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Abstract 

 

Digital Craft:  

Handmade Craft Meets Digital Design 

 

Rebecca Leah Miller, MFA 

The University of Texas at Austin, 2011 

 

Supervisor:  James Glavan 

 
  Digital Craft is a project that explores the interface between three-dimensional 

(3-D) computer technology and costume technology.  I combine seasoned millinery 

techniques with modern methods of object construction and design to diversify the 

costume artisan’s toolbox and encourage practical and useful ways of moving between 

the virtual and physical world.  Through a series of theoretical projects the dichotomy of 

modern artistic process is explored.  The task of this thesis project is to explore the 

impact of 3-D imaging software on design and construction methods by applying them to 

the sculptural process of hat making.  I collaborate with designers and technicians to 

develop methods of hat making for performance culminating in an exhibition presented at 

the University Co-op Cohen New Works Festival, April 2011.     

 This research is applied to cultivate new methods of hat making, by exploring 

new media and expanding creative possibilities.  Craft objects are created directly 
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through the hand of the maker; it is thorough technique that the hand informs the craft 

object (Risatti, 108).  Furthermore, the traditional notion of tools and craft objects is that 

they are conditioned, controlled and limited by the hands.  In order to update and improve 

methods of object construction, this project will expand the traditional concept of craft, 

combining hands-on methods with machining.  I hope to improve efficiency and decrease 

the cost of realizing authentic and original hat designs by exploring alternative digital 

spaces that can be used to communicate, develop and actualize ideas. 
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Chapter 1: Introduction 

 As a theatre artist and costume technician, I have a passion to continually learn 

new techniques and incorporate different methods into my work.  The primary task of the 

costume technician in the design process is to transform a costume designer’s two-

dimensional costume rendering into a 3-D moving reality.  Furthermore, the costume 

technician must determine the architectural structure of the costume, the proportion in 

relation to the actor, and the materials needed to create the desired effect.  Costume 

technicians make choices based on their own artistic interpretation of the rendering as 

well as their own experience and expertise.  This work requires flexibility, research, and 

problem solving, often using conventional materials in unconventional ways.    

 While there are many components to any costume design, the design, construction 

and importance of the hat or headpiece cannot be understated.  “Costume and makeup 

begin the transformation but the hat is the final transformation” (Shephard, 8).  Shephard 

further asserts that, in the theater, “hats are used to instantly profile personality, 

conferring upon actors historical placement, professional ability, character traits and 

eccentricities” (Shephard, 8).  In the fashion industry, “a hat is the most important 

accessory, because it has the power to enhance or destroy an image” (Hopkins, 7).  

Fashion historian James Laver observed, “the whole region of the head is charged with 

unconscious significance” (Hopkins, 7).  Thus, the design and construction of hats are 

vital to the overall look of an outfit, serving to distinguish character and style.   

 The capabilities of computer technologies are constantly improving and spreading 

further into different areas of modern life.  As Robert Russet affirms in his book Hyper-
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Animation, Digital Images and Virtual Worlds, digital technology is an advanced 

technology that “offers a new genre for exploring alternative methods of expression” 

(Russet, 3).  This is an explicit characteristic of the place computer technology holds 

within our culture.  Thus, I will explore the potential for the integration of computer 

technology into costume technology practice.  More specifically, I would like to pose the 

question: how can 3-D computer software be useful to costume technicians?  I will use 

this research to cultivate new methods of costume making, decreasing cost, expanding 

creativity and improving efficiency in this field.  It is my hope that this project will foster 

discussions among designers and technicians, and will challenging traditional methods of 

object construction.   
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Chapter 2: The Engineering Challenges of Custom Hat Block 
Fabrication 

 In an effort to update and explore the paradigm of the production processes as 

well as methods currently used to communicate and develop ideas, I have chosen to focus 

this project on hat block and hat construction.  “Sculpting the shapes is an art in itself, 

mastered by few millinery businesses today” (Hopkins, 9).  As a professional milliner, I 

have experienced the difficulty of obtaining the shapes and tools needed to sculpt and 

form hats.  “Millinery steamers and hat blocks, once readily available in dry good stores 

and mail order catalogues, can be obtained now only from wholesale supply companies, 

few of which are still in existence” (Lintner, 135).  This leaves the costumer and contour 

fashion milliner to their own devices to construct hat molds.  Currently, the costume 

construction industry is not benefiting from the modern technology that is available as 

well as integrated into other artistic fields such as architecture, film and jewelry 

fabrication.   

In the costume construction industry, many methods and techniques are hands-on 

and passed down from generation to generation.  Although this is one of the most 

valuable qualities of this field, it also leads to an aversion to change and acceptance of 

new and different approaches to costume making.  Understandably, costumers are 

hesitant to accept the possibilities that new technology offers, particularly when it 

involves computers.  “Where we initiate change, even a positive one, we activate fear in 

our emotional brain” (Ryan, 10).  I would like to confront this fear and hesitation by 

asserting that there is always room for development and improvement.  There is also a 
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fear that technology will negatively affect the field or somehow replace costume 

technologists’ refined hands on skills and craftsmanship.  However, these attitudes limit 

growth and stifle forward thinking by limiting creativity and productivity.     

 Computer technology and artistic applications available to laymen are becoming 

increasingly more accessible and user friendly.  With two main influential technologies 

of the 21st century, computers and the internet, the form making process has to be 

changed (Yu-Tung Liu, 43).  Thus, the question becomes how, where and by whom?  3-

D modeling and fabrication processes will undoubtedly be required to stay competitive in 

all creative industries.  In a larger sense, this project is about the process of engineering: 

creating, and revising design specifications; setting and following plausible timetables 

and working in collaboration.  Furthermore, the methods explored in this project will be 

limited to new practices used in custom object production that have only recently been 

made available and accessible.   

 Craftsmanship may be interpreted as a set of instructions combining knowledge 

and application, matter and tools.  “A craft of any kind may potentially serve as a guiding 

instruction-set, a formalism, which merges knowledge of application with an 

instrumentality of material organization” (Oxman).  The central themes of this project are 

process and transformation, following several distinct avenues of crafting and of object 

fabrication.  By documenting my process, I hope to offer an operational framework for 

processing, analyzing, and developing craft.  

 The current costume construction process in the professional industry starts with a 

rendering created by the costume designer.  The costume designer and costume 
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technician begin to discuss the costume’s function and the designer’s expectations, 

materials, fit and proportion.  In the performing arts, “individual hats and bonnets 

specifically designed for particular characters or scenes must be individually shaped and 

covered to maintain the specificity with which they were designed (Lintner, 136).  

Ultimately, couture millinery construction culminates with hand construction techniques.  

“While many tools, methods, and machines were introduced and patented to make the 

milliner’s task easier, less expensive and less time consuming, none have eliminated the 

need for a skilled technician” (Lintner, 92).  A costume must flatter and fit a particular 

person, depict a designer’s specific vision, and withstand the wear and tear of 

performance.  Once this is established, the costume technician begins to adapt the 

costume designer’s two dimensional rendering into a three dimensional, wearable object 

by first making a mockup or practice version made out of similar, less expensive 

materials.  The mock up facilitates the fitting and design process.  Couture fashion 

millinery is set up in a similar way.  Every season, a fashion milliner designs and releases 

a new and distinct line of hats.  

 When costume designers and technicians work together to develop costumes, 

words can complicate the communication process while images can provide a more direct 

path.  Costume designers must be visually adept, able to represent and explain their ideas 

visually to technicians as well as directors and producers.  Miscommunication between 

costume designers and technicians is a regularly occurring issue that can be complicated 

by long distance.  In my experience, costume designers understand ideas best when they 

can see them, while technicians become very skilled at visualizing projects in their 
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mind’s eye.  From the perspective of a technician, I find that the collaborative process 

can be very fulfilling and productive, or frustrating and troublesome.  Time, money and 

materials are often wasted when designers are unable to acutely and accurately 

communicate their ideas and expectations to technicians.  

Oftentimes, designers know what they want or do not want only after they are 

shown a fully constructed mock up.  However, mockups require many hours and material 

to construct.  “Virtual environments can provide users with a sense of presence (the 

feeling of being there, replacing the physical environment with the virtual one), which 

makes sense for applications such as gaming, training and simulation” (Bowman, 4).  3-D 

virtual space has the potential to bridge the communication gap between designers and 

technicians.  By simulating costume mockups, complete or at various points of 

development, objects can be easily viewed, manipulated and altered from any direction 

and in infinite ways facilitating experimentation and development.  For example, I 

worked with a costume designer who insisted on multiple versions of hat mockups 

specifically to adjust scale and proportion.  In this instance, the designer insisted on 

seeing each hat fully developed and in conjunction with the wigs that they would be worn 

with.  However, oftentimes wigs are not accessible or constructed on the same timeline, 

proving this an impossible request.  This further delayed the construction process, 

increasing labor and time.  The miscommunications and lack of visual acuity could have 

been avoided if the mock up could have been viewed virtually in an infinite three-

dimensional space.     
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       Oftentimes, the design and construction team is assembled from around the country 

requiring that large amounts of information be exchanged in very short periods of time.  

This face-to-face time could be more productive with the use of virtual space.  

Additionally, adjustments and variations can be easily and instantaneously projected.  In 

a digital reality, distance is no longer a limitation.  Digital information can be viewed 

from any location, enabling designer to communicate more effectively across long 

distances, saving money on travel costs.  

CUSTOM HAT BLOCK DESIGN 

 
Couture millinery methods involve sculptural, hands on and specialized 

techniques.  In The century of Hats: Head turning Style of the Twentieth Century, Susie 

Hopkins states, traditional millinery hat blocks, hand carved from seasoned lime wood 

are becoming collectors items today (Hopkins, 8).  In Mildred Lintner’s book, The Height 

of Fashion, she notes: “eliminating those millinery methods involving expensive 

equipment and machinery and those designed for producing generalized multiple copies 

of a single shape, the costumer faced with creating authentic period fashion hats and 

bonnets must return to the time consuming, hand construction techniques used at the 

beginning of the Victorian era” (Lintner, 135).  Additionally, despite “hundreds of new 

innovations and techniques for millinery manufacture, little or no change has been made 

in the procedures used to custom produce ladies’ headwear” (Lintner, 167).  Through 

exploration, experimentation and integrating digital technology, I hope to remedy this 

situation, allowing for more freedom of artistic accuracy and functional purpose.  
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 Hat blocks can be made out of many different materials but traditionally wood is 

used for couture millinery.  Molded wood is born from the hands of a specialized artiste 

the last maker or former (Bolomier, 1).  Blocks are traditionally made out of wood for 

several reasons.  For example, wood can withstand the heat and moisture required to 

block and dry hat materials, without deteriorating.  Milliners can also pin foundation 

material in place while blocking.  “During the early part of the Victorian period, most 

milliner’s blocks were hand cut from wood.  Perhaps one of the most difficult part of a 

milliner’s job in working with woven straw was the acquisition of suitable blocks or 

molds over which the material could be stretched” (Lintner, 116).  In the twenty first 

century “skilled carpenters usually made the blocks, coping the shapes from wire frame 

models” (Lintner, 116).  

 Hat blocks are very versatile millinery tools.  The same hat block can be used to 

make an infinite variety of hat designs and styles.  Translating the hat designer’s vision 

into a wood sculpture or block, that is functional, complex and balanced, is very difficult.  

Furthermore, it is very difficult to find artistically minded and experienced block makers 

because it is a small niche of a historic craft.  They use a set of very specialized tools.  

According to the book Le chapeau, a hat block is made by first drawing an oval with the 

aid of a callibre; the cut is then effectuated on a band saw.  Block-makers, traditionally 

also use a wastringue, a tool with two sharp points on it that behaves like a blade, more or 

less carving out a central point (Bolomier, 104).  A block-maker should posses a good 

deal of experience developing accurate hat and head shape volume (Bolomier, 104).  
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Block makers must master carving, modeling or sculpting perfect symmetrical oval 

shapes as well as visually balanced accurate asymmetrical shapes.  
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Chapter 3: Integrating 3-D Modeling and Costume Construction 

 The inspiration and conceptual basis for this project is to offer a disruption in the 

status quo of the costume industry.  3-D imaging is a convergence of animation, 

illustration, graphic design and sculpture (Woolman, 1).  The notion of Digital Craft is 

manifested as a design method that promotes the creation of novel structural systems 

through processes of digital fabrication and assembly (Oxman).  Furthermore, it is 

essential to go through the design and construction process from theoretical to actual 

object development and creation with multiple designers.    

 Digital technologies offer a new paradigm for the way art is produced.  “Fine art 

pieces created with 3-D software are comparatively rare, as these tools have steep 

learning curves and time commitments” (Herbst-Tait, 33).  Part of this study explores the 

accessibility of 3-D modeling and printing for the beginner learning independently.  In 

order to thoroughly explore the viability of a new construction process and methodology 

of object construction, I began this project with no prior training in 3-D modeling.  I 

chose to work with the 3-D modeling software, Rhinoceros 4.0 (Rhino) because it offers 

precise sizing, measuring and scaling features.  Additionally, this software is specifically 

designed and marketed for “industrial design, marine design, jewelry, cad/cam, rapid 

prototyping, reverse engineering and graphics design” (Rhinoceros Nurbs Modeling for 

Windows).  Furthermore, Rhino “provides the tools to accurately model and document 

your designs ready for rendering, animation, drafting, engineering, analysis, and 

manufacturing or construction” (Rhinoceros Nurbs Modeling for Windows).  Rhino has a 

very helpful customer support line with knowledgeable operators, and an integrated help 
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menu that is built to support the user.  This program is widely used in many different 

fields and has a large online presence.  It was very easy to find free and affordable 

tutorial videos that offered insight into how the programs’ tools are used and 

manipulated.  Several online video tutorial resources were especially helpful such as the 

Rhino website, Rhino3d.com, DigitalToolbox.com and Lynda.com.  Additionally, I found 

video tutorials very helpful for my learning process because they present both visual and 

audio information.  As I watched the tutorials, the methods and possibilities that Rhino 

offers became transparent. 

 In order to demonstrate the capabilities of 3-D software; I began this project by 

establishing a base level of knowledge and understanding of 3-D modeling vocabulary.  

3-D modeling concepts are not unlike traditional patterning techniques and methods. 

Projects are deconstructed, analyzed, and reconstructed in a different form.  As a milliner 

and costume maker, these are concepts with which I am very familiar. “The fun and 

fascination with millinery design is that there are no fixed rules” (Hopkins, 9).  Similarly, 

virtual computer space has great potential to surprise by its very nature and will stretch 

the limits of making and using, not only through its unpredictability but because of its 

capacity to behave unlike anything in the familiar, real world (Mealing, 113).  Tools can 

surprise the maker by producing the unexpected, however the results often become 

integrated into purposeful decisions. 

 3-D modeling has two main components; object creation and object editing.  The 

commands are complex, often taking multiple steps to complete.  As in costume 

construction, where there are often many ways to approach a problem, in 3-D virtual 
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design there are multiple ways to model any object.  It requires planning and developing 

a thoughtful process of how to achieve a desired shape.  A limited number of commands 

or tools can make infinite possible shapes. 

 3-D imaging software is comprised of features such as modeling, shading, 

texturing, lighting and animation (Giambruno, 50).  Principles of 3-D modeling 

encourage form creation using the fewest number of curves to describe the shapes you are 

after. “A vector drawing is a mechanic kit of customized parts which can be manipulated 

individually or bolted together in groups all of which can be aligned automatically using 

a predefined grid (Mealing 12).  Although, 3-D models are editable it is important to 

assemble and create shapes in the most straightforward and geometrically simple way to 

create a usable and printable model.  

 Additionally, this technology offers new approaches to drawing and design and a 

platform for comparison of visual ideas.  Virtual environments provide users with a sense 

of presence, the feeling of being there, replacing the physical environment with the 

virtual one (Bowman, 4).  Furthermore, 3-D integration makes sense on an intuitive level.  

By visually experimenting, designs can be modified directly and with immediate results.  

The tools and applications function as a virtual playground to visually manipulate 

objects.  Traditionally, drawing is an activity in which tools transform movements of the 

hand and arm into marks on a surface.  This technology allows for the production of more 

complex shapes without real world spatial constraints (Whale, 17).  “The number 

crunching potential of the computer offers new accessibility to geometries previously too 

complex to realize or manipulate on a viable time scale” (Mealing, 13).  With the use of 
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3-D modeling, sculpting applications that can take many hours to do manually can be 

accomplished in seconds. 

 Accessing the virtual space with the tools available from Rhino’s interface is 

limiting and freeing at the same time.  3-D modeling is like sculpting telepathically; 

instinctively I want to physically grab and move things on the screen but am subject to 

being one-step removed from the virtual world.  The commands are like sculpting tools 

with different options.  “Although the physicality of real media is removed in a computer 

system it clearly has roots in traditional media” (Mealing, 12).  Approaching the 

technology was intimidating and overwhelming at first because, 3-D space has rules that 

do not apply to real space and real objects. 
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Chapter 4: Project Report 

 3-D computer modeling, Computer Numerical Controlled (CNC) machining and 

3-D printing will allow a new and improved costume construction process to emerge.  

Different processes of craft construction will be demonstrated by each of the three 

projects presented, establishing a conceptual framework, which may promote novel 

interpretations of digital design tools, techniques and technological applications.  Each 

project aims to demonstrate and explore the technologies’ potential.  Using digital 

information, costume technicians can transform costume designer’s two-dimensional 

rendering into a 3-D computer model, 3-D prototype or wearable object, possibly 

eliminating the need for a fully realized mockup.   

 In order to closely simulate a professional industry experience and explore my 

ideas and theory of process, I chose to work within three different artistic disciplines; 

fashion, opera, and theater.  I asked Molly Yestadt, Yoa Chen and Bich Vu if they would 

be interested in being a part of this project.  Each designer was very excited to work on 

the project and sent me rough sketches of hat designs.  I chose to model three different 

renderings, one by each designer. 
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3-D MODELING A BASIC BLOCK 

 
 I begin this project by modeling a dolly head or wig block in Rhino.  A dolly head 

or wig block is a block used to make wigs because it is a mold of the human head, 

complete with neck (Dreher, 135).  This would also insure that the hat would fit over a 

women’s size 23” head size.   

 

Illustration 1: Photo of basic wig block, head size, 23”, side view 

 I based the basic hat model on a series of photos of this wig block.  I began by 

drafting a head size opening based on the master oval pattern measurements for a twenty-
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three inch head circumference from Denise Dreher’s book, From the Neck Up: an 

Illustrated Guide to Hatmaking.  However, “A well fitting head size is nearly always 

oval, but the size and shape of the oval can vary considerably from person to person” 

(Dreher, 45).  

 

Illustration 2: Basic wig block, modeled in Rhino, head size 23”, wire frame, side view  
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 Illustration 3: Basic wig block modeled in Rhino, head size 23”, solid frame, side view 

The head size is determined by the largest circumference measurement of the head, it 

determines the head-size; illustrated in red. 
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TURBAN HAT BLOCK PROJECT 
 

 

Illustration 4: Original turban sketch by Molly Yestadt, fashion milliner and owner of 
Yestadt Millinery in New York City.  
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Illustration 5: Turban modeling process   

I created this shape primarily using the loft command  
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Illustration 6: Original sketch of Turban by Molly Yestadt (right), 3-D model (left)   

 I e-mailed Molly illustrations and asked her for feedback on design, shape and 

proportion.  Additionally, I told Molly that Rhino allows for flexibility and that it would 

not difficult to make changes to the model.  However, she was very happy with the 

results and did not request any changes.   
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Illustration 7: Turban 3-D model, side, front and back views 
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Illustration 8: Turban 3-D model with measurements  
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Illustration 9: Placemat of the hat prototype in the 3-D printer bed 

The maximum printable size is: 8” x 10” x 8”. 

 There are several transformative processes that a digital file must go through 

before machining or printing can begin.  First I had to give all of my surfaces an 

appropriate thickness to create object integrity without altering the shape.  Finally, I 

converted the Rhino file into a Sterolithography (STL) file format.  An STL file describes 

the surface geometry of a 3-D CAD based virtual object. 
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3-D PRINTING 

 

Illustration 10: Turban prototype being removed from the 3-D printer 

 I used the Z Printer450 made by Z Corporation.  This 3-D print is made of 

successive cross section layers of powder and adhesive.  The printer builds the model by 

spreading a layer of resin composite powder over the printer bed layer-by-layer, 

corresponding to the digital information.  The model is removed from the printer by 

vacuuming out excess powder and gently lifting it out of the printer.  “For every inch of 

vertical height, the build time will be approximately one hour, plus two hours of drying 

time at the end” (University of Texas, School of Architecture).   
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Illustration 11: 3-D printed turban prototype, half scale, front view 

resin composite powder, adhesive 

8.75” x 4.5” x 4.75” 
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Illustration 12: Turban 3-D model split into sections 

Dovetail joint placement is indicated in red.  

 I determined the placement of the dovetail joints in Rhino.  For greater accuracy, 

the placement was marked on each block piece before it was machined so that the 

measurement could be made from a straight edge. 
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COMPUTER NUMERICAL CONTROLLED (CNC) MACHINE 
 

 

Illustration 13: CNC machine carving first pass - roughing work, top right block piece 

Roughing work - 1/2” straight cutting end mill - workable height 1 3/4”  

 Kate Vaughn, operated the Shopbot, made by Shopbot Tools Inc, located in the 

Texas Performing Arts scene shop.  This machine has a three-axis spindle as apposed to 

router.  The number of rotations per minute can be adjusted allowing the machines 

performance to match the materials constitution.  
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 Pre-measured wood cubes were placed on the machine table, coordinating with 

the computers pathway and orientation.  The wood cubes were then secured to the table 

with purposefully placed screws.  The Shopbot Buddy uses software Part Works 3-D to 

produce the file that is compatible with CNC machine tool paths.  The operating 

parameters of tools like CNC machines are altered or controlled by the software used to 

operate them (Oxman).  Each piece took approximately one hour to carve – from raw 

wood block to finished product.  

 

Illustration 14: CNC machine carving the top right turban hat block piece 
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Illustration 15: CNC machine carving the top right turban hat block piece, 2nd pass  

Two different end mills were used: 

 Detail work - 1/4” ball nosed - workable height 1 1/4”  

 Detail work - 1/2” - ball nosed - workable height 1 3/4”  

The wood depth being carved out determines the end mills used.  A smaller end mill 

creates higher resolution. 
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Illustration 16: Six turban hat block pieces after being machined   
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Illustration 17: Detail of the wood hat block, directly after being machined  

 This picture features the placement of the dovetail joints as well as the texture of 

the wood after being machined.  The CNC machine was very precise, all of the pieces of 

the mold fit together very closely.  J.E Johnson made the dovetail joints using a dovetail 

bit on a table router.  The wood is pushed through the router table carving out the 

negative dovetail shape.  The dovetail joint positives were made on a table saw using, 

poplar wood because it is a harder, and more structurally sound. 
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Illustration 18: Hat block sanding process, side right  

 I sanded each piece by hand and painted it with a clear shellac to smooth and 

protect the surface of the wood.  “Regardless of the material used to make the block, it 

must be rendered water repellent and, with the exception of wood, be built up with a 

hardening agent” (Dreher, 135). 
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HAT MAKING PROCESS 

 
 I created two different turbans using couture millinery techniques and contrasting 

materials to demonstrate the versatility and many varied uses of a milliner’s hat block.  

 

Illustration 19: Straw turban blocking process 

First, I steamed the straw into shape, and let it dry on the hat block. 
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Illustration 20: Center-piece being removed from straw-hat base   

 To remove the hat block without disturbing the blocked hat form, I first unlocked 

it by releasing the centerpiece.  Next, I took out the front and back pieces, followed by 

the sidepieces and finally the top cone piece.  
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Illustration 21: Center-piece removed from straw-hat base   
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Illustration 22: Center-piece removed from straw-hat base 
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Illustration 23: Front-piece being removed from straw-hat base   
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Illustration 24: Back-piece being removed from straw-hat    

 

 

Illustration 25: Right and left pieces being removed from straw-hat  
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Illustration 26: Transparent turban, construction process  

This image shows black synthetic horsehair in the process of being wrapped and pinned 

around the turban block. 
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Illustration 27: Digital Craft Exhibition, transparent turban 

15.5” x 8.5” x 9”  

black synthetic horsehair braid, wire, feathers  

I created this hat using synthetic horsehair braid.  I began at the top of the turban 

cone and wrapped the ribbon around the block in a coil, pinning and sewing all the layers 

together.   
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DORABELLA HAT PROJECT 
 

 

Illustration 28: Dorabella from Cosi Fan Tutte  

Costume rendering by Bich Vu, produced at the Texas Performing Arts center, costume 

shop.   

 This project explores the process of creating a hat from sketch to a finished 

wearable object, using 3-D models and virtual space as a communication tool.  In this 

instance I am not the milliner but rather work as developer and hat modeler, to test the 

visual effectiveness of 3-D models in the construction process.  I imported this rendering 

into Rhino and created a 3-D model.  
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  Top View         Perspective View 

          

  Front View                Side View    

Illustration 29: Dorabella 3-D hat modeling process, 4 views, wire frame  
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After trying several different possible modeling methods I found that I could 

create the brim shape by using the sweep two rails command. “Interacting with 3-D 

software, a user’s impression of virtual space is omnipotent; the screen is divided into 

four views affording the ability to look at working progress from multiple angles at once 

(top, front, side and perspective views)” (Herbst-Tait, 32).  

 After I finished the hat model I met with Bich for a design meeting.  I presented 

the hat model in the Rhino interface, displaying the object in multiple views.  At first 

glance she liked the shape.  She requested that the crown be shortened two inches.  I was 

able to make this alteration on the computer during our meeting.  After this alteration 

Bick approved of the shape, size and proportion of Dorabella’s hat 3-D computer hat 

model.  
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Illustration 30: Dorabella 3-D hat model ready to print 
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Illustration 31: Dorabella hat prototype, Prepared for 3-D printing, half scale 

9.75” x 5.5” x 9”  

This image indicates placemat of the hat prototype in the 3-D printer bed. 
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Illustration 32: 3-D printed Dorabella hat prototype, half scale 

 9.75” x 5.5” x 9”  

resin composite powder, adhesive 
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 Illustration 33: Dorabella 3-D hat model with measurements, front view, wire frame  

 

 

 

 



 48 

 

 

Illustration 34: Dorabella hat for Cosi Fan Tutte, front and side views 

Costume designer – Bich Vu 

Milliner – Tanya Olalde   

This hat was created using a series of Rhino images with measurements and the half scale 

3-D printed prototype as a mockup and reference. 
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HELMET PROJECT 

 

Illustration 35: Helmet sketch by costume designer – Yoa Chen 

 This project explores the process of creating a hat prototype from sketch to 

printed model, using virtual space to develop complex geometrical forms.  I asked 

costume designer, Yoa Chen if she would be interested in sketching a futuristic alien 

helmet.  With out any further prompting, she gave me this sketch to work from.   
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Illustration 36: Three stages of the helmet modeling process, side view 
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Illustration 37: Helmet 3-D model ready to be printed, front view 
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EXHIBITION PHOTOS 

 
 I presented this project in a public exhibition titled, Digital Craft: Handmade Craft 

Meets Digital Design at the Visual Arts Center, University of Texas, Austin.  It was open 

for two weeks.  The exhibit was part of the University Co-op presents the Cohen New 

Works Festival, April 2011.   

 

Illustration 38: Digital Craft Exhibition, Visual Arts Center, University of Texas, Austin 
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Illustration 39: Digital Craft Exhibition, David Bjurstrom Photography 
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Illustration 40: Digital Craft Exhibition, hats and wood block on display 
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Illustration 41: Digital Craft Exhibition, David Bjurstrom Photography 
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Illustration 42: Digital Craft Exhibition, 3-D printed helmet prototype on display, side 
view  

resin composite powder, adhesive 

8” x 6” x 10” 
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Illustration 43: Digital Craft Exhibition, wood block on display  

Basswood 

18” x 8.5” x 9” 

 This hat block splits apart into six pieces allowing for mold release.  Machined 

using an automated 3-axis CNC machine, automated to correspond with a digital design 

created in Rhino. 
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Illustration 44: Digital Craft Exhibition, straw turban  

woven straw, wire, organza 

 17.5” x 8.5” x 9” 
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Illustration 45: Digital Craft Exhibition, transparent turban 

15.5” x 8.5” x 9”  

synthetic horsehair braid, wire, feathers 
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Chapter 5: Conclusion 

 Millinery design and construction is especially applicable to 3-D computer 

modeling and printing.  Hat construction requires sculptural acuity and attention to detail 

to create a nuanced and balanced shape that transfers from the object to the person 

wearing it.  With the use of 3-D modeling software theses nuances can be explored in 

unprecedented ways, facilitating the creation of dynamic and interesting hat shapes 

projected from the computer.  We are just beginning to see the potential of what this 

technology has to offer couture object making.  This is especially exciting for artists who 

are always looking for new methods, mediums and ways of exploring ideas.  

 There has been very little change in millinery construction methods over the past 

hundred years leaving great potential for the combination of hand, digital and machine 

processes.  This study has demonstrated that there is room for a new position in the 

couture costume construction process, the 3-D modeler.  This interface is not a substitute 

for the handwork that is required in couture millinery however, it will help to streamline 

the process and allow for new creative possibilities.  With the use of 3-D technology 

milliners have unprecedented control and flexibility on form and development.  Sculpture 

and object construction can take on infinite forms. 

 3-D printing technology is continually becoming more affordable and accessible, 

changing the relationship between designer and object.  Wearable objects can now be 

printed with few production needs.  New materials and bonding adhesives create infinite 

combinations and a source for experimentation.  As this technology develops, I would 

like to continue experimenting; I hope to create 3-D printed functional hats and hat 
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blocks, translating digital designs directly into physical objects.  The results of this 

project demonstrate the accuracy of 3-D models rendered on the screen.  The printed 

models were exact replicas of the 3-D models rendered in virtual space.  This suggests 

that computer modeling could be a very powerful technology in this field. 

 With the use of e-mail and online digital file storing people from all over the 

world can easily collaborate, sharing 3-D models instantaneously.  Files can be viewed 

and changed from any physical location and easily shared, altered and developed over the 

internet.  The experience of this study demonstrated the 3-D virtual space is very 

beneficial to the design, construction and collaborative process by providing an alternate 

space for the communication of visual ideas.  In the costume industry a technician can 

now offer a costume designer more choices and freedom through improved and more 

direct communication.   

3-D modeling and the infinite nature of virtual space can also be used to develop, 

render and pattern 3-D sculptural costumes.  The costume designer of the Broadway 

production of Wonderland, Susan Hilferty, describes her process developing the costume 

for the Queen of Hearts in the following interview published in the New York Times in 

April, 2011:  

Ms. Hilferty knew which of the Queen of Hearts’ graphic elements she wanted to 

use: the ruff, the Q, the heart, the face. But she didn’t know how she would use 

them or what size they needed to be.  She sorted it out by photocopying the 

playing card and blowing up the patterns. Then she made cutouts and pinned them 
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to the muslin, enlarging, reducing, arranging, rearranging, and “trying to get the 

right proportions.”…“I’m literally sketching in three dimensions”.   

Ms. Hilferty’s struggle to develop the right proportions for her costume design is 

a perfect example of a situation where 3-D computer modeling is not being used, but 

could be useful and helpful to stream line the construction process, saving time and 

materials.  This quote is inspiring and demonstrates the contribution and impact a 3-D 

modeler could have on the construction process by developing shapes that can be easily 

altered and sized in the computer.  3-D computer technology and design is also in line 

with the green movement to make production more ecologically sound.  3-D processes 

require fewer materials for development and experimentation, which is often where a lot 

of material is wasted.   

Ponoko, Shapeways and Freedom of Creation are all companies forging new 

ground in the field of object construction and design.  Ponoko and Shapeways 

manufacture products from digital 3-D files sent to them by their clients.  What is most 

unique about these companies is that their clients are people like you and me, individuals 

who posses an entrepreneurial spirit.  The services these companies provide allow anyone 

who has a great idea and the ability to design a product using 3-D modeling software, the 

opportunity to develop and produce their original product quickly and affordably.   

“Making on demand, reduces warehousing and wastage. Plus, making locally emphasizes 

digital transportation of goods instead of the traditional shipping of physical products” 

(Ponoko).  Freedom of Creation, “a design and research company, specializing in design 

with 3D printing technologies” has made strides in elevating the artistic integrity and 
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potential of 3-D modeling and 3-D printing (Freedom Of Creation).  Their products have 

been published and exhibited all around the world.  “They have also been selected for 

permanent museum collections and have received numerous design accolades 

worldwide” (Freedom of Creation).  3-D modeling and printing technologies are 

becoming increasingly accessible, affordable and sophisticated.  

It is time that this technology has its rightful place in the costume industry and 

that we begin to incorporate and experiment with all of the possibilities and opportunities 

that this technology provides. 
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Appendix A: Exhibition Introduction Plate  
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Appendix B: Exhibition Poster
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Appendix C: Selected writings from the Visual Arts Center exhibit 
comment book 

 
“So very beautiful! To see the process from digital design to model to form to hat              
is amazing”. 
 
“An outstanding distillation of process, so clear, so pure.” 
 
“Beautiful marriage of design, technology and craft. I love how original and different the 
two turbans came out”. 
 
“Something so small really could change someone’s life, this work has that potential”. 
 
 “It is mesmerizing!  I was so intrigued by the complexity and skill--so much 
craftsmanship in each item”. 
 
“Thank you for sharing your intricate process with the outcome.  Great combination of 
tools”. 
 
“The rang of uses in concept and materials you output is amazing, especially in such a 
short time”. 
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Appendix D: E-mail response from Tanya Olalde, staff milliner, Texas 
Performing Arts, University of Texas at Austin 

 
 
Hi Becca! Here is my feedback, 
  
My collaboration/communication with the designer was sort of non-existent.  Every time 
I asked her a question about the hat, scale, dimensions, etc., she asked me if I had seen 
your rendering. She wanted the exact hat you had already modeled, so my first step was 
to find you and see your work. 
  
Seeing the images and the 3d model helped me to understand what the end product was 
going to look like, and gave me insight on how it could be constructed, especially since 
the hat was to be wire and the renderings were lined. 
  
Once you sent me the renderings, I did some thinking, and came to the conclusion that I 
could get the exact curve of the wires I needed from your images. I took the front, back, 
and side views, scaled them up (in Photoshop) to the size the hat was to be, and printed 
them out. From these renderings, I was able to shape the wire using the images as 
templates. 
  
I realized after shaping the two sides, front, and back wire, that It would have helped 
even more if I had asked for 3/4 view of each section between those wires to get the 
shape of those. Since I did not have those views, I averaged the length between the 
side/front and side/back and shaped it to a curve that flowed well between the other two 
wires. 
  
After I had all the spokes for the hat, I was able to put the rest together referencing your 
renderings measurements to make sure none of the wires slipped, or changed angle or 
curve. After the entire wire frame was put together, I was able to do a little more shaping 
by looking at the images for reference. 
  
  
Let me know if you have any other specifics you need, any other questions. It was a fun 
project to work on, and the renderings were a huge help! 
  
-Tanya Olalde 
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Appendix E: Glossary 

 

3-Axis Computer Numerical Control (CNC) Machine:   

 A computer-controlled machine that moves a motor, called a router or spindle 

using Computer Aided Design (CAD) software.  A cutter or end mill is attached to the 

motor and moves around a large table carving in 3-axis (X, Y and Z).  CNC Machine 

software transforms original CAD files into an automated series of complex steps.  

 

3-D Printing:  

 3-D Printing is a form of additive manufacturing where a 3-D object is “3-D 

Printing creates a 3-D plastic solid based on a computer generated Stereolithography 

(.STL) file, created by successive cross-section layers of powder and glue” (University of 

Texas, School of Architecture). 

 

Blocking:  

 Blocking is the shaping of raw material over a mold or form (Hopkins, 8).  Water, 

steam and hot irons work to soften blocking material, regardless of what raw material is 

being shaped or blocked.  Subsequently, the blocked material is left to dry on the mold or 

block.  
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Craft: 

1. Skill in planning, making, or executing  

2. a : an occupation or trade requiring manual dexterity or artistic skill  

b plural : articles made by craftspeople  

to make with skill, artistry, or precision 

transitive verb craft·ed, craft·ing, crafts 

1. To make by hand. 

2. To make or construct (something) in a manner suggesting great care or ingenuity 

(Webster Dictionary). 

 “A craft of any kind may potentially serve as a guiding instruction set, a 

formalism, which merges knowledge of application with an instrumentality of material 

organization” (Oxman). 

 

Digital: 

1: characterized by electronic and especially computerized technology <the digital age> 

2: of, relating to, or being data in the form of especially binary digits: of, relating to, or 

employing digital communications signals (Webster Dictionary). 

 
Digital Craft: 

 The term Digital Craft was coined by Neri Oxman in her paper, Digital Craft: 

Fabrication-Based Design in the Age of Digital Production, to suggest “certain skills 

acquired through customization processes might contribute to fabrication and design 
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methods” (Oxman).  This promotes the creation of novel and original construction 

methods and methodologies of process.  In this context, the term digital craft delineates 

the ability or potential to control material, form and behavior through a “particular 

fabrication method inherent in the nature of the exploration the process of digital 

fabrication and assembly” (Oxman). 

 

Hat Block: 

 A hat block is a wooden milliners tool, used to sculpt and mold hat forms.  Hat 

blocks come in many different varieties.  “Skull blocks are shaped like heads with a 

bulbous area in the center back that curves into a neckline” (Dreher, 133).  Dome blocks 

are “not true representations of the head shape.  They are symmetrical and have open 

head size openings (Dreher, 134).  Sectional blocks or break-aways, are blocks made in 

separate sections allowing the mold to be released without altering or cutting the blocked 

material.  Blocks must be made to separate into sections if the hat shape is smaller at the 

opening or bottom edge then the largest head circumference measurement.  Grooves are 

often carved around the circumference of a head block to establish a consistent indication 

of edge placement or sculptural indentations.  Traditionally, sectional blocks split into 

between three and nine interlocking pieces, depending on the complexity of the shape 

(Dreher, 134).  
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Milliner: 

 The word milliner, meaning, fancy hat makers in the United States and Britain, 

has its origin in the 17th century.  The craft of millinery originated in France as part of 

that country’s growing focus on fashion and dress.  Hopkins states, “Merchants from 

Milan, Italy, called milliners, traveled across Europe with all kinds of finery, straws and 

haberdashery” (Hopkins 8).  Modern fashion or theatrical milliners often make couture 

one of kind hats.  “The process of making a model hat, means that one pair of hands 

blocks, constructs and finishes the hat” (Hopkins, 8).  The range of materials used in 

millinery is only limited to the inventiveness of the designer.  An innovative milliner can 

be unconventional and widely creative, bending or breaking the rules (Hopkins, 9).  

 

Origin of the Concept of CRAFT: 

 The word “craft” first appeared in Middle English, originating from Old English 

cræft, meaning strengthor skill; akin to Old High German kraft meaning strength 

(Oxman).  According to Webster’s Dictionary, the first known use of the word was 

before the 12th century.  “The notion of techné (Greek for “craft”) is defined as the 

rational method involved in producing an object.  It denotes the implication of principle 

knowledge over matter and the application of a skill that is involved in its production 

fabricated in physical matter” (Oxman). 
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Rhinoceros 4.0 (Rhino):  

A multi functional 3-D modeling software with the ability to import and export 

over 30 file formats.  This software is commonly used in many varied creative industries 

such as; architecture, industrial design, jewelry design, rapid prototyping, reverse 

engineering, automotive design, marine design, graphic design and multimedia industries 

(Rhinoceros Nurbs Modeling for Windows). 
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