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ABSTRACT

Consideration of uncertainty has been considered to be an important factor in technology
planning due to the fast changes of technologies and customer needs. Therefore, how to
consider uncertainty has been a promising issue in developing and utilizing the technology
roadmap, a prominent tool for the technology planning, However, previous studies regarding
technology roadmaps are based on practical case studies for specific certain industries, which
are of course useful but sometimes lack systematic frameworks and methodologies. In response,
this study suggests a framework to identify possible scenario elements, analyze the impact of
each scenario element and reflect the results to the technology roadmapping process. For this
purpose, this study suggests a QFD-based framework that evaluates the relationship between
scenario elements and the planning elements, and proposes a basic structure of scenario-based
technology roadmaps to reflect the evaluation results to the technology roadmapping process.

Key Words : Technology roadmap, Scenario, Quality function deployment, Process, Framework
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7149 w2 wbAe w g Akere] #elghs WslR <lel A2 7] $g0] wig- wha
B4 Wslsta QJoh(Phaal and Muller, 2009). 713 #Aol|x]e] B3H2Ade] utojo] 714
o a9 B0 PFEEA, YEAQ 718 PHE 7|EZE M technology roadmap)2]
28l YoM = BELAY a7t vl T3 FAR e Eo] gth(Chermack, 2005;
Godet, 1987; Postma and Liebl, 2005). 7|&2 =L 7|&HAL 7]|83}aL, 7|&74F A&
2L AuIAE gl v Bo] E8Eo] £ 718 HHEC R, 3| & ozt AN E &
BES Holw Ik olelet AlETExe] I % Bl slol, FHAE B4 22E 1
sk, ol Moz 713 Bgow ARl she aTAle] Zagle] A7Islo] ko
™, ool wz} theFgt Aol S whdel] $1g TeR =] A8 FA, Bt 1A
Ao g Ayl 7ut V&2 =S thEo] 9tk (Gerdsri and Kocaoglu, 2003; Strauss and
Radnor, 2004; Robinson and Propp, 2008; Saritas and Aylen, 2010).

a8 71E AFtelME ot 22 5 71 Sk @A EA1E gk AR, o2
A77F 578 Akl Aol 71k A2 A gskal o ol2ldk dFEelke 57 Akl
A3t AU & AljlsaL o] & 7ol &8t 7395 thFaL UtH(Gerdsri and Kocaoglu,
2003; Gerdsri and Kocaoglu, 2007; Robinson and Propp, 2008). o3t 52| 73-¢-
54 A B fopollx o] A8 7Fs e AAGIthRE SHllA 71oert 9lont, kel &8
| A} uilg- FAIA ol AgHA o] 7] wii el o] 5 dRtslste] ARgslr] ofgol B AR

olct, A, ol#fg 7|& ATE S EGAEE sty Ak AAIAQ =7 (tool) B
W& (methodology) ¢] A|¢lo] #=3 A7olojx|, B&H3 njzlE vetstal o2 H7t, 7]
Fol7] A3 2o DAlN mE €15 AE7Ee] A8A kel o3k 718o] o] Folxtt
= Zojt}, dF AFrellA AldE| 9] kS Hotelr] 3k ATt o] FoA7]E sl
(Lee et al., 2010; He et al, 2005), 0|83t GJFE=L thHE Atgleel oJske Hrlslr)
g Aol Jlk A7) 78 olF L sk

olgt 7|& A7 IAEE LS w, Auele 7k ZleR e Jide] AR

o] F0ix]7] A 7P B agt AL B8R k] WAk vl 89S AAK R
vfefslal, 7} AluE] e QRlo] 718 Il WA= FFS AAIF R Adtslr] g 24 71
I 2§ EES ARRFekE Aolth. &, 7 Ave]e agle] AdrksAd 9 93-S At
olEo] HA| TP uwll oA 71| 71o] WslE|ojof sh=A]el thet thaFst WA At
RE AAsH= Aol Hasith= Aotk &, F AU E deotelal Adshs B4, Avkel



L5 ZlezEqd dAlske ¥ BFE shute] AAIAY 2 AN ol ZIAAA, &
7ol 73794 Akt oEs) l% A7 ﬂﬁlé SEstaL, AAAR WHEs ZeAE

o AldEle ZRE 718 e 1]°J‘3 = Zlo] dagk Aot

B A7 ol Sl AuEle 7N 718 2l tiE tefd TS iR s vl
WAL < e AHE s FR5kela, l—*-J LAy ool we} 718 wgko] o] wH3}eo]
of sh=A1E #7187 $13 QFD 7|4k 37} ZPA=E AsiH, s B7F Aol we}
AUele. 7k Ve ede 2adsly] o3t urHES Fokslaial s},

B A7 ot 2ol AR Al 23l Aluele 7R Zles e #dg 7
= B 71 Aol disiA 71 Aolnt. Al 37 lM= & d7rellM Aljteh= ?i i
o] 712 zH A=t AT Z2AI20) sl Zled Aok, Al 47l Ak Aol A8
5171 913k AH @77E FE Zolot. & A7+ 2lejel Aol tiair= Al 57l
olt.
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1. ALzl 718t 71&7(2l

EGAEE % 71718 WHo R 71 wol &i-Eo] & Zlo] AL 7, 2 Av
L Zedolnt. SAAOIAY EAA HHEL ol AT thekst HIS E3E well 2
FIES dSEstaL ol 7wkt 718S Arfehs 2le onlgich(old, &5, 2012).
AL EeEd2 719o] theket el ofgrell A83lof &, 32 Ag /s A o' Hol=
ookt vl A3tol gk 29o[t}. Royal Dutch/ Shelle] 7Z-¢- A=A x a4 23 1970
ARE UL ZHdS ASHos E88 a1 gltk(Schoemaker, 1995)

olgt At E —Lr:"q”}—‘ 2 tekgt oS THE o TR S YA dvA
© 2= Ao YAlE =7 x|2lo] 7dbe] & AAIA Hr} vhHE £ S EE Ao
otk (Jonston, 2006) Schoemaker(1995)+= AlUzg] 0= 7HHI—5]-7] o8t TaAAz 10
HAE AAst e, ZH2 1) Hele] AR 2) 78 osj#AA =& 3) 7|84 EdE =&
4) 3 B 84 1o} 5) 71xA Ade|e HvE A 6) 4 2 B A= 7) Al
L 7 8) BAR] U= A 9) AFA 2d 7 10) /idE A eE HEt AR 74
%o gJth(Schoemaker, 1995).
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At e o] Fiakt 242 SHAle) wlet 254 tEA] I |E gtk dlE S0l tAl

#d A odxE AL &S S8l 24K (Persona) o] JidS Eete] 285k glot.
2= Ay 3 95 19999 A5 whEolXl o2 Fo| &g glow, SH%
F} Solla] ojmgt AFAQ g dEo] oEA FFL ATt et A5S $lEl e
PEoltt. &, ohefst AR8AlES] HES diFslr] A% ARAF Z2ud S A Adsh= WHE
IS, A7, 2010).
AL 7 S &8sk o o] A F 7R Aol SRl AaA] 240
AT A, 2Ea &E B== AFE Bl AR Aotk Bradfield et al,, 2005). 284
20| oA Aol 74 tiiE dde] ZrAlxd et AuE|e s A Hd, &3
F 71He] 79 Trend impat analysis(TIA) == Cross-impact analysis(CIA) 53 22
g 7N WHES B3l 7P 28 AuEle, 2 7P dikEo] Sl AluRleE &Sy
718 T2 A|2~0) 883 Dot Bradfield et al., 2005).

AR E F5shs el o] ZA Al 71 AR 2ol SAZTHAmer et al., 2013).
A WA= F#2 FZ(Inwitive logics school) &, 7]& Aol 71 wo] ZR-H F A9
7P B A7 R E HZolt of7|ME HlzyRe] o xpEA o] A, A, 71&, AHElA
d%Fo| FHH o AgE Hidgh Adulelr dojdtiar B o3t aEte| FFHAE
etshs @A H2S S8l AuEleE i dt(Amer et al, 2013). Bo] F8H= H2
Z sh = Stanford Research Institute International(SRI) oA 7idd AHH 0 2 (Huss and
Honto, 1987; Huss, 1988), AlU#|Q 7ikS 8714 MEEAR Uo] Hsit,

= R g2l 352 4 Ed=(probabilistic modified trends, PMT) ¥og 3
Al g3k ¥4 (trend impact analysis, TIA)Z} a2} 8k £ (cross impact analysis, CIA)2}
2o FEA AT BAS AR AZolth(Amer et al, 2013). Al WA A2 W42 French
school o] H W0 & La perspective, B== prospective thinking oJ2}al B2]7]= 3t}
(Chermack, 2001; Durance, 2013). o] ¥AelXE mjElie ARPERI A&Ael 7|uksto] 274
H= o] ofyet Ao g PAEI Rdlsd = gl didolzial B itk olzjdk
2 ol Yl 7kA9] A S EFstaL Uk #o]X(the base), ¢]F- 78] ~E (external

context), FI8Y(progression), I3l o]u]X](image)°]T},
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2. ALI2| 7[Ht 2 &8 o

71€7189] 71 98] 483 =72 7]E2 =W (technology roadmap)o] At} 7j&E2=



A 8783 71 AgkE a0 R Ak =R, Tkt obellA 717189 i
2 Z8Ho] gt A FEelxe BaA W e A H2E Bl e 3

£ &3l olF F8l A FEelM e A7 AR A IE s, 71 aEelke
2ol w2 AP, AlE, 71 wste e deEkE ysty] $3 e s de] &850
St} (Lee and Park, 2005).

dibzlo g 7leREge] Fx= AR A% BHAIS T&E(time-based multi-layered
chartyo|u}, olefgt Unka] Fxeol= el wihe- vt Jel= 11stEo] ot HTolle AH|x
ARRe] vz olgl Mu]jx Z=dloluf(Kameoka, 2005; Nakamura et al., 2000) A& AH]
25 FY AdelA sk AlF-Avls 2u 5 thdet FEY 2ugo] FEtEo] gt
72y WHEL AEshe 71718 =7 T A3S] FEAl AREAL 917] wiEel Avt
2 7183} dAlsl] Y3 thkst AFrEo] FaEo] gt} Gerdsri and Kocaoglu(2003)
T4 Technology Development Envelope(TDE)2R= 71d-& E£415}o], tholubals}
sk 37300 U337 $Igt 71E2 =S AlbsTt. B3 Strauss and Radnor(2004)
Augle Zde AYsr] SIgt ZezRed 7IHE Akkstelen, A &% (key
5), O]EXHe] A|, HA XA FRIE F& B85 V[eRufE "I IE 7
s} 2itt. Robinson and Propp(2008)¢] ¢Atellx= 7]e7idke] theket S ¥E3hsto] 719
2 FYs17] Y8l N2 Al =72 st 31412, Saritas and Aylen(2010)2]
ToME AUElL 7IHE &8st B0 2ugls et 285b]% kgilnt

Ho} HZo A= AldEle 7R 7[R el Adsty] Sl A, A HEs
ANE3h7|% 3FEE. Lee et al.(2010)2] 739 Hlo]x|et YEY TS 85}o] Hamo] Ajue] L
ALt 7e2EWe AR ™ Geum et al (2014)= A|2F] tho|lj2] 2 A&
283 A T e EEE AR vt At} o] F vkt Alute| et EAlEHE S
AN ZlEReds sk B9 72 Alde| el JFFES Frtste] olF 718 vkgshs A
o] dukAolrt, 1} o]gt FERY T AlEdo|dS B85 FAA H2e B, W
AR 2713k Tl AA Avleot vie- 2 J3Fs W] uliel A ] Rt Bt
£ FWksh= Ao nighEsitt.

o]F% 7|E dAFelM AL 7IHE 283 JIEEey At v oFolA] gho
Ale]Q 243 7R e 2L AR Wl SF o aEEHo| gith S AL B4
o] AAE-§ VleR e A4 ARl A 718, AlE 718, 71 7196 FAR R QAT
i, Aue] 84S o5l AIE ATA LR Flste] JleR e A4 A e vl
sh= Zlo] 2o} sHltt,
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NS DEE]

B 7 ohy (2% DI e 0w TAEY B e 2l Ahtele B4, sl
=9 2, Avele Sl emed 2ol A Gl TAE At B4 Sl
o A 217} o B7e] B3t i Aeke] Sy BIuy) upe] WRAo R says,
01501 S olF g Alfelosh U HeRE AEAnd WE Bol HE Vel

QIFEHE EM: EHE 24
Auyz|e E4 X7| 7|&2EW =Hg
PEST £42 53 A 84 Ooerg St
2% szl 24 A 71
o) AlLale f3 24 HE 27z oote s
(CG, CO, S, T HE 7|12
W AL =2 Jl& e oIote 53
(CREEVR: P EEE) 7% 715

NIEERIPS
45 Qizy B QFD
AlLt2| 2 7|8t Technology
=T, roadmap
AlLtale 7|d

EEY HE
(g 1) A+79 74

1. AlLE[2 2A
1) AlLt2I2 S0 24

Al 224 913 A DAl 95 $F 8R0S #A sk Aol o] AN e e
718 Al Qo) 92 £ F U AT S AEs] £t F AlUeeE 75



3= dAlolt), QRS AR 2 &8+ PEST(Political, Economical, Social, and
Technological) %4, STEEP(Social, Technological, Economical, Environmental, Political)
A Fol &2 g At o]Eg FA4L mlel dold AU E AEsh] sl AA| T
43S BAste] BA 7heet AR TSk ol 2 9fwrt Qltk ohe (E 1) PEST #47%
AAIRE Ate]Q F1 AXE vERA Aol

(E 1) ALE| S oA

7429 A g oA
Political XA W3l o) 1A 2 Ao W3l
Economical BAA ws), o) Q& o, BAEE HE 5
Social ALEA wsh o) A%, ASIEA, o]z el st
Technological 712 W3l o) 7eidss, =53, 3153 §

2) ALIZI2 S9! 3 £

T 7378 8l (steady state) =, 2pAA] wiste} FA el A3 LS FrAlhs dEHE o
g, wEA 732 #¥ (ransformation) 0 2, 4% 7|3} e A% wstel] 7]9leto]
Aot o2 delE W¥shks Aeoltt

AL Fs EMT wie 2 Flo] oE AuzE|ee] dElE AdsteAE v
a7t ek webd] 2 AFtele Bop 2]l Aue]eE Adslr] S8l ot ok
2)E 83} o7IME 7 §4aclo] AlvE] Qo] A3 wet o YA JFS TS F
A AR S FUE @ adE AT Ay e 43wt 27 A2l & ds

1

—
oft
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(B 2) AMUE|R 22-ALZ| B &HEN

Alzle #3
continued growth collapse steady state transformation
(CG) (CO) (8S) (TF)
Political (P) P-CG P-CO P-SS P-TF
AJe]e | Economical (E) E-CG E-CO E-SS E-TF
a9l Social (S) S-CG S-CO S-S8§ S-TF
Technological (T) T-CG T-CO T-SS T-TF




500 ST FO Tty TeZ ARt AL TIHE T[S 2 EY T2M A0 Ty
[~

ofujgtt. ST @74 aglo] ofd Felje] Aue]es WHEAE aefsto] HZel AU e s

2 e I AuEle =28 A8l 7P Bol B85 AR A AE S8 A
2o 89E =& ok Yol PEST A o2 =54 AUele addss ies
(G 2) 9 AueEle 98 WA S S35k, 7 AlueEle 2gle] CG, CO, S, TFE oJ#
S4S 7HAEAE 718l ofHE ARE Higo R 7 AL 2l T S AuEle,
5 A 2=y Aol 8Es A AUeleE ddsiAl Ao

A ZF AgElQ 2Q1E el CG, CO, SS, TF 2] ¥] 71A] AElE 71ysto] 242t 71&%
Aue] e aflsel tisl 71 7ol e 73S AdEiste] A AuEle =5l &89t

ZF AluEl 2l tisf CG, CO, S, TFO| Zh o] A= 7 Al e a91e] 274
(Probability)s} g (impac) & H7Fste] ol5 HF Auele 2 Aoz 83t ol
T 8% 23S =33t HF AvEeR &89t 53] (2™ 2)9 2ol WA
FFEs 42 %__i g mEAE B8 7 AdEle acle] A4S vleteta olEs
Hefsh= Ao| 2ol

2 AU 89S (™ 2)9) o] migdt § T sl BF w2 &
A AdE e BL"JO]U:I, o] 9l % 7lEm el ZAjol| WieA] EgtElojof gt} o
Fou WATFsAo] vk 9l B2 aefsA] duiete 2 JFES aEste] A
2Bl gtk JFHS Wouh B7Fe Aol 2 ajle 4z s WARITaL 7Hs)

i
mE rSL'
rO
lo
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o
a8

Moo
off
R b

zhe|oh A Sl Al X
AlLE| @91 || AlLi2|e g2l

0R
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I

Hl 1 HAAMH
ALiz|e g9l AlLiE|e g9l

(ag 2) ALzl 2219 it = Yela



o15E 712 WAlGIA Whoget, Al 29le] e GRS TEste] 7|F o] £ 5F
o w02 AURES gt vhto s st WAk o] BT we gole uefs
[e)

1 AE 712

Z1E2eq 2o 71 ddEolof she dAle AP Z18olth A 7182 71l did
0= T AT APF = 1A AlTRES Hddshs 343 ddEo] ot olg AL 719
o] oxAg o2 RE] AR s JARE o583 Wzt S vt Ave] o] wAstet
7 AR = ook s, AP718Y] AAEL 7 AluE| Tt Histehs el wet thEA A
Hojo gitt. w3k A 718 DAl E RSl Tt o] WHEEEe] 28E  don,
olgfgt WHES Adslto] AP7IES AT wele Aue]e Bxo] E3Eolof gt

A 7199 7P A DAl 7199 BldF v (Vision & Mission)& glsk= Zlo|th,
HIAR vde 2 71949 AgkE Ashs ol Slol 7P 71249l s sk 8ol
Agrds Aslixde v mlds E1gE 3 29| 488hs 7125 rAlshe o] Sasit
v A3} oL &olsk T SWOT(Strength, Weakness, Opportunities, and Threat) ¥29-&
B3l 719 W/ 374 xdslar o]d whE AES FRdith SWOTHEA ZFd9=e] 7]
s)9} Y1) ¢ RsARA | AHH o7 AAHo] 97| wEel 7+ Ale] Qo] mE ]3]
o} 913E Fesh= Zlo] Easltt, SWOT 2415 &3l 7 Alve] el #asgt 7199 /a4
9 o5, 713 E A3 831 gelgl o]Fels o APFE HEAPFOR MEsjof sk=A
£ A24g

2) H=Z 71=

AE 7180ME A 718004 sjotE AgeAs @ BERAGS SAl0 = oo A AlF
= AR A3 AhS A olE $8 7P A AR Tk A AT aTAR el
th-8-317] 23k AlE 2 7AFHproduct requirement) & Y Eslal o]E2] 9-A9E AA =
Ao}, o5 A7 ZA A =HA 7F A aFAR ] tigk B34, A (qualitative
& quantitative goals)E ZAAsaL, o] wpz} 7e AlE diere A}
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3) 7z 7=

AF 7185 &3l WEetarat sk AFe 290 AR HA & Fol= 7 718 dAR
HolEA At o] dAleME AFE ATARRE Adsh] $1g 71 974k} (technological
requirements)s 3tgich AlF 7|8 olx ¢} nRZIAIR oSl 7|& AR o] AR EAL U
W oolgt 7| TAe AEHE kel A e e B A aFARY
(critical requirements)o] FFtE]A] W, o]Eol tigt A2, AFH EXXE ZAAs)aL, ol
w2t 77l tigk tioks AR} 53] 71 dijks AAs] $feliMs 71 49
F71, WH1E, 33t 7 = FE dAdsto] AAsh= Zlo] asitt. olF {3l Ve
2] A& (technological competitive position)3} 7]& FHF7] ©@Al(stage of technology
life cycle)& FFA R 2t vlERAE F3l 7|Yo] 7S V&S AAsh= Ao] ulg]

SltH(Gonzaalez et al,, 2008).

3. ALfE|L 7[dt 2EW XY

WA oM Zh AuEl e 84t =EEIAL TleRERS T ditteart AREY Ui
AT AluE] Lol wiet ZlemEge] ZF 8RSl e B7HE Fdshs 2ol s Hoof
gt

1) AlL2|e-7|edE 845 gty

0

7t

Al e 71 2EE Jidel] ffeiMs v (2E 3)3 2ol AluE] e 913t A1/ Al
w=/71€718 Qe e 5 H7HE AAlstolof . o] DAleM= 7 7E AluE]
© alell g A=ka o] 1:1 F7prt o] FofR{of 517] uliel viEH: Feje] s 3
stofof gtk Rt opuzl, Z Al e 891 A A dEAdE WAL gt ¢lE 0] ¥4%ls
A g3l AlvEle 8203 o5 Fdl= DBOFSPEQL, dloJEH|o]x KoL o]gro] 5,
AP Y T3 B2 AU QIES MR ddAo] 2 alEel] iR ol
2219 A Addde aefshr] feliMe AluElest 718 ]l # ohus, AvEle 29l 3
B7HE S sk HeES &8sk Zo] niEAsitt

£ AFolMe ol f13l QrD Fee] Bt Zadeas 283tk QFDE 7183 es 1
o] a7 RS BohlaL o2 A A Al At Aol Al F4E =ol7] A
=72 Z85e] sttt a2y QFDE W] mEZA gl A5 vERXAE FAl 28T 5
k= Aelx] 217 e dddAE dotd 5 e v EobellA e E8-50] gt



371 laiME Alkele 9915t AL, AE, Z1eadlste] GPRAS stelshs Aol DA ol
olo} MR 7E ATl F= thiolA & 713 8kt JuEkA| oA hslolof dict,
1& AP 71 AE, AF-A 2 BAZ sl 2 linking grid o Bt a9

L AR vlERRE BAI B8 5 i QFD Talgrt HobH

e
o X
=
i
i)
[>
We

mEbA] B Aol F43E] © AFINY Z2A| 20 F2 E8Fo] & QFDE &85}
of Alzle-718 8l dAlel 718 8]kt WAlE B S7kE o Sle ZHdelEE Ak,
(™ 3)9] B viEHAE AL 2903 713 akt BAIE Frlshr] AR vjER 2o,
(39 3)9 Ae HEHEE 7[F ATt 593 gotslr] ¢t nE-Xolt), oE &
(28 3)ollA] Scenario element 13} Market element 1, Product element 3, technology
element 10] AR Faztr|2 B7|50] gt of= 3T Aluzle 89l 1o] B8 =4
g APaglo] wig- EA3stEm, s Avte]e Qo] s AlFadl 2 78 dygh

71299 ¥SHS ESYA

4
+3 -2
+1
+3
= = = = o =z at = &
S| E|E| 5|88 B & &
S| 5|8 | |8 | |¢& 5|l B
slzlz|lzlz|2 |8 |cd|g
=) g |5 = | 7 = a E 2
= = =1 = = = = = -
= |2 |8 | 8| & |[& | B T =
S| 2B |E |28 |E |E 8| §
= w wa = = = = = =
-
Scenario element 1 e e e 'Y
Scenario element 2 ® 0 Q
Scenario element 3 ® A ®
Scenario element 4 N
[ ] = [ ]
Scenario element 5 ® Q (] iy
Scenario element & ® 0 A
- = in | 2l A
AlLt2|@-7|2lQ Q! A DjEEA

=

(38 3) QFDE &3t AlLtE|2-7|2l019 7t
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BAZ 7HA7] W] o5 ARELQ/ 712220 ALSHE o] Hle- FaaRcks jlolct,
W9 B/t 88 Faehuls B8 A9 AT Al 2919 gl ot Fashche
SJujolm, AR FAE A% T Ateles] gl vl shi viulsihs gujolct,
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Health monitoring system +1yr

Patient information system +0.5yr

AEa2l Context-aware diagnosis system +3yr
Exercise management system +2yr

Nano biochip based health diagnosis system +4yr

Secured sensor network +0.5yr

el context-aware resources +2yr
Vital sign sensor +lyr

Nano Biochip sensor +3yr

Increase of sensor-network use +1yr

Growth of bio-related firms +2yr

Ao 29 Growth of the business aimed for the aged +1yr
Diffusion of smart service application +1yr

Diffusion of Internet of Things +2yr

Increase of wellness trends +2yr
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