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SENSING GARMENT: A FASHION DESIGNER MEETS SCIENTIST
Eri MATSUI
EMcreation co.,Ltd , japan
ABSTRACT: I have been making clothes by adopting mathematics and science in the design
process. The purposes of this method of clothes-making are to create beautiful and innovative
designs by drawing inspiration from abstractions in nature and to develop a new method of garment
shaping. In collaboration with researchers in mathematics and science, I have created various
shapes of clothes. I believe that the process and results of researchers’ search are creation by
thinking. I was originally educated in the field of art, and I encountered the idea that thought and
sensation (intuition), rather than being antagonistic to each other, contain each other in the field of
art. Using this idea, I have developed the ability to design and style the clothes described below and
lay the foundation for a new method of garment shaping and design.
Keywords: Fashion designer, Mathematics and science, clothes-making, innovative designs.
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1. INTRODUCTION
What are clothes? Clothes not only cover the
body and protect it from the elements, but
also represent the identity of the person
wearing them. Clothes are also a means of
developing human relations.
My purpose of making clothes is to help
women find themselves and be happy when
they wear them. I believe that women need
beautiful, unique, and creative clothes that
would make them feel revived and hopeful for
their daily lives.
My thought that the aim of clothes-making
can be realized by adopting science and
mathematics to the process has strengthened
over time. This is because science and
mathematics search for the relationship
between nature and the human brain, and
clothes created based on abstractions in nature,
which express the essence of the relationship,
should be beautiful. A garment that adheres
closely to the body can be designed from a
perspective that is different from the
conventional perspective of pattern-making. I
have attempted to make clothes based on

creative inspiration obtained from science and
mathematics, clear design, sensation, and
thought.
Fashion is often affected by the field of fine
art, and art is often affected by science and
mathematics. Since the object of design is to
recreate something existing in the real world,
design may let abstractions explored and
found using science and mathematics loose to
the real world.
2. METHODS OF MAKING GARMENT
There are two methods of making clothes
from the perspective of design:
• Making clothes based on the human body.
• Making clothes from the shape of the fabric
itself.
Many western clothes, Chinese dresses, and
Vietnamese ao dais belong to the former
method, while Indian saris and Japanese
kimonos belong to the latter method.
• 2.1 Making clothes based on the human body.

Starting in the mid-20th century, mass
production of clothes became more common.
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mathematics and science
These two methods are described below in
conjunction with each collection.
In the knot theory in topology (explored in
collaboration with Dr. Noriko MARUYAMA),
clothing is made by draping the body with a
garment with knots. (1999) This is the
above-mentioned method in which a pattern
exists first. Based on the idea that clothes
should be free from angles and lengths, I
made universal dresses that can be fit to
various body types by shifting the locations of
the knots (Figures 1 and 2).

In the clothing industry, in which efficiency
and productivity are important, cutting line
for pattern-making needed to be standardized.
However, since clothes are intended to cover
the human body, any cutting should be
allowed. Therefore, I have developed a
method in which garments are designed based
on a model of a human body. Furthermore, I
attempted to make clothes that could be
adapted to individual women from the
perspective of a haute couture designer.
2.2 Making clothes from the shape of the fabric
itself.

There is a method of making garments like
Japanese kimonos and Indian saris in which a
pattern exists first, and a garment is made of a
sheet of cloth that is cut based on the pattern.
This method sometimes creates a surprisingly
beautiful silhouette. In fashion creation, the
pattern has been replaced by a pattern or a
graph by abstracting mathematics. Based on
this method, I designed and styled clothes
from three angles in collaboration with
researchers in science and mathematics.
3.
DESIGN,
STYLING
AND
PATTERN-MAKING
I drew my inspiration from shapes that
expressed abstractions in nature and the brain
using science and mathematics, and reflected
that inspiration in my design. I then designed
clothes by applying science and mathematics
to pattern-making.

Figure 1: A dress with five crossing knots.
By using various types of knots, many
beautiful dresses can be made (Figures 3, 4, 5,
and 8).

3.1. Design and Styling

I engaged in collaboration with researchers in
mathematics and science during my design
process. This collaboration yielded two
methods:
1. Expressing the shape of a research subject
(shape in nature) as a garment
2. Drawing designs based on the concept of
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and lengths in pattern-making, I was shocked
to encounter the knot theory. I made dresses
in various shapes and styles (Figures 3and5).
I made dresses with three tori and dresses
whose shapes (phases) were changed
according to the number of the cloth pick-ups
(Figures 6 and 7).
Topologists classify knots, which seem to be
different at a glance, into the same phase. In
contrast, I made various shapes of dresses
using one knot type (Figure 8).

Figure 2: A universal dress.

Figure 5: A dress (left), based on which a
wedding dress (right) was made.

Figure 3: A dress with seven crossing knots.

Figure 4: Dresses with various types of knots.

Figure 6: A dress, the phase of which is
changed.

At that time, since I paid attention to angles
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dresses with the Fibonacci sequence (Figures
10 and 11), and spiral-shaped dresses based
on paper folding as proposed by Dr.
Toshikazu KAWASAKI (Figure 12). (2000)
The most important points existed in the Dr.
MATSUMOTO's answer to the following
question: “Does universality exist in beauty
from the perspective of the brain?”
When I asked Dr. MATSUMOTO why
women who have seen my dresses, which
seem to be complicated at a glance, say that
these dresses are simple, he answered, “Even
though the shape looks complicated, if the
process of making it is simple, brain perceives
reproduction in it and feels relieved.
Reproduction does not mean repair but means
complete restoration.”

Figure 7: Phase changes in Fig. 6 dress.

Figure 8: Various shapes of dresses.
In collaboration with the late Dr. Gen
MATSUMOTO, a brain researcher, I
sketched the shape of the brain and made a
dress based on the sketch (a pintuck technique)
(Figure 9). (2000) I also made a dress on
which a pattern of nerve cells was printed.
Based on the question “What does the brain
perceive as beautiful?” I made dresses with
regularity, dresses with semi-regularity,

Figure 9: A dress based on a brain sketch.
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Figure 11: A dress with the Fibonacci
sequence, part 2.

Figure 10: A dress with the Fibonacci
sequence, part 1.
I asked Dr. MATSUIMOTO, “What would
people in the Edo era (1603‒1868) feel about
Picasso’s paintings?” Dr. MATSUMOTO
answered that “External information acts as a
trigger to retrieve internal information.”
In the fashion industry, in which fashion is
deduced using the dichotomy of “good” and
“bad,” I was able to find the answers to my
questions and clues to various ideas about
clothes-making.

Figure 12: A spiral-shaped dress based on the
paper folding technique developed by Dr.
Toshikazu KAWASAKI.
Changing Eroticism in Lifeless Object: (2002)
This collection was preceded by the
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exhibition, “Medicine as Metaphor, Art and
Medicine,” which exhibited my designs and
was held in the NTT InterCommunication
Center. The dresses in Changing Eroticism in
Lifeless Object were made in cooperation
with Dr. Hiroyuki KAMIGUCHI, a researcher
in the reproduction of nerve cells at the
Institute of Physical and Chemical Research.
Dresses in this collection were inspired by a
living tissue that evolves from a single cell
(Figure 13 and 14). A reporter for Nature who
saw this collection displayed it in the
publication. (Figures 13).

Figure 15: A dress expressing a living thing
with many legs.
By drawing the temporal changes in the shape
of a living thing, various shapes of dresses
could be created.
Mathematica: (2000)
A collaboration with Mathematica, a
computer software in mathematics.
I made dresses using graphic prints drawn
from mathematical formulae. Based on the
concept of symmetry in mathematics, I made
dresses with symmetry of rotation and dresses
made of only two discs (Figures 16 and 17).

Figure 13: Dresses expressing the temporal
changes of a living thing.

Figure 14: Dresses expressing the changes of
one cell.
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Figure 16: Dresses printed with graphics
drawn with Mathematica.
Figure 18: Measurements using a scanner, CG,
and real models.
Cool Cutting:(1997~)
Cutting for dresses directly becomes design
and styling (Figures 19‒22). I evolved the
clothes that I had started to make using this
technique.
Figure 17: Dresses made of only two discs.

GA Digital Graphics – CG Team: (2001)
I collaborated with a computer graphics (CG)
team that had a scanner to measure the human
body using 600,000 polygons. There were
only two of them in Japan at that time.
I aimed to make clothes that were fit to the
bodies of individual women, designed as
polyhedrons. I also presented actual fashion
models and CG on the stage (Figure 18).
In this collection, I attempted to apply
advanced technologies to the various shapes
of individuals as opposed to standardized
styles. Since this has yet to be materialized, I
would like to work on it in the future.
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Figure 20: A dress using cool cutting.

Figure 19: A dress using horizontal cool
cutting.
Currently, cutting (a junction line in design)
for almost all clothes is efficient for the mass
production of clothes. However, a concept
that cutting could be used for design/styling
(cool cutting) was generated. When cool
cutting is used, a convex becomes more
convex so a concave part (such as the waist)
of a dress can be more clearly expressed. This
results in a dress with a beautiful silhouette.
In particular, the application of cool cutting to
a wedding dress generated a beautiful
silhouette (Figure 23).

Figure 21: A dress using cool cutting.
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J.VAN TONDER, a scientist of visual
cognition. Dr. VAN TONDER, who studies
the relationship between beauty and fractality,
analyzed fractality in my dresses. Using
fractal geometry, which addresses patterns in
nature, I made dresses using popular fractal
patterns that give you a feel of fractality
(Figures 24 and 25). Patterns in nature can
possess complicated structures that remain
even after fractionating.

Figure 22: A dress using cool cutting.

Figure 24: Sierpinski gasket.

Figure 23: A wedding dress using cool
cutting.
Science of Visual Cognition: (2004)
A touch of infinity is the title of a collection
of dresses made in collaboration with Dr. Gert

Figure 25: A dress that makes us feel
fractality.
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Thinking Garment: (2008)
Thinking Garment is the title of a collection
of dresses made in collaboration with
Takahito KAWAHARA, a product designer.
The concept of this collection was that a
garment thinks. I made dresses with
developable surfaces based on the concept
that a garment is self-organized (Figures
26‒28).

Figure 28: A dress made of soft materials,the
pattern of developable surface the same
method as that of dresses shown in
Figures26& 27.

Figure 26: A dress with developable surfaces.

Figure 29: Dresses that were born in the
process that shirts were broken while
thinking.
Collaboration with Mathematical Engineering:
(2010) Collaboration with Mathematical
Engineering is the title of a collection of
dresses made in collaboration with Dr.
Kazuyuki AIHARA, a researcher in chaos
engineering and biological information
systems.
Chaos
engineering
handles
complicated natural and social phenomena
based on research on mathematics, and chaos

Figure 27: A dress with developable surfaces.
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A dress, into which dynamism has been
incorporated, changes like smoke and tree
branches trembling in the wind when the
person moves.

theory.
Inspired by the process of creating models
and mathematical formulae to represent
falling petals or smoke,, and through
discussions with Dr. AIHARA, I created
dresses made only of logarithmic spirals
(Figures 30‒35).

Figure 30: Logarithmic spirals.
In garment shaping and design, a useful
method for designing dresses is creating a
model for female bodies.
Dr. AIHARA’s words, that “complexity exists
in simplicity and simplicity exists in
complexity,” were important for linking
search with creation.

Figure 32: A macrophotograph of the dress
shown in Figure 31.

Figure 31: A dress made only of logarithmic
spirals and fractal patterns of logarithmic
spirals.

Figure 33: Logarithmic spirals and fractal
patterns that change following the movement
of the person.
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Figure 34: A dress made only of fractal
patterns of logarithmic spirals.

Figure 36: A dress, the pattern of which is a
logistic Bifurcation for logisticmap Diagram.

Figure 35: A dress that changes following the
movement of the model.

Figure 37: created by Ms. Keiko KIMOTO,
AIHARA Innovative Mathematical Modelling
Project.

I also created a dress using a logistic map
Bifurcation for logisticmap Diagram (Figure
36).

I have also created various types of clothes in
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(premises, restrictions):
1. Setting a foundation for clothing: body
form as well as other elements considered as a
foundation for clothing (underwear, petticoat,
pad, etc.; for a wedding dress with a train, a
floor also becomes an important foundation.)
2. Keeping clothing on the body (clothing
must not fall from the body)
3. Social conditions (whether a chest or
underwear can be exposed)
4. Use conditions (in what kind of occasion
clothing will be used, how much physical
movement is expected, etc.)
5. Physiological conditions (response to heat,
coldness and comfort)
6. Number of parts in a pattern and cutting
methods
7. Choice of fabrics (whether the elasticity,
flexibility and plasticity can be utilized;
resulting forms based on tension and weight
of the fabrics)
8. Sewing methods (including whether
technique to handle a fabric in three
dimensions by sewing and gathering will be
used)
9. Setting the ground for styling (beauty,
novelty, etc.)

collaboration with
Ph.D.Anna WIRZ-JUSTICE, a researcher in
chronobiology in Switzerland, and M.D.,Ph.D
Sato HONMA.(2011)
3.2. Methods of Making Clothes and Clothes
Based on the Shapes of Human Bodies

I design clothes based on the concepts of
mathematics and science. The following was
excerpted from “Abstract of Garment Shaping
and Design” in my book Sensing Garment:
Formative Apparel Design – Offprint from
Sensing Garment ( by omitting the rest).

Clothing is what envelopes the body and is
built on relationship with the body. This
paper summarizes formative design for
clothing based on the body, which fits more
closely to the body.
Formative design is a process in which a
solution is sought by considering both a form
initially pictured in a designer’s mind and one
that formulates consequently in accordance
with given conditions (it is also possible to
develop and make innovative styling through
the formative design process; this is an
effective and creative method).
In order to design clothing that fits more
closely to the body, a designer must control
the human body, which consists of complex
curved surfaces, as well as the characters of
fabrics, while considering and addressing to
the individual differences of the human body
and the diversity of fabrics. As such, there
are numerous conditions and factors. In
addition, since it is difficult to describe the
three-dimensional curved surfaces using
words, apparel design can often be confusing.
This paper, although approximate, starts with
identifying such conditions and factors.
In general, apparel design is consequently
determined by the following conditions

■ Physical Factors

Category I: Forms and Characteristics of
Fabrics
1. Forms in the three-dimensional space (the
body form, the desired form of clothing and a
space between the body and the clothing)
2. Fabric characters
a. Relationship between weight and ”Hari" (=
the balance of the degree between softness
and hardness of the fabric)
and ”Hari" (= the balance of the degree
between softness and stiffness of the fabric)
b. Elasticity, flexibility and plasticity of
fabrics
c. Specifications: Correction methods to keep
the form of clothing (lining, padding, waist
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・ Waist
・ Bust or other parts
To which part of the body clothing should fit
tightly:
・ Tightly fitting is inevitable on the
neckline and bustier-type edges in any design;
・ Tightly fitting to the cleavage is optional
depending on design;
・ Tightly fitting to the waist is optional
depending on design;
・ Tightly fitting to convexes (hips, busts,
shoulders, blade bones) can be optional or
inevitable.

belt padding, bone, fastener, sewing methods,
treatment of seam allowance; sometimes
buttons and hooks can also be involved)
3. Body movement and resiliency
Category II: Forms and Functions
“Body forms in the three-dimensional space”
vs. “functions that work on fabrics enveloping
the body”
A. Gravity
B. Fabric ”Hari" (= the balance of the degree
between softness and hardness of the fabric)
C. Force of body movements that influence
clothing
In this section, a body form is first defined
unambiguously.
Other factors and
conditions are considered next.
When a complex curved surface of the body
is divided by plane surfaces and covered, the
plane surface approximately and locally
becomes a developable surface (a curved
surface that can be developed into a plane
surface without stretching).
During the process focusing on the body,
what should not be neglected in particular is
the clarification of forms such as petticoats
and putts. In other words, they should be
understood as foundations synonymously
with the body.

■ Simplification of forms ↔ determining a
silhouette

In order to design a “developable plan for
enveloping the human body consisting of
complex curved surfaces with a fabric,” the
forms of both the plan and the body will be
examined in simplified forms.

■ Forms in the three-dimensional space

Clearly
recognize
the
actual
three-dimensional
shape,
rather
than
designing only with a pattern-making method
based on the existing plane surface.
Body forms consist of complex curved
surfaces including concavities.
Since tailor’s dummies are often made for
jackets and blouses, concavities are omitted
as much as possible. It is important to
recognize the difference between a tailor’s
dummy and the body.
At which part of the body clothing should be
sustained:
・ Shoulders

Figure 37: Simplification of forms.

Figure 38: Simplification of forms.
Silhouette
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[2] Fuse, T. Spiral Origami. Chikuma Syobo
(1995)

Which part should be emphasized, angular or
smooth?
Examples:
・ Whether a fabric should be adhered to the
cleavage or cover the two bust convexes;
・ What form clothing should take at the
bust – should it face upward? Or should it
appear in a natural form?
・ How adherent a fabric should be on the
waist – how the curve should be from the top
to the skirt?

[3] Matsui, E. Sensing Garment. Kousakusya
(2016)
ABOUT THE AUTHOR
Eri MATSUI, fashion designer EMcreation
co.,Ltd .Haute Couture designer.Her interests
are making clothes. She designs her wedding
dress line under her EMarie brand. She can be
reached by e-mail: eri@emcreation.jp or
through the postal address: 3806 Park
Axis-Aoyama 1-chome 1-3-1
Minami-Aoyama Minato-ku Tokyo 107-0062,
Japan.

4. CONCLUSION
By merging mathematics and science and
making full use of thought and sensation
(intuition), I have been able to challenge
established methods of clothes-making as
follows:
(1) I made clothes based on abstractions

expressed by mathematics and science that
explore the relationship between the
human brain and nature.
(2) I applied mathematical and scientific
thinking to the design of clothes that
adhere closely to the human body. I was
able to set preconditions and baselines,
and focused on the relative relationship
among all the design elements.
(3) In the future, I would like to explore how
mathematics has approached shapes and
dynamism in nature since the second half
of the 20th century, to attempt to create
new methods of design, to make beautiful
clothes that fit to the bodies of individual
women by making full use of my
experience as a haute couture designer,
and to contribute to women’s happiness.
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