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Abstract

Purpose: This study aims to determine the needs of customers who use railroads as a mode of transportation
and propose customer—oriented improvements in railroad technology by making connections between custom-
er needs and railroad technology.

Methods: We primarily used two methods for this study, AHP and QFD. First, AHP was used to evaluate
the relative importance among the different components of railroad technology. Second, the QFD was applied
to make a link between customer needs and railroad technology.

Results: Railroad technology is largely divided into development, maintenance, and support. Empirical results
showed the following improvement priorities in development, vehicle, system, line, signal/communication,
power, and structure, in maintenance, vehicle, signal/communication, line, process, power, and structure, and
in support, safety/precaution, management, environmental energy, operations/logistics, and station.
Conclusion: Recognizing limitations in measuring the level of railroad technology when using the existing
‘Technology Growth Model,” we used AHP and QFD to explore improvement directions for customer—oriented
railroad technology. By offering customer-oriented services based on this study, railroad service providers

will be able to acquire competitive advantage in the market.
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Table 1. Quality Factors of Railway Services
Item Definition Researcher
Reliabilit Does it deliver the promised Kim(2003), Korea Transport
Y train services accurately? Institute(2006), Jang and Jung(2007)
. ) . Kim(2003), Korea Transport
9 ,
Tangible Do the trains look attractive and clean? Institute(2006), Lee(2006), Litman(2009)
Comfort Do the trains provide comfortable seating Kim(2003), Kim and Kim(2006), Lee(2006),
arrangements with views toward the windows? | Jang and Jung(2007), Litman(2009)
Convenience Do the facilities and the necessary Gleave(2000), Kim and Kim(2006),
information offer convenience? Jang and Jung(2007), Litman(2009)
Safetv & Securit Are there safety facilities for the Gleave(2000), Kim(2003), Kim and Kim(2006),
Y v passengers and is it secure inside the train? | Lee(2006), Korea Transport Institute(2006)
Are the trains environment-friendly
Environment and what is the concentration level Korea Transport Institute(2006)
of fine dust in the train?
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Table 2. Description of Quality Factors of Railway Services

Item Component Detail
Reliability Punctuality, Service cancellation frequency
Tangible Train’s outward appearance, Condition of train’s internal facilities, Vehicle deterioration,

Internal and external vehicle cleanliness

Presence of armrest and handles, Seating arrangement, View from the seats, Ample seating
space, Rotating seat availability, Percent of filled seats, Intensity of vehicular vibrations,
Temperature control function, Light control function, In-train noise level, Ventilation
capability, Pressure sealing system installation

Comfort

In-train information accuracy, Installation of an information monitors per seat, Easy access
for the disabled and elderly, Presence of folding tables, Ample luggage space,
Convenience Accommodations for the disabled and elderly, Wired and wireless internet access, Power
outlet installation, Availability of breastfeeding rooms, Availability of diaper changing tables,
Computers for internet access, Movie screen installation

Safety & Security | Availability of safety facilities, In—train security maintenance

Eco-friendly trains, Concentration level of fine dust in the train, In—train exposure

Environment . .
level of endocrine disruptors
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Table 3. Korea Railroad Research Institute’s Railroad Technology Level Assessment
Technology Development Stage Technology level (%) in
Category comparison to
Developed Country Domestic developed countries

System technology Growth Introduction 39.2
Vehicle technology Maturity Growth 44.0
Electrical/Control technology Maturity Growth 41.2
Facilities/Structures technology Maturity Growth 46.7
Operations technology Maturity Growth 45.0
Safety technology Maturity Growth 43.2
Environmental technology Growth Introduction 39.0

Korea Rail Network Authority(2005)2 A% #H A7) 278W & U o2 AwAE AAEY 7|erass
A, O A9 U der]ES it oz ARl H)§| 56.4~73.5% ol Ekal A 83T <Table 4>l
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Table 4. Korea Railway Network Authority’s Railroad Technology Level Assessment

Factor Safety./ Environ Policy/ Interface | Signal | Track | Power |Construction .CMI .
Precaution| ment Plan engineering
Technology
56.4 56.6 58.3 61.0 67.0 69.8 71.2 72.9 73.5
Level (%)

Mmlstry of Land, Infrastructure and Transport(2007)2 7] d =77 71894371 A3 A =7)
FAAE o2 7&e 278 7t &, 25 593 9] 7|5 9 AAf 55 A 4t

2L 2y

AR 4809 S o AAT AR2AL A%} T Awrlest A=) V)% A 6890 B,
B w50l £ z:g_c 7% MRS 10002 NS o, S BEsEe A% D B2 935, A4 828,
2 637, /A 63.8% 2AEAT.
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Table 5. Korea Institute of S&T Evaluation and Planning's Railroad Technology Level Assessment

Factor Safety/Precaution Power Vehicle Civil engineering Track

Tfecvhe“fl((;iy 63.8 63.7 82.8 93.5 93.5
s, 7R e 712 7S Ve 11kl AlA o] EAlE, Ul A T]ee] o) dd e v]srt
7IeH 918 2 dom, HF okt At lelA Q1] dEke HAstE e AoltHWinner, 1977). HE
A Bl A 7ol Qs drshs Wddle Al ASARE 7o R sk AT T Al AE toly
AlEdeld W ow RS 4 drk A S T 7]Ee o] Folxl Fe Ry s wEthal 7PgstaL Al
AL FRE g8ato] 7]& &4t S8 FAG L, A2E voljy s AlEdold WS 7ed el AYs 5344
o A Q) o] BT AES A aE RPow 23 F AAE] 2 WSk AlEdeld VNS S8 8%
THPark, 2006). o] zollA <Figure 1>ol #AAj= ] = A7} S 72 AMEshe, 7 7]&e] A4S &
A ol BA ARAE 100%% sto] 7459 7|ErES FUAQ MRS ()R Brleka, &5 Hde] i A7k

Technology gap in years

80% between Korea and the US
0%
Technology
80% Technology level
Level difference MNumber of years required
50% between the US for the US to reach its
and Korea theoretical upper limit
40%
30%
20% Number of years required
for Korea to reach its
10% theoretical upper limit
0%

Years Passed (Technology Development Stage)
source: Byun et al.(2008)
Figure 1. Technical Level Assessment Based on the Technology Growth Model
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2 Wgelal, ol Al 34 AlE 9 AL AR SR o2 A Yo ma e 95Tt A TR
= 3t} o] 98 ‘F=H 9 H(HOQ: House of Quality) o]l E4738F gHlo] =17} AF8EtHRiew and Woo,
2002; Kim and Hwang, 2004).
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Figure 2. Technology Roadmap for Railway Development
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AE7]% Aw7bet Q-0 e SAlY, S AT oA ogith o] 59 S ARy, JHREE
wHA 839(69.7%), 173 36™(30.3%), AHH == 30tH 488(40.3%), 40tH 5678 (47. 1%) 50t ©]4 1578(12.6%),
SR ShA} o5l 2078(16.8%), AAF 34W(28.6%), WAF o1 6578(54.6%), A& 7IZHEEE 3d H|vk 89
(6.7%), 3 o]4~54 HIDP 1074(8. 4%) 59 o]4~104d m|vk 297(24.4%), 104 OW 727(60.5%)°1 AT}, o] 2]

Table 6. Distribution of Respondents’ Expertise Area(Number of respondents(%))

Technology Industry Academic Research Total
Power 5 3 4 12
Vehicle 3 3 5 11
Line 1 2 6 9
Signal/Communication 2 3 4 9
Construction 3 1 5 9
System 4 5 3 12
Process 1 4 3 8
Management 3 4 2 9
Environmental energy 1 5 4 10
Safety/Precaution 1 3 5 9
Operations/Logistics 2 6 3 11
Station 3 3 4 10
Total 29(24.4) 42(35.3) 48(40.3) 119
4.1 7lesEY Ad4 $8= £4
¥ Qe AHP 78S ol§3te] E/% 355 ko) A4 FREE WA AHP 78S ¢ A0
TR AR A S TR A A rsEd s S A wHs TS Aew ?L% &F=|(Saaty and

Shang, 2007), ¥ <1 [ #to] 0.1 o

dSHe AT F ¢

A=l SRE

Aem et L & 5 vk
w7 A FaRs 2R ks U <Table 73 2k WA 14 25 @5

& AR, AR e} AL 04672 7P w3, T v o Jde] 0.2772 F WAR aken, Aol

0.2562.% A wolrh dag A5l CI #he 0.13 0k 2 0.0001% 7 debade] olvkar & 5 gtk
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Table 7. Analysis Result of the Primary Classification

Factor Development Maintenance Support
Development 1.000 0.600 1.073
Maintenance 1.667 1.000 1.851

Support 0.932 0.540 1.000
Weighting 0.277 0.467 0.256
CI= 0.0001

M okl 224 B S AW, ARk 77 0.236 22 M =3l 1 o2 A15/E210. 199)01
F AR Eokon Al2E1(0.193), A2(0.189), A3(0.120), A3(0.063)2] s=0]2lt}. ¢
B} 2L 0.00172 73 d3Ade] gltkar & 4= 9t

Table 8. Analysis Result of the Second Classification: Development Area

Factor Power Vehicle Line Signal/Communication | Structure System
Power 1.000 0.476 0.627 0.583 2.095 0.651
Vehicle 2.101 1.000 1.328 1.235 3.386 1.138
Line 1.595 0.753 1.000 0.953 2.963 1.032
Signal/Communication 1.715 0.810 1.049 1.000 3.400 0.972
Construction 0.477 0.295 0.337 0.294 1.000 0.333
System 1.536 0.879 0.969 1.029 3.003 1.000
Weighting 0.120 0.236 0.189 0.199 0.063 0.193
CI= 0.0017

TR EE] okl 27 B EE AET, A ok QA ARFe] 7 A7E 0.255% VMY AL T gr o R
A 2(0.203)7F F WHAZ kew, AT /%521(0.185), AE(0.159), Z2ZA2(0.127), A5(0.071) o)t} d#A]
2401 Cl ghe 0.180 28 0.0018% 73k Aol glrkar 2 &= 9ot

Table 9. Analysis Result of the Second Classification: Maintenance Area

Factor Power | Vehicle Line Signal/Communication Structure Process
Power 1.000 0.600 0.796 0.848 2.527 1.144
Vehicle 1.667 1.000 1.263 1.387 3.398 2.035
Line 1.256 0.792 1.000 1.065 3.180 1.503
Signal/Communication | 1.179 0.721 0.939 1.000 2.505 1.491
Construction 0.396 0.294 0.314 0.399 1.000 0.615
Process 0.874 0.491 0.665 0.671 1.626 1.000
Weighting 0.159 0.255 0.203 0.185 0.071 0.127

CI=0.0018
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Table 10. Analysis Result of the Second Classification: Support Area

Factor Management Environmental Saf ety'/ Opergtu')ns/ Station
energy Precaution Logistics
Management 1.000 1.777 0.716 0.754 1.916
Environmental 0.563 1.000 0.423 0.665 1.178
energy
Safety/ 1.397 2.364 1.000 1.347 2.796
Precaution
Operations/ 1.326 1.504 0.742 1.000 2.322
Logistics
Station 0.522 0.849 0.358 0.431 1.000
Weighting 0.210 0.148 0.283 0.234 0.125
CI=0.0026
AHP 7€ Foo] DEr)%e] F0ES BAG A3, A Ro} ,

He w
2 49, 15 £o & Yeisksd], A o] 7P Al A V)
g A7k gk fATE wopll A e SAETE AR, A=, Ale/5al A
o, fA el o 7P AlEE Ak Ve R e A AAss 2y
gto @ A9 Wopell A= kA, 9/E5, A, 3 I
7P Ak QEASEA 71 AbaLeg /AR, ARl e/ AR, Al e/, A28 <t MOW Hfﬂt &
7}, A4/ A% RAMe] 9l

Table 11. Result of Railroad Technology Improvement Priorities: AHP Method

Priority Level Development Areas Maintenance Areas Support Areas
1 Vehicle Vehicle Safety/Precaution
2 Signal/Communication Line Operations/Logistics
3 System Signal/Communication Management
4 Line Power Environmental energy
5 Power Process Station
6 Construction Construction
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IN
VAN
VAN
o N
Engineering Characteristics
Satisfaction
Comparison
Analysis
Signal/
Cus.tomer Impor Power [Vehicle| Line Ct])mmu Constr Systemn
Attributes | tance rication| uction
KORAL | TGV IR
Reliability | 3.15 | 0.85 | 1.76 | 1.05 | 1.44 121 | 577 | 6.11 | 5.79
Tangible 2.97 1.77 | 0.55 4.84 | 559 | 5.36
Comfort 3.00 1.71 | 0.80 5.10 | 5.93 | 5.50
Convenience | 2.73 1.43 0.66 | 067 | 0.71 | 465 | 5.85 | 5.43
Safety & Security| 3.19 1.53 0.59 | 5.07 | 5.93 | 5.57
Environment | 3.12 1.77 4.88 | 5.85 | 5.50
Weighted Total 2.68 [30.24| 7.34 | 6.34 | 1.83 | 7.63
Priority 5 1 3 4 6 2

Figure 3. House of Quality (HOQ) for Development Areas

N
A A\
A XA
Engineering Characteristics
Satisfaction
Comparison
Analysis
Customer | Impor . . Signall | cop sty
N C [Pt
Attributes | tance Power Vehicle| Line mirafrr‘,: uction ooess
KORAL | TGV IR
Reliability | 3.15 | 0.97 | 1.77 | 1.13 | 1.43 1.14 | 5.77 | 6.11 | 5.79
Tangible 2.97 1.79 4.84 | 5.59 | 5.36
Comfort 3.00 1.63 | 0.96 5.10 | 5.93 | 5.50
Convenience | 2.73 1.28 0.76 | 0.67 | 0.64 | 4.65 | 5.85 | 5.43
Safety & Security| 3.19 1.39 5.07 | 5.93 | 5,57
Environment | 3.12 1.64 4.88 | 5.85 | 5.50
Weighted Total 3.06 |28.83| 6.44 | 6.58 | 1.83 | 5.34
Priority 5 1 3 2 6 4

Figure 4. House of Quality (HOQ) for Maintenance Areas
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VAN
AN
Engineering Characteristics
Satisfaction
Comparison
Analysis
Environ|Safety/|Operati
CuSFomer Impor | Manag mental |Precau |ons/Lo |Station
Attributes | tance |ement energy | ton | gistics
EORAL | TGV IR
Reliability | 3.15 | 1.17 1.13 | 1.10 5.77 | 6.11 | 5.79
Tangible 2.97 | 0.60 | 0.61 | 0.94 484 | 559 | 536
Comfort 3.00 | 0.72 | 0.80 | 0.59 | 0.51 5.10 | 5.93 | 5.50
Convenience | 2.73 | 0.59 0.65 | 0.56 | 4.65 | 5.85 | 5.43
Safety & Security | 3.19 1.25 5.07 | 5.93 | 5.57
Environment | 3.12 1.60 4.88 | 5.85 | 5.50
Weighted Total 9.24 1 9.20 |12.11| 6.77 | 1.53
Priority 2 3 1 4 5

Figure 5. House of Quality (HOQ) for Support Areas
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Table 12. Priority of Development Areas

Factor Impor Power Vehicle Line Signgl/ . COI?Stht System
tance Communication ion
Reliability 3.15 0.85 1.76 1.05 1.44 1.21
Tangible 2.97 1.77 0.55
Comfort 3.00 1.71 0.80
Convenience 2.73 1.43 0.66 0.67 0.71
Safety & Security 3.19 1.53 0.59
Environment 3.12 1.77
Weighted Total 2.68 30.24 7.34 6.34 1.83 7.63
Priority 5 1 3 4 6 2

Table 13. Priority of Maintenance Areas

Factor Impor Power | Vehicle Line Signtal/ . Construction | Process
tance Communication
Reliability 3.15 0.97 1.77 1.13 1.43 1.14
Tangible 2.97 1.79
Comfort 3.00 1.63 0.96
Convenience 2.73 1.28 0.76 0.67 0.64
Safety & Security 3.19 1.39
Environment 3.12 1.64
Weighted Total 3.06 28.83 6.44 6.58 1.83 5.34
Priority 5 1 3 2 6 4
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Table 14. Priority of Support Areas

Factor Impor Manage Environmental Safety/ Opergtigns/ Station
tance ment energy Precaution Logistics
Reliability 3.15 1.17 1.13 1.10
Tangible 2.97 0.60 0.61 0.94
Comfort 3.00 0.72 0.80 0.59 0.51
Convenience 2.73 0.59 0.65 0.56
Safety & Security 3.19 1.25
Environment 3.12 1.60
Weighted Total 9.24 9.20 12.11 6.77 1.53
Priority 2 3 1 4 5

<{Table 15>+ <Table 12>%-F <Table 14>7MA& QoFst Aoz Awr|& /| $AEHAE S3e dijolt}

d S
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W] Lok TollME TP AEE FEE Aol laL, A dEAEsl, YUY, xde ek ddE VEs A
73] ZNAdsok gtk A9 Eopell A= /A, AD, EANIA, w2, A com VIEs Aok I
X]z TOF TollA 7P Al R/ EA B2 AL/ AR, Asf e/ A%, AR b AU oY, AelithS
Sk BE Vsl 2AE 9 NAdsofF sk A e® ekt o]e g QFD 4 Aol dajA = dH ey
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Table 15. Result of Railroad Technology Improvement Priorities: QFD Analysis

Priority Level Development Areas Maintenance Areas Support Areas
1 Vehicle Vehicle Safety/Precaution
2 System Signal/Communication Management
3 Line Line Environmental energy
4 Signal/Communication Process Operations/Logistics
5 Power Power Station
6 Construction Construction

AR/ 71689 SR 3 AHP 71HlA ] $HEHst 71649 ST ohlel 1 2 TAKG7A
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Table 16. Overall Results for Railway Technology Improvement Priorities: AHP Method and QFD Analysis

Priority Development Areas

Maintenance Areas

Support Areas

Level

AHP QFD

AHP QFD

AHP QFD

Vehicle Vehicle

Vehicle

Vehicle

Safety/
Pre caution

Safety/
Pre caution

Signal/

.. System
Communication

Line Signal/

Communi cation
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. Management
Logistics

System Line

Communi cation

Signal/ Line

Environmental
energy

Management

Signal/
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Communication

Power

Process

Operations/
Logistics

Environmental
energy

Power Power

Process Power

Station Station

Construction Construction
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