H e g B
Master’s Thesis

A A wf Aol 7] RESH
A% AL tjote] Alzbz ghal

Material Reconfiguration for
Visual Exploration of Product Design Alternatives

2017

il & S (FF & 2k Bae, Hyunjoo)

&= e & g

Korea Advanced Institute of Science and Technology



g = s %

A} A 91 8

2]



o) e BEReed qASETon

SHelei A 93 AAlE BRaY S

-

20164 12¢ 219

Al A4 dAd (]
ARSI dEH A (]
AARS A WA (”D)



Material Reconfiguration for
Visual Exploration of Product Design Alternatives

Hyunjoo Bae

Advisor: Hyeon-Jeong Suk

A dissertation/thesis submitted to the faculty of
Korea Advanced Institute of Science and Technology in
partial fulfillment of the requirements for the degree of
Master of Science in Industrial Design

Daejeon, Korea
December 21, 2016

Approved by

Hyeon-Jeong Suk,
Professor of Industrial Design

The study was conducted in accordance with Code of Research Ethics®.

1) Declaration of Ethical Conduct in Research: 1, as a graduate student of Korea Advanced Institute of Science and
Technology, hereby declare that | have not committed any act that may damage the credibility of my research. This
includes, but is not limited to, falsification, thesis written by someone else, distortion of research findings, and plagiarism.
I confirm that my dissertation contains honest conclusions based on my own careful research under the guidance of my
advisor.



MID GEZ. A2 A9 9 AT U oy A2
201444144 B2, AFHALEERE. 2017d. 84w F. Azmy: HF

Hyvunjoo Bae. Material Reconfiguration for Visual Exploration of
Product Design Alternatives. School of Industrial Design. 2017 64+
pages. Advisor: Hyeon-Jeong Suk. (Text in Korean)

=
=

B

A Adee] 27] dAA QA et Aol oF As
o

Ak, Ol BN Age] 27] AEe WA vre BAsnE Ae B FAs
A U4 ARES QES doh, B AT BEE AR AZA B YA A4
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Arke Aqsack. Bk A%, % 2070 AnE F 17707 AR kel e 22k
GGL we Aow egon B S BE A7t AU

S A g E Al HARL A B, HARD ok, A =9, AR AuEA

Abstract

In the early stages of material selection, users explore the possibility of the look & feel of the product by various
applications of materials. Exploring design alternatives by transforming the user's initial choices in the design
process can result in more innovative and effective design results. The goal of this study is to explore the value of
exploring design alternatives based on material reconfiguration. Participants in the exploratory study compared
their design to reconfigured cases. As a result, it was confirmed that the material reconfigured alternatives could
find more satisfactory results. Next, we developed a design tool with material reconfiguration and conducted a
user test. As a result of the evaluation, 17 out of 20 outcomes were directly or indirectly influenced by
reconfigured alternatives and the value of utilization was verified in various aspects.

Keywords Product Design, Material Exploration, Design Alternatives, Material Combination, Material

Reconfiguration
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1. ME

1.1. 97 HiE

7|12 ATt w2, A fARl 27] dAA AE Aol AAE A9 o 2 Aoy
AL 7154 &AEY eA¥ oz 183ttt (Karana, Hekkert, & Kandachar, 2008). ©] ©@A o)A

A Aol gt AEY traket SHW (Look&Feel) o] 7H5Alo] g4l st
T Z1Ee] AW AEe meRl ore Beldon sty A8 715H Sl EeS Fh
ol 248 wam ginh Ul FIAAES HHe) QY A 95 ol AW FA fHozRE

IR oh= AEO| HA Aol 7hssHAE, AlF "AelUEolAE ol 4sshe &4 =a°] F

)
e
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offl

1o
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A5t (M. F. Ashby, & Johnson, K., 2013). A& tjxlo|yEL2 A, ¢ AlolE, A=A

e

A4 Amo] ojEstel AW Aele] Az A otk ThA @, A Ad T4 AZHER

o
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oy
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N
N
1o
<
ol
r ]
)
=
et
re
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£ nlgat Agolth, mebd £ ATeAE AE chal 7

T
HfAshs #lojokel WEe ARAlA A2e Al TheAde AYE 4 Atk (O Donovan,
2014), ool & Aol AuiA 7S AFe] AE v DAl Fgste], AREATE AT AR
=°] e HER AR E tike FAse Zol 7= 7RIS 'tetal 2 28 WkE Aldskaat

Q.



1.2, g =%
AN AY AHA U AE Al ekl Az wale] KR Aok B 49l
g, Ag BEE Ba AW AN BEE AW G =70 B NS AFFas @,
oF 9I% AR BEL che} gt
A, AHGATE A AL WA D 2P O g e S oy, A8 Aulx
AA, AR, AEE Bt mAe g AFHoz sefsit
A eoke FABE Rlo] AR ) NS nEste] tael
o} uhgom AW AW AEE AE tigel et B =78
S AR A R el we] e
AT Y s B

7t AEel %

CAE Tl apgel A A

=poAe] B8 were AkEt
AH o) ALEA HAhE

=
st
B, AAH A% A
g AFA = BARES vgoR WA WE %
1.3. 97 L8 H WY
2 a7l wA, B 978 uigoR AF ga ol wek meists A8 £42 olsista 43
Hel 3pge shetstgic o F A AT 2AES Fo el oot Aol BeE Al S shutel A
% 71 SRershelan, ol NOE A Tl tiek RS 913 HAE Yot meksgict
o, A Tel thok BAlY] Bk Wero = ARk AR AMiXIZL Ak 7S Sobr] 913t
g4 A7 sk T AgAEe] A Rl BAE SAsHe A AMT A A
WA Sheke A WS M, 2e3 4% AEy Ades TAEg ofF AT Ane Wt A
QA GG FAOR Bl A A hok FAO] o) A S FAHOR P
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Wore AT ol F, T Wohe welsto]l ANAE AEI AF A et T w3 A A

npxEtoR, Bg NS AFIY] Sste] AL BTE AGH TR BAZ FAE F 2
Atk AHEA W7h Aute e Nwel fES B 35 5o AHoR BAsw, o

dlolEl A FAR BRsl] QAfolES EEehe AAH B4 PS FHsct

B 917 CIxfel &7 7H ER 2T

‘ -3 =2 -1 0 4+ +2 43
-3 =2 -1 0 #+ _+2 43
Y3 2 -1 0 H 42 43 S

(A8 1-1] 2 379 FL 88

1.4. =29 74

B AT 2Re F 6HOR ofFold glom, ko] THL gy P,



A 23l BA A7E B, AE oMol AR Ae gyt we] 845 olsstn |2 A
A g e S ARIES AR ofF Xl el 4K UE stebstel o2 AW A

gol A8 5 e We 1, AR AR 9] de At A5 S e

h4

A 3 A AW AE A Bk A GRS sheld & Gl BA ATE A,
G4 ATE Bl AR AR There] Aol A Abe AT XS Bt
A 4 D A B g Aoksta, olF Edz A ANt AEE AF vl o

ot B =g A

A 5l AAH BAl del AW AL HEH T E7E Aol HYS Syt
LA B21E AR olF Fol AW AN AEE el B Bg NS dFEH,

A AL Aol el et

Al GAel A Qe AT FHstel BAM W AT S At ket mixuos, B



2.1, XA MEH Tp™ar 2] @4
2.2. THE B =41

2.3. CIXt2l 245 e CIXl T2t MA|

2.4, MZE M| AlZfH M o= A IEiX| 7HE (St



2. M= CIXIQloflM xiE<e| EAfnt XE

ot AREeE BA4e " a2, AREAROIAl vhekR HAkQl Hiqt (Design alternatives) 2] k&

ol

s BT s g vpRete g, 7] A 7R bigke Adste W 59

=

o

AR E AlE] A A

)

=

Bl AEof 283k A AR AdE AR

ALL AE2 AS 45k AHAA 84, AlF "AQdelM Ad Adg A2 w9 S5 o
AR L}k (M. F. Ashby & Johnson, 2013; Manzini & Cau, 1989). A& t]Ato|y& AB|ALZEE A&

3 FAAQ HoAY sHEE Yo A or YA ALt} (Karana, Pedgley, & Rognoli, 2015).

AFe S Adeshs oA A theftt S50 Hehdler aeEn. Ao Agof| JF=
T 39 ESAEL Ao gt 22 24 FE 5ot (M. F Ashby, 1989; M. F. Ashby & Johnson,
il

2013; Karana et al., 2008; Manzini & Cau, 1989). %7] ATEL AE2] 7|5 Ao} FAF Aol Aok &

=
4z

o~

S

A7l 7% %4 (Technical properties)ol| 7t 28-S gr2giry. e} H ol AEo]A M} 344
= AR FEof st =97 &Hls] o] F o]t} (Pedgely, 2014; V. Rognoli, 2010; V. L. Rognoli, 2004; Zuo,
2010) o & &9, M. F. Ashby & Johnson (2002)9] oA Hx=2 Alu]a £A] (Aesthetic attributes)o] o

FEHA A 7714 (Sensorial properties) SWHol| thek a1z o] Fa /o] 27| E AT AlFolA AE

-~

o] 754 &40l =" AFY 7wl Se 878 AT Aol A £A42 AEol 4

2ol w2l e Folsto] 2ulAHEY FEE ML APS Atk

AEe] A Ad I A olHdt A SASS 1T W s A A= FA ek AlEe] =

b

Ta Al YA 9A Sl whEk gehd 4= Qo AlE F=A19] SR, AlE HAeld s AlE o



filo
i<}

AHQl F8+A} (Engineering Designer)e} 2] A9 v 7424 &4 Fol it 942 Z8= gt
(M. F. Ashby & Johnson, 2013; Van Kesteren, 2008). A|& A&} 34 2] Z+ iAo whetil=, Z7] TA| oA
AE dAoldes Ade Agd o 344 £4S 7ed SRt A- 02 nejgict (Karana et al,

2008). thFet AEt O] A A8-S Hshs DA HEY A2 BRI HAtolqoA IS 5
71 Sl ftE= H, 7] dAoA = A&staat stz Aol gt A YRSt HES o R g

t}. (Karana et al., 2008; Van Kesteren, 2008).

ol AE AE 27| dANA AL vhefet AEof oAt AlF ¥ ¥ = (Look&Feel)] Ths S H

A S PRt B2 A wiAl, AAl ME DA A S 22 AR /7 ()] e AR

=

SHe 499} UAY B8 Agak Z97) gtk A2 3D wAY @AY 749 WEE AF vl

HUEL tAY =1 A= 283 714+ A& (Virtual Prototype)S A|Zbste] 24 A7EA] ARl &

o

M5} B7keiek (Choi & Chan, 2004). o] of TAd A ¥4 =t UL Hejsh o4 4% 214

agdos 22 4tk UAE AW B =rE BAe weh A4 ARy =yt 9ud =

-+

(Inspiration tool)2 L2t} (Ramalhete, Senos, & Aguiar, 2010). AR A EILo A= MESIE HAo=

Ir

g A G uek FAo] o] foj k= 4o Jltt. olE 501, [[1H 2-1]7 #ro] CES selector, CAMPUS &
o] 2z Egol= 7t Aol 7AA &4, 474 (Thermal), 1712 &4 5 o] of= =443 F4b el

A7 ol e AR AN 7

—_—

52 A ZETH WebMCSSE A1 71554 Srlo|q S e ALgA
Y=g stetstel HHo] A FRES FHNET (Zha, 2005). G 9B HA BT 7)5H ZuY
Hershel dolemlo] A% AR E7UE YoishA 2EAE ghokort A4l Lon o tixely
dF  @ze  Arlel  AWHTh ol Sol, @ /WY CInstitte  of  Making

(http://www.instituteofmaking.org.uk/)+= Y= & 5 A= oSS QA9 ou|x] 7]Hte] Alzk
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T 7129 A" AN A B ELES Qe Au)H S0t A H S4T 2L ] 7)5H
Zulol] thgt ARE FE8) ATSHA o olek chal @, AW Ale BAol A AEe] 93 (Look&Feel)
el ZEelq Az Fof wA B4 B7] $18 AFE wEe AAolth (M. F. Ashby & Johnson,

2013).

-
e & s B
- o -
YL /4BETASR aBeEN .-

” - ..'T
, ~ 48 ’
| — -

(38 2-1] M=y X

{

Particularities

Chemical symbol

Solid

Compound
Ferrite Magnet ©  Ferro Fluid (] s
l Relationships
Silica | Thermal insulation | Soundproof | Asbestos | Wool
Fiestaware Cup ©  Fiestaware Saucer @ Harard Floeoas  imitating

Fluorescent Make-up ©

Painthalls

[23 2-2] 9zt xHE M =729| of|lA|: Institute of Making



2.3. CIXI A4S HFSE CIXIQ! CHet FMIA|

UAel B IS Bl oww o shbk 27 GG meA ol Al derEe 2A1%

(Sketching) s} 1ot} (Resnick et al., 2005). th=o] QLSS BHAIsH 21 7]E2] HLolA] HofLk
AAE chkst b5 S WASHA ste] FAISE S12 WOLOR o]ttt (Cross, 2006; Terry, 2004). £]23l
AT R F9| shifel WY LEctoly (Parallel Prototyping) EFF 7] 7ML TE5H: BAA

chRRE el eSS WA OR YAs uad BayS woki ek ok UR we shtel bkt

r [¢]
o
o
|o
fu
K
>
i)
rir
pos)
filo
=
K
iib)
H
12
o
fu
i}
o
k%)
i)
"0,
i
_>i‘
r [*]

AiEg 9L 4 97l et (Dowetal,

O z1Ql Ao A TAFQl S-S AAEH= XY =t (Suggestive Interface)ol| tfst Aa) ¢l Sl
o|FZolA gttt o & Sof, [ 2-3]2] Colour Harmonizer= AFE Z#i9 Qg Ho]A t]zQlof A A<

Z3}F o) whet AAE ohfet gitES o s 283 4 QIR St (G. Moretti, Marsland, &
Lyons, 2013). 3D HElE = oA AREARY] o AQE JIER thgof 7Hedt AYES A&t 4

2 trpel tiorS AyAE ) (Igarashi & Hughes, 2011).

[’ 2-3] Colour Harmoniser (G. Moretti, Marsland, & Lyons, 2013)2} 3D 2 CHot MA =7 (Igarashi &
Hughes, 2011).
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Tl Theke AR SI% THE Fad e AHgAe] 27] Tele] sjukste] Tkl aAas WY
(Transformation)shi= o] Gitk. Hlxkel 84 ] B AR WFsH= o)A tigolu o] FzA
o] IEE T 7]20] ButEsele AvkEe] Ae S ek mAE 4 9lrk (Jones, 1992). Terry (2004)
A B O OAele] AAS WY Bao) gorEe AY Foeld AAZORE A

3}1

&

o

3, Osborn (1963)0] ) Aol A Abi1e] BHiko 2 3o)%] ofo|tol B watal] Sla Al2et ok 7t

2)9] Wy 7|8 3 b= Aulx] (Rearrangement)o]t}h (Eberle, 1996). Aufjx]2t tjz}o] 7} olu] =3}t
Ol @ 45S ARk A2 ARl tijkS AT 4= A& 3 otk A& o, FH a4E
AAE vLe] HAY Hojopeg WAs] Hoay FARNEH R FF AT Fxad 4

(BF= & ), 2004). DesignScape= 129 tAFQlo] #ojolx 245 AujR|ste] the LB T
2Ll otES EYIAEYT 4 Q=% F=t} (O'Donovan, Agarwala, & Hertzmann, 2015) ([13 2-4]
ZF%). Merrell, Schkufza, Li, Agrawala, and Koltun (2011) 9] ¢7toj| A= 2lg|g] o] t]x}el 7lo]=gfelef 9
7ste] 3D 7h BElS ARG 529 tietES Fshe AEH ol A7E AIMET] = skt ([2™ 2-5]

+

)
N

).

Fis x| [Add~ o @ | [E¥ [12 |* | Rondomis Brainstorm New Designs

D.P. Jalla Business Institute Executive
University of Kuala Lumpur MBA Programs

Get a Global Perspective

www jhi.ukledu/ma

[a& 2-4] DesignScape: 2= 2i[0jorR2] xHHHX| CHOt (O'Donovan et al., 2015)
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[2& 2-5] 71 dlojokRe] AHuHX| cHRt (Merrell et al., 2011)

2.4. ME HE2| AlZ{H B »IEHOoZM xHE XHuHX] JHE mIC

AR ATERE gAY 27] 4L AER UAel A4S WP AISS AAGHE ALE st
S oAgleh £ ATelAl el ax WPl YeS 3D AF UAel AYsEe] gy uels
2 7L QA BRARE AS A7 BEE SYsan. FANoRE AFEY AWS dx

g4z sto] Wy A T AAE A&zt sh3ih

& Aolle A AEe] AlzbA dich 'S gF Wile = A AR E Aljbehy theak Zel 1

AGe Aolstuat shel (12 2-6] =),

A Rufz] (Material Reconfiguration)2l, Rl& CRFQ] 23 & 979 & oS §/eF X2}= &

4 BAo), NEAI} E7)o] LT YHES GpE Y WA HEEE FEHH Yol

12
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XHE REiR|

S U U0

[33 2-6] xE! &Muix| HE=

AE QdolA DA HlE olde ARAISHEA AulA S0 FF= v = A AL AEol dA

G2 oY AL G T A ol4e] whEsh AHEATE ARF Tt opd THE shEw mA A8

RolZoz) gAMoL tlokg 2He) Bl £88 27| ¢told),

R & Ao Hele A AlE HARl Y T AIES RS HAE =2 JA 8l AEse dA
olch, A tAQl A= AE AEgom Q7 AlF e SIS A4 R FAGEE 27
GAR, Hgstax; sk AL AR VA FEE AR | o] "ol e =

< g,
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MZEO| xH{uHx|= CH2E BHHO| 7tX|= 7ix| B+t
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3. XHZOol xHuix|E ot BHAHo| Jixi= 7ix| B+

B Ao AT A AES AL ALR F Aol WA dieto] i T BAES 438
st o2 wigrow AE YRl BANA A A here] o] R e spHe] te] ol

=

B e AT AE CiAel WekoA AR AW A8 B olslsta, 2] AW Hee ses
sk Ade] A 7E ARl Tiok Mol Bk weto R FXE G 7S Haste Ag BEE
s,

B 7o) A3 BAe theat Lk
A, AFEY ARE AT O AgATo] AWL o] A D 2PHE WA ofwd A 1

B, AgAe AW Aok SEA 2D AF O dhere] HehE FAY, Aoy, HEEE Bt

stof A Aufx] o] 2-go] Al TRl Frte] wA= FF 7HAE "ET

rte
re
-
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3.2.1. XlF&E +4

A A=E2 [#3-1]3F ol & oA 719 3D Al HE2, F dl 7HAe] vofet AlET WollM
FollA Hstr] #9-lAME AlFL] F2o] 7ot ATHAAY A8 7T Aol AYAIA A

2ol A] oF2 AlEFE= A

5

. R YA g7 A B @A Q] FEIR QIR o] TSR] =
= AFe] @l oAttt 7 AlE mE2 AR FHAQ] HE 2o wet = A, Al AL 1E

B R shEE pREGoH 24 AF md] AT 5 G AV i Y Sot FATES 5

AT,
[E 3-1] B4 oimo| X2 W7} B2 4
A= USB EHA|A| MP3 Ezf0]¢ M7 S gic|e 233
. - o, . ' ! :L,Qi
3D 24 & N ‘ - ] »n | 54 e
M= TXE7 (7| QIHIZI| AF TXL717] UNUEZ TXE7(7| MRS
oE £ 2 2 3 3 4 4
Ng Jts
ks 2 2 3 3 4 4

Ag 50l Al FER o|Fofi AlF Hdoe HEQ o UL Al 7 A= tE S| Addde

2 Fojgom AL WAL i T Abgo] B SHes A= 1)

_|~

o
2
R

Aojed A FHoR

o (2" 3-1] #=). of o, A& (Material)9] 72 A, &4 T

d

2 (CMF; Color. Material,
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