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SIMPLE HAPTICS, SKETCHING TOOLS
FOR HAPTIC INTERACTION DESIGN

DANIEL FALLMAN, INTERACTIVE INSTITUTE UMEA

BILL BUXTON, MICROSOFT RESEARCH



- ’M - - — o

s - e i B ot ol I T et ki N S W~ 5
- B i 2 g

B e e Py
A SRR i S T S
AT et~ A———

- il -
- : L — - - .-'-'-l’> o X ——
v 5 %, ‘\' "“W“’—, S YTt £ X e W, ORI

Interactions ???




- ) S T . \ g e
"P i X AL ; -
.I.’\ .. = ; Pt veh e : I
P, < 2 . 5 .~ - e '0 4 -

~ P/
s X

, o L)
AN

2 P
: At~ Ty
N R N AN T /\ |

Interactions




-,

3

N
AR
25wy

.
g - .
.
4 - .
£ s
- & ”
- , N

4
»
N

N #

A

\A

PoR
T 74
%

' T 4 3
:'/,- ! 4 ’,&.
)4.- P
1 "t Vp SERIE

< ‘
0.0 '.‘,'

N
-

intentionally explore orders of magnitude (Powers ot len)
beyond common boundaries
extreme/lead user (Von Hippel)
recognizing limitations
learning from failures
new perspectives for learning
exploring/expanding a design space
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relative to context, experience, perspective
relates to complexity (a collection on simple things)

Valentin Ruhry http://ruhry.artfolder.net/untitled-hello-world.html


http://ruhry.artfolder.net/untitled-hello-world.html
http://ruhry.artfolder.net/untitled-hello-world.html

an
1]
(Vi) ().‘

u nn ; .
LR LY T 1)

L AL B LU BT e

bl A L1
b L1 L LT L
RERRRRRREERS
L L 1111111
UAaAnu
BRREERAAS
IRRRRERAREN
1110000 R R Rl
1 1) 111
SEBERRRRRRARARER
"TTTITT LRl
SENARRARARERES
nnnlnnlllnn|nllll
nttn!ﬂlr‘llﬂlilllllllll
Hllllllﬂllﬂﬂlllll
nnllnﬂlllllllllll
111000 11 1AL 111
punnn mnn nnw 1100
1 L nna nn nAn annn

T 2 ann

e
113
111

1111111

nn

s 1 . :
1] 11 1Tt -
444 13011
SRR RARRNRNNS
TIIIt11 shasdiliad
SRRRRRRRNRRARARAAY

SRR

.
31T
"

fiwm AN
* 1117
2513

AL LYY

2LILITT

AL 1%Y! SAAsamm

TI11 .

- - AR

P ' SRRRRARAAAA AL
LLARLT] SERRARAARAALAS

L 4

T SRRRAARAAARAAA AL
\\\\\\\\\'I\\\\\\\l\\l

u." 1111 21431
. » '.. nun‘lll“"’"“q“"”"“q‘!,\'l\t-u\\\‘\\\\\l\\ll\ll\ll
: SARARARAAAANS
SARRRARARAAANL
|

1 i \
CALLLY (DALY T AL ALy
] AR AR A AR AR AR AR RAAAAAAAAAAAAAA ALY
A

11111

SERARRAREARARNAN
o, SRARRARAARAN _
BEEREEEEREREREES -
et bt 1 AARRAARAAANS
SERRRRAS ﬁHIﬂ*\l!‘l‘III!!I‘\l‘l‘l\l|||\l\‘ll:ll‘:‘\”““”“‘“‘\
SAAAAARAAARAAARAAN

BRRRRARERERARS .
AEREN lll‘l’\!!!"lll\“l!\‘[ll\ll|ll\!lllllil\l\lI|\\\l\\ll\\\l

RRRRERR Ill“lllﬂﬂl"lﬂ""‘"||l"
lﬂ”l!llllllll‘l‘lll
Hllﬂll“l"lllllll.

L
an \IHllﬂ".‘ﬂ'\"‘l!!ll“‘ll"\"HIIl\‘|||'|Ill'll|“|‘||l|l|
Inllrhnllﬂ‘llll|||l|llllllll||lll‘|l

ARRRNN
Illlllll‘ll!lllllll!l!
(14L

lllll\l"l!ll‘lll\
SRRAARARARAS

SRARARRAAARARARSE
AAREARARAARARNARARARARNARS
I!“‘!lll“ll!!\!ll|l|ll||l\|

AAARAAARAARAARARARAARAARAAAA
AARARAARARRRAREARARRNARAEANA
Ill‘illl\\\\l\\l\\|\\l
SAARAARASARARAAANARAM
SAAAAARARAARAARANARARL
SALAAAAARAAEARAARALAES
LARSAAARALANARAARARIA
LAARAAARAANA
ARARAAAAAEAL
LAAMAAARAAAM
SAARAAAAARAAL
YT L

\\l!\\l\ll\ll
MILLL

‘|.|\l\

(L))

(118}
SAALARRARAAAA
SALARARREAAS
T
satanaes
T

1 relative to context, experience, perspective
relates to complexity (a collection on simple things

Valentin Ruhry http://ruhry.artfolder.net/untitled-hello-world.html
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easy to make one
ditficult to integrate two, ten

unconsclious iIncompetence
consclous Incompetence
consclous competence
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ooing mobile
wireless communication
multiplying # of nodes/units
scaling up 1n power
scaling up/down 1n size
integration of hardware and software



scaling challenges

number



beyond the common &
extreme cases
as learning vectors
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hight

pwm  uC multyplex custom hardware 277
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hight

power  transistor relay board  DMX 277 277
pwm  uC multyplex custom hardware 277
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power

pwm

on/ott

hight

transistor  relay board  DMX 277 277
uC multiplex custom hardware 277
switch/uC uC multiplex multiplex APIs

1 10 100 1000 10000

imherent qualities and limitations for each
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number (10s, n)
-— B = O

1 10 +100

power (memory, energy, speed)
-— == @@

I mA 100 mA +1A
$12¢

1 cm? 100 cm? 1000 cm?
brice

0.01€ 10€ 1000€
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Marking the holes

Wood cutting Feet making



“Happy Feet”
The Design Construction

“Happy Feet”is programmed using flash act
talking to Arduino. Below each tile, there is ¢
The pressure sensor is connected to a keybo
which will be recognised by Flash as an inp
keyboard.

The sounds are controlled by Flash using ac
lights are controlled by Arduino.

Once pressed, the pressure sensor triggers a
keyboard emulator. Then Flash ( code) catch
(key strike), plays the corresponding sound :
signal to Arduino board. Arduino will then s
corresponding light accordingly.

The lights are powered by an external powe
using the ULN2003 chip. The sounds are pla

speakers from the computer (flash animatio




number (inputs)

-— B

1 10 24 100
number (LED:s)
1 10 100 192 1000
S12€

-—  mew mm

1 cm?2 100 cm?2 1000 cm?2



number (inputs)

-— = =.

1 10 24 100
number (LED:s)
41_-—-10—-_100H>
S12€

learning: robust connections, keyboards emu., human power
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3.1.10.B.
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1. Starting point. All the speaker play at

the same time on the same volume level.

All LED are lit up.

—
-~
w

5. Limit on the top. The speaker on the

top plays in solo, the other speakers are
muted. Just one LED is it up.

page 82

NAVIGATION PAD, SOUND OUTPUT AND VISUAL FEEDBACK

-~
w

© 2. Pushing up the navigation pad. The
speaker on the bottom starts decreasing its
volume. The LED that are opposite to where
the user presses tun off

P
—
w

(C I

X

6. Pushing top-left. Both the top and left
speakers play at the same time at the same
volume. LED follows the movement on the

control.

3. Keep pushing up. The speaker on the
bottom is muted, the speakers on the sides

start decreasing their volume level. LEDs keep

turning off from the bottom-top.

7. Limit on the left. The speaker on the left
plays in solo, the other speakers are muted.

Benjamin Lopez, Umea Institute of Design, June 2011

Family Album of Sound Memones / Results

(m 0)

4. Close to the limit on the top. The speaker on
the top increases its volume and the speaker on
the side keep decreasing their own. plays Polar
array of LEDs keep shrinking down.

8. Going back to the middle. Speakers on the
side start playing and it goes back to the start-
ing point (frame 1).

Benjamin Lopez / MA Interaction Design
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3.1.10. PLAYBACK

After confirming the sound to play, the complete sound
start playing. The user can decide whether if he/she
wants to listen to the sound as it is (four channels play-
ing at the same time) or if he/she wants to navigate
through it

By navigating through the sound, the user is able to
zoom in in certain positions in the space to get some
details clearer.

The tangible interface for navigating through the sounds
is @ navigation pad that is placed around the sound
album.

The user can place his/her palm over the pad and use
the whole hand to control it physically. The pad can be
moved in all directions.

The haptic feedback when moving the pad is different.
The movement to the top, left, right and left positions
offer lest resistance than moving to the rest of the posi-
tions.

Although the sound output has four reference points in
the top, bottom, left and right positions.




USB connector for the speakers

‘ RFID tags

""" Polar array of LEDs (sound albums)
!

o

for the tags

\ () Rotational placeholder

Arduino boa[d

! Gear to produce haptic feedbac

when rotating the placeholder

&
. e '
RFID reader Four speakers pointing :
to opposite directions -
Top cover
===~ Navigation pad with
accelerometer attached

Benjamin Lopez, Umea Institute of Design, June 2011



MAIN COMPONENTS

1. Top cover

2. Navigation pad

3. Accelerometer

4. Pushing mechanism
5. Polar array of LEDs
6. RFID reader

7. RFID tag

8. Four speakers

9. Arduino board

10. Digital enconder
11. Placeholder for tags
12. Main body

13. Bottom cover

14. USB hub

15. USB cable

Benjamin Lopez, Umea Institute of Design, June 2011



number (audio channels)

0 1-2 channels 4 channels 10
number (fading LED:s)
1 6 16 20
$12¢

-—  mew

1 cm?2 100 cm?2 1000 cm?2



number (audio channels)

0 1-2 channels 4 channels 10

number (fading LED:s)
s mmm

| §) 16 20
$12¢

-— ms  mmm

1 cm?2 100 cm?2 1000 cm?2

learming: multichannel audio, row-col scanning, OOP



haptics/actuation

lmm 10mm 100mm 10000mm



haptics/actuation

Is vibration servo/solenoid  mechanism gravity

lmm 10mm 100mm 10000mm



haptics/actuation

Is vibration servo/solenoid  mechanism gravity

0.001s prezo FEAP 277? 27?

lmm 10mm 100mm 10000mm



1000s

ls

0.001s

haptics/actuation

mechamism — organic growth 277

vibration servo/solenoid  mechanism

prezo FEAP 277?

lmm 10mm 100mm

opopo;)

gravity

o/')ogo;)

10000mm















scaling challenges

number



unscientific complexity gamut

n 2n
large compact
ephemeral/transient

wall powered
3-9V 12V
wired

binary output

binary input ADC

self-contained one-way comm.

MICro
robust/permanent
battery powered
110-220V

wireless

PWM

SPI/1°C

duplex comm.
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