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3D VIRTUAL PROTOTYPING FOR FASHION DESIGN, PUSHING THE BOUNDARIES AND POSSIBILITIES.

ABSTRACT
Many industries benefit from 3d virtual prototyping. The fashion industry, with its complicated fitting tasks,  hesitates  implementing of this cutting edge technology. The early adapters have been sports related brands. However this is the future, which requires skilled employees equipped with new ways of thinking, ready to travel beyond borders. For education this provides a challenge. We must adapt fast to educate tomorrows fashion professionals who will lead the fashion industry  towards  a more efficient development process.
To translate ideas and drawings into 3D garments is complex, insight and expertise is necessary for a successful appearance and fit. How can we read the relation between the virtual- and the real prototype? Can the new hyper-crafted pattern-maker, designer and manager work more efficiently in this process? The purpose of this paper is to survey the possibilities, the benefits and the disadvantages of ensuring that tomorrows  fashion professionals are educated in the necessary hyper-craft skills. The center for this research was a situated  practical class  with  a focus on design and fit, both fashion management & design students worked with these 3D applications.
When visualizing complex designs, like folding, students pushed the software over its boundaries. Variations in color, shape and print are unlimited and challenging. Placing prints on the virtual garment, goes 5-8 times faster than placing them manual. The software clearly illustrates the connection between 2d pattern, 3d garment, 3d body and the impact of fabric properties. The virtual garment is an invitation to fit, design and experiment.
Hyper-craft requires a combination of traditional craftsmanship and digital skills. Ultimately, this paper will provide a framework for understanding  in what ways education can engage in 3D virtual prototyping to ensure we are training our students to be fully equipped for the future fashion industry where the possibilities are limitless.



INTRODUCTION
Due to the outsourcing of production, sample and even pattern development lead times increase, samples are sent all over the world for approval. Several samples have to be sent between designer and production factory before the correct fit is achieved and the design meets the intention of the designer, this process usually takes between 3-12 weeks. One may ascertain that more collections, increasing turnaround times, pollution and responsibility for the environment, leads the industry towards 3D virtual prototyping. These solutions can make the development process more efficient, and the demands for faster turnarounds and a better fit can be answered.
Many industries benefit from 3d virtual prototyping, architecture, furniture, automotive,  footwear, concept modeling,  medical modeling, functional testing, packaging,
molecular modeling, etc. Shoe design on a virtual last is very successful and reduces the number of prototypes considerably. Those virtual samples enable virtual sale and presentation. 
With 3d virtual prototyping it is possible to draw lines on a Avatar and extract patterns for tight fitting garments without ease, useful for bra’s, skating and swimming suits. The same principle what benefits the shoe industry.  But for garments, with ease, a pattern is required. The pattern construction, ease and shape can be said to be part of the handwriting of a brand.  With 3d Virtual prototyping applications, patterns can be stitched and draped, but fit, shape and design remain a game between designer, pattern maker and production technician. 

“Today thirty five highly trained designers with broad experience from the fashion world works to develop models, designs and graphic elements. Also add twenty pattern designers who produce a perfect fit for our garments. It is the “hidden design” the customer notices when trying on”( Ladow, 2010).

In the fashion industry the  early adapters 3d technology were sports related brands. With the knowledge they gained from virtual shoe design they created development teams to push their garment design forward.

“Creation of virtual samples is key to our attack on speed and cost” (Courtnay, 2007). 

But even for them it is difficult to find employees willing to work with these applications.  For fashion brands  these borders are even higher, they miss the déjà vu sportswear brands have from their experience with virtual shoe design. Pattern makers are focused on their complicated task and assume they can’t afford the extra workload the virtual fitting solutions will bring. Designers are under time pressure to create new collections. Gaining 3d virtual prototyping skills is an time investment, resulting in larger profits. 

“We integrated 3D sampling in order to accelerate our prototyping process, and it’s worked! On one occasion, the development process took just six days, whereas before it could take up to six weeks. Initially, we made several physical samples, we can reduce that to just one sample. We get a good fit very quickly, and we save time and money” (Silow, 2011).

A mindset is necessary to virtualize the traditional process from prototyping, sampling and sales.

 “Haptics derives from the Greek word haptesthai, meaning to touch” (Govindaraj,  Metaxas,  Huang,  Raheja, 2003)

To understand the virtual language we need to gain a haptic and tactile feeling for this virtual environment.

“Humans are used to handle clothing materials with their hands since prehistoric ages. Nowadays, comparable interaction methods for handling virtual textiles do not exist, and the limits imposed by the use of mouse and keyboard decrease many a potentiality. Using the sense of touch to interact with computer-simulated clothes would significantly increase the realism and believability of the user experience and ease the creation process of virtual textiles” (HAPTEX,Magnenat-Thalmann, Volino, Bonanni, Summers, Bergamasco,  Salsedo, Wolter, 2007).

Although a lot of research projects initiated by the European Union; Haptex, Size Germany, LEAPFROG, provided us with valuable knowledge we missed a frame work to place our own experience.
In findings and discussion the outcomes are classified. Virtual fittings explains about the 2D / 3D translation and gaining insight in appearance and fit. Translation is about understanding the virtual vocabulary, and is divided into seams, fabric and avatars. Hardware deals with requirements, a base for success. Pattern is about the possibilities for prints, checks and motive fabrics.


RESEARCH METHOD
This research is practice based , and attempts to inspire and stimulate both fashion management & design students to work with 3D applications, so they will be able to find possibilities to improve the development process and have the skills necessary for tomorrows industry demands. For AMFI it is essential that the fashion industry is involved  in research and education. Companies such as Adidas and Nike who implemented the software in their development process. 
Working in groups of eight to sixteen students, fashion and management students worked in their projects together with companies like Schijvens, Suitsupply, and buyers from Bijenkorf and C&A. For the fashion and  design students AMFI has the Lectra/ AMFI award competition.  The prize is a software license after graduation. The jury for this competition is from the industry, a cross section of different roles; designer, trend forecaster, blogger, recruiter, buyer.
The research methods are qualitative and the degree of control differs, within the projects students self correct and self learn. For the complicated parts the  research is one-on-one with the student. . In projects in cooperation with the industry we focus on fit, efficiency, improvement of the development process and virtual sales collections. The design students created complicated prints, shapes and fits in their designs which the hardware was not able to realize.
AMFI  is equipped with a fabric testing lab. All the students who work with 3D virtual prototyping have to test the fabric properties, necessary for the virtual drape, in this lab. Fabric testing is a very important part of this research, it gains insight in the virtual haptic and helps to build a haptic library with virtual and physical fabrics enabling students to compare the tactile of physical and virtual fabric. 



FINDINGS AND DISCUSSION

VIRTUAL FITTING
Within the manual  process the links between pattern and prototype is vague and often missed or lost in the transformation from 2D into 3D.  Mistakes can be invisible or difficult to trace. With 3D virtual prototyping software the translation time is fast, the impact of alterations is immediately visible and the link with the pattern is obvious, due to the permanent link between 2D and 3D. Students act self correcting and understand their mistakes clearly, they are free to try out fit possibilities without  sewing lots of prototypes. They obtain more insight in the way garments fit and in the translation from 2D into 3D.

“For students, 3D virtual prototyping is an excellent way to gain insight into pattern construction and how fabric drape affects the hang and fit of a garment” (Siersema, 2011).

Minor Digital body sculpture, Fashion & Design
In this minor each student designs a collection, existing of 1 virtual prototype with variations in shape, print , color, details. and 3 physical outfits. Together they organize a fashion show to present  their outfits. To top it all one of the students can win a license for the 3D virtual prototyping software.
In 2010 student, Laura Kirchner digitized a top she created by drafting on the stand, the first virtual prototype was a rough sketch. She adjusted her pattern and virtual fitted it until it was logical to reproduce, the drape she made and digitized was the only physical prototype she made. If Laura had to test her fit and shape in the traditional way she would have made several physical samples. Finally she made an inlay to reduce the fabric waist. For her trouser she saw immediately on the virtual prototype, that she made a mistake by placing a straight waistband on a lowered waist, she corrected the patterns digitally into a good fitting waistband.
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Laura Kirchner Fitting Trouser straight and shaped waistband
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Laura Kirchner, fitting virtual prototypes, refine shape

[image: ]     [image: ]
Laura Kirchner, pattern alterations
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Laura Kirchner:  Virtual and physical samples

Specialism Make & Buy, Fashion and Management
The  students of the specialism, Make & Buy first develop a collection and second sell the collection to a buyer in the field. Pattern drawing and sampling is outsourced, but in between we fit a virtual prototype. For the sales they make a virtual sales book.  Most of the F&M students are not very skilled in pattern drawing. Some have more skills due to previous knowledge. The students work in groups and have to make one sample per group. To avoid delays, one group decided to make the pattern by themselves. Jillie de Hommel with advanced PDS skills and basic pattern drawing skills, developed the pattern for their dress, starting from a basic block. The first virtual prototype had a very bad fit around the shoulders and back. By checking the patterns she found the mistakes in the pattern, corrected them and fitted again, corrected and fitted until she achieved a reasonable fit. Jillie made the inlays. The fit of the physical sample was reasonable for a basic skilled patternmaker.

Specialism Garment Development and Technology, Fashion and Management
Within this project, the students worked together with  Schijvens a company specialized in work wear. The assignment was to develop garments for fire workers. Apart from fabric and requirements research, they made technical drawings. A company in China made the patterns according these drawings and send them back to our institute, to realize the virtual samples.  The students stitched  and draped the patterns. 

“They were disappointed at the number of errors on the corresponding virtual garment. It was a perfect learning moment. They gave comments on mistakes the factory made and they saw what was missing from their own communication. The fit and design of the real sample met their expectations” (Kuijpers, 2011).
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Garment Development and Technology.  Fitting; wrong balance and adjust Seam lines


TRANSLATION
In the traditional process the designer and patternmaker can count on their experience when developing a collection. 3D Virtual prototyping requires a new vocabulary; how behave  virtual stitched seams,  how reliable is fabric drape, how trustworthy is the Avatar?  The 3D virtual prototyping software has its own data base with fabrics. By draping the same garment in different fabrics understanding about the balance  between fit and fabric is easily learned. But the connection between virtual and physical fabric requires more equation and also provides the system in Avatars, with the possibility to adapt the measurements, to a companies own target groups. By creating avatars on their own body measurements students gain a lot of understanding in how to correctly measure the body. When using body measurement charts to create standard size avatars, the disconnection between the measurements in the chart and on the avatar causes difficulties. The impact of measurements, shoulder slope and the posture on the fit of the virtual garment can be sizeable and  needs meticulous elaboration.

TRANSLATION/seams
Traditional craftsmanship is required to understand what happens to seams when assembling garments on a sewing machine with yarn and needle. By stitching a seam puckers,  stretches or a very stretchy material is kept by the yarn. By fitting a physical garment it is possible to feel the fit of a garment, feel the fit when moving. Feel the stiffness or softness of the fabric.

Minor Individuals, Fashion & Design, Fashion & Management and Fashion & Branding
This minor is a reality school, were students from all 3 directions work together to develop, sell, produce and distribute a collection.  The collection is sold in shops. The pressure is high. The designs are complicated. Until know we only tested a few styles; shirts to place prints on, styles we want to make variations on, or when we expect problems in bigger sizes. It is an optimum chance to compare virtual and physical samples. For instance a tight fitting trousers; one part of the leg is a spiral the other is straight, the spiral is gathered. The physical sample is corrected by the yarn and hands of the maker. For the virtual one this must be corrected as well to avoid the straight part to stretch.

TRANSLATION / fabric
The ‘Fabric Hand’,  important for the feeling of fabrics and the fabric characteristic ‘hang’, important for fit and appeal of a garment is missing in virtual fabrics. The relation between virtual and physical ‘hang’ and ‘hand’ of fabric has to be learned and translated into an new virtual haptic vocabulary.

“Fabric hand is examined mainly by the sense of touch on the basis of individual standard of the hand feeling. And then the hand feeling is expressed by many kinds of expressions like as “stiff”, “soft”, “paper-like”, etc”(Kawabata, 1980). 

To measure the haptic performing of suit fabrics Dr. Sueo Kawabata, Dr. Masaka Niwa and Dr Fummei Wang, developed in 1972 a system to measure the tree primary hand values; Stiffness (Koshi), Smoothness (Numeri) Fullness (Fukarami).  The system they developed to measure these values is known as KES-F and measures Shear, Bending, Compression and Surface. 
In Australia the CSIRO Division of Wool Technology developed a system to test fabric properties.

“SiroFAST measures the mechanical and dimensional properties of fabric that can be used to predict performance in garment manufacture and the appearance of the garments in wear”(Boos and Tester, 1974).

These measurement systems are very valuable for 3D virtual prototyping;  fabrics can be tested and the results inserted to create the virtual fabric. Students learn to compare virtual and physical fabric behavior and gain understanding in the virtual haptic.

“Hence, only precisely computed fabric characteristics can visualize the accurate fit of a virtual garment. Accurate fabric parameters are derived from measured mechanical and physical properties, where the obtained strain-stress curves are fitted with polynomial splines” (Luible and Magnenat Thalmann, 2007).

In  all the projects students have to measure the fabric properties. Through these tests they gain a better understanding in the effect these properties have on a garment, virtual or physical and thus benefitting textile knowledge. The SiroFast results provided in an advice for cutting and sewing, connecting cutting and sewing room.
 
“We noticed that the interaction, understanding, and coherence between other courses went up through working with the 3D component” (Holden, 2011).

Project Suitsupply, Fashion & management 
Compare virtual fabric drape subjective / objective method
Suitsupply is a project in cooperation with a company specialized in men suits. Students used fabrics and patterns, specially drafted for these fabric types, provided by the company. They compared fit and drape of a fabric selected from the software data base, with fabric they tested with the SiroFast equipment. For the subjective method, the data base fabric was selected, on fabric composition and the equivalent regarding fabric fall based on visual observation.  For the objective method, they measured the fabrics with the SiroFast equipment and inserted the results in the parameters of the virtual fabrics, They compared the outcome; the fit of the garments with the tested fabric was much better than the selected fabric from the data base.


TRANSLATION /avatars

“For global companies it is very important to understand and react to regional differences. We are undertaking reviews across the world to understand the differences in body shapes. Much of the data available is old and in 2D format. We are creating 3D data, based on a global body scans” (Courtnay, 2007). 

3D based data , as mentioned above, is required to create avatars. Until now the creation of AMFI's Avatar is very subjective. To create our base avatars we made calculations with available measurements to find the missing ones and developed tools to measure shoulder slope more accurate.

Project Suitsupply, Fashion & management 
For this project the students chose a man who fits into the target group. Separate from each other, five of the students measured this man and created an avatar with these measurements.  Due to accuracy, we saw differences in the shape of the avatar. Based on visual observation we choose the most look alike Avatar, with the best proportions and shape, for the virtual fits.



HARDWARE
Design students pushed the software over its boundaries and realized virtual designs that the software was not designed for, confronting us with the boundaries of the hardware as well.
Within the Haptex project, with MIRALab as lead contractors, hardware recommendations are stipulated. “The configuration of our final demonstrator will have high-end hardware requirements. In particular, we will require the latest technology in the following domains: • Processor : multi-processor • High-end graphics card with 3D accelerator • RAM”(HAPTEX, 2006). Hard- and software develops very fast, overtaking each other turn by turn. The 2006 requirements are passed by the time, but we still do need the latest technology in high-end hardware for 3D virtulization. This investment is evident for success.

Minor Digital body sculpture, Fashion & Design
In 2011 student, Yvonne Kwok started with complex folded papers, small examples of prints and a kimono with meters of thin stretching jersey, where she wanted to place these complex cardboard folding at the back. Her pants with ingenious draped pockets needed to be translated into a sharp software command how to fold, to avoid the pockets popped out. The Kimono caused a lot of virtual draping problems, due to all those meters of fabric, openings and seam parts folding back to the top again. With the available computers it was impossible to make those complicated folding at the back, or to drape pants and top together. We tried to simulate the 3D shape at the back with curved parts to achieve more volume and 3D view, placing illustrator drawings on it to archive a good impression. To drape the part, folding back to the top, in the front we draped it step by step and forced parameters to create the cardboard. To late for the presentation we could do some trials on a high-end computer, what made it possible to drape the folding cardboard at the back and also to drape pant and top together.

[image: ][image: ]
Trials withStitched patters
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Yvonne Kwok, complicated folding require high-end hardware
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Yvonne Kwok, final results



PRINT PATTERN
The software is extremely suitable for designing with a fabric with an allover print, checks, stripes or placed a print. The virtual garment is an invitation to experiment freely with it.

“It provides a fast way to alter designs, and place and visualize prints” (Siersema, 2011).

One of the guest lectures, Brigite Hendrix, found the program utmost appropriate to sketch. Student, Bram van Diepen, saw the advantage of the easiness how the print  followed the pleats and folds in the fabric, which is difficult to imagine without the software.

“It took days to draw the print by hand on my prototypes, but the ability to visualize many aspects of the design in Modaris allowed me to find what I wanted in three hours. After I added the print to the garment in the program, it was very easy to see how big or small it had to be, which color I wanted to use, etc” (Wormer,2011).

Specialism Make & Buy, Fashion and Management
A student, from one of the groups, transformed a proper knee length dress into a long beach dress with exotic print for the virtual sales book they had to present to a buyer from C&A. The long beach dress matched the target group very well.

Minor Digital body sculpture, Fashion & Design
Yvonne Kwok used virtual prototypes, she already draped, to design her prints for other outfits in the collection on it. She scaled, moved and turned the print and found the correct place for the centre of the print, at the back of a piece.

[image: ]       [image: ]     [image: ]    [image: ]
Yvonne Kwok, inspiration for print
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Photo, Peter Stigter Catwalk, outfit Yvonne Kwok



FUTURE
Hypercrafts, like 3D Virtualization, require a combination of traditional craftsmanship and digital skills.  “We will see a revival, the next generation, sure in the combination between old and innovative new crafts: the hypercrafts” (Hendricks, 2011). In other disciplines we see already good examples.  “the future is for the craftsman, who goes deeply into digital manufacturing of products”(Laarman, 2011), whose chair will be exhibited in the Rijksmuseum because of this way of working. "The chair has a unique design that combines traditional craft with advanced digital design and production processes. While the Bone Chair follows in a long tradition of inspiration drawn from the functional beauty of nature, it is also a striking example of contemporary computer aided design" (the Rijksmuseum, 2011).
This  new hypercrafted way of fashion design, joins seamless with Truus Dokter’s 4.0 view of life “Only a radical shift can help us to enter a new world” (Truus Dokter, 2011). In bespoke 4.0 she talks about “tailored applications from 3D printing  to handcraft”(Andrea Wiegman, 2011). “A contemporary attitude is a combination of cherishing history and being curious about the future and the immense insight science & technology can bring us”(Truus Dokter, 2011). 
With virtual collections, brands gain enormous new sales objectives. Some of the early adapters realized that level already and are far ahead of their competitors.



CONCLUSIONS AND SUGGESTIONS
3D virtualization is still a Grey area in which it is difficult to stipulate the high-end hardware requirements. A grey area in which early adapters still fight to persuade designers to use these new design tools, they try to create an designer friendly environment, with software  adaptions  and developing plugs to transit the 3D virtual  garment  into an environment designers are used to.  A grey area in which we have to create a new vocabulary to understand what we see. But in spite of this we saw a lot of benefits, worth fighting for.

Laura Kirchner and Jillie de Hommel acted in a self correcting way, they could see the impact of their pattern alterations on the virtual garment, the connection between pattern and garment was evident and clear to them. Also 3D virtual prototyping enabled them to polish to perfection, In the traditional process it wouldn’t have been an option to archive their fit and shapes. They wouldn’t have had enough time to sew all those physical prototypes and would have been had to be satisfied with their efforts in an earlier stage.
Yvonne’s complicated outfits made it possible to research how to drape extreme patterns and all the students and the teachers learned with this experience. Through her designs we obtained a clear view of the boundaries of the hardware and the possibilities of the software. Yvonne used an already draped virtual garment to make decisions for the print on another garment. She made many print variations while developing her collection, although they  were never realized, they gave a clear view of how they will be.
In the traditional situation the 3d design process often stops after finishing the garment, the virtual garment, one could say, is an invitation to fit, design and experiment. 
Important strong pillars of  3D virtual designing are efficiency and creativity.  A useful tool  for independent designers and global production communication enabling the user to be steps ahead in product development.
Tailoring skills are necessary to correct and intervene when virtual stitching and fitting garments. By comparing virtual and physical garments students develop this virtual vocabulary during education, students can research the possibilities of the program without the pressure of building a collection. During education designers have to gain skills to facilitate the students creativity, the combination of  traditional craftsmanship and these digital skills is an excellent equipment for the future. 
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