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Abstract

Purpose

The potential oBD virtual technologys highfor the fashion industryHowever the implementation

by the industryis slow. Body proportions and fabric properties contribute to the complex fitting tasks.
This paper aims to provide an insight in the benefits 3D virtual technology can have for the fashion
and clothing industryand stimulate interest and application of these digital tools.

Designimethodology/approach

Existing literatureis reviewed, focusng on fabric drape and fabriobjective measurementsed for

the simulation of garmentsand onhow these parameterare translated into a virtual fabric.
Moreover current virtualization processes in industry and education are examined and used to

illustrate thewaythey can be used in the fashion and clothing industry.

Findings

Companies in the fashion and clothingustry,who implementedirtual technologysaw a reduction
of prototypes and samples. Students using this technology to realize their designs confiemetfitis
Other advantages are more time for fit and design decisionsratearmunication, morsustainable

ways of working, andeasier to align with new innovations.
Originality/value
Garment irtualization as illustrated in this papeis applicable in the current fashion and clothing

industry, from the highly commercial mass marketuxury brands and independent designers.

Article ClassificationViewpoint/ General review


mailto:a.a.m.kuijpers@hva.nl
mailto:hugh.gong@manchester.ac.uk

Keywords: Garmentsimulation, 3Dproductvirtualization, Fabrieproperties, Fabridrape, Change

management.



Introduction

In the last fewdecadesglobalisation has transformed garment manufacturitigh volumes of
fabrics and garments are transported all over the world. In most of thetbésesulsin longer lead
times, higher transport costs and more pollutidrmduction processes in tfashion and clothing
industry are largely driven by cheap labouthus discouraging innovations in manufacturing. As a
consequence limited automation is applied and todays sewing machine opeaeggimilar to those

in the19"-century (Walter et al., 2009, pp-4).

Neverthelessthe fashion and clothing industry innovated some areas, such as thproduct
development and cutting roowhere Computer Aided Design and Computer Aided Manufacturing
(CAD/CAM), after its advent in thd 9 7 ,Cslbwly emergedand is commonly usedoday This
enabkes extensivematerial reductionand accelerate processes like pattern development, grading,
marker making and cutting. However with the implementation -dfin&nsional (3D) CAD the
fashion andclothing industry lags behind compar&al other industries. Many industries such as
engineering, architecture and automotive started experimenting with this virtual technology more than
15 years ago enabling them to implement 3D CADn conceptual developemt, design
manufacturing and constructigthases. At the same time the fashion and clothing industry faces
technically challenging aspects such as accurate digital representation of the hdsnandéabric
simulation (Goldstein, 2009, pp. 96).

However the fashion industry can make a headway by implementing 3D virtual technSkeggral
publications Luibe and Magneat Thalmann, 20072andurangan et al. 2008pldstein, 200 have
emphasized that virtugl simulated garments can contribute to work more accurately and to reduce
time and costsThese statements are confirmed by thdyeadapters in the fashion industiyhese
companiesachieved a considerable reductioh costsand resourcesn the samplingprocesses
comparedwith the traditional proces$portswear brandsere the first to implemer8D CAD. This
placed them in the forefromdf empowering virtualization othe product life cycle Moreover
students, who develop their collections wilte use @ virtually simulated garmentfhiave shown that

they are able to significantly reduce the number of phygmahentsand enhance their designs.

The reduction of costs and lead times may be an important reasdhef fashion industryo
implementvirtual garment simulation. It can be argued that overproduction and the environmental
footprint may bea secondary reason to stress the need to include these new innovations and

knowledge based solutions into the fashion cycle.

Some people fear thatrtual design may interfere with the creative process. It is our experience that

virtual design stimulates creative solutiogtual garments could enable companies to undertake the



next steps and create virtual catalogues for presentation, salex@aminerce. This may lead to new
business opportunitie®esigners will be able to visualize their ideas and present their collections in
innovative ways. In combination with body scan data, customized garments could be in the reach of
the mass market. Minal garment simulation can provide educators with new powerful tools to

challenge students and help them to improve the insight in translating their ideas into 3D garments.

For virtual garment developmeiat reliablerepresentation and behaviour of thérfa is essentialo
assess the fit of a garmeriabric objective properties can be measuaed used in 3D virtual
software to simulate the fabric. Today the main systems to obtain these properties dfe KES
Kawabata Evolution System for Fabrics (Kawahal980), and FAST, Fabric Analysis by Simple
Testing (Boos and Tester, 1994).

Methods

Existing literature is reviewed, focusing on fabric drape and fabric objective measurements used for
the simulation of garments, and on how these parameters are translated into a virtual fabric.
Moreover, current virtualization processes in industry addcation are examined and used to

illustrate the way they can be used in the fashion and clothing industry.

Fabric objective measurements andabric drape

Fabric objective measurements

The simulation of virtual fabrics is based on fabric objective properties. Although those objective
properties can be obtained wittariousindividual instruments, the main systems currently used to
retrieve these parameters are KESand FAST.Both systern retrievea number ofvaluable
properties, some closely relatedthough significantly differendue to thepurposeof the instruments

and constructioal principles.

Forthe two systemKES-F delives the mostpreciseparameters for the simulation of garmefitse
comfort of a garmenturing wearis significantly better represented wirtual garments simulated
with KESF data. This is ge to the more elaborated wES-F measureshe tensile and shear
properties The results for bendingrom both KESF and FAST are comparable in a virtual
environmentFAST is limited with testing stretch matesalue to the maximum elongatiai 21%
(Luible and Magnenathalmann 2007)

KES-F was developed by Kawabata (1980n t he 19700 s Keaearehbdantethodsatom d Ni w
guantifythes ubj ecti ve measurement of o6éfabric handé. T
the quality of the materialhis is mostly done by experts in fabric finishing, but also by consumers

Kawabataset up an expert committe@ith whom he definedhe commonly used expressiofts



fabric hand Kawabatasorted the expressioasid dividedthemin four categorieswith a sequence of
importanceAt the same time the Kawabata Evaluation SystB&-F, was developed. The objective

measurementsere correlated with the subjective measuremamtsTHV of the commiittee.

The Kawabata instruments are highly sophisticatadEurope KES- is mainly found ata few
Universities.Due to itsprecision,the system is highly appreciated by experts in the figithough it
is relativeexpensive and skilledperatorsare required. The fabric evaluation systeonsist of KES
FB1 for testing tensile and shear, KEB2 for testingpure lending, KESFB3 for tesing
compression and KEBBA4 for testingsurfacepropertiesKES-F is unable to test very thick material
for bending.but canhandle awide range of fabricsfrom very limpto rigid materials,and including
highly stretchy knits.

FAST (Fabric Analysis bySimple Testing)is developed irthe 198 6by the Australian CSIRO
Division of Wool Technology SiroFAST measures the mechanical and dimensional properties of
fabric that can be used to predict performance in garment manufacture and tharsggpeérthe

garments in wedBoos and Tester, 183

FAST is originally developed for woven woollen suit fabrics, the output includes aoflist
recommendations for cutting and sewiiigpe systemis easy in usand relatively inexpensive.he
instruments are mainlysed in the industryFAST consistsof 3 instruments FAST-1 for testing
compression FAST-2 for testing the bending length and FAST-3 for testing extensibility The
properties for shear are derived from the bias extenBidBT-4 is a method to test thiimensional
stability of a fabricFAST- 2 measures the bending length based on a cantilever systextectronic
eye measureshe bendingcurve under an angle of 48° This can caug difficulties whenhandling
very limp or stiff materials as well as kigid fabrics which tend to curl up during testifA\ST-3 is
limited with jersey and stretch matesads themaximum extension is restrictedinder 100 g/cm

force

Fabric drapeand its measurements
The measurement of fabric drape started in the figf of the previous century. After the
introduction of virtual garment simulatipfabric drape gained interest from various researchers to

obtain information for the virtual drape.

For the textile aresPi erce st arted in the 19306s with the f
(1930)introduced a method to measure the drape quality of fabric, expeestbedoending length.



In the 19506s Chu, Cummi ngs and adbadtoxies(F.R.la) devel
drape meter to quantify fabric drape. During t he
F.R.L. drape meterprinciplee sul ti ng in the fACusick drape meter ¢
drapemeter measures the 3ape of the fabriand isexpressed in the drape coefficient (DC%he

Cusick drapemeterusesa support disc and an outer ring, the latter is lowered to enable the fabric to

drape. A parabolic mirror transfers the light from a bulb mounted under theFdibric specimen,

with a diameter of 24, 30 or 36 cm, are draped on the support digd) lnas a diameter of 18 cm.

After draping the shadow of the drape is traced on a paper amgithe drape coefficientan be
calculatedwith the cut and weight miedd. Figure 1 represents this principl&Vith preliminary tests

Cusick (1962, p. 9) found a fabric specimen with a diamet&0am was the most suitable far

range offabrics with drape coefficierst between30 % and 90 % For limp fabrics with drape

coefficients lower than 30 %urves and folds develop under the support. dideereas fabrics with a

significant difference in warp and weft stiffneBave drape coefficierst from 80% to 90% and 2

nodes occur. A zero nodes fabric has a drape coefficié&d® & or higher, although the traced shape

is not a precise circle for most fabrics.
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Figure 1. The shadow of the draped sample, Nh relation to its original undraped foris

represented by the white area;JMIhe light grey area in the centapresents the support disc.

Today the cut and weight method is often replaced by more accurate and faster image analysis
methods asintroduced bywangheluwe and Kiekens in 139The principle of testing is equal to the
traditional cut and weight methothstead of tracing the shadpan image is taken with a digital
cameramounted above the drapeeter The calculation of th drape coefficient is based pixel

count. The fastness and the digltalassessable dataf this method enable new possibilitits

research fabric drape. Due to this development various new drape parameters are developed and more

insight in the drape and behaviour of fabric is gained.



Jeong (1998) worked with the same principle, althaihghdrape coefficient was calctdd basean
boundary selectigrwhich, the author demonstratedas more accuratdan the pixecountmethod

By testing the samiabric sample multiple times Jeong (1998) found a large variation in drape.
With Adobe Photehop® Kenkare and Plumlee (200%¢trievad the drape coefficient from digital
images taken with a camera mounted above the drape ietsrselected the drape shadow with the
magnetic lasso tool based on boundaaes found good correlation with the cut and weight method.
A digital drape metelbasedon photovoltaiccellsis developed by Collier et al.,(1988, cited in Collier,
1991, p.47)A digital voltmeter registerthe amount of lightThe same fabric swatak draped on
supports with diameters of 5,0 inch and 3.0 inch (12.7 cm and 7.6Zoffigr (1991)suggest the
effect the different sizes of the support discs have on drape can contribute to more insight in the drape
of fabrics

Al-Gaadi, Goktepe, and Halaz (2012) developed the Sylvie-thineensional drape tester. The Sylvie

3D drape ester is based on 3D scanning technology and linked to a computer for digital image
analysis. Additional rings, with inner diameters of 21, 24 and 27 cm, enable a more dynamical drape
measurement. The proportion of the used fabric specimen and suppatedisgual to those used
with the Cu s iAdditiénal rirfys carpbesed tlee $abrie is pushed through the ring and

the measurements are taken. The deformation process is registered by 4 cameras, capturing the cross

lines projected by fouaser transmitters.

An objective methodior determining the correlation between a simulated and a physical fabric drape
wasdevelopediy Kenkare, et al. (2008heyutilized a 3 dimensional body scanner for this purpose.

The authors tested a range of fourteen white fabrics withRESa nd Cusi ckd6s-udr ape
was made in a white light based 3D body scaaneia fabric specimen draped on a support disc was
captured by the scanner. The authors demonstrated there was no significant difference between the

drape coefficients obtained with the scanner and the traditional method.

Georgiou et al (2009) introduced a method to replace the slow and expensive pfde&SI @and
KES-F, with the purpose to facilitate the fashion industry and push the implementation of 3D virtual
prototyping. With an extension of the Cusick drape meter, image analysis and statistical algorithms, a

sample of a new fabric was compared vgiimples ira data base in order to find the closest match.

Relationships between Fabmcoperties andabric drape

Cusick (1965) investigated the influence of bending and shear properties on fabric drape. According
to the authothe drape coefficiergxpresseghe percentage of the deformation occurring in the loose
hanging part, thus indicating the stiffness or limpness of the mateadher Cusick (1965) stated

thatthe shape of the drape is influenced by bending and shearing. To researclatibis weth the



drape coefficientthe author tested the bending length and shear stiffness of 130 fabrics. With simple
and multiple regression Cusick (1965) demonstrated that first shear stiffness and next bending length
influenced the drape coefficient.

Moorooka and Niwa (1974) foundebding rigidity B and weight per unit aredé/ the most closely

related to the drape coefficieritloreover they found that the stability and reproducibility thie

drape coefficient for fabes with high hysteresis valuesbending and shearing was less.

Collier (1991) found the drape coefficieistinverselyrelatedto shear and bending resistance. The
author found that drape is most influenced by shear hystere§jdatdved by bending.

Cloth simulation

In 1994 Breen, House and Wozny delivered a significant contribution to cloth simulation. The
researcherspplied KES-F data into a particle grichodel (mesh).Luible and Magnenathalmann

(2007) stressdthat the realism of the simulated fabric behaviour depends on both the accuracy of the
computational models and the appropriateésle input fabric objective properties. Pandurangan et
al., (2008) stressed the importance of accurate virtual 3D fdbajoe for the fashion and textile
industry and consequently the contribution this will have to various processes in that industry.
According to Pandurangan et al., (2008) there is limited understanding in how the physical properties
of the fabrc influen@ simulation and thiscauses inaccurate representation of fabric in a virtual
environment. AlGaadi, Goktepe, and Halaz (2012) strisxt the complexity of cloth simulatiois

partly due to the effedhatfibre, yarn and weave construction have on tigomance of fabric. The
authorsbelieve that theKkES-F is the main system today to retrieve the mechanical properties for
fabric simulation. Furthermore thepnsider thathe particle and the finite element maias the two

mainsystems currently used the textile area for cloth simulation.

Two distinct areas for the modelling and simulation of cloth

Breen, House and Wozny (1994cognize two different areas for the modelling of cl@he area is
computer animatigrwhere the purpose to have auvatrealistic result is leadinghis result is based

on the visual behaviour of the physical materfatjure 2 represents a game figure wearing a Prada

outfit



Figure2. Computer graphics: Virtual copy (leftf Prada outfit (right). Source: Finéntasy and
Prada, posted by Adrian on gaming, 2012.

The second area ike engineering and Computer Aided Design (CAD). The purpose in this area is to
achieve reliable copies, respecting the mechanical properties aavichetof the physical material.

Figure 3 represents virtual fitting, to aceesomfort by movement, based on simulations with KES

and FAST properties.
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Figure 3. Simulation respecting the mechanical measurements, Virtual measurement of tensile
property; left based on KEKS and right on FAST data. Sourdeuible and Magnenathalmann,

2007.

Methods for cloth simulation
Although simulations with finite element nhetds are very precise, they are not commonly used for

cloth simulation. Thids mainly due todng computation time and the handling of collisions. The

latter mismatches with the complex buckling and wrinkling of cloth. Maisignple circles or



rectangles are used for simulation (Volino and Magn&hatmann, 2000, pp. 581; Hu, 2004, p.

16).

Breen, House and Wozny (1994) stress the complexity of textile materials which are cosmgfound

fibres with their own characteristics@mtricate connectian 6 Si gni fi cantly, all of
are held together, not by mol ecular bonds or we
model respecting the mechanical paramefBng. model consistof a particle spring syste where

the particles represent the intersection points of the warp and weft yarns, as illustrated # figure

/

Figure4. Thread crossing map into particlégft plane weave, right particle grid translation. Source:

Breen, House and Wozny, 1994.

Several athors found thébendingthe most dominaniparameter for garmentsimulation (Breen,
House and Wozny, 1994, Parandugan .€2G08).

Examples form industry

KappAhl is a Swedish company who develops male, female and children collections for their own
stores in the northern part of Eurofidwey use 3D virtual prototyping for proct developmentAn
importantbenefit of working with 3D virtual prototyping the reduction of prototypesnd samples

With virtual fits they sizeddlown the amount of physical samples fromultiple to one sampleper

style Additionally the communication and decision making improved by discussing the virtual styles
within the desigrand buyng team for input and approvébilow, 2011). In 2009 KappAhl stared

using 3D virtual prototypingLotta Silow (2014) points out the benefits of the implementatiadhen

c o0 mp awok mcessApart from the sample reductiand easy improvement of fit enables

them to visualizequickly multiple options withslight pattern or print variationdhesevariations are
presented tand discussedavithin the design and buying team, enabling them to choose the best
options to build the collectionwithout making any physical sampte prototype Complete size
ranges are virtually fied, the software shows the Avatars positioned next to each other in the ordered
size range. With thesshecls it is easy tamprove fit and propdion in all sizesAvatarslined upnext

to each other in different skirt lengths easily communicatesstieea s skint Gemsgthswithin the

different teams



Adidas started implementingD virtual productsin an early stageln 2004 a small team started
researching thpossibilitiesby firstly looking at industries, such as architecture and automotive, who
hadimplemented this technology already. They started the vitalization process in the footwear area.
Pushed byhe confineof the current systenvirtualization is a ky strategy for the compargigder,

2013) Since the launch of the virtualization program, in 2010,ubeof virtual textile sampless
increasing significantlyhroughout the various departmeriffiey easilygo around without high cost

and time investmertompared to physical sampl@he gained time can be set in for fit and design
decisiongMueller, 2012)

This strategyhas led to a reduction ofL.5 million physical textile sampledetween 2011 and
2013thus reducingcostsand lead timesand allowing faster desion making within the company.
Next to thisthey contribued to a more sustainable approach by saving matendresources
Furthermoreby transporting less material and samples around the ,glo&eredue ther carbon
footprint Thesevirtual samples are easibvailable and replacéme consuming photo shoots of the
real samplesThe conpany uses these virtual samplegeplace the real onas é-cataloguesseltin,
e-commerceandbrandmarketing At the end of 2013 Adidas used 500 virtual samples on the website
and in web shopsThe companyims toclose 2014 with a reduction of 2.5 milligrysical samples
(Adidas Group, 2014, p.p. Z21). Another goal is to virtualize the design presethereforeAdidas
introdued a new 3D design tool in 20{&didas Group, 2018 p.p. 3031).

The Adidas group uses thegietual 3D products in novel inventories for selling their produatsl
obtaining information about their customelrsventoriessuchas virtual selin for retail orin the end
consumer marketootwearwalls and window shoppingVith easy to use scanning technoldgy

customersthe virtual garmentan be fitted on thandividual body of theend user

Adidas launched in Western Europe a new way to present their collectlos tetailbuyers Instead

of having sales samples in every colour and putting whole collection ranges on the floor, they shifted
to a sophisticated sell in process. On large digidach screenwirtual samples of the collection
ranges arepresentedThe buyer can browse through the entire range, rdteteittual productgnd
generate product specific informatianddragthe items they want to setl for their own shops in a
separate areaAccordingly, they can wipe the final selectionnto a specific area tgenerate the
ordersautomaticallyandfinally retrieve a digital or printed codyom the orders. Figurg illustrates

this proces¢Adidas Group, 2013, p. 30).



Figureb. Virtual selkin tools Source: RTT Marketing Solutions (2013)

The footwear wallfigure 6)is a novel customer experiendéhe idea for the digital footwear wall

dates from the Olympics in Beijing in 2008hent he s quar e met e alswtoshowt he s h.
the entire Olympic range. Cooperating with IntAdidas developed an interactive virtual shelf
displaying virtual productsableto trigger the costumers amal push productsThe Virtual footwear

wall works with a similar principle as tiellin device.By touching and swipingustomergan also

select androtatethe 3D reatime rendered product@dditional they are able tobtain product

specific informationinteractreal timewith social mediaand buy the product on a connected tablet.

Video analytics recognize gender, patterns, demographics, preferences and most viewéghaems.

from virtually enlarging the shop6s sligenablese met e
the compan to give tailored advise, push products and attraetctistomer with games and video

(Aubrey, 2014)

Figure6. Adidas footwear wall. Source: Start JG



A comparable project is set up oooperation with retailer Foot Lockeresulting in thebt he A

s t a n,cmintedadtive digital shelf with 3D virtual productBhis digital shelf is based on the same

principle as the footwear wall. providescustomersvith product information and performance of the

apparel and shogwhich areavailablein storeandalsoon-line. For the retaile6t he A st andar d
ultimate opportunity to collect datand aligntheir selkin. In the United States?28 selected Foot

Locker storesvill be equipped witlthis interactive experienc€(nningham2014)

At the next level the shop window is transformetb avirtual touchscreerffigure 7), thus opening
the shop after closing time, letting customers ls®through the range ardtting theminteract with

their mobile phone.

Figure7. Window shopping. Sourcé&didas Group, 2013c

Figure 8 summarizes the benefits the fashiamd clothingindustry can gain by virtualizing their

products.
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Figure8. Benefits of virtualization for the fashion and clothing industry

3D Body scan andvirtual garment

With body scan technologw virtual replica can be made of the human bddsers of garment
simulation softwarehave mostly the choice between a parametric avatar, with adjusiabke or
importing abody scanWhereas the parametric avatar has benefits for fitting a complete size range or
the measurements can adjusedto the average of the target group. The body scan represents an
individual personon wtich a virtualgarment can be drapéad a digital envirmment This prompts

the opportunityfor fashion and clothing companjeas well as for independent designtrscreate
customized garment3.hey can develop the firstustomized fi in the virtual environmentwithout

producing toiles and reduce the preseof the customer for fitting the toiles.

Virtual garments simulated on 3D body scans may be used to optimize garment fit (Daanen et al.
,2014. In the Dutch army each soldier has a personal shopping chart to select the right size military
garment, the chart is based on measurements retrieved from individual body scans. The aim of this

system is to obtain the best fitting garment in minimum tififee accuracy of this system was tested



for 35 male soldiers. The best fitting combat jacket and pants were compared to the predicted sizes.
The fits were repeated in a virtual environment using a selection of the population. The original
patterns used fathe garments were virtually stitched and draped on the body scans of the soldiers.

The authors found virtual fitting a promising tool, since it is not biased by personal preferences.

To select the correct size Adidagperimengéd with an easy to use swaer, based on Microsoft
Kinect®: the "BodyKinectizer".On digital screen, operating on body movements, a garment can be
selected. Next system is able to make a rough body scan from a dressed person. The virtual garment
is draped around the bodyijth gesture the right size selected, fitted and finally bouligure 9
illustrates this proces§ he companyis aiming to havethe systemused at home and in the shop
(Adidas group 20113.

r

Figure9. BodyKinectizer, sourceAdidas Group, 2013

Education

Next to brandswho could gain from virtualizatiorindependent and starting designesdling to

work beyond the traditional bordemwill also benefitfrom this technology(Kuijpers, 2012). The
visualization possibilities for print design and the imra&z feedback on the virtual garment when
working with virtual 3D technology are far beyond traditional possibilities and give a lead in the

product development process.

The Amsterdam Fashion InstituieAMFI have been working with 3D virtual technology since 2009.
The commercial Lectra Modaris®softwarehas been usefbr 2D pattern drawing and 3D virtual
simulation, whereas 3D CAD is mainly setfor studentsafter the seand yearBefore the software

was implementedsportswear brands like Adidas and Nike who already implemented this technology

were examined



Thebachelor levehas three directions, namelyashion& Branding F&B, Fashion& Design F&D

and Fashio& ManagementF&M. In the first and second yesathere isa direction specific general
program In the third anddurth yeas, student areable to tailortheir own education with the large
variety of 6 months programia the flexible programin betweenhe second year and graduation,
they do their internship and hatefollow a specialismand minor. The specialisms are deparitme
driven, whereas in the minossudents from all threeirgctionsare allowed tgoin. In the first and
second yea, 2D digital pattern drawing is offered to management and design students. Designers
learn first manual pattern drawing, and in the end of the secardaygneak preview of 3DAD is
offered Managers learn baspgatterndrawing when working with 2D CADIn the flexible program

we offer 3D CAD in a few minors and specialisms, such as specialism Make and Buy, minor Denim,
minor Individuals and minor Hypercraft. In the lattstudents arehallengé to work on a high level
combining digital and traditional craftsmanship The program pushes the boundaries of virtual
possibilities. Studentshoose talesignan experimental o technicalcollection the latter is always

in cooperation with a companyn this minorstudents use the 3firtual technology intensively to

develop their collection.

The past five yeartherehavebeen multiple examplesf how studentgjained moreoverall insight

and enhanced theiproductsby working with 3D virtual technologylhe perception of how the 2D
pattern and 3D garment interact with each other increases. It is easy to try and investigate, creative
students can easiltest and experiment with shape, print, colour and fahitiws pushing their

collection to ahigher level and raise the quality of their work.

The learning aspects are on variteselsfrom beginning to advanced aatso in connection to other
courses. At beginners level studemrte able to develop complex patterns, with timemediate
feedback orthe avatar and the clear connection between 3D garment and 2D ,gaggcaneasily
correct mistakegfigure 10). The relation between 3D garment and 2D pattésnmost oftenmore
difficult to obtain by physical fits.

|




Figure10. Fit and design process, visualize ease and adjust patterns, AMFI Hypercraft 2014 technical

design, Isabelle Schuijt & Alicia de Groot.

Designers, who have a higher level pattern drawing skills by entry tprtiggams, adjust their fit

very efficiently with the seamless interaction between 2D pattern and 3D garment (figure 11,12). The
amount of physical toiles is in most cases reduced to one. Although not preferable, fashion &
management students sometimes sh@physical toiles with relative good results. Next to this more
insight is obtained with specific tools in the program such as the automatic transfer from lines, drawn

on the 3D Garment, to the 2D pattern and the possibility to visualize the easarofeamigDesigner
Sebastian Pleus (Pleus, 2014) points oubtreefitsof Hypercraft reducing the amount of toiles and
seéng the pattern alterations immediately. Another benefit for isithe ease to place prints. Figure
11.

Al

Figure 1 Fit and design proces8MFI Hypercraft Experimental Desig&ebastian Pleus, 2014




Figure 12. Virtual fit and design proces®y\MFI Hypercraft Experimental Designl.aura Kirchner,

2010

Accurate material representation is required when fittigguanent virtudy/, and checking the ease

and the drape of the materi8eforehandstudents test their designs with different draping fabrics in
order to decide what works the béfgure 13). The students test their materials with FAST amaiin

the parameters into the 3D CAD program to simulate the fabrics. By doing this they gain more
knowledge of material properties and the behaviour of textile mat&hake isa more coherent

interconnection and insight between the textile classes anchgesicess.

Figure 13. Make design decisions based fabric drape AMFI Hypercraft 2014, Experimental
Design Marijn Rikken



The unlimited option for print design is another strong point when working with 3D CAD application.
In real life it is often hard to see how the print can be staleplaced the bedBy placing printson
thevirtual garmentdays of workarereduced to a few hours. To gain iddefore hand, students as

other garments tanakedecisions about how the print can be placed most opti(Ruijpers, 2012)

Creating variations on a just finished collection is often a threshold for students, with 3D virtual CAD
they can crosthis border To reach this next level is often an eygene for the student. Sebastian
Pleus started with a complete black collectdfith the virtual outfits he was able to experiment how

his designs worked with other colourstigure 14. After this Sebastian imported the virtual outfits in
Adobe Photoshop ® to give the Avatars a personal look, with this he obtained a more 3D look for his

presentation.

Figure 14. Some of the virtual varitionsAMFI Hypercraft 2014, Experimental DesigBgbastian

Pleus



Another example igrom designer Marijn Rikken, who challenged herself to transform her designs
with colourfull prints(figure 15). Learning thesakills prepars students better for a position in the

industry.

Figure15. Virtual print variationsAMFI Hypercraft 2014, Experimental Desigvarijn Rikken

Digital printing of textile material contributes this way of workingA combination of digital pnted

fabric swatches, a physical outfit and unted virtual variatios createnew business models for
designers and mangers of the future. Virtual designs combined with 3D body scanning technology

enable customized tailoring.

Learning these digital tailoring skslrequires time investmenbpen mind for new technologgnd
perseverance to go through the technical paistakes made at a certain point in the digital work
processpftencause errorgot clearly visibleand may demotivatstudentsStudents who passed this
phase work independent, with less interferencefteachers. For Designetmrealistic aatarsand
fabric texturevisualization might be #@hreshold,someinteract with other programs to adjust the

virtual outfits to their own preferences.



