 3.43 Bending Forward Both Hands

Fig. 3.44 Uplifting Both Hands Fig. 3.45 Bending Forward Both Hands
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1. Collar {with tie)
When standing still

Table 3.4 Evaluation Form

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
When in movement

Very tight Tight Adequate Loose Very loose
} 2 3 4 5
2. Shoulder

2.1 Shouider point location

Very inadequate inadequate Adequate Loose Very loose
1 2 3 4 5
3. Armhiole

3.1 When standing still

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
3.2 When uplifting two hands

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
3.3 When bending forward

Very tight Tight Adequate Loose Very loose
] 2 3 4 5
4, Posture

4.1 When standing still

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
4.2 When uplifting two_hands

Very tight Tight Adequate Looseg . Very loose
| 2 3 4 5
4.3 When bending forward

Very tight Tight Adequate Loose Very loose
1 2 3 4 3
5. Sleeve

Too short Short Adequate Long Too long

1 2 3 4 5
6. Back

6.1 When uplifting two hands

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
6.2 When bending forward

Very tight Tight Adequate Loose Very loose
1 2 3 4 5
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3.6.3 Process of Subjective Fitting Assessment

Due to time constraints, there is a limit of the number of fitting assessment, which can
be carried out. Moreover, it is also meaningless to conduct fitting assessment for
extremely unfit shirts for each wearer. Therefore, fitting assessments were conducted for
each wearer when wearing 10 different shirt samples including the one, which is tailor-
made to best fit him. For example, a wearer had a neck size of 14 inch, he was asked to
try on three shirts with neck size ranged from 13inch to 13.5 inch, four shirts with neck
size of 14 inch and three shirts with neck size ranged from 14.5 inch to 15 inch. The
principle was to ask the wearer to put on shirts with a neck size within 1 inch variation

from his neck size.

Wearers may feel -tighter at the neckline area when trying on the shirt for the first time,
even though the shirts have perfect fit for them. To avoid inappropriate perception,
wearers were asked to try on tighter shirts first. After they adapted the tightness feeling

of the tight shirt, they were then asked to wear shirts having larger neck size.

3.6.4 Fitting Assessment by the Wearer Himself

The wearer was asked to rate the fitting of the shirt with a tie. After doing a sequence of
activities such as putting their hands forward and aside, the wearer was asked to rate the
fitting perception using the designed assessment form. They are required to try on 10

different shirts having different neck sizes and shirt sizes.
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3.6.5 Fitting Assessment by Experts

Tailors, pattern technicians and designers (evaluation panel) were invited to assess the
fitting of the shirts visually, when the wears try on different shirts. The required number
of experts in evaluation panel (#) can be determined (Harris 1998 and Aczel 1996)

using the following equation (3.1}):

1.96*a '
- ( d ] G.)
where,
n = number of panel
1.96 = the critical value at level of significance at =0.05
o = standard derivation of each question
E = maximum allowable error of estimate

From the initial subjective assessment of 20 wearers wearing different shirts and
assessed by three panel members including a tailor, a designer and the wearer himself, it
was found the maximum standard deviation was 0.55. Assuming the acceptable error of

estimate (£)is 0.5, according to the above equation, the number of assessors in the

panel (n) should be at least 4.65. Therefore, four experts were invited to rate the fitting.
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Together with the wearer, they are altogether five members in the assessment panel.
These four panel members included 2 tailors and 2 designers. The results of subjective

ratings are listed in Appendix IIl. The average standard deviation of all subjective

ratings was 0.31.
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3.7 Conclusions

As discussed in this Chapter, the 59 human subjects invited in the study provide a good
representation to the Oriental population except that there may be slightly more slim
subjects than the entire population due to the difficulty in recruiting obese subjects in
Hong Kong. it was also shown that the Techmath laser scanner used in the investigation
has excellent accuracy and provides sufficient body measurement data for further
analysis. With the pattern measurement and fitting assessment procedure, shirt pattern

can be accurately measured and fitting can be properly assessed for further analysis.
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Chapter 4
Comparison and Evaluation

of Tailoring Experts’ Formulae for Shirt Pattern Drafting

4.1 Introduction

Based on experience, tailoring experts in different countries have their own formulae for
calculating the pattern parameters for pattern drafting. These formu.lae have been
available for a period of time, but the appropriateness of such formulae has not been
systematically verified so far. Moreover, the formulae developed in western countries
may also not be suitable for people in the Eastern countries due to the differences in
human anthropometry. Therefore, it is important to evaluate the existing shirt pattern

drafting formulae and modify them if necessary.

In evaluating the shirt pattern formulae, body measurements from the 31 laser scanner
were used to calculate the pattern parameters using the tailoring formulae. The
calculated pattern parameters were then compared with the pattern parameters measured

from the fitting shirt of a human subject. The comparison is reported in this Chapter.
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4.2 Nomenclature
Bi - B34

G - Gx3

Sample Mean
Mean error

S.D

95% confident
interval

% error in 95%
confident interval

= Body measurements defined in Section 3.2

= Pattern parameters defined in Fig. 4.1

= Summation of actual measurement/no. of samples

= (actual measurement — calculated result) / no. of samples
= Standard deviation

= mean error — 1.96*SD < e < mean error +1.96*SD

= [(mean error — 1.96*SD)mean]* 100 < ¢ < [{m¢an error
+1.96*SD) / mean] *100
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4.3 Pattern Dlrafting Formulae from Four Tailoring Experts

Four shirt pattern drafting techniques and formulae were considered for comparison.
These are the Aldrich’s method, Cham’s method and the methods of two local tailors
(Identified as Tailor A and Tailor B). Although the pattern drafting procedures of these
four methods are similar, the pattern measurements are determined using different
formulae or table conversions from different body measurements and with different ease
allowances. Tables 4.4, 4.5 and 4.6 surmmarize the different pattern drafting forn’;uiae
used in the four methods for the front, back and yoke panel, respectively, The pattern
parameters G to Gs; are defined according to the illustration shown in Fig. 4.1 and the
body measurements B, to Bi4 are listed in Table 4.1. The illustration of those thirty-four
body measurements is shown at Chapter 3 from Fig. 3.2 to 3.32. Those pattern drafting

formulae, which are not so obvious, are explained below.
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Fig. 4.1 Shirt Pattern Parameters

N 19 20 Front, back yoko and
143 N sleevo panct
/ \ 1 | = T Gteia
4 * 73 2 2 g G2ri14
\ 2 = % G3 =14
28 29 G =310
41 [T 47 48 [F3 ? G5 2010
G8 = 01
67 =1-2
G8 = 2.3
30 G9 = 315
“ 3 L G10= 78
3 Y o ShesE
G13 = 26-20
G =313
G150 1718
G18 810
617 2813
G18 » 1213
g G189 = 1315
¢ Y| [ |38 " G0 1240
43 |51 62 | 44 G21 = 538
G22 = curve 9.26
GZ3 » angte 27.26,.29
624 2 261
G25 = 24-30
G26 = 1-21
. G27 saurva 1,19
5 Y40 |, 028 =ongle 20,1021
7 2 G941
k G30 = 11-38
/I 13 531 =437
8 1 M GI2eBN
G33 = 23-24
Table 4.1 Body Parameters
Body . Body -
Descriptions Descriptions
Parametcrs P Parameters p
B, Body height Bis Bust points around neck
B, Head height Bio Bust point to neck
B, Distance neck to hip B,y Chest band
B, Neck diameter B, Midriff girth
Bs Mid neck girth By Cross back width
B, Side upper torso length B Back width
B, Torso width B Neck to underann back
Bg Total torso girth B Back length
B, Cross shoulder over neck Bag Back length over shoulder blade
By Cross shoulder B.,; Distance armpit- waist
B, 1/2 Shoulder width Bog Waist to hip back
B, Shoulder angle L (%) By Waist girth
B; Shoulder angle R (°) Bso Waist to hip
B Cross front width B Hip girth )
Bys Breast width Bi; Arm length to neck back
Bis Neck R to waist over bust Bi; Arm length to neck
B,: MNeck front to waist over bust Bi4 Arm length
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Aldrich determines the front neck depth, Gi; (8-9), from one-fifth of the neck girth
minus 2.5cm, but Cham derives it from one-fourth of neck girth ﬁinus 4.5¢m, Tailor A
obtains the front neck depth using a conversion table (i.e. Table 4.2) and Tailor B
calculates it from one ﬁfth‘ of the neck girth minus 4.4, The front neck width Gy, and

front neck line Gj; are determined similarly.

Table 4.2 Tailor A’s conversion table for estimating the front neck depths (Gi2)

front neck width (G;) and back neck width (Gs)

Neck Size (cm) Gy (cm) Gy (em)  Gs(em)

36.8 6.4 7.6
38.1
394
40.6
41.9
43.2
445
45.7

NNNNNNo
DN WO OO~
\D 10 00 00 90 00 3
o Lh D OO L2 O
NN NN
OO W W L O~

in these four methods, the shoulder angle G»; and shoulder length Gy; on the front piece
are determined indirectly from other geometrical parameters. [n Aldrich’s method, Gjs
is determined from the length 26-29 and 27-29, therefore

B,,-B,+4
Gas=sin™ [(25—5-7+-

-1.0)/G13] (N
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Gy (or the length 26-29) is determined from the length (19-21) minus 0.5 cm. The

length (19-21) is determined from the difference between half back width (1-21)
. Bzz . . BS .
(1.e.-2—+4.75) and neck girth (0-19) (l.e.?—-O.S) and the back neck height (4.5 ¢cm)

using the principle of Pythagorean Theorem:

Bzz Bs 7 2
—2 2 4+ 45 +(4.5)° +0.25
G;3= \f( 25 ) +E3) (2)

In Cham’s method, Gy; is determined by determining the length (27-29) and (26-27),

therefore
Gy = tan"[(%-l)/B—iq-+0.5] (3)

and G; is determined from the length of a quarter of the chest girth and 1/8 of neck

girth and the 1/8 of neck girth:

BZU BS 2 BS 2
o D g 75)2 4 (25
Gu=\F4 g )G @

[n Tailor A’s method, Ga3 is g!so determined from the length (27-29) and (26-27), hence
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%=mmmw%] )

and G3 is determined from the half of the cross shoulder length and the front neck depth:

ﬂ 2 2
QF$2)HM) ©)

In Tailor B’s method, Gs3 is determined from the length (27-29) and (26-27), hence
= ol . a Blo
Ga3 = sin™'[3.9 . cos 14.0 /(—2—-)] (7)

G is determined from the half cross shoulder length and the shoulder angle on the front

panel:
BIO o
G” = ("'2—)1005140 (8)

Gig is a parameter related to the style of hemline. It can be varied depending on
customers’ requirement. Aldrich assumed it to be 16 cm, whereas Tailor A and B set it to
be 6.5 cm. As for Cham’s method, Gg is derived from the length (1-6) minus the length
(1-3), (3-4), (4-5) and (13-14). In this method, the length (1-6) is estinated from the

required shirt length plus 4 cm, the sum of the length (1-3) and (3-4) is estimated from
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the natural waist length plus 4.5 cm, the length (4-5) is calculated from one eighth of the
body height plus 2.5 cm and the length (13-14) is assumed to be 5.0 cm, we therefore

have:
B
Gls=SL—st—?‘—8 : (9

In all four methods, Gj¢ are determined from one fourth of the chest girth plus different

ease allowances.

In Aldrich’s method, Gj¢ is the body scye depth minus 4.5 cm. In cham’s method, Gg is
the sum of the front neck depth (i.e. G|z} and the length (9-10), which is one fourth of
the chest girth minus 6 cm. In Tailor A’s method, Gy, is the scye depth cstimated using
the conversion Table 4.3 minus 2.5 inches (or 6.4 cm). In Tailor B’s method, G is one

fourth of the chest girth minus 4.1 cm.

Table 4.3 Tailor A’s Conversion Table for Estimating Scye Depth

Chest girth (cm)  Scye Depth (cm)

101.6 18.4
106.7 : 18.4
111.8 19.1
116.8 19.7

116.8 + n*5.1 19.7+ n*1.3
: Note: n is an integer
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The shoulder angle on the yoke, Gas, is calculated from the length (19-20) and (20-22)
in Aldrich’s, Cham'’s and Tailor A’s method, which are determined from different body

measurements. In Aldrich’s method,

4.5

Gas = tan "' [————] (10)
&"—-—Bi+4.5
2 5
In Cham’s method,
_’;z_n
Gy = tan'l[ ] . (“)
h—5—2.8
4 8
In Tailor A’s method,
Gas = tan”" [B___E‘_@__] p (12)
-éi+5.l -G5

Tailor B fixes Gaz to 14.0° for all shirts.

Gy2 and Gy7 are determined from drawing respective free hand curves. And others

parameters are determined by style.
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Table 4.4 The Formulae of 4 Tailoring Experts on Front Shirt Panel

Front . . :
Par;mr:e rer Aldrich Cham Tailor A Tailor B
B
Gio 4.5 14—75 5.1 4.1
B B B
G -1 —14225 See Table 4.2 .32
5 8 5
B B B
G 2-25 —2-45 See Table 4.2 =5 _44
5 4 5
Gi3 Equation (2} Equation (4) Equation (6) Equation (8)
B B
Gis Bys — By ~0.3 -%-6 See Table 4.3 2 4.
B
G7 SL-0.5 SL—BzS—?'—3 SL-76 SL-4.1
G 16 EquatiOn (9) 6.5 6.5
B’O BZO 820 BED 320
w3038 458 =20 44 20419 ~io
Gg 4 4 4 4
By, By By By By
220 _ M g8 220 44 2 6.4 -2
Gzo 2 4 4 4 4
Ga) From Drawing From Drawing From Drawing ,From Drawing
curve 9,26 curve 9,26 curve 9,26 curve 9,26
Ga; Equation (1) Equation (3) Equation (5) Equation (7)
By By By, By By
Gso ——-——=+135 —£ 423 —=+39 —£= -2
4 4 4 4
Gy Bys =05 By +%—9.5 B, Bys —4.1
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Table 4.5 The Formulae of 4 Tailoring Experts on Back Shir( Panel

Back , . —
Parameter Aldrich Cham Tailor A Tailor B
G Bys = Byy +4 B 435 Zw o5 B
! 5 27 2 . : :
G Bys +3 By +4.5 By, By
Gs SL+8 SL+4 SL+2.5 St
Ga B yg 213 Bys +—2+2.5 1]
2 2 4 5
8 B
Gy Bw 65 i LR B 64 B
Gis 20 SL=Byg =—+ =3 6.4 6.5
B B B
Ga B yss 2844 2364 By
4 4 4 4
' B
Gs Bw 45 20 425 Bw 44 0 _ 5
G33 0.75 I 1.3 |
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Table 4.6 The Formulae of 4 Tailoring Experts on Yoke Shirt Panel

Yoke and _
Sleeve Aldrich Cham Tailor A Tailor B
Parameter
B B
G; =505 =3.4+2725 See Table 4.2 &-}-1.2
5 g 5
B
Ge 4.5 = 5.1 6
3
—B,, +4
Gy By =B *4) 5 Bw o4 8.9 8
5 16
Gg B, B 1.5 By s B
4 2 2
B B B B
G =2 41475 2 _9s 4GS %407
2 4 2
G From Drawing From Drawing From Drawing From Drawing
27
curve 1,19 curve 1,19 curve 1,19 curve 1,19
Gog Equation (10} Equation (1) Equation (12) 14°
Gy B:M +6 By +6 B,, By,
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4.4 The Appropriateness of the Existing Pattern Drafting Formulae

The shirt patterns of the best-fit shirts of 59 subjects were manually measured and
compared with the calculated pattern parameters using the four tailoring experts’
formulae. The required body parameters were input into the formulae or conversion
table for calculating the shirt pattern parameters for the 59 human subjects. Tables 4.7 to
4.10 present the deviation of the calculated pattern parameters, from the pattern

measurements of the best-fit shirts as well as their correlation (R?).

In these tables, “Sample Mean” is the average of the pattern measurements of the 59
best-fit shirts. The “Mean Error” is the average of the deviation of the calculated pattern
parameters from the measured pattern parameters from the 59 best-fit shirts. The “SD”
is the standard deviation of the deviation. The “95% confidence interval” in centimeter
is a measure of the range of deviation in length and the “%error in 95% confidence
interval” is a measure of the range of deviation in percent. The last column in the tables
list the correlation (R®) between shirt pattern parameters actually measured from the 59
best-fit shirts and those calculated using the tailoring experts’ formulae or conversion

table. The detailed calculation equations are described in the footnotes of Table 4.7 to

Table 4.10.
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4.4.1 Evalunation of Aldrich’s Formulae

The data in table 4.7 are the deviations and correlations (R*) of Aldrich’s formulae. The
highest correlation (R is around 0.8, these pattern parameters ar‘e Gy (3-10), Gg (3-15)
and Gy (10-15). They are the half chest girth, back chest girth and front chest girth
respectively. For Gg, the mean error is —1.81 cm; the standard deviation is 2.04 ¢cm and
the maximum deviation based on 95% confidence limit can be 10.61%. For G9, the
mean error is —1.45 cm; the standard deviation is 0.99 cm and tl;e maximum deviation
based on 95% confidence limit can be 12.41%. For G,g, the mean error is —0.40 cm; the
standard deviation is 0.97 ¢cm and the maximum deviation based on 93% confidence

limit can be 8.42%.

The second high correlation (R%) is around 0.60, those parameters are the G, (8-26), Gxo
(12-40), Ga; (5-39), 030 (11-38) and Gs; (4-37). They are the front neck width, front hip
girth, back hip girth, front waist girth and back waist girth respectively. For Gy, the
mean error is —0.12 cm; the standard deviation is 0.28 cm and the maximum deviation
based on 95% confidence limit can be 11.09%. For Gy, the mean error is 0.55 cm; the
standard deviation is 1.25 c¢m and the maximum deviation based on 93% confidence
limit can be 11.00%. For Gzi, the mean error is =0.54 ¢m; the standard deviation is 1.26
cm and the maximum deviation based on 95% confidence limit can be 11.05%. For G,
the mean error is —1.30 cm; the standard deviation is 1.53 cm and the maximum
deviation based on 95% confidence limit can be 17.49%. For Gj,, the inean error is —
2.35 c¢m; the standard deviation is 1.52 ¢cm and the maximum deviation based on 95%

confidence limit can be 21.79%.
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The maximum deviation based on 95% confident limit of other pattern parameters is
relatively high. Moreover, the correlation between the pattern measurements of the best-
fit shirts and those calculated from the formulae is low. It implies that the pattern

formulae from Aldrich are not appropriate in shirt pattern drafting for Oriental people.
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Table 4.7 Deviation of Aldrich’s Formulae and Correlation (R?) between Pattern

Measurements of Best Fit shirts and Those Calculated from Aldrich’s formulae

Deviation of Aldrich’s Formulae
Pattern - : Correlation
Parameters Mean 95% & I;?:,Zr n (R%
Sample SD Confident
Mean (cm) (em) Error Interval Confident
(cm} (cm) [nterval
(%)
G 29.21 1.44 6.68 3.87~9.49 13.24~32.50 0.15
Ga 47.63 4.52 3.64 -5.22-1249  -10.96~26.23 0.01
Gy 5478 2.04 -1.81 -5.81-2.18 -10.61~3.98 0.79
Gs 3.36 0.43 }.62 0.78~2.46 9.31-294] 0.25
Gs 5.37 0.32 0.87 0.25~1.49 4.70~27.74 0.00
Gy 7.58 0.65 1.07 -0.20~2.35 -2.64-30.98 0.03
Gg 23.31 0.96 1.31 -0.57~3.18 -2.43~13.65 0.38
Gg 27.35 0.99 -1.45 -3.39~0.50 -12.41~1.81 0.80
Gip 5.73 1.52 1.23 -1.74~4.20 -30.39~73.32 0.00
G 6.12 028 -0.12 -0.08~0.43 -11.09~7.01 0.64
G2 5.18 0.64 -1.04 -2.29~0.21 -44.13~4.13 0.29
Gi3 16.37 0.98 0.21 -1.71-2.13 -10.46~12.98 0.23
Gig 23.40 1.76 5.37 1.92~8.83 8.21~37.72 0.02
Gyg 27.40 0.97 -0.40 -2.31~-1.51 -8.42~-5.52 0.81
Gap 27.35 1.25 0.55 -1.91~3.01 -6.98~11.00 0.68
Gz 27.26 1.26 -0.54 -3.01~1.93 -11.05~7.08 0.68
G 20.91 1.76 8.34 4.90~11.78 23.44~56.37 0.02
Gas 24.46 0.95 1.70 -0.15~3.56 -0.63~14.55 0.40
Gag 12.49 1.54 -4.01 -7.02~-1.00 -56.21~-8.01 0.01
Gag 43.70 2.08 -23.52  -27.59~-1945 -63.12~-44.50 0.39
Gip 24.50 1.53 -1.30 -4.29~1.70 -17.49~6.92 0.61
Gy 24.45 1.52 -2.35 -5.33~0.64 -21.79~2.60 0.62
Giz 42.93 3.87 2.44 -5.15~10.03  -12.00~23.3¢6 0.13
Gis 2.41 - 0.71 1.66 0.27~3.04 11.20~126.48 0.00
Note: a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error

c}S.D

d) 95% confident interval

e} % error in 95% confident

interval

= {actual measurement — calculated result)/ no. of samples

= Standard deviation

= mean error— |1 .96*SD < ¢ < mean error 4 1.96*3D

= [(mean error — 1.96*SD)/mean]*100 < e < [(mean error
+1.96*SD)/mean]* 100
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4.4.2 Evaluation of Cham’s Formulae

Table 4.8 shows the deviations and correlation (R*) of Cham’s .formulzle. The highest
correlation (R?) is around 0.8, those pattern parameters are the Ga (3-10), G (3-'l 5) and
Gig (10-15). They are the half chest girth, back chest girth and front chest girth
respectively. For Gy, the mean error is 2.19 cm; the standard deviation is 2.04 ¢cm and
the maximum deviation based on 95% confidence limit can be‘ 11.29%. For G9, the
mean error is 1.05 cm; the standard deviation is 0.99 cm and the maximum deviation
based on 95% confidence limit can be 10.95%. For Gjg, the mean error is 1.10 cm; the
.standard deviation is 0.97 ¢cm and the maximum deviation based on 95% confidence

limit can be 10.99%.

The second high correlation (R?) is around 0.60, those parameters are the G, (8-26), Gao
(12-40), Gy (5-39), G (11-38) and G3, (4-37). They are the front neck width, front hip
girth, back hip girth, front waist girth and back waist girth respectively. For Gy, the
mean error is —0.66 cm; the standard deviation is 0.29 ¢m and the maximum deviation
based on 95% confidence limit can be 19.94%. For Gy, the mean error is 1.05 c¢m; the
standard deviation is 1.25 cm and the maximum deviation based on 95% confidence
limit can be 12.82%. For G3,;, the mean error is 0.96 ¢m; the standard deviation is 1.26
cm and the maximum deviation based on 95% confidence limit can be 12.59%. For Ga,
the mean error is —0.30 ¢m; the standard deviation is 1.53 c¢cm and the maximum
deviation based on 95% confidence limit can be 13.41%. For (3, the inean error is —

0.35 c¢m; the standard deviation is 1.52 cm and the maximum deviation based on 95%

confidence limit can be 13.61%.
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The correlation and maximum deviation based on 95% of other pattern parameters are
very poor. Although Cham is from an Oriental country, the calculated pattern
parameters can still not produce fitting shirts for the human subjects in the investigation.

It may imply that the anthropometrical data used was obsolesced.
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Table 4.8 Deviation of Cham’s Formulae and Correlation (R%) between Pattern

Measurements of Best Fit shirts and Those Calculated I‘rom Cham’s formulae

Deviation of Cham’s Formulae

Correlation

Pattern % Errorin la
Parameters Mean 95% 95%, (R}
Sample SD Confident
Mean (cm) (cm) Error Interval Confident
(cm) (em) Interval
(%)
G, 2921 224 34 -0.98~7.80 -3.36~26.72 0.07
Ga 47.63 4.52 2.14 -6.72~10.99  -14.11-23.08 0.01
Gy 54.78 2.04 2.19 -1.81~6.18 -331-~11.29 0.79
Gs 8.36 0.37 1.59 0.86~2.3] 10.33~27.60 0.25
Geg 5.37 0.44 1.84 0.99-2.70 18.34~50.28 0.00
Gy 7.58 0.94 -1.00 -2.83~0.84 -37.33~11.07 0.05
Gg 2331 1.84 2.51 -1.10~6.13 -4.73~26.29 0.32
Gg 27.35 0.99 1.05 -0.85~3.00 -3.27~10.95 0.80
Gio 5.73 1.51 0.79 -2.17~-3.74 -37.82~65.25 0.04
G 6.12 0.29 -0.66 -1.22--0.10 -19.94~-1.55 0.64
Gz 5.18 0.70 -1.56 -2.93~-0.18 -56.55~-3.51 0.15
G 16.37 2.00 -0.04 -3.96~3.88 -24.21-23.72 0.05
Gie 23.40 1.89 7.10 3.40~10.80 14.55~46.16 0.28
Gig 27.40 097 1.10 -0.81~3.01 -2.94~10.99 0.81
Gag 27.33 1.25 1.05 -1.41~-3.51 -5.15~12.82 0.68
Ga 27.26 1.26 0.96 -1.51-3.43 -5.55~12.59 0.68
Gy 2091 1.49 12.08 9.17~14.99 43.85~71.71 0.08
Gag 24.46 1.99 2.66 -1.23~6.55 -5.05~26.78 0.19
Gag 12.49 1.58 -0.89 -3.96~2.20 -31.87~17.58 0.02
Gag 43.70 2.08 -23.52 -27.59~-1945  -63.12~-44.50 0.59
Gio 24.50 1.53 -0.30 -3.29-2.70 -13.41~11.00 0.61
G3y 24.45 1.52 -0.35 -3.33~2.64 -13.61~10.78 0.62
Giz 42.93 3.86 2.38 -5.18~9.95 -12.07-23.17 0.16
Gi3 2.41 0.71 1.41 0.02~2.79 0.81~116.09 0.00
Note: a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error

¢)S.D

d} 95% confident interval

e) % error in 95% confident
interval

= (actual measurement — calculated result) / no. of samples

= Standard deviation

= mean error — 1.96*SD < e < mean error +1.96*SD

= [(mean error — 1.96*SD)/mean]*100 < e <[(mean error
+1.96*SD)/mean]*100 ;
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4.4.3 Evaluation of Tailor A’s Formulae or Conversion Table -

Table 4.9 shows the deviations and correlation (R?) of Tailor A’s formulae or
conversion table. The highest correlation (R?) is around 0.8, those pattern parameters are
Gs (3-15) and Gyg (10-15). They are the back chest girth and front chest girth
respectively. For Gg, the mean error is ~1.35 cm; the standard deviation is 0.99 ¢m and
the maximum deviation based on 95% confidence limit can be 12.05%. For Gy, the
mean error is 3.20 cm; the standard deviation is 0.97 cm and the maximum deviation

based on 95% confidence limit can be 18.66%.

The second high correlation (R is larger than 0.60, those parameters are the Gz (I2;
40), G3, (5-39), Gig (11-38) and G3, (4-37). They are the front hip girth, back hip girth,
front waist girth and back waist girth respectively. For Ggg, the mean error is —2.18 cm;
the standard deviation is 0.98 cm and the maximum deviation based on %5% confidence
fimit can be 14.99%. For Ga,, the mean error is —2.27 cm; the standard deviation is 1.03
cm and the maximum deviation based on 95% confidence limit can be 15.76%. For Gy,
the mean error is —1.70 cm; the standard deviation is 1.53 ¢m and the maximum
deviation based on 95% confidence limit can be 19.13%. For Gs, the imean error is —
1.75 cm; the standard deviation is 1.52 ¢m and the maximum deviation based on 95%

confidence limit can be 19.33%.
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Table 4.9 Deviation of Tailor A’s Formulae and Correlation (R?) between Pattern

Measurements of Best Fit shirts and Those Calculated from Tailor A’s formulae

Deviation of Tailor A’s Formulae
Correlation
Pa[:'::leertl;rs 95% % Error in ,
Sample SD Mean Confident 95% R
Mean (cm) (em) Error Interval Confident
(cm) (cm) Interval
(%)
G, 29.21 2.24 4.41 0.02~8.80 0.06~30.14 0.07
Ga 47.63 4.52 6.64 -2.22~15.49 -4.66~32.53 0.01
G4 54.78 4.36 1101 -19.54~-2.47 -35.68~-4.51 0.22
Gs 8.36 0.39 1.53 0.76~2.30 9.03~27.49 0.17
Geg 5.37 0.32 0.27 -0.35~-0.89 -6.47~16.57 0.00
G7 7.58 0.64 -1.32 -2.57~-0.07 -33.95~-0.89 0.00
Gg 23.31 0.96 0.21 -1.67~2.08 -7.15~8.93 0.38
Go 27.35 0.99 -1.35 -3.29~-0.60 -12.05~2.18 0.80
Gio 5.73 1.52 0.63 -2.34~3.60 -40.87~62.85 0.00
Gy 6.12 0.33 -1.63 -2.27--0.99 -37.02~-16.15 0.30
Gyz 5.18 0.66 -1.35 -2.65~-0.06 -51.08~-1.18 0.25
Gy 16.37 1.43 -5.63 -8.44~-2.82 -51.58~-17.23 0.17
Gig 23.40 £.33 4.97 2.37~7.57 10.11~32.35 0.06
Gig 2740 0.97 3.20 1.29~5.11 4.72~18.66 .81
Gag 27.35 0.98 218 -4.10~-0.26 -14.99~-0.95 0.74
Gy 27.26 .03 -2.27 -4.30~-0.24 -15.76~-0.88 0.70
Go3 20.91 1.77 3.90 0.42~7.38 2.03~35.29 0.05
Gag 24.46 1.39 -3.42 -6.15~-0.70 -25.14~-2.85 037
Gog 12.49 1.27 1.31 -1.17-3.79 -6.33~30.37 0.04
Gog 43.70 2.08 -17.52  -21.59~-1345  -49.39~-30.77 0.59
Gig 24.50 1.53 -1.70 -4.69~1.30 -19.13~5.29 0.61
G3; 24.45 1.52 -1.75 -4.73~1.24 -19.33~5.06 0.62
Gz 42.93 3.87 1.94 -5.65~9.53 -13.16~22.20 0.13
Gi3 2.41 0.71 1.11 -0.28~2.49 -11.66~103.63 0.00
Note:  a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error
¢)S.D
d) 95% confident interval

e) % error in 95% confident
interval

= (actual measurement - calculated result) / no. of samples

= Standard deviation

= mean error — 1.96*SD < e < mean error 4-1.96*SD

= [{mean error — 1.96*SD)/mean]* 100 < ¢ < [{mean error
+1.96*SD)mean]*100
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4.4.4 Evaluation of Tailor B’s Formulae

Table 4.10 shows the deviations and correlation (R”) of Tailor B’s formulae. The highest
correlation (Rz) is around 0.8, those pattern parameters are G4 (3-10), Gg (3-15) and Gy
(10-15). They are the half chest girth, back chest girth and front chest girth respectively,
For G4, the mean error is 10.19 cm; the standard deviation is 2.04_ cm and! the maximum
deviation based on 95% confidence limit can be 25.89%. For Gy, the mean error is 5.05
cm; the standard deviation is 0.99 ¢m and the maximum deviation based on 95%
confidence limit can be 25.58%. For G, the mean error is 5.10 cm; the standard

deviation is 0.97 ¢cm and the maximum deviation based on 95% confidence limit can be

25.59%.

The second high correlation (R?) is around 0.60, those parameters are the Gy (8-26), Gz
(12-40), G3) (5-39), Gig (11-38) and Gj; (4-37). They are the front neck width, front hip
girth, back hip girth, front waist girth and back waist girth respectively. For Gy, the
mean error is 2.08 cm; the standard deviation is 0.28 cm and the maximum deviation
based on 95% confidence limit can be 42.96%. For Gy, the mean error is 5.05 ¢cm; the
standard deviation is 1.25 cm and the maximum deviation based on 95% confidence
limit can be 27.45%. For Gz, the mean error is 4.96 cm; the standard duviation is 1.26
cm and the maximum deviation based on 95% confidence limit can be 27.26%. For Gso,
the mean error is 4.20 cm; the standard deviation is 1.53 ¢m and the maximum deviation
based on 95% confidence limit can be 29.37%. For Gs,, the mean error is 4.15 cm; the
standard deviation is 1.52 cm and the maximum deviation based on 93% confidence

limit can be 29.19%.
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Table 4.10 Deviation of Tailor B’s Formulae and Correlation (R?) between Pattern

Measurements of Best Fit shirts and Those Calculated from Tailor B’s formulae

Correlation
Deviation of Tailor B’s Formulae between
Actual shirt
attern
Pa[:'a:ltr;eertilrs M 959 Y E;l;;"' in measupremerlts and
Sample SD Er(:-?)':- Confident Confi doen ¢ c";::r;e:“:zs:;ts
Mean (cm) (cm) Interval

(em) (cm) Interval formzula
(%) (R?)
G, 29.21 224 6.91 2.52~11.30 8.62~38.70 0.07
Ga 47.63 4.32 6.64 -2.22~15.49 -4.66~32.53 0.01
Gy 54.78 2.04 10.19 6.19~14.18 11.30~25.89 0.79
Gs 8.36 0.43 -0.08 -0.92-0.76 -11.01-6.08 0.25
Gg 5.37 0.32 -0.63 -1.25~-0.01 -23.23~-0.19 0.00
G7 7.58 0.64 -0.42 -1.67-0.83 -22.07~10.98 0.00
Gg 2331 L4l 2.27 -0.49~-5.03 -2.11~-21.58 0.26
Gy 27.35 0.99 5.05 3.11~7.00 11.35~25.58 0.80
G 5.73 1.52 1.63 -1.34~-4.60 -23.41~-80.30 0.00
G 6.12 0.28 2.08 1.52~2.63 24.85~42.96 0.64
Gz 5.18 0.63 1.16 -0.07~-2.38 -1.31~46.00 0.31
G 16.37 1.54 -5.32 -8.34~-2.30 -50.92~-14.06 0.17
Gis 23.40 1.89 5.20 1.50~8.90 6.43~38.04 0.28
Gy 27.40 0.97 5.10 3.19~-7.01 11.66~25.59 0.81
Gag 27.35 1.25 5.03 2.59-~7.51 9.47-27.45 0.68
Gaj 27.26 1.26 4.96 2.49~7.43 9.13~27.26 0.68
Gaz 2091 1.59 10.48 7.37~13.60 35.23~65.04 0.05
Gas 24.46 1.30 2.71 0.17~5.26 0.68~21.32 0.36
Gag 12.49 119 -1.51 -3.84~0.82 -30.70~6.55 0.00
Gay 43.70 2.08 -17.52 -21.59~-1345 -49.39~-30.77 0.59
G3p 24.50 1.53 4.20 1.21~7.20 4.95-2937 0.61
Gsj 24.45 1.52 4.15 1.17-7.14 4.79-29.19 0.62
Gs2 42.93 3.87 6.04 -1.55~13.63 -3.61~31.75 0.13
G33 241 0.71 1.41 0.02-2.79 0.81~116.09 0.00

Note: a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error

c)

S.D

d) 95% confident interval

e} % error in 95% confident

interval

= (actual measurement — calculated result) / no. of samples

= Standard deviation

= mean error — 1.96*SD < e < mean error +1,96*SD

. =[{mean error — 1.96*SD)/mean]* 100 < e < [{mean error
+1.96*SD)/mean]*100
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4.5 Conclusion

In general, the calculated pattern parameters using experts’ formulae have very high
deviations from the pattern measurements of the best-fit shirts. Before concluding that
the experts’ formulae for pattern making do not provide proper fit to the diverse body
shape, one may argue that the body measurements from the Techmath scanner may be

different from those of the manual measurements by the tailors, which might cause the

high deviation.

if the high deviation of the calculated parameters from the actual shirt measurements
was mainly caused by the differences between the body measurements from the
Techmath body scanner and those from tailor’s manua! measurements, the calculated
pattern parameters should at least have a high correlation with the pattern measurements
of the best-fit shirts, since manual‘body measurements must be highly related to the
body measurements from the scanner. To examine this, correlation between the
measured pattern parameters from the best-fit shirts and the calculated ones using the

existing formulae was analyzed and the results are listed on the right columns of Tables

4.7 t0 4.10.

Furthermore, manual body measurements have been compared with the body
measurements from Tecmach body scanner (See Table 3.1). There are no sigriiﬁcant
differences between the manual and scanner measurements, especially for those required
by the tailoring experts, such as neck girth, chest girth, waist girth, hip yirth and sleeve

length. Therefore, the assumption, that the high deviation of the tailoring experts’
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formulae is a result of the differences between the manual and scanner body

measurements, is not valid.

As can been seen from the above tables, none of the four experts® formulae showed any
significant advantage in terms of the correlation. Even the pattern drafting formulae
from the tailor A, who made the best-fit shirts, were not any better. This is because
considerable pattern alteration and adjustments have been made by the contracted tailor

to make the shirts fit to each of the 59 human subjects.

Better correlations between the calculated pattern parameters from the experts’ formulae
and measured pattern parameters from the best-fit shirts are found amony; the horizontal
measuréments such as chest girth, waist girth and hip girth. It may be due to the fact that
these traditional shirt pattern-drafting methods are mainly based on the linear
relationship with body measurements. The relative high squared correlation (R?)
obtained from these pattern parameters indicate that the horizontal patiern parameters
have approximately linear relationship with corresponding - body measurements.
However, the maximum deviations based on the 95% confident interval of all pattern

parameters are still too high. That means the prediction error from those formulae is too

high.

It could be concluded that the tailoring formulae are not accurate enough. Although
three of the four tailoring experts are local, their formulae cannot directly produce fitting

shirts patterns for the target consumer. One possible reason is that human anthropometry
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changes with time. Old formulae may not be appropriate for the present time.
Furthermore, the co-existence of different versions of pattern drafting formulae is

another indication of the limitations of each of the formulae.

To conclude, the results demonstrated that the patterns drafted using the four tailoring
experts’ methods could not provide adequate fit to customers of diverse body shape.
Improved pattern drafting formulae are required for individual fit, which is essential to
the implementation of the much desired mass customization. It is believed that the
relationship between pattern parameters and body parameter is not just correlated with
one single -body parameter. Therefore, pattern-drafting formulae based vn the multiple

linear regression should be established, which is to be reported in next Chapter.
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Chapter 5

Prediction of Men’s Shirt Pattern by Multiple Linear Regression

5.1 Introduction

As discussed in Chapter 4, existing pattern drafting formulae are inappropriate in
calculating the pattern parameters to achieve individual fit. In the present practice, trial
and error are the norm to achieve desirable fit for target consumer, which is clearly
inadequate for the implementation of mass customization. Consequently, it is important

to improve the prediction accuracy of the pattern drafting formulae.

To establish better pattern drafting formulae, the first step is to understand the
interrelationship between pattern parameters and body measurements. One possible
reason for the deficiency of the existing pattern drafting formulae are that one pattern
parameter is only predicted from one single body measurement. However, the reality is
that one pattern parameter may be related to two or more body measurement's. To
consider the multiple correlation in this Chapter, the pattern parameters of best-fit shirts

are correlated with the body measurements by applying the multiple linear regression.
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5.2 Nomenclature

Bo

WP

XX

By - B

G, - Gs;
Sample Mean
Mean error
SD

95% confident
interval

% error in 95%
confident interval

= Dependent variable (Pattern parameters) or value of dependent
variable

= Constant or intercept

= Coefficients or slope
= Independent variable (Body parameters)

= Errors (the vertical difference between predicted value and
actual value)

= Body measurements defined in Section 3.2

= Pattern parameters defined in Fig. 5.1

= Summation of actual measurement/no. of samples

= (actual measurement — calculated result) / no. of samples
= Standard deviation

= mean error - 1.96*SD < e < mean error +1.96*SD

= [(mean error — 1.96*SD)mean]*100 < e < [(mean error
+1.96*SD) / mean] *100
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5.3 Multiple Linear Regression (MLR)

Multiple Linear Regression is a statistical method for predicting a depundant variable
from a number of independent variables, assuming linear relationship exists between the
dependent variable and any of the independent variables. The aim of Multiple Linear

Regression is to establish the following relationship:

y=Bo+Bxy+o+Byx, ve (5.1)
where,

¥ = Dependent variable (Pattern parameters)

Bo = Constant or intercept

B8, = Coeflicients or slope

x,_x, =Independent variable (Body parameters)

r

£ = Errors (the vertical difference between predicted value and actual value)

Moreover, in order to identify important independent variables (body parameters),
which can significantly contribute mode! prediction, stepwise variable selection was

applied.

This variable selection method is a combination of features of backward and forward
methods. Firstly, the variable with the largest positive or negative correlation with the
dependent variable was considered for entry into the equation. In the example as shown

in Table 5.1, body parameter Bg was the first variable for entry into the model. In the
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next step, variables not in the equation were examined for entry. The criterion for entry
was that either the F value was greater than a threshold value or the partial correlation
was the highest one. In Table 5.1, the variable Bg has the highest partial correlation, and
hence this variable was added into the model. After this, each of the variables existed in
the model would be evaluated for removal. The criterion for removal was that the F
value of the model was less than a threshold value if the variable is reinoved. If there
were no variables eligible for removal, the remaining variables would bé considered for
entry into the equation again when it met the requirement for selection. If one
independent variable was removed, other variables would be considered for entry into
the equation. Those procedures would be performed iteratively until there was no more
independent variables for entry into the equation then the variable selection would be
terminated. As can be seen from Table 5.1, model 2 has no additional independent
variable to be entered after selecting the variables Be. Stepwise variable selection
method ensures highly correlated variables to be selected into the model and avoids the

highly correlated independent variables co-existed in the model (Norusis 1988).
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Table 5.1 Example of Variable Selection in Multiple Linear Regression Model

Excluded Variables®

Collinearily Statistics
Partial Minimum
Model Beta In t Sig. Correlation | Tolerance VIF Tolerance
1 B1 1858 1.546 128 .202 965 1.037 965
B2 -.043° -.339 736 -.045 882 1.134 .882
B3 .308° 2.563 013 324 .890 1.123 890
B8 4118 3.521 001 426 859 1.164 859
B16 1420 853 397 113 514 1.947 514
B17 -.p78° -.429 670 -.057 429 2332 429
B18 2718 2316 024 .296 956 1.046 956
B19 1828 1.504 138 197 941 1.063 941
B24 2607 2.264 027 .200 899 1.001 599
B25 1390 717 A78 095 377 2.651 377
B26 2720 1.436 157 188 385 2600 .385
B27 -.176° -.842 403 -112 325 3.079 328
B28 .236° 1,559 125 204 601 1.664 601
B30 1927 1.605 114 210 .962 1.039 962
B32 .3g7a 3,332 002 A7 983 1.017 083
B33 3360 2.955 005 367 957 1.045 957
B34 1558 1.315 194 73 599 1.001 .999
2 B1 -,033° -.249 804 -.034 638 1.454 613
B2 -.1898 -1.576 21 -.208 796 1.257 775
B3 .08s? 568 572 076 530 1.885 512
B16 -.061° -.371 712 -.050 445 2.246 445
B17 -.2340 -1.384 A72 -184 403 2.480 403
B18 .08gP £74 503 .091 686 1.458 616
B19 028° .206 838 028 784 1.276 715
B24 .153b 1.349 183 78 897 1.115 771
B25 -.050P -270 788 -.036 344 2.909 344
B26 .o52b 273 786 .037 332 3.011 332
B27 -.233b -1.227 225 -.163 323 3.101 318
B28 0750 499 620 067 529 1.889 455
B30 0808 685 496 082 872 1.147 778
B32 2340 1.904 062 .249 740 1.351 647
B33 2147 1.800 077 .236 801 1.248 718
B34 .036° 316 753 043 .896 1.118 771

a. Predictors in the Model: {(Constant), B6

b. Predictors in the Model: {Constant), B8, B8

€. Dependent Variable: G1
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Multiple linear regression analysis was conducted using SPSS to determine the

coefficients in Equation (5.1) for each pattern parameter.

Before conducting the MLR analysis, each dependent variable (pattern parameters) was
plotted against each independent variable (body parameters) to examine if the
relationship follows some specific trends, such as exponential, logarithm, or sine. If so,
the independent variable was firstly converted by applying a mathematical function so
that there is a linear correlation between the dependent variable and the converted
independent variable. However, no specific trends were found for all independent
variables against the dependent variable. Consequently, the independent variables (body

parameters) were used directly in the SPSS analysis to derive MLR equations.

5.4 Pattern Parameters and Body Measurements

5.4.1 Pattern Parameters

The measurements of the pattern parameters of 59 shirts are listed in Appendix Il. Table
5.2 lists the mean value and range of these pattern parameters. In this table, the
definition of the notation of each pattern parameter could be referred buck to Fig. 5.1.
The second column of table is the mean of each pattern parameter from 39 fitted shirts.
The third column is the standard deviation of each pattern parameter. The forth and fifth
column are the minimum measurement and maximum measurement of each pattern

parameter respectively.
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Fig. 5.1 Shirt Pattern Parameters
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Table 5.2 Mean Value and Range of Pattern Parameters (in CM)

P Pattern Mean sD Min Max
arameters
G, 29.21 1.24 27.10 32.00
G, 47.63 2.49 43.30 57.90
G, 7931 2.91 72.40 . 86.90
G, 5478 3.6] 48.30 69.50
G; 8.36 0.42 7.50 9.80
G 5.37 0.32 4.70 5.70
G; 7.58 0.64 6.80 8.50
Gy 23.31 0.99 21,10 25.30
Gg 27.35 1.82 24,10 34.60
G 5.73 1.52 3.40 2.60
G 6.12 0.46 5.50 7.50
G2 5.18 0.75 3.60 6.70
Gy 16.37 0.34 14,30 18.30
Gis 33.56 3.03 28.70 46.10
Gis 7.36 0.81 6.20 9.40
Gy 23.40 1.36 18.40 26.20
Gy; 72.74 3.32 66.70 82.40
Gig 6.62 0.91 4.90 8.70
Gig 27.40 1.82 24.20 34,90
Gao 27.35 1,50 23.80 34.90
Gy 27.26 1.89 23.50 34.80
G 8.51 0.83 7.00 10.40
Ga3 20.91 1.535 17.00 24.50
G, 13.36 1.63 8.50 15.90
Gy 15.31 1.69 10,10 17.90
Gog 24.46 1.01 22.10 26.60
Ga 11.15 0.59 10.00 12.80
Gog 12.49 1.19 9.00 15.00
Gao 43,70 3.02 37.20 49.90
G 24.50 2.37 20.70 32.10
Gy 24.45 2.43 20.90 32.40
G, 43 .44 18.27 33.00 49.10
Giy 2.53 1.25 1.50 4.20
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5.4.1 Body Parameters

The body measurements of 59 human subjects scanned from Techmath laser scanner are
listed in Appendix [. Table 5.3 shows the mean values and ranges of these
measurements. The first column of the table is the body parameters. The second column
of the table is the description of each body parameter. The third column of table is the
mean value of each body parameter from 59 subjects. The fourth column is the standard
deviation of each body parameter. The fifth and sixth columns are the minimum
measurement and maximum measurement of each body parameter respectively. Some of
body measurements including neck girth, chest girth, waist girth, hip girth and arm

length have been verified with manual measurements.
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Table 5.3 Mean Value and Ranges of Body Parameters (in CM)

Body

Descriptions Mean SD Min Max
Parameters

B, Body height 171.66 6.47 156.20 185.90
B, Head height 26.29 1.23 23.10 28.90
B, Distance neck to hip 60.36 2.74 54,80 67.60
B, Neck diameter 13.10 0.96 11.20 15.10
Bs Mid neck girth 36.23 2.20 32.20 43.30
Bs Side upper torso length 23.53 3.83 17.45 34.80
B; Torso width 33.87 4.38 23.60 45.70
B Total torso girth 162.65 7.68 147.50 181.40
B, Cross shoulder over neck 38.50 2.83 3210 44.50
Bio Cross shoulder 42.08 3.26 35,10 48.60
B, 1/2 Shoulder width 12.42 1.59 9.03 14,60
B2 Shoulder angle L (°) 25.24 3.44 18.00 32.00
B Shoulder angle R {°} 26.21 421 17.10 33.50
B, Cross front width 34.91 3.26 24,60 44.50
B Breast width 38.66 332 31.80 46.10
Big Neck R to waist over bust 44.25 4.99 37.40 57.00
B, Neck front to waist over bust 34.55 5.55 26.60 48.10
B,s Bust points around neck 70.11 6.05 56.30 86.60
Bio Bust point to neck 26.76 3.21 20.05 39,90
B4 Chest band 89.19 8.84 72.70 118.90
B, Midriff girth 83.58 7.95 71.00 113.10
B,, Cross back width 36.01 2.34 32.40 41.90
Bn Back width 36.47 2.61 32.00 4490
B.s Neck to underarm back 17.75 1.17 15.00 20.30
B,s Back length 40.99 4.03 34,70 53.20
Bog Back length over shoulder blade 44.82 3.70 38.45 56.65
B,; Distance armpit-waist 22.46 4.07 16.70 34.90
Bag Waist to hip back 21.35 3.39 12.40 27.40
By Waist girth 76.32 8.55 63.940 104.50
B Waist to hip 21.43 3.76 12.40 28.00
B, Hip girth 92.51 6.22 81.00 113.70
Bis Arm length to neck back 80.50 3.36 72.25 87.80
Bis Arm length to neck 73.63 3.43 65.40 80.60
B Arm length 61,22 3.11 50.80 68.60
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5.5 Prediction of Shirt Pattern by Multiple Linear Regression (MLR)

5.5.1 Classification of Body Parameters and Pattern Parameters

The general idea of using this statistical tool is to understand and establish the
relationship between shirt pattern measurements and body measurements. In order to let
the MLR to select the appropriate and reasonable independent variables (body
parameters), the shirt pattern parameters and body parameters were classified into two

categories, which were horizontal and vertical parameters.

The horizontal measurements in shirt pattern parameters were grouped together with
horizontal body parameters for analysis. The vertical parameters of shirt patterns and
body measurements were group together for analysis. This ensures that vertical body
parameters were selected for predicting the vertical pattern parameters and horizontal
parameters were selected for predicting the horizontal pattern parameters. Table 5.4 and
5.5 show the vertical and horizontal parameters of body measurements and patterns

measurements.
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Table 5.4 Vertical Parameters in Body Measurements and Pattern Measurements

Body Pattern

Parameter Parameter
B, Body height Gy 1-3
B, Head height G- 1-4
B; Distance neck to hip G, 1-6
B, Side upper torso length Gs 0-1
By Total torso girth Gy 1-2
B Neck R to waist over bust Gig 7-8
B, Neck front to waist over bust Gia 3-9
Bs Bust points around neck Gs 17-18
Bis Bust point to neck Gis 8-10
B, Neck to underarm back Gy7 8-13
B.s Back length Gz 12-13
B Back length over shoulder blade Gy 29-31
B, Distance armpit-waist Gas 24-30
Bjg Waist to hip back Gisg 41-43
ng Waist to hip G;z 8-11
B2 Arm length to neck back Gy 23-24
B, Arm length to neck
B, Arm length

Table 5.5 Horizontal Parameters in Body Measurements and Pattern

Measurements
Body Pattern
Parameter Parameter

B, Neck diameter G, 3-10
B; Mid neck girth Gs 0-19
B, Torso width Gg 2-23
B, Cross shoulder over neck Gy 3-135
Big Cross shoulder Gy 8-26
Bn 1/2 Shoulder width Gy 26-29
B2 Shoulder angle L (°) Gy 3-33
B Shoulder angle R (°) Gig 10-15
Bia Cross front width Gao 12-40
Bs Breast width Uy, 5-39
Bgo Chest band Gn 9,26
B2| Mldflffglﬂh Gn Angle 27,'26,29
By Cross back width Gis 1-21
Bzg Back width 027 I,]9
Boo Waist girth Gag Angle 20,19,21
By Hip girih Gig 11-38

Gy 4-37
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5.5.2 Prediction Equations from Multiple Linear Regression (MLR)

Table 5.6 lists the prediction equations for each pattern parameter derived from Multiple
Linear Regression and the squared correlation coefficient. The pat'tern parameters with a
mark are the vertical parameters, otherwise they are horizontal pattern parameters. It
shows that most of the pattern parameters are correlated with several body parameters

and the correlation coefficients are generally very high.
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Table 5.6 Equations of Shirt Pattern Parameters from Multiple

Linear Regression

P;)f;::z:ler Equation from Multiple Linear Regression Corrlellzatlon
G, 22.959 -0.194B, +0.06659B; ; 0.30
*G, 22,613 +0.215B; +0.08599B3,-0.36B;; -0.253B 44 0.60
*G; 28.063 +0.131B;4 +0.131 By +0.304 B, 0.70
Gy 3.461 +0.198B,, +0.172B;, +0.233B;5 +0.274By, 0.90
G; 3.829 +0.06175B, +0.05957B; 0.40
*Qe 4.735 -0.0259B,; +0.09095B,; ~0.0844B;, 0.70
*Gs 8.62 +0.04054B,,-0.0792B, 0.70
Gs 8.165 +0.0566B5, +0.163Bay +0.05576B,, +0.07124B,, 0.70
G 1.59 +0.09889B,, +0.09377B,, +0.114B 5 +0.123B,, 0.90
*Go 10.992 -0.224B,, +0.05944B;, 0.60
G 0.107 +0.166B; 0.60
*Gy, -0.597 —0.0338B,, +0.203B; +0.06355B,; —0.0321B;; 0.70
Gy 9.699 +0.185B,; 0.30
Gia 5.059 +0.341B;, 0.80
*Gys 4.871 +0.167B,7; —0.0265B30 —0.0967B,, 0.50
*Gyg 9.211 +0.09652B5 +0.153B, ~0.239B, +0.116B,, 0.40
*Qyz 20.483 +0.217B; +0.212B; +0.39B4, +0.06097B,4 —-0.2798; 0.70
*Gis 3.059 +0.193B,; —-0.0246B,, —0.093B; 0.60
Gig 2.413 +0.108B,, +0.0894B;, +0.1098,5 +0.9646B,, 0.90
Gy 5.036 +0.143B;, +0.109B,, 0.80
Gy 5.752 +0.118B,, +0.126B;, 0.80
Gz 0.119 +0.224B; —0.151B,, +0.02429B 0.70
Gas 24.139 +0.1798,, -0.0838B, 0.30
*Gaa 7.549 +0.323B15 +0.157B4 —0.0683B 0.40
*Gas 7.694 +0.12B,; +0.756B,; —0.628B;, 0.40
Gas 12.417 +0.181B; +0.05971B;, 0.50
Gy 6.291 +0.172B; —0.0195B5 0.50
Gy 24.178 -0.448B, -0.104B,; +0.11B)4 0.60
*Gae -17.007 +0.569B;; +0.08707B4 —0.122B,; +0.113B, 0.90
Gy 6.06 +0.242B, 0.80
Gy 5.491 +0.248By 0.80
*Gyy 24.749 +0.1B, +0.086B; 0.40
*Qi; 4912 -0.106B¢ 0.30

*Vertical Pattern Parameters
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The highest correlation R? is 0.9, which are for the pattern parameters G (3-10), Go (3-
15), Gig (10-15) and Gyg (41-43). They are the half chest girth, back chest girth, front
chest girth and sleeve length from shoulder respectively. The second highest correlation
R?is (0.8, which are for the pattern parameters G4 (3-33), Gag (1'2-40), Gy (5-39), Gy
(11-38) and G3, (4-37). They are the two-third of the chest girth, front hip girth, back

hip girth, front waist girth and back waist girth, respectively.

In traditional pattern drafting formulae, Gs, Go and Gy are calculated only from the
chest girth. However, MLR analysis showed that they are correlated with By (midriff
girth), B3, (hip girth), B)s (breast width) and B2z (cross back). In other words, these
pattern parameters are explained by several girth measurements with different amount of

proportion.

As can be seen, Gy can be predicted from Bi; (arm length to neck), Byp (waist to hip),
B, (neck front to waist over bust) and B (body height). It is believed that Gag is not
only correlated to arm length, but also a proportion of body height, the certain amount of

waist to hip measurements and a proportion of neck front to waist over bust.

Comparing the results listed in Table 5.6 and those in Tables 4.7 to 4.10, the pattern
prediction equations from the multiple linear regression are clearly better than the
experts’ formula in calculating the shirt pattern measurements from the body parameters.
For instance, the R? of pattern parameters Ga, Gg, G, Gjg, Gag increased from 0.00 to

more than 0.6, -
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Compared with traditional pattern drafting formulae, the prediction cquations from
MLR sometimes use different body parameters to predict the pattern parameters. For
example, G, (1-4) is predicted from the Bg (total torso girth), Bio {waist to hip), Bys
(distance armpit-waist) and Byg (waist to hip back). Whereas, in the traditional drafting
methods, Gs (1-4) is calculated from either scye depth or chest girth to determine the
measurement of this parameter. Gg (0-1) is predicted from By; (neck front to waist over
bust), B3z (arm length to neck) and B4 (arm length) in the MLR model. However, the
traditional pattern drafting formulae either use the neck girth to determine this parameter
or just estimate a fixed value. G7 (1-2) and Gyp (7-8), are predicted from Bap (waist to
hip) and Bi7 (neck front to waist over bust) in the MLR model, but in the traditional

pattern drafting methods, they are calculated from chest girth.

For some pattern parameters, no formulag were available in the traditional pattern
drafting methods, but prediction equations are now established through MLR analysis.
For example, G3 can now be predicted from B4 (neck diameter), By, (hip girth) and B4
(cross front width), whereas no exact formula to determine the back shoulder angle from

the existing pattern drafting methods.

Through Multiple Linear Regression analysis, it is shown that one pattern parameter
may be explained by several body parameters. Single body parameter is not adequate to
predict the pattern parameter accurately. The traditional pattern drafting methods from
tailoring experts cannot directly produce fitting shirts for target customer because they

generally use one body parameter to calculate one pattern parameter.
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It was also found that the correlated body parameters of each pattern parameter are
mainly located at surrounding positions. It is believed that the shape of the human body

in its three-dimensional form affects the pattern design.
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5.6 Correlation between Predicted Pattern Measurements and Actual Pattern
Measurements of Fitting Shirts

5.6.1 The Predicted Pattern Measurements from MLR Equations Vs the Actual
Pattern Measurements of Fitting Shirts

If the prediction of pattern measurements is good, the deviations between the predicted
values should be relative small when plotted against the actual pattern measurements of

the fitting shirts.

The predicted pattern measurements from multiple linear regression equations are
plotted against the actual shirt pattern measurements in Fig. 5.2. As cin be seen, the
correlation (R?) is 0.99. This means that the deviation between actual shirt pattern

measurements and predicted values from the MLR equations is relative small.

Fig. 5.2 Comparison between Predictive Results from Multiple Linear Regression

and Actual Shirt Pattern Measurements

Prediction of Shirt Pattern from Multiple Linear

Regression
y =0.9921x

80 R? = 0.9939

Predicted Value

0 10 20 30 40 50 60 70 80
Pattern Measurements from Best Fit Shirt
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5.6.2 The Predicted Pattern Measurements from Aldrich’s Formulae VS the Actual
Shirt Measurements

The calculated pattern measurements from Aldrich’s formulae and the actual shirt
pattern measurements are compared and plotted in Fig. 5.3. Although the squared
correlation coefficient (Rz) is 0.87, the deviations between calculated pattern
measurements and pattern measurements from best fit shirts are high. It confirms the
findings discussed in the previous Chapter that the prediction from Aldrich’s formulae is

not accurate enough for making fitting shirt patterns.

Fig. 5.3 Comparison between Aldrich’s Formulae and Actual Shirt Pattern

Measurements

Comparison Between Aldrich's Formulae and Actual
Measurements
y = 0.8092x + 4.2851
80 - R2=0.8788

Calculated Results

0 ’ - T T T T T T T 1
0 10 20 30 40 5 60 70 80

Pattern Measurements from Best Fit Shirt
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5.6.3 The Predicted Pattern Measurements from Cham’s Formulae VS the Actual
Shirt Measurements

The calculated pattern measurements from Cham’s formulae and the actual shirt pattern
measurements are compared and plotted in Fig. 5.4. Although the squared correlation
coefficient (R?) is 0.86, the deviations between calculated pattern measurements and
pattern measurements from best fit shirts are high. It confirms the findings discussed in
the previous Chapter that the prediction from Cham’s formulae is not accurate enough

for making fitting shirt patterns.

Fig. 5.4 Comparison between Cham’s Formulae and Actual Shirt Pattern

Measurements

Comparison Between Cham's Formulae and Actual
Measurements
y = 0.8142x + 470034
80 R2=0.8649

Calculated Results

0 10 20 30 40 50 60 70 a0

Pattern Measurements from Best Fit Shirt
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5.6.4 The Predicted Pattern Measurements from Tailor A’s Forinulae VS the
Actual Shirt Measurements |

The calculated pattern measurements from Tailor A’s formulae and the actual shirt
pattern measurements are compared and plotted in Fig. 5.5. Although the squared
correlation coefficient (R?) is 0.9, the deviations between calculated pattern
measurements and pattern measurements from best fit shirts are high. [t confirms the
findings discussed in the previous Chapter that the prediction from Tailor A’s formulae

is not accurate enough for making fitting shirt patterns.

Fig. 5.5 Compariscon between Tailor A’s Formulae and Actual Shirt Pattern

Measurements

Comparison Between Tailor A’'s Formulae and Actual
Measurements

y = 0.8232x -+ 3.2447
R?*=0.9007

Calculated Results
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Pattern Measurements from Best Fit Shirt
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5.6.5 The Predicted Pattern Measurements from Tailor B’s Forinulae VS the
Actual Shirt Measurements

The calculated pattern measurements from Tailor B’s formulae and the actual shirt
pattern measurements are compared and plotted in Fig. 5.6. Although the squared
correlation coefficient (R?) is 0.84, the deviations between calculated pattern
measurements and pattern measurements from best fit shirts are high. It confirms the
findings discussed in the previous Chapter that the prediction from Tailor B’s formulae

is not accurate enough for making fitting shirt patterns.

Fig. 5.6 Comparison between Tailor B’s Formulae and Actual Shirt Pattern

Measurements

Comparison Between Tailor B's Formulae and Actual
Measurements

y =0.9165x +

Calculated Results

0 10 20 30 40 50 60 70 80
Pattern Measurements from Best Fit Shirt
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5.7 Comparison of Multiple Linear Regression Equations and Tailoring Experts
Formulae in terms of Squared Correlation Coefficient (RH)

Squared correlation coefficient is an indicator of the accuracy and predictability of the
prediction equation. Table 5.7 lists the squared correlation coefficients for each pattern
parameter for both tailoring experts’ formulae and multiple linear regression equations.
As can been seen, in most cases, MLR equations have significantly better prediction

than the tailoring experts’ formulae.
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Table 5.7 Comparison of Correlation (R%) between 4 Tailoring Experts and the

Predicted Results from Multiple Linear Regression

Pattern Aldrich Cham Tailor A Tailor B Multiple
Parameters Linear
Regression
G, 0.15 0.07 0.07 0.07 0.3
Go 0.01 0.01 0.01 0.01 0.6
Gy 0.79 0.79 0.22 0.79 0.5
Gs 0.25 0.25 0.17 0.23 0.4
Gg 0.00 0.00 0.00 0.00 0.7
Gy 0.03 0.05 0.00 0.00 0.7
Gg 0.38 0.32 0.38 0.26 0.7
Gg 0.80 0.80 0.80 0.80 0.9
Gie 0.00 0.04 6.00 0.00 0.6
G 0.64 0.64 0.50 0.64 0.6
G2 0.29 0.15 0.25 0.31 0.7
Gi3 0.23 0.05 0.17 0.17 03
Gig 0.02 0.28 0.06 0.28 04
Gio 0.81 0.81 0.81 0.81 0.9
Gao 0.68 0.68 0.74 0.68 0.8
Go 0.68 0.68 0.70 0.68 0.8
Ga3 0.02 0.08 0.05 0.05 0.3
Gag 0.40 0.19 037 0.36 0.5
Gag 0.01 0.02 0.04 0.00 0.6
Gag 0.5% 0.59 0.59 0.59 0.9
Gio 0.61 0.61 0.61 0.6 0.8
Ga 0.62 0.62 0.62 0.62 0.8
G1 0.13 0.16 0.13 0.13 0.4
Gi3 0.00 0.00 0.00 0.00 0.3
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5.8 Deviations of Multiple Linear Regression Equations

Table 5.8 shows the deviations of MLR’s formulae. The highest correlation (R?) is
around 0.9, those pattern parameters are G4 (3-10), Gy (3-15) Gy (10-13) and G (41-
43). They are the half chest girth, back chest girth, front chest girth and sleeve length
respectively. For Ga, the mean error is —0.01 ¢m; the standard deviation is 1.18 cm and
the maximum deviation based on 95% confidence limit can be 4.23%. For Gy, the mean
error is —0.02 cm; the standard deviation is .58 cm and the maximum deviation based
on 95% confidence limit can be 4.19%. For Gy, the mean error is 0.00 cm; the standard
deviation is 0.60 cm and the maximum deviation based on 95% confidence limit can be
4.28%. For Gag, the mean error is 1.77 cm; the standard deviation is 1.63 cm and the

maximum deviation based on 95% confidence limit can be 11.34%,

The second high correlation (R is around 0.80, those parameters are the Gap (12-40),
G2y (5-39), G3p (11-38) and Gj; (4-37). They are the front hip girth, back hip girth, front
waist girth and back waist girth respectively. For Gyq, the mean error i —=0.03 cm; the
standard deviation is 0.87 c¢m and the maximum deviation based on 95% confidence
limit can be 6.32%. For Gg,, the mean error is —0.01 ¢cm; the standard deviation is 0.91
cm and the maximum deviation based on 95% confidence limit can be 6.61%. For Gag,
the mean error is —=0.03 cm; the standard deviation is 1.16 ¢m and the maximum
deviation based on 95% confidence limit can be 9.39%. For Gs,, the mean error is 0.03
cm; the standard deviation is 1.19 cm and the maximum deviation based on 95%

confidence limit can be 9.68%.
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It shows that the deviations of Multiple Linear Regression formulae are less than the
deviations generated from four different tailoring experts’ formulae. It proves that the

Multiple Linear Regression enhance the accuracy on shirt pattern drafting,
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Table 5.8 Deviation of MLR’s Formulae between Pattern Measurements of Best Fit

Shirts and Those Calculated from MRL’s Formulae

Deviation of MLR’s Formulae
Pattern - 3 : Correlation
Parameters M 95% % 2;:}” " (R}
Sample SD ean Confident y
Error Confident
Mean (cm)  (cm) Interval
{cm) (cm) Interval
()
G, 29.21 1.01 -0.02 -1.99~1.96 -6.82~6.71 03
G, 47.63 2.03 1.69 -2.29-5.67 -4.81~11.91 0.6
G, 54.78 1.18 -0.01 -2.31-2.29 -4.23~4.18 0.9
Qs 8.36 0.33 0.00 -0.64~0.64 7.70~7.70 1 0.4
Gg 5.37 0.17 0.00 -0.33~-0.34 -6.21~6.24 0.7
G, 7.58 0.65 0.83 :0.45~2.10 -5.89~27.71 0.7
Gy 2331 0.57 0.02 -1.10~1,14 -4.73~4.88 0.7
G 27.35 0.58 -0.02 -1.15~1.11 -4.19~4.07 0.9
Gjo 5.73 1.20 1.20 -1.14~3.55 -19.93~61.89 0.6
Gy, 6.12 0.27 0.00 -0.53~0.53 -8.73~8.73 0.6
G2 5.18 0.60 -0.68 -1.85~0.49 -35.72~9.43 0.7
Gs 16.37 0.72 0.01 -1.40~1.41] -8.54~8.63 03
Gis 23.40 1.03 -0.02 -2.04~2.00 -8.71~8.54 0.4
Gyo 27.40 0.60 0.00 -1.16~1.17 -4.25~4.28 0.9
Gag 27.35 0.87 -0.03 -1.73~1.67 -6.32~6.11 0.8
Gg) 27.26 0.91 -0.01 -1.80~1.78 -6.61~6.52 0.8
Gas 20.91 1.34 0.00 -2.62~2.62 -12.52~12.54 0.3
Gy 24.46 0.72 0.00 -1.41~1.4] -5.76~3.75 0.5
Gag 12.49 0.79 -0.04 -1.59~1.52  -12.73~12.16 0.6
Gao 43.70 1.63 1.77 -1.42~4.95 -3.26~11.34 0.9
Gy 24.50 1.16 -0.03 -2.30~2.25 -9.39-9.18 | - 0.8
Gy 24.45 1.19 0.03 -2.30~2.37 -9.40~9.68 08
Gi; 42.93 2.31 2.05 -2.47~6.58 -5.76~15.33 04
Gis 2.41 0.58 -0.01 -1.15~1.12  -47.64~46.70 0.3
Note: a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error = (actual measurement — calculated result) / no. of samples

c)SD = Standard deviation

d) 95% confident interval = mean error — 1.96*8D < e < mean error +1.96*SD

¢) % error in 95% confident = [(mean error — 1.96*SD)/mean}*100 < ¢ < [(mean error

interval +1.96*SD)/mean]* 100
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5.9 Conclusions

Multiple Linear Regression model is a very good tool to establish the relationship
between body parameters and pattern parameters. Besides, it reveals and proves that the
pattern parameters are correlated with several body parameters. This could be one of the
major reasons that the tradition drafting formulae could not accurat¢ly predict the

pattern parameters of best-fit shirts.

All pattern parameters predicted from the multiple linear regression cquations have
relatively high correlation (R} with the actual pattern measurements of best-fit shirts
than those calculated from the four tailoring experts’ formulae. Although the pattern
prediction has been improved by MLR, the prediction is still not prefect. The reasons
might be due to the fact that pattern parameters are not only correlated with several body
parameters, but the correlation may be nonlinear, as human body is in three-dimensional
form. Mathematical tools for modeling the nonlinear interrelationship are therefore

desirable in further research.
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Chapter 6
Prediction of Men’s Shirt Pattern from 3D Body Measurements

Using Artificial Neural Network

6.1 Introduction

Although Multiple Linear Regression equations reported in the previous Chapter has
improved the prediction of men’s shirt pattern parameters in comparison with the
tailoring experts’ formulae, the prediction is still not sufficiently accurate for automatic
pattern drafting. This may be due to the fact that the relationship between pattern
parameters and body parameters is generally non-linear. In order to further enhance the
accuracy of pattern prediction, Artificial Neural Network (ANN) was applied. ANN is

an effective tool for building non-linear models.

In this Chapter, the architecture and the algorithm of the ANN are described. The
application of ANN for shirt pattern prediction is reported and the accuracy of the ANN

medel is discussed.
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6.2 Nomenclature

x = Input training vector:
X=(X,0 X500 X,)

t = Qutput target vector

£= (L yint, remsd,)

8, = Portion of error correction weight adjustment forw that is due to an error at
output unit ¥, ; also, the information about the error at unit ¥, that is
propagation back to the hidden units that feed into unit¥, .

g, = Portion of error correction weight adjustment for v, that is due to the

backpropagation of error information from the output layer to the hidden

unitZ, .
a = Learning rate
X, =Inputuniti:

For an input unit, the input signal and output signal are the same, namely, x,
v = Bias on hidden unit j .
VA = Hidden unit j :
The net input to Z is denoted z _in,:
z_in, =v_+ Zx,.v,,j
The output signal (activation) of Z is denoted z, .

z, = f(z_in).
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= Bias on output unitk.
= Qutput unit &.

The net input to Y, is denoted y_in, :
y._ink = wux + Zziwﬁ
i
The output signal (activation) of Y, is denoted y, :

y,=fly_in)
= Converted value of each body parameter
= Original value of each body measurement

= Minimum value of each body measurement

= Maximum value of each body measurement

Converted value of each pattern parameter / Predicted value of each pattern
parameter

Original value of each pattern measurement / Pattern value in normal
measurement

Minimum value of each pattern measurement

= Maximum value of each pattern measurement
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6.3 Definition of Artificial Neural Network (ANN)

6.3.1 Basic Principles of Pattern Prediction Using ANN

Artificial neural network (ANN}) is a useful mathematical approach for the establishment
of the prediction models. Past research has discovered that ANN is especially effective
for modeling nonlinear functions or relationships (Fausett 1994, Fan and Hunter 1998,
Fan et al 2001). The principle of ANN is to train the model (i.e. adjusting the weights
between the nodes in each layer) using experimental datasets so that the output from the
ANN is equal or as close as possible to the target pattern. For the present application, G
(Pattern Parameters) are the output parameters, whereas P (Perception of Fitting) and
B (Body Parameters) are input parameters. The ANN training and application program
were written in C programming language. The programs are listed in Appendix V and

VI respectively. The parameters of the ANN model for the present investigation is listed

at Table 6.1

Table 6.1 Parameters of Artificial Neural Network Mode]

Activation function at output f(x)=
layer l+e™*
Activation function at hidden 7= I
layer l+e™
Input parameters 34 body parameters
Qutput parameters 33 shirt pattern parameter
Number of hidden units 80
Number of training pairs 50
Number of cross-checking 9
pairs
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6.3.2 Architecture

A backpropagation multi-layer neural network with one Iéyer of hidden units
(the Z units) és shown in Fig. 6.1 is applied in this study. The output units (the Y units)
and the hidden units have biases. These biases act like weights on connections from
units whose output is always 1. These are usually not displayed explicitly. Only the
direction of information flow for the feedforward phase of operétion is shown. During
the backpropagation phase of learning, signals are sent in the reverse direction. It is
simply a gradient descent method to minimize the total squared error of the output

computed by the net.

6.3.3 Algorithm
Training a network by backpropagation involves three stages: the feedforward of the
input training pattern, the backpropagation of the associated error, and the adjustment of

the weights.

During feedforward, each input{X,)receives an input signal and broadcasts this signal
to each of the hidden units Z,,- --, zZ,. Each hidden unit then computes its activation and
sends its signal (z,) to each output unit. Each output unit (¥,) computes its

activation (y, ) to form the response of the net for the given input pattern.

During training, each output units compares its computed activation y, with its target

value¢, to determine the associated error for that pattern with that unit. Based on this
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error, the factord, (k =1,--,m)is computed. 8, is used to distribute the error at output
unit ¥, back to all units in the previous layer (the hidden units that are connected to ¥, ). It

is also used (later) to update the weights between the output and the hidden layer. In a

similar manner, the factor&,(j =1,---, p)is computed for each hidden unitZ . It is not
necessary to propagate the error back to the input layer, butdis used to update the

weights between the hidden layer and the input layer.

After all of the § factors are determined, the weights for all layers will be adjusted

simultaneously. The adjustment to the weight (from hidden unit Z ; to output unit¥, ) is
based on the factor 3, and the activation z; of the hidden unitZ, . The adjustment to the
weight (from input unit X, to hidden unitZ ) is based on factor §,and the activation x, of

the input unit.

Fig. 6.1 Backpropagation Neural Network with One Hidden Layer

Output

[possible pattern parameters]

Qutput lnyer
[possibility of each rantem
parnmeter|

Hidden faxver

. Input layer
v G [hody mensurements, pircepls of
) "? fining and fabric propenies)
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6.3.4 Activation Function

An activation for a backpropagation net should have several impqnant characteristics: It
should be continuous, differentiable, and monotonically non-decreasing. Furthermore,
for computational efficiency, it is desirable that its derivative be easy to compute. For
the most commonly used activation functions, the value of the derivative (a particular
value of the independent variable) can be expressed in terms of the values of the
function (at that value of the independent variable). Usually, the function is expected to

saturate, i.e., approach finite maximum and minimum values asymptotically.

One of the most typical activation functions is the binary sigmoid funciion, which has

the range of (0,1) and is defined as

1
1 +exp'™

Si(x)=

with f(x)= (1= £,()]

The above activation function was used in the standard backpropagation algorithm
applied in this study. The function was chosen because of the form of the data
(especially the target values) was continuous, and because of the simple relationship

between the value of the function and its derivative.

151



Chapter 6

6.3.5 Training Algorithm
In this study, C language was used for writing a program for ANN training and ANN

application. The training program and application program are listed on Appendix V and

VI respectively.

The algorithm is as follows:
Step 0. Initialize weights

(Set to small random values)

Step 1. While stopping condition is false, do Step 2-9

Step 2. For each training pair, do Step 3-8

Feedforward:

Step 3. Each input unit (X ,i=1,..,n) receives input signal x.i and

broadcasts this signal to all units in the layer above (the hidden
units)

Step 4. Each hidden unit(Z , j =1,..., p) sums its weighted input signals,

z_in =v_+ z":x,v,,f
m
applies its activation function to compute its output signal,
z, = f(z_in),
and sends this signal to all units in the layer above output units).
Step 5. Each output unit (¥, ,k =1,...,m) sums its weighted input signals,
y_in, =w, + iZ;Wﬂ
=

and applies its activation function to compute its output signal,
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¥, =fy_in)

Backpropagation of error:

Step 6.

Step 7.

Each output unit (¥,,k—1,..,m) receives a target pattern

corresponding to the input training pattern, computes its error
information term,
6, =(t, -y)f (y_in)
calculates its weight correction term (used to update w, later),
Aw, =ad,z,
calculates its bias correction term (used to update w, later),
Aw, =ad,,

and send o, to units in the layer below.

Each hidden unit(Z,, j —1,..., p)sums its delta inputs (from units

in the layer above),

muitiplies by the derivative of its activation function to calculate

its error information term.
8,=6_in f(z_in),

calculates its weight correction term (used to updal;e v, later),
Av, =ad x,

and calculates its bias correction term )used to update v, later),
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Av, =ad,
Update weights and biases:
Step 8. Each output wunit (¥,,k=1,..,m) updates its bias and
weights(j =0,...,p):
w, (new) = w, (old)+ Aw,
Each hidden unit (Z,j=1,.,p) updates its bias and
weights (i = 0,...,n) :
v, (new) =v (old)+Av,

Step 9. Test stopping condition.

Note that in implementing this algorithm, separate arrays should be used for the deltas

for the output units (Step 6, 5, ) and the deltas for the hidden units-(Step7,4)).

An epoch is one cycle through the entire set of training vectors. Typically, many epochs
are required for training a backpropagation neural net. The foregoing algorithm updates
the weights after each training pattern is presented. A common variation is batch
updating, in which weight updates are accumulated over an entire epoch (or some other

number of presentations of patterns) before being applied.

Note that f*(y _in,)and f*(y_in Ycan be expressed in terms of y, and z_, respectively.

The mathematical basis for the backpropagation algorithm is the optimization technique

known as gradient descent. The gradient of a function (in this case, the function is the
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error and the variables are the weights of the net) gives the direction in which the
function increases more rapidly; the negative of the gradient gives the direction in which
the function decreases most rapidly. The derivation clarifies the reason why the weight

updates should be done after all of the §, and &, expressions have been calculated, rather

than during backpropagation.

6.4 Parameters in the ANN Program

6.4.1 Input, Qutput and Hidden Units

In this pattern prediction model, the input units are body parameters that are important
to shirt pattern drafting. The output units are the patterns parameters. The current
network has thirty-four inputs units and thirty-three output units. The parameters are
summarized in Table 6.1. Those thirty-four body parameters are the upper body
measurements from 59 subjects obtained from body scanning and are believed to be

necessary and sufficient for shirt pattern drafting.

The number of hidden units is very important for the performance of madel. Too many
hidden units would cause unacceptably long training times, losing the generalization
capability of the model. There are no proven algorithms for determining the optimum
number of hidden units. Therefore, the best way was to determine it by frequent trials

and errors. In this model, a large number of computational experiments have been done
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for investigating the appropriate number of hidden units that would produce a low

prediction error. It found that 80 hidden units were to be adequate.

6.4.1.1 Conversion of Input and Qutput Units
The data were scaled down to be within (0,1) to avoid the overflpat problem in
computation. Output data were also scaled down to be within (0,1) to correspond to the

output range of the binary sigmoid activation function, which has been shown in section

6.3.4.

The following equations were used to convert the original data to the scaled down data

in order to ensure the scaled down data are spread within (0.1) range.

For body parameters:

B‘:Bi:—f"‘zme.SfO.l {6.1)
where,

B = Converted value of each body parameter

B = QOriginal value of each body measurement

B.. = Minimum value of each body measurement

B = Maximum value of each body measurement
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For pattern parameters:

G'=———mt 0.8+0.1 (6.2)
Gmax - Gmin )
Where,
G = Converted value of each pattern parameter
G = Original value of each pattern measurement
Goin = Minimum value of each pattern measurement
G oo = Maximum value of each pattern measurement

For converting back the results to original scale:

(G'-0.1)

G=[ 0 X (G = Gria N+ G (6.3)
where,

G' = Predicted value of each pattern parameter

G = Pattern value in normal measurement

G = Minimum value of each pattern measurement

G = Maximum value of each pattern measurement
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The Equations 6.1 and 6.2 were used to ensure the data within the range from O to |. If
the input data is the maximum value, the numerator is same as the denominator then the
final value become 0.9. If the input data is the minimum value, the denominator is zero

then the final value become 0.1

The scaled data was then written into a data file format, named “input.dat” for program
training. The sequence of the data in this file is such that the 34 body parameters and 33
pattern parameters were listed from left to right for each subject. From top to bottom, it
was the number of training sets. In this case, the training sets of data were 50 out of 59
subjects. The rest of 9 sets of data were used as the cross-validation set and which will

be discussed in the coming section.

6.4.2 Training Sets and Cross-checking Sets

According to Hecht-Nielsen (1990), it is not necessarily advantageous to continue
training until the total squared error actually reaches the minimum. He suggested to use
two sets of data during training: a set of training patterns (input unil) and a set of
training-testing patterns (checking pairs). Weight adjustments are based on the training
patterns; however, at intervals during training, the error is computed using the training-
testing patterns. As long as the error for the training-testing patterns decreases, training
continues. When the error of the checking pairs is too high, the net memorizes the

training patterns too specifically (and starting to lose its ability to generalize). At this
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point, training is matured and needed to be terminated.” This strategy is used in the

training program of the present study.

Number of checking pairs is an issue. Since there is no established guideline on the
optimum number of checking pairs for ANN training. A general rule is that at least one-
tenth of total training data is used as checking pairs. Therefore, in this case, training
pairs of data were decided to be 50 out of 59 pairs of data. The rest of 9 sets of data
were used as the training-testing patterns (checking pairs). The file names of those two
sets of data were “input.dat” and “checking.dat”. The total number of those two sets of
data was the training pairs of program. All these information was needed to perform the

ANN program.

6.4.3 Learning Rate

Learning rate is the training speed of program, too high in learning raie will result in
poor performance of the model, too low will result in excessive slow training process.
An adequate speed is important for ANN training. Since there is no proven algerithm to
determine the optimum number of this learning rate, this was therefore estimated by
trials and errors. Preliminary computational experiments showed a learning rate of 0.01

is adequate for the present case.
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6.4.4 Initial Weights

According to Fausett (1994), too small and too large of the values for initial weights can
affect the performance and accuracy of the model. The coﬁmon procedure is to
initialize the weights to random values between -0.5 and 0.5. The training program in

this study was also set at this interval.

6.4.5 Condition for Termination of ANN Program Training

The training program may terminate at the very beginning of the training due to the
fluctuation of the mean squaré error of training pairs. The real minimal error may not be
reached. In order to avoid the termination of training prematurely, a condition of
intervention was set. Training will not stop unless the mean square error, i.¢. the error
between the training data and target data of each epoch, was below a pre-set value.
After the mean square error was below the pre-set value, training stopped when béth the

mean square errors of training pairs and checking pairs are approaching minimum.

Fig. 6.2 plots the mean square errors of the training pairs and checking pairs. As can be
seen, the errors generally reduce and then increase with certain fluctuation. It is
reasonable to terminate training when the error of training pairs is about 4. At this range,
the MSE of training pairs approached minimum and the trend of the MSE of checking
pairs was almost flat. In order to obtain the best model, preliminary computations with
training terminating at MSE of training pairs equaled at value varying trom 3.5 to 4.5

with a step of 0.1 was performed. It was found that training terminated when the MSE
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of training pairs equals 4.3 resulted in the best prediction model with least prediction

€rrors.

Fig. 6.2 The Mean Square Error of Pattern Prediction from Body Paranieters in

ANN Training
Mean Square Error of Pattern Prediction from Body
Parameters (ANN) Training
35
30 | | —MSE T
| (Training
-.é 25 Set) -
& 20 - = =5 T o5 ‘
S 15 - ‘ (Check ng
g Set)
10 et e
5
= 5 L o = fD B =
0 - . T ‘
0 20000 40000 60000 80000 100000
Epoch

6.4.6 Application of ANN Program

In this application program in C language, two files were needed. The first onc¢ was the
“weight.dat” from the training program. Second was the scaled down input da a named
“input.dat”. This input data only contained 34 body parameters. The applicaticn would

read these two files and applied the activation function for training. The results were
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shown in a new file named “application.dat”. This file contains the predicted pattern

parameters.

6.5 Evaluation of Pattern Prediction Using Artificial Neural Network

Fig. 6.3 plots the ANN predicted shirt pattern measurements against the shirt pattern
measurements of the actual fitting shirts for 59 pairs of data. As can be seen, the squared
correlation coefficient (R%) is 0.9977. The differences between the predicted and actual
fitting shirt pattern measurements are in general very small. This means that predicted

results are close to the target values.

Fig. 6.3 ANN Predicted Shirt Pattern Measurements VS Actual Pattern

Measurements of Fitting Shirts

Prediction of Shirt Pattern from
Body Measurements by ANN (58TP at MSE 4.29) v=0.9987x
K?=0.8977
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6.6 The Deviation of ANN Predicted Shirt Pattern Measurements

In order to further evaluate the shirt pattern prediction model based ANM, the deviation
of each pattern parameter must be considered. The mean errors and the range of errors
in terms of 95% confidence interval are listed in Table 6.2. As can be seen, the
prediction for most pattern parameters has very low percentage of error based on 95%
confidence limit. In the critical fitting areas of shirt patterns such as collar girth, chest

girth, waist girth, hip girths and shoulder width, the prediction is very good.

Pattern parameters Gy (8-26), G2 (8-9) and Gs; (curve 9-26) are important for the front
neck girth. Gy, is front neck width, G2 is front neck depth and Gy; is fiont neck girth.
For Gy, the standard deviation is 0.21 cm; the mean error is 0.00 cm and the maximum
deviation based on 95% confident limit can be 6.75%. For G, the standard deviation is
0.24 cm; the mean error is 0.00 ¢cm and the maximum deviation based on 95% confident
limit can be —9.01%. For Gg,, the standard deviation is 0.26 cm; the mean error is 0.00

c¢m and the maximum deviation based on 95% confident limit can be 6.11%.

Pattern parameters Gs (0-19), Gg (0-1) and Ga7 (curve 1-19) are important for the back
neck girth of shirt pattern. Gs is the back neck width, Gg is back neck depth and Gay is
the back neck girth. For Gs, the standard deviation is 0.21 cm; the mean crror is 0.01 cm
and the maximum deviation based on 95% confident limit can be 4.96%. For Gg, the
standard deviation is 0.10 ¢m; the mean error is -0.01 cm and the maximum deviation
based on 95% confident limit can be =3.68%. For G,1, the standard deviation is 0.22 cm;

the mean error is 0.01 cm and the maximum deviation based on 95% confident limit can
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be 3.99%,

Pattern parameters Gy (3-15) and Gyo (10-15) constitute the chest girth of shirt pattern.
Gy is the back chest girth and Gy is front chest girth. For Gy, the standard deviation is
0.46 c¢m; the mean error is 0.02 cm and the maximum deviation based on 95% confident
limit can be 3.37%. For G, the standard deviation is 0.47 cm; the mean error is 0.02

cm and the maximum deviation based on 953% confident limit can be 3.46%.

Pattern parameters G3, (4-37) and Gsg (11-38) constitute the waist girth of shirt pattern.
G3, is the back waist girth and Gjp is front waist girth. For Ga), the standard deviation is
1.00 ¢m; the mean error is 0.0] ¢cm and the maximum deviation based on 95% confident
limit can be 8.04%. For Gy, the standard deviation is 0.99 ¢cm; the mean error is 0.01

cm and the maximum deviation based on 95% confident limit can be 7.94%.

Ga (5-39) and Gy (12-40) are the pattern parameters of the hip girth of shirt pattern.
G2, is the back hip girth and Gy is front hip girth. For G, the standard deviation is 0.60
cm; the mean error is 0.03 cm and the maximum deviation based on 95% confident limit
can be 4.38%. For Gyg, the standard deviation is 0.60 c¢m; the mean error is 0.03 cm and

the maximum deviation based on 95% confident limit can be 4.42%.

Pattern parameter G; (1-3) is the length between shoulder and underarm level. The
accuracy of this measurement will directly affect the fitting on armhole and the comfort

of wearer when they move their arms. The standard deviation is 0.45 ¢m; the mean error
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is 0.03 ¢m and the maximum deviation based on 95% confident limit can be 3.11%.

Pattern parameter G3 (26-29) is the shoulder width of shirt patterﬁ. The accuracy of this
measurement will affect the subjective feeling on wearer when they move their arms.
Besides, this is an important fitting area that affects the overall fitting. The standard
deviation is 0.46 c¢cm; the mean error is 0.01 ¢m and the maximum deviation based on

95% confident limit can be 5.60%.

It can be seen from the table that the maximum percentage of error of 4 pattern
predictions exceeds 10%. These pattern parameters are Gig (7-8), Gis (17-18), Gig (12-
13) and Gsi3 (23-24). These parameters are not so critical to fitting, but only affecting the
style of shirt. Gy is the Elifference between front panel and back panel. G is the length
between back hip and bottom of shirt. Gyg is the length between front hip and bottom of

shirt. Gs3 is the dart width between yoke panel and back panel at armhole level.
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Table 6.2 Deviation of Pattern Prediction from ANN Model

with 59 Sets of Training Data

Deviation of Pattern Parameters from ANN

Pattern
Parameters Sample SD Mean - 95% Confident % Errer in 95%
Mean (cm) Error Interval Confident Interval
(em) (cm) {cm) (%)
G 29.21 0.45 0.03 -0.84-0.91 -2.36-3.11
Gy 47.63 1.05 0.02 -2.05~2.08 -4.31~4.37
G, 79.31 1.24 0.02 -2.41~2.44 -3.04~3.08
G, 5478 0.92 0.04 -1.77~1.85 -3.23~3.37
Gy 8.36 0.21 0.01 -0.40~0.41 -4.77~4.96
Gg 5.37 0.10 -0.01 -0.20~0.18 -3.08~3.36
G, 7.58 0.17 -0.01 -0.34~0.32 -4.43~4.24
Gy 23.31 0.44 0.01 -0.86~0.87 -3:68~3.75
Go 27.35 0.46 0.02 -0.39~0.92 -3.24--3.37
Gio 5.73 0.41 -0.01 -0.80~0.78 -14.05~13.70
Gy, 6.12 0.21 0.00 -0.41~0.41 -6:66~6.75
G2 5.18 0.24 0.00 -0.47-0.46 -9.01~8.84
Gia 16.37 0.46 0.01 -0.90~0.92 -53.50~5.60
Gis 33.56 0.87 0.02 -1.68~1.73 -5:02~5.16
Gs 7.36 0.39 0.01 -0.76~0.78 -10.30~10.58
G 23.40 0.79 0.02 -1.53~1.56 -6.32~6.66
G, 72.74 1.36 0.03 -2.64~2.69 -3.63~3.70
Gs 6.62 0.35 0.01 -0.66~0.69 -10.04~10.41
Go 27.40 047 0.02 -0.91~0.95 -3.32~3.46
Gag 27.35 0.60 0.03 -1.15~1.21 -4.20~4.42
Gay 27.26 0.60 0.03 -1.14~1.20 -4.19~-4.38
Gy 8.51 (.26 0.00 -0.51~0.52 -6.04~6.11
Gn 20.91 1.02 -0.01 -2.00~1.99 -9.58~9.50
Gos 13.36 0.54 -0.02 -1.07~1.03 -8.14~7.68
Gas 15.31 0.75 0.00 -1.47~1.48 -9.61~9.64
G 24.46 0.43 0.01 -0.84~0.86 -3.43~3.52
G 11.15 0.22 0.01 -0.43~-0.44 -3.38~3.99
G 12.49 0.61 -0.01 -1.19~1,18 -9.56~9.45
Gae 43.70 1.30 -0.01 -2.55~2.54 -5.34~5.81
Gag 24.50 0.99 0.01 -1.92~1.95 -7.35~7.94
Gy, 24 .45 1.00 0.01 -1.94~1.97 -7.94~8.04
Giz 33.87 1.50 0.02 -2.92~2.97 -8.52~8.76
Gy 1.93 0.31 0.00 -0.61~0.60 -31.46~31.21

Note:

a) Sample Mean

b) Mean error

¢}S.D

d) 95% confident interval

e) % error in 95% confident

interval

= Standard deviation

= [(mean error — 1.96*SD)/mean]* 100 < ¢
+1.96*SD)/mean]* 100

= Summation of actual measurement/no. of samples

= (actual measurement — calculated result) / no. of samples

= mean error — 1.96*SD < ¢ < mean error +1.96*SD

< [{mean error
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6.7 Comparison of Prediction Errors of ANN Model, MLR Equations and Tailoring
Experts’ Formulae

Table 6.3 shows the comparison between the pattern predictiops from ANN model,
MLR equations and 4 tailoring experts’ formulae in terms of percentage error based on

95% confidence interval.

It can be seen, the prediction errors of the ANN model is significantly smaller in all
pattern parameters than those of the four tailoring experts’ formulae and in MRL
equations. In most cases, the maximum percentages of errors from ANN model are less
than 10%. Although some of the maximum percentages of errors from MRL equations
are also less than 10%, the accuracy of shirt pattern prediction has been iﬁprov_ed by
ANN model. Besides, the errors of those 4 tailoring expert’s formulae often exceed 20%.
Such tailoring experts’ drafting formulae obviously cannot produce patterns to fit the
diverse body shapes. Moreover, the pattern prediction of ANN model is ulso better than
that of multiple linear equations. It can be believed that the non-linear model based on
ANN can better model the complex nonlinear relationship between body measurements

and pattern parameters.
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Table 6.3 Corﬁparison of Percentage Error Based on 95% Confident Limit between

Pattern Prediction from ANN Model and Calculated Results from 4 Tailoring

Experts
Pattern Percentage Error in 95% Confident Interval (%)

Parameters | NN MLR | Aldrich | Cham | TailorA | Tailor B
Gl -2.89~3.11 -6.82~6.71 13.24~32.50 | -3.36~26.72 0.06~30.14 8.62~38.70
G2 -4.31~4.37 -4.81~11.91 -10.96~26.23 | -14.11~23.08 -4.66~-32.53 -4,66~32.53
G4 -3.23~3.37 -4.23~4.18 -10.61~3.98 | -331~11.29 | -35.68--4.51 | 11.30~25.89
G5 -4.77~4.96 -7.70~7.70 9.31~29.41 10.33~27.60 | 9.03~27.49 -11.01~9.08
Gb -3.68~3.36 -6.21-6.24 4.70~27.74 18.34~50.28 -6.47--16.57 -23.23~-0.19
G7 -4.43~4.24 -5.89~27.71 -2,64~30.98 -37.33~11.07 | -33.95--0.89 | -22.07~10.98
G8 -3.68~3.75 -4.73~4.88 -2.43~13.65 -4.73~26.29 -7.15--8.93 -2.11~21.58
G9 -1.24~3.37 -4.19~4.07 -12.41~1.81 | -3.27~10.95 [ -12.05~2.18 [ 11.35~25.58
G10 -14.05~13.70 | -19.93~61.89 | -30.39~73.32 | -37.82~65.25 | -40.87-62.85 | -23.41~80.30
Gll -6.66~6.75 -8.73~8.73 -11.09~7.01 -19.94~-1.55 | -37.02--16.15 | 24.85~42.96
G12 -9.01~-8.84 | -3572-943 | -44.13-4.13 | -56.55~-3.51 | -51.08--1.18 | -1.31~46.00
Gl3 -5.50~5.60 -8.54~-8.63 -10.46~12.98 | -24.21~23.72 | -51.58--17.23 | -50.92~-14.06
Glé -6.52~6.66 -8.71~8.54 8.21~37.72 14,55~46,16 10,11--32.35 6.43~38.04
G19 -3.32-3.46 -4.25~4.28 -8.42~5.52 -2.94~10.99 4.72~18.66 11.66~25.59
G20 -4.20~4.42 -6.32~6.11 -6.98~11.00 -5.15~12.82 -14.99--0.95 9.47~27.45
G21 -4.19~4.38 -6.61~6.52 -11.05~7.08 | -5.55~12.59 | -15.76--0.88 | 9.13~27.26

G23 -9.58~9.50 | -12.52~12.54 | 23.44~5637 | 43.85~71.71 2.03~35.29 | 35.23~65.04
G26 -3.43~3.52 -5.76~5.75 -0.63~14.55 -5.05~26.78 -25.14~-2 85 0.68~21.52
G28 9.56~9.45 [ -12.73~12.16 | -56.21~-8.01 | -31.87~17.58 | -9.33~30.37 [ -30.70~6.55
G29 -5.84~5.81 -3.26~11.34 | -63.12~-44.50 | -63.12~-44.50} | -49.39--30.77 | -49.39~-30.77
G30 -7.85~7.94 -9.39~9.18 -17.49-6.92 | -13.41~11.00 | -19.13~529 | 4.95~29.37
G31 -7.94~8.04 -9.40~9.68 -21.79~2.60 | -13.6i~10.78 | -19.32~5.06 4.79~29.19
G32 -8.62~8.76 -5.76~15.33 -12.00~23.36 | -12.07-23.17 | -13.16~22.20 -3.61-31.75
G33 -31.46~31.21 | -47.64~46.70 | 11.20~126.48 | 0.81~116.09 | -11.66~103.63 | 0.81~116.09

Note: % error in 95% confident

interval

= [(mean error — 1,96*SD)mean]* 100 < ¢ <[(mean error
+1.96*SDYmean]* 100
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6.8 Conclusions

Although the MLR equations established in the previous Chapter clarifies the
underlying relationship between the shirt pattern and body measurements, provides
improved prediction of shit"t pattern in comparison with the traditional tailoring expert’s
formulae, the prediction is still not sufficiently accurate due to the fact that they cannot
model the possibly complex non-linear relationship. Therefore, in this Chapter,
Artificial Neural Network was applied for establishing the relationship between shirt

pattern parameters and body measurements.

Results presented in this Chapter demonstrated that ANN is effective in modeling the
non-linear relationship between shirt pattern parameters and body measurements. It was
found that the shirt pattern parameters predicted by ANN model are accurate. The errors
of important pattern parameters, based on 95% confidence interval, are less than 10%.
Compared with the errors of the tailoring experts’ formulae, there is a significant

reduction in the prediction error,

The ANN model is proven to be an effective method for shirt pattern drafting to achieve

individual fit and useful for the implementation on mass customization.
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Chapter 7
Prediction of Subjective Fitting Perception

from Shirt Pattern Parameters and Body Measurements

7.1 Introduction

The previous Chapter showed that Artificial Neural Network is effective in predicting
the shirt pattern parameters from body measurements for making a fitting shirt for a
target customer. An alternative question is that, assuming a pattern has been drafted for
a customer, what the level of fitting is. This would help the customer to decide on
whether he is pleased with the degree of fitting. In order to answer this question, it is
necessary to establish the relationship between the fitting perception and pattern

parameters and body measurements.

This Chapter reports on the application of ANN to establish a model for predicting the
fitting perception from the pattern parameters and body measurements. The model can
be used by designers to evaluate shirt fitting when designing the shirt pattern before an

actual garment sample needs to be made.
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7.2 Nomenclature

B = Converted value of each body parameter

B = QOriginal value of each body measurement

B = Minimum value of each body measurement

B... = Maximum value of each body measurement

G = Converted value of each pattern parameter / Predicted value of each

pattern parameter

G = Original value of each pattern measurement

G e . = Minimum value of each pattern measurement

G oo = Maximum value of each pattern measurement

SR’ = Converted value of each subjective rating

SR = Original value of each Subjective rating

SR = Minimum value of subjective rating at each subject
SR, . = Maximum value of subjective rating at each subject
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7.3 Subjective Fitting Perception

7.3.1 Subjective Rating

Each human subject was asked to wear 10 shirt samples including his best-fit shirt for
assessing the fitting perception with respect to garment size variation. The detailed
procedure and rating questionnaire were explained in Chapter 3. The total number of
wearer trials was 559 because some subjects could not have enough large shirt samples

for evaluation.

The subjects were required to follow the rating procedure to assess the shirt fitting
feeling in critical areas. After doing some motions by subjects such as uplifting and
bending forward of both hands, subjects were required to fill in twelve (uestions about
the tightness and looseness feeling on each wear trial. The ratings ware focused on
neckline, bodice, armhole and sleeve length in terms of static and dynamic conditions.

The subjective rating has a scale from 1 to 5, 1 being very tight and 5 being very loose.

In addition to the wearer himself, two tailors and two designers were invited to assess
shi& fitting. The averages of the ratings from the wearer, two tailors and two designers
were used for further analysis. The results of subjective ratings are listed in Appendix III.
The minimum and maximum standard deviation of all subjective rating was ranged from
0.00 to 0.74 respectively. The standard deviation of all subjective evaluations was listed

in Appendix 1V.
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7.4 Development of ANN Model for the Prediction of Fitting Perception

7.4.1 Architecture and Training Algorithm of the Model |

The basic architecture and training algorithm are the same as reported in Chapter 6. The
differences are the number of input units, hidden units, output units, training pairs and
checking pairs. Table 7.1 lists the ANN model parameters for modeling the prediction of
fitting perception. The computational program was adjusted in ac.cordance with the new

parameters.

Table 7.1 Parameters of the ANN Model for the Prediction of Fitting Perception

Activation function at output

layer JO=1 =
Activation function at hidden _
layer Jx)= |+~

34 body parameters + 33 shirt

Input parameters
putp pattern parameter

Qutput parameters 12 Subjective parameters
Number of hidden units 80
Number of training paits 509
Number of cross-checking 50
pairs ]
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7.4.2 Input, Qutput and Hidden Units
In this prediction model, the input units are shirt pattern parameters (G) and body
parameters (8) . The output units are subjective fitting perceptions {P). The current

network has sixty-seven inputs units and twelve output units.

In this model, a large number of computational experiments have also been conducted
for investigating the appropriate number of hidden units and it was found that 80 hidden

units were adequate for the model training.

7.4.2.1 Conversion of Input and Output Units

Three sets of data, shirt pattern parameters (G), body parameters (B)and subjective
fitting perception (P) were also scaled down to be within {0,1) to avoid the overfloat

problem in computation. Qutput data were also scaled down to be within (0,1) to
correspond to the output range of the binary sigmoid activation function. Four equations

were used in this model.

For body parameters:

B'=¢x0.8+0.1 (7.1)

max min

where,
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B = Converted value of each body parameter

B = Original value of each body measurement
B = Minimum value of each body measurement
B = Maximum value of each body measurement

For pattern parameters:

G-G

G'=G——_E‘}—““--x0.8+0.] (7.2)
mux min
where,
G' = Converted value of each pattern parameter
G = Qriginal value of each pattern measurement
i = Minimum value of each pattern measurement
G = Maximum value of each pattern measurement

For subjective fitting perception:

sR=—R"Rw 08401 (7.3)
SRmux - SRmin
where,
SR' = Converted value of each subjective rating
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SR = QOriginal value of each Subjective rating
SR = Minimum value of subjective rating at each subject
SR e = Maximum value of subjective rating at each subject

For converting the scaled down outputs back to original scale:

6 =10 (G, ~ G+ G, 74)
0.8
where,
G' = Predicted value of each pattern parameter
G = Pattern value in normal measurement
G, = Minimum value of each pattern measurement
G = Maximum value of each pattern measurement

The scaled data was then written into a data file format, named “input.dat” for program
training. The sequence of the data in this file was that the 34 body paramcters, 33 pattern
parameters and 12 subjective fitting ratings were l_isted from left to right for each case.
From top to bottom, it was the number of training sets. In this case, the training sets of
data were 509 out of 559 subjects. The remaining of 50 sets of data was used as the

cross-validation set (checking pairs).
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7.4.3 Training Set and Cross-checking Set for ANN Training

According to Hecht-Nielsen (1990), two sets of data for ANN program training were
required for obtaining an optimum prediction model. In this appiication, 50 data pairs,
representing approximately 10% of the total data pairs, were used as cross-checking set
and the remaining 509 data pairs were used as training set. These two data sets were
written into separated data files. The former was kept in the “checking.dat”, which
consisted of 67 input parameters and 12 output parameters from ieﬁ to right and 50 set
of data from top to bottom. The latter was stored in the “input.dat”, which also consisted
same number of input and output parameters but the thereAwere 509 sets of data from top

to bottom in the file.

7.4.4 Learning Rate

Too high in learning rate would cause too long training time, too fast learning rate would
result in a premature model. Computational experiments were carried to determine the
appropriate learning rate for this application. A rate of 0.1 was found to e adequate for

this application.

7.4.5 Initialization of Weights
The initial weights of the training program were set to random values between -0.5 and

0.5. According to Fausett (19%4), this is an appropriate range.
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7.4.6 Condition for Termination of ANN Program Training

According to Hecht-Nielsen (1990), it is not necessarily advantageous to continue
training until the total squared error actually reaches the minimum. Training should
terminate when a generalized model has been achieved. The condition for the
termination of training is determined according to the mean squar'e errors of the training
pairs and checking pairs. The general rule is that both mean square errors of the training
pairs and checking pairs should approach minimum. Fig. 7.1 plots the trends of the
mean square errors with respect to epochs. As can be seen, when the MSE of training
pairs is about 25, the changes of the MSE of checking pairs are very small (with very
slow increase), and the MSE of training pairs will only reduce slowly with further
training. This means that when MSE of training pairs is about 25, a generalized mapping
of inputs and outputs may be achieved. In order to obtain the best model, training was
terminated when the MSE of training pairs equaled to a value from 20.0 to 30.0 with a
step of 0.2. The resulting models were compared in terms of prediction accuracy for the
training pairs and checking pairs. It was found that the prediction model derived when
the MSE of training pairs is 22.0 had least prediction errors. This model was therefore

used for further analysis.
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Fig. 7.1 The Mean Square Error of Subjective Perception Prediction from Body

Parameters and Pattern Parameters by ANN Model
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7.4.7 Application of ANN Model

With the weights of the ANN, the model can now be applied for predicting the fitting
perception. The application program of the ANN model requires two input f'les. The
first one was the “weight.dat” from training, the second one was the scaled do'vn input
data named “input.dat”. This input data contained 34 body parameters and 3: pattern
parameters. The application would read these two files and applied the activation

function for application. The results were shown in a new file named “application.dat”.
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7.5 Evaluation of the ANN Model for Predicting Fitting Perception

Fig. 7.2 plots the fitting perception predicted from ANN model against the mean fitting

perception rated by the wearer and the expert panel for the 559 cases. As can be seen,

the prediction is generally accurate with a percentage of fit (R®) of 0.945. The predicted

values are close to the target values.

Fig. 7.2 Predicted Fitting Perception VS Mean Fitting Perception Rated by the

Wearer and the Expert Panel

Predictive Rating
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Prediction of Subjective Rating from Body Measurenients
and Pattern Paraemters (559TP at MSE Value of 22)

y = 0.9986x

R%=0.945
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7.6 The Deviation of the Prediction of Fitting Perception

In order to further evaluate the accuracy of the prediction model, it is necessary to
consider the magnitude of the deviation of the predicted fitting perception from the
mean fitting perception rated by the wearer and the panel. The mean value, standard
deviation, minimum value and maximum value of the prediction error tor each fitting

perception parameter are listed in Table 7.2,

In the table, SR, represents the tightness feeling at the neck when the wearer is standing
still, The mean error is 0.00. The standard deviation is 0.12, the minimum deviation is

0.00 and the maximum deviation is 0.84 from ANN prediction model.

SR, is the tightness feeling at the neck when the wearers were required to move their
head to feel the tightness of shirt neck. The mean error is 0.00. The standard deviation is
0.12, the minimum deviation is 0.00 and the maximum deviation is 0.68 from the ANN

prediction model.

SR, is the fit of shirt shoulder. Subjects were required to rate the fit of the shirt shoulder
from their point of view. The mean error is 0.00. The standard deviation is 0.11, the
minimum deviation is 0.00 and the maximum deviation is 0.65 from-the ANN prediction

model.
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SR, is the tightness feeling on shirt armhole at static condition. The mean error is 0.00.
The standard deviation is 0.10, the minimum deviation is 0.00 and the maximum

deviation is 0.57 from the ANN prediction model.

SR; is the tightness feeling on shirt armhole when the wearers were required to uplift
their hands for rating. The mean error is 0.00. The standard deviation is 0.11, the

minimum deviation is 0.00 and the maximum deviation is 0.81 from the ANN prediction

model.

SR, is the tightness feeling on shirt armhole when the wearers were required to bend
their hands forward for rating. The mean error is 0.00. The standard deviation is 0.12,
the minimum deviation is 0.00 and the maximum deviation is 0.81 from the ANN

prediction model.

SR, is the tightness feeling on shirt front panel when the wearers are standing still. The
mean error is 0.00. The standard deviation is 0.12, the minimum deviation is 0.00 and

the maximum deviation is 0.89 from the ANN prediction model.

SR; is the tightness feeling on shirt front panel when the wearers were required to uplift
their hands for rating. The mean error is 0.00. The standard deviation is 0.10, the
minimum deviation is 0.00 and the maximum deviation is 0.80 from the ANN prediction

model.
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SR, is the tightness feeling on shirt front panel when the wearers were required to bend
their hands forward for rating. The mean error is 0.00. The standard deviation is 0.10,
the minimum deviation is 0.00 and the maximum deviation is 0.79 from the ANN

prediction model.

SR, is the fitting on sleeve length. The mean error is 0.00. The standard deviation is
0.14, the minimum deviation is 0.00 and the maximum deviation is 0.80 from the ANN

prediction model.

SR,, is the tightness feeling on shirt back panel when the wearers were required to uplift
their hands for rating. The mean error is 0.00. The standard deviation is 0.12, the
minimum deviation is 0.00 and the maximum deviation is 0.80 from the ANN prediction

model.

SR, is the tightness feeling on shirt back panel when the wearers were required to bend
their hands forward for rating. The mean error is 0.00. The standard deviation is 0.12,
the minimum deviation is 0.00 and the maximum deviation is 0.65 from the ANN

prediction model.

Therefore, the prediction of fitting perception using the ANN model is generally
accurate with the maximum deviations less than 0.9, which is even sinaller than the

possible error a human observer can have in rating the fitting perception.,
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Table 7.2 The Deviation of Subjective Rating Prediction from AINN Model

L. Deviation of Subjective Rating from Prediction

Subjectfve ANN Model

Perception

Parameters Mean SD Min Max

Error

SR, 0.00 0.12 0.00 0.84
SR, 0.00 0.12 0.00 0.638
SR, 0.00 0.11 0.00 0.65
SR, 0.00 0.10 0.00 0.57
SR, 0.00 0.11 0.00 0.81
SR, 0.00 0.12 0.00 0.81
SR, 0.00 0.12 0.00 0.89
SR, 0.00 0.10 0.00 0.80
SR, 0.00 0.10 0.00 0.79
SRy, 0.00 0.14 0.00 0.80
SR, 0.00 0.12 0.00 0.80
SRy, 0.00 0.12 0.00 0.63
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7.7 Conclusions

A model for the prediction of the fitting perception of men’s shirts has been established
using Artificial Neural Network. The prediction has been shown to be very accurate.
The model can be used by the pattern designers to evaluate the pattern in terms of fitting

to the target customer before an actual garment sample needs to be produced.
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Chapter 8
Prediction of Shirt Patterns from Fitting Requirements and 31 Body

Measurements

8.1 Introduction

The previous Chapters showed that Artificial Neural Network models provide very good
prediction of shirt patterns from 3D body measurements and fitting perceptions from 3D
body measurements and pattern parameters. They are useful for drafting fitting shirt
patterns and evaluating designed shirt patterns, respectively. However, in some cases,
customers may like to specify fitting requirements in the shirts they want. Under such

circumstances, it is required to predict shirt patterns from fitting requirernents and body

measurements.

In this Chapter, Artificial Neural Network is applied to establish a model for predicting
men’s shirt patterns from fitting requirements and body measurements. The model

parameters, training process and the accuracy of the prediction model are reported here.
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8.2 Nomenclature

B'

B

B

min

B

max

G|

SK

mnin

SR

= Converted value of each body parameter
= QOriginal value of each body measurement
= Minimum value of each body measurement

= Maximum value of each body measurement

= Converted value of each pattern parameter / Predicted value of each
pattern parameter

= Original value of each pattern measurement
= Minimum vatue of each pattern measurement
= Maximum value of each pattern measurement

= Converted value of each subjective rating
= Original value of each Subjective rating

= Minimum value of subjective rating at each subject

= Maximum value of subjective rating at each subject
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8.3 ANN for Pattern Prediction from Body Measurements and Fittin
Requirements

8.3.1 Architecture and Training Algorithm of the Model

In this pattern prediction model, the backpropagation neural network was applied for
model building. The input parameters were 34 body parameters and 12 fitting
parameters (Ratings of ﬁfting perception). The output parameters were 33 pattern
parameters. The number of training pairs was 509. The number of cross-checking pairs

was 50 and the number of hidden units was 80. The model parameters are summarized

in Table 8.1

Table 8.1 Parameters of ANN Model for Pattern Prediction

from Body Measurements and Fitting Requirements

Activation f;mction at output f(x) = -
ayer l1+e
Activation function at hidden _
| f(x) - —x
ayer l+e

34 body parameters + 12

Input parameters L
put pard Subjective parameters

QOutput parameters 33 shirt pattern parameter
Number of hidden units 80 ]
Number of training pairs 509 ]

Number of cross-checking 50
pairs
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8.3.2 Input, Output and Hidden Units

In this pattern prediction model, the input units were body parameters(B)and fitting
perception (P). The output units are shirt pattern parameters (G). The current network

has forty-six inputs units and thirty-three output units.

As discussed in Chapter 6 and 7, the number of hidden units is determinud by trials and

error. [t was found that 80 hidden units were adequate for the program training.

8.3.2.1 Conversion of Input and Output Units

Three sets of data, shirt pattern parameters (G), body parameters (B) and fitting
perception (P) were scaled down for ANN program training and program application

between 0 to | to avoid the overfloat problem in computation and also for corresponding
to achieve binary sigmoid activation function,

For body parameters:

B-B

B'= ———m_»(0.8+0.1 (8.1)
anx ~ “nin
where,
B' = Converted value of each body parameter
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B = Qriginal value of each body measurement
B = Minimum value of each body measurement
B, = Maximum value of each body measurement

For pattern parameters:

G-G,
G'=—2-x0.8+0.! (8.2)
Gmax - Gmin
where,
G' = Converted value of each pattern parameter
G = Original value of each pattern measurement
i = Minimum value of each pattern measurement
G_.. = Maximum value of each pattern measurement

For subjective rating:

o SR=SRua 08101 (8.3)
SR max SRmin
where,
SR' = Converted value of each subjective rating
SR = QOriginal value of each Subjective rating
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SR ., = Minimum value of subjective rating at each subject

SR, . = Maximum value of subjective rating at each subject

For converting back the results to original scale:

6 =222 %G - G+ 69
where,

G' = Pred {ctcd value of each pattern parameter

G = Pattern value in normal measurement

G = Minimum value of each pattern measurement

G oo = Maximum value of each pattern measurement

The scaled data was written into a data file format, named “input.dat” for program
training. The sequence of the data in this file was that the 34 body parameters, 12
subjective rating and 33 pattern parameters respectively were listed from left to right for
each case. From top to bottom, it was the number of training data pairs. In this case, the

training set of data had 509 out of 559 data pairs. The rest of 50 sets of data were used

as the cross-validation set.
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8.3.3 Training Set and Cross-checking Set for ANN Program Training

According to Hecht-Nielsen (1990), two sets of data for ANN program training were
required for obtaining an optimum prediction model. In this application, 50 data pairs,
representing approximately 10% of the total data pairs, were usec] as cross-checking set
and the remaining 509 data pairs were used as training set. These two data sets were
written into separated data files. The former was kept in the “checking.dat”, which
consisted of 46 input parameters and 33 output parameters from left to right and 50 set
of data from top to bottom. The latter was stored in the “input.dat”, which also consisted

same number of input and output parameters but the there were 509 sets of data from top

to bottom in the file.

8.3.4 Learning Rate

As same as Chapter 6 and 7, too high in learning rate would cause too long training time,
too fast learning rate would result in a premature model. Preliminary computational
experiments were carried to determine the appropriate learning rate for this application.

A rate of 0.1 was found to be adequate for this application.

8.3.5 Initial Weights

According to Fausett (1994), an appropriate range of the initial weights of the training

program was set to random values between -0.5 and 0.5.
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8.3.6 Condition for Termination of ANN Program Training

The general rule for termination of ANN training should be that both mean square errors
of the training pairs and checking pairs should approach minimum. Fijr. 8.1 plots the
trends of the mean square errors against epochs. As can be seen, the MSE of training
pairs generally reduces, but the MSE of checking pairs generally increases. It is not
appropriate to terminate the training when the MSE of checking pairs is minimum as
this would result a very high MSE of training pairs. As can be seen from Fig. 8.1, when
the MSE of training pairs reduced to about 65, further training would only reduce the
MSE of training pairs very slowly, but increase the MSE of training pairs significantly.
It is therefore reasonable to terminate training when the MSE of training pairs is about
65. In order to fine tune the condition for termination of training, training was
terminated when the MSE of training pairs equaled to a value varying from 60.0 to 68.0
with a step of 0.2. It was found that the prediction model derived when the MSE of
training pairs is 61.8 had least prediction errors. This model was therefore used for

further analysis.
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Fig. 8.1 The Mean Square Error of Pattern Prediction from 3D EFody

Measurements and Fitting perception by ANN Model
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8.3.7 Application of ANN Model

With the weights of the ANN, the model can now be applied for predicting the pattern

parameters. The application program of the ANN model requires two input fles. The

first one was the “weight.dat” from training, the second one was the scaled down input

data named “input.dat”. This input data contained 34 body parameters and 12 st bjective

rating parameters. The application would read these two files and applied the activation

function for application. The results were shown in a new file named “applicatio.dat”.
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8.4 Evaluation of Pattern Prediction Using Artificial Neural Network

Fig. 8.2 plots the ANN predicted shirt pattern measurements against the shirt pattern
measurements of the actual fitting shirts for 559 pairs of data. As can be seen, the
squared correlation coefficient (R?) is 0.9975. The differences between the predicted and
actual fitting shirt pattern measurements are in general very small. This means that

predicted results are close to the target values.

Fig. 8.2 The Correlation between Predictive Shirt Pattern Measurements and

Actual Pattern Measurements from 559 Training Pairs at MSE Level of 61.83

Prediction of Shirt Pattern from Body Measurements and

Subjective Perception by ANN (559TP at MSE 61.83)
y = 1.0002x

100 RE=09975

Predictive Value of Shin
Pattern

0 1 &~ T T T T
0 20 40 60 30 100
Pattern Measurements from Best Fit Shirt
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8.5 The Deviation of ANN Predicted Shirt Pattern Measurements

In order to further evaluate the shirt pattern prediction model based ANM, the deviatiop
of each pattern parameter must be considered. The mean errors and the range of errors in
terms of 95% confidence interval are listed in Table 8.2. As can be seen, the prediction
for most pattern parameters has very low percentage of error baséd on 95% confidence
limit. In the critical fitting areas of shirt patterns such as collar girth, chest girth, wa‘ist

girth, hip girths and shoulder width, the prediction is very good.

Pattern parameters of Gy, (8-26), Gz (8-9) and Ga; (curve 9-26) are important for the
front neck girth. Gy is front neck width, Gz is front neck depth and G, is front neck
girth. For Gy, the standard deviation is 0.21 cm; the mean error is 0.01 cm and the
maximum deviation based on 95% confident limit can be 6.72%. For Gy,, the standard
deviation is 0.37 ¢cm; the mean error is -0.01 ¢cm and the maximum deviation based on
95% confident limit can be —14.14%. For Gj,, the standard deviation is 0.32 c¢m; the
mean error is 0.01 cm and the maximum deviation based on 95% confident limit can be

7.37%.

Pattern parameters Gs (0-19), Gg (0-1) and Gz (curve 1-19) are important for the back
neck girth of shirt pattern. Gs is the back neck width, Gg is back neck depth and Gar is
the back neck girth. For Gs, the standard deviation is 0.21 ¢m; the mean error is -0.01
cm and the maximum deviation based on 95% confident limit can be 4.91%. For Gg, the
standard deviatibn is 0.14 em; the mean error is -0.01 ¢m and the maximum deviation

based on 95% confident limit can be ~5.368%. For Gi4, the standard deviation is 0.24
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c¢m; the mean error is -0.02 ¢cm and the maximum deviation based on 95% confident

limit can be 4.33%.

Pattern parameters Go (3-15) and Gi¢ (10-15) constitute the chest girth of shirt pattern.
Gy is the back chest girth and G is front chest girth. For Go, the standird deviation is
0.72 cm; the mean error is 0.00 cm and the maximum deviation based on 95% confident
limit can be 5.18%. For Gy, the standard deviation is 0.7 ¢m; the mean crror is 0.02 cm

and the maximum deviation based on 95% confident limit can be 5.18%.

Pattern parameters G3; (4-37) and Gsg (11-38) constitute the waist girth of shirt pattern.
Gs, is the back waist girth and Gjg is front waist girth. For G|, the standard deviation is
1.03 cm; the mean error is 0.00 cm and the maximum deviation based on 95% confident
limit can be 8.27%. For G, the standard deviation is 1.01 cm; the mean error is -0.02

cm and the maximum deviation based on 95% confident limit can be -8.17%.

Ga1 (5-39) and Gag (12-40) are the pattern parameters of the hip girth of shirt pattern.
Ga, is the back hip girth and Gy is front hip girth. For Gy, the standard deviation is 0.74
¢m; the mean error is 0.00 cm and the maximum deviation based on 95% confident limit
can be 5.33%. For Gag, the standard deviation is 0.73 cm; the mean error is 0.00 ¢cm and

the maximum deviation based on 95% confident limit can be 5.24%.
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Pattern parameter G, (1-3) is the length between shoulder to. underarm level. The
accuracy of this measurement will directly affect the fitting on armhole and the comfort
of wearer when they move their arms. The standard deviation is 0.59 cm; the mean error

is 0.00 cm and the maximum deviation based on 95% confident limit can be 3.96%.

Pattern parameter G;3 (26-29) is the shoulder width of shirt pattern. The accuracy of this
measurement will affect the subjective feeling on wearer when they move their arms.
Besides, this is an important fitting area that affects the overal! fitting. The standard
deviation is 0.49 ¢m; the mean error is 0.02 cm and the maximum deviation based on

95% confident limit can be 6.01%.

It can be seen from the table that the maximum percentage of error of 9 pattern
predictions exceeds 10%. These pattern parameters are Gyg (7-8), G2 (8-4), G5 (17-18),
Gis (12-13), Ga; (angle 27,26,29), Gz (29-31), Gas (24-30), Gag (angle 20,19,21) and
Gi3 (23-24). Some parameters are not so critical to fitting, but only affecting the style of
shirt, Gyq is the difference between front panel and back panel. Gs is the length between
back hip and bottom of shirt. Gys is the length between front hip and bottom of shirt. Gaq
is the vertical distance for determining the front armhole curve. Gas is the vertical
distance for determining the back armhole curve. Gs; is the dart width between yoke

panel and back panel at armhole level.

G, is the front neck depth. It does not affect the fitting of neckline due to pattern

parameters of neck girth are very accuracy in fitting. Besides pattern parameters Gz and
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Gy are the front shoulder angle and the back shoulder angle respectively. The error
exceed 10% is still acceptable due to the deviation within two to three degree at those

position could not affect the shirt fitting significantly.
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Table 8.2 Deviation of Pattern Prediction from ANN Moilel

with 559 Sets of Training Data

Deviation of Pattern Parameters from ANN

Pattern
Parameters Sample Mean SD Mean Error 95% Confident % Error in 95%
(cm) (cm) (cm) Interval Confident Interval
(em) (%)
G, 20.21 0.59 0.00 -1.15~1.16" -3.93~-3.96
G, 47.63 1.18 -0.01 -2.33~2.31 -4.90~4.85
G, 79.31 1.42 0.09 -2.69~2.88 -3.40~3.63
G, 54.78 1.42 0.05 -2.72~2.83 -4.97~5.16
Gs §.36 0.21 -0.01 -0.41~0.40 -4.91~4,79
G 5.37 0.14 -0.01 -0.29~0.26 -5.38~4.90
G 7.58 0.19 0.00 -0.38~0.37 -4,96~4.93
Gg 23.31 0.52 0.01 -1.00~1.03 -4.29~4 4]
G 27.35 0.72 0.00 -1.41~1.42 -5.17~5.18
G 5.73 0.47 -0.01 -0.93~0.92 16.30~16.01
Gn 6.12 0.21 0.01 -0.40~0.41 -6.53~6.72
Gy, 5.18 0.37 -0.01 -0.73~0.71 -14.14~13.77
Gy 16.37 0.49 0.02 -0.95~0.98 -5.83~6.01
Gig 33.56 1.28 -0.03 -2,55~2.48 -7.60~7.40
Gis 7.36 0.42 0.02 -0.80~0.84 -10.83~11.44
Gis 23.40 0.75 0.03 -1.43~1.49 -6.13~6.37
(O 72.74 1.47 0.13 -2.75~3.01 -3.78~4.13
Gig 6.62 0.43 0.02 -0.82-0.86 -12.34~12.93
Go 27.40 0.71 0.02 -1.37~1.42 -5.01~5.18
Gag 27.35 0.73 0.00 -1.43~1.43 -5.24-5.24
G 27.26 0.74 0.00 -1.45~1.45 -5.33~5.33
Gy 8.51 0.32 0.01 -0.61~0.63 -7.16~7.37
Gos 20.91 1.25 -~ -0.08 -2.54~2.38 -12.13~11.37
Gaq 13.36 0.79 -0.02 -1.57~1.54 -11.76~11.533
Gas 15.31 0.87 -0.04 -1.74~1.67 -11.38~10.87
Gag 24.46 0.50 0.02 -0.97~1.00 -3.95~4.09
Gys 11.15 0.24 -0.02 -0.48~0.45 -4.33~4.05
Gy 12.49 0.76 0.00 -1.49~1.48% 11.91~11.88
Gao 43.70 1.77 0.09 -3.38-3.56 -7.72-8.16
Gip 24.50 1.01 -0.02 -2.00~-1.97 -8.17-8.04
Gs, 24 .45 1.03 0.00 -2.02~2.02 -8.25~8.27
Gy 33.87 1.29 0.00 -2.52-2.53 -7.45~7.47
G 1.93 0.40 -0.02 -0.80-~0.76 -41.34~39.48
Note: a) Sample Mean = Summation of actual measurement/no. of samples

b) Mean error

¢)S.D

d) 95% confident interval

e) % error in 95% confident
interval

= (actual measurement — calculated result) / no. of samples

= Standard deviation

= mean error — 1.96*SD < ¢ < mean error +1.96*SD

= [(mean error - 1.96*SD)/mean]*100 < e < [(mean error
+1.96*SD)}mean]*100
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8.6 Conclusions

The present work showed that the Artificial Neural Network model for pattern
prediction from 3D body measurements and fitting perception is effective and accurate.
Apart from those pattern parameters affecting the shirt style, the prediction errors of
critical pattern parameters are generally less than 8%. Automatic pattern drafting system
can be programmed based on the model to draft shirt patterns automatically with the

inputs of fitting requirements and body measurements.
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Chapter 9

Evaluation of Shirt Patterns Designed Using Developed ANN Model

9.1 Introduction

The previous Chapters showed that Artificial Neural Network models provide very good
prediction of shirt patterns from 3D body measurements and fitting requirements. They
are useful and significant for drafting fitting shirt patterns. In order to further evaluate
the accuracy and validity of the model, dress shirts for two wearers were designed and

made using their body measurements by applying the Artificial Neural Network model.

In this Chapter, the application of the ANN model in deriving pattern parameters is
described, and the assessment of the fitting of the dress shirts designed based on the

ANN model is reported.
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9.2 Nomenclature

BI

B

B

min

SR
SR
SR

min

SR

max

= Converted value of each body parameter
= Original value of each body measurement

= Minimum value of each body measurement
= Maximum value of each body measurement

= Converted value of each pattern parameter / Predicted value of each
pattern parameter

= QOriginal value of each pattern measurement
= Minimum value of each pattern measurement
= Maximum value of each pattern measurement

= Converted value of each subjective rating
= Original value of each Subjective rating

= Minimum value of subjective rating at each subject

= Maximum value of subjective rating at each subject
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9.3 Body Parameters

9.3.1 Body Measurements for Two Additional Subjects

Two human subjects (A and B), not included in the group for establishing the pattern
prediction models, were invited to participate in this experiment. Their bodies were
scanned using the Techmath Laser Scanner. The 34 body measurements of these two

human subjects, necessary for the input of the ANN model are listed in Table 9.1.

Table 9.1 Body Measurements (in CM) of Subject A and B from Laser Scanner

Body Parameters | Description Subject A Subject B
B, Body height 172.8 176.8
B, Head height 26.4 . 24.6
B, Distance neck to hip 61.0 61.1
B, Neck diameter 12,6 12.3
Bs Mid neck girth 34.8 36.0
Bs Side upper torso length 23.2 24.7
B; Torso width 33.1 343
By Total torso girth 159.8 167.2
By Cross shoulder over neck 38.1 373
Big Cross shoulder 413 41.1
B, 1/2 Shoulder width 12.8 12.5
B.; Shoulder angle L (%) 22.0 : 220
Bis Shoulder angle R {°) 27.0 23.0
Bis Cross front width 35.1 34.9
Bis Breast width 35.0 36.4
Bis Neck R to waist over bust 41.1 43.6
B4 Neck front to waist over bust 31.2 31.9
Bis Bust points around neck 67.7 74.8
B Bust point to neck 25.8 30.2
Bag Chest band 77.9 894
B, Midriff girth 75.4 85.6
B-, Cross back width 33.2 34.5
B,; Back width 32.0 ] 33.7
B, Neck to underarm back 16.4 16.4
B,s Back length 41.0 41.8
B Back length over shoulder blade 448 45.4
By, Distance armpit-waist 23.1 24.9
Bag Waist to hip back 238 21.7
B Waist girth 67.5 . 76.3
B3 Waist to hip 258 21.9
B, Hip girth 89.3 95.3
B, Arm length to neck back 80.5 81.6
B13 Arm length to neck 74.1 75.5
Bi. Arm length 61.2 ] 63.0
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9.3.2 Conversion of Input Units (Body Parameters)

The body parameters (B) were scaled down for ANN program application to the values

between 0 to | so as to avoid the over-float problem in computation and to match the

output of the binary sigmoid activation function.

For body parameters:

B-B

B‘=—é:x_——-';“mx0.8+0.l 9.1
where,

B = Converted value of each body parameter

B = QOriginal value of each body measurement

B... = Minimum value of each body measurement

B, = Maximum value of each body measurement

The scaled down values of body parameters of subjects A and B using equation 9.1 are

listed at Table 9.2,
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Table 9.2 Converted Values of Body Parameters

Body Parameters | Description Subject A Subject B
B, Body height 0.55 0.65
B, Head height 0.56 0.31
B, Distance neck to hip 0.49 0.49
B, Neck diameter 0.39 0.33
Bs Mid neck girth 0.29 0.37
Bg Side upper torso length 0.36 0.43
B+ Torso width 0.44 0.49
B: Total torso girth 0.39 0.56
By Cross shoulder over neck 0.49 0.44
Bio Cross shoulder 047 - 0.46
By, 1/2 Shoulder width 0.63 0.60
B Shoulder angle L (°) 0.33 0.33
B Shoulder angle R (°) 0.58 0.39
B, Cross front width 0.52 0.51
Bs Breast width 0.28 0.36
B¢ Neck R to waist over bust 0.25 0.35
B, Neck front to waist over bust 0.27 0.30
Bis Bust points around neck 0.40 0.59
Bio Bust point to neck 0.33 0.51
Bag Chest band 0.19 0.39
B, Midriff girth 0.18 0.38
By Cross back width 0.17 0.28
Bas Back width 0.10 0.21
B Neck to underarm back 0.31 0.31
Bas Back length 0.37 0.41
Bag Back length over shoulder blade 0.38 0.40
B, Distance armpit-waist 0.38 0.46
B Waist to hip back 0.71 0.60
By Waist girth 0.17 0.34
Bso Waist to hip 0.79 0.39
By Hip girth 0.30 0.45
Bs: Arm length to neck back 0.52 0.58
Bi; Arm length to neck 0.56 0.63
Bi, Arm length 0.57 0.65
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9.4 Dress Shirt Pattern Design from 3D Body Measurements Using Artificial
Neural Network

9.4.1 Application of Artificial Neural Network

The ANN pattern prediction model reported in Chapter 6 was used to generate the shirt
patterns for subjects A and B according to their body measurements. The scaled data
was written into a data file, named “input.dat” for program application. The output is the
model is the scaled down pattern parameters, which is written into a file named

“application.dat”.

The scaled down pattern parameters in the file “application.dat” was then scaled up to

derive shirt pattern measurements, using the following equation:

For converting back the results to original scale:

G =22 (G = G+ G ©2)
0.8
where,
G' = Predicted value of each pattern parameter
G = Pattern value in normal measurement
G = Minimum value of each pattern measurement
G = Maximum value of each pattern measurement
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The pattern parameters calculated from the body measurements using the ANN model
results are listed on Table 9.3. The definitions of the pattern parameters could be

referred to Fig. 9.1.

Table 9.3 Pattern Measurements (in CM) Predicted from 3D Body Measurements

Based on the ANN Model Reported in Chapter 6

Pattern Subject A | SubjectB
Parameters
G, 29.5 27.7
G, 47.} 46.9
G, 78.0 80.7
(A 52.3 55.7
G 8.3 8.0
G 5.7 5.1
G, 7.9 6.7
Gs 226 23.8.
Gg 26.2 27.7
G 7.5 3.6
Gy 59 6.5
G2 4.9 6.3
Gis 16.1 16.3
Giq 31.8 339
Qs 6.6 8.7
Gyg 22.1 24.4
G,7 69.7 77
Gz 5.7 8.1
G 26,1 - 279
Gy 26.0 278
Gay 26.0 27.5
Gy 3.1 9.7
G 20.1 19.0
Gaq 14.7 12.7
Gas . 16.5 15.0
Gag 24.2 24.3
Gy 11.5 10.4
Gy 13.3 11.2
Gao 427 444
G 23.5 26.0
Gs, 23.2 25.8
Qs 40.8 42 .4
Gs; 2.8 1.4
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Fig. 9.1 Shirt Pattern Parameters
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9.4.2 Pattern Drafting and Shirt Making
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The predicted 33 pattern parameters from 3D body measurements were used for drafting

the paper patterns in accordance with the style illustrated in Fig. 9.1. The shirts were

then made according to the derived paper patterns.

209



Chapter 9

9.5 Evaluation of the Fitting of the Shirts Made According to the ANN Model

Reported in Chapter 6
9.5.1 Wearer Trials

The finished dress shirts were tried on by subject A and B for subjective evaluation.
They were required to rate the fitting in three different statuses, viz. standing still,
uplifting both hands and bending forward of both hands at neckline, armhole. bodice
and sleeve length. Figs 9.2 to 9.8 are the photos of shirt fitting for subject A. Figzs 9.9 to

9.15 are the photos of shirt fitting for subject B.

Fig. 9.2 Shirt Fitting on Neckline and Shoulder

(Subject A)

Pt ¢
oo e

<




Chapter 9

Fig. 9.3 Front View of Shirt Fitting Fig. 9.4 Back View of Shirt Fitting
on Front Bodice, Armhole and Sleeve on Back Bodice, Armhole and Sleeve
Length when Standing Still Length when Standing Still

Fig. 9.5 Front View Shirt Fitting Fig. 9.6 Back View Shirt Fitting
on Front Bodice and Armhole on Back Bodice and Armhole
when Uplifting Both Hands when Uplifting Both Hands
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Fig. 9.7 Front View Shirt Fitting Fig. 9.8 Back View Shirt Fitting
on Front Bodice and Armhole when on Back Bodice and Armhole when
Bending Both Hands Forward Bending Both Hands Forward

Fig. 9.9 Shirt Fitting on Neckline and Shoulder

(Subject B)

Py
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Fig. 9.10 Front View of Shirt Fitting Fig. 9.11 Back View of Shirt Fitting
on Front Bodice, Armhole and Sleeve on Back Bodice, Armhole and Sleeve
Length when Standing Still Length when Standing Still

Fig. 9.12 Front View Shirt Fitting Fig. 9.13 Back View Shirt Fitting
on Front Bodice and Armhole on Back Bodice and Armhole
when Uplifting Both Hands when Uplifting Both Hands
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Fig. 9.14 Front View Shirt Fitting Fig. 9.15 Back View Shirt Fitting
on Front Bodice and Armhole when on Back Bodice and Armhole when
Bending Both Hands Forward Bending Both Hands Forward
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9.5.2 Subjective Assessment of Shirt Fitting for Shirts Made According to the ANN

Model Reported in Chapter 6

The subjective ratings on the designed shirts are listed in Table 9.4, Fitting were
assessed at the critical areas of shirts in a 1 to 5 scale, | being very tight and 5 being
very loose when assessing the tightness or looseness, or | very short and 5 very long
when assessing the length. The results show that all ratings for Subject B are 3,
indicating that the dress shirt is very fit to him. As for Subject A, the ratings are mostly
3 with a few 4s, meaning that the shirt is fit to slightly loose. Note that Subject A is a
very thin person, a slightly loose fitting may be appropriate for enhancing his body

image (i.e. avoiding to be seen as too thin).

Subject A commented that the shirt is only slightly loose at the armhole. Generally, the
shirt is nicely fit for him. He was satisfied with the looseness of the shirt for body
movement. The rests of the shirt fitting area such as neckline, front and buck of shirt and

sleeve length provide adequate fit for wearing.

Subject B commented that the shirt is very fit for him especially at the armhole of the
shirt. The amount of ease of shirt for body movement is adequate. It is not quite loose

and tight on general appearance.
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Table 9.4 Subjective Ratings of Subject A and B on Shirts Made According to the

ANN Mode! Reported in Chapter 6

lf:rl;jr':lcetti::s Description Subject A Subject B
SR, Collar (with tie} When standing still 3 3
SR, Collar (with tie) When in movement 3 3
SR, Shoulder point location 4 . 3
SR, Armhole (When standing still) 4 3
SR Armhole {(When uplifting two hands) 4 3
SR, Armhole (When bending forward) 4 3
SR, Posture (When standing still) 3 3
SR Posture (When uplifting two hands) 3 3
SR, Posture (When bending forward) 3 3
SRyq Sleeve length 3 3
SR, Back (When uplifting two hands) 3 3
SR, Back (When bending forward) 3 3
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9.6 Dress Shirt Pattern Design from 3D Body Measurements and Fitting
Requirements Using ANN Model

9.6.1 Conversion of Input Data

In this section, two sets of data were used as inputs for the ANN model reported in
Chapter 8 for deriving the pattern parameters. They were body parameters and fitting
perceptions. Equation (9.1) was used for scaling the value of body parameters into the
range between 0 to 1 and the converted values were the same as listed in Table 9.2. The

requirements of fitting perception is 3 in all fitting areas, the corresponding scaled down

value was 0.6.

9.6.2 Application of Artificial Neural Network Model

The Artificial Neural Network Model reported in Chapter 8 (i.e. Prediction of pattern
parameters from body measurements and fitting requirements) was used to generate the
shirt pattern for making shirts for subjects A and B. The scaled data was also written
into a data file, named “input.dat” for program application. With the weights of the weli-
trained ANN model from Chapter 8, the model derived the scaled down pattern

parameters in a result file named “application.dat”.

The results from file “application.dat” were then scaled up to obtain actual pattern

parameters using Equation (9.2). The predicted pattern measurements are listed in Table

9.5.
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Table 9.5 Pattern Measurements (in CM) Predicted from

the ANN Model Reported in Chapter 8

b attern SubjectA | SubjectB
arameters

G, 31.7 31.3
G, 498 493
G; 83.6 82.1
Gy 55.7 55.6
Gs 8.9 2.0

Gg 57 56

G, 8.5 8.4-
Gy 24.6 242
Gy 27.9 27.9
Go 7.7 7.7

Gy, 6.0 6.1

Gy, 4.6 4.9

G, 17.7 17.2
G 34.] 34.4
Gy 6.7 6.7

G 24,1 23.6
Gy 75.0 73.3
Gz 5.9 59

Go 27.8 27.8
Gy 28.6 28.6
Gay 28.6 28.6
Gxn 8.0 8.2

Ga, 21 4 217
Gog 15.1 14.6
Gas 17.6 17.0
Gag 26.1 25.8
Gay 12.1 12.0
Gag 12.5 12.5
G 48.6 46,3
Gag 25.1 25.2
G, 25.1 25.2
Gss 45,0 443
G 33 3.4
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9.6.3 Pattern Drafting and Shirt Making
The predicted 33 pattern parameters were then used for pattern drafting, and the shirts

were made according to the finished paper pattern.

9.7 Evaluation of the Shirts Made According to the ANN Model Reported in

Chapter 8
9.7.1 Wearer Trials

The finished dress shirts were tried on by Subject A and B for subjective evaluation.
Three different exercises, viz. standing still, uplifting both hands and bending forward of
both hands at neckline, armhole, bodice and sleeve length were performed before asked
to rate the fitting. Figs 9.16 to 9.22 are the photos of shirt fitting for Subject A. Figs 9.23

t0 9.29 are the photos of shirt fitting for Subject B.

Fig. 9.16 Shirt Fitting on Neckline and Shoulder

(Subject A on Second Prediction Model)
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Fig. 9.17 Front View of Shirt Fitting Fig. 9.18 Back View of Shirt Fitting
on Front Bodice, Armhole and Sleeve on Back Bodice, Armhole and Sleeve
Length when Standing Still Length when Standing Still

Fig. 9.19 Front View Shirt Fitting Fig. 9.20 Back View Shirt Fitting
on Front Bodice and Armhole on Back Bodice and Armhole
when Uplifting Both Hands when Uplifting Both Hands
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Fig. 9.21 Front View Shirt Fitting Fig. 9.22 Back View Shirt Fitting
on Front Bodice and Armhole when on Back Bodice and Armhole when
Bending Both Hands Forward Bending Both Hands Forward

Fig. 9.23 Shirt Fitting on Neckline and Shoulder

(Subject B on Second Prediction Model)




Chapter 9

Fig. 9.24 Front View of Shirt Fitting Fig. 9.25 Back View of Shirt Fitting
on Front Bodice, Armhole and Sleeve on Back Bodice, Armhole and Sleeve
Length when Standing Still Length when Standing Still

Fig. 9.26 Front View Shirt Fitting Fig. 9.27 Back View Shirt Fitting
on Front Bodice and Armhole on Back Bodice and Armhole
when Uplifting Both Hands when Uplifting Both Hands
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Fig. 9.28 Front View Shirt Fitting Fig. 9.29 Back View Shirt Fitting
on Front Bodice and Armhole when on Back Bodice and Armhole when
Bending Both Hands Forward Bending Both Hands Forward
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9.7.2 Subjective Assessment of Shirts Made According to the ANN Model Reported

in Chapter 8

The subject ratings of the designed shirts for Subject A and B using 3D budy
measurements and fitting requirements are listed on Table 9.6. All of the ratings are at

the scale 3. This means the shirts provided very good fit to the two subjects.

Subject A and B agreed that these shirts provide very good fitting for them. The fitting
of these two shirts are better than the shirts made according to the ANN miodel reported
in Chapter 6. Although the shirts are tighter than previous one, the ease of movements is

still adequate for them.

Table 9.6 Subjective Rating from Subject A and B from ANN Model Using 3D

Body Measurements and Perception of Shit Fitting

li:lrt;j:::tit‘;:s Description Subject A Subject B
SR, Collar (with tie) When standing still 3 3
SR, Collar (with tie) When in movement 3 3
SR, Shoulder point location 3 3
SR, Armhole (When standing still) 3 3
SR, Armhole (When uplifting two hands) 3 3
SR, Armhole (When bending forward) 3 3
SR, Posture {When standing still) 3 3
SR Posture (When uplifting two hands) 3 3
SR, Posture (When bending forward) 3 3
SR;¢ Sleeve length 3 3
SR, Back {When uplifting two hands) 3 3
SRy, Back {When bending forward) 3 3
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9.8 Conclusions

The shirt pattern prediction models developed and reported in Chapter 6 and 8§ were
applied to derive shirt patterns for two subjects, who were not included in the model
building. Shirts were made according to the derived patterns and assessed for fitting. It
has been shown that the shirts made according to both ANN models, in general, provide
good fit to the wearers. It further confirmed that the two pattern prediction models are

appropriate for pattern prediction.
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Chapter 10

General Conclusions and Recommendations

10.1 General Conclusions

In order to implement mass customization in the apparel industry, it‘ is essential to
establish the quantitative relationship between the pattern parameters and 3D body
measurements so that garment patterns fit to a specific individual could be drafted based
on the wearer’s 3D body measurements. In other words, garment patterns should be
predicted from the fitting requirements and human Body’s anthropometrical
measurements, so that patterns can be designed to meet the required appearance and fit

for each individual.

The present study is focused on the pattern prediction of men’s dress shirts. 59 male
subjects, representing the Hong Kong Chinese population, were invited to participate in
this study. The human subjects were scanned using a Tecmath Laser Scanner. Fitting
shirts were made for each of the subjects and the pattern parameters of the fitting shirts
for each subject were measured. In order to evaluate the effects of body and patterns on
the fitting, the subjects were asked to put on not only their own fitting shirts, but also
slightly unfit shirts. The fitting of subjects wearing different shirts were then assessed by
the wearer himself and a panel of experts, during the course of which, the wearers were

asked to perform different actions such as bending hands forward and uplifting hands.
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From this experiment, a database containing body measurements, pattern measurements

of men’s dress shirts and fitting perceptions was established.

This database was used to evaluate traditional pattern drafting methods. The pattern
measurements from 59 fitted shirts were compared with the calculated pattern
parameters using four difterent tailoring experts’ formulae. The results showed that the
calculated pattern parameters using experts’ formulae have very high deviations from
the pattern measurements of the best-fit shirts. This is not caused by the possible
differences between the manual ways of body measurements, traditional used by the
tailoring experts for pattern drafting, and the body measurements using 3D body scanner,
which were used in our calculation, since comparison between the manual body
measurements and the body measurements from Tecmach body scanner showed no
significant deference between two types of measurements, especially for those required
by the traditional pattern formulae, such as neck girth, chest girth, waist girth, hip girth
and sleeve length. This means that the patterns drafted using any of the four tailoring
experts’ methods cannot provide adequate fit to customers of diverse body shape.
Improved pattern drafting formulae are required for individual fit, which is essential to

the implementation of the much desired mass customization.

One possible reason for the inadequacy of these formulae is that human anthropometry
changes with time. As a result, old formulae may not be appropriate for the present time.
Another possible reason for the inadequacy of the traditional pattern drafiing formulae is

that each pattern parameter is only estimated from one or two body parameters, whereas
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in reality, one pattern parameter may be correlated with a multiple of body
measurements. Multiple linear regression analysis was therefore conducted to
investigate the relationships between the pattern parameters of fitting shitts and 3D body
measurements. In this analysis, stepwise variable selection method was used to select
important body measurements for predicting each pattern parameters. The results
confirmed the initial hypothesis that each pattern parameter is in general related to a few
body measurements. Pattern parameters predicted based on the Multiple Linear
Regression Model (MRL) have significantly lower deviations from the pattern
measurements of the best-fit shirts. The Multipte Linear Regression (MRL) Model is

however still not sufficiently accurate for automatic pattern generation.

One possible reason for the insufficient effectiveness of the Multiple Linear Regression
Model is that the model assumed that the relationship between each pattern parameter
and the related body measurements are linear, whereas in reality, the relationship may
be non-linear. In order to model the complex non-linear relationship, Artificial Neural
Network (ANN) was applied. It was found that the ANN model for predicting the
pattern parameters from 3D body measurements can have significant better prediction of
the pattern parameters than the MLR model. It was found that the predictive errors of
important pattern parameters {except for those affecting the style lines), based on 95%

confidence interval, are less than 10%.

Artificial Neural Network has also been applied to model the interrelationship between

3D body measurements, pattern parameters of men’s dress shirts and fitting perceptions.
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An Artificial Neural Network model was established to predict thé pattern parameters of
men’s dress shirts from both the 3D body measurements and fitting requirements. The
results showed that the garment patterns predicted using the ANN is even more
accurate. The predicted pattern parameters and actual fitting pattern paraimeters are very
close with a squared correlation coefficient of 99%. Except for th.ose patiern parameters

affecting the shirt style, the prediction errors of critical pattern parameters are less than

8%.

Artificial Neural Network was also applied to establish a model for the prediction of the
fitting perception of men’s shirts from 3D body measurements and pattern parameters.
The predicted fitting perception is generally accurate with the maximum deviations less
than 0.9, which may be even smaller than the possible error a human observer can have
in rating the fitting perception. The model can be used by thé pattern designers to
evaluate the pattern in terms of fitting to the target customer before an actual garment

sample needs to be produced.

In order to further evaluate the validity and accuracy ANN models established in this
study, dress shirts were made using the patterns predicted by the ANN models for two
human subjects, who were not included in the model building. The shirts were assessed
for fitting. It has been shown that the shirts made according to ANN models, in general,
provide good fit to the wearers. It further confirmed that the ANN pattern prediction

models are appropriate for pattern prediction.
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The models developed in this study can be coded into a computer prograra for automatic

pattern generation, which is much desired for the implementation of mas: customization.

This study is significant as, for the first time, it provided a systematic experimental
evaluation for the existing shirt pattern drafting formulae. It proves that each pattern
parameter may be related to multiple body parameters in a complex no-linear
relationship. The ANN models developed in the project are practical useful for
automatic pattern generation of men’s dress shirts. Although the present study is limited
to men’s dress shirts, the original methodology can be applied to the other types of

garments in future studies.
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10.2 Limitations

The first limitation in this study is that the time availability of the male subjects. These
subjects were invited without any pay. Owing to the availability of the subjects and the
time spent on body sc;mning, shirt making and wearer trials were huge, il is not possible
to have too many human subjects in the study. The criterion of male subject selection is
to cover a full range of sizes distribution of men dress shirt as specified in the industrial

standards so as to represent the distribution of male Chinese population.

The time is also a major constraint in the fitting assessment. As it is meaningless to
conduct fitting assessment for extremely unfit shirts for each wearer. Therefore, fitting
assessments were only conducted for each wearer when wearing 10 different shirt
samples including the one, which was tailor-made to best fit him. The principle is to ask

the wearer to put on shirts with a neck size within 1 inch variation from his neck size.

Owing to the limited resources and time, this study is confined to men’s iress shirt. And
the fabric used in men’s dress shirt is a typical cotton woven fabric in white colour. [t

would be ideal to have different types of fabrics in future studies. -
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10.3 Recommendations for Future Work
Owing to the limited resources and time, the study is confined to men’s dress shirt.

However, the methodology developed in this study can be applied for other types of

garments.

Secondly, different fabrics can be included in the future study so as to establish pattern

prediction models incorporating the effects of fabric properties in the pattern prediction.

Finally, automatic pattern drafting system can be programmed based on the models

developed in this study for practical applications.
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Appendix 1

Body Measurements (in CM)

Bi B2 B3 B4 BS Bé B7 BS B9
Model | 1638 26.4 51.7 . 13.8 358 239 40.5 158.7 364
Model 2 176.9 278 64.1 13.7 36.6 287 40.0 1724 37.4
Medel 3 178.6 278 59.2 13.7 355 258 31.3 160.5 35.2
Model 4 1733 26.0 58.7 14.5 379 225 39.6 167.4 364
Model 5 1711 278 62.4 13.5 35.0 29.6 38.6 168.2 34.2
Model 6 179.8 27.8 61.0 14.0 36.1 22.8 35.8 163.4 35.9
Model 7 174.3 25.3 60.7 13.5 36.3 219 358 166.4 39.6
Model § 175.1 282 59.6 14.7 42.5 214 34.2 180.7 43.0
Model 9 175.0 274 60.9 14.0 36.1 25.0 377 167.5 38.0
Mode! 10 168.2 274 60.2 14.4 379 239 30.8 166.4 34.6
Model 11 163.5 25.3 59.6 13.1 394 318 35.3 1650 313
Model 12 1729 278 63.2 i4.0 354 348 373 171.6 338
Model 13 161.0 24.9 55.5 13.0 34.0 256 29.2 149.4 33.4
Model 14 1704 27.1 60.2 14.8 38.5 308 322 163.0 3535
Model 15 165.7 26.0 60.3 136 34.2 298 3.1 162.5 330
Model 16 1743 289 60.1 13.8 36.4 259 306 160.7 321
Model 17 178.3 274 61.6 134 356 24.6 365 164.4 33.5
Model 18 185.9 274 63.6 13.9 379 33.1 37.2 173.4 383
Model 20 164.3 27.1 57.8 137 36.5 269 40.5 161.3 40.1
Model 21 1714 27.8 537.2 12.7 34.6 18.0 323 158.2 4.1
Mode! 22 £73.6 25.6 60.6 11.8 356 204 34.1 160.7 39.7
Model 23 169.7 24.5 384 12.1 350 22.0 326 157.6 40.3
Model 24 165.3 26.0 59.1 124 362 19.6 354 159.8 39.2
Model 25 169.9 25.3 60.3 113 334 204 29.2 158.4 38.1
Model 26 166.0 249 61.3 137 37t 200 328 156.1 39.0
Model 27 1714 23.8 60.4 1.6 35.2 22.1 326 155.8 39.4
Model 28 170.0 25.3 586 11.8 339 205 317 155.3 317
Model 29 163.2 256 56.2 119 339 18.7 28.5 152.1 39.7
Model 30 180.8 27.1 633 12.8 360 21.3 28.2 1674 39.6
Model 31 1635 24.6 56.0 3.1 36.5 17.9 331 150.6 39.5
Model 32 163.5 23.1 §1.3 13.1 38.1 17.5 40.3 1633 39.6
Model 33 164.2 25.3 533 11.2 322 18.2 316 151.2 378
Model 34 164.2 25.6 58.9 14.5 433 18.5 434 174.7 44.5
Model 35 167.7 26.0 59.2 12.0 32.7 224 326 1536 368
Model 36 168.5 27.8 59.6 12.1 346 21.3 290 159.8 393
Model 37 1658.7 26.0 60.8 12.7 357 19.9 31.2 1519 41.5
Model 38 183.0 267 67.6 13.7 36.7 246 34.6 1772 42.6
Model 39 173.3 274 60.9 12.8 35.1 219 31.6 1619 41.7
Moadel 40 184.1 215 63.4 12.6 36.8 20.3 40.4 170.2 38.5
Model 41 170.7 25.3 64.7 116 39.1 215 37.9 173.0 41.0
Model 42 166.8 24.9 56.9 1.9 337 18.5 315 147.5 38.0
Model 43 175.1 26.0 59.6 14.6 368 214 37.7 159.4 404
Model 44 1711 26.3 59.5 12.2 349 211 236 164.4 38.8
Model 45 174.0 26.4 63.1 12.7 356 22.1 284 161.7 40.1
Model 46 1717 256 59.2 13.i 36.7 24.9 29.6 1526 40.2
Model 47 166.0 24.9 59.0 12.1 335 228 30.0 1554 358
Model 48 1733 26.7 59.6 11.5 33.2 224 31.5 153.0 33.1
Model 49 1714 275 60.0 12.6 344 215 34.8 162.3 35.8
Model 50 163.1 264 56.6 13.0 36.1 24.6 30.8 153.7 39.7
Model 51 1772 274 63.9 13.3 36.1 24.7 27.2 166.2 40.2
Model 52 174.6 25.6 63.4 13.0 373 252 341 168.7 42.1
Model 53 170.3 249 60.1 13.3 38.7 26.0 328 164.9 38.6
Model 54 178.3 26.7 62.3 142 399 27.1 40.9 181.4 43.3
Model 55 1824 27.6 64.2 12.8 36.1 24.5 35.0 165.3 18.8
Model 56 1749 26.7 61.3 13.1 36.5 24.8 27.6 160.0 393
Maodel 57 181.5 27.1 63.3 120 330 22.5 316 164.8 39.3
Model 58 169.5 249 61.1 120 366 243 33.8 157.7 40.7
Model 59 1839 26.0 67.4 13.2 384 258 47 177.0 40.1
Model 60 156.2 24.5 54.8 13.9 40.5 27.2 45.7 162.6 42.9

B10 B11i B12 B13 814 B15 B16 B17 B18
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Model 1 404 10.7 22.1 257 33.8 38.6 45.9 386 68.8
Model 2 414 113 35.9 27.7 34.0 40.1 51.9 44.0 73.2
Model 3 388 10.3 19.6 26.2 33.1 364 45.7 367 74.3
Model 4 395 il.1 230 29.7 341 39.6 45.5 - 362 73.6
Model 5 3.3 9.8 23.2 33.5 314 364 544 44.5 78.4
Model 6 38.9 10.7 23.5 2110 36.4 434 46.0 36.6 721
Model 7 44.4 t2.6 277 277 360 424 45.2 36.6 78.2
Model 8 46.4 127 .2 21.7 317 433 49.2 38.4 84.5
Model 9 40.6 11.4 20.0 17.1 38.5 43.4 48.7 38.6 75.6
Model 10 375 9.1 21.8 17.8 321 386 43.2 39.2 70.5
Modef 11 40.0 10.9 25.7 24.7 36.9 41.6 537 43.8 734
Model 12 38.1 10.0 30.% 25.8 313 347 547 48.1 62.6
Model 13 357 9.9 28.6 24.8 314 358 47.9 40.7 66.1
Model 14 39.6 9.5 228 24.8 325 39.9 52.9 44.6 74.7
Model 15 354 9.2 23.0 19.6 30.2 378 515 44.2 64.3
Model 16 35.1 9.1 286 29.8 276 338 46.9 38.6 709
Model 17 36.9 9.7 il6 314 320 40.6 50.3 43.7 86.6
Model 18 41.9 12.1 25.0 217 311 409 570 46.1 80.3
Model 20 43.0 12.0 238 22.6 37.8 44.0 524 47.2 73.0
Model 21 45.6 13.6 25.0 26.0 370 41.6 32.5 116 65.7
Model 22 42.7 14.0 25.0 250 36.1 39.8 419 308 70.3
Model 23 45.0 13.7 210 23.0 16.2 373 41.2 30.6 64.1
Moaodel 24 422 13.1 24.0 240 315 42.6 42.1 30.7 68.1
Model 25 41.3 13.0 23.0 250 33.0 34.6 40.8 31.5 68.1
Model 26 42.7 12.9 29.0 320 339 36.0 40.8 303 69.6
Model 27 42.3 14.6 250 270 376 37.6 40.1 29.7 66.1
Modcl 28 40.3 3.5 210 20.0 359 38.1 39.8 296 65.8
Model 29 43.3 13.0 19.0 220 33.6 35.6 389 28.3 64.9
Model 30 45.1 129 27.0 3.0 323 354 41.6 328 67.0
Model 31 43.5 13.1 31,0 250 346 KRA 374 26.6 65.1
Model 32 42.8 133 24.0 23.0 37.7 42.6 358.6 29.9 67.5
Model 33 41.3 133 25.0 27.0 349 375 319 217 63.0
Model 34 48.6 142 250 24.0 41.5 44.9 43.1 333 710
Model 35 39.6 11.7 24.0 29.0 24.6 34.6 40.8 324 69.1
Model 36 421 14.0 20.0 220 372 386 39.3 29.0 63.7
Madel 37 447 143 300 310 36.1 383 41.1 320 72.2
Medel 38 46.1 14.5 29.0 270 383 40.2 47.1 34.9 76.2
Model 39 45.9 14.5 26.0 310 369 38.8 42.1 322 64.3
Madel 40 411 129 29.0 280 357 42.2 44.6 3441 76.5
Model 41 44.5 134 31.0 33.0 34.6 36.7 44.2 338 74.5
Model 42 40.7 12.6 280 230 33.7 359 38.2 28.8 63.4
Model 43 43.5 12.5 26.0 32.0 36.6 41.4 44.7 36.5 85.4
Model 44 43.2 127 18.0 18.0 347 359 41.0 30.1 64.0
Model 45 45.5 13.6 250 259.0 352 351 41.5 319 65.8
Model 46 43.3 133 28.0 32.0 354 370 39.8 309 66.6
Model 47 397 11.8 25.0 29.0 30.2 31.8 39.6 29.9 65.2
Model 48 357 10.9 19.0 27.0 297 33.2 394 30.3 64.2
Model 49 38.5 1.7 25.0 25.0 nz 333 39.9 - 31.2 65.3
Model 50 44.1 129 26.0 310 359 40.7 408 30.8 65.4
Model 51 45.7 12.9 28.0 25.0 337 354 429 3217 70.4
Model 52 47.0 14.2 320 31.0 35.7 39.9 42.7 34 65.7
Model 53 44.0 12.8 27.0 320 326 334 41.1 30.9 73.3
Model 54 48.2 14.3 26.0 23.0 40.6 44.9 44.9 33.8 75.9
Model 55 42.2 13.0 22.0 2540 36.2 40.8 40.4 j2.1 673
Model 56 42.4 13.2 310 32.0 33.0 338 417 303 70.2
Model §7 413 14.0 240 21.0 373 378 422 32.2 66.1
Model 58 44.1 14.6 26.0 320 37.0 370 31.8 27.8 56.3
Model 59 44.7 13.5 28.0 280 36.9 376 46.1 36.0 71.8
Model 60 47.1 14.6 23.0 23.0 44.5 46.1 40.9 0.8 739
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B19 B20 B21 B22 B23 B24 B25 B26 B27
Model 1 257 94.7 90.6 354 319 18.3 42.9 45.9 24.0
Model 2 283 873 83.8 360 373 17.8 489 51.8 29.6
Model 3 286 81.5 74.9 336 354 15.5 42.1 45.0 25.0
Model 4 26.7 89.6 85.6 363 3846 18.6 42.4 46.6 23.5
Model 5 399 77.8 772 333 349 17.3 47.4 0.7 2%.1
Modci 6 271 87.4 833 332 355 17.8 42.7 45.2 238
Model 7 30.5 100.4 2.9 38.7 40.5 17.8 40.0 44.6 214
Model 8 321 118.9 113.1 41.9 44.9 19.9 41.0 44.5 204
Model 9 287 99.7 922 356 311 17.3 42.8 46.0 25.5
Model 10 26.5 90.9 85.3 324 34.2 17.5 41.9 446 23.5
Model 11 280 91.3 870 336 34.6 17.8 49.1 51.9 33
Model 12 226 89.1 BR.1 346 36.9 19.2 53.2 56.7 34.9
Model 13 247 84.8 7.6 32.8 34.7 18.7 44.2 46.9 254
Model 14 283 935 90.2 36.1 389 16.7 470 50.9 29.4
Model 15 24.0 87.8 80.6 337 36.0 16.0 46.5 49.5 304
Model 16 26.5 849 81.2 357 39.7 17.2 436 48.4 26.3
Model 17 347 78.3 733 33.2 350 19.6 45.5 47.6 26.5
Model 18 314 102.0 92.0 313 39.7 1.1 52.0 55.3 330
Model 20 29.5 95.5 88.7 35.2 36.1 16.5 454 412 280
Model 21 24.7 95.7 88.3 37.0 36.7 16.0 347 385 17.9
Model 22 270 87.3 83.9 364 35.8 19.7 393 43.4 202
Model 23 242 90.3 314 384 383 166 39.5 44.5 219
Model 24 26.2 9l.1 84.9 328 323 8.2 37.8 41.2 19.3
Model 25 254 85.2 79.3 337 363 17.5 38.7 42.5 20.1
Medel 26 26.3 86.6 833 368 36.9 19.0 404 43.9 20.6
Model 27 25.2 79.5 775 333 32.0 18.2 41.6 46.3 223
Model 28 25.4 79.1 73.5 327 32.7 17.7 39.3 43.8 204
Model 29 24.6 854 792 376 313 16.1 359 39.6 19.9
Model 30 248 94.1 832 40.6 41.1 17.4 40.2 44.7 21.2
Model 31 24.1 83.7 78.2 36.7 357 18.6 36.7 40.8 17.8
Model 32 254 94.3 90.1 35.1 34.8 18.0 374 422 17.7
Model 33 24.1 80.2 76.8 334 328 i7.2 357 40.8 17.7
Model 34 286 110.5 103.7 39.9 40.1 17.8 316 42.6 18.3
Model 35 26.6 727 720 39.8 197 19.4 39.3 42.1 15.1
Model 36 216 83.5 77.2 354 344 17.2 38.9 43.8 20.6
Model 37 27.8 86.3 311 371 36.8 18.2 39.0 43.1 19.2
Model 38 30.2 86.9 84.1 388 384 20.3 44.8 47.5 24.1
Model 39 239 93.5 84.9 39.1 39.3 18.0 41.0 45.5 216
Model 40 29.8 84.7 82.5 33.0 344 19.9 41.9 46.3 21.3
Model 41 27.8 89.2 852 36.3 36.3 18.8 414 46.2 21.7
Model 42 239 778 74.8 339 334 16.7 353 40.1 18.6
Model 43 34.2 79.6 76.5 352 3.6 17.4 42.4 44.4 22.6
Model 44 242 93.5 §3.2 374 382 16.2 37.5 4i.5 20.8
Madel 45 24.6 82.5 7.0 36.9 36.5 17.1 398 44.6 22.0
Model 46 24.8 85.2 7%.0 35.8 353 18.1 373 41.4 18.8
Model 47 248 B0, 1 74.6 34.6 348 172 318 41.8 20.7
Model 48 24.6 75.0 71.0 327 328 17.1 38.1 41.7 19.9
Model 49 24.8 83.2 176 333 33.1 16.2 37.6 41.6 21.8
Maodel 50 244 94.2 80.9 36.6 36.3 17.0 33.0 38.8 16.7
Model 51 26.6 89.5 83.2 397 394 17.8 39.8 43.9 21.7
Model 52 242 93.1 85.8 319 373 18.6 40.3 43.9 17.4
Model 53 2737 93.6 89.7 39.0 387 18.9 40.9 46.2 20.7
Model 54 29.2 114.3 105.8 40.3 40.7 189 40.) 44.6 20.0
Mode! 55 25.1 86.7 84.0 342 334 15.9 38.4 43.0 20.7
Model 56 268 813 81.5 387 8.6 19.0 41.0 44.8 222
Model 57 25.8 86.1 79.3 36.1 36.0 17.0 41.0 44.8 23.0
Model 58 20.1 89.1 85.6 34.5 344 18.7 375 41.9 18.6
Model 59 26.9 92.9 85.1 36.6 36.2 17.3 43.1 47.9 24.8
Model 60 28.1 103.2 98.0 339 320 150 356 40.3 20.3

235



Appendices

B28 B29 B30 B31 B32 B33 B34
Model 1 17.2 88.1 527 953 76.3 68.7 580
Model 2 17.7 73.8 48.3 948 80.8 73.4 62.1
Model 3 20.3 68.2 44.3 89.2 80.9 735 63.3
Model 4 19.2 80.6 49.9 98.3 80.6 73.5 62.5
Model 5 17.3 839 50.6 94.5 79.5 <121 62.4
Model 6 223 69.3 45.8 910 83.3 76.5 65.8
Model 7 21.2 82.8 52.0 87.3 84.0 76.3 64.0
Model 8 20.3 104.5 62.4 113.7 85.5 76.6 63.9
Model 9 19.8 83.1 51.5 96.2 79.4 71.5 60.2
Modei 10 20.3 76.0 48.4 929 78.1 69.5 60.7
Model 11 13.% 82.8 484 93.9 76.0 68.1 573
Model 12 12.4 80.3 46.4 932 75.9 68.8 589
Model 13 12,7 71.2 420 B5.6 76.1 69.4 59.5
Model 14 14.7 775 46.1 85.8 78.8 70.5 60.9
Model 15 149 68.4 41.7 85.9 74.9 61.5 58.4
Model 16 18.0 69.9 44.0 89.3 79.3 72.8 638
Model 17 166 723 46.2 914 80.0 729 63.2
Model 18 14.4 879 51.2 99.4 87.8 80.6 68.6
Model 20 5.3 83.6 49.5 96.6 78.3 703 58.3
Model 21 234 721 48.1 91.7 82.3 75.2 61.7
Model 22 22.5 726 476 88.5 83.1 712 632
Model 23 21.1 73.7 47.4 88.8 83.8 774 63.6
Model 24 240 75.5 49.8 88.8 74.9 68.4 553
Model 25 23.3 72.0 47.7 9l.1 82.2 76.0 63.0
Model 26 234 74.3 48.9 91.3 79.1 724 59.6
Model 27 230 68.0 45.5 88.6 78.3 733 58.8
Model 28 222 64.8 43.5 87.9 80.8 75.5 62.0
Model 29 223 70.8 46.6 50.4 81.0 "74.0 61.1
Model 30 24.8 739 49.4 931 84.7 717 64.9
Model 31 222 69.2 45.7 874 75.1 68.5 554
Model 32 21.8 82.8 52.3 94.8 78.6 T2.1 58.8
Model 33 21.6 66.3 44.0 84.2 80.2 74.6 61.3
Maodel 34 23.0 99.3 61.2 106.1 8.9 70.6 56.4
Model 35 224 639 226 84.1 80.3 738 62.0
Model 36 224 69.6 46.0 36.8 780 72.1 58.2
Model 37 22.8 72.0 474 91.2 82.7 76.2 61.9
Model 38 251 753 503 93.6 86.3 79.4 65.0
Modei 39 220 76.5 49.3 96.6 83.5 7.1 62.6
Model 40 23.1 76.9 50.0 90.7 86.0 79.6 66.7
Maodel 41 24.8 82.0 534 100.9 79.3 72.1 58.7
Model 42 21.7 65.7 43.7 81.0 79.8 73.4 60.8
Model 43 215 74.4 48.0 1.6 85.6 1.9 654
Model 44 23.2 744 48.8 94.2 81.4 746 61.8
Model 45 24.2 70.3 473 90.4 81.0 74.5 61.0
Model 46 22.5 68.9 23.0 84.8 81.7 74.8 61.6
Model 47 224 68.2 23.0 86.2 76.3 70.1 58.3
Model 48 228 65.6 233 824 77.3 71.6 60.8
Model 49 234 71.7 23.6 851 164 70.3 58.6
Mode!l 50 223 73.5 229 88.7 779 70.9 579
Model 51 247 757 2713 97.3 84.5 77.2 64.4
Modet 52 24.8 77.8 25.1 96.6 83.1 76.2 620
Model 83 21.8 85.7 21.9 101.5 81.4 74.9 62.1
Madel 54 23.7 68.4 23.8 109.7 839 76.5 62.2
Model 55 274 73.4 27.1 21.6 828 76.4 634
Model 56 228 74.1 232 92.7 80.1 73.7 60.5
Model 57 24.1 e 245 89.4 85.1 79.4 65.5
Model 58 25.4 716 252 90.4 80.0 74.2 | 597
Model 59 26.5 797 26.1 100.9 84.7 78.1 64.7
Model 60 21.1 94.1 20.8 08.6 723 65.4 50.8
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Appendix II

Pattern Measurements (in CM)

Gl G2 G3 G4 G5 G6 G7 G8 GY
Model 1 28.0 43.8 76.7 536 83 4.7 7.0 23.0 267
Model 2 27.6 50.0 79.5 53.8 83 5.0 69 24.5 279
Model 3 282 43.3 784 51.0 8.4 4.8 7.0 24.3 25.4
Model 4 28.3 47.6 80.6 559 8.3 4.8 7.7 23.5 27.8
Model 5 217 44.1 799 534 7.9 4.7 7.4 23.5 26.6
Model 6 271 477 80.5 55.1 8.3 5.2 6.8 22.7 274
Medel 7 29.6 502 829 584 8.6 54 6.9 24.7 29.6
Model 8 299 57.9 86.9 69.5 3.1 5.0 7.2 25.2 34.6
Model 9 29.0 47.3 82.8 576 8.1 4.7 7.6 23.5 28.7
Model 10 273 47.8 81.1 532 83 3.1 7.2 22.6 26.5
Model 11 276 47.9 76.8 35.1 8.3 5.0 6.9 237 27.5
Model 12 282 45.9 80.0 53.1 80 5.1 6.9 23.3 26.5
Model 13 215 45.0 751 523 7.8 5.2 7.1 221 26.1
Model 14 219 49.7 79.3 7.1 8.3 4.9 1.2 226 284
Model 15 217 46.8 80.1 51.2 7.8 4.8 7.2 227 254
Model 16 28.8 4717 82.6 52.8 8.3 5.0 7.3 24.1 26.3
Model 17 28.8 49.7 83.2 53.4 8.1 5.0 7.4 23.4 26.6
Model 18 302 52.2 84.6 584 8.2 4.9 7.1 24.5 29.2
Model 20 277 47.0 784 558 8.2 3.1 1.0 24.5 27.8
Model 21 30.7 48.9 79.4 55.8 8.3 55 8.3 229 27.9
Model 22 295 49.0 81.1 53.1 8.3 5.5 8.3 22.1 26.6
Mode) 23 303 - 49.5 81.8 55.5 8.8 5.7 8.5 23.7 2711
Model 24 29.1 46.3 76.8 54.3 8.4 5.6 8.3 22.4 27.2
Model 25 29.1 46.6 79.4 51.9 8.3 5.7 8.2 232 26.0
Model 26 30.3 47.0 78.5 54.1 8.7 5.5 8.4 23.7 27.1
Model 27 29.4 46.8 79.1 518 8.6 5.7 8.1 22.4 259
Model 28 283 47.0 77.0 335 84 5.5 8.3 213 26.7
Model 29 30.0 47.9 79.5 534 8.5 3.6 8.2 232 26.7
Model 30 30.2 51.2 84.2 54.3 8.5 5.7 8.1 237 27.2
Model 31 297 46.3 76.7 51.8 9.0 5.5 8.3 22.5 259
Model 32 299 49.7 79.2 56.9 9.1 54 8.4 23.2 28.5
Model 33 289 48.3 78.8 52.6 84 5.6 8.3 224 26.3
Model 34 32.0 33.5 82.1 63.9 9.3 5.6 8.2 24.7 32.1
Model 35 290 48.3 77.3 524 8.2 5.4 34 227 253
Moadel 36 28.7 48.8 788 529 8.3 5.7 8.1 224 264
Model 37 30.5 47.8 79.8 52.9 3.4 5.3 8.4 236 26.5
Model 38 318 48.9 83.3 553 8.7 3.6 8.5 25.0 27.6
Model 39 ile 47.6 794 56.8 87 5.3 3.4 25.1 28.5
Model 40 311 48.6 §2.0 55.1 8.8 5.7 8.2 237 27.6
Model 41 320 50.5 83.2 544 9.2 3.5 8.4 243 27.2
Model 42 28.7 45.8 71.0 49.7 8.4 5.5 4.3 219 24.9
Model 43 312 47.1 822 35.5 9.0 5.7 8.2 237 278
Model 44 29.8 48.5 79.5 557 8.7 56 8.2 236 280
Model 45 299 474 82.0 5135 8.4 3.6 8.2 236 25.8
Model 46 297 45.7 754 529 8.0 5.7 6.8 23.3 26.3
Model 47 215 44.0 724 51.1 7.5 55 7.0 21.2 25,5
Model 48 275 45.0 75.6 48.3 7.3 54 1.0 21.1 24.1
Model 49 28.9 44.9 73.1 516 8.0 53 7.0 22.0 25.8
Model 50 30.3 44.8 74.9 54.9 8.0 5.7 7.0 22.7 27.2
Mode! 51 289 44.9 757 54.1 8.4 5.6 7.0 234 27.2
Model 52 29.8 46.1 75.5 550 8.0 5.7 7.1 24.1 276
Model 53 30.2 48.2 183 59.5 8.0 5.7 6.8 253 29.8
Model 54 29.2 48.2 81.3 63.0 8.4 5.5 6.8 24.7 32.4
Madel 55 27.8 45.8 78.2 52.9 7.3 5.5 7.0 226 26.5
Model 56 28.5 45.5 78.8 53.7 8.5 5.2 7.1 225 267
Model 57 27.9 44.9 77.2 53.7 1.6 3.5 6.8 23.6 26.9
Model 58 28.9 45.4 71.8 52.8 8.0 5.7 6.9 23.3 26.3
Model 59 29.2 49.2 81.7 56.1 8.1 5.5 7.0 23.6 28.0
Model 60 28.8 48.6 75.5 618 8.6 5.6 6.9 234 30.9

Gl10 Gli Gl12 G13 Gl4 Gls Gl6 G17 G18
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Model 1 38 6.4 5.3 155 330 7.1 242 72.1 6.4
Model 2 4.0 6.6 57 17.0 333 79 23.6 75.1 7.5
Model 3 4.2 6.6 3.5 17.0 287 7.0 24.0 73.9 6.9
Model 4 4.6 6.2 59 16.6 34.2 8.2 237 75.3 11
Model 5 47 5.6 53 16.8 3.9 74 230 74.8 1.2
Model 6 35 6.3 57 15.5 34.6 9.4 23.6 . 763 8.7
Model 7 34 6.5 6.1 17.2 311 8.7 26.2 78.9 8.2
Model 8 4.0 7.5 6.2 16.9 46.1 8.7 259 82.4 83
Model 9 4.7 5.8 5.8 16.4 36.5 7.0 243 778 6.6
Model 10 4.4 6.3 6.1 15.7 326 79 234 76.1 1.3
Model 11 3.9 6.4 6.1 15.6 344 83 237 722 1.7
Model 12 39 6.1 53 16.7 321 83 24.3 753 7.8
Model 13 36 5.6 5.4 155 323 8.4 23.9 717 8.3
Model 14 4.2 6.5 6.0 15.1 36.5 7.4 237 74.4 7.0
Model 15 4.1 6.1 3.4 15.7 30.5 7.5 236 75.1 7.0
Model 16 4.4 6.3 53 . 168 30.8 8.0 24.4 77.2 7.1
Model 17 36 6.3 54 6.6 320 8.6 25.3 79.0 8.2
Model 18 4.2 6.3 5.5 £7.3 35.8 8.5 26.0 79.8 1.7
Model 20 39 6.5 6.0 7.1 328 88 23.8 73.8 8.3
Model 21 7.1 5.6 3.9 16.5 34.8 6.7 23.6 711 5.7
Model 22 7.7 5.7 4.1 15.8 33.6 6.7 218 72.4 58
Model 23 6.7 6.3 4.3 16.7 334 6.6 23.6 74.0 36
Model 24 6.9 5.7 4.5 16.0 34.0 6.7 22.2 68.6 5.6
Model 25 6.9 5.6 4.3 16.6 30 6.2 222 71.0 49
Model 26 13 58 4.3 16.7 326 6.7 228 69.9 56
Model 27 14 5.8 4.8 16.0 32.1 6.4 220 70.9 5.8
Model 28 1.5 5.7 4.2 14.8 34.2 6.5 20.8 68.4 5.7
Model 29 7.1 5.6 36 167 322 7.2 229 71.3 5.8
Model 30 7.2 5.9 4.0 t7.1 327 6.5 230 76.3 6.0
Model 31 7.5 6.2 4.9 13.5 317 6.5 222 68.2 58
Model 32 7.2 6.4 4.1 16.1 35.5 6.5 227 71.2 6.0
Model 33 11 5.5 4.3 16.2 329 6.7 222 69.9 58
Model 34 7.2 74 6.1 16.8 40.9 6.9 248 137 6.0
Medel 35 7.5 56 4.3 16.2 315 6.5 21.5 68.9 57
Model 36 6.9 5.5 4.2 16.5 323 6.6 21.8 71.2 59
Model 37 1.5 5.6 4.6 173 324 6.7 18.4 71.5 59
Model 38 74 59 4.8 8.3 328 6.8 24.4 749 5.8
Model 39 1.5 5.9 4.4 18.1 348 6.6 24.1 7L 6.0
Model 40 75 5.9 4.8 169 344 6.8 236 73.7 6.3
Model 41 86 6.3 5.8 17.0 34.7 6.9 234 73.7 6.2
Model 42 7.5 5.7 3.8 15.8 204 6.4 21.2 68.6 5.6
Model 43 7.4 6.1 4.5 17.1 333 7.3 238 73.6 6.1
Maodel 44 73 57 4.8 17.2 34.5 6.6 225 71.2 5.7
Model 45 7.3 56 48 17.0 306 6.6 226 738 5.7
Model 46 53 59 5.5 16.8 313 7.0 244 65.4 6.0
Model 47 3.5 6.1 5.4 14.3 315 1.5 220 66.7 7.1
Model 48 53 5.8 5.1 147 287 7.2 22.2 69.2 6.5
Maodel 49 5.2 6.0 5.7 15.5 312 83 237 66.8 7.2
Model 50 5.7 6.5 5.8 155 338 8.0 24.6 6%.1 6.7
Model 51 54 59 57 163 32.8 8.0 235 69.6 74
Model 52 4.6 6.1 5.6 17.0 328 8.7 252 69.4 73
Model 53 4.1 6.3 5.8 183 362 7.1 26.1 129 6.9
Model 54 5.3 7.2 6.2 16.3 42.0 8.0 23.9 75.1 72
Model 55 5.1 6.3 5.5 152 319 82 227 71.5 6.6
Model 56 4.8 6.3 39 154 327 82 23.7 72.4 6.8
Model 57 54 5.8 5.0 16.7 320 6.7 22.5 71.2 6.0
Model 58 49 6.5 5.8 16.2 310 6.6 24.0 720 5.6
Model 59 5.1 6.5 59 16.2 343 8.0 24.1 76.2 1.5
Model 60 5.3 7.0 6.7 15.4 40.2 7.2 235 69.6 6.6
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G19 G20 Gi1 G22 G213 G24 G25 G26 G27?

Model | 269 26.7 266 86 23.0 11.6 13.0 236 10.4
Model 2 279 219 275 9.3 210 12.8 15.0 25.2 107
Mode! 3 256 26.0 25.8 9.1 200 15.0 17.6 25.1 10.7
Model 4 28.1 27.9 277 9.2 20.0 11.6 13.5 24.7 10.5
- Model § 26.8 265 26.3 8.2 16.0 12.5 14.6 24.4 10.1
Model 6 277 27.9 278 9.0 21.0 8.5 11.9 234 10.8
Model 7 29.8 30.2 29.9 9.5 21.0 12.9 15.3 25.6 1.2
Model 8 34.9 349 348 10.4 19.5 8.6 10.8 258 115
Model 9 289 29.1 289 87 21.0 9.8 13.5 24.3 10.1
Model 10 26.7 269 26.7 9.2 20.0 120 13.9 23.5 10.8
Model 11 27.6 279 27.7 9.2 20.0 11.0 10.] 23.6 10.6
Model 12 26.6 27.3 27.2 8.4 21.0 13.35 14.5 24 4 10.5
Model 13 26.2 25.8 25.6 8.1 220 1.7 13.5 22.8 10.5
Model 14 28.7 28.6 28.5 9.4 220 9.8 12.2 234 10.6
Model 15 25.8 257 253 3.6 220 133 15.5 233 10.0
Model 16 26.5 26.4 263 8.7 22.0 13.0 16.0 249 10.8
Model 17 26.8 264 262 88 24.5 128 14.4 25 10.5
Model 18 29.2 287 287 88 20.0 13.6 6.6 25.4 10.8
Mode! 20 28.0 219 27.7 9.5 190 12.7 14.8 254 10.6
Model 21 27.9 274 27.5 7.3 210 136 15.6 24.7 1.7
Model 22 26.5 27.4 27.5 1.4 220 12.4 15.0 235 11.4
Model 23 278 274 27.3 8.1 20.0 144 15.5 25.3 11.8
Model 24 27.1 274 27.5 7.7 220 13.1 14.4 23.8 11.6
Model 25 259 26.2 263 1.6 220 13.5 158 244 116
Model 26 270 26.9 26.9 7.7 210 14.2 15.9 250 11.6
Model 27 259 268 266 79 21.5 13.2 15.6 242 11.7
Model 28 26.8 27.0 269 7.5 210 10.8 13.8 22.8 11.4
Model 29 267 26.) 260 7.0 215 13.6 15.5 24.7 1.7
Model 30 27.1 215 276 7.5 210 14.5 16.1 25.2 11.7
Model 31 259 260 26.1 8.3 245 13.0 15.5 24.1 1.8
Maodel 32 284 28.0 28.1 8.2 210 126 148 24.8 12.1
Model 33 263 26.7 26.6 14 21.0 13.3 155 24.0 11.7
Model 34 31.8 319 32.1 104 210 13.5 13.9 263 12.8
Model 35 25.2 26.1 26.3 7.4 230 13.2 15.5 23.9 11.4
Modcl 36 26.5 27.0 27.0 7.4 19.0 13.8 152 242 114
Model 37 26.4 276 274 1.6 220 14.8 16.7 25.1 11.2
Model 38 217 28.2 280 8.2 200 15.7 179 26.6 1.9
Model 39 28.3 292 29.3 7.8 210 14.8 17.4 26.5 1.5
Maodel 40 275 285 28.7 8.1 21.0 15.0 17.2 25.2 120
Model 41 272 294 29.4 8.7 24.0 14.2 17.7 258 121
Mode! 42 248 24.5 24.3 12 220 13.4 15.0 23.7 1.3
Model 43 273 274 27.4 8.0 210 14.5 169 25.5 12.0
Model 44 217 28.5 28.7 8.0 170 14.4 16.3 25.3 116
Model 45 25.7 26.3 26.3 13 20 14.6 17.1 251 11.6
Model 46 26.6 247 24.8 8.5 220 15.7 17.4 24.4 10.9
Model 47 25.6 25.1 25.0 8.7 21.0 13.6 15.7 22.1 10.3
Model 48 242 23.8 23.5 8.2 20.0 13.7 15.3 22.1 10.5
Model 43 25.8 25.0 250 8.8 220 14.4 163 231.3 10.8
Model 50 27.7 262 26.5 9.4 21.0 14.7 164 235 11.0
Model 51 26.9 268 26.4 8.7 19.0 14.9 16.5 243 10.3
Model 52 27.4 27.0 26.7 8.8 200 15.8 174 25.0 11.0
Model 53 297 29.0 28.5 9.1 23.0 14.9 17.4 26.0 11.0
Model 54 326 322 39 10.1 17.0 13.7 129 254 11.2
Model S5 264 24.3 244 9.0 17.0 152 158 23.2 10.8
Maodel 56 27.0 264 264 9.1 19.0 14.3 16.5 236 11.0
Model 57 26.8 257 25.7 8.0 21.0 14.4 16.8 24.3 10.4
Model 58 26.5 36.1 260 9.3 2040 159 17.2 24.2 11.1
Model 59 28.1 27.7 27.2 9.3 21.0 14.0 16.0 24.4 10.9
Maodel 60 - 30.9 29.4 29.0 | 10.3 20.0 12.3 133 24.1 11.4
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G18 G29 G30 G31 G32 G313 |
Model 1 130 40.9 245 243 422 16
Model 2 110 437 250 249 456 1.8
Model 3 12.0 356 234 733 416 2.1
Model 4 12.0 431.7 257 254 433 20
Model 5 11.0 418 253 25.2 399 1.8
Model 6 12.0 46.6 252 25.0 441 . 16 |
Model 7 130 450 270 26.8 46,2 17
Model 8 10.0 46.2 32.1 118 473 17
Model 9 13.0 443 26.9 26.7 421 18 |
Model 10 15 399 248 246 429 8 |
Mode! 11 110 18 1 254 25.2 440 i
Model 12 120 38.8 239 239 442 2.0
Madel 13 140 0.1 236 235 419 18
Model 14 11,5 42.5 25.5 25.1 445 21
Model 15 12.0 372 224 22.2 440 1.8
Model 16 1.0 440 239 33,7 472 2.0
Model 17 13.0 435 246 24 4 48.0 23
Model 18 9.0 49.5 28.1 279 45.1 20
Model 20 100 402 269 266 21.8 1.5
Model 21 13.5 468 223 223 44.9 3|
Model 22 130 196 235 236 4.2 3.1
Meodek 23 135 466 234 234 353 1.9
Model 24 14.0 423 214 736 FT] 30 |
Model 25 12.0 46.3 2314 234 41.6 3.1
Model 26 13.0 128 228 230 43.5 30
Model 27 140 449 222 721 06 1]
Model 28 140 452 223 224 304 26
Model 29 140 431 226 226 44.2 34
Model 30 2.0 47.5 229 23.0 46.0 - 3.1
Model 31 130 FT] 220 27.0 429 36|
Model 32 3.0 433 259 25.8 43.9 25 |
Model 33 130 45.2 27.2 271 431 30|
Mude! 34 130 412 303 30.5 6.3 25|
Model 35 130 441 207 209 413 32
Madel 36 140 429 23.3 234 4146 28
Model 37 13.0 454 235 234 389 35
Model 38 3.0 49.9 24.1 24,1 45.0 1.2
Model 39 120 3.5 244 249 426 3.4
Model 40 13.0 495 259 26.0 43.8 332
Model 41 12.0 1356 260 25.8 439 42
Mode! 42 140 346 223 22.1 42.0 33
Model 43 120 474 24.0 240 429 33 |
Model 44 3.0 449 235 237 436 2.5
Model 45 13.0 448 22 223 43.3 33
Model 46 3.0 41,5 226 223 41,9 13
Model 47 3.0 175 2132 211 350 1.
Modecl 48 i5.0 416 214 21.1 38.4 2.1
Mode! 49 13.0 40.8 22.8 22.5 0.2 21|
Model 50 130 333 24.1 240 40.6 2.7
Model 51 12.0 45.7 237 236 39.5 2.1
Maodel 52 13.0 455 234 23.5 201 18
Modc! 53 10.0 42.6 297 258 437 2.0
Model 54 1.0 44.8 30.7 324 414 3
Model 53 13.0 238 23.5 234 1.2 S
Model 56 12.0 24.0 235 233 41.1 15|
Mode! 57 13.0 46.9 234 233 39,5 16
Model 58 140 416 23.4 23.2 4320 18
Model 59 114 250 253 249 231 16
Meodel 60 12.0 38.7 184 28.3 333 25
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Appendix III

Subjective Rating (Average)

1.1 1.2 2.1 3.1 3.2 33 4.1 4.2 4.3 5.1 6.1 6.2

01401 30 30 3.2 32 3 3.0 3.0 30 3.2 32 3.0 2.8
01802 4 36 ER] 35 30 30 38 36 33 32 3.3 33
01#03 30 30 38 33 30 3.0 3.5 3.0 30 3.5 30 3.0
01505 24 2.4 36 33 28 o 4.0 33 33 34 2.8 32
01406 32 3.4 32 35 28 33 37 33 33 3.4 3.3 33
01#10 3.4 34 35 3s 33 3.3 3.2 30 30 2.4 3.5 3.3
01#13 24 24 27 30 2.6 2.8 32 3.0 3.0 2.4 3.2 2.8
N#1s 2.2 2.2 32 30 2.6 28 2.5 2.3 25 32 2.8 23
01417 30 30 30 28 2.8 2.8 33 33 3.3 3.5 3.3 33
01420 36 36 37 3.8 3.6 36 38 36 36 3.6 3.8 38
02#02 32 32 35 3.8 38 38 36 38 38 30 4.0 38
02407 28 2.8 43 3.6 36 36 4.0 i3 16 3.3 4.3 36
02410 32 32 3.0 30 2.5 28 33 33 3.6 1.4 35 33
02411 36 3.6 3.0 3.0 28 2.8 35 30 33 (] 30 3.0
02814 S 36 36 3.0 3.6 36 36 3.3 33 33 2.7 35 33
02420 4.2 4.2 3.7 38 36 36 3.8 3.6 3.6 3 335 36
03402 3.6 3.6 37 4.0 34 34 3.7 3.4 3.4 33 34 3.4
43803 32 32 34 27 2.7 2.7 2.7 2.3 3.2 3.2 3.2 27
03405 2.6 26 34 3.0 32 32 34 34 34 24 32 30
03#07 4.2 4.2 4.2 38 32 32 33 2.7 34 2 2.7 2.7
03409 30 3.0 3.3 38 30 30 38 3.7 3.7 2.9 2.7 2.7
03412 2.6 2.6 2.7 24 24 24 2.4 2.4 2.4 24} 2.2 25
03413 22 2.2 1.7 2.7 1.8 27 | 27 27 27 17 2.5 2.3
03414 42 4.2 2.7 30 3.0 3.0 32 3.2 32 27 3.2 30
03417 32 3.2 3.5 33 27 27 3.3 3.2 3.2 S 34 32
04404 2.2 2.2 34 3.0 2.3 2.5 32 3.2 32 35 0 2.5
04#16 20 2.0 37 3.0 20 1.7 2.4 24 24 3.4 20 1.7
04418 1.4 1.4 34 33 33 33 3.7 3.5 37 3.3 3.5 3.5
04421 1.4 1.4 2.8 32 3.2 3.2 2.8 28 2.8 248 2.5 23
04423 14 1.4 34 30 30 3.0 3.0 3.0 30 3.0 ER] 2.6
04424 2.6 2.6 2.7 3.0 2.5 2.7 3.0 3.0 3.0 25} 2.6 2.6
04#26 30 3.0 34 3.0 25 25 2.7 2.5 2.5 2.3 2.0 20
04832 3.0 30 34 33 340 3.0 3.2 3.2 3.2 2.7 2.3 23
04840 30 30 34 33 26 2.8 32 28 32 3.0 2.5 2.5
. 04#41 38 38 37 33 33 2.3 33 3.5 2.7 3. 33 33
05401 28 2.8 30 2.8 23 25 3.0 2.7 3.0 2.7 2.6 2.3
05402 4.0 4.0 34 33 30 3.2 3.4 2.7 32 3.2 2.8 28
0SH03 36 36 37 36 36 3.6 2.1 27 30 348 2.8 2.5
05#05 22 2.2 34 33 33 33 33 3.0 3.0 34 3.0 2.8
05410 4.0 4.0 4.0 36 3.3 33 3.5 2.7 3.5 3.3 33 2.6
05#12 2.8 2.8 34 33 3.3 33 3.0 2.7 30 2.5 33 2.0
05#13 2.4 24 2.7 3.0 22 2.4 3.0 25 24 2.5 33 2.6
05816 34 34 34 33 2.8 2.8 3.6 3.3 10 3.0 2.6 2.8
05418 4.2 4.2 4.3 43 4.3 4.3 4.3 4.3 43 4.1 4.5 4.5
26403 26 2.6 34 30 20 22 30 30 30 2.3 27 2.7
06#04 28 2.8 34 3.2 28 2.5 30 28 28 2.3 2.7 2.7
06H05 1.4 1.4 34 30 26 25 34 34 34 2.3 2.7 2.7
06#06 22 2.2 2.7 2.7 23 25 3.0 3.0 3.0 34) 30 3.0
06409 24 2.4 34 33 30 27 35 3.0 3.0 34 3.2 3.2
06#13 1.2 1.2 23 3.0 2.3 2.5 3.0 2.7 2.7 1.3 2.7 2.5
06814 34 34 32 30 30 30 30 30 3.2 2.5 3.0 2.7
06#15 I4 1.4 217 2.7 1.7 1.7 2.7 23 2.7 1.3 20 1.7
064817 24 ~ 24 3.2 3.0 26 3.0 3.0 2.8 3.0 3.0 2.5 28
06420 3.2 3.4 34 3.0 2.6 2.7 3.0 30 3.0 2.3 27 2.7
07401 2.2 22 30 2.7 20 22 28 2.5 2.5 2.1 2.2 22
07802 32 32 34 3.0 2.8 28 3.0 3.0 3.0 30 30 30
07HOS 1.4 1.4 3.4 2.8 25 2.5 27 2.7 2.7 2.7 2.5 2.2
07HO7 28 2.8 32 32 30 30 30 3.0 3.0 3.2 2.8 2.8
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07410 28 28 30 2.7 2.2 2.2 30 3.0 3.0 2.5 26 23
075 28 2.8 3.2 30 2.5 22 30 2.8 2:8 2.4} 2.5 2.5
07412 1.8 1.8 32 28 2.2 22 28 2.8 2.8 20 26 23
oH14 [ 332 32 3.0 10 32 10 30 28 2.8 33 26 26
07415 1.0 1.0 3.0 17 1.7 1.7 23 2.0 2.0 1.3 1.7 1.2
07420 32 32 32 3.0 25 25 30 3.0 3.0 24 2.8 2.8
08408 2.8 2.8 335 33 33 32 32 33 3.2 33 28 2.8
09403 2.8 2.6 2.7 2.5 1.7 1.7 1.7 1.7 1.7 2.4 B7 1.7
09405 14 1.4 2.7 2.8 22 2.2 3.0 2.7 2.5 2.1 2.3 2.3
09£06 24 24 2.7 30 37 27 2.7 2.7 2.7 28 1.7 1.7
09407 13 28 37 33 33 33 3.8 38 3.8 34 34 3.4
09409 2.4 2.4 2.7 30 340 340 32 2.7 3.0 24 238 2.5
09412 22 2.2 27 2.8 20 20 30 1.7 1.7 2.3 20 1.7
09413 1.2 1.2 2.3 23 23 23 23 1.7 1.7 2.5 1.7 1.7
09414 34 34 2.7 32 23 3.0 3.0 2.8 2.8 2.8 25 2.8
094817 26 26 2.7 28 23 2.5 3.0 2.5 2.5 28 2.5 27
09420 32 3.2 2.7 32 24 24 3.0 2.7 2.7 2.1 2.7 2.7
10/405 1.2 1.2 4.2 3.5 27 27 35 32 32 33 2.7 3.0
10407 24 2.4 32 3.7 32 32 3.7 34 34 4.1 3.5 2.7
10409 L4 1.4 32 38 2.8 30 32 2.9 3.0 3.9 3.7 34
10410 28 2.8 32 28 20 2.5 30 33 33 3.2 2.7 2.7
10411 26 2.6 3.5 3.8 2.7 2.7 32 2.1 3.0 3.0 2.6 26
10415 1.6 1.6 32 2.2 23 25 3.0 3.0 3.0 27 26 2.3
10417 1.6 1.6 32 33 30 30 3.0 2.8 3.0 3.7 30 30
11401 1.0 1.0 2.1 3.2 2.3 2.2 3.0 2.5 25 3n 2.7 24
11402 30 30 3.3 3.0 235 340 3.0 28 3.0 30 3.0 3.0
11405 1.2 1.2 34 32 2.7 24 35 3.2 3.2 30 30 30
11807 22 2.2 34 3.7 35 3.2 35 3.0 3.0 33 32 30
11#10 30 2.8 34 3.2 23 2.2 3.0 28 27 2. 0 27
11#11 30 3.0 37 28 28 2.8 2.8 2.8 28 2.4 28 25
11#§13 1.2 1.2 2.7 2.5 22 2.5 2.5 2.5 2.5 34} 27 2.7
11414 1.4 1.4 34 2.8 28 2.8 32 32 3.2 2. 2.8 2.8
11520 2.4 2.4 3.7 35 33 33 36 33 33 3.3 3.6 3.6
124604 34 3.4 4.2 4.0 3.0 3.5 4.2 3.7 37 4.2 3.5 35
12405 24 2.4 4.2 3.8 2.7 32 4.2 3.7 34 4.3 2.5 2.8
12806 30 3.0 4.0 3.8 335 3.8 4.0 3.5 4.0 4.3 15 18
12509 32 3.2 42 3.8 335 3.8 4.0 33 4.0 4. 35 3.6
12410 34 34 4.2 36 25 3.0 35 3.2 32 35 2.7 2.7
12611 40 4.0 4.0 3.8 30 3.3 3.8 3.7 37 32 3.2 32
12#12 2.8 2.8 3.7 33 25 30 217 2.7 3.0 31 2.7 32
12413 22 22 27 30 25 2.7 3.2 2.7 27 30 30 3.2
12415 26 2.6 37 3.0 2.5 3.0 0 27 3.0 3.1 2.7 3.5
13401 34 34 4.2 3.6 3.0 33 38 3.5 3.5 32 26 26
13410 38 3.8 4.2 4.0 36 36 4.3 38 38 30 33 33
13413 30 3.0 37 27 2.8 2.5 32 32 32 2.4 2.8 2.8
13414 50 4.8 4.2 4.3 4.0 4.3 43 36 4.3 3.3 4.3 4.0
13415 36 3.8 4.0 38 3.8 38 38 3.8 3.8 34 33 36
13416 4.0 4.0 4.5 4.3 36 36 4.0 1.6 4.3 3.7 36 36
13418 4.2 44 4.8 4.6 4.6 4.6 4.6 4.6 4.6 4.4 46 4.6
14402 24 2.4 4.2 38 3.0 33 3.5 33 3.0 4.0 33 33
1403 22 2.2 4.0 30 2.8 30 2.7 2.5 2.7 4.4 28 2.8
14405 L4 14 3.2 3.4 32 32 15 3.3 3.5 3.0 23 3.0
14407 3.4 34 4.0 3.3 36 36 35 33 3.6 4.3 33 3.3
14#10 26 2.6 34 3.0 26 30 3.0 30 3.0 3.0 28 2.8
14413 1.8 1.8 34 3.2 2.8 3.0 3.0 2.7 3.0 2.7 3.0 3.0
14414 30 3.0 37 3.8 2.8 2.8 3.0 28 2.8 30 28 2.8
14415 22 22 3.7 3.0 2.6 28 2.8 2.8 2.8 23 2.6 2.3
14417 22 22 3.7 35 2.8 3.0 33 33 33 4.1 34 33
14418 24 24 3.7 4.6 4.3 4.3 4.6 4.3 4.3 44 4.3 43
15401 36 34 3.2 36 33 30 3.8 3.0 30 3.0 30 33
15405 30 30 33 38 30 30 3.6 3.0 32 4.4 33 33
15406 38 3.8 3.2 36 36 36 35 33 33 ERH 3.3 3.3
15409 3.8 3.8 4.0 3.6 3.3 33 3.6 3.6 3.3 4.4 33 33
15410 4.6 4.6 3.7 36 3.6 33 36 33 3.6 4. 33 33
15411 38 38 3.7 36 30 3.0 4.0 33 33 34 33 33
15613 30 30 3.4 33 2.6 3.0 33 2.8 30 3.3 33 33
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15415 3.0 30 3.0 33 28 30 33 2.8 30 3.3 3.0 32
15420 4.6 4.6 4.0 18 36 3] 4.0 335 35 4.4 3.5 3.5
16501 28 2.8 30 33 33 33 33 33 3.3 29 28 23
16402 32 32 3.7 38 36 36 33 33 3.5 35 33 3.3
16403 26 2.6 35 3.0 30 3.0 3.0 3.0 3.0 3.3 28 26
16#04 30 3.0 35 2.8 2.8 30 35 3.0 34 3.1 3.0 2.5
16405 1.4 1.4 32 28 2.3 27 30 30 32 30 28 2.3
16810 32 32 2.7 30 2.7 2.7 32 3.2 3.2 2.4 2.5 2.5
16411 34 34 2.7 30 2.8 ig 3.3 33 335 22 3.0 23
16412 2.4 2.4 3.2 30 27 2.7 3.0 2.7 3.0 ) 2.7 2.7
16816 30 3.0 35 3.5 33 33 3.5 3.5 33 34 33 33
16718 28 28 4.5 4.3 38 38 4.5 4.5 4.5 4.6 4.8 4.8
176801 32 32 30 3.0 28 30 33 33 36 2 2.8 2.8
17402 34 3.4 4.2 30 30 30 33 33 33 3u 33 30
17403 3.6 16 37 33 26 3.3 33 33 3.6 3n 36 36
17404 32 3.2 35 33 33 33 4.3 4.3 4.3 2 43 4.0
17406 34 34 32 33 30 33 36 33 3.3 30 3.0 30
17407 36 36 4.2 32 3.0 32 4.0 35 3.5 3 33 33
17409 28 28 37 3.4 30 2.7 37 33 3.3 3.5 33 33
17413 24 2.4 3.2 2.8 2.6 2.5 30 2.8 2.8 1.7 28 2.5
17414 38 38 32 30 2.8 2.7 33 33 3.3 30 33 33
17415 24 2.4 3.4 2.6 26 23 2.8 2.8 2.8 25 2.8 2.8
17#17 28 . 2.8 37 33 3.0 3.3 36 33 30 31 30 30
18402 2.0 20 22 2.7 20 24 30 2.5 2.7 1.7 2.5 2.5
18403 12 1.2 1.2 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
18+#04 22 2.2 22 28 23 2.5 3.0 2.3 2.5 1.4 1.7 1.7
18#05 1.2 1.2 2.0 2.2 1.4 ) 22 1.7 1.7 1.5 2.0 1.7
1806 1.4 1.4 2.2 3.0 20 2.2 27 1.7 1.7 2.6 23 2.1
18407 2.6 26 30 3.0 3.0 2.7 30 3.0 3.0 1.7 28 2.8
18410 20 20 2.2 2.8 23 2.2 28 2.3 22 1.5 2.5 23
18415 1.0 1.0 22 2.0 1.5 1.5 1.7 1.5 1.5 [ 1.5 1.5
18417 14 i.4 2.0 2.2 20 2.2 24 1.7 1.7 L 20 1.7
18418 23 2.8 30 3.0 28 3.0 3.0 3.0 30 33 2.8 2.8
20401 2.4 24 2.7 2.8 2.8 2.3 3.0 2.8 2.3 kR 2.3 2.3
20402 32 3.2 37 3.2 26 2.8 3.0 28 2.8 3.5 2.6 23
20803 2.6 26 34 2.8 26 2.8 2.6 28 2.5 kK 26 2.3
20805 14 1.4 30 2.8 2.3 2.5 3.0 238 3.0 b 30 27
20107 28 28 34 2.8 30 3.0 3.2 32 32 3.5 32 3.2
20409 28 28 34 32 28 3.0 3.2 3.0 3.0 3.2 3.0 30
2010 32 3.2 32 2.8 248 30 2.8 30 3.0 34 30 3.0
20411 34 3.4 30 3.0 2.5 30 3.0 30 30 kR 2.8 1.6
20813 1.4 1.4 27 2.8 28 2.8 3.0 2.5 27 30 2.6 23
20420 3.0 30 30 30 3.0 3.0 30 3.0 3.0 31 3.0 2.1
21821 34 36 34 0 32 32 3.0 2.7 10 30 3.0 27
21422 32 32 2.7 3.0 2.8 30 3.0 3.0 30 30 30 3.0
21423 38 3.8 4.0 33 33 33 33 3.6 38 30 30 3.0
21424 4.0 4.0 340 30 2.5 3o 30 30 30 2.5 2.7 3.0
21428 32 32 2.7 30 2.5 3.0 3.0 2.7 2.7 2.1 2.7 2.5
21429 32 32 3.2 32 23 30 30 30 3.0 2.7 2.5 2.8
21435 30 g 30 3.0 20 20 3.0 26 26 24 26 2.6
21433 3.2 3.2 30 3.0 28 30 3.0 30 3.0 3.0 30 30
21436 34 34 32 30 2.5 30 3.0 3.0 30 2. 2.7 3.0
21437 3.8 3.8 4.0 30 2.8 27 3.0 30 10 30 30 30
22422 28 2.8 3.7 33 2.8 3.0 3.0 2.8 3.0 34 2.8 2.8
22423 36 36 4.2 35 35 32 3.3 32 33 3.8 3.3 33
22624 32 3.2 2.7 0 25 27 3.0 2.7 3.0 1.7 2.7 2.7
22425 28 2.8 3.7 3.3 2.5 2.8 0 25 2.8 2.7 30 3.0
22429 28 28 3.7 3.5 2.8 33 33 25 3.0 1.7 2.6 2.6
22438 28 24 2.6 3.0 26 26 26 2.6 3.0 2.6 2.6 26
22438 4.0 4.0 37 38 3.5 33 36 33 33 3.5 3.0 3.0
22439 36 38 4.2 3.8 33 36 38 33 33 2.7 33 33
22441 4.8 4.6 4.2 35 32 3.0 36 33 3.6 1.7 3.0 3.0
22443 38 3.8 4.2 4.0 33 33 36 33 3.6 2.7 33 33
23421 32 32 2.7 30 2.8 2.7 30 30 2.7 3.0 2.6 2.6
23423 34 34 34 30 2.8 30 3.0 2.7 28 30 2.6 2.6
23424 34 34 2.7 0 23 25 3.0 2.7 2.8 2.0 2.3 2.6
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23428 2.8 2.8 235 3.0 23 25 3.0 2.8 238 23 23 23
23428 2.8 2.6 27 30 2.5 2.5 3.0 2.4 2.2 22 2.3 2.0
23436 28 23 27 3.0 25 2.5 30 3.0 27 1.7 28 23
23437 3.2 3.2 32 3.0 2.5 2.8 30 2.8 28 34 23 2.3
23438 38 38 3.7 3.3 3.5 33 33 33 33 4.3 33 33
2340 4.6 4.4 32 33 32 30 3.2 30 30 3.9 2.8 28
2343 36 36 35 3.8 30 3.2 3.8 30 32 35 30 30
24422 26 26 3.0 32 32 32 34 32 32 4.3 3.0 1.0
24423 30 1.0 34 32 32 32 32 3.0 32 4. 30 3.0
24424 30 3.0 32 3.0 30 3.0 32 32 32 34 30 3.0
24426 4.0 4.0 4.2 36 3.3 33 38 32 32 44 3.2 32
24827 30 30 30 30 22 24 2.7 2.5 2.7 4.4} 2.7 2.7
24429 26 2.6 335 3.2 32 3.0 30 30 3.0 3.0 2.6 2.6
24432 4.0 4.0 4.0 3.8 38 38 4.3 4.0 4.3 3.7 3.8 3.8
24435 24 24 30 2.6 20 20 2.6 26 2.6 3.4 26 2.6
24543 36 3.6 4.2 36 3.8 36 3.8 4.0 38 4.2 36 16
24845 3.0 3.0 3.7 27 27 2.7 32 2.7 3.0 kN 27 2.7
25421 38 38 kN 38 38 3.8 3.3 33 33 4.4) 33 3.3
25422 34 34 3.2 30 36 3.6 33 33 33 43 33 33
25423 38 3.8 37 3.6 3.8 3.8 3.3 33 36 4.3 33 3.3
25424 3.8 38 2.1 3.0 3.2 32 30 3.0 3.0 24 2.8 2.8
- 25H25 30 30 32 30 30 30 3.0 30 32 EX) 3.0 32
25427 18 38 34 30 30 33 3.0 2.8 30 kN 3.0 2.6
25428 3.6 36 2.7 33 33 33 30 30 3.0 33 30 3.0
25429 36 36 7 3.3 30 33 30 30 3.0 2.4 30 2.6
215436 38 38 3.7 32 2.8 30 32 3.2 3.2 3.0 2.8 2.8
25439 4.4 4.4 4.2 38 3.8 38 3.8 3.6 36 3.3 3.0 3.0
26523 1.8 1.8 32 33 3.0 33 30 28 3.0 2.8 30 3.0
26/24 2.2 22 23 3.0 3.0 238 3.2 32 3.2 30 2.3 2.3
26#26 32 3.2 3.2 30 30 30 30 1.0 3.3 2.4 2.6 26
20431 28 18 2.7 30 28 2.5 30 2.5 30 2.5 23 2.3
26432 2 32 2.7 30 32 30 3.3 30 33 30 26 2.8
26437 2.0 2.0 2.7 32 28 28 30 2.8 3.0 2.4 217 2.7
26438 3.2 32 34 35 33 30 32 3.3 33 4.3 33 26
26440 32 32 2.7 32 3.0 30 32 3.2 35 “ 35 3.0 30
26841 36 3.6 34 30 30 30 30 30 33 3.4 3.0 3.0
26743 32 32 32 32 30 10 30 33 33 3.0 3.0 30
172 34 34 34 33 3.2 32 3.7 3.3 35 - 32 32
27#23 34 34 3.5 3.3 33 35 15 32 3.5 36 3.3 30
27424 34 36 3.7 36 30 3.0 32 30 3.0 34 30 3.0
27827 34 34 34 3.0 27 3.0 3.0 340 3.0 33 2.7 2.6
27428 34 3.4 30 2.8 28 30 3.3 3.0 33 30 30 3.0
27429 2.8 2.8 34 32 30 3.0 3.0 30 33 3. 33 3.2
27436 14 34 34 35 32 35 34 35 32 32 0 1.0
27438 4.0 4.0 4.2 3.5 335 35 4.0 37 4.2 4.4 3.5 38
27440 4.4 4.4 37 35 35 35 4.2 4.0 37 4.7 3.8 33
27H43 38 3.8 37 35 35 38 335 32 3.5 4,5 38 3.5
28421 38 36 35 38 33 3.2 3.5 30 32 3.8 3.5 3.5
28422 34 34 32 33 2.5 28 33 30 2.7 3.1 33 3.0
28428 36 36 3.0 2.8 2.6 30 30 3.0 3.0 34 3.0 2.8
28429 34 34 34 28 2.8 30 30 30 28 3.2 30 30
284831 4.8 46 30 3.0 25 3.0 3.0 3.0 30 2.1 30 3.0
28435 3.0 16 3.0 30 26 2.6 3.0 .0 30 3.4 30 2.6
28436 316 36 32 ] 30 2.8 30 3.5 3.0 0 3n 3.3 30
28438 4.3 4.6 4.2 38 38 36 4.3 3.8 3.8 4.5 36 38
28443 50 4.8 4.2 43 38 36 43 38 38 4.} 36 36
28445 38 3.8 34 3.3 2.8 30 30 30 30 3t 33 3.0
29422 34 34 i3 36 36 36 3.6 3.6 33 3:6 3.0 2.3
29423 4.0 4.0 40 | 36 3.5 33 3.8 3.6 3.6 3.6 36 33
29424 36 36 3.2 30 28 30 30 30 3.0 2.7 3.0 30
29415 34 34 34 i3 2.8 2.5 3.0 2.7 2.7 3.0 30 2.5
29429 34 34 34 3.6 2.8 2.7 3.3 3.0 3.0 LN 30 30
29435 34 34 30 3.0 2.6 2.6 30 2.6 3.0 30 3.0 26
29438 48 4.6 4.2 36 38 33 3.8 38 3.8 4.3 3.6 3.6
29439 38 38 4.5 36 33 35 38 36 36 33 3.6 3.3
29441 4.8 4.6 4.2 38 3.1 33 4.1 36 36 36 36 3.3
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29843 4.8 4.6 4.2 38 3.5 33 3.8 33 33 33 3.6 33
30422 24 24 2.7 3.0 0 3.0 3.0 3.0 30 20 3.0 3.0
30423 26 26 2.7 28 2.8 28 30 2.8 28 L7 2.5 2.8
30424 32 3.2 27 30 25 2.5 27 25 30 i 23 23
30429 26 2.6 3.2 2.8 26 28 2.5 2.5 25 1.7 2.6 2.3
30#30 32 32 34 28 28 28 2.8 2.8 2.8 24 2.8 2.6
30431 34 34 2.7 28 26 238 30 2.8 30 L7 2.6 2.6
30432 38 38 32 30 28 30 30 30 30 24} 30 28
30435 2.4 24 20 2.0 20 20 1.4 20 20 1.0 2.6 2.6
30438 34 34 37 3.0 26 28 33 33 33 2.8 23 23
J0#43 36 36 34 33 28 28 3.2 2.8 2.8 3.0 2.8 26
31826 3.8 38 37 3.8 35 335 37 37 37 37 3.5 3.5
31430 2.8 2.8 3.7 3.6 3.6 36 3.8 4.0 4.0 43 38 38
31431 3.2 32 3.2 30 30 30 34 32 3.2 34 32 27
31432 36 36 37 35 35 33 4.3 35 4.3 3 37 3.7
31438 34 34 4.5 43 4.3 4.3 4.3 4.3 4.3 4.5 4.3 4.3
31439 28 2.3 4.5 43 40 4.3 4.3 4.0 4.0 4.5 36 36
31440 4.2 4.2 4.5 4.5 4.5 43 4.3 4.5 4.3 4.4 4.8 4.8
31441 44 44 3.7 38 36 36 4.3 38 3.8 4.3 4.3 4.3
31443 3.4 34 4.2 4.3 4.5 43 4.3 4.3 4.3 4.1 4.3 4.3
31845 2.8 18 3.7 18 33 33 3.6 36 36 4.1 3.6 35
32422 1.4 .4 3.0 2.5 23 235 3.0 28 2.8 34 2.8 2.6
32423 1.6 1.6 3.4 30 2.7 2.2 30 28 2.8 3.0 30 26
32424 K 1.4 2.1 2.8 2.5 2.8 28 23 2.5 27 26 23
32426 28 28 3.2 2.7 2.7 28 30 28 3.0 27 26 2.6
32430 14 k.4 34 2.7 3.0 3.0 2.7 30 2.7 3.1 2.5 16
32431 2.6 2.6 27 22 20 22 1.7 17 1.7 P 20 20
32532 28 28 3.4 2.8 27 3.0 3.2 32 2.7 30 26 26
32434 438 4.6 4.2 43 43 43 4.5 4.5 4.5 37 38 38
32840 2.8 2.8 34 33 30 33 35 3.5 3.2 3.5 33 33
32441 36 36 34 30 3.3 3.3 3.5 33 32 3.3 3.0 30
33421 46 44 4.2 35 3.5 3.5 3.7 4.0 4.0 35 3.7 37
33422 36 36 3.7 3.5 38 38 3.7 3.7 4.0 4.1 36 3.5
33423 48 4.6 34 3.5 32 32 34 34 3.7 kN 335 3.7
33424 4.8 4.6 7 3.6 33 3.3 38 38 35 3.3 33 33
33428 4.8 4.6 35 3z 32 3.0 3.4 3.2 15 30 3.0 30
33429 38 36 4.2 33 36 3.6 33 3.6 16 2! 33 2.6
33433 38 3.8 34 0 30 30 35 3.5 37 3.2 3.0 30
33435 36 3.6 34 34 30 3.0 3.4 30 34 34 30 26
33436 4.8 4.6 37 3.3 35 36 30 36 33 3. 3.0 30
33439 4.8 4.6 4.4 3.5 3.5 15 37 3.7 3.7 3.7 3] 33
34434 30 0 3.2 3.0 28 3.0 33 28 28 3.0 3.0 2.8
34408 .4 1.4 27 32 33 3.6 16 33 33 3.3 33 33
35421 42 4.2 36 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40
35422 3.6 32 3.0 3.4 34 34 34 3.4 34 34 3.4 34
35823 4.2 4.2 40 4.0 4.4 4.4 4.0 4.0 4.0 5.0) 4.0 4.0
35424 4.6 4.2 3.6 4.0 4.0 36 4.0 4.0 4.0 3.0 4.0 4,0
35425 3.2 32 3.0 34 30 30 34 3.0 34 34 3.4 3.4
35428 32 3.2 30 3.0 26 26 30 30 | 30 340 30 3.0
35429 3.6 3.6 36 4.0 3.6 3.6 4.0 3.6 36 34 36 36
35435 32 3.2 30 3.0 30 30 3.0 30 3.0 30 30 2.6
35436 4.2 4.2 30 34 30 30 34 3.4 3.4 2. 30 3.0
3I5H45 4.2 4.2 34 4.0 4.0 4.0 4.0 40 4.0 3.4 4.0 4.0
36421 2.8 2.8 32 3.6 33 3.0 33 28 3.0 3.3 30 2.8
36822 2.8 2.8 2.7 2.5 2.5 2.7 3.0 2.5 3.0 30 3.0 2.7
36423 36 3.6 37 3.3 3.3 33 3.3 3.3 33 3.0 3.3 3.3
36424 38 36 30 30 2.5 23 3.0 2.7 2.7 2.1 2.7 2.7
36428 34 34 3.0 2.5 2.5 2.5 2.7 2.5 2.5 2.7 2.5 2.3
36#29 32 32 32 3.0 2.7 27 30 2.7 3.0 2.7 3.0 2.7
36435 3.0 26 2.6 2.6 24 20 26 2.6 2.6 3.0 26 2.6
36436 3.4 36 3.0 30 2.7 2.5 30 2.5 2.7 30 30 2.7
36438 4.8 4.8 4.8 4.3 38 3.6 3.8 36 3.6 4.3 3.6 36
36439 3.6 34 4.0 38 35 3.5 3.8 34 3.3 3.3 32 30
37422 28 2.8 2.7 3.3 24 24 3.0 3.0 3.0 3.1 2.7 2.8
37423 34 34 3.2 3.3 30 30 30 30 3.0 32 3.0 30
37424 3.2 32 2.7 28 2.6 2.8 2.8 2.8 2.8 2.8 2.6 2.3
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37429 24 2.2 2.7 2.8 2.5 2.7 3.0 2.5 30 2.6 2.8 2.3
37430 12 34 34 33 30 340 3.0 30 30 3.5 30 28
37431 36 36 2.4 2.8 3.0 2.8 33 3.3 3.3 2.4 2.5 23
37435 20 2.0 1.6 3.0 1.6 1.6 2.6 20 2.0 210 2.0 1.6
37437 3.2 32 30 3.0 3.0 30 33 30 3.0 34 3.0 -3.0
37438 4.0 4.0 4.2 36 33 36 3.8 3.5 3.8 4.7 3.3 33
37443 38 38 3.2 33 33 33 3.6 3.3 3.3 4.0 3.3 33
38821 22 22 2.7 2.5 20 2.2 2.4 1.7 20 1.7 1.7 1.7
38428 26 24 1.7 2.3 1.7 1.7 2.5 1.7 1.7 L4 1.7 1.2
38#30 2.8 2.8 2.7 3.0 26 28 3.0 3.0 3.0 3.4 2.8 2.6
38431 34 34 1.7 1.7 1.5 1.2 2.2 1.5 1:2 bt 1.7 15
38436 24 2.2 1.7 2.7 1.7 1.7 2.7 1.7 1.7 1.7 20 1.7
38437 2.8 2.3 1.7 28 17 2.3 3.0 22 2.5 2.0 20 2.3
38438 3.2 3.2 3.7 3.0 33 3.3 33 33 33 33 3.3 33
38441 4.0 4.0 32 33 2.2 27 3.0 2.7 3.0 23 23 2.6
38#43 32 32 3.2 3.0 26 22 30 21 24 2.4 20 2.0
38445 1.8 1.8 24 235 20 1.7 24 1.7 1.7 1.7 L7 1.5
39422 2.8 2.8 2.2 2.6 2.6 2.2 30 3.0 2.4 3.4 2.8 2.3
39423 3.2 32 17 3.3 2.3 30 33 30 30 2.1 3.0 3.3
3924 28 2.8 235 2.8 2.5 2.7 2.8 2.7 20 2.3 2.3 1.7
39426 3.8 3.6 2.7 2.8 2.3 25 3.0 2.1 2.7 2.0 2.8 26
39432 38 36 2.7 28 2.8 2.7 3.0 30 3.0 24 3.0 23
39433 30 3.0 2.7 2.4 26 23 3.0 30 30 EY)) 2.6 2.3
39435 26 2.2 2.0 2.0 1.6 1.6 1.4 1.0 1.0 240 1.6 1.6
39439 32 3.2 2.7 2.8 3.0 3.0 3.0 30 3.0 2.4 3.0 2.7
39840 3.8 36 3.0 3.0 3.0 30 3.3 3.0 3.0 33 30 2.8
39#45 3.4 34 27 2.5 20 1.7 2.7 24 24 2.4 2.5 23
40421 1.8 1.8 27 3.5 33 33 2.7 2.5 2.5 2.4 33 2.8
40426 34 34 34 3.0 28 30 33 33 3.3 1.4 30 3.0
40431 . 2.8 26 24 2.5 2.3 2.2 2.1 2.5 2.5 L0 2.3 1.8
40432 3.4 3.4 32 30 30 30 3.5 33 33 2.0 3.3 30
40434 50 4.8 37 4.3 4.3 4.3 4.3 4.3 4.3 23 4.3 4.3
40836 24 2.2 27 28 20 1.7 3.0 3.0 3.0 1.7 2.6 2.3
40438 3.0 2.8 34 4.3 4.3 4.3 30 30 30 33 i0 30
40440 34 3.4 32 33 3.0 30 30 30 3.3 33 30 3.0
40842 1.0 1.2 1.7 2.5 2.0 1.7 1.7 1.7 1.7 135 1.7 1.7
40644 3.2 3.2 32 30 28. 27 30 3.0 3.0 P 30 3.0
41426 26 26 2.7 30 2.8 28 2.7 2.5 2.5 2.1 30 30
41431 1.4 4 2.7 30 2.6 2.8 2.5 2.8 2.5 2.8 30 2.5
41432 24 2.4 2.7 30 3.0 30 33 33 3.3 2.8 3.3 33
4134 3.0 5.0 3.3 33 3.5 35 33 3.5 3.3 2 30 30
41436 12 1.4 27 3.0 30 30 28 2.8 2.8 27 3.0 26
41438 24 2.4 37 33 3.3 33 33 33 33 37 30 30
41540 2.6 2.6 34 33 3.3 33 33 33 33 2 3.3 33
41#41 30 3.0 34 33 33 i3 33 33 33 3 3] 33
41#43 2.2 2.2 37 2.7 27 27 3.0 3.0 2.8 34 3.0 30
41#44 26 2.6 32 33 33 33 3.3 33 33 2 30 30
42621 3.8 36 37 35 3.3 35 34 3.2 34 ki) 35 35
42422 34 3.6 3.4 3.5 3.0 30 35 3.5 3.2 2@ 3.0 30
42423 4.0 4.0 37 38 38 38 4.2 38 4.0 4.2 3.5 35
42424 38 3.8 3.4 32 3.2 32 32 3.2 3.5 30 30 30
42425 34 34 33 32 30 3.0 30 30 3.3 EN 30 33
42428 38 38 2.7 3.3 2.7 2.7 3.0 30 3.0 3z 3.0 33
42429 34 34 3.4 33 27 3.0 3.0 30 33 2 30 33
42436 3.6 3.6 34 30 2.7 30 35 33 30 32 30 27
42442 34 34 32 30 3.0 30 3.0 30 2.7 3.2 30 30
42445 4.0 38 4.5 33 30 30 33 3o 33 3.7 33 35
43423 1.8 1.8 32 35 33 33 25 2.7 2.7 2.7 2.3 27
43424 2.6 2.6 2.7 3.0 23 27 30 8 3.0 b7 27 2.5
43426 34 34 2.7 28 2.5 23 3.0 2.7 2.7 2.1 30 3.0
43431 2.8 2.8 24 24 1.7 1.7 2.2 1.7 .7 1.7 1.7 1.7
43436 1.8 1.8 2.7 30 25 2.4 3.0 2.7 2.7 1.7 26 28
43438 3z 32 4.2 32 2.7 30 3.0 30 30 32 30 3.0
43439 24 24 37 27 2.7 2.7 2.7 24 2.7 2.5 27 2.7
435840 34 34 3.0 26 2.6 2.8 238 28 30 3.8 3.0 30
43441 38 38 34 32 2.8 30 30 30 3.0 2.5 3.0 3.0
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43443 30 3.0 3.2 30 3.0 3.0 3.0 2.7 3.0 2.1 3.0 3.0
44421 34 34 14 3.0 2.5 2.7 3.0 2.8 30 3.1 3.0 2.7
4423 34 34 3.4 32 30 3.0 3.2 3.0 3.0 3.7 3.0 2.8
4424 3.4 34 2.7 2.8 2.6 2.8 30 2.8 3.0 2.4 3.0 3.0
44#28 34 34 2.5 10 30 2.7 310 3.0 3.0 3.0 3.0 2.6
44431 3.6 3.6 2.7 3.0 2.6 2.8 3.0 2.8 2.8 2.4 3.0 3.0
44436 3.4 34 2.7 23 2.8 27 30 30 3.0 2.1 30 2.6
44438 4.0 38 3.7 30 3.0 3.0 30 3.0 3.0 4.1 30 3.0
44543 38 3.8 14 3.0 2.8 2.8 32 3.0 3.0 34 3.0 3.0
44#44 36 3.6 32 3.0 2.8 3.0 30 3.3 33 31 3.0 3.0
44445 34 34 34 3.0 3.0 3.0 3.0 3.0 3.4 34 2.8 2.6
45422 26 2.6 2.7 3.3 33 28 2.8 2.8 2.8 3.1 3.0 2.8
45423 32 3.2 3.2 315 30 3.0 33 13 13 3. 3.0 2.6
45424 32 32 2.7 33 25 30 33 3.3 33 2.3 2.8 2.3
45426 40 4.0 34 3.3 3.0 24 30 310 3.0 3.0 3.0 2.6
45432 4.2 4.2 4.0 16 16 316 4.3 16 16 3.4 3.3 3.3
45833 2.6 2.6 2.7 30 2.5 2.7 3.3 10 30 3.4} 30 2,6
45435 24 24 2.6 10 2.6 2.6 3.0 2.6 2.6 2.4 2.6 2.6
45439 2.6 2.6 2.7 3.0 2.8 30 1.0 3.0 3.0 3.4 3.0 3.0
45840 4.0 318 2.7 33 3.3 3.3 3.3 3.3 3.3 3.0 33 3.3
45845 2.6 2.6 32 3.3 2.8 2.8 3.0 2.8 3.0 3.0 3.0 2.8
46849 2.0 2.0 2.4 3.0 2.6 26 3.0 3.0 3.0 3.4} 3.6 3.6
46425 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 414} 3.0 3.0
46847 1.0 1.0 2.0 2.4 20 1.6 20 20 20 2.1} 1.6 1.6
46450 3.0 3.0 3.0 3.0 3.0 1.0 3.0 3.0 3.0 2.3 30 7| 26
46446 310 1.0 3.0 3.0 30 30 310 3.0 3.0 3.0 3.0 1.0
46452 10 3.0 34 3.0 30 3.0 30 3.0 3.0 3.0 30 10
46438 4.0 3.6 4.0 36 3.6 3.6 4.0 3.6 3.6 4. 3.6 16
46441 4.6 4.6 4.0 3.6 36 3.6 4.0 4.0 4.0 34 3.0 3.0
46§54 4.6 4.6 4.0 4.6 4.6 4.6 4.6 4.6 4.6 34 46 4.6
46432 4.0 4.0 36 4.0 34 34 40 34 34 4.0) 4.0 4.0
47147 1.0 26 30 3.0 3.0 3.0 3.0 2.6 2.6 2.4 3.0 2.6
47857 14 34 3.0 4.0 3.0 3.0 3.0 34 3.0 4.0 4.0 1.6
47H48 26 20 3.0 2.6 26 2.6 3.0 2.6 2,6 340 2.6 2.6
47421 4,0 4.0 4.0 4.4 50 4.4 5.0 50 50 4.4 4,4 4.4
47423 5.0 5.0 4.6 50 46 4.6 5.0 5.0 50 4.1 5.0 5.0
47427 4.6 4.6 3.0 1.6 3.6 4.0 ER) 4.0 16 4.0 4.0 4.0
47H55 3.6 3.6 30 4.0 34 314 1.0 30 30 4.0 30 10
47453 5.0 4.4 5.0 5.0 5.0 50 5.0 5.0 5.0 S.4) 5.0 5.0
47859 5.0 50 5.0 5.0 5.0 5.0 5.0 5.0 5.0 54) 50 5.0
4THED 5.0 5.0 4.6 5.0 5.0 5.0 5.0 5.0 5.0 4.1 5.0 5.0
48H48 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.6 3.0
48447 30 3.0 34 4.0 3.0 3.0 3.0 3.0 3.0 2,0 3.0 3.0
48H57 30 3.0 3.0 4.0 40 4.0 3.6 4.0 3.6 4.6 4.0 3.6
48449 16 3.6 3.0 4.0 3.0 3.0 36 34 30 3.0 4.0 4.0
48527 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.6 4.0 4.0
48423 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 541 4.0 4.0
48451 4.0 4.0 4.0 4.4 4.4 4.4 4.0 4.0 4.0 44 40 4.0
48432 4.6 4.6 - 40 5.0 5.0 5.0 4.0 4.0 4.0 41} 4.0 4.0
48#40 5.0 5.0 4.0 5.0 5.0 5.0 5.0 50 50 5.0 50 5.0
48434 5.0 5.0 4.4 5.0 5.0 5.0 5.0 5.0 5.0 4.1 5.0 5.0
49H47 10 1.0 2.0 2.0 20 1.6 2.0 1.6 20 2.4 1.6 1.6
49548 1.0 1.0 2.0 2.0 2.0 20 2.0 2.0 2.0 20 2.0 2.0
49557 14 1.4 34 3.6 30 3.0 0 3.0 3.0 kKL 3.0 3.0
49549 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 EXL 3.0 3.0
49525 3.0 3.0 14 3.6 36 3.6 4.0 3.6 4.0 4.1) 36 3.6
49433 34 3.0 3.0 4.6 3.6 3.6 4.0 4.0 4.0 3.6 3.6 4.0
49842 3.0 3.0 10 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
49451 3.0 30 30 4.0 30 3.0 3.0 30 30 441 3.0 3.0
49453 4.6 4.6 4.0 4.0 40 40 4.0 4.0 4.0 4.4} 4.0 4.0
49460 5.0 5.0 3.4 4.6 4,6 4.6 4.6 4.6 4.6 34 4.6 4.6
S0442 2.0 20 20 20 16 1.6 26 1.6 1.6 3.0 20 1.6
50449 2.0 2.0 2.0 24 1.6 1.6 2.6 1.6 1.6 2.4 26 1.6
50425 30 2.0 3.0 3.0 2.5 2.6 3.0 30 3.4 3.0 2.6 2.6
S0H50 3.0 2.6 3.0 3.0 26 2.6 3.0 2.6 2.6 3.0 3.0 2.6
50#51 3.0 3.0 3.0 3.6 10 3.0 30 3.0 3.0 3 3.0 3.0
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50423 30 30 3.0 4.0 30 3o 4.0 4.0 4.0 44) 4.0 4.0
50438 4.0 4.0 34 4.6 4.0 4.0 4.6 4.6 4.6 4.4 4.6 4.6
50441 4.6 4.0 3.4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
50154 30 50 4.0 4.6 4.6 4.6 50 5.0 5.0 4.0 50 5.0
50458 30 3.0 3.0 3.0 30 3.0 3.0 3.0 3.0 3N 3.0 30
51452 20 2.0 20 2.4 L6 1.6 2.4 2.0 2.0 20 1.6 1.6
51449 20 2.0 30 20 K] L6 30 20 20 1.4 1.6 1.6
51428 26 2.6 30 g 30 30 3.0 3.0 3.0 3.0 30 30
51450 30 30 3.0 3.0 3.4 34 30 30 30 1.0 3.0 3.0
51451 30 30 30 30 30 3.0 3.0 30 3.0 30 3.0 30
51423 34 3.4 3.0 4.0 4.0 4.0 3.6 4.0 36 4.0 4.0 4.0
51438 4.0 4.0 34 36 36 36 4.0 3.6 3.6 4.4 4.0 4.0
51440 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.0 4.0
51441 4.6 4.6 0 30 i0 30 4.0 4.0 4.0 341 4.0 4.0
S1H54 4.6 4.6 4.0 50 4.6 4.6 5.0 5.0 5.0 30 5.0 5.0
§2K49 2.0 2.0 2.0 24 10 [ 14 2.4 1.4 1.4 (K1 1.6 1.6
52421 30 30 30 4.0 36 b 3.6 3.0 3.0 34 34 3.0
52H25 30 26 30 30 20 20 30 30 30 30 2.0 2.0
52452 3.0 30 3.0 30 30 3.0 3.0 30 30 in 3.0 3.0
S52#55 30 30 30 30 2.4 24 3.0 3.0 3.0 30 30 3.0
52450 30 30 20 24 20 20 3.0 20 2.4 1.0 24 2.0
52H53 4.0 3.6 4.0 4.0 36 40 4.0 4.0 4.0 3.0 4.0 3.6
52454 4.6 4.6 40 4.4 4.0 4.0 4.0 4.0 4.0 4.4 4.0 4.0
52859 4.0 4.0 3.0 34 34 34 34 jo 3.0 3. 34 34
52441 46 4.6 4.0 40 36 36 4.0 4.0 4.0 3.0 4.0 4.0
53621 20 1.6 24 24 20 20 20 1.6 2.0 3 20 20
53450 1.0 1.0 2.0 24 1.6 1.6 26 1.6 1.6 i4 1.6 1.6
53H#46 1.0 1.0 2.4 20 1.0 1.0 2.0 1.0 1.0 24 1.0 1.0
53458 1.0 1.0 2.4 2.0 1.0 1.0 2.0 1.6 1.6 341 1.0 1.0
S3IHS3 30 26 30 34 3.0 30 34 30 3.0 341 34 30
53439 30 3.0 3.0 30 3.0 30 30 2.0 2.0 3n 34 30
53443 3o 30 30 30 390 30 3.6 30 30 4.0 36 30
53#60 4.0 4.0 26 4.0 40 4.0 4.0 4.0 4.0 20 4.0 36
53454 4.6 4.6 4.0 50 5.0 5.0 50 5.0 5.0 410 4.0 4.0
53441 50 3.0 4.0 30 30 30 3.6 3.0 30 R4 30 3.0
S54H53 1.4 1.4 2.0 1.4 1.0 1.0 1.0 1.0 1.0 210 1.4 14
54440 2.0 20 20 1.0 1.0 1.0 1.0 1.0 1.6 2.6 1.6 1.6
54454 26 | 26 30 30 3.0 30 30 30 30 341 3.0 30
54841 26 3.0 2.6 1.4 1.4 1.4 1.4 1.4 1.4 20 1.4 1.4
54408 30 30 3.0 34 30 30 3.4 3.0 3.0 34} 34 34
54434 40 4.0 3.0 30 30 3.0 30 3.0 3.0 24 30 3.0
54460 20 20 2.6 20 20 20 20 2.0 20 1.0 2.0 2.0
54439 10 1.0 2.6 1.6 16 16 1.0 1.0 1] 2.6 1.0 1.0
54#18 20 20 24 20 2.0 20 24 2.0 2.0 34 20 20
54807 10 1.0 2.0 1.4 1.4 1.4 1.4 14 14 2.0 1.4 1.4
S5#57 1.0 1.0 24 24 1.4 10 2.4 20 20 3.0 24 2.0
55H58 20 20 20 20 20 1.6 2.6 20 2.0 20 20 20
55449 20 1.6 20 2.4 1.6 1.6 24 2.0 20 14 2.0 1.6
SSHSS 26 26 30 30 26 2.6 3.0 3.0 30 3.4 2.6 2.6
55450 30 3.0 2.0 30 2.6 30 3.0 3.0 0 14 3.0 30
55451 30 30 30 30 30 30 30 30 3.0 345 3.0 30
55453 36 - 3.6 4.0 4.0 3.0 34 4.0 36 36 4.1 3.6 3.6
55459 4.0 4.0 3.0 4.0 30 30 3.0 3.0 3.0 4.4 30 3.0
55840 4.0 4.0 30 4.0 3.6 36 4.0 36 4.0 414 3.6 4.0
55454 50 50 4.0 5.0 4.0 4.4 3.0 4.6 5.0 30 4.6 5.0
S6#49 i.0 1.0 1.4 20 1.6 2.0 30 2.0 1.6 1.65 2.0 1.6
5651 1.6 1.6 24 30 2.6 26 3.0 3.0 3.0 n 3.0 2.6
56452 1.6 1.6 2.4 30 24 24 3.0 20 2.4 kRl 30 2.6
56456 26 26 24 3.0 26 30 3.0 3.0 3.0 kXL 2.6 3.0
56H#43 3.0 30 3.0 36 30 3.0 3.6 30 3.0 34 3.0 3.0
56#38 30 3.0 34 3.6 36 3.6 4.0 36 36 30 36 36
56H43 36 3.6 30 4.0 36 36 4.0 3.6 3.6 3.0 3.6 36
56#40 40 4.0 30 4.0 4.0 4.0 4.0 4.0 40 34 4.0 4.0
56#41 50 5.0 34 3.6 36 3.6 4.0 3.6 3.6 24 16 36
56#54 4.6 4.6 30 4.6 4.0 4.0 4.6 4.6 4.6 34} 4.6 4.6
57447 26 2.6 20 24 20 1.6 20 1.6 1.6 11} 2.0 1.6
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57448 20 2.0 1.4 20 1.6 1.6 2.0 1.6 1.6 14 1.6 1.6
57H57 2.6 26 30 30 26 3.0 3.0 30 3.0 3.8 3.0 3.0
57#2] 4.0 36 24 316 30 30 36 3.0 3.0 2.4 3.0 3.0
57423 4.6 4.6 2.4 36 36 36 30 30 0 2.4 3.0 3.0
57427 40 4.0 24 30 30 30 30 30 3.0 24 3.0 3.0
57451 30 30 30 30 20 20 3.0 30 30 2.1 30 3.0
57453 4.6 4.6 30 4.0 4.0 440 4.0 4.0 4.0 24 36 16
57459 4.6 4.6 2.4 4.0 34 34 4.0 34 34 34 4.0 4.0
57160 5.0 5.0 24 36 6 30 3.6 26 30 21 4.0 40
5848 20 2.0 30 2.4 24 2.4 24 24 24 20 20 24
58H42 2.4 2.4 30 34 34 34 34 34 34 3.6 3.0 3.0
58449 30 3.0 3.0 30 2.6 2.6 30 26 3.0 2.4 2.6 3.0
58425 30 30 34 4.0 4.0 4.0 4.0 3.6 36 3.4 4.0 3.0
58458 30 2.6 30 3.0 30 30 30 3.0 30 34 1.0 30
58#21 34 34 3.0 4.0 4.0 4.0 4.0 34 34 34 4.0 34
58428 36 3.6 10 30 30 30 30 30 30 3 3.6 3.0
58459 50 4.4 34 5.0 5.0 5.0 3.0 4.6 4.6 445 50 4.4
58441 46 4.6 3.4 4.4 40 4.0 4.0 3.4 3.4 5.0 440 4.0
58460 4.6 4.6 4.4 5.0 3.0 5.0 5.0 4.6 4.6 2.6 4.6 4.6
59453 2.6 2.6 34 3.0 340 34 1.6 30 26 20 ig 3.0
59452 i6 1.6 2.4 2.6 20 20 2.6 1.6 2.0 24) 1.6 20
59458 20 1.6 30 2.0 2.0 20 2.0 1.6 1.6 1.4 20 2.0
59443 3.0 26 30 3.0 30 26 34 3.0 30 30 3.0 3.0
59438 30 10 34 3.0 30 30 30 30 3.0 3.0 30 30
59458 30 26 30 30 30 3.0 30 3.0 3.0 3.4 30 3.0
59432 36 36 30 30 30 3.0 30 3.0 3.0 2.4 3.0 30
59440 4.0 4.0 3.0 3.0 3.0 3.0 14 34 30 3.0 0 3.0
59460 36 3.6 30 3.6 3.0 3.0 36 30 2.6 14} 3.6 36
59441 4.0 4.0 30 3.6 36 36 4.0 3.6 3.6 2.4 36 36
60451 1.0 1.0 3.0 1.0 1.0 1.0 1.0 1.0 1.0 4.1) 1.0 1.0
60453 2.4 2.0 3.0 34 30 30 4.0 34 34 5.0 36 36
60432 16 1.6 30 30 26 3.0 3.0 3.0 3.0 4.4 30 30
60426 340 30 3.0 30 34 34 20 1.6 1.6 3.0 20 20
60440 30 3.0 30 3.0 30 3.0 30 3.0 3.0 5.0 34 3.0
60454 40 4.0 3.0 4.0 3.6 4.0 4.0 4.0 4.0 5.0 4.0 4.0
60441 4.0 4.0 30 3.0 1.6 2.0 30 2.6 2.6 41) 3.0 30
60408 5.0 5.0 4.0 5.0 4.0 40 5.0 3.0 5.0 5.1) 50 5.0
60434 50 50 4.0 5.0 5.0 5.0 50 5.0 5.0 51) 5.0 5.0
60460 30 30 3o 3.0 30 3.0 3.0 3.0 30 3.4 3.0 3.0
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Appendix IV

Standard Deviation of Subjective Rating

1.1 1.2 21 3.1 3.2 33 4.1 4.2 4.3 5.1 6.1 6.2

01#01 0.00 0.00 0.45 0.45 0.00 0.00 0.00 0.00 0.45 0.45 (.00 0.45

014502 0.55 0.55 0.45 0.50 0.00 0.00 045 0.55 0.45 0.45 0.45 045

01#03 0.00 0.00 0.45 045 0.00 0.00 0.50 0.00 0.00 0.50 6.00 0.00

01#05 0.55 0.53 0.55 0.45 0.45 0.00 0.00 0.45 0.45 0.00 0.45 0.45

01406 0.45 0.55 0.45 0.50 0.45 045 0.45 0.45 0.45 0.50 0.45 0.45

01#10 0.55 0.53 0.50 0.50 0.45 0.45 045 0.00 0.00 0.45 0.50 0.45

01413 0.55 0.55 0.45 0.00 0.55 (.45 0.45 (.00 (.00 0.45 0.45 0.45

01815 0.45 0.45 043 0.00 0.55 0.45 0,50 0.50 (.50 Q.45 0.45 0.45

01#17 0.00 0.00 0.00 045 045 0.45 045 0.45 045 0.55 045 0.45

01#20 0.53 0.55 0453 0.45 0.55 0.55 0.45 0.55 0.55 0.55 0.45 0.45

02402 0.45 0.45 0.50 0.45 0.45 0.45 (.55 0.45 0.45 0.00 0.00 0.435

02#07 043 0.45 0.45 0.55 0.55 0.55 0.00 0.45 Q.53 045 0.45 0.55

02410 045 0.45 0.00 0.00 0.50 0.45 (.45 0.45 0.55 0.55 0.50 0.45

02411 0.55 0.55 0.00 (.00 0.45 0.435 0.50 9.00 0.45 0.50 0.00 0.00

02414 0.55 0.55 0.00 0.55 0.55 0.55 0.45 0435 045 045 Q.50 0.45

02#20 0.45 0.45 0.45 045 0.55 0.55 0.45 0.55 0.55 0.45 0.50 0.55

03402 0.55 0.55 0.45 0.00 0.55 0.55 0.45 0.55 0.55 045 0.55 Q.55

03803 0.45 0.45 0.55 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45

03405 0.55 0.55 0.55 0.00 045 0.45 0.55 0.55 0.55 0.55 0.45 0.00

03507 0.45 0.45 0.45 0.45 045 0.45 0.45 0.45 0.55 0.45 0.45 0.45

03403 0.00 0.00 0.50 045 0.00 0.00 0.45 0.45 0.45 0.45 0.45 0.45

03412 0.55 0.55 0.45 0.55 0.55 0.55 0.55 0.55 0.55 0.00 0.45 0.50

03413 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.50 0.45

03414 0.45 0.45 0.45 0.00 0.00 0.00 0.45 0.45 0.45 0.45 0.45 0.00

03517 0.45 0.45 0.50 0.45 0.45 045 Q.50 0.45 0.45 0.50 0.55 045

04804 0.45 .45 0.55 0.00 045 0.50 045 045 0.45 0.00 0.00 0.50

04816 0.00 0.00 0.45 0.00 0.00 0.45 0.55 0.55 0.55 0.00 0.00 0.45

0418 0.53 0.53 0.55 Q.45 0.45 0.45 045 0.50 0.45 0.45 0.50 0.50

04421 0.55 0.535 Q.45 043 0.45 0.45 0.45 045 0.45 045 0.50 045

04423 Q.55 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.55

04424 0.55 0.55 0.43 0.00 0.50 0.435 0.00 0.00 0.00 0.00 0.55 0.535

04426 .00 0.00 0.53 0.00 0.50 0.50 0.45 0.50 0.50 0.50 0.00 0.00

04#32 -[ 0.00 0.00 Q.53 0.45 0.00 0.00 0.45 0.45 .45 0.45 0.50 0.45

04#40 0.00 0.00 055 0.45 0.55 0.45 0.45 045 0.45 0.45 0.50 0.50

04841 0.45 045 045 0.45 0.45 0.50 0.50 0.50 0.45 0.45 0.45 0.45

05401 0.45 0.45 0.00 0.45 0.45 0.50 0.00 0.45 0.00 0.45 0.55 0.45

05402 0.00 0.00 0.55 0.45 0.00 0.45 0.55 0.45 0.45 0.45 0.45 0.45

05#03 0.55 0.55 0.45 0.55 (.55 0.55 0.45 0.45 0.00 0.45 0.45 0.50

05405 0.45 0435 Q.53 045 (.45 0.45 0435 0.00 0.00 0.00 0.00 045

05410 0.00 0.00 0.06 0.55 .45 0.45 0.50 0.45 0.50 0.45 0.45 0.55

05#12 (.45 0.45 0.55 0.45 0.43 045 0.00 0.45 0.00 0.50 0.45 0.55

05413 Q.55 0.55 0.45 0.00 0.45 Q.55 0.00 0.50 0.55 0.50 .45 0.55

05#16 0.55 0.55 0.55 045 0.45 045 0.55 0.45 0.00 045 Q.55 0.45

05418 045 0.45 0.45 045 0.45 0.45 0.45 045 045 045 0.50 0.50

06403 0.55 0.55 0.55 0.00 0.00 0.45 0.00 0.00 0.00 045 0.45 0.45

06#04 045 0.45 0.55 0.45 045 0.50 0.00 (.45 045 0.45 £.45 0.45

06H05 Q.55 Q.55 Q.35 0.00 Q.55 0.50 0.53 0.55 0.55 0.45 0.45 0.45

06#06 Q.45 043 045 0.45 0.45 0.50 0.00 0.00 0.00 0.00 0.00 0.00

06409 0.55 0.55 0.55 045 0.00 0.45 0.50 0.00 .00 0.00 0.45 0.45

06H13 045 0.45 045 0.00 0.45 0.50 0.00 0.45 0.45 0.50 045 0.50

06514 0.55 0.35 0.45 0:00 0.00 0.00 0.00 0.00 0.45 0.50 0.00 0.45

06#15 0.55 0.53 0.45 0.45 045 Q.45 0.45 0435 0.45 0.50 0.00 0.45

06#17 0.55 0.55 0.45 0.00 0.55 0.00 0.00 0.45 0.00 0.00 0.50 0.45

06420 0.45 0.55 0.55 0.00 0.55 0.45 0.00 0.00 0.00 0.45 0.45 0.45

07401 Q.45 045 0.00 0.45 0.00 0.45 0.45 0.50 0.50 045 0.45 0.45

07#02 0.45 0.45 0.55 0.00 0.45 0.45 000 0.00 0.00 0.00 Q.00 0.00

07#05 0.55 0.55 0.55 0:45 0.50 0.50 345 0.45 Q.45 045 0.50 0.45

07407 0.45 0.45 0.45 045 0.00 0.00 0.00 0.60 0.00 045 0.45 045

07510 0.45 0.45 0.00 045 0.45 0.45 0.00 0.00 0.00 0.50, g.55 0.45

07411 0.45 0.45 0.45 0.00 0.50 0.45 0.00 0.45 045 .00 0.50 0.50
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07812 0.45 0.45 0.45 043 0.45 0.45 0.45 0.45 0.45 0.00 Q.55 045

07814 045 0.45 0.00 0.00 0.45 0.00 0.00 0.45 0.45 0.45 0.55 0.55

07#15 0.00 0.00 0.00 .45 0.45 0.45 0.45 0.00 0.00 045 0.45 0.45

07420 045 0.45 045 0.00 0.50 0.50 0.00 0.00 0.00 0.55. 0.45 0.45

08408 0.45 045 0.50 045 0.45 0.45 045 0.45 0.45 0.45 0.45 0.45

09403 043 0.55 0.45 0.50 0.45 0.45 0.45 0.45 0.45 045 0.45 0.45

09H05 0.55 0.55 0.45 (.45 0.45 0.45 0.00 0.45 0.50 045 0.45 0.45

] 0.55 0.55 .45 0.00 045 0.45 0.45 0.45 0.45 .45 Q.45 0.45

09#07 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 (.45 (.55 0.55 0.35

09#09 0.55 0.55 0.45 0.00 0.00 0.00 0.45 0.45 0.00 0.45 045 0.50

09412 0.45 0.45 0.45 043 .00 0.00 0.00 0.45 0.45 0.45 0.00 0.45

09413 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.43, 0.50 0.45 0.45

(9414 0.55 0.55 0.45 0.45 0.45 0.00 0.00 0.45 0.45 0.45 0.50 0.45

09517 0.55 0.55 0.45 0.45 0.45 0.50 0.00 0.50 0.50 0.45 0.50 0.45

09420 045 0.45 0.45 0.45 0.55 (.55 0.00 0.45 0.45 0.45 0.45 0.45

10#05 0.45 0.45 0.45 0.50 0.45 .45 0.50 0.45 0.45 0.45 0.45 0.00

10807 Q.55 0.55 0.45 0.45 0.43 0.45 045 0.53 0.53 0.45 0.50 0.45

10509 0.55 0.55 0.45 0.45 0.45 0.00 0.45 0.45 0.00 0.45 0.45 0.55

10410 043 0.45 0.45 0.45 0.00 0.50 000 0.43 0.45 045 0.45 0.45

10411 0.55 0.55 0.50 0.45 0.45 0.45 045 0.45 0.00 0.00 0.55 0.55

10415 0.55 0.55 0.45 045 0.45 0.50 0.00 0.00 0.00 045 0.55 0.45

10417 0.55 0.55 0.45 0.45 0.00 0.00 0.00 0.45 0.00 045 0.00 0.00

11501 0.00 .00 0.45 0.45 0.45 0.45 0.00 0.50 0.50 0.00 0.45 0.55

11#02 0.00 0.00 0.45 0.00 0.50 0.90 0.00 0.45 0.00 0.00 0.00 0.00

11#05 0.45 0.45 0.55 0.45 045 0.55 0.50 0.435 0.45 0.00 0.00 0.00

11407 0.45 045 0.55 0.45 0.50 0.45 0.50 0.00 0.00 045 _| - 045 0.00

11410 0.00 0.45 0.55 045 0.50 0.45 Q.00 0.45 0.45 0.45 0.00 0.45

11411 0.00 0.00 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.50

A3 0.45 0.45 0.45 0.50 0.45 0.50 0.50 0.50 0.50 0.00 0.45 0.45

11#14 0.55 0.55 0.55 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 045

11420 Q.55 (.55 0.45 0.50 0.45 0.45 0.55 0.45 0.45 0.45 (.55 0.55

12404 0.55 0.55 0.45 Q.00 0.71 0,50 0.45 0.45 0.45 045 0.50 0.50

12805 0.55 0.55 Q.45 Q.45 0.43 0.45 045 0.45 0.55 0.45 0.50 0.45

12406 0.00 0.00 0.00 045 0.50 0.45 .00 0.50 0.00 0.50 0.50 0.45

12#09 0.45 0.45 0.45 0.45 0.50 0.45 0.00 0.45 0.00 045 0.50 0.55

12#10 0.55 0.55 0.45 0.55 0.50 0.00 0.50 0.45 0.45 .50 0.45 0.45

12411 0.00 0.00 0.00 0.45 0.71 0.45 0.45 0.45 0.45 0.45 0.45 045

12812 0.45 0.45 0.45 0.45 0.50 0.00 0.45 0.45 0.00 0.45 0.45 045

12413 0.45 45 045 0.00 0.50 0.45 0.45 0.45 0.45 0.00 0.00 0.45

12415 0.55 0.535 0.45 0.00 0.50 0.00 0.00 0.45 0.00 0.00 0.45 0.50

134501 0.55 0.55 0.45 0.55 0.00 0.45 0.45 0.50 0.50 0.45 0.55 0.55

13410 0.45 0.45 0.45 0.00 0.55 0.55 045 0.45 0.45 0.00 0.45 0.45

13#13 0.00 0.00 0.45 0.45 0.45 0.50. 0.45 0.45 0.45 0.535 0.45 0.45

13414 0.00 0.45 0.45 0.45 0.00 045 0.45 0.55 0.45 0.5¢ 045 0.00

13415 0.55 0.45 0.00 0.45 0.45 045 045 0.45 0.45 0.00 0.45 0.55

13416 0.00 Q.00 0.50 Q.45 0.55 0.55 0.00 0.55 0.45 0.45 0.55 0.55

13418 045 0.55 0.45 .55 0.55 0.55 0.55 0.55 0.55 045 Q.55 0.55

14502 0.53 0.53 0.45 0.45 0.00 0.45 0.50 0.45 0.00 0.00 0.45 0.45

14403 Q.45 045 0.00 0.00 0.45 0.00 0.45 0.50 0.45 0.55 6.45 0.45

14H05 0.55 0.55 0.45 0.55 0.45 0.45 0.50 0.50 0.50 0.00 0.45 0.00

14407 (.55 0.55 Q.00 0.45 0.55 0.55 0.50 0.45 0.55 0.45 0.45 0.43

14410 0.535 Q.55 0.55 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.45 0.45

14413 0435 0.45 0.55 045 0.45 0.00 0.00 0.45 0.00 0.45 0.00 0.00

14414 0.00 0.00 0.45 0.45 0.45 0.45 0.00 0.45 0.45 0.00 0.45 0.45

14#15 0.45 0.45 0.45 0.00 0.55 0.45 0.45 0.45 045 0,43 0.55 0.45

14817 0.45 0.45 0.45 0.50 0.45 0.00 0.45 0.45 0.45 0.35 0.55 045

14418 0.55 0.55 0.45 0.55 0.45 0.45 0.55 0.45 0.45 0.45 0.45 045

15801 0.55 0.55 0.45 Q.55 0.45 0.00 Q.45 0.00 0.00 0.00 0.00 045

15405 0.00 0.00 0.45 045 0.00 0.00 0.55 0.00 0.45 0.45 045 0.45

15406 045 0.45 0.45 0.55 0.55 0.535 0.50 0.45 0.45 0.45 0.45 0.45

15409 045 045 0.00 0.55 045 0.45 0.55 .55 0.45 0.45 045 0.45

15810 0.55 Q.55 0.45 0.55 [ 0.55 0.45 0.55 0.45 0.55 0.00 0.45 0.45

15411 045 Q.45 Q.45 0.53 0.00 0.00 0.00 0.45 0.45 0.45 045 0.45

15413 0.00 0.00 Q.55 0.45 0.55 0.00 045 0.45 0.00 0.45 0.45 0.45

15#15 0.00 0.00 0.00 0.45 0.45 0.00 043 045 0.00 0.45 0.00 0.45

15420 0.55 0.55 0.00 0.45 Q.55 0.45 0.00 0.50 0.50 0.00 0.50 0.50
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16401 0.45 0.45 0.00 0.45 0.45 0.45 0.45 0.45 0.45 0435 0.45 0.45

16402 045 0.45 0.45 045 0.55 0.55 0.45 0.45 0.50 0.50 0.45 0.45

16403 0.55 0.55 0.50 0.00 0.00 0.00 0.00 0.00 0.00 045 0.45 0.55

16404 0.00 0.00 Q.50 045 0.45 0.00 0.50 0.00 0.55 045 0.00 0.50

16405 0.55 0.55 0.43 045 0.45 045 0.00 0.00 Q.45 0.00 0.45 0.45

16410 | 045 0.45 0.45 0.00 0.45 0.45 0.45 0.45 0.45 0.55 0.50 0.50

16411 0.55 0.55 0.45 0.00 Q.43 0.00 0.45 0.50 0.50 0.45 0.00 0.45

16812 0.55 0.55 0.45 0.00 0.45 0.45 0.00 0.45 0.00 0.45 0.45 0.45

16416 0.00 0.00 0.50 0.50 045 0.45 0.50 0.50 0.45 0.00 0.45 0.45

16418 0.45 045 0.50 0.45 045 Q.45 0.50 0.50 0.50 0.55 0.45 0.45

17801 0.45 045 0.00 0.00 0.45 0.00 0.45 0.45 0.55 0.45 0.45 0.45

17#02 6.55 0.55 0.45 0.00 .00 2.00 0.45 0.45 0.45 0.00 0.45 0.00

174503 0.55 0.55 045 0.45 0.55 0.45 045 0.45 0.55 0.00 0.55 0.55

17504 0.45 0.45 0.50 0.435 (.45 0.45 0.45 0.45 0.45 0.45 0.45 0.00

174H06 0.55 0.55 0.45 0.45 0.00 0.45 0.55 0.45 0.45 0.00 0.00 0.00

17407 0.55 0.55 0.45 0.45 0.00 0.45 0.00 0.50 0.50 0.50 045 0.45

17409 (.45 0.45 0.45 0.55 0.00 0.45 0.45 0.45 0.45 0.50 0.45 0.43

17413 0.55 0.55 0.45 0.45 0.55 0.50 0.00 0.45 0.45 0.45 0.45 0.50

17414 0.45 0.45 0.45 0.00 0.45 045 0.45 0.45 0.45 0.00 0.45 0.45

17#15 0.55 0.55 0.55 0.55 0.55 0.45 0435 Q.45 0.45 0.50 0.45 0.45

17817 0.45 0.45 0.45 045 0.00 0.45 0.55 0.45 0.00 0.00 0.00 0.00

18#02 0.00 0.00 0.45 0.45 0.00 0.55 .00 0.50 0.45 0.45 0.50 0.50

184703 045 0.45 0.45 045 0.45 0.45 0.45 0.45 0.45 045 0.45 0.45

18704 045 0.45 0.45 045 0.45 0.50 0.00 0.50 0.50 0.50 0.45 0.45

18405 043 045 0.00 045 Q.55 0.55 045 0.45 0.45 Q.50 0.00 0.45

18406 0.55 0.35 0.45 0.00 0.00 045 0.45 045 0.45 0.55 (.45 0.74

18407 055 0.55 0.00 0.60 0.00 0.45 0.00 0.00 0.00 045 0.43 0.45

18410 .00 0.00 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.50 0.50 0.50

18#15 0.00 0.00 0.45 0.00 0.50 0.50 0.45 0.50 0.50 0.50 0.50 0.50

18#17 0.55 0.55 0.00 0.45 0.00 0.45 0.55 0.45 0.45 0.45 0.00 0.45

18418 0.45 0.45 0.00 0.00 0435 0.00 0.00 0.00 (.00 045 0.45 0.45

20401 0.535 0.55 (.45 0.45 045 0.45 0.00 0.45 .45 0.60 045 0.45

20402 0.45 0.45 0.45 0.45 0.55 0.45 0.00 0.45 0.45 0.50 0.35 0.45

20#03 0.535 0.55 0.55 0.45 0.35 0.45 0.35 0.45 0.50 0.55 0.55 0.45

20405 0.55 0.55 0.00 0.45 0.45 0.50 0.00 0.45 0.00 0.45 0.00 0.45

20807 0.45 0.45 0.55 0.45 0.00 0.00 0.45 0.45 0.45 0.50 0.45 0.45

20409 0.45 0.45 0.53 045 0.45 Q.00 0.45 0.00 0.00 0.45 0.00 0.00

20410 045 0.45 0.45 0.45 0.45 0.00 045 0.00 0.00 0.00 0.00 0.00

20811 0.55 0.55 0.00 0.00 0.50 0.00 000 0.00 0.00 0.00 0,45 0.55

20413 Q.55 0.55 0.45 045 0.45 0.45 0.00 0.50 0.45 (.00 Q.55 0.45

206420 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45

2142 0.55 0.55 0.55 0.00 0.45 0.45 0.00 0.45 0.00 0.00 0.00 0.45

21422 045 0.45 0.45 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00

21423 345 0.45 0.00 0.45 0.45 0.45 045 0.55 045 0.00 0.00 0.00

21424 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.50 0.45 0.00

21428 045 0.45 045 0.00 0.50 0.00 0.00 0.45 0.45 0.45 0.45 0.50

21429 0.45 0.45 045 0.45 0.50 0.00 0.00 0.00 0.00 043 0.50 0.45

21435 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.55 0.55

21433 0.45 0.45 0.00 0.00 045 0.00 6.00 0.00 0.00 0.00 0.00 0.00

21436 0.55 0.55 045 0.00 0.50 0.00 0.00 0.00 0.00 0.50 0.45 0.00

21437 043 0.45 0.00 0.00 .45 045 0.00 0.00 0.00 0.00 0.00 0.00

22422 0.45 0.45 0.45 0.45 0.45 0.00 0.00 0.45 0.00 0.00 0.45 0.45

22423 0.55 0.55 0.45 0.50 0.50 0.45 0.45 0.45 0.45 0.00 0.45 0.45

22824 0.45 0.45 0.45 0.00 0.50 045 0.00 0.45 0.00 0.45 0.45 0.45

22415 0.45 0.45 0.45 0.45 0.50 045 0.00 0.50 0.45 0.45 0.00 0.00

22429 0.45 045 0.45 0.50 0.45 045 0.45 0.50 0.00 0.45 0.55 0.55

22435 0.45 0.55 0.55 0.00 0.55 0.55 055 Q.55 0.00 0.55 0.55 Q.55

22438 0.00 0.00 0.45 045 0.50 0.45 0.55 0.45 0.45 0.50 0.00 0.00

22639 0.55 0.45 0.45 045 0.45 0.55 0.45 0.45 0.45 0.45 .45 0.45

22841 045 0.55 0.45 0.50 0.45 0.00 0.55 0.50 0.55 0.45 0.00 0.00

22443 045 0.45 0.45 0.00 0.45 0.45 0.35 0.45 0.35 0.45 045 0.45

23421 0.45 0.45 0.45 0.00 0.45 0.45 0.00 0.00 0.45 0.00 0.55 0.55

23423 0.55 0.55 0.35 0.00 0.45 0.00 3.00 0.45 0.45 Q.00 0.55 0.55

23424 0.55 0.55 0.45 0.00 0.45 0.50 0.00 0.45 0.45 0.00 0.45 0.55

13428 0.45 045 0.50 0.00 0.45 0.50 0.00 .45 045 0.45 0.45 0.45

23429 0.45 0.55 0.45 0.00 0.50 0.50 0.00 0.55 045 0.45 0.45 0.00
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23436 0.45 0.45 045 0.00 0.50 0.50 0.00 0.00 045 045 0.45 0.50

23437 0.45 0.45 0.45 0.00 0.50 0.45 0.00 45 (.45 0.00 0.45 0.45

23438 0.45 0.45 0.45 0.50 0.50 0.45 0.45 0.45 0.45 0.50 0.45 0.45

23440 0.55 0.35 0.45 0.45 0.45 0.00 0.45 0.00 0.00 0.45 0.45 0.45

23443 0.55 0.55 0.50 0.45 0.00 0.45 0.45 0.00 0.45 0.50 0.00 0.00

24422 0.55 0.55 0.00 045 0.45 0.45 0.55 0.45 0.45 0.50 0.00 0.00

24423 0.00 0.00 0.55 0.45 0.45 045 045 0.00 0.45 0.45 0.00 0.00

24424 0.00 0.00 0.45 0.00 0.00 0.00 0435 0.45 0.45 0.55 0.00 0.00

24426 0.00 0.00 0.45 0.55 045 0.45 .43 0.45 0.45 0.00 0.45 0.45

24427 0.00 0.00 0.00 0.00 0.45 0.55 .45 0.50 0.45 0.00 0.45 045

24429 0.55 0.55 0.50 .45 0.45 0.00 0.00 0.00 0.00 0.00 0.55 0.55

24432 0.00 0.00 0.00 0.45 045 0.45 0.45 0.00 0.45 0.45 0.45 0.45

24435 0.55 055 0.00 0.55 0.00 0.00 0.55 Q.55 Q.55 0.00 0.55 0.55

24443 0.55 0.55 0.45 0.55 0.45 0.55 045 0.00 0.45 045 0.55 0.55

24445 0.00 0.00 0.45 0.45 0.45 0.45 0.45 045 0.00 0.45 0.45 0.45

25421 045 045 0.45 045 0.45 0.45 045 0.45 .45 .00 0.45 0.45

25422 0.55 0.55 0.45 0.00 Q.55 Q.35 0.45 0.45 0.45 0.45 0.45 0.43

25423 0.45 0.45 0.45 0.55 0.45 0.45 0.45 0.45 0.55 0.50 0.45 0.45

25424 0.45 0.45 0.45 0.00 0.45 0.45 0.00 0.00 0.00 0.55 0.45 0.45

25425 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.45 0.00. 0.00 0.45

25427 045 0.45 0.55 0.00 0.00 045 0.00 0.45 0.00 045 0.00 0.53

25428 0.55 0.53 0.45 045 0.43 0.45 0.00 0.00 0.00 0.45 0.00 0.00

25429 0.55 0.55 0.45 045 0.00 0.45 0.00 0.00 0.00 0.45 0.00 Q.55

25436 045 045 0.45 0.45 0.45 0.00 .45 0435 0.43 0.00 0.45 0.45

25139 0.55 0.55 0.45 0.45 0.45 0.45 0.45 0.55 0.55 0.45 0.00 0.00

26423 0.45 0.45 045 0.45 0.00 0.45 0.00 Q.45 0.0 045 0.00 0.00

26424 0.45 0.45 0.45 0.00 Q.00 0.45 0.45 045 0.45 0.0 0.45 0.45

26426 0.45 0.45 0.45 0.00 0.00 0.00 0.00 0.00 .45 0.45 0.55 0.55

26431 0.45 0.45 0.45 0.00 0.45 0.50 0.00 0.50 0.00 0.50 0.45 0.45

26432 045 0.45 0.45 0.00 0.45 0.00 0.45 0.00 0.45 0.00 0.55 0.45

26837 0.00 0.00 0.45 0.45 0.45 0.45 0.00 0.45 0.00 0.45 0.45 Q.43

26438 0.45 0.45 0.55 0.50 0.45 0.00 045 0.45 0.45 0.45 0.45 0.55

26440 0.45 0.45 0.45 045 0.00 0.00 045 0.45 0.50 0.50 0.00 0.00

26541 Q.55 0.55 0.55 0.00 0.00 0.00 .00 0.00 0.45 0.55 0.00 0.00

26443 045 0.45 045 0.45 0.00 0.00 0.00 0.45 045 0.00 0.00 0.00

27821 0.55 0.55 053 0.50 045 0.45 0.45 0.50 0.50 045 0.45 0.45

27423 0.55 0.55 0.50 0.50 0.50 0.50 0.50 045 0.50 0.55 045 0.00

274#24 Q.55 0.55 0.45 0.55 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00

27427 0.55 0.55 0.55 0.00 0.45 0.00 0.00 0.00 .00 045 0.45 0.55

27428 0.55 0.55 0.00 0.45 .45 0.00 045 0.00 0.45 0.00 0.00 0.00

27#29 0.45 .45 0.55 0.45 0.00 0.00 0.00 0.00 0.45 0.45 0.45 0.45

27436 0.55 0.55 0.55 0.50 0.45 0.50 0.55 0.50 0.45 0.45 0.00 0.00

27438 0.00 0.00 0.45 0.50 0.50. | 0.50 0.00 0.45 0.45 0.45 0.50 0.435

27540 Q.55 0.55 045 0.50 0.50 0.50 045 0.00 0.45 0.45 045 0.50

2TH43 045 Q45 0.45 0.30 0.50 0.45 0.50 0.45 0.50 Q.50 0.45 0.50

28421 0.45 Q.55 0.50 0.45 0.45 0.45 0.50 0.00 0.45 0.45 Q.50 0.50

2BH22 0.55 Q.53 0.45 045 0.50 0.45 0.45 0.00 045 045 0.45 0.00

28428 0.55 0.55 0.00 0.45 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.45

28429 0.55 0.55 0.55 045 0.45 0.00 0.00 04.00 045 0.45 0.00 0.00

28431 0.45 0.55 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.45 0.00 0.00

28435 0.00 0.55 0.00 0.00 0.35 0.55 0.0 0.00 0.00 0.00 0.00 0.55

18A/36 0.55 0.55 0.45 0.00 445 0.00 0.50 0.00 0.00 0.00 045 0.00

28438 0.45 0.55 0.45 0.45 0.45 0.55 0.45 0.45 045 0.50 0.55 0.45

28843 0.00 0.45 0.45 0.45 0.45 0.55 045 0.45 0.45 0.45 0.55 0.55

28545 0.45 0.45 0.55 045 0.45 0.00 0.00 0.00 0.00 0.55 045 0.00

29422 Q.55 0.55 0.45 055 0.55 0.55 0.55 0.55 0.50 0.55 0.00 045

2923 0.00 0.00 0.00 0.55 0.50 0.45 045 0.55 0.55 0.55 0.55 0.45

29424 055 Q.55 0.45 0.00 0.45 0.00 0.60 0.00 0.00 045 0.00 0.00

29425 0.55 055 0.53 0.45 045 0.50 0.00 0.45 0.45 0.00 0.00 0.50

25429 0.55 0.55 0.55 0.55 045 0.45 0.45 0.00 0.00 .00 0.00 0.00

29435 0.55 0.55 0.00 0.00 0.55 0.55 0.00 0.55 0.00 0.00 0.00 Q.55

29438 0.45 0.55 0.45 0.33 0.45 0.45 0.45 0.45 0.45 045 0.55 Q.55

29439 045 045 0.50 0.335 045 0.50 0.45 0.55 0.55 043 0.55 0.45

29441 045 0.55 045 0.43 0.74 0.45 0.74 0.55 0.55 0.55 0.5% 0.45

29843 045 0.55 045 0.45 0.50 0.43 0.45 0.45 0.45 0.45 0.35 0.45

30422 0.55 0.55 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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30423 0.55 0.55 0.45 0435 0.45 0.45 0.00 Q.45 (.45 0.45 0.50 0.45

30524 045 045 0.45 0.00 0.50 0.50 0.45 0.50 0.00 0.55 0.45 0.45

30429 0.55 0.55 045 Q.45 Q.55 0.45 0.50 0.50 0.50 045 0.55 0.45

30430 Q.45 0.45 0.55 0.45 0.45 0.45 0.45 0.45 0.45 Q.55 0.45 0.55

30431 0.55 0.55 0.45 0.45 0.53 0.45 0.00 0.45 0.00 0.45 0.55 0.55

30432 0.45 0.45 0.45 0.00 045 0.00 0.00 .00 0.00 0.00 0.00 0.45

30435 0.55 0.55 0.00 0.00 0.00 0.00 0.55 000" 000 0.00 0.55 0.55

30438 0.35 0.535 0.435 0.00 0.55 0.45 045 0.45 0.45 0.45 0.45 0.45

30443 0.55 0.55 0.55 043 345 0.45 0.43 043 0435 0.00 0.45 0.55

31426 0.45 0.45 0.45 0.45 0.50 0.50 0.45 0.45 0.45 0.45 0.50 0.50

31430 0.45 045 045 0.55 0.55 0.55 045 0.00 0.00 0.45 0.45 0.45

31431 0.45 0.45 0.43 0.00 0.00 0.00 0.55 0.45 0.45 0.00 0.45 0.45

31432 0.55 0.55 0.45 0.50 0.50 0.45 045 0.50 0.45 0.45 0.45 0.45

31438 0.55 0.55 0.50 045 0.45 0.45 0.45 0.435 0.45 0.50 0.45 0.45

31439 045 0.45 0.50 (.45 0.00 0.45 0.45 0.00 0.00 0.50 0,55 0.55

31840 043 045 0.30 0.50 0.50 0.45 0.45 0.50 045 0.45 0.45 0.45

3#41 0.55 0.55 0.45 0.45 0.55 0.55 045 0.45 0.45 045 0.45 0.45

31443 0.55 0.55 0.45 045 0.50 0.45 0.43 0.45 045 0.45 0.45 0.45

31845 0.45 0.45 0.45 0.45 0.45 0.45 0.55 0.55 0.55 045 Q.55 0.50

32422 0.55 0.55 0.00 0.50 Q.45 Q.30 0.00 0.45 0.45 0.45 0.45 0.55

32423 0.89 0.89 0.55 0.00 0.45 0.45 0.00 0.45 0.45 0.00 0.00 0.55

32424 0.55 0.53 0.45 043 0.50 0.45 045 0.50 0.50 0.45 0.55 0.45

32626 0.45 0.45 0.45 045 0.45 0.45 0.00 0.45 0.00 0.45 0.55 0.55

32430 0.55 0.55 0.55 045 (.00 0.00 045 0.00 0.45 045 Q.50 0.53

3243 0.55 Q.55 0.45 0.45 0.00 0.45 0.45 0.45 0.45 0.45 0.00 0.00

32432 045 045 0.55 045 0.45 0.00 0.45 .45 0.45 0.00 0.55 0.53

32H34 0.45 0.55 345 0.45 0.45 0.45 0.50 0.50 0.50 045 0.45 0.45

32540 0.45 0.45 0.55 0.45 0.00 0.45 0.50 0.50 0.45 0.50 045 0.45

32441 0.55 0.55 0.55 0.00 .45 0.45 0.50 0.50 045 0.45 0.00 0.00

33N Q.35 0.55 0.45 0.5¢ .50 0.50 0.45 0.00 0.00 0.55 0.45 0.45

33422 Q.53 0.55 0.45 0.50 0.45 045 0.45 0.45 0.00 045 0.55 0.50

33423 045 0.55 Q.55 Q.50 0.45 0.45 0.35 0.55 0.435 0.45 0.50 0.45

33424 0.45 0.55 0.45 0.55 0.45 0.45 045 0.45 0.50 045 (.45 0.45

33428 ¢45 0.55 0.50 0.45 0.45 0.00 0.55 0.45 0.50 (.00 0.00 0.00

33429 0.45 0.55 0.45 0.45 Q.55 0.55 0.45 0.55 0.55 0.45 045 0.535

33433 0.45 .45 0.55 0.00 0.00 0.00 0.50 0.50 0.45 0.45 0.00 0.00

33435 0.55 0.55 0.55 0.55 0.00 0.00 0.55 0.00 0.55 0.00 0.00 0.55

33436 0.45 0.55 0.45 0.50 0.50 0.55 0.00 0.55 0.45 0.00 0.00 0.00

33439 0.45 0.55 0.35 0.50 0.50 0.50 0.45 0.45 0.45 0.45 0.45 0.45

3434 0.00 0.00 0.45 0.00 0.45 0.00 045 045 045 0.00 0.00 0.45

34408 0:55 0.55 0.45 043 0.45 0.55 0.55 0.45 0.45 Q435 0.45 0.45

35421 045 045 Q.55 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

35422 0.55 0.45 0.00 0.55 0.53 0.35 0.55 Q.55 0.55 0.55 0.55 0.55

35423 0.45 0.45 0.00 0.00 Q.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00

35424 0.55 0.45 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00

35418 0.45 0.45 0.00 0.535 0.00 0.00 0.55 0.00 0.55 0.55 0.55 0.55

35428 0.45 0.45 0.00 0.00 0.53 0.55 0.00 0.0C 0.00 0.00 0.00 0.00

35429 0.55 0.55 0.55 0.00 0.55 0.55 09.00 0.55 0.55 0.00 0.55 Q.55

35H3S 045 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55

35436 0.45 0.45 0.00 0.55 0.00 0.00 0.53 0.55 0.55 0.00 0.00 0-.00

35445 0.43 0.45 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00

36421 045 045 0.45 0.55 0.45 0.00 0.45 0.45 0.00 0.45 0.00 0.45

36422 0.84 0.84 045 0.50 0.50 0.45 0.60 0.50 0.00 0.00 0.00 045

36423 0.55 0.55 0.45 0.45 Q.45 0.45 0.45 045 045 0.00 045 0.45

36424 0.45 0.55 0.00 0.00 0.50 0.45 0.00 0.45 0.45 0.45 0.45 0.45

36428 0.55 0.55 0.00 0.50 .50 Q.50 0.45 0.50 0.50 0.45 0.50 0.45

36429 0.45 0.45 0.45 0.00 0.45 045 0.00 0.45 0.00 0.45 0.00 0.45

36435 0.00 0.55 0.55 0.55 0.55 0.00 0.55 0.55 0.55 0.00 0.55 0.55

36436 Q.55 0.55 0.00 0.00 0.45 0.50 0.00 0.50 045 0.00 0.00 0.45

36538 0.45 0.45 0.45 0.43 0.45 0.55 0.45 0.3 0.55 045 Q.55 (.55

36439 0.55 0.55 0.00 0.45 0.50 0.50 0.45 0.55 045 045 0.45 0.00

37422 045 0.45 0.45 0.45 Q.55 0.55 0.00 0.00 .00 045 0.45 0.45

37423 0.55 0.33 0.45 0.45 0.00 0.00 0.00 0.00 0.00 045 0.00 0.00

37424 0.45 0.45 0.45 045 0.55 0.45 0.45 0.45 0.45 0.55 0.55 0.45

37429 0.55 0.45 0.45 0.45 0.50 0.45 0.00 0.50 0.00 0.55 0.45 0.45

37430 045 0.55 0.55 0.45 0.00 0.00 0.00 0.00 0.00 0.50 0.00 045
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37431 0.53 0.55 Q.55 0.45 0.00 0.45 0.45 0.45 0.45 0.55 0.50 0.45

37H35 0.00 0.00 0.55 0.00 0.53 0.55 0.55 0.00 0.00 0.00 0.00 0.55

37637 0.45 0.45 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.55 0.00 0.00

37438 0.00 0.00 0.45 0.55 0.45 0.55 0.45 0.30 0.45 0.45 0.45 0.45

37443 0.45 0.45 0.45 0.45 0.45 0.45 0.55 0.45 0.45 0.00 0.45 0.45

38421 0.435 0.45 0.45 0.50 0.00 045 0.55 0.45 0.00 0.45 045 0.435

38428 0.55 0.55 0.45 0.45 0.45 045 9.50 0.45 0.45 0.55 0.45 0.45

38430 0.45 0.45 0.45 0.00 0.55 045 0.00 0.00 0.00 0.00 0.45 Q.55

I8H31 0.55 0.55 0.45 0.45 0.50 0.45 0.45 0.50 0.45 0.55 0.43 0.50

38436 0.55 0.45 0.45 0.45 0.45 0.45 045 0.45 0.45 0.45 0.00 0.45

38437 0.45 0.45 0.45 0.45 045 0.50 0.00 0.45 0.50 0.00 0.00 0.45

38438 0.45 0.45 0.45 0.00 0.45 0.45 045 0.45 0.45 0.45 0.45 0.45

38441 0.00 0.00 0.45 0.435 0.45 0.45 0.00 0.45 0.00 0.45 0.45 0.55

38143 045 Q.45 0.45 0.00 0.55 0.45 0.00 0.45 0.55 0.55 0.00 0.00

38445 045 0.45 Q.55 0.50 0.00 0.45 0.55 0.43 045 0.45 0.45 0.50

39422 0.45 0.45 0.45 0.55 0.55 0.45 0.00 0.00 0.55 Q.00 0.45 0.45

39423 0.45 Q.45 0.45 045 0.50 0.00 0.45 0.00 0.00 0.45 0.00 0.45

39424 0.45 0.45 0.50 (.45 0.50 0.45 0.45 0.45 Q.00 0.50 0.45 0.45

39426 0.45 0.55 0.45 0.45 .50 0.50 0.00 045 0.45 0.55 0.45 Q.55

J9H32 045 0.55 0.45 0.45 0.45 045 0.00 .00 .00 0.55 0.00 0.45

39433 0.00 0.00 0.45 0.45 0.55 0.50 0.00 0.00 0.00 0.00 0.55 0.45

30435 0.55 0.45 0.00 0.00 0.55 0.55 0.535 0.00 0.00 0.55 0.55 0.55

39439 0.45 0.45 0.45 0.45 0.00 0.00 0.00 0.00 0.00 0.45 0.00 045

39440 0.45 0.55 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.45 0.00 0.45

39445 0.35 0.55 0.45 (.50 0.00 045 0.45 Q.55 0.55 (.45, 0.50 0.43

40#21 0.45 0.45 0.45 Q.50 045 0.45 045 0.50 0.50 0.55 045 0.45

40426 0.55 0.55 0.55 0.00 0.45 0.00 045 0.45 0.45 0.55 0.00 0.00

40431 045 0.55 0.55 0.50 0.45 0.45 0.45 0.50 0.50 0.00 0.45 .45

40432 Q.55 0.55 0.45 0.00 0.00 0.00 .50 0.45 045 0.00 0.45 0.00

40434 0.00 0.43 0.45 0.45 0.45 0.45 0.45 0.45 0.45 045 0.45 0.45

40436 0.55 .45 0.45 0.45 0.00 0.45 0.00 0.00 0.00 0.43 0.55 0.45

40438 0.00 0.45 0.55 045 Q.45 0.45 0.00 0.00 0.00 .45 0.00 0.0C

40440 0.55 0.55 0.45 045 0.00 0.00 |- 000 0.00 045 .45 0.00 0.00

40442 0.00 0.45 0.45 0.50 0.00 0.45 0.45 0.45 045 .50 Q.43 0.45

40444 0.45 0.45 0.45 0.00 0.45 0.45 0.00 0.00 0.00 0.50 0.00 0.00

41426 0.55 0.55 0.45 0.00 045 0.45 045 0.50 0.30 0.45 0.00 0.00

41431 0.55 0.55 0.45 0.00 0.55 0.45 0.50 0.45 0.50 0.50 0.00 0.50

41432 0.55 0.55 0.45 0.00 0.00 0.00 045 0.45 0.45 0.45 0.45 0.45

41834 0.00 0.00 0.45 043 0.50 0.50 045 0.50 0.50 0.45 0.00 0.00

41436 045 0.55 0.45 .00 0.00 0.00 045 0.45 0.45 0.45 0.00 0.55

41438 0.55 0.55 0.45 045 0.45 0.45 045 0.45 0.45 045 0.00 (.00

41440 0.55 0.55 Q.53 045 0.45 043 045 0.45 0.45 045 (.45 0.45

41441 0.00 0.00 0.55 0.45 0.45 0.45 0.45 045 0.45 035 0.45 0.45

41443 045 Q.45 0.45 0.45 0.45 0.45 0.00 0.00 045 0.55 0.00 0.00

41444 .55 0.55 0.45 0.45 0.45 0.45 0.45 0.45 045 045 0.00 0.00

42421 0.45 0.55 0.45 0.50 0.50 0.50 0.55 0.45 0.55 045, 0.50 0.50

42622 0.55 0.55 0.55 0.50 0.00 0.00 0.50 0.50 0.45 045 0.00 0.00

42413 0.00 0.00 0.45 0.45 0.45 0.45 0.45 0.45 0.00 0.45 0.50 0.50

42424 0.45 0.45 0.55 0.45 (.45 Q.45 0.43 045 0.50 0.00 0.00 0.00

23125 | 055 | 055 | 045 | 045 | 0.00 | 000 | 000 | 000 | 045 | 045 | 000 | 045

42428 045 0.45 0.45 0.50 0.45 0.45 0.00 0.00 0.0¢ 0.45 0.00 045

42429 0.55 0.55 0.53 0.45 045 0.00 0.00 0.00 0.45 045 0.00 0.45

42430 Q.55 0.55 0.55 0.00 0.45 0.00 0.50 0.45 0.00 045 0.00 0.45

42842 0.55 0.55 0.45 0.00 0.00 0.00 0.00 0.00 0.45 0.45 0.00 0.00

42445 0.00 0.45 0.50 045 0.00 .00 045 0.00 0.45 0.45 0.45 0.50

43413 045 0.45 0.45 0.50 0.45 0.45 0.50 0.45 0.45 0.45 045 0.45

43424 0.53 Q.55 0.45 .00 0.50 0.45 0.00 0.45 0.00 043 0.45 0.5¢

43426 0.55 0.55 0.45 0.45 0.50 0.45 6.00 0.45 045 000 0.00 0.00

43431 0.45 0.45 0.55 0.55 0.45 0.45 0.45 0.45 0.45 (.45 045 045

43436 045 0.45 0.45 0.00 0.50 0.55 0.00 0.45 0.45 0.45 0.55 0.45

43438 0.45 0.45 Q.45 0.45 0.45 0.00 0.00 0.00 0.00 0.45 0.00 0.00

43439 0.55 055 0.45 0.45 045 0.45 0.45 0.55 0.45 0.50 0.45 0.45

43840 0.55 0.55 0.00 0.55 0.55 0.45 0.45 0.45 0.00 0.45 0.00 0.00

43841 045 0.45 0.55 045 0.45 0.00 0.00 0.00 0.00 0.50 0.00 0.00

43443 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.45 0.00 0.45 0.00 0.00

44421 0.55 0.55 0.55 0.00 0.50 0.45 0.00 0.45 0.00 0.45 0.00 045
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44823 0.55 0.55 0.55 0.45 0.00 0.00 045 0.00 0.00 0.45 0.00 0.45

44424 0.55 0.55 0.45 0.45 0.55 0.45 0.00 0.45 0.00 Q.55 0.00 0.00

44428 0.55 0.55 0.50 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.55

44431 0.55 0.55 0.45 0.00 0.55 0.45 0.00 0.45 0.45 0.55 0.00 Q.00

44436 Q.55 Q.55 0.45 0.45 0.45 0.45 0.00 0.00 0.00 0.45 0.00 0.55

44438 0.00 0.43 0.45 0.00 0.00 -0.00 0.00 0.00 0.00 045 0.00 0.00

44443 0.45 0.45 0.55 0.00 0.45 0.45 0.45 0.00 0.00 0.55 0.00 0.00

44444 0.55 0.53 0.45 0.00 0.45 0.00 0.00 045 0.45 045 0.00 0.00

44445 0.55 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.45 0.55

45422 0.55 0.55 0.45 0.45 0.45 0.45 0.45 0.45 0.45 045 0.00 0.45

45423 0.45 045 0.45 0.50 0.00 0.00 0.45 Q.45 Q.45 .00 0.00 0.55

45424 045 045 0.45 045 0.50 0.00 0.45 0.45 0.45 0.45 045 0.45

45H26 0.00 0.00 Q.55 0.45 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.55

45432 0.45 0.45 0.00 0.55 0.55 0.55 0.45 0.55 0.55 0.50 0.45 0.45

45433 055 0.55 0.45 0.00 0.50 0.45 0.45 0.00 0.00 0.00 0.00 0.55

45435 0.55 0.55 0.55 0.00 0.55 0.55 0.00 0.55 0.55 0.55 0.55 0.55

4543% 0.55 0.55 0.45 0.00 0.45 0.00 0.00 0.00 0.00 0.50 0.00 0.00

45440 0.00 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.43

45848 0.55 0.55 0.45 0.45 0.45 0.45 0.00 0.45 0.00 0.00 0.00 .45

46449 0.00 0.00 0.55 0.00 0.55 0.55 0.00 0.00 0.00 0.00 0.55 0.55

46#25 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

46447 0.00 0.00 0.00 0.55 0.00 (.55 0.00 0.00 0.00 0.00 0.55 0.35

46450 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55

46446 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 .00 0.00 0.00

46452 0.00 0.00 0.55 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00

46438 0.00 0.55 0.00 0.55 0,55 Q.55 0.00 0.55 0.53 0.55 0.55 0.55

46841 0.55 0.55 0.00 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.00 0.00

46154 0.55 0.55 0.00 0.35 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55

46#32 0.00 0.00 055 Q.00 0.55 0.55 0.00 0.55 0.55 0.00 0.00 0.00

47447 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.00 0.55

47457 0.535 0.55 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 Q.55

47#48 0.55 0.00 0.00 0.55 0.55 0.55 0.00 0.55 0.55 0.00 0.55 0.55

47521 0.00 0.00 0.00 0.55 0.00 Q.55 0.00 0.00 0.00 0.55 0.55 .55

47423 0.00 0.00 0.55 0.00 0.55 0.55 000 0.00 0.00 0.55 0.00 0.00

47427 0.55 0.55 0.00 0.55 0.55 0.00 0.55 0.00 0.55 0.00 0.00 0.00

47455 0.55 0.55 0.00 0.00 0.55 0.535 0.00 0.00 0.00 0.00 0.00 0.00

47453 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00

47H59 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

47560 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00

48H48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00

48447 0.00 0.00 0.55 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00

48457 0.00 0.00 0.00 0.00 0.00 0.00 Q.55 0.00 0.55 0.55 0.00 Q.35

48449 0.55 0.55 0.00 0.00 0.00 0.60 Q.55 0.55 0.00 0.00 0.00 0.00

48527 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00

48423 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

48451 0.00 0.00 0.00 0.55 0.55 0.55 0.00 0.00 0.00 0.55 .00 0.00

48432 055 0.55 0:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

48440 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

48434 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0400 0.00 0.00 0.00 0.00

49147 0.00 0.00 0.00 4.00 0.00 0.55 0.00 0.55 0.00 0.00 0.55 0.5

49448 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00

49457 0.55 055 Q.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49549 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49425 0.00 0.00 0.55 0.55 0.55 0.55 0.00 0.55 0.00 0.00 055 [ 055

49433 0.55 0.00 0.00 0.55 0.55 0.55 Q.00 0.00 000 0.53 0.55 0.00

49442 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49451 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49453 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

49560 0.00 0.00 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55

50#42 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.535 0.55 0.00 0.00 0.55

S50#4% 04.00 0.00 0.00 0.55 0.55 0.55 0.55 0.55 Q.55 Q.55 0.55 0.55

50425 0.00 0.00 0.00 000 0.55 0.35 0.00 0.00 0.00 000 0.55 0.55

50850 0.00 0.55 0.00 .00 0.55 0.55 0.00 0.55 0.55 0.00 0.00 0.55

50451 0.00 0.00 0.00 0.55 0.00 0.00 0.00 Q.00 3.00 .55 0.00 0.00

50423 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50438 0.00 0.00 0.55 0.55 0.00 0.00 0.55 0.55 0.53 0.53 0.55 0.55
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50441 Q.55 0.00 0.55 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00

50454 0.00 0.00 0.00 0.55 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00

SO#58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51852 0.00 0.00 0.00 0.55 0.55 0.55 0.55 0.00 0.00 0.00 0.55 Q.55

51449 0.00 0.00 0.00 0.00 0.55 0.55 0.00 0.00 0.00 0.55 0.55 0.55

51428 0.53 0.55 0.00 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51450 0.00 0.00 0.00 0.00 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00

51451 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 |[-0.00

51423 055 0.55 0.00 0.00 0.00 0.00 0.55 0.00 0.55 0.00 0.00 0.00

51438 0.00 0.00 0.55 0.55 0.55 0.55 0.00 0.55 0.55 0.55 0.00 0.00

S1#40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51441 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S1#54 0.55 0.55 0.00 0.00 0.55 0.55 0.00 0.00 0.00 0.55 0.00 0.00

52449 0.00 0.00 0.00 0.55 0.00 0.55 0.55 0.53 0.55 0.55 Q.55 0.55

S22 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.00

52425 0.00 0.55 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

52452 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

52#55 0.00 0.00 0.00 0.00 0.55 0.5% 0.00 0.00 0.00 0.00 0.00 0.00

S2H50 0.00 0.00 Q.00 0.55 0.00 0.00 0.00 0.00 0.55 0.00 0.55 0.00

5253 0.00 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.53

5254 Q.55 0.55 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

§S2#59 Q.00 0.00 0.00 Q.55 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.55

52641 0.55 0.55 0.00 0.00 0.55 0.55 0.00 0.00 0.00 0.00 0.0¢ 0.00

53521 0.00 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00

53450 0.00 0.00 0.00 0.55 0.55 0.55 0.55 Q.55 0.55 Q.55 0.55 .55

53446 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 .00

53155 0.00 0.00 0.53 0.00 Q.00 0.00 0.00 0.55 0.55 0.00 0.00 0.00

53453 0.00 0.55 0.00 0.55 0.00 0.00 0.55 0.060 0.00 0.00 0.55 0.00

53459 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (.00, 0.55 0.00

53143 0.60 0.00 9.00 0.00 9.00 0.00 0.55 0.00 0.00 0.55 0.55 0.00

53460 .00 0.00 Q.55 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55

53454 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00

53441 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.55 0:00 0.00

54453 0.55 0.55 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.55

54440 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.55 0.55 0.55 0.55

54454 0.55 0.55 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

54141 0.55 0.00 0.55 0.35 0.55 0.55 0.55 0.55 0.55 0.00 0.55 0.55

54408 Q.00 0.00 0.00 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.55 0.55

54434 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

54#60 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00

54439 Q.00 0.00 0.55 Q.55 0.55 0.55 0.00 0.00 0.00 0.55 0.00 0.60

5418 0.00 0.00 0.55 Q.00 0.00 0.00 Q.55 0.00 0.00 0.55 0.00 0.00

5407 0.00 0.00 0.00 0.55 0.55 0.55 Q.55 0.55 0.55 0.00 0.55 0.55

55457 0.00 0.00 0.55 0.55 0.55 .00 0.55 0.00 0.00 0.00 0.55 0.00

55458 0.00 0.00 0.00 0.00 0.00 0.55 0.53 0.00 0.00 0.55 0.00 0.00

55649 0.00 0.55 0.00 0.55 0.55 0.53 Q.55 0.00 0.00 0.55 0.00 0.55

55#55 0.55 0.55 0.00 0.00 0.55 0.55 0.00 0.00 0.00 0.00 0.55 0.55

55#50 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.55 0.00 0.00

55451 0.00 9.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.55 0.00 0.00

55453 0.55 0.35 0.00 0.00 0.00 0.55 0.00 0.55 0.55 0.00 0.55 0.55

S5H59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

55440 0.00 0.00 0.00 0.00 0.55 0.55 0.00 0.53 0.00 0.55 0.55 £.00

55H54 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.55 0.00 0.55 0.55 0.00

56449 0.00 0.00 0.535 0.00 0.35 0.00 0.00 0.00 0.55 0.55 0.00 0.55

56#51 0.55 0.55 0.55 0.00 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.55

56452 0.535 0.55 0.55 0.00 0.55 0.55 0.00 0.00 0.55 0.00 0.00 0.55

86456 0.55 0.55 0.55 0.00 .55 0.00 0.00 0.00 0.00 0.00 0.55 0.00

56443 0.00 0.00 0.00 0.55 0.00 0.00 0.55 0.00 .0.00 0.00 0.00 0.00

56438 0.00 0.00 0.55 0.55 0.55 Q.53 0.00 0.55 0.55 0.55 0.55 Q.55

S6H43 0.55 0.55 0.00 0,00 0.55 0.55 0.00 0.55 0.55 0.00 0.55 0.55

5640 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 5.00 0.00

S6#41 0.00 0.00 0.55 0.55 0.35 0.55 0.00 0.55 0.55 0.55 0.55 0.55

S56H54 0.55 0.55 0.00 Q.55 0.00 0.00 Q.55 0.55 0.55 0.00 0.55 0.55

5TH47 0.55 0.55 0.00 0.55 0.00 0.55 0.00 0.55 0.55 0.00 0.00 Q.55

57448 0.00 0.00 0.55 0.00 0.55 0.55 0.00 0.55 0.55 0.55 Q.55 Q.55

37457 0.55 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 .00
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57421 0.00 0.55 0.55 0.55 0.00 0.00 0.55 0.00 0.00 0.55 0.00 0.00

57423 0.35 0.55 0.55 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.00 0.00

57427 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

57451 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00

57653 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.55 0.55

STHSY 0.55 0.55 0.55 0.00 0.55 0.55 0.00 0,53 0.55 0.0¢ 0.00 0,00

57460 0.00 (.00 0.55 Q.55 0.55 0.00 Q.55 0.55 0.00 0.00 0.00 0.00

58448 | - 0.00 0.00 Q.00 Q.55 0.55 0.55 0.55 0.55 0.55 0.00 0.00 0.55

58442 0.55 0.55 0.00 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.00 0.00

58449 0.00 0.00 0.00 0.00 0.55 0.55 0.00 0.55 0.00 0.55 Q.55 0.00

58425 0.00 0.00 0.55 0.00 Q.00 0.00 0.00 0.55 0.55 0.55 0.00 0.00

58458 0.00 0.55 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

58421 0.55 0.55 0.00 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.00 0.55

58428 0.55 0.55 000 [ 000 0.00 0.00 0.00 0.00 0.00 0.55 0.55 0.00

58H59 0.00 0.55 0.53 0.00 0.00 0.00 0.00 0.55 Q.55 0.55 0.00 0.55

58441 0.55 0.55 0.55 0.55 0.00 0.00 0.00 0.55 0.55 0.00 0.00 0.00

58460 0.55 0.55 0.55 0.00 0.00 0.00 0.00 0.55 0.55 0.55 0.55 0.35

59453 0.55 0.55 0.55 0.00 0.00 Q.53 0.55 0.00 Q.55 0.00 0.00 0.00

59452 0.55 0.55 0.55 0.55 0.60 0.00 0.55 0.55 0.00 0.00 0.55 0.00

SIHSS 0.00 0.55 0.00 0.00 0,00 0.00 0.00 0.55 0.55 0.35 .00 0.00

59#43 0.00 0.35 0.00 0.00 0.00 Q.53 0.55 0.00 0.00- 0.00 0.00 0.00

59438 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

59#59 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

59432 Q.55 0.55 0.0¢ OI.DO 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00

59440 0.00 Q.00 0.00 0.00 0.00 0.00 055 Q.55 0.00 0.00 0.00 0.00

S9H60 0.55 Q.55 0.00 0.33 0.00 0.00 0.55 0.00 0.55 0.00 0.55 0.55

59441 0.00 Q.00 0.00 0.55 0.55 0.55 0.00 0.55 0.55 0.55 Q.55 .55

60451 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

60#53 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.55 0.55 0.00 0.55 0.55

60432 0.55 0.55 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.55 0.00 0.00

60426 0.00 0.00 0.00 0.00 0.55 0.55 0.00 0.55 0.55 0.00 0.00 0.00

60440 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00

60454 0.00 0.00 0.00 0.00 055 0.00 0.00 0.00 0.00 0.060 0.00 0.00

60441 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.55 0.55 0.00 Q.00 0.00

60408 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

60534 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.00 0.00 0.00

60860 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix V

Training Program of Artificial Neural Network

. #include<stdio.h>

#include<stdlib.h>

#include<conio.h>

#include<math.h>

#define N 509 /* number of training pairs */
#define R 0.01/* learning rate */

#define M 50 /* cross checking pairs */
#define ] 80  /* number of hidden units */
#define | 67  /* number of input units */
#idefine K 12 /* number of output units */

main()

{

float

wlI+1[K+1],v[[+1][J],detw[J+1][K+1],detv[I+1][J+ 1 ],outy[N+ 1] [K+ 1 L alig[N+1][K+1];
float x{I+1], y[K+1], y_in[K+1], ({K+1], det[K+1];

float z_in[J+1], z[J+1], det_in{J+1], delta[J+1], sum;

float mse_new,mse_old,mse_cn,mse_co,

int 1,j,k,nn,epoch,m;
FILE *f1, *f2, *f3, *f4,*f5,*16;

/* Step O: Initialize weights */

for (j=0; j<=J; j++) {
for (k=1; k<=K; k++) {
w(j](k]=4.0/26.0*rand()/(RAND_MAX+1.0)-2.0/26.0;
}

}

for (i=0; i<=1; i++) {
for (j=1; j<=J; j++) {
v[il[j1=4.0/26.0*rand )/(RAND_MAX+1.0)-2.0/26.0;
}

}

/* initialize epoch */
epoch=0;

/* initialize mean square error */

259



Appendices

mse_new=1000000000000;
mse_cn=1000000000000;

/* Step |: While stopping condition is faise do step 2-9 */

do {

mse_old=mse_new;

mse_new=0.0;

/* Step 2: for each training pair, do Steps 3-8 */

/* Feedforward: */

/* Each input unit (Xi, i=1,...26) receives input signal xi and */
/* and broadcast this signal to all units in the layer above */

fl=fopen("input.dat","r");

for (nn=1; nn<=N; nn++) {
for (i=1; i<=I; i++) {
fscanf(fl,"%f",&x[i]);
}

i for (k=1; k<=l; k++) {
/ printf("%d,%f\n" k,x[k]);
/ }
I getch();
/* Step 4. each hidden unit (Zj, j=1,...19) sums its weighted input signals */

for (j=1; j<=J; j++) {

sum=(Q;
for (i=1; i<=I; i++) {
sum=sum+x[i]*v[i][j];
}
z_in[}]1=v[0][j]+sum;

/* applying activation function */

z{j]=1/(1+exp(-1.0*z_in[j]));
}

/* Step 5. Each output unit (Yk, k=1,2,...,9) sums its weighted input signals, */

for (k=1; k<=K; k++) {
sum=0;
for (=1; j<=J; )++) {
sum=sum-+z[j]*w[j][k];
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¥
y_in[k]=w[0][k]+sum;

}
/* applying activation functions */

for (k=1; k<=K; k++) {
y[k]=1.0/(1.0+exp(-1.0*y_in[k]));
';uty[nn][k]:ﬂk];

/* Backpropagation of error: */

/* Step 6. Each output unit (Yk, k=1,2,...9) receives a target pattern */
/*  corresponding to the input training pattern, computes its */
/* error information */

for (k=1; k<=K; k++) {
fscanf(f1," %", &t[k]);
allt[nn][k])=t{k];
}

for (k=1; k<=K; k++} {
;iet[k]=(t[k]-Y[k])*Y[k]"‘(1 0-y[k]);

/* calculates its weight correction term (used to update w[j][k] latur */
/* and updates the weights */
for =1 j<=J; j++) {
for (k=1; k<=K; k++) {
detw[jl(k]=R*det[k]*z[j];
}
}

/* calculate its bias correction term (used to update w[0][k] later), */
/* and updates the bias */

for (k=1; k<=K; k++) {
detw[0]{k]=R*det[k];
}

/* and sends det[k] to units in the layer below. */

/* Step 7. Each hidden unit (Zj, j=1,2,...19) sums its delta */
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* inputs from units in the layer above */

for (j=1; j<=I; j++) {
sum=0.0;
for (k=1; k<=K; k++) {
sum=sum-+det[k]*w[j][k]:
}

det_in[j]=sum;

}

/* multiplies by the derivatives of its activation function to*/
/* calculate its error information term,*/

for (j=1; j<=I; j++) {
delta[j]=det_in[j]*0.5*(1+z[j]*(1-z[j]);
}

/* calculates its weight correction terms (used to update v[i][j] later */

for (i=1; i<=I; i++) {
for (j=1; j<=J; j++) {
detv[i][j]=R *delta[j]*x[i];
}

)

/* bias correction term */

for (=1; j<=I; j++) {
detv[0]{j]=R*delta[j];
}

/* update weights and bias:
Step 8. Each output unit updates its bias and weights */

for (j=0; j<=J; j++) {
for (k=1; k<=K; k++) {
w(jllkI=wijllki+detwlj][k];
}

}

/* Each hidden unit updates its bias and weights */

for (i=0; i<=I; i++) {
for (=13 j<=J; j++) {
;![i]U]:V[i][i]eretV[i][i];
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}

/* update mean square error */

for (k=1; k<=K; k++) {
mse_new=mse_new+0.5*(t[k]-y[kD*(t[k]-y[k]);

1/ fprintf(£S,"%d, %f, %fn", k, t[k], y[k]);
}

}
/* initialize cross checking mean square error */

mse_co=mse_cn;
mse_cn=0.0;

/* cross checking */

f3=fopen("checking.dat","r");
for (m=1; m<=M; m++) {
for (i=1; i<=l; i++) {
fscanf(f3," %", &x[i]);
}
/* Step 4. each hidden unit (Zj, j=1,...19) sums its weighted input signals */

for (j=1; j<=I; j++) {

sum=0;
for (i=1; i<=I; 1++) {
sum=sum+x[i]*v[i][j];
}
z_in[j]l=v[0][j]+sum,;

/* applying activation function */

Z[j]=1/(1+exp(-1.0*z_in[j]));
}

/* Step 5. Each output unit (Yk, k=1,2,...,9) sums its weighted input signals, */

for (k=1; k<=K; k++) {
sum=0;
for (j=1; j<=J; j++) {
sum=sum+z[j]*w[j][k];
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}
y_in[k]=w[0][k]+sum;
}

* applying activation functions */

for (k=1; k<=K; k++) {
y[k]=1.0/(1.0+exp(-1.0*y_in[k]));
}

/* get taget values */

for (k=1; k<=K; k++) {
fscanf(f3," %, &t[k]);
!

/* update mean square error ¥/

for (k=1; k<=K; k++) {
mse_cn=mse_cn+0.5*(t[k]-y[k])*(t[k]-y[k]);
}

fclose(f3);

fo=fopen("mse.dat","a+");
fprintf(f6,"%d, %f, %f\n",epoch,mse_new,mse_cn);
fclose(f6);

/* record number of epoch */
epoch++;

printf("%d, %f, %f\n",epoch,mse_new,mse_cn);

/* close training.dat file */
fclose(fl);

/* Step 9. Test stopping condition */
/* intervention */

if (mse_new>=22) {mse_cn=mse_co; mse_new=mse_old;}
} while (mse_new<=mse_old&&mse_cn<=mse_co),

fA=fopen("output.dat”,"w+");
for (nn=1; nn<=N; nn++) {
for (k=1; k<=K; k++) {
fprintf(f4,"%d, %d, %f, %f\n",nn.k,allt[nn][k),outy[nn][k]);
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}

}
fclose(fd);

//getch();

/* record the changes of mse_new & mse_cn */

/* save weights into a file "weight.dat" */

f2=fopen("weight.dat","w+");
for (i=0; i<=I; i++) {
for (j=1; j<=J; j++) {
fprintf(f2,"%fn", v[i][j]);

}
{ifprintf(f2,"\n");
}
for (j=0; j<=J; j++) {
for (k=1; k<=K; k++) {
fprintf(f2,"%fn",w[jl[k]);
}
Hfprintf(f2,"\n");
}
printf("%f\n",w[1][1]);
printf("%f\n",w[8][1]);
printf("%f\n",v[1][1]);
printf("%f\n",v[1][4]);
printf("%f\n",v[1][10]);

fclose(f2);

getch();

}—o
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Appendix VI

Application Program of Artificial Neural Network

#include<stdio.h>

#include<stdlib.h>

#include<conio.h>

#include<math.h>

#define N 559 /* number of training pairs */
#define J 80  /* number of hidden units */
#define | 67 /* number of input units */
#define K 12 /* number of output units */

main{)

{

float w[J+ 1{K+11,v[I+1]{J],outy[N+1][K+1]allt{N+1][K+1];
float x[1+1], y[K+1], y_in[K+1], t([K+17;

float z_in[J+1], z[J+1], sum;

int i,),k,nn;
FILE *f1, *f2, *f4,

f2=fopen("weight.dat","r");

for (i=0; i<=I; i++) {
for (=1; j<=J; j++) {
fscanf(f2,"%f" &v[i][j]);
}

i

for (j=0; j<=J; j++) {
for (k=1; k<=K; k++) {
fscanf(f2,"%f" &wl[;][k]);
}

}

fclose(f2);

printf("%f\n",v[0][11);
printf("%fn" v[0][2]);
printf("%f\n",v[0][3]);
printf("%f\n",v[0][4]);
printf("%f\n",v{0][51);
printf("%f\n",v[0]{6]);
printf("%f\n",v[0][7]);
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print{("%f\n",v[0}[8]);
printf("%f\n" v[0][9]});
printf("%f\n",v[0][10]);
printf("%f\n",v[1][1]);
printf("%f\n",v[1][2]);
printf("%f\n",v[1][3]);
printf("%f\n",v[1][4]);
printf("%f\in" v{1](5]);
printf("%f\n",v[1][6]);
printf("%f\n",v[1](7]);
printf("%f\n",v[1][8]);
printf("%f\n",v[1][9]);
printf("%f\n",v[1][10]);
printf("%f\n", w[0][1]);
printf("%f\n",w[1][11);
printf("%f\n",w[2][1]);
printf("%f\n",w[3][1]);
printf("%f\n",w[4][1]);
printf("%f\n",w[S][1]);
printf("%fn",w[6][1]);
printf("%An",w{7][1]);
printf("%f\n",w[8][1]);
printf("%f\n",w[9][1]);
printf("%A\n",w[10][1]);
/1getch();
fl=fopen("input.dat","r");
for (nn=1; nn<=Nj; nn++) {
for (i=1; i<=1; i++) {
fscanf(f1,"%f", &x[i]);
}

/* Step 4. each hidden unit (Zj, j=1,...19) sums its weighted input signals */

for (j=1; j<=); j++) {

sum=0;
for (i=1; i<=I; i++) {
sum=sum-+x[i]*v[i]{j];
}
z_in[j]=v[0]{j]+sum;

/* applying activation function */

z[j[=1/(1+exp(-1.0*z_in[j1));

267



Appendices

/* Step 5. Each output unit (Yk, k=1,2,

for (k=1; k<=K; k++) {
sum=0;
for j=1; j<=J; j++) {
sum=sum-+z[j]*w[j][k];
}

y_in[k]=w[0][k]+sum;

}

/* applying activation functions */

for (k=1; k<=K; k++) {
y[k]=1.0/(1.0+exp(-1.0*y_in[k]));
C}NtY[nn][kFY[k];

for (k=1; k<=K; k++) {
/Hfscanf(f1,"%f",&t[k]);
Halit[nn][k]=t[k];
}

}

f4=fopen("application.dat","w+"});

for (nn=1; nn<=N; nn++) {

for (k=1; k<=K; k++) {

fprintf(f4,"%d, %d, %fn",nn,k,outy[nn][k]);
}

}
fclose(fd);

/1getch(),

/* save weights into a file "weight.dat" */

getch();

}—>

.,9) sums its weighted input signals, */
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