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reS
pire

is
a

shape-changing
fabric

installation
responsive

to
audiences’breathing

patterns
and

hand
gestures.
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p
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A
b

s
tr

a
c

t

reS
pire

lets
people

bring
tangibility

to
theirinvisible

physi-
ologicalstate

through
shape-changing

fabric
deform

ed
by

airflow
.W

e
explore

a
w

ay
to

supportm
entalw

ellness
via

im
proving

a
self-interaction

and
interpersonalconnected-

ness.reS
pire

encourages
notonly

people
to

focus
on

their
connection

to
innerbody

butalso
to

interactw
ith

others
through

playfultangible
interactions

in
the

sam
e

location
and

develop
a

em
pathy.W

e
created

a
non-m

achine
like

in-
terface

responsive
to

users’respiration
patterns

and
hand

gestures
using

a
fabric

and
its

deform
ation

by
airflow

con-
trol.W

e
also

introduce
a

com
putationalm

odelto
sim

ulate
the

deform
ation

offabric
by

the
variance

ofairflow
pres-

sure
and

direction.Various
interaction

scenarios
highlight

its
applications

notonly
to

health
butalso

to
interactive

art
installation.

A
u

th
o

r
K

e
y

w
o

r
d

s

S
elf-aw

areness;S
hape-changing

D
isplay;S

ynchronization;
M

indfulness;M
entalH

ealth;Tangible
Interaction

C
C

S
C

o
n
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e

p
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•H
u

m
a

n
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d
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p
u
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g
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D
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p
la

y
s

a
n

d
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a
g

e
r
s

;

U
serinterface

toolkits;•A
p

p
lie

d
c

o
m

p
u

tin
g
!

M
e

d
ia

a
r
ts

;

•H
a

r
d

w
a

r
e
!

D
isplays

and
im
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In
tr

o
d

u
c

tio
n

"W
e

live
in

an
ocean

ofairlike
fish

in
a

body
ofw

ater.B
y

ourbreathing
w

e
are

attuned
to

ouratm
osphere.Ifw

e
inhibitourbreathing

w
e

isolate
ourselves

from
the

m
edium

in
w

hich
w

e
exist.In

allO
rientaland

m
ystic

philosophies,
the

breath
holds

the
secretto

the
highestbliss."

-A
lexanderLow

en,The
Voice

ofthe
B

ody
[10]

’H
ealth’is

notm
erely

the
absence

ofdisease
orinfirm

ity
but

is
a

state
ofcom

plete
physical,m

entaland
socialw

ell-being
by

the
definition

ofthe
W

orld
H

ealth
O

rganization
[14].In

m
odern

life
w

e
experience

variety
ofstress

inducing
factors;

w
ork,differentobligations,relationships,etc.,and

the
stress

notonly
affects

ourm
entalhealth,butalso

body
such

as
by

increasing
blood

pressure
[1].M

indfulbreathing
has

been
focused

as
effective

techniques
to

controloneś
heart

rate
indirectly,w

hich
know

n
as

respiratory
sinus

arrhythm
ia

(R
S

A
),and

reduce
the

stress
level

[15].Feeling
being

con-
nected

to
each

other,w
hich

term
ed

as
‘connectedness’in

psychology,is
also

an
im

portantfactorforim
proving

oneś
m

entalw
ellness

[5].W
hen

w
e

feelthe
absence

ofsocial
connections,loneliness

itselfis
a

greaterrisk
forheartdis-

ease
than

lack
ofexercise,sm

oking,and
obesity

[12].

F
ig

u
r
e

2
:

B
reathing

projected
to

w
atersurface.Audience

can
interactw

ith
itw

ithoutshading
shadow

s.

R
esearchers

in
H

C
Ifield

have
explored

w
ays

to
assist

the
m

indfulness.Increasingly,such
system

s
are

being
in-

tegrated
into

m
odern

technologies
to

help
regulate

psy-
chophysiologicalstate.E

m
otionC

heck
[4]and

B
rightB

eat
[6]explored

differentguidance
m

ethod
to

regulate
users’

physiologicalstate.H
eartP

lotter
[17],and

Idle
stripes

shirt[8],
presented

differentw
ays

to
visualize

the
bio-data

ofusers.
A

lthough
w

e
are

easily
able

to
receive

vitaldata
from

our
body

using
m

obile
and

w
earable

devices,there
is

stilla
lack

ofusage
focusing

on
providing

a
properfeedback

thatcan
lead

usersb́ehaviorchange
w

ith
less

attention.A
lso,few

F
ig

u
r
e

3
:

(a)Personalinteraction
forself-aw

areness
(b)

Interpersonalinteractions
forphysiologicalsynchronization

studies
focuses

on
providing

interactive
and

playfulexpe-
riences

to
users

thatcan
invite

m
ore

than
one

person
to

encourage
physiologicalinterpersonalinteractions.

To
explore

a
playfulw

ay
forim

proving
people’s

m
ental

w
ellness,w

e
presenta

shape-changing
biofeedback

art
installation–reS

pire–w
hich

encourages
people

to
have

self-
aw

areness
and

interpersonalconnectedness
through

play-
fulinteractions.reS

pire
enables

intangible
parts

existing
w

ithin
ourbody,such

as
physiologicalinform

ation,to
be

tangible
forbetterunderstand

ofourselves
via

visual,audi-
tory,and

tactile
expressions.To

develop
a

non-m
achine

like
am

bientm
edia

providing
biofeedback,w

e
used

a
softfab-

ric,as
H

allnas
etal.

[7]introduced
textiles

as
a

expressive,
and

aesthetic
design

m
aterialforinform

ation
technology.To

achieve
desired

deform
ed

shapes
offabric,w

e
developed

a
com

putationalsim
ulation

tool.Various
interaction

scenarios
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F
ig

u
r
e

4
:

Audiences
interactw

ith
theirtangible

breathing
patterns

via
touch.

ofthe
installation

highlightits
playfulm

om
ents.

In
s

p
ir

a
tio

n
s

a
n

d
B

a
c
k

g
r
o

u
n

d

B
eing

underw
atergives

us
the

sense
as

ifthere
is

no
one

else
in

the
w

orld,and
the

w
hole

experience
provides

a
fully

em
bodied

engagem
ent

[16].W
e

created
this

em
bodied

engagem
entexperience

through
a

organic
m

aterial,fabric.
Inspired

by
w

aterrippling
effect,reS

pire
creates

the
ripple

by
deform

ation
offabric

floating
in

the
m

id
air.W

ateris
a

m
etaphorrepresenting

the
intangibility

ofhum
anś

physio-
logicalstate

such
as

breathing.W
e

dont́even
realize

that
w

e
are

breathing
to

keep
us

alive.W
e

can
see

and
feelw

a-
terby

touching
it,butw

e
are

neverable
to

catch
itorhold

it.E
ven

ifw
e

feelitorsom
etim

es
recognize

thatw
e

are
breathing,itis

so
easily

drow
ned

outby
various

stim
ulus

from
outside

during
ourdaily

jobs.

F
ig

u
r
e

5
:

6-D
O

F
Iris

nozzle
m

odule
is

builtforcontrolling
the

airflow
direction

and
pressure.

F
ig

u
r
e

6
:

D
ifferentdeform

ation
of

fabric
controlled

by
tw

o
iris

nozzle
m

odules.Fortw
o

people
interactions,itam

plifies
the

fabric
deform

ation
w

hen
the

positive
resonance

happens

R
espiratory

S
inus

A
rrhythm

ia
The

heartrate
variability

(H
R

V
)m

easured
as

the
variations

ofthe
tim

e
intervalbetw

een
tw

o
consecutive

cardiac
beats

registered
by

m
eans

ofelectrocardiogram
(E

C
G

),is
influ-

enced
by

m
ultiple

neuraland
horm

onalinputs
thatgenerate

specific
observable

rhythm
s

in
the

series
[11].H

ow
ever,

researchers
have

show
n

thatan
effective

w
ay

to
control

onesh́eartrate
variability

(H
R

V
)is

through
selfregulation

of
respiration

[11],w
hich

is
know

n
as

R
S

A
,the

influence
of

respiration
on

heartrate.The
H

R
V

increases
as

w
e

breathe
in,and

decreases
as

w
e

breathe
out.S

ince
ourem

otions
are

affected
by

the
H

R
V

and
vice

versa,m
indfulbreathing

has
been

focused
to

understand
and

regulate
ourem

otions

F
ig

u
r
e

7
:

S
ystem

diagram
ofthe

reS
pire

m
odule.

[5,2],w
hich

is
also

helpfulforpeople
w

ho
are

depressed
to

dealw
ith

the
feeling

and
ease

the
anxiety

and
stress

[9].

Positive
R

esonance:P
hysiologicalS

ynchronization
The

traditionalM
āori,tribe

ofN
ew

Zealand,have
theirow

n
w

ay
to

greeteach
other,w

hich
is

know
n

as
”H

ongi”.Itis
perform

ed
by

tw
o

people
touching

nose
to

nose
and

rep-
resents

the
sym

bolic
m

eaning
ofexchanging

the
breath

of
life

and
show

s
theirunity

[13].This
m

ethod
ofgreeting

is
notonly

tribal.W
hen

people
interactthrough

eye-contact,
face-to-face

m
eeting,touch,etc.,ifthey

are
in

intim
ate

relationship,theirphysiologicalstates
such

as
heartbeat,

respiration
pattern,and

tem
perature

starts
to

synchronize
w

ith
each

other
[12].This

positive
resonance

[5]w
ith

each
others

helps
notonly

the
interaction

betw
een

people
by

in-
creasing

em
pathy

and
intim

acy,butalso
helps

the
individual

to
low

ertheirblood
pressure,ease

pain,and
reduce

stress
leveland

depression
[12].B

ased
on

this
principle,w

e
ex-

plored
the

potentialofshape-changing
fabric

interface
for

encouraging
interpersonalconnectedness

through
playful
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tangible
interactions

in
a

co-location.

In
te

r
a

c
tio

n
s

F
ig

u
r
e

8
:

(a)S
upporting

the
self-aw

areness
as

an
am

bient
biofeedback

display
(b)A

m
bient

display
(furniture,interiordecor)for

physiologicalsynchronization
people

in
intim

ate
relationship

(c)
A

ssistive
device

fora
m

ental
therapy

session
(d),(e),(f)

Interactive
artinstallation

B
ased

on
the

tw
o

introduced
principles,w

e
builta

reS
pire

installation
to

have
tw

o
differentinteraction

m
odes,focusing

on
personal(Fig.3(a))and

interpersonalconnectedness
(Fig.3(b),Fig.8(d),(f)).Forthe

interpersonalinteraction,
reS

pire
invites

m
ore

than
one

person
to

participate
in

the
scene

w
hich

focuses
on

leading
an

experience
ofphysi-

ologicalsynchronization
betw

een
them

through
naturally

m
atching

the
breathing

pattern
m

ediated
by

fabric.reS
pire

reacts
based

on
the

audience’s
breathing

pattern
(Fig.3(a))

and
hand

gestures.W
hen

the
audience

exhales,the
fab-

ric
deform

ation
is

increased
and

m
oves

aw
ay

from
the

user
as

ifhe/she
blow

s
itaw

ay.W
hen

he/she
inhales,the

fab-
ric

deform
ation

is
decreased

and
com

es
closerto

the
user

as
ifitis

sucked
through

his/herinhaling.O
nce

the
scene

is
interrupted

by
hand

gesture
hovering

on
the

fabric
dis-

play,the
m

ovem
entofthe

fabric
deform

ation
w

illbe
in

dif-
ferent.The

deform
ed

fabric
w

illfollow
the

audienceś
hand.

Forthe
interpersonalinteractions

(Fig.3(b)),reS
pire

be-
com

es
a

physiologicalsynchronization
m

ediator.W
hen

the
tw

o
reS

pire
m

odules
are

located
in

a
sam

e
place

having
a

certain
distance,those

tw
o

m
odules

have
a

m
ovem

ent
in

sync
(Fig.8

(f)).W
hen

the
only

one
person

is
interact-

ing
w

ith
the

one
ofthe

reS
pire

m
odules,the

person
w

ill
see

the
otherm

odule’s
fabric

is
m

oving
in

sync
w

ith
the

one
he/she

is
interacting.W

hen
the

otherperson
partic-

ipate
this

scene
standing

in
the

frontofthe
otherm

odule
and

hovering
his/herhand

on
it,the

synchronization
oftw

o
m

odules
are

interrupted,buteach
other’s

m
ovem

entis
pro-

jected
on

the
fabric

as
a

local-rippling
anim

ation
ofw

ater.
W

heneverthe
location

ofthe
deform

ed
fabric

are
in

sam
e

location
on

the
each

reS
pire

m
odule,w

hich
w

e
defined

as
‘resonance’,the

deform
ation

offabric
in

each
m

odule
is

am
plified

and
em

ulate
the

rippling
effectofw

ater.Fora

sym
m

etric-com
m

unication
(Fig.3

(b)),w
hen

tw
o

people
startto

m
ake

theirbreathing
rate

close
to

be
in

sync
each

other,deform
ation

offabric
starts

to
be

am
plified

as
like

tw
o

w
aves

are
interferencing

and
m

ake
a

resonance.

reS
pire

helps
self-aw

areness
developm

entby
allow

ing
people

to
focus

on
the

m
om

entin
a

playfuland
am

bient
w

ay.Fig.8(a)show
s

how
the

installation
w

ork
as

an
am

bi-
entm

edia.Itprovides
new

m
editationalem

bodied
experi-

ences
by

encouraging
people

to
use

theirvarious
senses

and
body.A

s
illustrated

in
Fig.8(b),w

hen
tw

o
audiences

are
around

the
reS

pire,theirbreathing
patterns

are
be-

ing
kepttracked

and
itrepresents

theirdynam
ics

through
fabric

deform
ation.reS

pire
is

an
interactive

artplatform
(Fig.8(d),(e),(f)).B

y
allow

ing
audiences

w
hetherin

inti-
m

ate
orstrange

relationship
to

face
each

otherhaving
the

installation
in

the
m

iddle,they
w

illnotonly
focus

on
their

ow
n

interaction
w

ith
itbutalso

unconsciously
observe

the
othersḿ

otions.This
leads

them
to

sync
theirbehaviors

through
a

m
irroring

effect[3].S
ince

theirhand
gestures

in-
teracting

w
ith

fabric
are

also
connected

to
theirow

n
breath-

ing
patterns,this

w
hole

interaction
process

represents
the

conceptofexternalizing
physiologicalsynchronization.

H
a

r
d

w
a

r
e

a
n

d
S

y
s

te
m

D
e

s
ig

n

The
reS

pire
platform

(Fig.
5)has

an
iris

nozzle
m

echanism
forthe

airflow
pressure

and
direction

controland
itis

placed
in

the
centerofacrylic

cylinderw
ith

a
diam

eterof406m
m

and
305m

m
height.The

iris
nozzle

m
echanism

changes
its

outletdiam
eterfrom

10
m

m
to

50
m

m
forairflow

pres-
sure

control.W
e

used
a

servo
m

otor(H
D

-1711M
G

)for
the

iris
diam

etercontrol.To
generate

the
desired

defor-
m

ation
offabric

in
differentlocations,w

e
builta

S
tew

art
platform

m
echanism

w
hich

has
6-D

egree-of-freedom
(D

O
F)

as
show

n
on

the
Fig.5.Itis

actuated
by

six
servo

m
otors

(H
S

-485H
B

).To
create

airflow
,w

e
used

a
brush-less

D
C
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(B
LD

C
)m

otorw
ith

a
fan

(R
C

LanderD
P

S
4000kv)placed

on
the

bottom
ofthe

nozzle
connected

through
a

pipe.
W

e
explored

differentpossibilities
ofexpression

w
ith

Ly-
cra,C

hiffon,and
silk

fabric
thathas

properelasticity
and

w
eightforourpurpose.The

Figure.7
show

s
the

system
of

the
interaction

w
ith

the
reS

pire.The
installation

asks
audi-

ences
to

w
eara

noise-cancelling
headsetw

ith
a

em
bed-

ded
m

icrophone
w

hich
playbacks

a
sound

from
theirow

n
breathing.A

lso,itis
used

fordetecting
the

sound
oftheir

breathing
w

hich
is

m
apped

to
the

displacem
entofdeform

ed
fabric.reS

pire
ables

to
display

w
atersurface

anim
ations

on
top

ofthe
fabric

surface
(Fig.2,

6)forim
m

ersive
expe-

riences
using

a
beam

projectorplaced
underthe

fabric.To
detectthe

audiencesh́and
gesture,w

e
used

a
K

inectS
en-

sor(M
icrosoft).B

ills
ofm

aterialcan
be

found
on

this
link

(https://goo.gl/X
fG

V
Q

t)

F
ig

u
r
e

9
:

(a)C
om

putationalfluid
dynam

ics
and

finite
elem

ent
analysis

offabric
m

em
brane

w
ith

a
circularboundary

constrains
in

reaction
to

the
differentorientation

ofairflow
.(b)A

irvelocity
vectors

resulted
from

the
com

putational
fluid

dynam
ics

analysis.Itshow
s

a
cross-sectionalview

ofairflow
vortex

created
below

the
fabric.

unit[m
/s]

C
o

m
p

u
ta

tio
n

a
l

In
s

ig
h

t

To
estim

ate
the

fabric
deform

ation
and

shape
by

airflow
,de-

velop
a

controlm
odel,and

m
ap

the
fabric

deform
ation

to
the

user’s
respiration

pattern,w
e

used
com

putationalfluid
dynam

ics
(C

FD
)to

evaluate
the

airpressure
on

the
fab-

ric
and

finite
elem

entanalysis
(FE

A
)to

estim
ate

the
fabric

displacem
ents

(Fig.9).B
oth

sim
ulations

have
been

per-
form

ed
through

the
developm

entofa
G

rasshopperscript
thatcom

bines
B

utterfly,forthe
C

FD
,w

ith
K

aram
ba,forthe

FE
A

.The
analysis

considers
the

fan
as

m
ain

inletand
the

fabric
as

outletofthe
airflow

.In
Figure

9(a),the
m

esh
de-

form
ation,according

to
the

differentairflow
directions

w
hile

m
aintaining

the
sam

e
inletflow

-rate,is
m

apped
through

a
colorpattern.Through

this
analysis,w

e
w

ere
able

to
control

the
m

ovem
entofthe

fabric
deform

ation
and

its
degree.A

change
in

the
airflow

inputparam
eters,the

boundary
ge-

om
etries

orthe
fabric

affects
the

results
ofthe

visible
and

tactile
experience.Therefore,this

com
putationalinsight

w
as

extrem
ely

usefulin
determ

ining
in

advance
the

proper

fabric
choice

as
w

ellas
the

base
geom

etry
in

orderto
en-

hance
the

fabric
deform

ation
w

hile
m

aintaining
its

fluid
and

sm
ooth

m
ovem

ents.The
dynam

ic
interaction

ofthe
fan

w
ith

users
has

been
sim

ulated
considering

the
velocity

vector
ofthe

airflow
as

one
ofthe

variables.Therefore,itis
able

to
change

foreach
tim

e
step

its
orientation

and
intensity

to
reproduce

the
physicalinteraction

w
ith

users.The
C

FD
re-

sults
show

ed
a

distribution
ofairvelocities

and
pressures

thatw
as

used
as

an
inputforthe

consequently
FE

A
ofthe

m
em

brane.The
m

em
brane

becam
e

a
shellin

the
structural

analysis,able
to

w
ithstand

tensile
stresses

butnotcom
-

pression.The
externalnodes

ofthe
m

esh
w

ere
considered

as
constraints

ofthe
structuralsystem

,enabling
the

rotation
butnottranslation.The

m
aterialused

is
an

elastic
velvet

fabric,allow
ing

a
m

axim
um

deform
ation

of6.35
cm

w
here

the
airflow

pressure
is

m
axim

um
.

C
o

n
c
lu

s
io

n

W
e

presented
a

shape-changing
fabric

display
forinterac-

tive
artinstallations

responsive
to

audiences’respiration
patterns

and
hand

gestures
to

engage
them

to
feeltheir

em
bodim

entthrough
playfultangible

interactions.Through
the

playfulinteractions
w

ith
reS

pire
m

odule,itinvites
audi-

ences
to

effortlessly
focus

on
theirbreathing

w
hile

touch-
ing

the
shape-changing

fabric
and

controlling
it.reS

pire
focused

on
im

proving
the

m
entalw

ellness
by

assisting
self-aw

areness
and

interpersonalconnectedness.O
nce

w
e

have
betterunderstanding

ofourselves
through

self-
interaction,w

e
w

illbe
able

to
find

a
bettersolution

forim
-

proving
interactions

betw
een

hum
ans

as
w

ell.W
e

hope
that

the
reS

pire
becom

es
a

good
com

panion
to

people
w

ith
de-

pression,anxiety,and
loneliness.
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