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mobility on demand: I'MOD), M& MF T WZtA MuI2E AFstr] AlZgen, 2 A&
F71EE AEstA AR|2E AFstels A77F AYHAL ok olHF 4 Wt 5
B d7e 7289 E ALY dFeusAv: B7 s dse AE FHoE 3t
B AT E Fe] ¥ 57 As, AT Al 2 AT diFasArze] S4S AR
sto] F28HE ALFY Szl A J7 Ak 2 S AAsta AFs B
4] (analytic hierarchy process: AHP)S 53l 7t A E 9] FAEE 4Gt o8 g A7 A=
FE F28HEY AETY dFuFTA RS AFstes 71d HGrlel E&Eo] M2 AAY
S At A&T7bsdE GRSk 7198 & US FoE st

o] AEFY UFLE, £ BEFE, AHlz B7) AHP

ABSTRACT

Demand-responsive transit (DRT) is a concept introduced to provide appropriate service to areas
with insufficient public transit services. Since the focus has been on regional expansion, a service
evaluation and feedback system has not yet been established. In the context of recent research
to combine DRT service and autonomous driving technology, this study examines domestic and
overseas-related evaluation systems and research cases to discover indicators that meet demand-response
autonomous mobility service evaluation. This study proposes a method for evaluating demand-responsive
autonomous mobility services using an analytic hierarchy process (AHP) technique based on the
investigated indicators. It is expected that the results will be used as primary data for building an
evaluation system, contributing to enhanced service competitiveness and secure sustainability.

Key words : Autonomous public transportation, Demand-responsive transit, Service evaluation,
Analytic hierarchy process (AHP)
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HZ 42 A 899 & FA AEFHAFA] g FE3kE el v, EH 5 B2 FT A AT
AN F o] o] FAA L gt} FHAAE 20277 HE 4 (level 4: Lv4) 9 A&FPAEA S
StE Qlal B2 =9S st Jom, A&FYPAEAte] HoE AEssta AEEIATE EUde T
d A S 2= 141%91 AEFYAFAL FEE S F Ao 3 HE 0] 2020800 A8
th olF ZARE FENFTHE AEFYPAEA AR TE Ao 730 AASt AT A 34 2
TAEHE AFstAon, NSEEAXNA (A} A AUAZME, LEAE)NAE F889Y A&
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AgFP | 20 15315 AUT oA ojtt
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© 371 e Mg 5Ho= gt

I. dEassus F7} 2

(i

AT HE

2 A 2T 7le T et =9lo] FE Zos g3EE AeFd heaFArze ¥
TS AAH oz A-ste] FF A2 AL S FEst A A -9 L FA H 2ol of
g7 8 AT deasys 3 A9 dTE st

U AFaFAN 2 F7h Ass dease 4 9 o853 A3 WEd w} EnFHIt Az}

].

AE o Blsks hEas A%zl dEas 97188 hios WS dELE £G4l
a4 8 AHx BAE S 5 otk o)F Boke Bk ARE ANA R FLE 9 sl o]
o MARAES} WEFAEHAAS, HAESE 5 AGAEE EEHAL AGST o} A EE
A 7% AZ A4 5 A% o Rol wet 5Tt Aolme B Aol A ABA e 93 ARA
w9 Oaos e dEREAAH7} 8 tEaE £Fa) e G D Auls Bk A A%
£ oaz mE 29 wele] A ARE§UY, APAS, $EEHE S B8 H AR EE $GA Bl
2FEE B Qo JEAR £ ofeledt Ad@EE £G4 el M Bl BAZ s
<Table 13} el o B4 2| AZC, TLE FIN 2L A £E % (R ECEEES
2UAF, LYAY 5 FFA WA AEE UFE S 9

=9 e A H 2 -lé 7} A=+ v TRB (Transportation Report Board)2] TCRP Report 165, %= BVPIs
(Best Value Performance Indicators), )7} 2 LTA (Land Transport Authority)2] QoS(Quality of Service Standards),
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JE FEDFA ] ICE (Index of Comfortable and Easeful Ppublic Transprtation) 5©] Atk =92 A% &%
i, Al 7 o] 84 S s BEo® BRT 4 9lom, <Table 2>9F #2o] &% & B7F A&F= Wl
2 AZE FEERAA), AL B S, ST Fol oH, Al BE HUF AEE AR~ 1Y 9 AR
AT, A ST B AHYA, HAAR AEs o8 HUksta Qlth

<Table 1> Public Transportation Assessment Systems in Korea

policy assessment

transportation planning

Item Targe Purpose Measurement Index
. Route mileage per passenger, exclusive bus lane installation
Public . . . . P . ..
. Inducing systematic public | rate, traffic safety index, ADAS installation rate, digital
transportation Local government

tachograph submission rate, bus information provision rate,
passenger satisfaction, transportation card use rate etc.

Public
transportation
management and
service
assessment

Promotion of use of public
transportation through service
quality improvement

Public transportation
operator

Drive wage rate and turnover rate, debit rate, operating
balance rate, rote schedule compliance rate, ADAS
installation rate, traffic safety index, digital tachograph
submission rate, passenger satisfaction etc.

* Advanced driver-assistance systems

<Table 2> Public Transportation Assessment Systems in Overseas

Item USA TCRP Report 165 UK BVPIs Singapore QoS Japan ICE
Public transportation Public transportation Public transportation
Target P Local government po po
operator operator operator
Service area and frequency, . Rote schedule, rote .. ..
. = . ¥ | Route mileage, passenger . Safety device installation in
Operating Route schedule compliance . schedule compliance rate,
per vehicle . . bus
rate, Safety failure rate, accident rate
Payment convenience, Information provision rate, R . ..
. s . . s Bus information provision
Service accessibility, user Bus information accessibility, transfer
. . rate, passenger occupancy
convenience convenience
Passenger . . .
. g - Service satisfaction - -
satisfaction

<Table 3> DRT

LOS Indicator Options on TCQSM and OPTP

Item TCQMC Illustrative indicator OPTP Additional Indicator Options
» What is the average response time for a spontaneous | * What is the required minimum notice (in minutes/hours)
trip request? for a trip request before the desired pick-up time?
I » What is the DRT service span (days per week, hours | * Do all communities within the core jurisdiction have
Availability .
per day)? equal access to DRT service?
» What percent of residents in a community live within| * Is DRT service offered for specific locations outside
the DRT coverage area? of the core jurisdiction (town, city, or county)?
* What is the on-time performance of DRT pick-ups and
drop-offs? . . . . .
Comfort and | » What percent of DRT trip requests are denied by the What percent of DRT tnp.s pm‘.ﬂde pointo-point .semce
. . . (customer-requested locations, instead of pre-designated
Convenience service provider? ick-up and drop-off points)?
* Percent of DRT passengers fail to show up for a P P POt p )
scheduled trip
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Brake et al.2004)= WF L EAHI 27t B3 Aol A 5 AB|2S Fgstaat 7]E9] W2 g
A8 F3t dAe FEAH 2 FEj] 28 HE HEu A H 2~ (Demand Responsive Transit, ©]3} DRT)E
ARbetAtt. TS tHEuFAH 28] A A9 E Folazt 20120500 F obAlo|A] B E ElA|

S
E 283 TFo3HY nsYAE A2 599 o) &9 AYo] A giE o] A 847 AAA NN &Y
Zoll 9 THMinistry of Land, Infrastructure and Transport, 2022). 121} U] DRT= £¢ %7] @AZ &7 2

]Z}Zﬂxl 47 wFo] DRTO AHI2 MAETE &9 A9 go] 2HE F1 A7) wi&el b2 714
DRT 9 %< H7lsks 37 AAE AL3AE £ A4o|th W v 59| Transit Capacity and Quality
of Service Manual(TRB, 2013)9 1A= tFn% o] &A19) M55 ZAl A#E nlgho 2 DRT o84 B A
o] hFuF AH 2FF(Level Of Service, ©]3} LOS) &8 Al thFuFrohol] thak 7843 HoAS e
3k A ZE A3 vF 121, Oregon Public Transportation Plan(2020) A= FBAH S 1Es A RE F71 Al
okl 1 U8 <Table 3>3 2t}

A& FaFA 02 Hrlel BASES Rho et al2022)E FL-5HE A5 UFuF A0 20 334
FHE 9% By} &5 FA ek AT Al2Elo)A AFR3lIL 9l RAMS (reliability, availability, maintainability,
safety) S 2§31 A AISHH O, Ha et al2022) o] &4} EE ZALE 53 94 A o4& Hshs 7}
A%E AN FL8EE AETY deuF FI3H FEE 7F AFE AAEATE 2y ol&

© 3348 W7t 35 9 AxEE AASFAoY 8 AAE Hrlkete AE 2 HHELS AAEHA Ktk
F Yoon(2020)8] AT A} Zo] A8 tFusel thg SR FAL, AFeAF () $)ol -8

do
ok
o,

$RATE oF 45%2 e} SHE Aol e WIS 48T Bash dokn AAsEc,

NE AFRBA L B7h AEE SAATE TR wAG el teh LY B4 neiste] &4
Ash BAE AG D WA 25 B RS ARES A3 Yo FLEA S S 9T 4B
el golg Sl ojel9r, o 4 @ 1A mHlo] opd o] 84 Faol wet £ wmilo] WHHE
&% DELEANLE FISIIE BAVE Ak W ALFY DFEANAE AzY Swos
£GH7] WRo] GA| hFILEA M2 A e oIy o) hsdtths gHol ol UAl &
HolBE ZIukoR HAT & Qe Aol7h ek olo] B AFOIAE J1E HFREAN 2 B7h A% F 5
§ol 7bsd AR} A2FY WFLFANLE B3 Fol F5d HolEE Vo Br} AEE £33
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<Table 4> Assessment Indicators of Autonomous Transit On—demand Service

Indicator Description
Passenger per vehicle # of passengers compared to the distance traveled by A/V
Success to scheduled trip | # of response compared to # of requests
Operation Speed Average speed of A/V public transit
Debt Ratio (Total debt/total capital)*100
Traffic Safety Index ((number of occurrences*0.4)+(number of casualtiesx0.6))/number of vehiclesx10
Service Cancellation Rate | # of service cancellation among operating vehicle due to breakdown
Dangerous Situation # of dangerous situations compared to the distance traveled by A/V
Access Distance Average access distance traveled to ride on A/V
Passenger Occupancy # of on board passengers compared vehicle capacity

Departure time Punctuality | Time lag between reserved time and actual boarding time

Arrival time Punctuality Time lag between reserved arrival time and actual arrival time

FOGUY ALFY UFDEANAT Yot 717el A9 AR ool weh AT, Ll Fol
Hol7k g & glonE TSI ABHA BIE 95 718 SRR B 712 vt opEE
She 2ol AT olth. ool & AToAE hFLE 24 h A%F L Auz Fh D hFaE A2
Bk o)A ol g3k BE YHEE o] §3tel 2 vk AXE B} /12 vHASET B 2YEE Y2
AR A4 ¥ EFE Fo NG AR} F4E T HPAHol we} Jolahel, 1 4L thew 2t

Result, — MinG,

AR E ERGAHE T Tl T T Gl ()() eeeeeeeeeeeeeeeeeeeeeenetettaeeeaeeaaa——a—aeaaaaaaaaeaaaraaaaaaaaas
i SO S T Y — MG, M
AT EEXHAE - 9 =1 Result, — Maz G () +oreereeenenere et s )

=0 G — MG,

oA71A, 5 - BIMARE i BAH, Result;: B7HAE i A3,
MinG: B7MA % i HAEHE, MaxG: B7HAE i HUERE
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<Table 5> Maximum Goal and Minimum Goal on Evaluation Indicators

Indicator Unit Direction Minimum Goal Maximum Goal
Passenger per vehicle passengers/vehicle Upward 1 5
Success to scheduled trip % Upward 50 100

Operation Speed km/h Upward 15 30
Debt Ratio % Downward 1,000% 100%
Traffic Safety Index - Downward 20 0
Service Cancelation Rate % Downward 023 0.0
Dangerous Situation dangerous situations/100km | Downward 25 15
Access Distance m Downward 0 300
Passenger Occupancy % Downward 100 40
Departure time Punctuality minute Downward 5
Arrival time Punctuality minute Downward 5
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AHP (Analytic Hierarchy Process) 7|

H
ATolA e REXHEF 798, TR FEF 6%, AEFH ARV 5HES tFeE HES AAsler

FuFEY A9 &9 B AEE Z oFsty Jde dsnE T HAY ¢
ozt Fofg AE7EE AASAT T3 A4 e 2AF ATE R 98 4 35 FREE
tHlwsks 28 ojdel FEE FREE WA VT2 R e SHES =St 498 AE
2 guty o=z YA A4 (consistency index)2t YH4] BlE(consistency ratio)S F3l AR O, E AT
AME g4 HlE Fhol 0.1RT F2 Aot fES FESZ AGSHT

d#4 2|4 (CL : Consistency Index) = )‘“:i I T et 3)

AZIA, Apay @ AT 0o THRES]

FEE FAES Bt 7HEAE ST WA 4 WUF 58 8 SA we o] & adH &9
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A B 200 AFeE FaL, olE UA ASstete] Aulx HrF AEE TSI
HEFL AAZTS LG4 2 ol &a B4 A% HAE FRAY, TEFYU AAFTS 84, XA,
Ao, AR F A BRIAGT. LG4 B AR EHS 29 S BESE 2AA
gl S ok Aulso] AN BRSO £ b WAYTE, T 97 E8YL BET 5 9
E SYEES 294 8 AN 29 APAAYES Ste] A LA FANGoE T FAy S
479 %A 29 JAE 429 PYDEH AYP} 298 AR TILAA AL A0
A8, A2 BA Al 2"lo] uHO0 R QI3 FHHAE ARE FASGAT o] &A B AxE WA
3 AP FRsgon, e £o59Y A&FY FAEANA B0 A% JIAL, A
olgo] AAAL MAsy] A% AFELEE TASYTE AHAE o] S} T o)A WA A
A G| AN Time-lag)et 7 =2AIZE A spapAIzbe] AlZbateE F438t93a, ol& =438 3
a9 of#fe] <Fig. 1>¥ 2T
[ Autonomous DRT Mobility Service Assessment Indicators ]
|
Level 1 [ Operator Perspective ] [ User Perspective ]
_ ....... | .......
Level 2 [ Efficiency } [ Safety ] [ Convenience } [ Reliability }
+ Passengers * Traffic Safety * Access Distance * Departure time
Level 3 per vehicle Index * Passenger Punctuality
+ Success to * Service Occupancy * Arrival time
scheduled trip Cancelation Rate Punctuality
+ Operation » Dangerous
Speed Situation
+ Debt Ratio

<Fig. 1> Hierarchical Result of Evaluation Indicators

HEas dd AE7FES] AHP 24 23 74 g5 $EHAES dWHE(CR) e AW 0054, H4
00002.2 0.1+ 28 o2 Yeh} RE FHo] dAA < ERgth Al1AIS] 2
1A gl Ui oA FAEE o] &4 #H(0.573)0] <A TH(0.427) Rt EL Aoz YehgEd o

T FREHY A&FY FuFAN T ARG E o84 FAlY AH2E AlFE] Wi Vel

Ao g ARHY. o2 I8 A2AFTAME o] &a #A o NEA0400) 7HE =A YERRTE o]o]A, b
73(0.248), E&4(0.179), B2)A(0.167) =22 YEhE Aoz & u &3 q}%mooﬂ 3k ekAzE A
27t d F EE #EEhe AR F83th A3ASY 1] B2 G5 FolA= o] &4 #H 9 wjA Tt
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<Table 6> Hierarchical Weight by AHP Analysis
Ist Layer | Weight CR 2nd Layer | Weight CR 3rd Layer Weight CR
Passenger per vehicle 0.063
Success to scheduled trip 0.067
Efficiency 0.179 - 0.054
Operation Speed 0.036
Operalor | 157 0.000 Debt Ratio 0013
Perspective
Traffic Safety Index 0.079
0.000 Safety 0.248 Dangerous Situation 0.107 0.000
Service Cancelation Rate 0.063
Access Distance 0.133
Convenience | 0.167 b o 0034 0.000
assenger Occupanc )
User o573 0.000 g Py
Perspective o Departure time Punctuality 0.259
Reliability 0.406 - - - 0.000
Arrival time Punctuality 0.147
V. 28 9 &% 47 A

B AFNME 7|E USuEMN L 37 ARE AES §F £839Y A&Fd deusAnz 4
aHEt o] &alE, AT E, BAEE, FA v, AEEA S, AELAYE, FHLE, HEA
, B 2 SRR AAAY 22 1] dES AAT & AHP B4 53 37 e AESTH

B4 At AAF] 2714 FEol gk 4l FaEE o8 #H(0.573)0] FA TH(0.427) R}
S Aoz Y 2-39Y A&Fd tSusAAuAE o8x T4 Hr a3k oz el
AAFZAAE o] &2 #H2 2404062 TLE7F Eom QhA(0.248), EE&4(0.179), H2]4(0.167)
©o 2 BARA ABAZY 1A B2 5 FolAs AT HAH0259), E2HAZE A4 0.147), A
ZAE0.133), AP F0.107)0] =A YeEton, ¥ An2 B v $£287Y AT dFuF
Aulze] A AxE AP 9 kAR AuETh

B ATE A8 A7 AE 2 34 Holy 248 53 8 &3 dFuFAN 2 Ht A
2 S AAS, AHP 48 B3 ZF H7t G5 TMEXE AHAEI o AAl &9 HolE e FA=
I E HEs7les A7 itk wEhA £28EE AEFY UFuEAula Y olF £3H«= HolH

%Emlo

Hir
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1) AAAe] tg AXdaTes A4 7AYo 7.6%2 ZAFEEA =3t tidt BEEE W2 59.7%, A3 72.6%) (Ministry
of Land, Infrastructure and Transport, 2022).

144 TS ==N| 237, N552(2024H 108)



TEHY XY ZSuSAMHA "I} u
g /o $9gr10e] R A glo] AR WS T 5 YRS B} /1F % ARE AFH H
aAY BEE ARAT Wart dom, o|de ARE Mo FaHY ALFY hFLFA NS H7}
W 2 AEE vhstelol @ Aolth wa @) dlolE F£3lo] 57 gk} A2H Bbdol B Bt A
£2 4R5A ZRo iy ZHoIA 0|8 B U HlolE £3 W HES Bast gov, ¥
F A2FY FREAN L £9 A F7h £35S dolHsh WA A% ol o /bl 7t A
£2 44 Pas} Ao

ACKNOWLEDGEMENTS
2 A7E FELTHEERT AT Ados FHHUE(HAME 22AMDP-C161756-02).

REFERENCES

Brake, J., Nelson, J. D. and Wrignt, S.(2004), “Demand responsive tranport: Towards the emergence
of a new market segment”, Journal of Transport Geography, vol 12, no. 4, pp.323-337.

Ha, J. A., Kim, J. Y., Moom, B. S. and Jang, J. Y.(2022), “Development of evaluation indicators to
ensure publicity of autonomous public transportation mobility on-demand service in real time”,
Journal of Highway Engineering, vol 24, no. 6, pp.241-249.

Joung, J. Y., Shim, S. W. and Kim, M. S.(2022), “A study on introducing autonomous public
transportation on—-demand service in real time using delphi method”, Journal of Korea Institute
of Intelligent Transport Systems, vol. 21, no. 5, pp.183-196.

Korea Research Institute for Human Settlements(2020), Strategies to implement autonomous public
Korea transportation safety authority, http://etas.kotsa.or.kr, 2023.8.1.

Land Transport GURU, http://landtransportguru.net, 2022.10.17.

Ministry of Land, Infrastructure and Transport(2022), 4th Public transportation master plan,
pp.74-75.

Ministry of Land, Infrastructure and Transport(2022), Final report of the 2021 public transportation
status survey public transportation facilities and modes, pp.155-156.

Ministry of Land, Infrastructure and Transport(2022), Final report of the 2021 public transportation
status survey public transportation users, pp.337-342.

Ministry of Land, Infrastructure, Transport and Tourism(Japan), www.mlit.go.jp, 2022.10.17.

Oregon Public Transportation Plan(2020), Public transportation level of service, final white paper,
pp.72-76.

Roh, C. G., Noh, S. W., Moon, B. S. and Ha, J. A.(2022), “Defining evaluation criteria for real-time
demand response autonomous mobility”, Journal of the Korea Academia-Industrial Cooperation
Society, vol 23, no. 1, pp.871-879.

Transportation Research Board(2013), Transit capacity and quality of service manual-3rd edition.

UK Government, http://legislation.gov.uk/uksi/2005/598/schedule/11/made, 2023.10.01.

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 145



TRSHY AEFY HISusSAMEx HIL Uy

Yoon, T. G.(2020), “Strategies to implement autonomous public transit”, Transportation Technology
and Policy, vol. 17, no. 2, pp.72-76.

Yoon, T. K., Park, J. I, Yeon, K, B., Lee, H. K., Jung, K. Y. and Lim, Y. T.(2019), Strategies to
implement autonomous public transit: Focusing on autonomous bus rapid transit and shuttle
services, Korea Research Institute for Human Settlements, pp.78-83.

146 DR TSYUZ| =27 233, M52(2024H 109)



