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THE NEW WAY

Computer and designer/engineer
unite as cocreators

TH E OLD WAY

-
one
human

ol Ajele] Azkel A uk ko= Flo] ohEs & & gtk tlapel e

tapolui sk e 7S AR ARRE BS 9 Ao] o F o ma A

2.2 Generative Design Tool &8 T2 A2

Generative Design Tool & A2 t& A ¢} 7l o] 1HH A o7 &=

49l TYES AT, FEv|E e W A2 o2 A58 A

1D https://redshift.autodesk.com/articles/what—-is—generative—design

12) https://redshift.autodesk.com/philippe-starck-designs/
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13 https://en.wikipedia.org/wiki/Rhinoceros_3D

r_3D#cite_note-16
159 Novak, J., & Loy, J. (2017). Recoding Product Design Education: Visual

9 https://en.wikipedia.org/wiki/Grasshoppe

Coding for Human Machine Interfaces. KnE Engineering.
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Bentley & 2 & 3} ¢] Generative Components, GitHub ¢ Google
Blockly 9} &2 A1 Z}3} 2 2 18] (Visual Programming Language)
o] AZE o & Q.
Rhino oA REE & & uf =34 12]7], Aloj 3 ©717], o]&38t7], &4
e 5ol A BE Ay
ot 229 RdF (e Ey B
719 2] A gl diolH & Y sta 22 a9S AbE ALtets W
210 =2 o] zZt{jo] 37| E Hhet)
& 72 A352] Generative Design < H#FE B2 tjxjel & L2 77y
olE] H|o] ~ & 2zt 37 (of: Rhino+ Grasshopper)ol A 218 = +=d), t]z}
oju= Al 7he A I B ofojtolE HAYE Y H g EY B H

2ZAE =971 A (Project Dreamcatcher)= Tl AFo] 1 9] 7 4ol A]
Sy FAS B8 Aous Exot AlokxdS EAEE Autodesk 9
Aol EAAE gAY A, A, 1] B E o]ojito} txtolY
7F A ZbE o s A4l o) o E g W gletar, Hapel bl Ak 3 o
ARl ot = el wal] JEAowm A4 ¢ AeH
A= Harelqef 227 Abololl A tishr) g H = Aojvk. =H A7}
of 2] Y ARl ek AA sk Hapol|rt Fo &9k, AleF 215 =
goto] LRI Tho| =8k, HF Ayp) vkl e W7bA] g S W
Eghr} 10

O

16) Natalia Baklitskaya, MARCH 30, 2016, Generative Design: Optimization
and Creativity at their Best. R&D Senior Analyst at Accenture Technology
Lab.
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Idea

Abstraction

RUle ‘.............................................
Algorithm modifies Rules
Formalization and
(starting) parameters
Source code |4 o Designer
modifies
source code A
Interpretation Sr PATATeLETS I
by the computer
Output R R s e T :
Designer judges

the output

[723 4] Generative Design process.!”

[Z9 4]0l A HAFe]lyq+= ofojt]o] o] BA 3 A4 Q1 T A}Ql fj &4
ohyel G F Ao AR A Aol disk B Al YA} o
Zkol = <18 A5 tAkQ1 3} Computational Design €] 172 7Fal 24, o]

Yol g Z2aeu s} ok izl she] a8l @ 4= 917] wolch,

il

1D Krish, S. (2011). A practical generative design method. Computer-
Aided Design, 43(1), 88-100.
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Generative Design Process

/Gf:nm’a’.wa design G\,’St-:'h

modifies
Idea », input

Input: shape, sketch or model .

:

. Abstraction '

modifies L

Product § nies 3

DNA Rule Algorithm €f=mmmmnmnana H

curve :

revolve Eoriani Formalization and Femenn designer

starting) parameters 1

profile ( 9) P L modifies i

N source code '

4 mft. j ‘ee —
\ ..... Source Code = |[€q======sama= " Y
: :
/7 - : '
L L L ] 1 Interpretation f 2
) by the computer # H '
' L]
Output
\‘:{ =L i Form generation

ol

Generative Design = 53l A|F9 28 543 23 Ao E o]dsta
1 8E9 Ve S BAE 4= Q) [19 519 Zo] Generative Design
o] W Fejo tigk B FAH S T3 et 2ed AHE YA tR;

ojurl delg = =S

G Tokoll A &85 Generative Design W o] 54 & A73ko] <
A 57 HolH StEE el A 29D 7 s Aoz Vg,
[1¥ 613} #o] Generative Design & Al ZH/ A E/AE/Art/ A ZD =

o] of 2] ool A &akelA 3-8+ At

189 McKnight, M. (2017). Generative Design: What it is? How is it being

used? Why it’sa game changer. KnE Engineering, 176-181.
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[71¥ 8] Variable 2018 dn&co®

2) 0% tARIe] 4 o] g4 AL

19 https://www.pinterest.com/ziemelbriezi/dynamic-identity-generative—
logos/

20 https://variable.io/broadgate/
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T AFQl Hokol A taFo & -85 3 9l Generative Design W42
A5 2 0 YAl Zokoll A 7H WA AT A5 Al 93,
A (%), AEHVAC R oA dop), FH(xH), AAH(}EA ) &
o] s efjof & Fito] WYl wiitoltt. o] gk thFe whE A S FF A
AP RYE AFEHE AR Aol o A3 sk, o] 9 A] Generative
Design ¢ 54 % stvtolth.[19 9] o]+ AF AAAY AHFHFS =0l
i, 250 YAl e Mol E HElErh gk v Afo|u 7t B RSl oo
tol & A& 3kl Generative Design 28| 913 A A8 Generative
Design & A7 Zx1 9] WA & oAl Wieks Aled 4 A

AFYE e} =A A8 A Aol Generative Design & Alghol H]af &

o el @4 242 Aelar] Ak TR T4 B A Aol 7t
=

[1¥ 9] MYAA Architect??

2D https://www.arcstreet.com/2017/11/the—qatar—-faculty—-of-islamic-

studies—by—myaa-mangera-yvars—architects.html
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3) Az} Eofoll A o] -8 Abel
Aol skl Ame] dof, 73] A Aol gtEolx gl

GENERATIVE DESIGN

MULTIPLE VALIDATED
MANUFACTURABLE OPTIONS

DESIGN
T0

— e
R pRopuce

\“
~e

DESIGN

W

—— ITERATION PH sz DESIGN TO PRODUCTION ~5{¢—PRODUCTIVITY INCREASE

TI\ TO MARKET

[21% 10] A2 Hokol Mol &g22

A3} A Generative Design & AF&3e] A E ] Y74 S 73)s1]
22 glsta oS Al A g

o @ oY 7 248 SYE Y oE Fdete] FUHA A=

22) Briard, T., Segonds, F., & Zamariola, N. (2020). G-DfAM: a
methodological proposal of generative design for additive manufacturing in
the automotive industry. International Journal on Interactive Design and

Manufacturing (IJIDeM), 14(3), 875-886.
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Generative design & 53| AF3] 9] 2 S A 2317 % S}

23 https://www.tctmagazine.com/additive-manufacturing—3d-printing -

industry-insights/autodesk—university—generative—additive-manufacturing/
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interactive + generative + public

round n+1
&

[1¥ 12] History Flow, 2003, with Fernanda Viegas?¥

(28 12]9} o] ofe] 2 E wlg-2] %] 2. &2 1YY (Maurizio Bolognini)
= 2006 d Al H o] E] B. o} E(Generative Art)E Z3 ZFE oA A4 3}
A3 25T O TR2AHE A5 A Urid sl Fofd st 4l

o5 X3 A2 E e stste] B TGt o] A A vk S

20 https://www.wikiwand.com/en/Generative_art
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[2% 13]3 o] olE] 2~ E ul2 3 o] =1} %] (Marcin Ignac) &
Generative W & &3] thYst siFANES dugFo = A=,
o] sl B = 24 75sta AgsA AAE = glo] F ) 1e) ZFE

= Fo ARAInte] H53 =S TE 5 v 2= Al el B of

5) A& HIAQD ool A o] 3-8 At

[ 1419} 22o] A|F )AL okol A Generative Design & 483
© A A1 Z) ok Apol 2 dhtel able] o ST E Ao w, VE
HHrHE HET RN 3 A & £ MEE vhsojdit.
Generative Design = A8F 2] 0 & o] glom 7|& mlelu] g ¥}
5 & 45 3ALA o9l At vt v AMEE 59 o

O
—_

1

25 https://flowingdata.com/2022/05/24/generative—sea—creatures/
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AAsA %@ Aolth Ao 7bsd Wel Uel ‘e)9le A

vl 2 Generative Design ] vl 2 o] T},

4z
M
flo

Patent Application Publication  Apr.5,2007 Sheet 12 0f 15 US 2007/0078634 A1
Patent Application Publication Apr.5,2007 Sheet 13 0f 15 US 2007/0078634 A1

1502

providing a default model of the object

AT e rxat e

e oy XS /3 I S S
assigning generated values to one or more & K‘ML K X & ? &
selected ones of the design parameters 1608 Z x X ?\‘ K x g ‘&‘
- 2T 2L NYEEA
AAEA®XYRrEYR

[2%] 14] Method and system for generative design®®

F3 AT WA NG FRE Tl 1F 9] 1A 57 volEl s} Bl
|9 A e BRea 4ude BAsg 2w 7120 BEY

Linear Methods, Multiple Probe Methods, Body Form Methods = 4

2Ohttps://patents.google.com/patent/US7552032B2/en?inventor=Anandasi

vam+ Krishnapillai&og=Anandasivam+ Krishnapillai
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Linear Methods

Tape Measure

Direct Measure

Proportional Measure

Anthropometer

Calipers

Methods

Multiple

Complex Anthropometer

Somatography
Minott Method
Planar Method

CIAM

Photography

Body Form Methods

Draping

Casting

Body Scans

[1¥] 15] Body Measurement Methods

7

5
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A

Ry

O

I

20 Bye, E., Labat, K. L., & Delong, M. R. (2006). Analysis of body

measurement systems for apparel. Clothing and Textiles Research Journal,

24(2), 66-79.
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28) Singare, S., Wang, W. P., Wang, J., Liu, Y., Li, D., & Lu, B. (2007). An

integrated physical and virtual prototyping approach for medical

applications. In Virtual and Rapid Manufacturing (pp. 149-153). CRC Press.
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29 Yu, C. Y., Lo, Y. H., & Chiou, W. K. (2003). The 3D scanner for

measuring body surface area: a simplified calculation in the Chinese adult.

Applied ergonomics, 34(3), 273

-278.

30 Liu, R., & Xu, B. (2018, June). 3D digital modeling and design of

custom—fit functional compression garment. In International Conference on

Artificial Intelligence on Textile and Apparel (pp. 161-169). Springer, Cham.

27



o] Bofo] &% ek ®rld 7]7] LiDAR 7]1%¢] 1w

=1
o

AT
S} BFOE AA 9 ofol3)

o)
2

ER

=]
=

7]

9] LiDAR camera =

1} ofo] &

=

e}

A7)

Bl
fite)
~H

+

]_

]

tel diolEl &

o] 83

S
=

=

<

4

ot} 3D tlAE

al

NS
W

]

ERDEERE R E PP

Z

t}. 3D t A

)

Y

Aol F

4

=
=

dlelH

[ 17] From 3D body scanning, digital knitting design to 3D digital
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32) Wang, C. C., Wang, Y., & Yuen, M. M. (2005). Design automation for

customized apparel products. Computer—aided design, 37(7), 675-691.
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[728] 19] a. AR W& o143 A2 ¥4 54 b. AR W2 7FF F7F 914
AlE# el c. AR Aoz i Ado] 54 (A &3 - Apple Inc.-IKEA-Nike
fit)

[2¥] 20] Interactive and Situated Guidelines to Help Users Design

a Personal Desk that Fits Their Bodies®

33 Lee, B., Shin, J., Bae, H., & Saakes, D. (2018, June). Interactive and
Situated Guidelines to Help Users Design a Personal Desk That Fits Their
Bodies. In Proceedings of the 2018 Designing Interactive Systems
Conference (pp. 637-650).
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79 T4 W& of ANt vl = Aoy sl 7] A58l 8H(George
Woodruff School of Mechanical Engineering, Georgia Institute of Te
chnology)®] Z2HEYo] UAIF w925 =2 & AHEAF 2ALE F3

76%2) FeNA AAF REH 5o 96l kS A, A, 24 S A
i

ZR=E F713 A golrt. dA Aol yeolols AEFH] FAMIS o
AL &A1 4 9lom, o]e]gh Bt Generative Design W2 A
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T& QT

Personalize your AirPods.

ceAbBE HOYB

Customized jewelry Nike By You BMW—YOURS CUSTOMISED Apple engraving service

(28 21] Q1A dlolg e} Fast Heky 9 Akl (AR &3 -
NervousSystem:-Nike-BMW-Apple)

6) AL BAEL Ea A vlolE g5

38 Zhou, W., Wu, D., Ding, X., & Rosen, D. W. (2010, December).

Customer co-design of computer mouse for mass customization without

causing mass confusion. In 2010 International Conference on Manufacturing

Automation (pp. 8-15). IEEE.
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Stereolithography model (transparent)

Internal camera
(a) Stereolithography mock-up with internal camera.

Other devices
(il necessary)

Mock-up Computer ]

(b) Usability data acquisition and interface simulation.

[2¥ 22] Usability data acquisition and interface simulation using

stereolithography mock—-up

35 Murakami, T. (2007). Automatic usability data acquisition and interface
simulation using stereolithography mockup and internal video analysis. In
Virtual and Rapid Manufacturing (pp. 179-185). CRC Press.
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36) https://www.blendernation.com/2012/11/19/mixee-me-3d-printed—
characters/

30 Chu, C. H., & Wang, L. J. (2018). Mass customized design of cosmetic
masks using three—dimensional parametric human face models constructed
from anthropometric data. Journal of Computing and Information Science in

Engineering, 18(3).
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[1¥ 25] Leapmotion

38) https://www.researchgate.net/figure/Use—of—-the—leap—motion-
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[Z2¥ 26] Slow robots for unobtrusive posture correction

o

[19 26]& B, A =82 ALg2Le] AR A& w9 THA)S 7]+
o 7 yporsit}, ALgA7F B3 AABDE o RYE YL HAH S
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39 Shin, J. G., Onchi, E., Reyes, M. J., Song, J., Lee, U., Lee, S. H., &
Saakes, D. (2019, April). Slow Robots for Unobtrusive Posture Correction.
In Proceedings of the 2019 CHI Conference on Human Factors in Computing

Systems (p. 613). ACM.
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[3 4] Parameters customers think are important for appearance
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+ Standard Mouse o
Merits: {
» May accommodate both left and right hand users.

Limitations:

- Does not allow for neutral postures of the hand,
wrist, and elbow.

* May lead to contact stress.

.

Vertical Mouse
Merits:

+ Allows for neutral postures of the hand, wrist, and
elbow.

+ Minimizes contact stress.

Limitations:

+ May be difficult for user to transition from a
standard mouse.

+ May require additional forearm/elbow support.

.

Right/Left-handed Mouse

Merits:

+ Slight curve allows for a more neutral posture of the
hand, wrist, and elbow.

+ Minimizes contact stress.

Limitations:

+ May be difficult for user to transition from a
standard mouse.

Rollermouse™

Merits:

« Allows for left and right hand use.

+ Eliminates lateral reach.

* Programmable to accommodate user’s needs.

Limitations:

* May be difficult for user to transition from a standard
mouse.

Requires a training period to become proficient.
May increase horizontal reach to the keyboard.
May result in awkward postures.

Trackball Mouse
Merits:

* Allows the thumb or multiple fingers to scroll
depending on design.
- Does not require wrist movements.

Limitations:

May be difficult for user to transition from a standard
mouse.

May not be as effective for tasks requiring precision.

Potential for overuse and fatigue of fingerthumb
muscle groups.

Touchpad Mouse

Merits:

* Allows for left and right hand use.

+ May be of benefit for creative tasks (drawing, etc.).
Limitations:

+ May be difficult for user to transition from a standard
mouse.

« May be overly sensitive.
« May lead to awkward postures and contact stress.

[ 31] v}9-2=9] 79 Fdd 24 (A2 &3] - Occupational Health

Clinics for Ontario Workers)
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40 Schmid, A. B., Kubler, P. A., Johnston, V., & Coppieters, M. W. (2015).

A vertical mouse and ergonomic mouse pads alter wrist position but do not
reduce carpal tunnel pressure in patients with carpal tunnel syndrome.

Applied ergonomics, 47, 151-156.
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48 Hattersley, M. (2010). Mac Secrets (Vol. 150). John Wiley & Sons.
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While there are many variations of mouse grip styles, the 3 main one Slaw and Fingertip

With most of your gaming done using one predominant grip style, worth mentioning that your
grip might change depending on the context and situation. Find out more about what each grip style has
' ~ ‘ . to offer and decide which one benefits you the most.

. sre popi s adopted by gamers, it offers a natural
Pa I m G ri p B {8t e e et it

s ideal for games which
+ Most common grip ideal for games whi

mfortable for most people
urate when clicking

Claw Grip

+ Go

s palm grip, the ¢
ing sudden 180

Fingertip Grip

+ Greatest control _
+ More natural feeling than claw < vertical m
+ Most tiring of the 3 grip sty ’ B b

~the lightest

[2¥] 33] Mouse #H+ =50

W2l Abg o 7 RS = gk} §5 nh9-~(standard mouse) €} W E] A
ul-§-2(vertical mouse)?] A A9 e} 5 H7FMethods: muscle a
ctivation(electromyography), forearm movements (electrogoniomete
rs), performance (Fitts' Law test) and

satisfaction (questionnaire) of 16 subjects were evaluated) 71 23}

A wpesg AL ge B 2EAA A% 99 Foli, &5 3 (wr

50 Flumini, A., Barca, L., Borghi, A. M., & Pezzulo, G. (2015). How do you
hold your mouse? Tracking the compatibility effect between hand posture

and stimulus size. Psychological research, 79(6), 928-938.
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5D Quemelo, P. R., & Vieira, E. R. (2013). Biomechanics and performance

when using a standard and a vertical computer mouse. Ergonomics, 56(8),

1336-1344.
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Ergonomic Design //,é -] - P
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Py - —— e —
o T | — —< ——
Traditional Mouse Vertical Mouse e I—
(2% 341 ALEAA 7} Beloll vl A= F )
Wh9 2 RAG AT A AN E E3 E5) Aol JFE WA

o whg-2o] Gl UAQIe)E JFe F 5 Ak,

Goln, £71e S o gt ¥ AVER oY hA BE wE AT E
FAG AT J)E FFE b old @ WHAS o) g3 el
2 nge] Y AL ol Uil vhes MES FEAY B2 2

T-A(Microsoft Research Cambridge)S thkal HE B %] v}~ A
o H|2EE i), &rte HE ALE v M7
E

3} AQHgel £ ek v Atk [ 35] A%

2 Gustafsson, E., & Hagberg, M. (2003). Computer mouse use in two
different hand positions: exposure, comfort, exertion and productivity.

Applied ergonomics, 34(2), 107-113.
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[Z1% 35] HEIH A] vl

HE HA vhe-2s AR Y

Multi—touch mice explore different touch sensing techniques, form-

factors and interactive affordances.

Button Locations

figure 3. Physical configuration and making process of
Adaptive Mouse

53 Villar, N., Izadi, S., Rosenfeld, D., Benko, H., Helmes, J., Westhues, J., ...
& Chen, B. (2009, October). Mouse 2.0: multi-touch meets the mouse. In
Proceedings of the 22nd annual ACM symposium on User interface software

and technology (pp. 33-42).
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ApuusTABLE KEY

Tangible User Interface € 28

) Tang, S. K., & Tang, W. Y. (2010). Adaptive mouse: a deformable
computer mouse achieving form—function synchronization. In CH/'10
Extended Abstracts on Human Factors in Computing Systems (pp. 2785-
2792).

59 https://www.azeron.eu/

61
PR,


https://www.azeron.eu/

Middle material

iPressure resistance

Programming in VIRTOOLS environment

[1¥) 38] THE DEVELOPMENT OF A TACTILE MODELING
INTERFACE.

[2% 3813 o] CAD Al&8lS 917 At AFH = 28 7l

Agste 975 o BobAa ek, ol A7 Avks P 2
o

1>

g A zol A A 5 ol wek A A
PN
T

[Z1®] 39] MIT _Integrating electronic components into deformable
objects based on user interaction data.

%) WENYEN TANG, S. K. T. (2006). THE DEVELOPMENT OF A TACTILE
MODELING INTERFACE.
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50 Worgan, P., Reuss, K., & Mueller, S. (2019, March). Integrating

electronic components into deformable objects based on user interaction

data. In Proceedings of the Thirteenth International Conference on Tangible,

Embedded, and Embodied Interaction (pp. 345-350).
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An air hose with
a USB cable y

Switch-on by pulling
the bottom part out

Elastic
fabric cover

An air pressure

Left and \"‘
click buttons 0~

[72¥ 40] Inflatable mouse: volume—-adjustable mouse with air—

pressure-sensitive input and haptic feedback.

[29 40]3 o] vhg-2ol BFS 50 vhsL EolE 7129

2 SESIA A ERte ARR Al s 2 A AMEE S AN &

B ARG HA ] e} BRI BE TS FE wEd agE duY

4.2.3 & A0 8} Bhg2 AR 7%

). & Hlolg & w2 7]

58 Kim, S., Kim, H., Lee, B., Nam, T. J., & Lee, W. (2008, April). Inflatable
mouse: volume—adjustable mouse with air—pressure-sensitive input and
haptic feedback. In Proceedings of the SIGCHI Conference on Human

Factors in Computing Systems (pp. 211-224).
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Abg-zto] whel £n8be curvature 9F ZFE 7}

Left/right—

hand angle
adaptation

/N

Fit the whole

palm

Fit the palm

Flat form

Basic form
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[1¥ 41] Ming Kong develops tactile interface to navigate CAD

environments

(1™ 4113} #o] Ming Kong, CAD &+
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Royal College of Art =92 Ming Kong
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[1¥ 42] Tangible Textural Interface®”

%) https://www.dezeen.com/2012/06/28/tangible-textural-interface-by-
eunhee—jo—at-show-rca-2012/
60 https://www.dezeen.com/2015/06/30/ming-kong—interfacet—haptic—

tactile-material-navigate—cad—-environments—manipulate—computer-files/
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5.1.1 &9 Zojot YH| &S wh-29] Zdolgt Y| o=z

EE!

< "HloJE & F4 FE(curvature)# 2= HE3I= 14
= 7] 29 (Key line) ¥ 2= A 2}l (Structure
line)ell o9& AA=H, ojegjgt T8 HMES] I3 Lot FAH=E
(curvature) gko] EAETE <A vlojg o 2= A|E2] 7] glap ~
gA el o] 8 s Hetstr] A8l vyt 2ol & HiolHE AlEe
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HAND WIDTH LENGTH -
Convert measured data to 3D mouse length/

width in real time Actual measurement platform

Measurement of palm length/width

(2% 44] vbg-29] doo} Yn= 2] do o} Yu| vl Lo upe} A zte
=2 g

[Z1 44]9} o] vhe-2 Hofof vn] = £29] Zole} vn] n]gof uje}
Arro e Wt [219 45]¢] & A7) et E HolB & Farsted,
Setol = AdE ol &8l AL A A 7E7HEEA o Al s 545t
o] &8 Ynl & staL, 7k HlETrE Sl A E59] 3 WA 5744 9] A

Y= A8t £ Aol& st} Grasshopper Al E £2] YH|E n}-$-

2 Un] gho g, £ Aol 5 vk Aol gro® tlg8tal, Rhino ol A<=
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AN+ 7 Eute 3o whal 3D vk 2E o) WS Bl 3D
gAY 2o 4L & dojy Rd 5H HJy 3 dlolH A4 A4

AT 5 glom 3D FUS AFA AR stelok k. obd) 1] & 7]

8 o522 T Ale] Ba g 9
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il
offt

A& AR HolHE e 5 gk

4

1 Thumb length 1: The distance between the midpoint of the dorsal side of 11 Palmar thickness 5: The distance between the midpoints on the dorsal and

the IP and MCP joints of the thumb (#1) palmar sides of the base of the 3st metacarpal bone (#19a-#19b)

2 Thumb length 2: The distance between the midpoint of the dorsal side of 12 Palmar thickness 6: The distance between the midpoints on the dorsal and
the MCP and CMC joints of the thumb (#2) palmar sides of the base of the 4th metacarpal bone (#20a-#20b)

3 Palm width: The distance between the radial and the ulnar points of the 13 Palmar thickness 7: The distance between the midpoints on the dorsal and
palmar crease (#6) palmar sides of the trapezium (#21a-#21b)

4 Palm length 1: The distance between the midpoint of the distal palmar 14 Palmar thickness 8: The distance between the dorsal and palmar side
crease and the midpoint of the wrist crease (#10) midpoints of the scaphoid (#22a-#22b)

5 Palm length 2: The distance between the midpoint of the proximal crease of 15 Palmar thickness 9: The distance between the midpoints on the dorsal and
the middle finger and the midpoint of the wrist crease (#9) palmar sides of the triquetrum (#23a-#23b)

6 Thumb length 3: The distance between the midpoint of the dorsal side of 16 Thumb length 4: The distance between the midpoint on the dorsal side of
the MCP joint of the thumb and the midpoint of the scaphoid (#14) the IP joint of the thumb and the midpoint of the CMC joint (#14)

7  Palmar thickness 1: The distance between the dorsal and palmar sides of the 17 Thumb thickness 1: The distance between the dorsal and volar sides of the
midpoint of the head of the 2nd metacarpal bone (#15a-#15b) midpoint of the IP joint of the thumb (#3)

8  Palmar thickness 2: The distance between the dorsal and palmar sides of the 18 Thumb thickness 2: The distance between the dorsal and volar sides of the
midpoint of the head of the 3rd metacarpal bone (#16a-#16b) midpoint of the interphalangeal bone of the thumb (#4)

9  Palmar thickness 3: The distance between the dorsal and palmar sides of the 19 Thumb thickness 3: The distance between the dorsal and volar sides of the

midpoint of the head of the 4th metacarpal bone (#17a-#17b) midpoint of the MCP joint of the thumb (#5)
10 Palmar thickness 4: The distance between the dorsal and palmar sides of the
midpoint of the base of the 2nd metacarpal bone (#18a-#18b)

[Z2¥ 45] Definition of the 19 feature parameters in cross-
parameterization.

6D Wang, L. J., Lin, B. S., Wu, C. M., Yeh, C. H., & Hsu, S. T. (2021). A
Smart Parametric 3D Printing Hand Assistive Device With a Practical
Physically Intervention Feedback Based on the Embedded IMU Sensor. IEEE
Access, 9, 140456-140469.
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[ 7] Mouse Size Determination Chart (Copyright OHCOW, 2021)

HAND SIZE CLASSIFICATION MOUSE SIZE
Imperial (Inches) Metric (mm) Imperial (Inches) Metric (mm)
<6.3 <160 Extra Small (XS) <44 <113
6.3106.8 160t0 172.7 Small (S) 4.4 113
6.8t07.7 172.810195.7 Medium (M) 4.8 122.5
7.7t08.4 195.710 213.5 Large (L) 5 127.8

>8.4 >213.6 Extra Large (XL) >5.0 127.8

- Detail Hand Data : &8Fs2] Zojeb Y]
- Collected Data : <=u}59] Z o] €} 4]

- Logic to Create Shape: £=2] 37| H3lE 44 HFa2 M3l
Eupero] Aol o un] o] gk mhg-20] JElf 2ERA gl 5 E glol
-$-3hc}, [ 7]3 Zo] ISO(the International Organization for Standa
rdization)®] Ergonomics of human-system interaction—Part 410: De
sign criteria for physical input devicesf?0l wpg} £npeke] o)1 1] 9}
g2 dol-Un] g2xE =5 4 Ut X% Tt
=z © 2 3} Grasshopper o Y83 & S &4do]- 4] do|H ol u}
o} 7jQid gtEshe vk Alol =5 A S ISO 53 -] vk
2 AzFA e vl "olHE B 60%5Y9] FH S it 4 . F,
a9~ o] Zo]-gu] A 7|= £ufee] dol-yb] =719 ¢ 60%9F 2t 1
2} o] qFF o] MrfAQl W& ottt 53] Abgwit) mp2 79 B
Foll et As =7k t=7] wiiEelth, 28 60%9] 1+ H o8 w27
716l BHA] = TAE 9T 5 7] wiEel o] b ShH. o) Al EHA

=
e 3 4 itk Wk 1 ol WEY vk Aol 27} Wasrhu, A}

¢

62) EN ISO 9241-410:2008 - Ergonomics of human-system interaction -
Part 410: Design criteria for physical input devices (ISO 9241-410:2008)

63) https://voltcave.com/measure—hand-size/
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injection moulding

break even point using
SLA7000 = 7500 parts
A

/

/
/

// stereolithography

Cost per part

0 5000 10000 15000 20000 25000 30000
Production Quantity

[Z2¥ 64] comparison for injection molding and stereo lithography®®

A ) A S Fa BEY AF ik F7MR F7hE 9tE A
3D Z™H 7|3 ¥x¥ 7]<(stereolithography)=

3 FE] 53 ¥ 8-S daeith. kAl PCB 3] &2 73] &3 o}
A FRE FHFAVNA K A5 A4 3] 2 7] % (Flexible Printed
Circuit Board, FPC)& AH&3te] 712 3| 27| 8 AAlete v&5 4

AT % Ak FASE S DA Aotsk B9 2EA S AF b))

gulol o] BAISY, F4 1A %EY U AEdd] we Fust |
Ao, U5 Wi HE FZ(AHEA7E A 28t e AEs F 44
QA wlolE ek A FEA A8 TRl ~Epd & A g, ok 2}

Aol QLA dol Bl A3 B REF AFS AT 5 AE AT

64 https://www.researchgate.net/figure/Cost—comparison—of-SLS-

versus—Injection—Molding_fig9_281078350
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Claw Grip
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B oA qtol| A A9l Generative & E YA I ES & & A4

AEe] HaEe A&ttt [19 86]-[19 8712 A=, &3l

6.3 AA Tloly REF AF FHE 7= b 28
4] FHE A o= A

[1¥ 89]¢} o] 3 &iarg]F(Genetic Algorithm)S ©]-&3sfo] x|}
& AE X3F Aol wpe} st JejE AlE e ol dste] o] Tl A XAt
FHE A9 5 ez Ajkgt, A S 51 FHE o §F
o] rdet 7R e 2o R destetal, ttely= 71 JE e 9

65 Navarro—Mateu, D., & Cocho—-Bermejo, A. (2019). Evo-devo algorithms:

gene-regulation for digital architecture. Biomimetics, 4(3), 58.
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=S E8) dgo w2 gen g stste] A, A48 72 BE JH S
Mz AAAEo 2 23al= Aolth, [18 90]L FIMEe HS RHE

g E E .
Build the main body = Rule 1 / /A
B A ez " = 1= =
. | ule 21 Rule Rule 22 Rule 51 Rule 81

Construct the upper part - A Rule 22 - o
n n o vaes
/ = Rule 3
= =] =] =
Modify the main body = Rule 4 L /N /R AR
- —
o o Bl | | — | = |
\ Rule 61 Rule7

- B Rule 51

Construct the bottom L ) — J

Rule 52

‘ - I Rule 61

= Rule 62 /
{ | .
T &/ Y Rule81

i E Rule 82

Construct the lower part

Construct the label region

[2=] 90] Evaluation of a 3D Shape Grammar Implementation-Coca-

Cola bottle as an example

& 501, 3714 9 A4S Tl 4 IS e, v 3719

’

A9 AFH FHE 2% WAl GFE 2GS ol FFT FHE 4

66) Chau, H. H., Chen, X., McKay, A., & Pennington, A. D. (2004).
Evaluation of a 3D shape grammar implementation. In Design computing and

cognition’04 (pp. 357-376). Springer, Dordrecht.
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6.4 Generative ¥%3 vl SR E H2E

Generative 25 & vh--2 ZF] el A kel AtHE F718t
of o] Fo] AREA} o] YApdlel] &8¥o] F2 HAQl Ad=S TE
ofd = S ¢ e, Heol B9 a8 E AT Sl

B Glorious Model O ¥ B Microsoft Pro IntelliMouse ¥ +

® 5 @ @ T seced] [ soi | outine]

RIGHT VIEW ®
ALIGN [F =] [+ ] Advanced

Apple Magic Mouse 2 align offset Logitech MX Master 3 align offset
x0 y-15.1 z0 x0 yo0 z0

[2¥ 95] Mice 3D Shape Compare Tool?

old A st zpplo] AbgE vpg-9) QA WEY v 7] 9
FH 2ol & B} WEsHA Al s E 4 =712 RTINGS 9] 3D vl-$-
Bl 55 B AFEAY] V)& vpe-2ok (AW vpg-20] B T

718 HlasE o= vk [229 9518 o] AFgAR= Al S5 0] Sl

67 https://voltcave.com/measure—hand-size/

119 x{;|-|']]‘j1 1].



7

(¢]

]

3

=i}
Py

FAL, Aale) vf
DE) AL§A B 2E

°

3z

=

% 12]

)
it

[

252 719 71 whg-2= 9} Wl

—~
B AR
Jo o- IR ol
L X & KR o LSS
ol Bl O oFak S T ol
2 <y m wrR@mm So o 2
& mi<l Koo A Ko E  Bodoop T
&0 T oKk <laKKoo o <R =
~
oy =
W 7o
) B
) owr
T RO
® o
[
B o
G
ERE
W oAr
O
N ORT
%0 _~ =
=l onl N
B 20 i oo |
olel R o 9 < Al
R is = ~ 4
R = Bl o o o
NI
o R0
~
L
= o~ %) < — K
>3 K 3 =3 . -
0o 0o olo oo E T
N = = =

LT

[=]

120

Yehge,



AAAT} ALGA AT ALE B

o

o

0

op

Njo

o

O
iz

0
.EH

2

o]

Grasshopper &85

R iAol Bttt A= T2 AlEe] =4 Aol =7t /1A HiolH

i)

1o

ol

& vrarat

3

&= AN

Al
=

]

=
T

7 kol st

N

AAM = 22

=

H &% 19 Shape

.

]

)

Ay

st/ r8)e] 7l

5
T

h 6

3+t}. Grasshopper 222l

Eigl

Diver ¢} 22}l A 2~ %]

S

QUEYAT A4d: 98 Ax7]17](
=5 7l

ol

=~

)

7F 2 7)A)

3

3

ko3
T

ojo

A}

JJo

(AA 7]

121



Hlo
ij]
=

=
=

ol
=~

®uF$-22 YA 2B ¥} CMF &

b Ak 3 ARl )

5|
pul

of o

>}
Generative Design ©] A&

DAE AR A}

A

F=

g e

=]
=

et EE &

s

tztelel &

3T
™

of ke FF ke Aol A3

o]t}. Generative Design

Generative Design 9] th2 thHA ¢

Zo] AAa714o] X R del 9t} Generative

o

EE R R R

Design System

Agtslo] Generative Design ¢ 2~E}2

2}

P
T

Aol AFE A2

1o

= 7l 21 3} (Personalization), %% 3}

3 2} ¢] Generative Design ©ll

Al o] stE 5t

bl A/ Af o] 2/ %

o 3ol gt

=
[€)

(Customization), % 5% (Uniqueness)

18] 2~ (Customization services)

)
il
~

=)
IH

O

X

Ar ez M7t o A

8 MUl ag AL 5 dom, AERT} A3

Generative Design Process

i

e

CERERE

koA
™

=
o

t

1
T

=5 AAskaL, ARg At A

,ﬂl

122



Generative Design & ©<=3] 3frH e A4 H LAZEH ]S o
dolg ¢} tapol 7k & staL 42 ofe|Ho] S sk Al =& W o
ok 5 i ZFe] AAME HIEY A AAsko] AREEHA HH @ Zeflol A
deoly =33 A, gAQ Z2A~E HA4sshes b g% A8 E Ao
U Hately &S Fr14 o m 2 A AE Bastal, ARE Ak ol A AlA
£ Tl ARl 22 dolE (A Alel=, 9|5 54, A3, H4d], 3
sapsto] Qe Ul A HAkQl AlAES Faf A4S HAlS 2
ek o .

Generative Design o & 4= @A 9] Aitr]sdd & St} s

2 A9l 7153 A FAS FHFOEA UReld, 719, 2uAE o

o,

e

Alsted Generative Design & A|7&38}skar, Al7gle] A& wrof A4t 7]
=9 AHEE S 5 Ak

STH Y B4l 7]&Ee o R 5G Ve THEo] AR dZAdEY= g

go] 7hed Ao g welth 2G 7F o|v]A], 3G 7} Y] &, 4G 7} ko] v M}k

%, 5G 7} AR/VR & =QIA AT 6G &= oln A sk 448 Wo] A7 &
7 v, b 5ol Az Au g AEd Aol oY@ B A

Generative Design A8 2= U9t 84312 Zlo]t)

2 Aol A A|QEEE Generative 253 AlFE TR £ 5 S A
s o3 2

AR, 2] Q1A dole & Fe|= Hest= W s A-skelrt.

 mrol M £ delHE vk FHE Hshs A2l RS A8t

123 #:,ﬁ'! 'Cl:,' ]_-.li :



A, oleld BEe Fao e 9EY AES] A4 54 ol E o
AgaiA AEE 5 QES Tgo] ¥7]% wett), 7]Ee] AA] wED A
E AL vy Fels BESE 5 AA W, Brie 2 Feje) ol

dlole 552 shvlol s v EE B o] gk X Al AE o Be A=

H gt =248 5 ot

[SO(the International Organization for Standardization ¢] Ergon
omics of human-system interaction—Part 410: Design criteria
for physical input devices®®)2] 7|3} thF-H-2] npg-2 A ZA}
o] dlel8l & Hla gk A3} vhg-29] o] -] Ato] =7} Enpere] Z
ol-UH] Ato]=29] o 60%0l | F3rh= S EAP e, o 4f

g ulgo REPor 2UsY oS urt Fusl wE

o

I
rx
M
1
-
k1
N
N
0%
riu
jato)
filo
Jo
e
e
K
A
|\

(genetic algorithm)

Ak vhg-2 g Fe] Haugle] B oM g2

68) EN ISO 9241-410:2008 - Ergonomics of human-system interaction -
Part 410: Design criteria for physical input devices (ISO 9241-410:2008)

124

A 2-t

| e ]

11’



A=

J

ot} 579 F#

a2

& o8 ke ol B
1579) 12 AEd el

9|

A

S|
|

Tor

[e=]
3

o 91

7}

4=
-

°o]-&

o s} 57 AAZEO.R o] S

|

k<
pul

= A3k

el 5}

pase

2|
<]

el

o= o]Folgom, Y ol

et

s}, < 3D FH A4 B Ak A 3A

&

ol
=~

1

=y

o

0
N
]

el

125



oF
4

=
)

ﬂmo
N
]

ox

i+
oj
ot
o
JJo

=

i

#45

il dlel8l&

2 I s
HE Zzks

o

B Ag ARl A 3

= =)
s &3

Fhe 2}

] <}

A

2

3 AFgAe] A

S

o)
e F

H

BK
o}
{4

—_—

=27

|

o

A

w9 O

ul-
=~

Generative

-
R

5

AR, 2 Aol A ALY
w9 HA I Blaske] o

|

7
F o

&

A

o2}

H

ol 57

7\3 7V7

3} A

2~

ol 9] vAel BAE
=

o]
=

43} 7ol

126

e}
1

o 9)

T vFA

T

hS
=

th AHE AL TRl T el el d 4
L

A
LEA

o2}

H

P
T

ko1
=

& t]zpel 7} &) Generative 9
543
S 73 Al A A

o

o g LdelE 7t Ao of gt vE 2 7]

o uhe} w92 v

S

AA dlolE ok BA 7 gl
2
2]

£

o}
=

A
ol & Aol A S

Hlol 8=

}

o
pul

2l

VRE %
sl

H



<

o1t 1l wh9-2 o] o] e Afo] = AN TEQle] B

014 T & & Fiol

A=

o]/
ol

—_—

9, TUI £ 29
847} F 42 440

ato] Bt

e

ojo

A}

tlAel B4 o) e

K

N

SR ERCE IR

bol AL A7 B A4 A 0 AFES] TR ofol

5]

o

e

N A8 A7 Bl el

[

t 79l ofoltjol s Hd

=
¢}

N A8 A7 B A

9|

of H]

ol
sl
ﬁo
il

2 A"

@ 5 Atk AFEAE

o
=

B

Generative ==

3

S A AL AT 1

= W37 =

o] A}&2}= Fo| 2~E AlA 9}

o

B

o

o 2] Al2] 2 9] Generative TSI v}

AT =214 AA vlolg

S

1
T

AL, 2 ATme] Al 6 el A

=)

il

ol
=~

& 270

2 2E

o
-

9] el A

§l,

=
o

b, Alo] 7}

127



Generative TZ}Q1 v}

KeR
T

3 2

KeR
=1

T ok o

il st skt

£3

S
=

Hin

2lh

B

o

o
z.u
K
o
!

X
P
alln
Tor
Jo

glo) ) z2to) 7}

=
.

7}2 o ik

s

jo

A

A (Palm Grip-Claw Grip)o] EA]ol 9lo] Al o] ™ <]

=
—

T 7HA

|
L

R

I

—
fite)

%

o= e ~ele u

il

jont

24 9l

HE AHsoz A4

el Axz A

L

A Eo A
1A

5 o

3 25 &3 a9

=
=3
AL A,

ol
=~

#7], W=

A=

128



1121.'4
ki
M
rl

g9y E

Tanchev, L. (2007). Virtual and rapid manufacturing: advanced
research in virtual and rapid prototyping. CRC Press.

Maeda, J. (2001). Design by numbers. MIT press.

Johnson, R. A., & Wichern, D. W. (2014). Applied multivariate
statistical analysis (Vol. 6). London, UK:: Pearson.

Flake, G. W. (2000). The computational beauty of nature: Computer
explorations of fractals, chaos, complex systems, and adaptation.
MIT press.

Tjalve, E. (2015). A short course in industrial design. Elsevier.

Hanington, B., & Martin, B. (2019). Universal methods of design
expanded andrevised: 125 Ways to research complex problems,
develop innovative ideas, and design effective solutions. Rockport
publishers.

Tanaka ikko. (2009). AWAKENING OF DESIGN Hi+, & —J. . &% it
() uE [E. KE AR, T 08 W K s Rk ik, 20009).

Harari, Y. N. (2016). Homo Deus: A brief history of tomorrow.
random house.

129



=TT

1o

Chung, W. (2009). Cross—functional collaborative prototyping in the
front end of the design process. Illinois Institute of Technology.

gold, AW, & Afel. (2020). 7% A} 7L & Aol W A
Al A% g3 Qs T AER, 25(2), 127-138,

Zhou, W., Wu, D., Ding, X., & Rosen, D. W. (2010, December).
Customer co-design of computer mouse for mass customization
without causing mass confusion. In 2010 International Conference
on Manufacturing Automation (pp. 8—-15). IEEE.

Krish, S. (2011). A practical generative design method. Computer—
Aided Design, 43(1), 88-100.

Villar, N., Izadi, S., Rosenfeld, D., Benko, H., Helmes, J., Westhues,
J, .. & Chen, B. (2009, October). Mouse 2.0: multi-touch meets the
mouse. In Proceedings of the 22nd annual ACM symposium on User
interface software and technology (pp. 33-42).

Kuribara, T., Shizuki, B., & Tanaka, J. (2013). Sinkpad: a malleable
mouse pad consisted of an elastic material. In CHI'13 Extended

Abstracts on Human Factors in Computing Systems (pp. 1251-1256).

Chu, C. H., Wang, 1. J., Sun, J. R., & Liu, C. H. (2022). Customized
designs of short thumb orthoses using 3D hand parametric models.
Assistive Technology, 34(1), 104-111.

Mistry, P., & Maes, P. (2011). Mouseless: a computer mouse as
small as invisible. In CHI'11 Extended Abstracts on Human Factors
in Computing Systems (pp. 1099-1104).

AolH & vr&En]. (2017). W15 (Knot) & #H A (Link) o] &) 7]%+3+ 3D
IR YA = e 2 E] Ayl 2El Aok, sy st g
3+at3], 30, 403-413.

130 3



Tang, S. K., & Tang, W. Y. (2010). Adaptive mouse: a deformable
computer mouse achieving form-function synchronization. In CHI'10
Extended Abstracts on Human Factors in Computing Systems (pp.
2785-2792).

Shin, J. G., Onchi, E., Reyes, M. J., Song, J., Lee, U., Lee, S. H., &
Saakes, D. (2019, May). Slow robots for unobtrusive posture
correction. In Proceedings of the 2019 CHI Conference on Human
Factors in Computing Systems (pp. 1-10).

Lee, B., Cho, M., Min, J., & Saakes, D. (2016, October). Posing and
acting as input for personalizing furniture. In Proceedings of the 9th
Nordic Conference on Human-Computer Interaction (pp. 1-10).

Osorio, J., Romero, D., & Molina, A. (2013). A modeling approach
towards an extended product data model for sustainable mass—
customized products. IFAC Proceedings Volumes, 46(9), 579-583.

Horvath, 1. (2007). Tangible virtual reality for product design. In
Virtual and Rapid Manufacturing (pp. 35-46). CRC Press.

Anderson, F., Grossman, T., & Fitzmaurice, G. (2017, October).
Trigger—action—circuits: Leveraging generative design to enable
novices to design and build circuitry. In Proceedings of the 30th

Annual ACM Symposium on User Interface Software and
Technology (pp. 331-342).

McKnight, M. (2017). Generative Design: What it is? How is it being
used? Why it'sa game changer. KnE Engineering, 2(2), 176-181.

Tang, S. K., & Tang, W. Y. (2010). Adaptive mouse: a deformable
computer mouse achieving form-function synchronization. In CHI'10
Extended Abstracts on Human Factors in Computing Systems (pp.
2785-2792).

131



Schweiger, D., Stone, R., & Genschel, U. (2021). Nondominant hand
computer mouse training and the bilateral transfer effect to the
dominant hand. Scientific Reports, 11(1), 1-10.

Radwan, A., Kallasy, T., Monroe, A., Chrisman, E., & Carpenter, O.
(2018). Benefits of alternative computer mouse designs: A
systematic review of controlled trials. Cogent Engineering, 5(1),
1521503.

Hedge, A., Feathers, D., & Rollings, K. (2010, September).
Ergonomic comparison of slanted and vertical computer mouse
designs. In Proceedings of the Human Factors and Ergonomics
Society Annual Meeting (Vol. 54, No. 6, pp. 561-565). Sage CA: Los
Angeles, CA: SAGE Publications.

Kong, Y. K., & Lowe, B. D. (2005). Optimal cylindrical handle
diameter for grip force tasks. International Journal of Industrial
Ergonomics, 35(6), 495-507.

Guerra, R. S., Fonseca, 1., Pichel, F., Restivo, M. T., & Amaral, T. F.
(2014). Hand length as an alternative measurement of height.
European journal of clinical nutrition, 6&(2), 229-233.

Easterby, R. (Ed.). (2012). Anthropometry and biomechanics: theory
and application (Vol. 16). Springer Science & Business Media.

Kong, Y. K., & Lowe, B. D. (2005). Optimal cylindrical handle
diameter for grip force tasks. International Journal of Industrial
Ergonomics, 35(6), 495-507.

Dehghan, N., Choobineh, A., Razeghi, M., Hasanzadeh, J., &
Irandoost, M. (2013). Designing a new computer mouse and

evaluating some of its functional parameters. Journal of research in
health sciences, 14(2), 132-135.

Hughes, E. E., & Johnson, P. W. (2012). Children computer mouse
use and anthropometry. Work, 41(Supplement 1), 846-850.

132



Van Niekerk, S. M., Fourie, S. M., & Louw, Q. A. (2015). Postural
dynamism during computer mouse and keyboard use: A pilot study.
Applied Ergonomics, 50, 170-176.

Aasa, U., Jensen, B. R., Sandfeld, J., Richter, H., Lyskov, E., &
Crenshaw, A. G. (2011). The impact of object size and precision
demands on fatigue during computer mouse use. Advances iIn
Physiotherapy, 13(3), 118-127.

Freihaut, P., & Goritz, A. S. (2021). Using the computer mouse for
stress measurement—An empirical investigation and critical review.
International Journal of Human-Computer Studies, 145, 102520.

Freihaut, P., Goritz, A. S., Rockstroh, C., & Blum, J. (2021). Tracking
stress via the computer mouse? Promises and challenges of a

potential behavioral stress marker. Behavior Research Methods,
53(6), 2281-2301.

Gustafsson, E., & Hagberg, M. (2003). Computer mouse use in two
different hand positions: exposure, comfort, exertion and
productivity. Applied ergonomics, 34(2), 107-113.

Yang, X. D., Mak, E., McCallum, D., Irani, P., Cao, X., & Izadi, S.
(2010, April). LensMouse: augmenting the mouse with an interactive
touch display. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (pp. 2431-2440).

Cechanowicz, J., Irani, P., & Subramanian, S. (2007, April).
Augmenting the mouse with pressure sensitive input. In Proceedings
of the SIGCHI conference on Human factors in computing systems
(pp. 1385-1394).

Graetzel, C., Fong, T., Grange, S., & Baur, C. (2004). A non—-contact

mouse for surgeon-computer interaction. Technology and Health
Care, 12(3), 245-257.

133



Sun, D., Paredes, P., & Canny, J. (2014, April). MouStress: detecting
stress from mouse motion. In Proceedings of the SIGCHI conference
on Human factors in computing systems (pp. 61-70).

Gao, H., & Jung, E. C. (2022). Parametric Design Tool Development
for Custom Shape Design Using Hand Feature Data. International
Journal of Asia Digital Art and Design Association, 26(2), 12-20.

Bose, P. (1994). Compositional model-based design: A generative
approach to the conceptual design of physical systems.

134 .-_;rx;! _CI:I i 1_-_]

| e ]



Y o] A]

Eric W. Weisstein. Distribution Function. MathWorld—A Wolfram

Web Resource. [2014-09-30].
https://mathworld.wolfram.com/DistributionFunction.html

Celestino Soddu: papers on Generative Design (1991-2011) at http:/
/www.generativedesign.com/papers.html

Anthony Hauck: https://www.linkedin.com/pulse/what-generative-

design—anthony—hauck/

http://reneepuusepp.com/what-is—generative—design/

US Patent on Generative Design - "Method and system of
automating design" at
http://www.google.ch/patents/US20070078634

Meintjes, Keith. ""Generative Design" — What's That? - CIMdata".
Retrieved 2018-06-15.

"What is Generative Design | Tools & Software | Autodesk".
Retrieved 2018-06-15.

"What is Generative Design?". 2018-04-09. Retrieved 2018-06-15.

"Relational Design Thinking — Design by Ming". designbyming.com.
Retrieved 2018-06-15.

ENGINEERING.com. "Generative Design: The Road to Production".
www.engineering.com. Retrieved 2018-06-15.

Tangible User Interface - Prototype 'Handy Handle' - Interactive
aided design. https://www.instructables.com/id/Handy-Handle-1/

135


https://mathworld.wolfram.com/DistributionFunction.html
http://www.generativedesign.com/papers.html
http://www.generativedesign.com/papers.html
https://www.linkedin.com/pulse/what-generative-design-anthony-hauck/
https://www.linkedin.com/pulse/what-generative-design-anthony-hauck/
http://reneepuusepp.com/what-is-generative-design/
http://www.google.ch/patents/US20070078634
https://www.instructables.com/id/Handy-Handle-1/

Natalia Baklitskaya, MARCH 30, 2016, Generative Design:
Optimization and Creativity at their Best. R&D Senior Analyst at
Accenture Technology Lab. https://www.accenture.com/us-
en/blogs/blog—generative—design— optimization—creativity—best

136 _ "H ‘E ]__.” .



g

3} 2.

o
=

t}

g gElo

A Aol AF-g3F Grasshopper

2hel

r]

wEY vk 712 e

tlo] g ol Fit sk

4=
|

137



138




Arduino Mega board - Sensors * Grasshopper Connection test

139 it )
i .J'""'
A SECHUL NATOM






=24 QA wlolE sEF ARE ol v e

B30 ZEEE] HAE

141

o]

9

K

B7F A5 ow




Fejol the el Fejrt AEo R

z
WA _CHFR - 220) 72 G Bl sk

A dlolH stEd A3

142



ShapeDiver & 3% online %% Z%}

Or Pivate [ AR-ready Addbookmark ()  Download # = L] (]

—_— e 0.685

_— 405

— 415

TR

Four

R
—e 0

REANE t

Materials

Default WoodBAiAA#

INFO IMAGES ANALYTICS COMPUTATIONS IFRAME LINK

hapediver.com/app/m/6-29

AR,
FEREH R

)
20000 p

[E————)

4 Geometry
ShapeDiverMaterial

e Do MU

o z A 2-t)| &y

- -



Abstract

Proposal of Parametric Design
Tool for Customized Shape
Design Using Hand Feature Data
with Mouse as an Example

Gao, Huile
Department of Design
The Graduate School

Seoul National University

After the first industrial revolution mass machine production
replaced hand-made products, until today we use mass—produced
products in our daily life, which are not always exactly suitable for
our body, although they are of low price and good quality. the
development of 3D printing technology has reduced the price of
customized products, and users have a greater possibility to use
customized products that fit their body data. This paper describes
the concept and development process of a design tool that can
develop custom shape designs for various physical devices that
interact with people, such as computer mice.

The purpose of the research is to propose a customizable

parametric design tool development that can utilize palm feature
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data for easy gripping. The main aspects of the research include the
following. Research on parametric design system using body feature
data (custom shape design system). Combining hand point/line/face
data to generate Arduino+ Grasshopper tools suitable for hand
morphology. Take mouse morphology as the experimental object to
design easy to grip, easy to operate, and more precise hand custom
morphology design. Digitalize the process of delicate model design
that requires repeated sample tests, improve the fine model design
method, and increase the design efficiency.

The Generative customizable product design tool developed in
this study has several features. First, the study of methods for
converting hand feature data into shape. In this paper, a series of
new methods for converting hand data into mouse shape are
proposed, and it is hoped that these methods can help other
customized products to be more in line with body feature data.
Second, the study of hand feature data collection methods. This
paper proposes a variety of hand data collection methods in the
hope that they can provide more basis for hand-related product
customization design. Third, compared with the existing customized
design, the customized Generative Design Platform proposed in this
research does not require a separate measurement personnel, and
users can complete the measurement and customization process
through the platform on their own initiative. It is also easier to
change, adjust, compare, and customize complex surface design

through physical interaction and 3D real-time display. Fourthly, the
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combination of Tangible User Interface and Dynamic Shape Finding
allows users to participate in the design process and complete the
customization design more intuitively and actively. Fifth, on the
basis of physical body data customization product form,
automatically generate different styles of form.

It is expected that this study can provide assistance to hand-
related product design and product design considering body feature
data. It is also hoped that it will be helpful for user participation in

the design and customization design process.

Keywords : Body Feature Data, Shape Transformation Methods,
Generative Design Tool, Customized Form

Student Number : 2017-37320
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