ABSTRACT

GUO, SIMING.Evaluationof 2D CAD Technology for Mass Customization. (Under the
direction of Dr. Cynthia L. Istook).

Two-dimensional computeaided design (CAD) and 3D body scanning have provided
more approaches for designers/pattern makersvielae products. Thredimensional body
scanning has been implemented in the product development process to help more accurately and
conveniently measure body sizes and shapes. These technological improvements have played an
important role in the appareldastry. Companies are increasingly using 2D pattern making
software and 3D body scanning for mass customization or mass production.

In this study, two different 2D pattern making software packages were used to develop
custom garments to fitfourfitmodeldb b ody shapes. Fit model sdé me:
3D body scanner were input to both software for the product development. Multiple prototypes
were created to improve the fit. Faculptential consumers, and fit models evaluated the fit of
eightfinal garments and selected the dress that they prefd@imedindings of this research
would bevaluablefor apparel companies to take advantage of these technologies, stimulate their
apparel product development, and build their competitive advantages.

Keywords:CAD, 2D pattern making, 3D body scanning, fit evaluation, and mass

customization
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CHAPTER |
INTRODUCTION

Computeraideddesign (CAD) isone of the mosimportantinformation technologies
used in the design and manufacturing processes. In this paper, the literature review presents the
application of CAD techniques in the textile and apparel industry. Moreover, the 3D body
scanning has beateveloped and utilized in the apparel industry. This study explores these
applications of CAD technologies throughout the apparel product development process.

In the last two decades, researchers irafiparel field have been increasingly paying
attention to CAD technologies. Those companies, who adopted CAD technologies, have believed
that their businesses have more advantages in efficiency and quality (Yan & Fiorito,C8D7).
technologies have advanced the apparel product development process amdhead times
to market. Researchers have emphasized CAD technologies for size and fit factors and mass
customization in the textile and apparel industry (Loker, 2007).

Rationale

CAD technologies havieeen appliedo improve apparel size and fit for maysars,
althoughsignificantissuegemain.Current sizing standards and shape categorizations cannot
meet consumerso6 needs. F o ASTM ktarmapoha¢2011)tMisses | at e s
Sizing Standards categorized two shapes, Curvy and Straigrgize&nranges 0R0. Therefore,
some women whose sizes arggerthan 20 or with specifishape®ther than Curvy and
Straight will have difficulties finding garments to fit them

Moreover consumers who have particular preferenceslors, style, fabcation,and/or
fit might also have problems selecting their garments. Some apparel companies, such as Brooks

Brot her s, Levi 6s, Ni ke, and Ralph Lauren, hav



customized products for those consumers (Song & Ashdown).28@®ever, it is not easy to
meet consumersd6 expectations during the mass
not have th@atiencefor a longlead time, or are reluctant to pay extra money for customized
products, or want garmentstofitperE t | y whi |l e everyonebds preferel

Meanwhile, some CAD companies have taken varying approaches to enable a quick
response to the customized requiremeartd 3D body scanning has been developed to improve
the chances of meeting conseim fg 1@eeds (Loker, 2007). CAD technologies, such as body
scanning technology, made-measure pattern making, digital printing, and data integration,
enable companies to develop customized products through communication with consumers
directly (Andersam-Connell, Ulrich, & Brannon, 2002Companies need to determine the best
method, technologies, and services for their various situations. A strategy of mass customization
all ows companies to meet their consmmer sé6 dem
reasonable price.

Purpose and Research Questions

The purpose of this research is to evaltatedifferent 2D CAD software systems and
test their customization processébe maingoal is to determine if a group of technologies can
be used to provida desirable outcome for a specific situation in the apparel industry. Research
guestions are:

1. How do two ditfd erreaviba RiDe@ ADhe product dev

mass customi zed gar ments?
a. What 1is the preparation process for e
b. Howaec st ofmi zee@nabl ed within each tech

2. Do body shapes have any i mpact on the suc



3. How would a garment customized formefit us
eval ated
Limitations

This study is limitedd the evaluation of two 2D flat pattern systems, and four specific
body shapes (hourglass, bottom hourglass, rectangle, and spoon). The sample sizes are small.
Four subjects between the ages o288n the southeastern U.S. may not represent all ages or
ethnicities of consumers who have fit issues.

Definition of Terms

Computer-aided-design (CAD): CAD includes any technology that uses computers to
help in the design process (Morley & Parker, 2014). CAD for textiles and apparel includes
software such as Atbe Illustrator, Adobe Photoshop (https://www.adobe.com), Gerber
Accumark (http://www.gerbertechnology.com), Lectra (https://www.lectra.com),
eTelestighttps://www.etelestia.com), Cakksyst(http://www.humarsolutions.com),
Browzwear (http://www.browzwearom), Optitex (http://optitex.com), and Shima Seiki
(http://www.shimaseiki.com).

Mass Customization: Mass customization is a term first coined by Joseph Pine in 1993.
Mass customizatiowas definedas a strategy for companies to manufacture products oEseg
production while enabling customized product s
the price is still affordable (Andersdabonnell, Ulrich, & Brannon, 2002; Pine, 1993).

Data integration: Data integrations definedas the ability tacarry out specific processes
in one system and additioralocesses a separate system without loss of accuracy. Data
integration allows many companies to perform the functions required fomitwirwhile taking

advantage of technologies that mightywliom one company to anothdris function is an



importantrequirement in a Global Economy witaryingbusiness formats (Gome&zabrero et

al., 2014)



CHAPTER Il
LITERATURE REVIEW

This chapter provides an overview of CAD technologies includin@€2D software
packages and 3D bodganningand introduces the ways to integrate the data/files into other
systems. Since different software packages have their technological advantages and
disadvantages, previous research related to those CAD technologies digcussedt is
necessary to evaluate apparel fit to examine these software packages. Fitlase$osizing
systems, population shifinthropometryand mass customization will albe reviewed

History of Sizing

Manufacturers began producingrly ReadyTo-Wear (RTW) garments with theawn
sizing methods since there were no sizing systems. Consumers usually ordered garments through
catalogs or magazines and they had difficulties finding garments to fit them with various sizes
(Labat, 2007). 11941, the US Department of Agriculture funded a research study to support
commerce and business. O6Brien and Shelton (1
with several universities in the South and measured 10,042 Caucasian women-3@ea 18
eight states. Their samples were not representatithee whole population at the time.

The data from Od6Brien and Sheltonés (1941)
system, CS 2158, by the U.S. government. This standard had size ranges for fi@nerdi
groups (National Bureau of Standards, 1958). The members of Mail Order Association of
American (MOAA) utilized the CS 2158 sizing standard to make RTW garments, but they
found thestandardlid not represent female body sizes at that time anckséegito revise the

sizing standardLabat, 2007).



Later in 1970, the National Bureau of Standards (NBS) refined the C584iging
system aPS4270Body Measurements for the Sizing of W
(National Bureau of Standards970).PS 4270 utilized health surveys for height and weight
conducted from 1960 to 1962 and a regression equation developed by the US Air Force, but the
standardvas baseo n O6 Br i en and Sheltonds (1-8041) anthr
standard had more sizanges, but it did not change enough to be practical for apparel
manufacturers.

Both CS 2158 and PS 420 sizing systems wemitdated because body shapes kept
changing. ASTM (formerly the American Society for Testing and Materials) created the ASTM
D5585 Standard in 1994, but this standaes still builton the 1941 database, in addition to US
Army and Navy anthropometricdhta, from 1988 and 1990, respectively (Ashdown, 1998).

An updated version of ASTM D5585 (ASTM International, 2001a) was natloesd
based omewanthropometric data due to the cost considerations of conducimgrasearch.

However, ASTM D55865tandard Tables of Body Measurements for Women 55 and older
(ASTM International, 2001byjas buiton Rei ch and Golwisvwhehtmiey 6s (19
measured 6,692 American womendi8erin 38 States (Labat, 2007).

Several anthropometric surveys such as CAESAR and SizeUSA adopted 3D body
scanning technology to reduce the cost and time of the project (Labat, 2007). The Civilian
American and European Surface Anthropometric Resource (CAESAR) utilizedsibadping
technology and collected anthropometric data in the USA in 1998, The Netherlands in 1999, and
Italy in 2000 (Labat, 2007). The SizeUSA study body scanned more than 10,000sswit}e

the [TCF scannershrough 12 cities in the U.S. in 200&tp://www.tc2.com/sizeisa.htm).



Costs are thenainconsideration for the apparel industry, so companies have their
different solutions for sizing issues. Moreover, sizing in a compaunig @so be inconsistent
because of sourcing products from many suppliers in diverse countries. For example, Zara has its
owndesign and technical teams to keep sizing consistent. Gap uses reliable suppliers to try to
solve its size issues. H&M puts a tfteffort into the sizeand fit to achieve better results
(Donaldson, 2014).
Population Shifts

Population shift is another problem for apparel sizing. Kennedy (2009) stated that

Australian womends body si zes hgaredtoithe same as e d;
age women in the 1970s. Ol der womends body sh
sizesthan younger womenn addition thesizeso f womends appar el product

Australia.Not only the brands from the differecuntries,but also the brands from the same
country have their own sizirgfandards, so consumers are confused about their actual sizes.
Australian womends apparel brands have adopte
body sizes are different th@&mericans or Europeans because they are more active (Kennedy,
2009).

Middleeage f emal e consumer sd s lomgadesisedheiawng e wi t
size standards based on their target markets, and they apply this information to develop their
sizing standards and shape categorizations. Retailers and designers adjust their sizes to make
consumers think they are smaller than thesglly are (Kennedy, 2009). Bob Skinner (personal
communications, November 13, 2014), NYDJ president and CEO then, éhlkatthe size

standards in NYDJ and Not Your Daughtersé Jea



different, and the objective is to make consumers think they have smaller sizes than their exact
sizes This strategy could create loyal consumers.

Donaldson (2014) categorized the three objectives of fit for aesthetic, technical and
commercial fit. There are some suggestions for apparel companies based on their target markets.
Brands could ensure the creative team owns the aesthetic look, anchtheaigeam could
wor k on t he g ar angbath dd themcstwouldsnotinteréete with each other. For
the commercial market, sourcing companies would use body scanning technology to determine
most sizes in thatountryand adopt those resultg fileir target customers (Donaldson, 2014).

CAD for Textiles and Apparel

CAD technologiesvere introducedh the 1970s, but the process of adopting CAD in the
textile and apparel industry was quite slow. Some of the reasons included software/system cost
consideration and technological barriers such as lack of information, experts, and trxaimaing,
takestime and effort (Yan & Fiorito, 2002).

Based on 103 textile and apparel manufact u
Yan and Fi o sultstsioodes thit ZADOCAN adoptions were related to company
sizes.Two-thirdsof the companies who had at least 100 employees adopted CAD/CAM
technologies, while 80% of companies who had less than 50 employees were reluctant to do so,
and 66% of companiagho had 58100 employees did not adopt at all. The researchers
suggested that CAD/CAM companies should develop more customized products, as well as more
affordable software packages for small and meekizad textile and apparel companies.

For the applicabn of 2D CAD software, Segonds Mantelet, Maranzana, and Gaillard
(2014)did a user interview with the company Devanlay. They collected and analyzed data by

structured questions with a Likestale. They compared the software based on the types of tools



used by the participants. They found that some software packages focus heavily on managing
and communicating data related to the products themselves, whilgathagesuch as Lectra

and Nedgraphics emphasize apparel specific CAD functionalities. Ledtradshion product

life circle managemen{PLM) tool, while its competitor Gerber stresses more on Web managing
and communicating product datdegonds et gl2014).

Gerber Technology, one of the earliest and leading commercial pattern making software
companies, developed pattern design, grading, planning, and marker making software packages
for the apparel industry. Gerber 2D software parts include pattern mgkaung and marker
making. They have released AccuMark 10, which added digital printich@ther functions to
enhance thdesignand manufacturing productivity. For example, their Pattern Design program
is able tocreate fabric textures, logos, and decorations on patterns. Digital printing provides
more creative desigoptionsand could shoen the lead time, which is especiahlyportantfor
fast fashion (Gerber Technologyés AccuMark 10

As mentioned above, CAD software packages have their specific applications, not only
for the apparehdustrybut also for fashion design educatidielestia founded by a fashion
institution, SITAM-AB, in Greece, provides online courses in pattern making, fashion design,
pattern grading, and sewing. Thaiainobjective is for fashion design education. The institution
has developed therwn CAD softwae, Telestia Creator, which includes fashion designing,
pattern makingandgrading software packages. They also offer online tutoring videos for
consumers to learn the course and software (https://www.etelestia.com).

Moreovet Telestiahas partnered witfi C]? to provide madgo-measure (MTM)
solutions for designers. Telestia Creator Plus can input measurement data obtained ffom [TC]

and construct an individualroquis on which designers can directly draft their designs. A



customized MTM basic patterddek can be created to fit on tbeoquis Designers can make
any changes on the basic block using their Automatic Pattern Styler and produce an MTM
Design Technical Block (https://www.etelestia.com).
Body Scanning Technology

Body scanning connects CADctenologies to apparel product development because body
scanning technology can build avatars quickly on the computer after capturing parameters such
as the human body's sizes and shapes (Apeagyei, ZBEOZD body scan utilizes the optical
technology andight sensitive parts to obtain measuremelmomparisorto manual measuring
methodsthreedimensionabody scanning has more advantages in accuracy, efficiency, speed,
reliability, andwithout a physical contra¢tstook & Hwang, 2001; KimLaBat, By, Sohn, &
Ryan,2015). In the apparel industry, body scanning has multiple applications suokwas a
sizing system development, pattern making, grading systems, mass customization, 3D virtual
simulation (stook 2002; Petrova & Ashdown, 2008).
Typesof Scanners

The most common body scannars basedn laser line systems and structured light
systems. Laser line systems scan a human body with a laser line and cameras record the scanned
images, while in comparison, structured light systems project arpdtecana human body
surface. Both laser line systems amdicturedine systems have software packages to process
the scanned images. Although the scanning time dfttheturedight system only takes a few
seconds, the system needs more time t@eixthe scanned images. Except for scanning
performances, the techniques of body scanning software packages, such as landmarks, occlusion
minimization, and image reconstruction, are asportantfor body scanner companies to build

their competitive advatages (Daanen & Ter Haar, 2013).
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The speed of structured light systems is faster than that of laser line systems. It typically
takes 1630 frames per second to produce 3D imagestrscturedight systems could be used
for handheld scanning or 4D scalhile the accuracy and the resolution of structured light
scanners are less than those of laser line scanners, it is more difficult to convert the sensed light
pattern into an accurate 3D image than that of a laser line. Moreover, the body scanning
techndogy hasbeen updatedNew techniques of body scanning featuring millimeter waves have
been used in airports to check the skin surface underneath clothing. But the system is insufficient
for the apparel industry because it lacks accuracy. Also, body ssdrased on infrared waves
have come to the market (Daanen & Ter Haar, 2013).

[TC]2 The [TCF 3D body scanner was the first body scanning system designed for the
apparel industry in 1998. Theystemutilized white light and the cameras to catch the body
pattern and generate the body image (Simmons & Istook, 2Z008)atest [TC}19B body
scanneappliesinfrared depth sensors to catch body shg@&]?-19B body scanners use fewer
sensors than their previous version for reducing-tamping images (hpt//www.tc2.com). The
previoustwo versions of [TG] body scanneraere basedn a different type of technology,
NX16 employed white light technology. The KX16 adoptiegthsensors, which were new
andlow-costtechnology in 2012. The price of KX16 waslya third of that of NX16 ([TC}
2012).

The [TCF-19B systems have improved reconstruction functions for specific areas such as
crotches and armholes, and ystemsare faster and more accurate. For example, ¥1GB
has provided bodgcanned avataras taller, slimmer, bigger or smaller shapes on the computer
screen. The measurements extracted from the body scanners are the same, but consumers can

choose to view one of theshapedor their preferencedn addition [TC]?>-19B has an online
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fitting room app based on individual avatars imported from 3D body scanning, and another app
based on statistic data for fithess uses (http://www.tc2.com).

Size StreamSize Streanalsodevelos 3D booth body scanneusing infrared depth
sensorsThescan time oly takes 6 secondmndthe dataprocessing time is less than 30 seconds.
The system can construct up to 5 scans in a single acquisition pass to minimize measurement
errors and increase accuracy (http://www.sizestream.com).

Cyberware. Not only is technolog changing, but so is threarket. Some companies that
used to manufacture body scanners are adjusting their marketing approach or go out of business.
For example, Cyberware produced one of the most popular body scanners in the apparel
industry; previous bdy scannersvereused or t he CAESAR size survey.
was widely useth the movie industry because of their reliable system (Daanen & Ter Haar,
2013). As shown on the Cyberware website, tryinally focused on body scanning
applications fothe movie industry instead of the apparel industry, but the convasy
dissolvedn 2011 (http://cyberware.com).

Vitronic. Another company, Vitronic, has manufactured variassrbasedbody
scanners for different applications. Human Solution, astamiational sales partner for
Vitronic, sells VITUS BODYSCAN and other types of body scanners and provides software to
process Vitronic scans for the apparel industry (http://www.husoéurtions.com;
http://www.vitronic.com). The company saw the opportutitmeet apparel companies'
demands for mass customization. In addition to body scanners, Human Saofigisn
CadAssystand Vidyasoftwarepackages, an8izeGermany mannequingoreover, Human
Solution has conducted anotlathropometrisurvey, SizéNorthAmerica, to body scan

Americans anCanadianghttp://www.humarsolutions.com)
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Kinect. Body scanners produced by the previously mentioned companies are still
expensive for home use even if companies have lowered costs and prices. Microsoftgsaseekin
cheaper 3D body scanning solutitginect™ Sensor, a line of motiosensoinput devices for
Xbox 360, has made 3D scanning technology capable of entering homes. It is also a structured
light scanner. Users hold the Kinect sensor to scan objectsl-fime color 3D scan can be
generated using a Kinect sensor for Xbox 360 andriP&ddition Microsoft has released a 3D
Scanapp for Windows 8.1 and 10, and users can download 3D Scan software for free. The
scanning images cdre usedor 3D printing(3D Scan, 2016)

File Formats

Threedimensionabody scanners files can be integrated into other systems if the file
format is compatibleAt the end of the last centurspme bodyscanner companies stated that
their systems could integrate the measurerdata intocommercialpparel CAD systems. For
example, both Telmat and [TG}ere successfully compatible with Gerber Technology's CAD
software (Istook & Hwang, 2001). With the technology improvement, the systgi€]%-198
body scanner providdide formats including .obj, .txt, .ord, .rbd, .pdf and .bin, softless canbe
applied tomany2D and 3Dsoftware packages

Kscan3D asoftware packagdesigned by LMI Technologies compatible with Kinect
for Windows V1 and V2, and Kinect for Xbox 360 to geste 3D images. The Kinect sensor
gathers data from multiple angles, and the Kscan 3D software converts the.ttata. abj, .stl,

.ply, and ascfile formats. Users can export these generated files to 2D or 3D software packages
for various applicatiom such as CAD, 3D printing, and virtual-oy simulation

(http://www.kscan3d.com).
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Song and Ashdown (2015) integrated badgnning data into different software systems
to compare the differences between virtualdnypants and actual pants. They usedan
Solutions VITUS/XXL3-D to body scan participants and converted the scan file to .rbd format,
and analyzed the data by [FGpftware NX16 for landmarks and measuring locations, and then
converted files to .obj format, and imported them intothe ®ptit as i ndi vi dual par
avatars.

Anthropometry and Scanning Issues

Anthropometry quantitatively defines the dimensions of the human body. Traditional
met hods, which included manually taking subje
clothing while standing, would result in maeyrors(Simmons & Istook, 2003). Precise body
measurements, obtained by manual methods or using 3D body scanners, are auicsiiioa
basic appardblock. The precision of body scanners is related to the tiyfgelonologies (such as
laser structured light), thguantityof sensors, and software packages to identify landmarks and
extract measurements (Elbrecht & Palm, 2014).

Landmarksare definedas thecommonpoints that are uniformly identified on the body to
minimize errorsLandmarksareimportantfor precise data and consistency of the body scanning
systembecause body measurements nigsextractedrom 3D scanned images. However,
measurement techniques of body scanners manufattydiferent companieare not
consistent. Therefore, using different methods to process landmarks will produce different
measurement results (Simmons & Istook, 2003). It is necessary to undéast@mdrkgdo use
body scanners, and to know the limitatioesusers can seleen appropriate body scanner for

the specific application.
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Companies value their landmarks as one of their competitive advantages. The techniques
of determiningandmarksand taking measurements are staindardizedo that the data from
different measurenme methods canndte comparedTo investigate landmark consistency,

Simmons and Istook (2003) provided knowledge of anthropometric methods for the apparel
industry, discussed traditional anthropometry with the measurement techniques of 3D scanners,
and exanined standards of 21 measurements on three scanners: CyBgrware, and

SYMCAD. The results indicated that [T&ljad the most landmarks to meet demands of the
apparel industry (Simmons & Istook, 2003).

For instance, the T navaskéfinethasahgrth of theltmsetof f r o m
the neck, following the outline and shape of the neck base?[i€lasur ed t he f@Achest
armpit |l evel, taking the circumference above
horizontal circumference actos t he bust points. The measur emen
important for women, especially for tight tops and dresses. Thé [T@Glai st 0 was def i n
smallest girth between the bust %Awasimeashred hi p,
from the neck base to the waist following the shape of the spin€ff€r k ed fhi ps o as
maximum girth between the waist and the crotch, while neither Cyberware nor SYMCAD had
hips measurement (Simmons & Istook, 2003).

Threedimensionabody scanningechnologies have been successfully used to measure
adultsé sizes and shapes, while only |imited
due to the complexity of measuring childrg¥ells et al. (2015nanuallymeasured 484
children who wee 511 yearld and scanned 97.4% of the children using FICX16 body
scanners. They compared the differences ogtttle, width, and depth of the chest and waist,

and girth of the knee and calf between 3D scanning measurements and manual measurements
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Although the majority (97.4%) of children agreed to be body scanned, the successful scan
results were only 70.7% of the 1446 children. The scan failures occurred because of clothing,
body movement, or software defects, and these technical failures veeleat ed t o t he <ch
age, sizeandethnicity. In comparison to manual measurements, 3D body scanning indicated
Amodest average biases but accepWNeldsletlale 20L5 mi t s
p. 2). The analyses of the rate aicaptability,precision and accuracy of 3D body scanning for
measuremertdf body shape are valuable, especially for children aget yEears old. The
analysis of the failures of 3D scanning results could be useful for the development of 3D body
scanning tehnologies.

The garmentghatparticipants have worn during body scanning have created differences
with participantsd body si zes. Kim et al. (20
participants. The garment that they wore especially affectemi¢lasurements of the bust. Each
participant wore the garment researchers prov
wearing the provided garments were smaller than their measurements when thiegtwere
wearing bras and underpants. The results shovadjinments compressed participants' breast
tissue so that the bust measurements had differences. Theraforectmmendethat
participants wear minimal clothing during body scanning processes.

An accuracy or deficiency problem exists in body scanmgrgy depth sensorso
examine the accuracy of measurement data of body scaBteght and Palm (2014)
compared two types tody scanners from the same company: a white light body scanner that
entered the market in 2007 and a structured light boalyreer that emerged from the market in
2012. Twenty participants were body scanaethe same day usirthe twoscanners. These

two different versions of body scanners could produdecin measurement differences. In

16



comparison to measurements extractechfthe white light body scanngeneral measurements
of the structured light body scanner wergger Moreover both body scanners could not
effectively detect armpits and crot(lbrecht & Palm, 2014).

ShapeCategorization

Apparel companies use 3Ddoscanning technology to improve their sizing systems by
identifying their target customers' body sizes and fit. As Song and Ashdown (2013) mentioned,
Victoria's Secret collaborated with [TR3p categorize various body types and identifyrtian
problens in updating their sizing systems. Retailers such as JCPenney, Sears, and Levis Strauss
have embraced 3D body scanning technology to provide a better fit for their customers by
improving their size systems (Song & Ashdown, 2013).

Most consumers would n&how their body sizes and shapes because of inaccurate self
measurement methods or subjective perceptions of their body sizes and shapes (Song &
Ashdown, 2013). Some researchers have utilized-8odgning technology for sizing system
development, shapategorization, and mass customization. Song and Ashdown (2013)
categorized participantsd bodaaaxiicampasedthend s hap
differentiationb et ween parti ci pants6 body -repatadbady ng me a
size awl shape information. They evaluated associations between their body perceptions, body
cathexis and fit satisfaction of pants. They found that the relationship between body satisfaction
and fit satisfaction was weak. Their findings could assist consuméetdammining their fit of
lower body garments such as pants.

ShapeCategorization Methods
Researchers have developed methods for categorizing body shapes. For exampie, Farrell

Beck and Pouliot (1983) used graphic somatometry techniques to alter pternsspdihey
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categorized ubj ect s6 hi ps as fshaped, agelagepip, sveightRndrant, d
and weight in théack For the development of female upper torso patterns, Gazddelong,
Lohr, LaBat, and By€1992) applied regression modéiscompare the differences between the
manual measurements taken from 50 womenos
obtained from their frontal and lateral view photographs. They asserted tpabtbgraphic

anthropometric method for measurarhextraction was rapid and legost.

Moreover, London based company Bodymetrics worked with Serfontaine to provide a

hip

bod

better fit for jeans. Bodymetrics body scanned 10,000 participants and categorized three shapes

asEmerald, SapphirgndRuby. The custmers made appointments with Bodymetrics and

visited the Selfridges store bebodyscannedThey then chose Selfridges jeans based on their

categorized shapes (Arthurs, 2011; Remer, 2010).

Shape analysistooldfN TC Womenés Body SWBSpA®wadnal ysis T

developedat Auburn University. Théool identified four shapes: Hourglass, rectangle, pear, and

inverted triangle shapes (Connell et al., 200®varajarandistook (2004)examinedSi mmo n 6 s

(2002)shapecategorizationanddevelopedi F e nFagureldentificationTechniqueFFIT) for
A p p a sofiware which classifiedwomenasnine bodyshapesising253female3D body-scan
data.Body measurementscludingbust,waist, hip, high hip, abdomenandstomachwere

utilized for the categorizatiorof nineshapegSimmons2002).

1T Hourgbabpects had balanced bust and hip
1) .
T Bottom Hou3yh jas st Isebhvaildoau sst | i ne, but thei

| artghean t per(tFibguusrte 1) .

gi

r

!

t

T Top howtr ludj ec t-dse fhiande da wweeildt | i ne,| adrugert heir
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than their hip girths.

1 Spo:onSubhjiepc tgsi d tahtgheawre rteger.thh basmpari son to t
Hour gl ass sidamae, stt haitrn olsu svte pewhower y awhioke
were hFobare 1)

T Rect an@ludbjuesctt sgi rt hs and hip girthstwere al
wai st -tamai $©1ti pwer e 8Bwoolcemlwhwhpwsshavee (Figure

1 Di ambpn8ubajveecrtasg e d tsatmahbcdho,mewna meas brgment s wi
than their bust measurements.

T Oval Suébfjreoentts vi ews mi ght be di ®tsiprect al wlyi | e
di fferent because t hedabdamwmenr amgea su roenaerht, s w
thanbubBéi measurements.

T Tri aing3 wdhjiepc tgsi  tahmhtgheave rtehei r bust gi-trd hs, al
wai st were small

T I'nverted TSubdoegcttesgilrarhgeamert dei r hip girths

of -bwat st weérienmomasl,l 2002) .

Hourglass Bottom Hourglass Spoon Rectangle

FigaHeur gl as s, Bottom Hourgl asRepSpobed &andmR
iBody Shape AnadDysmesmsUoinmy BlhdgedboarKni rSg mireocnhsn
200p2.,104, 107, 113, 116.
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A randomsampe of 887females u b | lBodyscar@atawasusedfor statistical
analysis Clusteranalysis discriminantanalysis andmultivariateanalysisof variance
(MANOVA) werechoserto analyzethevalidationprocessCluster analysis based on the test
dataof53 subj ect sb& me as urRF@ sowatecouldapplytd alargersachplet h a t
size.Eachsubjectof thetestdatafell into oneof ninebodyshapesFor ninebodyshapegxcept
fori Di a mandidion v & r t a dhgpesthe percentagaccuracyand the performancef
the FFIT softwarewerebetterthanthoseaspect®f the DiscriminantFunction.The percentage
accuracyof theshapei Di a mandidion v & r t a @vaslove becauseheyweresmall
samplegroups(Devarajant Istook,2004).

Five variableswerevalidatedfor the shapeclassification.Theresultsof the MANOVA
analysissupportedhe hypothesighata significantdifferenceexistedbetweerthe nine shapes.
TheFFIT studycouldbe generalizedo alargerAmericanpopulation.The ninebodyshapes
couldbeappliedin masscustomizatioror developingnewsizestandardgor the appareindustry
(Devarajan& Istook,2004).

Telestia. Telestiahasdeveloped their templates and tools to construct the basic block for
different sizes and shapegouyouka, 1986)It has categorizegshapess four cases, depending
on the chest bust difference and ke waistdifference. Case #s associatedith a symmetric
chest bust difference amdp waistdifference. Case B definedas aargerchest bust diffance
and smallehip waistdifference. Case C was related to a smaller chest bust differentargerd
hip waistdifference. Case D was folagerchest bust difference amip waistdifference, and
the pattern has two darts (Figure P¢lestiasuggestd that a slant should be no more than 3 cm.

Therefore, it is necessary to use darts to distribxteameasurement differences (Vouyouka,
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2013). Telestia templates have applied mathematical methods to fit indididiff@ient sizes

and shapesviouyouka 1986).

The Dart Triangle What is the Hip Waist Difference.
-]- cB.
Wwo. -3-

What is the Chest Bust Difference. What is the Slan|

Usage of the Dart Triangle for the Fitted Dress Block [

FigumMel @stshma de tommagekiend m| esrtaiiani ng modul e.
Mass Customization

In addition to improving sizing systems and shape categorizations, the application of
CAD and body scanning technologies could be mass custtom, but it is not easy for
companies to implement mass customization in their product development. The accuracy and the
reliability of the Dbody s c anaffactedthe dbeebommerdofd par
a customized garment (Ashdown@unne, 2006). Moreoverpasumersvere involvedat
different levels during different approaches for mass customization. Gilmore and Pine (1997)
categorized them as collaborative customization, adaptive customization, cosmetic

customization, and transpaterustomization.
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During the collaborative customization process, a company would build a product
database for individual consumers to collaborate, help consumers find their specific
requirements, and design customized products for consumers. Adaptmizasbn means
that a company would develop some customizable products, which consaudmodify and
adjust by themselves. A cosmetic customizer characterizes a standard product in diverse ways for
different consumers. Transparent customizers sffecialproducts and servicés consumers,
while consumers do not even realize that those products and services are customized (Gilmore &
Pine, 1997). Companies could implement the most suitable mass customization stridteigy
development of textile @happarel products.

Mass Customization Adoption

Some retailers such as JCPenney, Landsd En
customization to develop their products. However, some projects were either suspended or partly
stopped due to the compléxinvolved. Therefore, some companies have simplified the mass
customization process (Song & Ashdown, 2012). For example, Nike provides some mass
customized products named as NIKEID on the website, but only for color or fabric options
(http://www.nike.conus/en_us/c/nikeid). Ralph Lauren offers personalization as a category on
its website but consumers are limited to select their embroidery on specific products
(http://www.ralphlauren.com).

In contrast, Brooks Brothehsassuccessfully applied more congated mass
customization to their busi nessportcodtd) angpamsa k e ma
for consumers. For their dress shirts, they provide four fits, many fabric choices, eight collars
and four cuff options, and variossyles for custmers to select

(http://www.brooksbrothers.com). To obtain better measurements, Brooks Brothers adopted a
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body scanner for their mass customized suits in their New York City flagship store (Schlosser,
2004).
Mass Customization Approaches

There are diffenat approaches to make custom patterns. One method is to draft a pattern
by inputting individual measurements. Another
which require pattern makers to apply alteration rules. Pattern makers can choose a graded
patten as the base pattern and alter the pattern for individuals (Turner & Bond, 1999).

Some CAD companies such as Gerber Technologies (http://www.gerbertechnology.com),
Lectra (https://www.lectra.com), amssyst(http://www.humarsolutions.com) have theimm
MTM systems. These systerage basedn similar rules. After pattern makers spend
considerable time and effort to make the basic pattern, the MTM systems allow patterntsmakers
automatically alter the existi nngs(Iptamk, 2082) ns acc
In contrast, pattern makers can makepatternfor individuals or a fit model by using the first
method, and they could add grading rules later for mass production.

However, it is not easy for apparel pattern makers to create a czstiopattern block.
Istook (2002) pointed ouhe basicstepsfor makingcustomizedyarments. Pattern makers must
determine critical alteration points, whiahe associatedith specificmeasurements such as
bust, waist, and higirth for different types bgarments. They also predict fit issues and decide
grade points in those particular body locations, and then digitally name each grade point for
systematically grading each piece of the pattern block.

Moreover, alteration rules must be developed to atlmlargestrange of alterations for
each size of the pattern block. New grade points woeldddedor any unusual body shapes in

the alteration process. Developing alteration rules is complicated since pattern makers need to
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decide on the type of movemts, hold points and move points that need to be created and
controlled. Pattern makers must check the alteration rules and examine their accuracy. A size
table needstobmeateb ased on a f it madasidsifesin tmsealiesation e ment s
process, precise measurements are the essential requirement for customized garments. Finally,
alteration patterns adjusted for individual customers can be made for markers, sent to a fabric
cutter, and then to a tailor to sew the garmienaddition it is better to examine the fitnthe
individual customer during the pattern adjustment process (Istook, 2002).

Ashdown and Dunne (2006) adopted Lectra FitNet software to make a custom hooded
single layer jacket. A graded pattern was chosen to make the quatimmandthen a size of
the patternthat was close to individual measurements was selected as the base pattern to alter. In
this processheycreated alteration rules for tfgcketand verified the effects of seam lengths
and angles to see whether #gams could be matched and sewed together. After fitting the set of
custom patterns on six participants represented for different body types, researchers had to refine
the patternsince only one customizgmhtternfitted a participant ideally. The secosdt of
custom patterns was made and improved, except for small bust and hood sineg bady
length, so researchers readjusted the body chart and the thirgpatteaisvorked well on
participant§ Ashdown & Dunne2006)

In addition ¢ o n s erca@ions df mgss customization are also important for retailers
who want to implement this strategy. Andergoonnell, Ulrich, and Brannon (2002)
investigated consumersoé perceptions of mass ¢
C o n s u meitivescOmnpemsswere valued as the potential applications of mass customization,

whil e consumer s dwvera @rsiddredsimeass custanmzatiort barriers. They
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developed a consumbased model based on their results, provided an initial framework f
future research, and offered managerial implications to the apparel industry.
Previous Research

Researchers have proposed methods to evaluate the effect of CAD technology related to
textile and apparel product development processdforp a r t i @erqe@ions (Jable 1). For
apparel product development, Petrova and Ashdown (2008) designed adjustable pants. They
body scanned 24 participants whose ages were between 35 and 55. According to participants'
hip-to-waist circumferences, researchers categorthem ito three body shape groups:
Straight, medium, and curvy. They compared th
measurements with minimal clothing and with adjustable pants in a stguitign, and found
that the ease differences decreased initheasing sizes, while there wascieardependence on
shapes. The implication of the results could be useful for the development of sizing systems and
pattern making.

The process of body scanning usually requires participants to wear underwear i@dprepa
tight clothing to get detailed 3D body images. Grogan, Gill, Brownbridge, Warnock, and
Armitage (2016) asked participants to fill out an online questionnaire after the body scanning
processParticipants were worried about their privacy andvelbherble after viewing their
scanned body images. Some patrticipants could not believe their body scanning measurements
and were dissatisfied with their scanned body images (Grogan et al., 2016).

Kim (2016) recruited 37 undergraduate students to evaluateféfedif virtual pants
sizes. Participants rated and rankedfisilocations of pants by comparing images of control
pants and test pants. The results showed that participants wereraléttte increase or the

decrease in sizes. Even if participants enadstakes on rankingzes t he mean of par-
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ranking for size variations of sfk locations: overall size, waist, abdomen, hip, crotch,hemd
was correct. The results proved that virtual software enabled participants to differentiate size
varations of pants.

Il n Kim and Labatdés (2012) study, both quan
to conduct the research. Thidgven participants filedotith e yt eval uati on que
vitualmodel and t he yt ev arealbadyto evaluatg thevitual amchtmea i r e
developed real pants using a sepemt Likerttype scaleQuestionnairesvere related to 13
critical parts of pantsuch as front/back waistband, abdomen, hip, front/back thigh, front/back
crotch, left/right side, inseam, hem, and overall fit. Moreover, participants explained their
evaluations during aimterview. Exceptf o r p a r delfevalugtianduting é&ppareproduct
developing processes, expert judges atswductedit evaluations. For example, nine experts
filled out a questionnaire to evaluate fhe@ nft ist6 on wearers in Song and
pants evaluation.

Researchers had their specific methodsategorize shapes and conduct research. Some
of them evaluated the influences of lower body shapes on garments such as pants. However, they
only tested the effect of waist to hip ratio. Most of them have not examined the shape influences
on garment fit bsed on thdust waist and hip measurements. Moreover, some researchers have
requested either wearers/potential consumers or experts as evalbatssmer8 ev al uat i ons
could be different from expertso.ershpotentiaef or e,

consumers and expertsd perceptions and compar
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Table 1

Research Related to CABhd BodyScanninglrechnologies

garment ease at
lower body
locations.

body scanner.

Years | Authors Purposes CAD & Body Research Design Findings
Scanners
2015 | Baytar & Investigaed Human Solutions| Eight apparel design| Participants
Ashdown | partid p ant s ¢ Vitus XXL body | students were body | confirmed that the
reactions and scanner; Optitex.| scanned for their body scanning and
perceptions of 3D avatars. They virtual try-on
design and virtual designed garments | technologies had the
try-on technology. using Optitex and potential to shorten
compared the real | the time of designing
garments with the or selecting garments
virtual garments.

2015 | Kimetal. | Compared Human Solutions| Body scanned 32 Most of the body
participants VITUS 3D body | participants and measurements were
wearing a scan scanner. examined 14 larger tha the
garment overheir measurements of the participants wearing
own bra and torso area. undergarments only,
underpants with the especially for the bust
same participants area.
wearing only their
bra and underpants

2015 | Song & Evaluated the Human Solutions| Body scanned 83 The relationships

Ashdown | reliability of the Vitus XXL female participants, | between fit
self-perceived scanner; [TG) categorized their satisfaction and body
lower-body sizes NX16 software; | lower body shape/size perception
and shapes using | Gerber and measurement data | were wek.
3D body scanning | Optitex. into three groups,
technology. and evaluated virtual

pants and real pants

2012 | Kim & Il nvest i ga Human Solutions| Body scanned 37 The virtual tryon

Labat evaluations of the | Vitus XXL women aged 185 technology was
fidelity and scanner; A 3D and built their 3D somewhat good at
accuracy of 3D virtual software. | virtual models. accuracy and fidelity,
garment virtual try Developed pants for | but still needed
on technology for evaluations. improvements.
online shopping.

2010 | Apeagyei | Conducted a case | [TC]2NX16 Body scanned 191 | 3D body scanning is &
study by using body scanner. female subjects, valuable tool to
body scanning and compared and capture and analyze
virtual try-on analyzed their bodysizes and
technologies at a measurement data, | shapes; It could
metroplitan and implemented transfer mass
university in the data to build avatars| production to mass
UK. for virtual try-on. customization.

2008 | Petrova & | Evaluatel w o m| Vitronic Body scanned 24 The decrease in

Ashdown | pants fit toanalyze | Vitus/Smart 3D | women and designe¢ percent ease

adjustble pants.

differenceswas
associated with the
increasing size, but
there was no clear
dependence on
shapes.
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CHAPTER IlI
METHODOLOGY

Introduction

Computeraideddesign (CAD) is a powerful tool that could help meet the delnaf
customers whose needs have not been satisfied by currertoeadsr garments. Literature has
documented the fact that many consumers are unhappy with the fit of their clothing, making
mass customized production necessary (Loker, 200ié) purpos of this study is to evaluate the
Madeto-Measure (MTM) processes two different 2D CADsoftwarepackageswhich might
allow products to be customized more efficiently and successfully for desired consumers. The
following are the research questions eadtd in this paper:

1. How do two different 2BCAD technologies work in the development and production

of mass customized garments?
a. What is the preparation process for each technology?
b. How is a customized fit enabled within each technology?

2. Do body shapghave any impact on the successful customization of a garment?

3. How would a garment customized formefit us

eval dated

This study used two 2D software packages, which took different approaches to create
customized block gtterns of a garment, and the body scan measurements from a 3D body
scanner were inputted into the software to create custom garments. Durind@ kiprivduct
developmentfour fittings were conducted to refine the custom patterns. Professional experts and
potential consumers evaluated and compared the real garments on four fit models. The whole

process included two 2D software comparisons
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Method
Sampling Method

The Institutional Review Board (IRB) at NC State University appd this research
(Protocol number: 11855). The datarecollected from November 2017 to April 2018.

Participants were recruited from students and employees at NC State University, Raleigh
Campus. Participants included five fit models and nine evaluators

Fitmodels Fi ve fit models were selected based
categorizations. Since previous research suggested that body shapes might have an impact on the
successful alteration of existing patterns (Lim, 2009), a subject/shapedfi mas recruited in
this study that epitomized each of the four major shape categories: Hourglass (balanced bust and
hip girths with an obvious waistline); Bottom hourglass (hip girths larger than bust girths, with
an obvious waistline); Spoon (hip girtlasger than bust girths, with higher Hip-waist ratios);
and Rectangle (almost equal bust and hip girths without an obvious waistline) (Simmons, 2002).

I n order to obtain subjects with the fAidea
dataobtaied t hr ough nor mal class scanning processe
in this research. Only subjects between 18 and 25 years old were included in this study to reduce
the impact that age might have on body shapes and postures. A fiermadel who was willing
to participate in this research was invited first for the basic block development in Software A.

The other four fit models were recruited at NC State University with each subject standing for
one of four typical body shapes.

Evaluators. There was a pool of evaluators to conduct the fit review of the garments that
were created for each fit model representing each shape using both software packages. There

were evaluators from each of the following categories:
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1. Facuwlitpyat maikmg experience

2. Potential consuemnker stilbedgen ¢pd a8 who f

3. Fimodel s
Apparatus/Instrument

CAD software packages can generate customized patterns by two methods. One method
generates custom patterns from graded pattern setghtreuses individual patterns, which
were altered by inputting measurements (Istook, 2002). A garment was designed using Adobe
lllustrator, and a basic pattern for this design was created using a 2D software package labeled as
Software A. Block patterns fdit models were generated based on the basic pattern. The same
design and patterns were developed using the other 2D software called Software B.

A questionnaire was designed for an evaluation and comparison of the final custom
garments. A [TCG) 3D bodyscanner based on depth sensors was adopted to scan fit models
because its software can extract measurements following the measuring methods required by
Software A and Software Bn addition a measuring tape was also used to manually measure fit
models taconfirm the body scan measurements.

Measuring Methods
The measurements thaere takerfor Software A were defined as follows:
1 Bust:Largestcircumference taken horizontally across the bust points.
1 Bust length: Distance from the side neck point to thet paint.
1 Waist: Smallest circumference between the bust and the hip.
1 High hip: Circumference 3 inché=lowthe waist level.
1 Hips: Circumferenceneasured horizontally at the most prominent rear point

between the waist and crotch.
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1 Back Waist: Length meased vertically from the neck base to the waist following
the shape of the spine.

1 Hip Length: Length measuraertically from the waist level to the hip level at the
side.

1 Knee: Length measuractrtically from thekneecago the floor.

Themeasuring methorkquired by Software B was slightly different (Fig@)e The
measurementsere takeras follows:

1 Chest: Circumference of tlolesttakenat the underarrtevel.

1 Bust:Measurementaken horizontally across the back at the underarm, then
curved down to cres the bust points horizontally (Figu8e

1 Chest bust difference (CBD): The bust measurement minus the chest
measurement.

1 Bust lengthThe side neckointto the bust apex

1 Bust Distance: Distance between bust points.

1 Waist: Actualwaist where the ciramference between the rib cage eaddthe
pelvis starts. If thevaistwas taken lower than the exact location, the total bodice

length will be longer than it should be and ganirfi will be affected

Bust Measurement Total Bodice Length Hip M?gshlnlr)emem

Fi gBSeftware B measnargiensjemment Sotlt ware B traini
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1 Total bodice length (TBL)Length measured fronhé front waist toside neck
point to bust point to thibackwaist (Figure3).
1 Hips: Girthmeasuredhorizontally at thenost prominent poirf thehips
1 Hip Length: Lengtimeasuredertically from thewaist to the hipst the front
(Figure3).
Test Product
For four typical body shapes, a simple sleeveless shift dress with princess seams (Figure
4) was created using Software A and Software B. The simple sleeveless shiftalress
appropriate choice to investigate the shape influences based on the bust, waist, and hip

measurements, and the princess seams had a greater capacity to be altered to improve the

m L B

Figure 4. Simple sleeveless shift dress with princeseams

garment fit.

Prototypes and final garments were made to examine the fit on the five fit models and

adjusted for a better outcome. During this process, each fit model was invited to try on the
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prototypes. The drafts of the patterns were altered based on eachfite | 6 s body measu
and the fit results. In total, two prototypes and two dresses were developed using Software A for

the primary fit model. Moreover, three prototype fittings were conducted on etuhfodr fit

models to achieve a good fit. Firgdrments labeled as Dress A and Dress B based on two sets of
patterns were made, for a total of eight dresses.

Protocol

Five fit models were body scanned again with the fBBT] body scanner after recruiting
them (Appendix A). The body scanning procesktd minutes and was conducted at the
College of Textiles, NC State Universifyit models were required to wear bras and underpants
in the body scanner.

There were four fittigs. Each fitting lasted about 20 minutes. Fit models were
photographed wearirtpe garments from the front, side, and back. At the first three fittings, they
responded to some questions related to the size and fit, performed some activities such as lifting
arms, walking, and sitting, and provided feedback for the researcher tothdjpsbtotypes.

This process was necessary to perfect the customization process. During the final fitting, four of
the fit models filled out a questionnaire (Appendix B) to evaluate the fit of the dresses created
using both software systems. They keptghanents that were created for them after the study
was complete.

An evaluation meeting was held at NC State University. The meeting lasted about one
hour. Four fit models, three faculty, and five consumers attended the meeting. Faculty and
consumers fikkd out an evaluation form (Appendix B) to assess the fit of the two dresses on each
of the four fit models wearing Dress A and Dress B (Figure 5). All evaluation was conducted on

live fit models except for one question related to the dress selectiohforavh  f our f i t mc
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comparison pictures were shown on a big computer screen at the end of the evaluation process

Bottom
Spoon Shape Rest:angle Hourglass
Subject ape Shape
Subject Subject
Scanning

(Appendix C).

Hourglass

Shape
Subject

[ Measurement Measurement
& Croquis

[ Software A Software B

Dresses A on Dress A Dress B Dresses B on
Live Models Images — Images Live Models
Evaluation ‘

———

=
‘ baculey \ Consumers \ ‘ Fit Models \

Figure 5. Methodology flowchart.

Data Collection
1. Body Scan Data using the [TC] Scanner (AppendiR)
2. Fit EvaluatiorQuestionnaire (Appendik)
Data Analysis
To answer the research questidmsth quantitative and qualitative methods wastepted

to evaluate 2D and 3D technologies for mass customization process (Table 2).
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Table 2

Data Analyses for Research Questions

Research Questions

Data Collection & Analyses

1. How do differing 2D technologies work i
the development and production of mass
customized garments?

Lab notes and computer screenshots were
taken during the product developmentcess,
and used to explaiand compare two 2D
software functions such as easfeuse, pattern
making process, and customized fit. An
appropriate qualitative analysisas
conducted

2. Do body shapes have any impact on the
successful customization of a garment?

Evaluation responsesgere adoptedor
gualitative analysis.

3. How would a garment customized for fit
using the process defined by each sydtem
evaluate@

Descriptive analyses and a paireedt (one
tailed) were conducted on the survey

responses to evaluate tlite andcompared the
results of Dress A and Dress B.
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CHAPTER IV
RESULTS
Description of Sample

Four fit modelsrepresentinghe Spoon(Model B), Bottom hourglass (Model)C
Hourglass (Model M), and Rectangle (Model Z) shapere selecteffom exiging body scan
data of students enrolled in a product development dasse subjecfdodyscan datavas
used in the development of the block patterns in each body shape group.#Fami¢hick
development in Software A, a fit model aged2Band rgpresented a bottom hourglagas
solicited(Model A).

Two different Madeto-Measure (MTM) processegere evaluatedlheSoftwareA
process included many steps to create a custorgem@aent TheSoftwareB processactually
created a&ustomfit garmentdirectly from measurements. The Software A and Software B
proceseswerecompared and contrastemlanswetheresearch questions as follows:

1. How do differing 2BCAD technologies work in the development and production of
mass customized garments?

2. Do baly shapes have any impact on the successful customizatiaqgaohen®

Software A Process
Creating a Basic Block Using Software A

Software A, an industrial CAD pattern making system, was selected to make one set of
MTM garments in this study. Model A aj@8-25 wasselectedor basicblock development.
She was body scannedingthe[TC]? body scanner andlasic block of a shift dresgas
createdusing her measuremergstractedrom the body scann€Figure6). A prototype was

made and tried oklodel A (Figure7).
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Figure7.Model Abés first prototype created using S
The basic patterwas modifiedafter the first fitting. The hips, the shoulder line, and the

front armhole of th@atternwererefinedaccordingo the fit resultsin addition 3/4of an inch of

fullnesswas addegdstarting from the hip point tapering to the hem, to accommddiatel e | A6 s

thighs. After thepatternof thebasicshift dress was adjusted, the pattern piessa® splitto

createprincess lines in the shift dress (Fig@e
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Princessseams were developed in the dress using traditional pattern engineering methods
(Figure8). The second prototype was completed and fit @ad®l A. Additionalfit problems

existed, such as extra fabric at thack waist and hips (Figug The pattern was adjusted again.

gB8mTae shiwats dcrheasnsgtetde pr i n Nedls . shd ded dirhees st. a |
Il ness. 2: Split to the princess shift dres

Fig9Meded Aecond prototype.
After the pattermvas refined Ponte knit fabricwhich had a little stretchyas selected to
makethepilot dress. The dress was cging a Lectra cutting machied assembled to
examine the fit on Model A (FigurédlL The Ponte knit fabric did not obvidydisplay fit
problems and the charcoal color made it difficult to see the seam lines in the pictures. Therefore,

a medium weight woven cotton fabric was used to make another shift dress and examine the fit
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onModel A again. o meetmore ¢ 0 n s u mences @d mareeatcerately show different

body shapes, th&-line dresswas adjustetb a straight line dress (Figuré)1l

Fi guMo die® -IAi ne dress.

Fi gulrModled Atraight |l ine dress.
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The results showed thtite woven fabric was a bettchoiceto evaluate fithowever the
redcolordid not improve the visibility of the sealines Therefoe, a similar medium weight
wovenfabric, 97% cotton and 3% lycra dark tan stretch sgtees selected to make the final
dresses for each of fout fnodel. The fabric content of 3% lyogave a little stretch, and the
dark tan colodisplayed theseam linedetter.

Devel oping the MTM System Using Software A

In Software A, multiple tables wetevelopedo guide the alteration of a garment
developedor mass productiormhisincluded a grade rule table, a size code table, and
alternation rules that weeatedand applied to the basic pattern block to generate the custom
fitted dresses.

Size code table.A size code table, with a range of sizes @26, was developed based
onModelAd s me as ur e ReModet As(mEasugamengserd categorizethto a size
8in the size code table, and the size intevwas develope@Table3). The primary parameters
determined to be most important to theofithe dress were bust girth, waggtth, hip girth,
backwaist length, knee length, and waist todlgngth. Theseneasurementsere entereihto
the size code table and all the sizes were defined according to the grading method used in the

basic garmetnand withModelA6 s measur ements as the base size

0
8R A
Rule Amount Amount Amount Amount
1 |BUST 36.500
2 |WAIST 28.500
3 |HIGHHIP 31.580
4 |HIPS 40.510
5 |BACKWAIST 17.500
6 |HIPLENGTH 8.500
7 |KNEE 22.000
8 | v
< >

«[»Nof2f4f6)8£10412£14 {16 {18 {20 {22 {24 {26 ]

Ready

Fi guZTehel lsd &oet Mo@E elmeAsur ement s.
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Tab3d e

Size Intervals of the Size Code Table

0-2 2-4 4-6 6-8 8-10 1012 14-16 16-18 1820 20-22 22-24 2426
Bust 1 1 1 1 15/9 11/2 14/7 158 14/7 11/2 15/9 14/7
Waist 1 1 1 1 1172 15/9 14/7 15/9 14/7 15/9 14/7 15/9
High Hip 2/3 2/3 2/3 3/4 11/3 11/3 13/8 13/8 13/8 14/9 13/8 11/2
Hips 1 1 1 1 15/9 1172 1172 1172 1172 14/7 11/2 11/2
Back waist 1/8 0 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1/8 1/8
Hip length 1/3 1/4 1/3 1/4 1/3 1/4 1/3 1/4 1/3 1/4 1/3 1/4
Knee 3/8 3/8 3/8 3/8 3/8 3/8 3/8 3/8 3/8 3/8 3/8 3/8

Grade rule table. A grade rule tablevas appliedo the basic pattern according to

industry standard gradingf Misses As indicated in Figure3, each essential point on the

pattern piecebad a grade rule applied to adjust the points in x and y directions to increase or

decrease the size of the pattern pidEegure 4). The graded nest of the pattesrexhibitedin

Figure b.
Rule Rule Rule Rule Rule Rule
Number: 101 102 103 104 105 106
Comment:|CF NECK PT SH NECK PT SH PT ARMHOLE NOTCH ARMHOLE SS PT SS WAIST PT
Point Attribute:

Size Breaks X Y X X X Y X Y X 32 X Y
2-{0 -0.120 0.000 -0.250 -0.060 -0.250 -0.120 0.000 -0.120 0.000 -0.250 0.120 -0.250
4-|2 -0.120 0.000 -0.250 -0.060 -0.250 -0.120 0.000 -0.120 0.000 -0.250 0.120 -0.250
6-14 -0.120 0.000 -0.250 -0.060 -0.250 -0.120 0.000 -0.120 0.000 -0.250 0.120 -0.250 |
8-|6 -0.120 0.000 -0.250 -0.060 -0.250 -0.120 0.000 -0.120 0.000 -0.250 0.120 -0.250

A 8-110 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380
10-[12 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380|
12-|14 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380 |
14-|16 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380
16-|18 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380|
18-]20 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380|
20-|22 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380|
22-|24 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380 |
24-126 0.120 0.000 0.250 0.120 0.250 0.250 0.000 0.250 0.000 0.380 -0.120 0.380 |

Rule Rule Rule Rule Rule Rule Rule
150 151 152 350 351 352 353
Ci ER PT TORSO DRT |WASIT PT TORSO DRT |LOWER PT TORSO DRT [TORSO SS HIP TORSO SS KNEE TORSO CF/CB HEM TORSO PRINCESS HEM
Point Attribute: |
Size Breaks X Y X Y X Y X Y X Y X Y X Y |
2-10 0.000 -0.120 0.120 -0.120 0.375 -0.120 0.380 -0.250 0.500 -0.250 0.500 0.000 0.500 -0.120|
4-12 0.000 -0.120 0.120 -0.120 0.375 -0.120 0.380 0.250 0.500 0.250 0.500 0.000 0.500 -0.120|
6-14 0.000 -0.120 0.120 -0.120 0.375 -0.120 0.380 0.250 0.500 0.250 0.500 0.000 0.500 -0.120|
8-[6 0.000 -0.120 0.120 -0.120 0.375 -0.120 0.380 0.250 0.500 -0.250 0.500 0.000 0.500 -0.120|
8-10 0.000 0.190 -0.120 0.180 -0.375 0.190 0.380 0.380 -0.500 0.380 -0.500 0.000 -0.500 0.190]
10 -{12 0.000 0.190 -0.120 0.190 -0.375 0.190 0.380 0.380 -0.500 0.380 -0.500 0.000 -0.500 0.190 |
12-[14 0.000 0.190 -0.120 0.190 -0.375 0.190 0.380 0.380 -0.500 0.380 0.500 0.000 -0.500 0.190
14-|16 0.000 0.190 -0.120 0.190 -0.375 0.190 0.380 0.380 -0.500 0.380 0.500 0.000 -0.500 0.190
16-[18 0.000 0.190 -0.120 0.190 -0.378 0.180 0.380 0.380 -0.500 0.380 -0.500 0.000 -0.500 0.190
18-[20 0.000 0.190 -0.120 0.190 -0.375 0.190 -0.380 0.380 0.500 0.380 -0.500 0.000 -0.500 0.190

20-|22 0.000 0.190 -0.120 0.190 -0.375 0.190 0.380 0.380 -0.500 0.380 -0.500 0.000 -0.500 0.190

22-|24 0.000 0.190 -0.120 0.190 -0.375 0.190 -0.380 0.280 -0.500 0.380 0.500 0.000 -0.500 0.190

24-|26 0.000 0.190 -0.120 0.190 -0.375 0.190 0.380 0.380 0.500 0.380 -0.500 0.000 -0.500 0.190 ‘

Figure 13. The grade rule table.
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Alteration rules. Alternation rules, including alteration point numbers, moverhgigs,
and percentage chargyevere createdbr the pincess shift dress. Alternation numbers were
attached to thosaterationpoints (Figure ). Gradepointswere numberetbr the growth of the
pattern pieces for different sizes, while alternation points were related topgiatig for the
same reasofT.he alteration code must work appropriately for the necessary fit adjustments
Therefore some tests aratljustmentsvere performed and completéat this purpose.

There are different types of movements for the development of alteration rules (Istook,
2002) In this study, two types ahovementsincluding counterclockwise extension (CCW Ext),
and X and Y move (X Y Move)yere adoptedbr the alteration. Thérst point was the hold
point and the second point was the move point. The X Y Move indicatedotrermant direction

and was generally changed in a clockwise direction (Figtie 1

Fi guttlel tler ati on poimat nembers of the
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Piece Usage Both v Piece Usage Both v Piece Usage: Both =~
AtType | FirstPT | Second PT [Movement X|Movement Y| AttType | FirstPT | Second PT [Movement X|Movement Y] AltType | FirstPT | Second PT |Movement X| Movement Y|
1 CCWExt __[2200 12235 10.000% 25.000% 1 XY WOVE (2230 2230 0.000% 25.000% 1 XY WOVE 2220 2220 0.000% 25.000%
2 CCWExt (2100 [2140 [0.000% 25.000% 2 XY MOVE _[2130 [213%0 [0:000% 25.000% 2 XY MOVE _ [2120 12120 0000% _ |25.000%
3 COWEx  [2400 |2425 [0:000% 25.000% 3 XV MOVE  |2255 2255 0000% _ |12.500% 3 XY MOVE 2225 12225 [0000%  125.000%
0 CoWExt  |2300 [2325 [0.000% 25.000% 3 XY MOVE (2150 [2150 0.000% [12.500% 0 XY MOVE 2125 [2128 [0.000% [25.000%
5 XY MOVE _|2241 [22¢1 [0000% [12500% 5 XY MOVE (2240 2240 0.000% 12.500% s XY MOVE 2216 [2250 [0000%  [12500%
G XY MOVE 2136 [2136 [0000% [12500% B XY MOVE _ [2145 2145 0.000% 12.500% G XVMOVE  |2116 (2158 [0000%  [12500%
7 XY MOVE _[2320 2320 [0.000% 12.500% 7 [ | | | 7 XY MOVE  |2250 2217 [0.000% [12.500%
0 XY MOVE _|2420 2420 0.000% [12:500% 3 8 XV MOVE  |2155 2117 [0.000% [12.500%
< ! ! ! ! | — < ! I | }
<[> ]\BusT A{WAIST [HIPS [KNEE { BACKWAIST {HIPLENGTH/ <[ INBUST ) WAIST {HIPS AKNEE X BACKWAIST AHIPLENGTH/ <[+ [NBUST [ WAIST \HIPS (KNEE { BACKWAIST JHIPLENGTH/
Piece Usage [Both v Piece Usage Both - Piece Usage Both -
AltType | FirstPT | Second PT [Movement X|Movement Y] AltType | FirstPT [ second PT [Movement X[Movement Y| AltType | FirstPT | Second PT |Movement X|Movement Y|
1 XY MOVE 2215 2218 |-100.000% _[0.000% 1 XYMOVE _|2145 2110 100.000% _|0.000% 7 XY MOVE 2125 7125 ~100000% _|0.000%
2 XY MOVE [2115 [2118 [-100.000% —[0.000% 2 XYMOVE 2238 240 100.000% _|0.000% 2 Ixvuove 2225 12225 1100.000% 10.000%
3 XY MOVE _ [2117 |2120 -100.000% _ |0.000% 3 XY MOVE 12140 2145 100.000% 0.000% 3 | T T | |
0 XY MOVE _[2217 [2220 [-100.000% [0.000% 0 XY MOVE _[2240 |2210 [100.000%  [0.000% T [ [ [ [
5 ! ! 1 S 5 | | | |
<[> NBUST {WAIST {HIPS ) KNEE  BACKWAIST JHIPLENGTH/' «[ ¥ INBUST {WAIST {HIPS {KNEE \ BACKWAIST {HIPLENGTH/ <[V [\BUST {WAIST {HIPS {KNEE { BACKWAIST ) HIPLENGTH /

Fi guZthel tler attiaooml esul e
Critical aweeeatatodthpdinretck, busbaeoharimhol es
l engt h, hikméleenrggthh, Tehred al t erati on amounts wer
identi fsedreftome thieze tdicedei wiadneamlsmirement s. As
Fi gur eAllt ernation rul es yfpoers eocafc hmopvaer naemmett se,r hi onl¢
points, and movement amounotve nitfervtaell toreat it @n mami
Erriomst he alteration tables were found and fi)
For thebustgirth growth (Figurel8), points 2200 and 2235 for the back armteoid
points2100 and 2140 for the front armhole were changed 25% icotingeclockwise rotation.
For the same reason, points 2300, 2325, 2425 and 2420 for the interfacing were moued 25%
the same rotatiorRoints 2241 for both center back piece and side back piece, and 2136 for both
center front piece and side front piece performed the X Y move. Both of them were moved 12.5%

in the Y direction. Points 2320 and 2420 were assigned 25% for the interfacing.growt
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Figagrel terati onbuglil reithea tabhttlg&rretdh i n r ed.
Points 213t the front waist girtiand 2230 at thback waist girtthwereseparately
allocatedfor the alteration rulesf the waist(Figure19). Thedresshadsymmetrictwo front
waist points and two back waist point$ereforeboth theside waist poin2130in the front
patternand theside waist poin2230in the back patterwere equally change?b% in the Y
direction. Princesseam waist point8255and21500n thefront andback piecesverealso
createdor thewaistgirth alteration. While for points 2255 and 2150 at the waist and 2240 and
2145 at the princeseams, the alterati@mountwas evenlycalculaed 12.5%in the Y direction
The hip alteration shouldnty be altered from the waist downhd alteration points of X
Y Move need to be in clockwise ord@®oints2116 and 2155 on the center front piecanfs
2155 and 2117 on the side front pigeeints2216 and 2250 on the center back piece, and points
2290 and 2217 on the side back piegere createdand they grew 12.5% in the positive Y

direction (Figure20). Meanwhile points2116, 2117, 2216, and 2217 affected the hemline too.
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Therefore, except for these points, other numbers 2115, 2120, 2215, ane2@2(3signed to

thepoints and the alternation of the kne@s addedo the hem growth (Figurel

Figa®el teration rgleBhataltther avdhiwdi st girth in

Figure 20. Alteration rules at the hip girth. The alteredhip girth in red.
As shown in the alteration rule for the knee (Figutg Roints 2115 and 2116 on the

center front piece, 2117 and 2120 on the side front piece, 2215 and 2216 on the center back piece,
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and 2216 and 2217 of tiemlineon the side back piece move@dO%o in the negative X

direction. For the same type of the movement, points 2125 andg2@&3.00% length in the

negative X direction for the hip length alteration (Fig22g

Figax eAl teration rullTke alitgehlea@mgtpldl engt h.

For thhheilsacHd ength, points 2140 and 2145 on
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on the side back piece, 2145 and 21ttBeoocenther

back piece moved 100% in 3 he positive X direc

Fi gu3Alel t2eration rul es aTthe hadd dbwdaciksetmigrn Brted .engt h
The high hip alteration rule was added to
(Figure 21). Numbers 2227 and 2127 of thiggh hip moved 25% in the Y direction for the

growth. Others, such as waist and hips, stayed at the same locations (Bjgure 2

Piece Usage: Both i
Alt Type First PT Second PT M t X M tY -
XY MOVE v ||2227 2227 0.000% 25.000% LI
XY MOVE 2127 2127 0.000% 25.000%

-~

L I I S

<[ » \BUST £ WAIST ) HIGHHIP AHIPS AKNEE £ BACKWAIST ABUSTLENGTHZHIPLENGTH/
Ready [Current Rule 3/Total 8/

Fi gudhel t2eration rul éeni.tpabl e for the high
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Fi ga@xlel teratitonhlrdull @ sgiaret rmath it ghgatditph i n r ed.
Creating the petite pattern and size code tablélhe back waist of the regular pattern
size 8(Model A& measurementsjas 17.5 inches, whiourf i t model s6 back
measurements were aboutl1binchesThe back waist length was not a criterion for selecting
all fit models. Howevenvhenthe basigatternwas usedor subjects with petite sizes, the
generategbatternshad irregular shapes. It was better to alter the back waist as longer thtan sho
Therefore, getitepatternwas created by shortening 2 inches of the back waist, which was the
main change of thpetitepattern while the shoulder lines of theetitepattern blocks were
slightly modified based on the fitting results (Fig@g.
A petite size chart was also developedupport the petite bodyable4). Theonly
difference between the regular aheé petitesize code table was tl2einch difference in the
backwaist length. To adapt the regular pattern topibite pattern thepatternneeded to be

adjusted to accommodatdackwaist length in thd5-16 inch range.
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Figure 26. Comparison between the regular andopetite patterns. Theregularpattern in green
andthe petitepattern in red.

Therefore, the researcher verifiedgubct sé6 back wai st measur eme
whether regular gpetite,and then compared their bust measuremerdedalethe best size
code for alteration purposeEhe petite size pattern was used for all fit mothelsause all
subjects were shoertaisted
Table 4

The Petite Sie Chart

0 2 4 6 8 10 12
Bust 32437 33.437 34437 35500 36.500 38.062 39.562
Waist 24.625 25562 26.500 27.500 28.500 30.000 31.562
High Hip 28.768 29.455 30.143 30.830 31.580 32.893 34.205
Hips 36.510 37.510 38,510 39510 40.510 42.072 43.572
Back Waist 15.062 15.187 15.250 15.375 15,500 15.625 15.750
Bust Length 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Hip Length 7.375 7.687 7.937 8.250 8.500 8.812 9.062
Knee 20.482 20.861 21.241 21.621 22.000 22.380 22.7®

14 16 18 20 22 24 26
Bust 41.125 42.687 44.250 45750 47.312 48.875 50.437
Waist 33.125 34.687 36.250 37.812 39.375 40.937 42.562
High Hip 35580 36.955 38.330 39.768 41.143 42.643 44.080
Hips 45.072 46.572 48.072 49.635 51.135 52.635 54.197
Back Waist 15875 16.000 16.125 16.250 16.375 16.500 16.625
Bust Length 10.000 10.000 10.000 10.000 10.000 10.000 10.000
Hip Length 9.375 9.625 9.937 10.187 10,500 10.750  11.062
Knee 23.140 23.519 23.899 24.279 24.659 25.039 25.418
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Alteration process.Bustgirths were adopteds a primary measurement for thessic
size selecteddf t er fi guring out which size should be
measurements were copied into the formula of the excel file, and then the pattern file was opened
in SoftwareA for the alteration. When all numbers worked out properly, the researcher selected
all the pieces, chose the alteration rule of the size code table, pasted the alteration amounts,
decided on the size, named new pieces, added each piece to the nevantbsiaed the pattern

block (Figure27).

) Ateced Sae
Select End selecton to
[PPRSMFTSBKS T s ¥ Sakict pncste)
N 12! 1212 S22 sun

Aterabon Libeary ALTEAMISSY PRINCESS F17 (2 Vo Precs Nams
S0 Coda (optonal

Type
®let

Atered Saw
Select proce(s) End selecton to
conteuo

(71 New Prece Name
[JKeep Grade Rudes

Valos bput

Figure 27. The alteration process in Software ANote.1: Alterationamounts. 2Size
selection

First prototypes. Four fit model§bust measuremenigere comparewith the values of
the petitesize chartThreefit models includingModel B (spoonshape)Model C (bottom
hourglasshape), antlodel M (hourglasshape)ell into the petite size 8 (P8), whildodel Z

(rectangle shapavas the petite size 16 (P16). Their altered values are sholiabiab. After
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choosing a size in the MTM systeaf Software Afor each fit model, the systegenerated
patterns by c¢ o mpiabody megasuiements with thaleatéd &izen the size
chart,and altering th@atternof that size at each locatiodArototypes fothese four body shapes

were made to refine the patterns.

Table 5
Fi t MeéeidtdBbdy BcanMeasurements and Alteration Amounts
Name Model B Model B Model C Model C Model M Model M Model Z Model Z
Body Alteration Body Alteration Body Alteration Body Alteration
Scan P8 Scan P8 Scan P8 Scan P16
Bust 36.778 0.278 36.981 0.481 36.691 0.191 42.786 0.099
Waist 28.384 -0.116 30.633 2.133 26.790 -1.710 37.356 2.669
High Hip 33.830 0.750 34.919 1.839 30.133 -1.447 41.515 3.060
Hips 39.354 -1.156 42.761 2.251 37.669 -2.841 44.373 -2.199
Back Waist 15.392 -0.108 14.489 -1.011 14.911 -0.589 16.658 0.658
Hip Length 11.470 2.970 11.982 3.482 9.245 0.745 8.588 -1.037
Knee 24.452 2.452 23.504 1.504 22.732 0.732 23.604 0.085

Model B (Spoon shapeMo d e | patterd was altered (Figug8). The bust area of

Mo del

addition th e

Bo6s

prototype

back

wa i

st

of

ooked

Mo d el

acceptable,Inbut

Bo6s

dress |

also had etxa spacgFigure29). If the back waist level of her dress was dropped, the high hip

might not need an adjustment.

Figaevoded&d Bir stThpea tptassrina.r gr ee n,

and

t he
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FigaeModed Birst pradt atsy meg Sroddtwar e A.

Model C (Bottom hourglass shapeMo d el C6 s aid shosvming=jurep®a t t er n
Model C was satisfied with the fit of the dress even if it was tight on her, but she was concerned
about the dress length because she wanted a ldregsrThe dress at the high hip hadexcess

that did not fit her lower body shape (Figufg.3

Figure 30. Mo d e | C 06 s fTherbasigatterairt green; and the first pattern in red.
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FigBtModed €irst prototype .created using Softyv
Model M (Hourglass shape)Shapes and sizes had an impact on the generated pattern
and the fit of the first pr2washoyaitezeds muthag e | Mo

the dresses for Model C and Model Z, and her prototype had a litgégdre 3).

FiguzModdie®& Mi r s tT hpea tptaesrire.r gr een, and the first
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Figure 33.Mo d e | Mé6s first prototype created using S

Model Z (RecMamdcal eZisrhsap ep)aht t &am dc pRAEodggartreep 68 (
35 had more probl mosebeghiampe shanhbdeaot her t
The pattewas gemdepeadteodr s elgied easd.di ti on, Model Z

busted with dribowolpé&nwd de aasbeosy,ti storhrée el onger t han

Figure 34. Mo d el Z 6 Fhe basipattérningradn.taedrthe first pattern in red.
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FigdModed Zirst prototype created using Softw
First prototype issues Thehigh hip was measured threechres down from the waist

location. Based on the fitting results on Model A, whose first prototype had an excess about 1.5

2 inches at her high hip, the 1.5 inches were deducted from the high hip measurements to

generate patterns for all fit modelscept br Model M whose high hip alteration amowmas

negative {1.447 inches)However, the high hip of the first prototypes still did not fit Model B,

Model C, and Model Z6és | ower body shapes, and
Sincefit problemsmight have come frm measurements taken before the holiday season

asecond body scan was conducted t@aimbmore updated measuremeiits.examine the

differences between the body scan and the hand measuremeétttvalidate theaccuracy of

thebody scan measuremelif@be 6), fit models were also measured manually using a

measuring tapéilthoughMo d el Cbs | ar g e st biggerthan kei hipatthenf er e n c ¢

seat levelit was not easy ttocateduring the manual measurement process. To obtain physical
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and body scameasurements at the same body locations, thedafmeasurementas taken

rather than the largest hip circumfereasehe hip girth

Table 6
The Manual and Body Scan Measurements
Measurement Model B Model B Model B Model B Model C Model C Model C Model C
(inch) body scan manual- body scan manual- body scan manual- body scan manual-
November November January January November November January January
Bust 36.78 36.00 36.48 35.50 36.98 36.25 37.90 37.25
Waist 28.38 28.00 28.47 N 30.63 31.75 31.36 3175
High Hip 33.83 34.50 34.29 35.50 34.92 35.75 35.15 34.00
Hips 38.01 39.00 37.38 38.75 42.43 41.00 39.94 41.00
Bust Length 10.85 10.25 10.83 11.50 10.33 10.00 10.60 10.00
Back Waist 15.39 15.50 15.46 15.50 14.49 15.25 14.28 15.50
Hip Length 8.96 9.75 N N 9.22 10.00 N 8.00
Knee 24.45 23.50 N N 23.50 24.00 N N
Measurement  Model M Model M Model M Model M Model Z Model Z Model Z Model Z
(inch) body scanr manual- body scan manual- body scan manual- body scan manual-
November November January January November November January January
Bust 36.69 35.00 37.76 37.50 42.79 43.75 42.84 43.75
Waist 26.79 26.00 27.04 27.00 37.36 40.75 35.58 37.50
High Hip 30.13 30.50 30.10 N 41.51 44.00 40.75 41.75
Hips 37.10 36.50 36.21 37.00 43.11 45.00 42.47 44.25
Bust Length 10.51 9.75 10.21 10.00 13.64 14.50 12.70 12.00
Back Waist 14.91 14.75 14.77 15.00 16.66 18.25 16.11 15.50
Hip Length 8.14 8.50 N N 7.42 5.00 N N
Knee 22.73 22.00 N N 23.60 20.50 N N

Note.N stands for the data that was not available.

Adding the bust lengthalteration. Princess lines above the bust did noéfis u bj ect s 6
bust curve. The objective was to make mass customization garments instead of customized
garments. If customers wanted to order garments for their sizes, a retailer or toaeuiathe
apparel industry would not change an individgatmentfor each customer. Therefore, alteration
points2146 and 2136or thebust lengthwere added to the basic pattéecause¢he researcher
did not wanto individually change each patteifo move the bust curve to the locatiwhere it
is supposd to go,the alteration rule for thieustlengthwascreaed (Figure36), and the bust
length of 10 inches was set as a standard bust leBaotin of the points were moved down and

the curve was adgted (Figurg7).
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Piece Usage:

Both

v

Alt Type First PT Second PT M t X Mov
XY MOVE v {2146 2146 -100.000% 0.000%
XY MOVE 2136 2136 -100.000% 0.000%

;bW N

[ »

-

<[ » \BUST A WAIST AHIGHHIP AHIPS AKNEE £ BACKWAIST ) BUSTLENGTH AHIPLENGTH/

Ready

Figure 36. Alteration rule table for the bust length.

|Current Rule 7/Total 8/

Figure 37. Alteration rule s at the bustlength. The altered bust length in red.

Second prototypesBased on the measurement comparison (T@)ued the altet@on

amount of fist prototypesnew alteration valuesere suggestefr the second prototypefter

the first fitting The alteratiommountdor thebust lengthwereaddedto accommodate needed

alterationgTable7). Howevert her e

wer e

no

¢ buatlengtebecaus® heivisd d e |

length was @ inchesA second fitting session wasnductedafter the newly created patterns

were cut and sewn.
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Table 7

Alteration AmountComparisonbetweerthe First and Second Prototypes

Name Model B Model B Model C Model C Model M Model M Model Z Model Z

Alteration Alteration Alteration Alteration Alteration Alteration Alteration Alteration

First Second First Second First Second First Second

Bust 0.278 0.500 0.481 1.500 0.191 0.191 0.099 0.250
Waist -0.116 0.000 2.133 2.133 -1.710 -1.710 2.669 1.000
High Hip 0.750 0.250 1.839 1.000 -1.447 -1.447 3.060 2.000
Hips -1.156 -1.156 2.251 2.500 -2.841 -2.841 -2.199 -2.000
Back Waist -0.108 0.500 -1.011 0.000 -0.589 -0.589 0.658 0.750
Hip Length 2.970 2.970 3.482 3.482 0.745 0.745 -1.037 0.000
Knee 2.452 2.452 1.504 3.500 0.732 0.732 0.085 0.000
Bust Length 0.000 0.800 0.000 0.500 0.000 0.000 0.000 2.700

Note.The masurements for the second prototgpe shaded

Model B (Spoon shapeMo d e | BO6s bust aenedotsigaficamtiwhieel t er at
her back waistvas adjustedfom -0.108 for the first prototype to 0.5 inches for the second
prototype to drop theaistof her dress. The high hip alteration amowasreduced.5 inches
more. The alteration amounts of hips, hip lengtid kneesverethe same as thosé the first
prototype. The comparisine t we e n Mo dnd the sBooral patterissshawnin Figure
38. Thefit of the garment at thbackwas improved, as well as the bust cyitwg the shape of

the armholentheback was not satisfactorfFigure39).

Fi g@B&omparbestowdeded Birst and TBhe ofnidr ptatpg aetrtnesr.
greeamd the second pattern in red.
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Figd@®bvoded Becond prototype created wusing
Model C (Bottom hourghss shape)The bust measurement (both manual and scanned)
of Model Cwasabout 1 inch larger than the measurentafibrethe holidays (Tablé).
Therefore, the bust alteratiovasadjusted from 0.481 to 1.5 inches thedifference in
measurementer bak waist alterationvaschanged from1.011 to 0 inches to drop the waist
down because the baulkaistof her first prototype was too short. The alteration amount for her
high hip waschangedrom 1.839 to 1 inch after her waist lewehs loweredThe knedength
wasincrease® more inches for her dress length because she preferred a longeFudyases (

40). Her second prototypie shownin Figure 4.
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Fi gdx@o mparbiestowdeded €Cir st and TBlefeciornsdt ppaatttteerrnnss
green,saocdnd hpatterns in red.

Fi gubMo Mded €econd prototype created using Soft
Model M ( Hourglass shapeMo d e | M6s first prototype had

model s6 prototypes. Therefore, tpraotyee. wer e no
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However, several fit issuegere foundduring the second fittindo d e | M6s second
had extra fabriclzovethe bustwhile the back of the prototype was fifi@gure £). Therefore,

the excess needed to be taken out from the frontgeline to make the bust more significant

on the side piece, but the shoulder should keep the same width. Moreover, the waist level of

Mo d el M6s second prot ot y feel anbneeddd ibgrmogedownh a n

Fi gdx e Mode Icsoadd prornteatggpd g Soft ware A.

Model Z (Rectangle shapeMo d e |  Zvassompared with the petite size 16. Only 1
inchwas addedo her waistHowever, the alteration amount of the high hip vemkicedrom
3.06 to 2 inches because the hingih of the first prototype was a bit large (Figui®.4The high
hip of the second prototype looked good on Model Z (FigdjeHer hip length alteratiowas
changed from1.037 in the first prototype to O inches for the seqmudotype to locate the ese
at her hips more appropriately. Taistof the first prototype was also big on her; therefore, the

waist alteration amount changed from 2.669 to 1 inch for her second prototype
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Fi gux@omMp arbiestowdeded Zirst and Becbindspapattrarsrt
green, and the second pattern in red.

Figuk e ModelsezZzond prototype created using Soft
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The third prototypes and final dressesAt the second fitting, a new fit problewas
identifiedthroughthe fitting process; the busurve was not large enough. Therefore, the
princess lines above the bust points were adjusted. The curve was changed more significantly on
the side front pattern piece, while the shoulder width stayed the same (FByurandl
alteration rules for ththird prototypes were set up (Tal@e A 97% cotton and 3% lycra dark

tan stretch sateen was used to make the final dresses for each fit model

Fi guxTehed bust curve adjustment of tHhHehebasic pa
change in red.
Talb8
Al terati Gaompmied oMmehSenc oamdhi rd Pr ot otypes
Name Model B Model B Model C Model C Model M Model M Model Z Model Z
Alteration Alteration Alteration Alteration Alteration Alteration Alteration Alteration
Second Third Second Third Second Third Second Third
Bust 0.500 1.250 1.500 1.500 0.191 0.375 0.250 0.250
Waist 0.000 0.000 2.133 2.133 -1.710 -1.000 1.000 1.000
High Hip 0.250 0.250 1.000 0.500 -1.447 -1.250 2.000 2.000
Hips -1.156 -0.750 2.500 3.250 -2.841 -1.500 -2.000 -2.000
Back Waist 0.500 1.000 0.000 0.500 -0.589 0.500 0.750 0.750
Hip Length 2.970 2.900 3.482 3.482 0.745 0.750 0.000 0.000
Knee 2.452 2.500 3.500 3.500 0.732 0.750 0.000 0.000
Bust Length 0.800 0.800 0.500 0.500 0.000 0.000 2.700 2.700

Note.The masuremets for thethird prototypeare shaded

Model M (Hourglass shape)The prototype was made for Model M to test the fit
because her bust curve problem was more signi
bust curve fit wk on her, it could alsowkforot her s. The al teration of
was increasettom -0.589 to 0.5 inches because tstwas not at the right locatioiore
easewas addedt the hips by changing the alteration amount fr@®41 to-1.5 inchegFigure

46).
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Figure 46. ComparisonbetweenMo d el MO s s e aittaras. Therselcont hatterndn
green and hethird patternin red.

The final fabri¢ 97% cottorand3% lycra dark tan stretch sategras cut and sewn to
see how the dress fit. The third prototypeled different in theealfabric (Figure 47) After the
bust curvewvas adjustedthe dressittedbetterin the armhole since the armhole did not have the

gapseenin the second prototype

FigdtModets Mhird prototype cHiemdle df aubsriinag. Sof t \
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Adjusting the bust curveMo d e | Més third prototype gar men
still needed the adjustment. Therefore, ghiacesdine at the busof the basic patterwas
movedtowards the center about 0.5 inches to make thechungt better, and the curve above the
bust was flattened. The center back line was also brought in at the waist about 0.5 inches to fit

the back shape better (Figut®.

Figure 48. Comparison between the second and the final basic patterithe second lsac
pattern ingreen andthe final basic pattern in red

Mo del M6 s Rftembath of the adjsssnents were made to the basic pattern, the
final dresswas generatefbr Model M. Herpatternwas modified due to the changes of the basic
pattern(Figure49). Since the overall fit of her third prototype was acceptable, the same
alterationwasused or Mo del M6 s f i rfisaldress wassngproved (Riguref i t  of

50).
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Figure 49. Mo d e | M6 s t hi r ds Thenthdrd fattem an lgreemrad hetfimakpattern
in red.

il “3’“

B St

FigbbOModet Mi nal prototype created using Soft\
Model B (Spoon shapeMo d e | B6s bac wasadaedsstnchaesltadeop at i on
the waist. The extra at high hips landed the exact location aftesaibtevas droppedThe bust

alterationwas increasettom 0.5 to 1.25 inches to add more bust ease. The hips altesaison
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slightly changedrom -1.156 to-0.75 inches (Figureld. Her third prototypés shownin Figure

52. Model B& final dresgFigure 3) had more obvious wrinkles than her third prototype.

Fi gubkbomp arbiestowdedhed Becond andThlei secpadt pans .
greaemd the third pattern in red.

Fi guzModbed Bprotdotype creat eldh eu shiwrsgt e®lb &€t war e A
center back was adjusted.
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Fi gbxModed Binal dress created using Software
Model C (Bottom hourglass shape).h e wai st | evel of Model Co.
neededo be dropped, so her back waist length alteration of the thotdtgpe was increased
from O to 0.5 inches tdropthe waist down. The hips alteration was also increased from 2.5 to
3.25 inches to add more edeghe hips. The high hip alteration decreased from 1 to 0.5 inches
because it was necessary to take theadrdm thehigh hip (Figure ).
Since the basic pattern was adjusted, her bust cfithe third prototypenoved towards
the center and better fitted her bust shipgure ) . Mo del Cbés final dress
alteration as her third prototype extép the armholes and the neckliffidne armholdine and

necklinewereadjusted 0.25 inches all the way arotadanake them biggdFigure ).
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However, the seams of her final dress padkers Herfinal dress also seemed more wrinkled

than the third priotype.

Fi gukk@omp arbiestowdedhed €econd andThlkei sécpadt pan s
green, and the third pattern in red.

FiguxeMbdselt h rd prototype created using Softyuv
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FigocModed €inal dressofttearedAby wusing S
Model Z (Rectangle shapeEven t hough the alteration amolt
prototype was the sanasher second prototype, the bust cuwees significantly changed
(Figure57). Her third prototype was tight on handthe armholes were bigrigure58).
Therefore, some change®re maddo her final dress. The impact of these adjustmentdean

seenin Figure59 (wrinkling occurredbecause the model sat before her fitting).
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Figure 57. ComparisonbetweenMo d el Z6s s econd Tresedondpattennoh pat t
green, and the third pattern in red.

Fi g% e Modelt ha rd prototype created using Softw
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FigModed #Zinal dress created using Software
Software B Process

Software B MTM Process

In comparison to Softwark system, which adopts a standard mass customization
method and geneest apparel patterns using a single pattern, Software B system develops basic
pattern blocks based on individual badgasurementsind has its specific measuring method
and template tareate patterns. In Software B, multiple basic blocks have been built into the
system. Pattern makers can choose and alter a basic block for their designs.

Accurate measurements are essential for a successful MTM result. Errors could happen
because thedaly scanner did not extract theeasuremerdt the exact location3.o ensure that
the body scanner follows the measuring method of SoftwatieeBompanyhas cooperated with

[TC]? and developed a specific body measurement extraction softwarfl GRévody scanner
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generatesord files through the body measurement data batch prd@ese the measurements
areextracted from the 3D body scan, the .ordwilth measurementsan be directly imported
into Software B for the MTM process. Useemnalsomanualy i nput subj ectsd me
into the system to createoquisand patterns.

The users/pattern makers do not have to create an MTM system by themiiéres
i mporting the .ord file into Software @s syste
can easily gener at ecrogquishbnd drantadadhiomdesgn onttidduis c ks an
Moreover,theycan make changes on the selected basic block for their fashion designs. During
this styling process, pattern makers markithygortant degjn points at the locations such as the
neckline, the shoulder line, the armholes, and then draw lines to connect those points. The styled

pattern can be exportédanappropriate format to print (FiguG®).

Select a basic Generate the
: Input the - : Style the Transfer the
[ block by usmg} [ measurements} [automatlc bas% { pattern } {pattern to print}

"Automatic" block

Fi g60Olehe M¥dIr kf |ISoowWw tonfar e B.

First prototypes. Four fit models were body scannieefore the holidayslo
aut omati cal | y ccrogquisandblotkgtheir .brd files were dazvdd an@l imported
into Software B using the Aaut oma automaiicalyunct i o
calculated and inputted timeainmeasurements for tlieoquisand the basic blocks. Four fit
mo d ectoguswere created (Figurelh Even thougtSoftware B can transfer centimeters into
inches,Software B was initially developed to use thetnc system ints pattern making

process. Therefore, centimeters instead of inalesused inthe product developmeptocess
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B (Spoon) C (Bottom Hourglass) M (Hourglass) Z (Rectangle)

Fi gulrFeo ubrimto d éclrsoqui s .

To create a basic dress bldnkimporting the .ord file that came from tf&C]? body
scanner extractigrboftware B automaticallyputtedeight parameters, including 1/2 chest
measurement, chebustdifference (CBD), 1/2 total bodice length (TBb)stlength 1/2 bust
distance (BD), 1/4 waist measurement, and 1/4rtepsuremerfor each of thdour fit models

(Table9). The system automatically rounded up the 1/2 chest measurements for each size.

Table 9

Body Scan Measurements for the First Prototypes
Measurements  Model B Model B Model C Model C Model M Model M Model Z Model Z
(cm) body scan  Automatic  body scan  Automatic  body scan  Automatic  body scan Automatic

November November November November

1/2 Chest 44.50 46.00 47.15 48.00 46.38 48.00 51.58 52.00
CBD 3.20 3.00 0.95 1.00 1.13 2.00 8.15 8.00
1/2 TBL 41.72 41.70 39.32 39.30 42.46 42.50 45.77 45.80
Bust Length 27.56 27.60 25.65 25.60 26.69 26.70 33.77 33.80
1/2 BD 9.69 9.70 10.60 10.60 9.03 9.00 11.04 11.00
Hip Length 22.00 22.00 22.60 22.60 19.30 19.30 18.40 18.40
1/4 Waist 18.02 18.00 19.46 19.50 17.20 17.20 23.72 23.0
1/4 Hip 24.58 24.60 26.23 26.20 23.56 23.60 28.13 28.10
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The researcher drew the fashion design of the princess shift dresscooqiiig and
transferred measurements from technical drawings to basic blocks (FRyu@n6e the fashion
design was ampleted and the same changes were made to the basic block, theljpattesn
with the same measurementsregenerated. All patterns were exported as .hpgl files and
plotted on a plotter. The fabric was manually cut and sewn for the fit evaluation.

The adiantage of this method is that a designer/pattern maker can work on a small scale,
such agroquis, fashion designs, and pattern pieces, and then automatically convert the pattern
block to a large scale and print out the pattern. In addition, patternsyakeusehe function

caledi Desi gn Noteso to check the congQistency of

O (— Design Notes

R Selecton type: | Al abjects
Lol lada il Tdadadada il d ool laladadal
ElL e 4 Imported
4 Sl = (€= Measurements for a
3% 77
EEPaNy 3/ Vi | M Basic Block
Ik I —
i AQ L St Imported
17 Measurements for
E €= 5 Model’s Croquis
E /I (Front)
I
1o i } Imported
4 . e \& ( Measurements f(?l'
, I} i a Model’s Croquis
- i | (Back)
3 b i
) '
= / Fashion des1gn{ P o The Basic Block
(Back) | > % .
i1 Styled pattern based on the \ .M - HIO(‘GI ¥ Eeonpis. Qo)
& basic block \ o3l E——Model’s Croquis (Back)
E I ffremme &&= Fashion Design (Front)
I )_1;{ s w it e Fashion Design (Back)
E Model’s Croquis (Back) Model’s (loqlus (Front) i Presaties e Styled Pattern

Fi guxTehe6 MTM process of Software B.

Model B (Spoon shapepf t er i mporting Model Bo6s .ord
inputted the CBas 3 cm (Tabl®). However, it was not big enough for her bust curve, because
some extra fabric was around her bust. The excess could be removed if the CBD was bigger. In

addition, the back armholes had gapping (Fig®)e 6
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Model C (Bottom hourglass shapeSof t war e B aut omatically i n
as 1 cm (Tabl®). Her dress had extfabric at the front neckline, bust, and the back waist, but it
was tight at her hips (Figurels Moreover, Model C was the bottom hourglass shape, and her
thighs wee biggerthanherhips. The beginning point of the straight limeeded tde lower than
her hip location for her bottom hourglass shape.

Model M (Hourglassshape)f o cr eat e Model Més pattern, S
entered the CBD as 2 cm (Tal®le which was also small for her bust. There were other fit
problems. For example, the first prototype was tight at her waist and hips. The back waist length
of the dress was quite long. The shoulder was too wide (Fi§ire 6

Model Z (Rectangle shapefror Modé Z, Software B automatically calculated her CBD
as8cm(Tabl®) , but dstldngthwaglanger than the usual. The dress did not fit her
bust shape because there was too much extra fabric at the bust. The hips of her prototype were

very snug (Figre ).

Fi guxModed Birst prototype created using Softw
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Figure64. Mo d e | CoOs f icreatedusimgrSaoftivaoetBy p e

FigeéaModets Mirst prototype created using Soft\
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Fi guacMo dbed i rst prot gt Spd tovragaet 68d usi n
Updating the M easurements
Since allofthef i t model s6 first prototypes were no
scanned again and also manually measured by using a tape meabecktioe differences
between their body scamé manual measementsTherewere differences between the manual
and the body scan measuremeaspecially for the CBDT he first fitting results and the updated
measurements were discussed with the expé@sftware B, and they suggested the
measurements for the $ia block/second prototype (Tabl8)1They advised to round up the

number of the body circumferences obtained from the body scanner
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Table 10

Manual and Body Scan Measurements, and Suggested Measurements
Measurements Model B Model B Model B Model B Model C Model C Model C Model C

(cm) body scan  body scan manual- second body scan  body scan manual- second
November January January prototype November January January prototype
% Chest 44.50 44.74 44.75 46.00 47.15 48.23 45.50 46.00
CBD 3.20 2.74 4.75 400 0.95 0.86 3.00 3.00
% TBL 41.72 41.76 40.75 41.00 39.32 38.90 39.25 39.50
Bust Length 27.56 27.13 29.50 27.50 25.65 25.32 25.00 26.00
% Bust Distance 9.69 10.00 10.00 10.00 10.60 10.06 10.00 10.00
Hip Length 22.00 22.10 22.00 22.00 22.60 21.60 24.00 22.00
Y, Waist 18.02 18.08 18.00 18.00 19.46 19.91 20.00 20.00
Y4 Hip 24.58 24.45 24.40 24.50 26.23 25.98 26.25 27.00
Measurements Model M Model M Model M Model M Model Z Model Z Model Z Model Z
(cm) body scarn  body scan manual- second body an-  body scan manual- second
November January January prototype November January January prototype
% Chest 46.38 45.74 44.50 46.00 51.58 50.50 51.25 52.00
CBD 1.13 2.41 4.50 3.00 8.15 6.64 10.50 7.00
% TBL 42.46 41.33 38.50 41.30 45.77 44.60 45.50 45.50
Bust Length 26.69 25.94 25.00 25.00 33.77 32.27 35.00 33.50
> Bust Distance 9.03 8.99 9.00 9.00 11.04 8.84 11.00 11.00
Hip Length 19.30 20.30 21.50 21.50 18.40 19.50 20.50 20.00
Y, Waist 17.20 17.18 17.50 17.50 23.72 22.59 23.25 24.00
Y Hip 23.56 23.33 23.50 2350 28.13 27.73 28.25 29.00

Note.The measurements for the basic block (second protoaypeghaded

Basic Blocks, Third Prototypes, and Final Dresses

The fit evaluation conducted on the fit models helped check the measurements and the fit.
However, somatyling changes such as neckline, bust darts, armholes, and the straight line
belowthe hips could cause fit probleni&xperts from Software Buggested making the fitted
basic block to examine the fithebasic dress blockadflare to accommoda different lower
body shapesThe A-line flare in their basic dresdock was not preferred fdhe basic shift
design, sdhe researchareeded to determine how to manage a straighter shape with the
differing bodies.

The basidlock (second prototygevascreaedfor each fitmodelwith horizontallines
drawnacross the bust, waist, and hipsationsand vertical lineslrawnat the center and side
seams. The fit evaluation of the basic bleas conductedlo change the dress flare to the
straighter side seahne, theamountneeded for individual lower body shapeas determined

Thepointwhere the straight line shoudtlartwasmarked on the basic block. After discussing the
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fit results with the expertsom Software B, the suggested measuremesi® utilized for the

third prototypes and the final dresses (Talle 1

The basic blocksvere styledor the desired design. The experts from Software B

participated in measurement suggestions and the basic block evaluatibeybgre not

involved in the stylingprocess and the following fit evaluatioms.this styling procesghe

neckline and the armhole were moved down for the design, and the bwsaslaransferretb

the shoulderThe princess line starting from the middle point of the shoulder spliustand

the waistdarts,and perpendicularly went to the hem. Since the starting pegeres marked

during the second fitting, the side seam went straight from the mpokeito the hem. The flare

of the shift dressvas changetb the straight line. Fahe final garments, the pattern was refined

to fix the fit issues of the third prototypes

MeasurementComparisonbetweerthe Second andrhird Prototypes

Table 11
Measuremen Model B Model B Model C
ts (cm) (Second)  (Third) (Second)
1/2 Chest 46.0 46.0 46.0
CBD 4.0 4.0 3.0
1/2 TBL 41.0 41.5 39.5
Bust Length 27.5 275 26.0
1/2 BD 10.0 10.0 10.0
Hip Length 22.0 22.0 22.0
1/4 Waist 18.0 18.5 20.0
1/4 Hip 24.5 25.0 27.0
Dress Length 95.0 95.0 95.0

Model C
(Third)
46.0
3.0
39.5
26.0
10.0
22.0
20.0
27.0
95.0

Note. Themeasurement changks the third prototypearein red.

Model B (Spoon sape).Mo d e |

Bo6s

Model M Model M

(Second) (Third)
46.0 46.0
3.0 3.0
41.3 41.3
25.0 25.0
9.0 9.0
215 18.0
17.5 18.0
23.5 23.5
90.0 90.0
chest of

Model Z
(Second)

52.0
7.0
45.5
335
11.0
20.0
24.0
29.0
95.0

52.0
7.0
44.5
33.5
11.0
18.0
24.0
29.0
95.0

Model Z
(Third)

t amgthefchestst pr o

bust difference (CBD) was 3 cm. Her manual bust measurement was 96 cm, but the tape measure

was loose on Modd3 6 s

bust .

Therefor e,

twainputtéder her

second prototypegndthe CBDwas decide@s 4 cm instead of 3 criihe hip length of 22 cm

was applied o

Mo d el

Bo6s

basi

c

bl @able 11lpec ause

of
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Her total bodicdength (TBL) of the body scan was 83.43 cm, while the manual TBL
measur ement was 81.5 c¢cm. From the view of Mod
scanner could have been more precise. Therefore, the 1/2 TBL of 41 cm was used to create
ModelbaBsbisc pattern bl ock. Mo del B6s bust of th
location, and the CBD looked good. However, the waist and the hips wer@mine67). The
pulling happened towards thaistbecause the waist girth was small, and the $Bauld be a

little longer than 41 cm to move down the waistline

Figure 67.Mo d e | B6s basic block created using Softyv
Il n comparison to Model B6s basiwasingeaged er n,

from 41 cm to 41.8mand this adjustmemtf 0.5 cm lowered her waist level (Figus8). The

1/4 waist and the 1/4 hip weirecreased.5 cm as well, and the total 2 cm changes for each

circumference offered the appropriate ease to her waist and hips (E9yu@ther

measuremente&mainedhe same as those of her second prototype (Table 1
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Figed@omparbebwsesen &MolWaedi &8 bl ock Talmed stehcdandd pat
pattern in black. The third pattern in red.

FigeadModed Bhird prototype created using Softw
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Adjusting the bust aurve and reshapingthe princessline. After adding the 2 cm ease
at the waist and the hips, Mo d el B6s third pr
waistof her second prototypelowever,her bust and armholes still had the exataric (Figure
69). Experts fromSoftware B explained that trexcessat the shoulder and the armhole wiere
accommodatsleeveslt may be appropriate for sleevésitthe princess shift dres$ar this
research was sl eevel eisakdressdniextra o Z conwas takeh outat Mo d e |
the shoulder linéo reduce armhole gapir{gigure70).

The fit of Model Bé6s final dress was i mpro
the bust curve of hdmal dress had a better shape and éessssfabric (Figure 7). Since the
adjustment of the bust curve worked on Model B, the same method was appdiswte

excesdabrica t t he bust to fit Mo del C, Mo del M, and

I
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Fi gudx@onmparbiestowdedhed Bhirdpanddhesalhi rd patter
bl ack

[
| ac k. prahtet e rinnead .

84



Fi gulkModedbf Bdlaless created using Software B.
Model C (Bottom hourglass fape).Model C6és manual chest meas
while her chest measurement from the body scanrees 94. 3 c¢cm. Model Cos f
big for her because the imported measurements from the scanner appeared to be Twelarge.
chestoModelC6s first prototype was 4.8vhiletneCBRbOfi ch se
1 cm was too small for héust shapeder chest and CBD of the manual measurements were
more precise than those of the body scan. Therefore, the chest measurement as 46 cm and the
CBD of 3 cm were inputted to generate her basic block.
SinceMo d e | Cds second llygood ta hey hust, waist, and gies werg a
at the correct locations (Figur@)/therewer e no measur ement adj ust mer
prototype.However, the fit issues at the chest and the back still existed (FigurBo/solve the

fit problem,3 cm was removed above the bust of the front princess line and the shoulder blade of
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the back princess |ine by using the same meth
seam of Model Cbd s b a backcThdrefore,chér sidesam was chovedo war d t

about 1 cm to the front during the styling process (Figdje 7

Fi guxModied Basic block created using Software

Fi gu3xMo d7edb &Cshilcoc k NMaotle.i Ngeded a bigger dart at
a biggdrmeddmtonat, 3: Needed to move the side s
|l ocation forl tvwaes smarak gcht seam
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Fi gukk@onmparbiestowdeded Basi c bl ock Tamed stenciondd pat !
pattern in black. The third pattern in red.

Fi guxModied €hird prototype created using Softyuv
Mod@éds third prototype Svasabtvdoalgh gbedshbiu

wi dleo. achi evd ha betntgegrh foift t he shoul der | ine we
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Model M (Hourglass shape).Mo d e | M6és TBL of the manual me
difference with that of the body scan measurenigme. manual TBL was 77 cm; while hEBL
extracted from the bodscannein January was 82.65 cm (Tabl@) 1Since the researcher was
concerned that the manual method might not have been precise, the body scan 1/2 TBL of 41.3
cmwas appliedo her basic lck (Figure78). However, the manual 1/2 TBL of 38.5 amas
accidentally inputteihto Software B for the third prototype, and the waist levélloflelM 6 s

third prototype was higfFigure79).

Fi guaModeétbMshilcock created using Software B.

Mo d el M6s second pr owastandperoadanter shoutdertForg ht a
Model M, the hip length of 21.5 cm was so long that the hips were not at the correct location
(Figure78). Therefore, théip lengthwas changeffom 21.5 cm to 18 crfor her third prototype
(Figure 79) Mo d e | Més third prototype fitgahethe hi p cC

necessary ease for her hips (FigB@g Since the automatic pattern gavtargershoulder
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distance, 1 crmvasremovedrom the bustdart and the shouldéiart. Moreover,Mo d e | M6bs 1/ 4
waist measurement was increased from 17.5 cm to 18 pnova@emore ease fonerwaist

(Figure79).

S

Figux@ompari soMoldetswddeansi ¢ bl oc k Tahmedeke ctomidr d pat
patter nThtah iod datcekr. n e d .

Fig8bvModets Mprodotype created using Software |
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Sincethe 1/2 TBLwas accidentally inputteals 38.5cni or Mo d e | M&és thi
the waistandthe hip levelaveretoo high.In addition her neckline and arfoles had too much
ease. The center back line had too much curve oneeakd to be straighten@elgure80). The
hipswould be at the right location if thveaist levelwas at the correct location.

After Software B updated their software package to kalnody scan data better, the
third prototype was creatddr Model M, and thefit resultswereevaluated. After the software
update, the fingbatterngenerated did not have shaping along the center back line (Fibure 8
For Mo dieal dredsdtre ghulder linewasreduced.5 cmto create diggerbustcurve
and a better shape for the shoulder blade.climeeof the neckline was modified to reduce the

gaping at theeckand the angle of the shoulder line was changed a little to take out the extra at

=
T,

Figure 81. Comparison betweenModel M6 s t h i r doatternsdThef thirch pattern in
black. The finapatternin red.

the armhole (Figured.
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Fig82Mode&d Minal dress created using Software

Model Z (Rectangle flape). Mo d e | Z 6 s the€C®dy scammey was 6.64 cm, while
her manual CBD was more than 10 cm. Compared
measurement was not at a standard location to measure her bust because of her lenger bust
length.In addition the experts of Software lBentioned that the CBD should notliiggerthan
9 cm. I n this c¢ as ewasilotddorher gecomnd pdtpe T&DE7 ¢ m
The excess above the bust and at the back
bustt evel of dddbdldck dtillladked high lbecause Hrrst linedrooped. The shoulder
of her basic block was also tbooad Thehip level wasot at the correct location and the dress

was quite tight at her hips (Figur8)8
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Fi g uXxMo de&b aZsbil coccrke autseedng Sof t war e B.

The suggested measurements for her third prota@tsgshownn Table D. In
comparison to Model 2ZwaschdngeBomel5.9cm ek5cmtaide 1/ 2
the hip lengtlwas reducedrom 20 cm to 18 cmAfter shortening the/2 TBL and the hip
length, the waist was at the right location, and the hips had the necessamlheasdra at the
bust and the shoulder bladas removed si ng t he same met hod adopt ec
dress. The neckline and the armhelreadjustel, as well (Figure 8.

The inputted measurementsMbdelZ 6 s f i nal dress were the sa
prototype modified (Figure3. The neck point was moved 0.5 cm to the center, lmndeckline
curvewas refined The shoulder lingvas shorteed1 cm.The princess line above the bust on the
front pieceand the shoulder blade on the back pieces were modified (Figutd@lelZz 6 s f i nal

dresss shownin Figure87.
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udk o NBp arbiestowdeded Hasi c bl ock Tamed msidehciond pat |
hkE third in red.

Q@

Figure 85.ModelZ 6 s t hi r dcregeduosingSofjware B.
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