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ABSTRACT

The existing transportation system, which is based on internal combustion engines, is rapidly
being converted to electrification. Thus, eco-friendly public transportation with high transportation
efficiency will continue to spread throughout the market in the near future. The purpose of this study
is to compare and analyze the cognitive characteristics of passengers redgarding the technical and
social factors of various public transportation means to help a successful introduction of eco-friendly
public transit. Through a survey questionnaire (N=485), seven factors of seven transportation modes
were evaluated and analyzed using principal component analysis. As a result, it is confirmed that
potential passengers have high expectations for the eco-friendliness and city image of the
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eco-friendly buses. Also, it is confirmed that eco-friendly buses are superior in cleanliness and ride
comfort than diesel buses. Given the study’s results, this study identifies the cognitive characteristics
of passengers regarding eco-friendly public transportation. We hope that these results will be used
as basic information for image positioning and improved service with the use of eco-friendly
transportation.

Key words : Eco bus, Electric bus, Hydrogen bus, Principal component analysis, Perceptual map
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<Table 1> Summary of literature review

Author (year) |Research Target Objectives Results or Implications

* Optimization of the power generation system can

J t al. | Hybrid Electric | * Optimization of Generation Syst . - . .
ung ¢t a yone Hlectne Optimization of Generation System improve fuel economy of serial hybrid electric buses

. . v
(2011) Bus in Series HEV Bus by about 2%.
Jeone et al * Development of Integrated Control | * Developed control logic is more safe and well follow
(2% 13) ' Electric Bus Logic of Wheel Motor Drive the target speed than the other control logic applied
Electric Bus simulations

Assessment of Performance of Energy efficiency of permanent magnet synchronous

Lee and Myong .
011) Electric Bus Motor System for City Bus motor was about 90% and that 40% of demand energy
was regenerated

* Mass-production possibility of FCB has high potential

Park et al. Fuel Cell Bus | Demonsiration Refsults of Fuel Cell and HMC'’s technology will lead to fuel cell bus
(2014) Buses of Hyundai Motor Company .
industry
Kim et al - « Tntroduction and expansion plans for * In order to expand the mtroductlo.n of electric bus§s,
Electric Bus . . . the central government, Gyeonggi-Do and local city
(2018) electric buses in Gyeonggi-Do .
governments should cooperate systemically
Bak et al. Battery-based | * Economic Analysis of Introducing | * Electric bus charging method proves economic
(2018) Eco Bus Battery-Based Eco Bus feasibility compared to CNG bus charging method

Electric bus charging method proves | * Provision of subsidy for the purchase of EV buses,

Ko and Shim | Environmentally

. economic feasibility compared to charging facilities should be provided at convenient

2011 Friendly B . . S
( ) nendly buses CNG bus charging method locations, and development of mid-size EV buses
. 1 hareing si h ial .
Kim et al. Electric Transit | * Optimization of Electric Transit Bus Suggest 17 r © afgm?’ Stes W Os? spatial. patten 1S
. . . . analyzed while estimating the charging demand at each

(2015) Bus Recharging Stations in Jeju . .
site (Jeju)

* Cost-Benefit Analysis on * Net Present Value of costs of electric bus’s reducing
Choi(2016) Electric Bus Introducing Electric Buses in air pollutant is approximately 150 million won per

Gwangju bus

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 73



wjr
"

0

o)
oR
£
=
Ao
oo

A o

ol M

A R LIPS o E B

5]

=
=

A4

ﬁo

A
4

o}

L
L

4g shey

-

7F QY= AA

o077 xgket.

H o
T

o]l

A

Pt 3, A7 o] FFol w

S

9 EgE

ol

i
"

)
K

TuE T
dlole] 3ol o

o) P& T 2ok 2864 A 1) )

S =
T

It 4

3%l 713

&=

ks

18 A 9

E4 2ol2 EH87] 9% A4

Z
%)

o)

K-

ATt

3]

AR AN

A7 A 3

=3
—

b, vhA 2t 5ol A

3

st A}

=
"

Kio

1. XY Wl ti5us =&

Ptk & Aol A

He Aas

omA &

i3

T 1R wEFd o

o

&5} 2t

L
-

o 7 2 3

G

A AuFrdos H7H 2,

L
L

5 Suolg AoUAE FEUOE Sy

2, 77

—

I

o

QA=
=27

& AH]

=

H2aZ A7 A

L
.

A7IH 2= WA A7ldUAE ZHE FF8te] 58S TN

ot el A

20113 AEA7F B4 =8 A2 ot o] A7)H

R
.

2 A7Iw 9] Bgol

.WvT

73 hFus 2

]

: 20159 224, 2016\ 52H, 2017 128th).

FATHAEE A= A7 Hgdis

=
o

271412 Agolt,
ARAAZRY H7)E o} T

=}

MAR SaAERe] dFolr A7) 2e) @7

she

=3

N

| HRgEo] @

9]

BFE0] e AAolt}) 2018 71 2019 FAH AT &3 FOo2 HI|W 2o H]

AR 7)1zl 9 20221d71A] <F 2,0000 9]

FaM27E Aol Had Aol

197, MI12(2020H 28)



M

e BEnE Sk o3t elx|x X

J[m

Bl

HIT

(=}

A7IAA & A7 2=} o] A7) THALE Abof Lt AP AFAE 20121 HAE U F
Helol] ZFA7IE Hete] BejHY|E ok FHAIE AR 71 AYGE B A AV EAE A
3 A XA, B84 TollA E RS A EE, AEAlE 20259744 F 499 AT YA E &5 A
& 7HA Qitk

18 deus s AAY S4S 7€ dsus 93 Blasty] fste] A 2ds] 2y 9l
= 71 Heas FEEs I ez M At V1€ deas Fuold fadrld ke s &
HFH = EFHOE i, CNGH 2, A8, 51 W7 &S, LPG) "N 5& EFITH

AR & T R AWM AE ARH 2 T CNGH2oH F oA el whe} W2~ 2pgko] FHi

o 71978 i g

09 71E BFRE 49 F AHLL ME SET o[BS 0F FHE FolV] A3 244 4R B
o ARE A} ASAHOE YNE ABAE Fo0, W) T GAE 232 LI $AL Ast: 27
AA FESHE GYE SEAE Utk WS A FAF Ul EPHA BAW, SAEE o
FATE 55T BE B dve] BAUe] Z.

AT dens THEY AEA - 7ed S$A43 dEd 77 a9l thg o] 8AEe] XA 54
& b 3ok Sk, A A, A 2344, 8w A, A4 HdF F 7129 dsus A
Tl 1EHEY 5714 &<le(Mahmoud and Hine, 2013; Noor and Foo, 2014), X274 A], =A] o]n]
5 d tEans Aulzg #dd 2714 81s 71 2T B AFoA AES 7714 a9
2 Ao <Table 2>9F ZTh

<Table 2> Definition of factors related to public transportation services

Factor Definition

Ride-comfort * Comfort about vibration and noise during departure, drive, and stop
In-vehicle cleanliness * Cleanliness for indoor of the eco-friendly bus
In-vehicle crowdedness * Indoor-crowding caused by bus users
Fare competitiveness » Competitiveness of public transportation fees

Seat-comfort * Seat comfort of a bus

Eco-friendly * Diminishment of emission occurred by operation of eco-friendly bus

Improvement of city-image » Improvement of city-image by operating transportation

71E Eas Aulzet dddE 2902 S Ride-comfort; EE-FH-H Aol A B st= IF, &5

o] #3k Hotsl Aw), A AZA A (In-vehicle cleanness; a5 U572 71523k A5), 2 &35 (In-vehicle
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crowdedness; WETH U o] & 57 FOo2 Q3 HAsI= RS AE), &5 74A H(Fare competitiveness;
WEFE o8 250 A4AY), 24 UL (Seat comfort; WEFT HA o] AN AE) 5 57HA 2de
s

o] 9] X187 wEFHo
WA stE w717k 5
of city-image; 3% &1l
< F7HE X3P

T A= A (Ecofriendly; SE nEFHE SHoZ
Fhe Slai7t A2 AEE S8k 134 49)3 =4 o9 A /)4 (Improvement

@ EFo= s ddEE T4 olvA] AN AE) T2 27HA] ARElE g9l

B AT A9 UFAE FUe £3F 24 U 7H BFRE ol B@ A o §5AEY 2
AF E42 Masts B Yok AERAE BFLE SUE Aol 13] ol o83 BHol Y o

\:]_ = b
AT = = AdES 3 WA FEAA 23T F 1A FES 1~108 2] 57 Z(Interval Scale)S -8
st 77HA] diFals FHE7IM S, A, A7IEA, AR 2, CNGH 2, ASH, FA) tigh &t
E9) 7744 XA ERRBAA, BAA, B4, BA oA, AAARAY, 4 A, $AHE F 497
TZT7HA dFas 77 dAH EA)om SAsAY. ezt 72 <Table 3>3 2t
eelel HEZA ABAAT Folo] F 63450 ABAT} H2HYUT o] F AT Hol BTHAH T
o b 8 SR AAH 5HS BE A WA BRAA Bk 5L AT GRS URA AF
E FEEA AR F 27HA] £ td SEHS OEA #7038 A4, i) A SRl A=EHA FS
k2ol QI-LSIQRSN 43 S7A 3 o] @ B/} BF 2 F-o] &3 $BAS HoA
AASAT. 1 A 19957F AAHNoH, HFH o= 485570 g EAo] IFHUh
<Table 3> Summary of survey questionnaires
Classification Survey questionnaires examples Scale
- 0 .
Part 1. Sample characteristics 8 &Z: iZ yzuurr aii;ler" ( (1) Male (2) Female ) in years Nominal scale,
(Age, Gender, Job, Etc.) ’ y: g ' Ratio scale
Q. Please check the image (or anticipated) score for ‘In-vehicle crowdedness’
of the following eight transportation modes.
* In-vehicle crowdedness: Indoor-crowding caused by passengers
Pal:rt 2.1 lngA que.stiom?aires Mode Atribute In-vehicle crowdedness Interval Scale
(Total 49 questionnaires Diesel Bus 123145678910 (1~10)
=7 attributes x 7 transit mode) -
Electic Bus |1 |2 |3 |4 |5 |67 |[8|9]10
Subway 12|34 |5|6|7|8]9]|10

76 OI=TSYR|=EN| 197, M12(2020H 22)



Ao ol FHAEY AT BATH EAo] BATES & T & deA FAsATh AR o
i3 A 248 0.2 oA FEAL 237H I A FUI HIEE FHEHIA o5 B
AHL 45942 EA N oH, FEA 74 HIEo] M L& AFEIT L 50~594(233%)% AR AL
Atk SEAEY WA FHFTE ARE £ AH WUt 408%E M A e OH, 2718(28.0),

A8+ (22.5%), EH(7.8%) o2 o] & HIEo] & ZACE FAHUT =3 HA FEAE F 303%7F &
Ad Fnes T 5 A7IH2E Hojx 13] o] o83 Ae] AUe LR ZAFUTL FREHL
<Table 4>} 2T},

¢

P

<Table 4> Characteristics of the sample population

Sample attributes (%) Sample attributes (%)
Sample size 485 Electric Bus Yes 30.3
Gender Male 51.1 Experience No 69.7
Female 489 Bus 40.8
Under 30 15.1 Passenger vehicle 28.0
30-39 184 Mode Subway 225
Age 40-49 214 Walking 7.8
50-59 233 etc. 0.8
60 and over 219 Office work 40.2
Under 2.00 million KRW 8.2 Service 85
2.00-2.99 million KRW 17.7 Self-employed 9.1
3.00-3.99 million KRW 157 Job Specialized job 10.5
Household Income
4.00-4.99 million KRW 19.8 Housewife 134
5.00-5.99 million KRW 22.1 Student 5.6
Over 6.00 million KRW 16.5 etc. 12.7

V. d7EE 9 2429
. MEEAM(Principal Component Analysis: PCA)

FAEENL g7 244 ALEE 7189 R 1A tolHE A HolH=E A=
71 & =3t Person(1901)9 23l &7ME F5% €l o] 2 (principal axis theorem)d} FAFSHAl A5 A 71 H L
™, &% Hotelling(1933)° 9jaf 7ide] BRHEUT. AAILe] Al FEHoZ 4§ 753 LA =N
(multidimensional scaling method)®} &2} (Kwon, 2016), T3 2242 o9 4 0|9 HF9] A4 &
3 ot an|Ake] 1Moy Ao A ¥ g 7Hestthe AH O R (Kim, 2016) 1E3}, A A,
749st, 38 5 thde shEollA dE &85 Qi

A2 patde] WEHE F8 T4 84Z o]FojR -2 Fe FAIE o EAHS HUg) sl FAHAEE
218 883 4 9tk A WA A 2 (component 1; PCHE FHEHUS A 7Hd & Zaks 7R E F7bdek
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A8 EDS il o3t oRN S 8T 24
o] A G4 2 2(component 2; PCl)= PCI1 A wsl= ZE WEE T B4k HuUgst= WS &
gtk PRRIVIAZ, kA AR AE o)H k1 849 Audte BE WIE T BAS Hussie Wi,
Z p/lY FAHRAE VIR dutd o g A & AAsts DA A AREHE FAEARS] HA vlE

< 80% ©l/dolth(Jolliffe, 2011).

2 d7e 1A dsusClE dsus X9 77HA s3] 77HA 71eF - AEE EAO] gk ol &%
AE9] XA EQE vl #4317] 93] I oH, 18EE B 7o MFE vlud HE 5o A=
HRlo® Fof WA 07 votsty wFrrhel tigh 4nA} 914E FHH 02 FA] HsiAe F4

;511

3t 2ot FAstd) oo R TR FAEEA preomp functionS ©]-8-3}

f

2 AT Fxe A8 dsus T9Y ASA - 7)e3 S4d tidk AnjAe] /IAF 54 AolE &
Qi wEFH H A S Aol vk £4E FHEI0l dA FHE dHolE (s FHe &
dol tigk ABjAES] Q149 EA& Correlation plot¥ Heat maps F3l AH KoM o] F3) 5%
T 7 £A9 AAE \:HQ?HOE geotdt ¢ ATh dE S0, J&AAH TAonA| £A Irell= A
T FHY FHRBATE EA8E A& AL F YA H(<Fig. 1-()> FF), AFH2 A e wETF
ol Hla] th o] &4 tﬁﬁ}"# Hatgko]l W& o] o= e g T 4 AUTK<Fg. 1-(b)> FX).
53], BE W] FAAATE Fe #AQ A= vFo] Hol thFuls FHES] A2 % (Perceptual map)
£ &30S A 8850l & Rt BAQle Ao AT F Utk

Crowdedness
competitiveness
Eco-friendly
City-image
Seat-comfort
Ride-comfort

Fare-
competitiveness

Cleanliness
City-image
Eco-friendly
Seat-comfort
Ride-comfort
Cleanliness
Crowdedness

Fare-

-1.0

Fare-
competitiveness

os Electric Bus

Hydrogen Bus

Eco-friendl;
co-friendly Subway

City-image CNG Bus 00

Seat-comfort Electric Taxi

Ride-comfort 06 Taxi

Cleanliness Diesel Bus

1.0

(a) Correlation Plot for the simulated consumer transport (b) Heat map for the mean for each objective by
mode ratings transport mode

<Fig. 1> Relationships among the variables and transport mode

FAREA A3 A5 F 7484 PC13 PC27F 77HA tiEns el gk 774 /1A]A A4
o W7he BE Aol 3 4] 974%E AA SRR 234 Fow W Adge AHT ¢ Eol
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A AT (<Table 5> =), 187 dlsns ol U &HAke] A5 <Fig 2>9 2o] Yehun, ¢
=]

dlole £4ke] 68.2%7F A MA F=4E S PCIol FolAl HH, 294%7F F WA F4E 5 pC2= AwWdh
<Table 5> Importance of components
PC1 PC2 PC3 PC4 PC5 PC6 PC7
Standard deviation 2.1845 1.4336 0.39990 0.08841 0.06627 0.02028 5.135e-05
Proportion of Variance 0.6817 0.2936 0.02285 0.00112 0.00063 0.00006 0.00e+00
Cumulative Proportion 0.6817 0.9754 0.99820 0.99931 0.99994 1.00000 1.00e+00
<Fig. 2>9] A4 EolA A 5 % A HFus TEA A7IM2et Fal 2Tt f3te] 2o gle
M, ol Qi TN, ASH, 94 59 J1E REFRRE AUYL Bt F, AR FLF 79
of thelixs 24 L4 tal A= nlszsbA Adstar Jvtar s = itk 59, 7 tsas sl
Ha ARAA, AN, SAZ, A AAML S skl A8 FRE Sl tF 4 o
A7 A AeS A AU A B vE wsFaEdd e 7H A S 7 Al
2 AAHIL AT, Al EFETE wof FA4A ovAE M F e Aoz EHFHAT 7] gAalo o
& 2% Q4o Agole A8 BFLE SR 71E BEFRAEFNZS, WA BN B9 F2 A
Aol f1A8kL Aol FAHAT 1HE BE a8lel thik FriolA 7] gAZL 71E BART FA Q14
Ha o, &R dFus FHRte A EEet A HAFS MG BE ZokllM @A H7tE
T e AT F AU W, A2} 71E gAY B9 BE 5t ¥ HeE 5o,
ol dg wEFTel it Aol iAo F4 dtes ASE 4T + Atk
-4 -3 -2 -1 0 1 2
- © Subway
[=]
Crowdedness ~
Diesel Bus Fare
p CNG Bus
Electric Bus
Hydregen Bus @
- City-image
g — - Eco-friendh
§ = ?Ieanlinsss
o Ride-comfort
g o B
Seat-comfort
. b
S
ICEW Taxi Electric Taxi -
3
b
-0.6 -0.4 -0.2 0.0 0.2 0.4
PC1 (68.2%)

<Fig. 2> Perceptual map of the public transportation modes
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T T A S0t &RAEY] AAH B4 F Aot jle AR A SHARE, H71H
25 o83 A A4 184 s FEEd i Frt 254 gEA vehie AL 498
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HA oWAE AolE F 8L EaT

-4 -3 -2 -1 0 1 2 3 2 1 o 1 2
g Crowdedness ) sy § Crowdedness ) Subway
* Diesel Bus Fare ~ ‘ Fare ~
b NG Bus ® Diesel 8us
. Hlectric Bus |~ pd CNG Bus _
Hydrogen Bus * Cia':ilq?gsd‘\. R
% 2 . Sl Y . ydrogen Bu.s . Hccwtfﬂg"?;g\e
o Cleanlingss § S — e
e = ====—_, Cleanlingss
§ Ride-comfort | = E’ i E-Z:-:"C
3 g Rid rt -
S
Seat-comiort o ‘ Seat-comfort
3 3 K
Electric Taxi - ‘ ICEV Taxi
JCEV Taxi . . .Electric Taxi "
3 v 3 |
-0.6 -0.4 -0.2 0.0 0.2 04 -0.8 -0.4 -0.2 0.0 0.2 0.4
PC1 (64.1%) PC1 (70.0%)
(a) Experienced with electric bus (b) No experience with electric bus

<Fig. 3> Perceptual map according to electric bus experience
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HIZ5E A7|E do] BHE FH5A7= A7|3 B 7)&o] B ue tFuns A2EE A3z
AZ1H o2 HEE o Aolt) olo] £ AT XA tFuErHe] S o33 Aula Mg AAE ¢

A719 M) 71E dsus FHE T2, CNGH 2, AeH, glA)
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A
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FREEAS B Ad=E 22 9 BYaan
A WA 249 8 RS A4 I8 dTuE FHERVIME, FaH 2] 7 alld] HiEk
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