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Small and Medium-sized Enterprises (SMEs) are being faced with rapid changes in their business environments due to evolution

of technologies and innovation in societal eco-systems. Particularly, dynamic interactions between such environments and enterprise

activities have become significant, so technology planning, which is a process of identifying appropriate directions regarding

product and technology development, has received much attention to cope with such dynamics proactively. However, SMEs

typically have limits in performing independent, strategical and systematical technology planning activities due to the lack of

human, material and financial resources. This paper proposes the development of a product roadmapping method so that SMEs

carry out efficient technology planning activities with interconnections of external business environments. The present work

provides product roadmap templates that directly accommodate the influence of business environments on the product’s system

and its associated super/sub-systems with the use of external environment analysis techniques including TRIZ methodology,

PEST and 5Forces analysis. These templates are useful to efficiently forecast the directions of product’s development and evolution,

which arise from changes in external environments. Consequently, the present work enables SMEs to flexibly cope with the

era of the next R&D generation, which pursues value creation through mutual interconnection between business environments

and technology development.

Keywords : Technology Planning, Product Roadmap, TRIZ 9-Window Method, PEST Analysis, SForces Analysis
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<Figure 1> TRIZ 9-window Method
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<Figure 2> TRIZ Principle of System Integrity

2.1.3 PEST +4
PEST #4412 <Figure 3>3 o], A X|(Political), 7 A
(Economic), AF3](Social) % 7] (Technological) ¥ Z 743

Hgel S A= FLAJAS =F F, A v

ANBA 759 98 Aolae Aol el
ol% EBd we ulg A NS EEET

A O] R&D Al A= 7
o] FopA AL AT x99t A =
AA7] wjizoll, PEST 4] T8 AW & shuolt
7] PEST #2437} SWOT(Strength, Weakness, Oppor-
tunity, Threat) =21 <AA8t A& oL, Al Folu
715 9] Xstol] Agab7] Btk 2 o] S0 oA of

S ARl 23& BHEaL ARE sFo] wiAlE o] %)
o B mEoll A= ARl vl Al PEST 2413 A3t
Ade] H4¥ TRIZ 9-window MethodE AAITOZA,
A7y 23 A28 A= AAXNIA HIE BA 7155
A shaat sk
Factor Opportunities Threats
Political
Ecenomic
Social
Technological

Strategies for o
=
<Figure 3> PEST Analysis Method

2.1.4 5Forces ¥+

SForces w412 4tg+x9 &
el mPoA, 7199 59
& 4] AABEA AT GFS wrks AAdtl
A .

o
&

Potential new entrants

Threat of new entrants

v
Bargaining power of suppliers

Suppliers 5

Bargaining power of customers

Competitors
€—— Customers

Competitive rivalry
N

Threat of substitute products

Substitutes

<Figure 4> 5Forces Analysis Framework

<Figure 4> SForces 4& =
W2 AEA A vske] gz EA
ik & AAZ QHES Al E3 PE} s
| Aug =, sAt R&DE 74 C
R Rt i‘r%t&ﬁ}%— :’{%@ 7184 &

E_
(e}
3 °l
A= &S Yl SForces =4 A go] Aot}

> N

o,



118 lI-Seong Hong - Seung—Jun Shin - Min—Kyu Lee

L FA7IFY AE7IE 2 2EY #E A5
S AYe e 71y B PEE Al el A o A, AlE
I 73 AAE T 2EN Y W, AAAE S 7]
=/ S, VIERENS A9 dAVe AR
Tol = olFa Ad

Phaal et al.[17]= 719 #HA 7]&/EE vj2Y 2~
A8 St A= 7 B AP e 43 H7t
WS AAEth 28al Vs e SE&EokIA 5
Aol HAA 15 AT 4 B AF € 713
& EFste 2 S AlAs T AW E 2201+
44t) R&D Aol A ] 7= 4 WHS AAEk
th o7]A Vs XEEZTLE Ve R VYR EF
I 7= 85 BekE AISFsSiTh Caetano et al.[2]-> 70
@ A FAANAN Fa7IHH 22 Vs FAHES A
et 2o A& 5 e A, AE, 7, AL 9
EUZ 4% MTP(Method for Technology Push)E %
3 2= WS Agtstdth AEEM4]S 7Ede]
E=o 71E7lo g FrEeR e dATIedA ¢
Fo meq] Ws AStsiAdth o714 Vsdel ke
71 B e, AR 2 7Y WY VsR
o ree, ZlErleEe Al A ATaans
A AR gt A% Rl EFAF0] =2 3
A ZHH 7lw71gdEs g Avel 7Nk Vs
=l WS sl th Vishnevskiy et al[22]+ &
A3 7eFe 7 A #HE AFe wAs hdst
of 71% Y4l 7HAAbE 5o thFE s gl AlAl
F, AR2e Ves 2 S 2uy H2 WS
7psk vt

71 ABATEL vl A dge dSstar 7]

= 2 =]

Phaal et al.[17]+ 3 P
A A HEE S AlgshE w @A} ek AT
9201 W71l A st Al E S+
719 AFZERS Sl
et al[2]= MTP W& Sall 47199 7133 dF
A A A 2k ) R&D A ] AlFZ =] 2o o
TAA Q] W T3elx] Rl FEE4] 4]

AL B3 7|EReWS AAGA 279 AA
2L 1A, 5, FEAE oFrEs AFEEY WY
i A Fo] olth AASE Q8] AES 7| F g glo] A%
o AR5 TALEIA e 2w A Ay

shthal 27] o] ¥t} Vishnevskiy et al.[22]% Market Pull
3} Technology Push #AoA 7¢2 =S s
S|l AREEE7|ol AA7L wfg- HAsh ARE-st
7] el A7 Ut

T, AAA, 1A, FHAL A5 vES Y
e 7etst &Aool AL A HA HE
AE AFZEw A Wi digk AA7F gt o
ol7}, FAhVIdo]l AFEREWS A5 83t 7e7E
278 Eo|7] YME F47199 oAd 2 Ao A
ghet W, 5 gIEsl9] AlFo] dasitt

AT AEAd e tgn 2k 94, oA A
4, 95374 B4 9 Az Ao 835 ALeH
= "hHel TRIZ WHHE, PEST ¥4 2 S5Forces #4115
AEZTul Jure) T3g 283 Holh S4, o
3t EFES TS & &8sy 44 9ES 74
sto] 7199 AFEEd S A S Ase
th= Mot}

3. HIZ2=H Ay 2 F Hxl

3.1 HZEZEY =Y HEit

2
2
o
rlr
2
i
fetl
iy
2
)
ox.
iy
_>|4_11
rir
A
s
2
=
a
wn
Vv
10
iy
)
o

1. Target product identification
(e HE Hol
* Product system selection
(HHe HE M)
* Function and component specification
(®E 715 & Td=2 )

2. External environment analysis
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~ PEST analysis + TRIZ 9-window method interconnection
(PEST £ 13} TRIZ 9-window & A7)
~ 5Forces analysis + TRIZ 9-window method inter tion
(5Forces £M 1} TRIZ 9-window & A A))
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<Figure 5> Procedure of Product Roadmapping
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<Table 1> ldentification of a Target Product

Target product

Electric fan

Existing/New Improvement of existing product

Usage place Indoor(house, office, etc)

Product type Complete product

Usage period Summer season

Main customer | Human staying indoor

Usage environment | High temperature and high humidity

System context Subject Object Main function
Lower body temperature Air Human Move air
Circulate air Air Indoor space Move air
Tool Role Tool Role
Fan Air movement caused from air pressure difference Motor Fan revolution
PCB Motor revolution control Rotating unit Left-right Fan module rotation
Pedestal/Stand Motor Fan support Safety cover Blocking of external substance
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<Table 2> Result of PEST Analysis
Factor Opportunities Threats
* Promoting [oT home appliance industry driven by * Requisite strengthening of energy efficiency grading in
Political governmental policy home appliances
olitica
* APEC agreement on tariff cut-off for 54 environmental * Reinforcement of electro-magnetic waves regulation
products(including air appliances)
* Niche market expansion on SME products * Aggressive investment from Chinese enterprises
* Export expansion toward China, India and East-southern Asia | * Preoccupancy by global enterprises on premium home
. * Diversification of parts suppliers and depreciation of parts appliances
Economic . . . .
costs * Reach to the maturity phase in electric fan industry
* Convergence of air appliance and release of four-season » Intensification of standardization competition for smart
dedicated air appliances device connection
* Niche market carving out toward single household customers | * Short product lifecycle
Social * Emphasize on usability, practicability and portability * High unemployment rate and recession continuance
ocia
* Demand increase in wireless products * Significant influence of market power and forward/backward
* Increase of concerns in(extra-)fine dust bargaining power on cost advantage
* Technology advancement with use of IoT * Disadvantage in R&D infrastructure and core technology,
Technolosical * Trend in product convergence with air fan, circulation, compared with large-sized enterprises
echnologica
¢ (de-)humidification and purification * Off-shoring to China and East-southern Asia in parts industries
* Aggressive technology development by global enterprises
{Table 3> Strategies and Implications for Future Prospects based on PEST Analysis
* Smart air appliances convergent with IoT technology
* Four-season dedicated and multi-functional air appliances
Strategies * Market growth in air quality management appliances due to deterioration of atmospheric pollution
for future * Niche market entrance due to single life and minimalism trend
prospect * Expansion of premium and wireless products emphasizing on usability, practicability and mobility
* Compliance with energy efficiency and electro-magnetic waves regulation
* Gain in cost advantage for competitive price against Chinese products
- Cost advantage
L » Self-control - Four-seasons - Downsizing - Convenience - High-efficiency
Implications - Competitiveness
- Intelligence - Fusion/Cormvergence » Niche market + Mobility - Safety .
in exports
4.2 oR=d =M AL olloj7bd & Vo2 HAEHITh <Table 2>+= PEST
A Ai}loln <Table 3> PEST #4] ﬁi}(<Table 2>
R BAS ¢sko] PEST 43} 5Forces 4] Fx)e vtgoz AT v gsds 2 A S Y

A A& CH(<Figure 5>9] A4} 2). ojul, T4A71 AALS] EbIth <Table 4>% SForces w4 Zulo|n], ofuj 57}11
AA9, 94, A, Aake], A FAg 2 d BAAES HEA 3T <Table 5>+ S5Forces 4]

i oft on! o

A3H<Table 4> F2)E MHFOR Y A £

b,

7o) ARZAL Y B 2EYS B 8T 14
=

= =&l S 71 olol7kdel £etm 2 PEST

5) 2018\ Ta7I7Ie R e AvkETEd ol ofshi ofojrbd olofdd, #5771 & A

HE BAE Aol

871747871, AZ7),
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{Table 4> Result of 5Forces Analysis
New entrants 1. Threat of new entrants
Competitive strength(25)
Criteria Analysis result
Past Present Future
Capital requirement Small(competition T )/Large(competition | ) 2 3 4
Economics of scale Small(competition 1 )/Large(competition | ) 1 3 4
Industrial concentration Low(competition 1 )/High(competition |, ) 2 4 4
Distribution channel accessibility | Good(competition 1 )/Bad(competition |, ) 3 4 5
Technological entry barrier Low(competition T )/High(competition | ) 2 4 5
Sum of competitive strength 10 18 22
Suppliers 2. Bargaining power of suppliers
Criteria Analysis result Bargaining power sirength(20)
Past Present Future
Supplier concentration High(bargaining power 1)/ Low(bargaining power | ) 4 3 2
Supplier switching cost High(bargaining power 1)/ Low(bargaining power | ) 4 2 1
Supplement differentiation High(bargaining power 1)/ Low(bargaining power | ) 3 2 1
Existence of substitutes Absent(bargaining power T)/ Existent(bargaining power | ) 3 2 2
Sum of bargaining power strength 14 9 6
Customers 3. Bargaining power of customers
Criteria Analysis result Bargaining power sirength(2s)
Past Present Future
Number of customers Small(bargaining power T )/ Many(bargaining power | ) 3 2 1
Brand loyalty Low(bargaining power | )/High(bargaining power | ) 3 2 1
Product differentiation Low(bargaining power 1 )/High(bargaining power | ) 5 3 1
Price sensitivity Low(bargaining power T )/High(bargaining power | ) 4 2 2
Customer switching cost Low(bargaining power 1 )/High(bargaining power | ) 4 2 2
Sum of bargaining power strength 19 11 7
Substitutes 4. Threat of substitutes
Criteria Analysis result Threat strength(15)
Past Present Future
Substitute performance High(threat T )/Low(threat |, ) 2 3 5
Substitute price Low(threat T )/High(threat | ) 1 2 2
Substitute switching cost Low(threat 1 )/High(threat | ) 3 3 2
Sum of threat strength 6 8 9
Competitors 5. Competitive rivalry
Criteria Analysis result Competitive strength(2s)
Past Present Future
Homogeneity vs. Heterogeneity | Homogeneity(competition 1 )/Heterogeneity(competition | ) 4 4 3
Industrial lifecycle Entrance * Growth(competition T )/Maturity - Decline(competition | ) 2 2 4
Product differentiation Commodity(competition T )/Non-commodity(competition | ) 3 3 2
Number of competitors Many(competition T )/Small(competition |, ) 3 4 5
Cost structure High(competition 1 )/Low(competition |, ) 3 4 4
Sum of competitive strength 15 17 18




124 lI-Seong Hong - Seung—Jun Shin - Min—Kyu Lee

* Cost advantage

Implications + Self-control + Four-season dedicated  *+ Downsizing * High efficiency .
. . . + Competitiveness in
by PEST + Intelligence * Fusion/Convergence *  Niche market « Safety orts
* Requisite

Diversification of
strengthening of

. * Single multi-suppliers (China,
* Smart home * Four-season dedicated . energy efficiency
. . . household/small-sized East-southern Asia, etc)
Super system + Interworking with usability (Air quality } grading
) family customers . +  Advanced
external devices management) * Reinforcement of .
(YOLO, DINK) N manufacturing (Smart
electro-magnetic
i factory)
waves regulation
. . ) . i High-efficient electric
*  Multi-functional * Personalized/miniaturi ¢
an
* loT-based smart electric fan for four- zed product ) ) * Reasonable
System ) * Wireless electric fan .
electric fan season dedicated * Highly usable/mobile - manufacturing cost
p for mobility and
operations roduct
P P usability
L R . * Battery module
* Communication + Single-functional . .
) *  Small-sized * High-efficient
module (BT, WIPT) components with .
components motor/FAN * Low-priced parts and
Sub system -+ Mobile App convergence . R R
i * Modules with high * PCB complaint with modules
* Server/Cloud availability (fan, air . )
i ) o usability electro-magnetic
* Big data/Al purifier, (de)humidifier) )
waves regulation
<Figure 13> Specification on PEST and TRIZ 9-window Interconnection
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<Table 5> Derivation of Implications from 5Forces Analysis

X ) olA BA a=Z al zm
43.1 PEST-TRIZ 9-window Method 74] A4 "E Py T Threal of new entrants

< >.__ < > Eﬂ Pﬂ-‘g.—— 7(]—/\'] ‘6}-
Figure 13 Figure 6 4 skl * Competitive strength being augmented in process of past, present and future
PEST-TRIZ 9-window Method &1 74] L z‘j, ZA}o|t}h <Table |+ Release of a variety of creative products due to technology advancement

>3 7to B o g Ty A g Aol 7]z 2 * Mass customization for niche market and downsizing of economics of scale
ij_/]— @o] PEST 402 ! 251 A7) A0/ * New market entrance across multi-sectional industries due to product
S8} AAE S/ S5, A BN, HYA/0) A, 1L convergence
Fo/0A 5}’ 710952 AANHS MET) o] AN~ * Low technology barrier based on technology- and idea- driven products
B A2 g ahoA 2] tjQlate] zhzbe] #A] 2 v} 2. Bargaining power of suppliers

1_ = = [ * Competitive strength being weaken in process of past, present and future
[e=] S glolk [ox] = = A

A dFs setetlnh dE =0, A7IAel 7(]—0 st * Higher influence of supply cost and quality than supplement differentiation
ANAQ A2 M3E7|o] AQA|2Elo] YEH ArfEZ 8+ |« Less bargaining power due to technology advancement in China

74 Yol A ThE tiufo| 253} AA R = AR S0 =& 3. Bargaining power of customers

a1, A"l A= o] 3l AFE A0 Q7 E = V] eS 7F * Bargaining power being weaken in process of past, present and future
A A 1]l o] mplE M C g * Large number of customers across B2B and B2C markets

A AR IE Y (IoT) 7159 AvtE A7 EEE O * Higher brand loyalty due to growth in premium home appliances
1 YA "o = AntE AEV] S Y3 EAR | Ini]rease ?f tpl{)q?l:ct differentiation due to customer’s favor in usability
- N and comfortabili

B, 2ot lapp), AH/EESE, WdlelE B AFAF :

4. Threat of substitutes

A 59 THex7 mEE

—_

* Threat being slightly augmented in process of past, present and future

* Appearance of various substitutes accommodating air quality management

* Increase in substitute switching cost due to higher prices for high-
performance and multi-functional products

5. Competitive rivalry

4.3.2 5Forces-TRIZ 9-window Method 17| £4] €lZs]l =+
<Figure 14>+= <Table 5>¢] SForces 4] AXMH =& 2

<Figure 8>9] B1Z3lS &-83lo] 2143t 5Forces-TRIZ 9- ————— T — —T—
o = * Competitive strength being augmented in process of past, present and future
window Method 0574] A Adtelty dqE 5o, Tl » Homogeneity of competitive enterprises producing air appliances
WA Ho] AE7) AYA 2" v A= S st * Reentry toward introductory and growing phases due to appearance of
_ = [oT and convergent products
W,z TRdAIe] A BAllE SR ot * Intensification of R&D investment due to advancement and short
A= AF 3B 7Ao] TE2HET Al AEHgAE ZEuy B lifecycle on products

.

o
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Perspective of future evolution
5Forces | New entrants Suppliers Customers Substitutes Competitors
+ Appearance in new . ) Growth in premium Reentry to
\ + Increase in supplier . . 3 .
creative products didat appliances * Increase in introductory/growing
candidates
Super |- Carving out niche . Growth in B2C/B2B differentiated and phases
. + Globalization of . . Lo
system market & Expanding i . markets multi-functional Mass-customization
o suppliers (China, East- . i
distribution channels Increase in brand substitutes Increase in R&D
. ) . southern Asia, etc) .
+ Easiness in prototyping loyalty investment
*  Expectation of
manufacturing cost + Products convergent
* Promotion on smart, . . . f
reduction Usability and with various air
convergent and . - Advanced products
System + Positive impact on comfortability- appliances and ,
differentiated products N Short product lifecycle
. product reliability due designed product connected with
(loT, AL Big data) ) .
to supplier's external devices
competition
* Increase in the number . .
. i + Addition of new Increase in
of and multi-sources * Cost reduction of R . R
Emphasize on user- components for multi- functionalities and
of components component . . L .
) . driven design factors purposes diversification of
Sub system |+ Ordinary components  + Quality improvement . .
. . Necessity of premium |+ Importance in components
integrated with sensor, of components . -,
Lo brand launching structural and efficient Short component
§/W, communication ) )
component alignment lifecycle
and server

<Figure 14>

System requirements

| 1. Increase in concerns in fine dust

2. Increase in single household &

| 3. Significance in mobility & portabili

| 4. Use in smart home environment

| 5. Remote control

| 6. Self-aware control

| 7. Indoor air quality management

| 8. Increase of four-season dedicated

| 9. Growth in premium appliances

Specification on 5Forces and TRIZ 9-window Interconnection

-

. Convergence with air cleaning

N

. usability-oriented design L

1. Blocking of air movement & fine |

i

imination of odor-causing |

compound

. Application of wireless electricity

3. Measurement & analysis of air |

d

4. Application of air deodorization 4. Remote control and communication || Detailed
functions

5. Mobile remote control 5. Wireless electricity transmission and

6. Application of Al algorithms 6. Analysw; of user pattern recognition

7. Collection of air quality data 7. Humidity control

8. Indoor humidity management 8. Development of minimal design Genoral
functions

I—)l 9. Application of premium brand I—al 9. Launching of premium brand

<Figure 15> Derivation of System Requirements and Analysis of System Functions
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<Figure 16> Functional Deployment of System Component : Electric Fan
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<Figure 17> Product Roadmap for Electric Fans
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