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ABSTRACT

An autonomous demand-responsive bus with mobility-on-demand service is an innovative transport
compensating for the disadvantages of an autonomous bus and a demand-responsive bus with
mobility-on-demand service. However, less attention has been paid to the quantitative impact
assessment of the autonomous demand-responsive bus due to the technological complexity of the
autonomous demand-responsive bus. This study simulates autonomous demand-responsive bus trips
by reinforcement learning on a microscopic traffic simulation to quantify the impact of the
autonomous demand-responsive bus. The Chungju campus of the Korea National University of
Transportation is selected as a testbed. Simulation results show that the introduction of the
autonomous demand-responsive bus can reduce the wait time of passengers, average control delay,
and increase the traffic speed compared to the results with fixed route bus service. This study
contributes to the quantitative evaluation of the autonomous demand-responsive bus.

Key words : Autonomous Public Transportation, Demand-responsive bus, Mobility-on-demand,
Microscopic traffic simulation, Passenger waiting time
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A-&FY 28 7] % (CAV: Connected and autonomous vehicles)< IoT T4 7]&€3 EZAFTAAE S
H2E vlY-ZAE vt FA|(First-mile and last-mile problem)9} 20| E2WFA 7|5 & o8 EAE
sl sl S 7] 0] HhKopelias et al, 2020). A&FAAHA %] Eeo2 el FEANT 47142 7
2ot SRS Wl SUE ZIHetaL IThdin et al,, 2022; Mahmassani, 2016). 3HAI%F ti=A| A7} Zo] =
Ash 227k Aol YA AABF] Bol Dokt Ae] A, AeFAAFHOZE F FYA
7t & AFU Y VMR FEPARLe] SUMEt 8 SHTAE 18] o] H T (Golbabaei et al.,
2021; Butler et al., 2020; Rau et al., 2019; Leich and Bischoff, 2019).

H AFodAE ol d&F FETHTRE fdsty] sl 7€ wsrdHd ASFIAF Vs §F
T A-EF Y X} EH(SAV: Shared Autonomous Vehicles)(Golbabaei et al., 2021; Leich and Bischoff, 2019)3} =}
3 ¥ 2~ (Autonomous Bus)(Rau et al., 2019)2] =4S tJeto & A s Ut} SAVE ZHEY o ZE] A o]
(Mobile phone applications)= &3l 3+ 2tgFol]l =227} HI =8k o] W] FPAEC] 5L F e T
S AFaF7] $l8] e BESFTHO R A Ff(Car-sharing) 9+ 5213 (Ride-sharing)2] 7d-S X AH] 2~
O] TH(Leich and Bischoff, 2019). SAVS] H2]Ad& U] F L E(PT: Public Transportation) 2T} & AH&53] BlA|
(Autonomous taxi)| B 7P4A A =] I ThFagnant and Kockelman, 2014). ]2 7] &< SAV/} tFx%
TFoA HEE FoE TP AsiAe gt =4 V6 HaRg o g2 2 &3] dasith
(Golbabaei et al.,, 2021). °]= CAVS Pi7HA & & S 9 S712 QI3 22 £ 1d &
A8 HAESAS ZUAZ 4 UTHLeich and Bischoff, 2019). Lol 8F] AH-&F3 W AE oA ZHoA
71E HFus v MEF 5 fAs] v 71€ s £88 JE 88 5 o, 249
A= FAsA AT F Avhe FoA Z3-S T3 QIThRau et al, 2019). SHAT A&FY Hae 7)E
4 7R Wb R QA B3 AR A AR WA Ve ol 8kA oAl HEE BlagF ot

A&FY W2 7158 BEAS FUiselr] s AN 8 d8d EUEE AR Z(MoD:
Mobility-on-Demand)7} 2L# E 1 UTh MoD W2 Au|2E 7]1E w4 7 giFu%e] 9 2sr] 9
3 zekd AulAZ AAZE a6 &3 7P AS &%9 STh(Steiner and Trnich, 2020). °l& 84 8.9
SHet WHFuFE LFITE  DiaaRide NEE FIF F& FHI W2 AH|2(DRT:
Demand-responsive transport) % SFYZ(Kim et al., 2022b), £ =FA= 71574 MoDE 233 DRTHAZ
A3s71= gt} 712 Dial-aride 7]¥F DRT W2 AH]29 MoDE Z3HsE DRT H2~9] zfo] -2 AT of oF
<AL 9% w4 WA 759 f5ol 9tk 7]¥ Dial-aride 7]¥ DRT W AMul2E AAZE d<f $2&
o] §l= WA, MoDE AES DRT W& ©]& 7Fs3tA stk
¢ DRT M2 ARl 2~ 7]E BAS &98ke Feo et E/FNEHE 7]- T3] P
tho] ] E DRT W2 AjH] 2ol dg-gthJeon et al,, 2012). =THO] W& DRT W2 AH|AE
71€ 1B EFixed), Fol wet S olst= A Zo)D¥ (Semi-fixed) DRT M2 48|29 Th S w2l
ZE ol 5 AR +8 HlolEHE &8st Ak, £ B thEAEAA S DRT H2 AlH| 29
MaE AE3te ol 8x tr7AE HAse e 98-S dth

Foolud DRT H2e 87t §le Afde
Ceder, 2019)3% W& Fo7F A7l A4 IS 7H ARASE FHAF38d &
<= AFstd F7HR] t7| AR S AR AE ZIHEE ¢ Q7] el Mo &8
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=Z=o L = In_

25 A 5 da, 2o wet Aol WA 7|zt FHAEe] F7HE 02 SoluA He 4%
o] AT 4 Ut

MoD 715t A-&5-8) DRT M2t Frho| U= g DRT W29 @l xzte] w2 x o o3 242
e A&TY7|ERE HHste TA AEFY 2o B AR WA 7S o8 F glve A& A
q & Qe wE oty B AT Head MoD 74 2853 DRT M 2(Mobility on demand service
based autonomous demand-responsive bus)E A&F3 DRT H2AE A7 = gt} $-2l& AH-&F3 DRT WX
£ &3l A5 H2E nd-gt2E nfd FAE AT A AT BAIREY] FUHE A
£ 7IdaEE 4 Aok

SHAIE 2&53 DRT 28] o2] ZAo= &7atal, @A &3 DRT W 2ol tigh FFste
A2 wug AA ot kst A-&F8 DRT e A&F8 W29 DRT W2 AH| 29| F 7&& &
ok sh=dl o] wizt B = WAL 9% dugE 7S E3dsith ol A&+ DRT W2~ dield
o] EAL Fo3HE AT Mo B8] IS BAs=d o] AelEol Ha gt

o] DRT M2 &2 A&F3 w29 B9 dug|ES thAlshr] sl B9l Agent) ] 35 (Action) >
2 Q3] FHE B Reward)S HUsl= 35 2 A5 FE Z= 73835 ([RL: Reinforcement Learning)©]
AHE-E 7] = $FCH(Wang and Chang, 2021; Wang and Sun, 2020). 733}3}5-2 353 3 o] A7 A8 A2
s AYE ste s B8l HAY s dS ] Wi HE W =4 SPA Y-S ARl A
o] golstA H82 4 Jd& WHEIHKim et al., 2022a; Wang and Chang, 2021; Son and Lee, 2022).

olof whe} B Ao A F3tels 7|6k AL53 DRT M9 v]A)Z] wE A& o]A-E AT A&
oJdE B3l AN EAHRE AFEol A5 DRT M9 AFsd &3 75 Al sty 744
o & ANz Fa29 ¥t wet &8 DRT M2t B2 WEY I 712 Y& o] §aF A&
A F AlE ol QoA FEstA; T

[¢]
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o
ﬂﬁ oo
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1. RISTHHAY B3t BN 97

-7 2ol tiek AEskE adEAe vAE wFAEdelde] 49 &/ A 71N 2y
(ABM: Agent-based model)(Nguyen et al., 2021)S FASZ NEFHS T ABMS 83 A-&FPw»o] a3
4L AEFIHE T8 8l 71 H2olA MAdE FXE A &35 7 H(Wang and Chang, 2021) AV
controller® AM8-3t zt&Fe] A4, 2uld] 5& 7HeshAl THESTHAzevedo et al., 2016). ©]E 4A] Ul
EQ s AA At diste 28 A= At AEFYH 2] AAYPIIHERE dFaTF o
g= A& 183 F 53 AIZHHatzenbithler et al., 2020; Basu et al., 2018), & ©]-&A t)7] A7 Wang and
Chang, 2021; Hatzenbiihler et al., 2020; Basu et al, 2018), 23l (Hatzenbiihler et al., 2020), 2-77+A
(Hatzenbiihler et al., 2020) 5= AME3IATH AUl &4 23, A-&FPH2E =YE ol wet E-ﬂ]-%‘ﬂ-%
Tt kA o g A EE ARE JHAS AR 7€ Qe FHFTAEMRDE 23S A9 uF
I AEFPH2E TS AEFYParF7]|ES HnHA S A, A8 E AEshA] F3la “&%537‘17\_}01
Z7Vste AUl o= EA3tHBasu et al, 2018). TFE Z2Ho 7= A&FHu| 29 £ o7 elAn st A7
Holl wet A712 0 gujgo] MARTE AL 93tk (Basu et al. 2018; Melis and Sorensen, 2022).
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=0

2. A2t 7 ISE ZY2|E| MH|A0 s HEkE A7

MoD Au]2~o) that 3842 223} 2 & (Zhang and Pavone, 2016; Cao and Ceder, 2019)3} th7] 3] & o]
2 (Zhang et al., 2016), ABM & T3t HES T3 A7HAY 2FA4 S MoD 7|4 DRT B2 AJH| A
of A3t dttge] AFE ABMES FALE AT SITHShen et al., 2018; Papanikolaou and Basbas, 2021;
Viergutz and Schmidt, 2019; Cao and Ceder, 2019). MoD 7]¥} DRT W22 EFH/IARZE F2 A-EFY
W29} FAHAl & 37 2](Viergutz and Schmidt, 2019; Shen et al., 2018), X A|ZHCao and Ceder, 2019;
Viergutz and Schmidt, 2019), %] A1Z}(Shen et al., 2018), & H]-&(Papanikolaou and Basbas, 2021; Shen et al.,
2018), ©]&x t71AIZH(Viergutz and Schmidt, 2019), &% H]-&(Papanikolaou and Basbas, 2021; Melis and
Sorensen, 2022), 27 H]-8-(Viergutz and Schmidt, 2019) 5] A& =tk MoD 7]%F DRT W2 & MY+
NAE A&EFPH 29 AR E MoD ABlA E9 Al EFHAE T AXAHUTE B3] Azevedo et al.
(2016)> AV Controllerst 2% 7|igk vlA| & wEA[EG0]AA MITSIME ©7] 8 o= Ben-AkivaZ}
AAS dE5nFe 524 5Pl EH (Dynamic traffic assignment)S 37 S0l A&t AGH 24, B9
7Zke] 9 &E 73 HHS 233, AlEdeold Al 7|8kete] MoD AH|29] HA &3 ol
= AT

3. &AIZt 2 SE NEFY HAH et AT
24878 w229k MoD 7|4k DRT W25 7% 7F §3to] Z|HEE 71$EYd s B78 1, 5 712<S A9
A

123 2AH&F3 DRT W2 (MoD 7|8 2838 DRT M2 2F)ol tlgh G20 A= vug Aot}
Rau et al.(2019)2 A-&53) DRT W29} 7153 &8 %7} §-AH3F Dynamic Autonomous Road Transit(DART)S)
71%5<] 10T F4171%, T3 53 (Platooning), 74 {l= 2+<%5(Seamless Transfer)S 13+ 71 A7, HEEELY
719 AARZE 8 FHE T H2 Y 55 AT T3 A-E53 DRT H2: AlEE oS 3l vA 4
wFAEH A VISSIMZ DARTRE v @ Almeh AAZE 2hgF A H 9} & HEks w ket APIE At
3tk KoNuT(2022)& AH&53 W22k DRT AR 25 ST W2 AH 25 Sh=alsoistal 3 2o =918t
B AE7F ST Kim et al.(2022a)2 73318k5 5] 3hUSl Q-leaming S &3l frHl-& 123 A-&F3) DRT
W 29| PF& HAs}sto] Skip-stop scheduling, AHE&F-3, MoD AlHIZ T ZF 7150l thgh AAg daels
flole 832 Hsas AHl2 ﬂlmf‘ T A Aot &5 DRT W29 F7IAEZE AH[ 2= 458,

o] &2 H th7IAZL, THAIRE, FERIE, 108 ofW AH|2 GA4E&S 15T
4. 24

&3 W29 MoD W2E Zhzh a3 tel] 33 Akl dFs =2 ABMS 7|wte 2 28 ¢th
F71ES 47 =9 3 3 71E EE U ES IS vud Ay, dukERl ariEEE AN F
7leE F8e A& DRT W20l thek aoo B3t A&FA < A= Kim et al.(2022a) #olt}. 3tA 5L o]
AT A kARl ER2A ThE AFEHe] F5AES aHEtA] ¥ FY AlEd el AHE AAEHA
I, AEY 78 9A IAEH YAY AR HES ZARE H&o] kst IS AL ASIth
B AFdAE Y =20 AU e AR F o AsHe] AR Fszrgel JFeted nE 3
92 7€ 1 AEF3 DRT H2 AlEHCIHE WY, I BE 3A4FI7E At gt
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<Table 1> Reviews on related studies
No. | Category Authors / Year Objective Methodology Study Area
1 | Autonomous | Wang and Chang Solve bus fleet control problem and ABM + 15 bus stations with 5 buses
bus (2021) minimize passenger waiting time MARL
2 | Autonomous Hatzenbiihler et | Study impacts of autonomous bus adoption ABM Kista, Stockholm
bus al.(2020) in line-based PT systems
3 | Autonomous | Basu et al.(2018) |Compare AMoD and Mass Transit Mass | Multi modal |Large virtual city with 12
MoD transit ABM bus lines and 86 stops
4 | Autonomous | Zhang et al.(2016) | Model a predictive control algorithm for MILP NY taxi trips, US

MoD

autonomous MoD with real-world
constraints

5 | Autonomous

Zhang and Pavone

Model operational and economic aspects of

Spatial-queuin

NY, US and Singapore

MoD (2016) autonomous MoD ' systems g model
6 MoD bus Shen et al.(2018) |Model integrated autonomous vehicles and ABM Singapore
PT system
7 MoD bus Papanikolaou and | Identify demand thresholds of DRT services| Analytical |3 bus stations (Lagkadas,
Basbas(2021) models Grreece)
8 MoD bus Melis and Reveal the impact of dynamic requests on | Metaheuristic | 121 random bus stations
Sorensen(2022) MoD bus
9 MoD bus Viergutz and Compare DRT and PT ABM Colditz, Germany
Schmidt(2019)
10 | MoD bus | Cao and Ceder(2019) | Optimize PT timetable by skip-stop tactic MIP Auckland, New Zealand
based on real-time passenger demand
11 | MoD bus |Azevedo et al.(2016) | Design and evaluate the autonomous ABM+DTA Singapore CBD area
vehicle systems
12 | Autonomous | Kim et al.(2022a) | Develop adaptive routing algorithm for RL KoNUT campus
MoD bus Autonomous MoD bus
13 | Autonomous | Rau et al.(2019) Introduce Dynamic Autonomous Road Introduce Small Singapore area
MoD bus Transit features in Singapore features
M. d-+48E
1. 97 SEE
<Fig. 1> & 479 A7 255E U ok AAA)] 742 Adtese §3 AE5F3 DRT H
2 23} B2 REARAN VissunEol AAGe FaeRel Ausled] e et
DRT W Eqjo] W& 9gH7HE sk Aotk AH-&53 DRT W& 2&-E Kim et al. (2022a)4 etek<

243 47

DRT W &8 &3}

$7 $xol A%E AS

TR ARG T

.38 #=). VISSIM

R2EL Y AE&F3 DRT 29 4oz E2YE JzL Ao doju= 7‘4%*9] 2198 AT
I, 2830 E 2453 DRT B 29 A= VISSIMO| A4dted] =2UE I} vlAv) A= *PEZ—}%EP
= 34 & UEY. o] & AAE Ayl el ut XH%#?‘%} DRT W T 933715 At Alvgl
9y rE vlwatazt gl
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(.

VISSIM simulation module Sensing by grid cells
States: Vehicle - passenger information
Data input Autonomous DRT bus module by using Q-leaming
W Distarce weighted Reward Agent: DRT bu§ Q-table trained
. . "“,..--“"'"'__‘--——-———-'-—J—--\_\
VISSIM simulation — FEEQO—O +———--__E__________E___,‘
W Road network Environment| «—— Actions:——, 1,1} ,- e
+ Time buffer consideration
Performance measurement | —__ | Delays in road network + ReaHtimerouting changs)
Passengerwaiting time
v
Scenario analysis 1. Fixed route bus scenario (No. 999)

2. Autonomous DRT bus

<Fig. 1> Methodological flowchart

B AT FFNENSGL FFAN 20 A2 B WAZE FHBHOZ AT B 3
FRENeE FFAT 28 A2 WG FFA A2 0908 e do] WRsle] ojshie] H2EHE o
Gaha gom, s 2u), WAz e 2080 AAsoiglth 99w Mol tlRE Fa Uyt o

F40] (1) 54 AT B, @ & H23 2o YA AR} opd A
YA 7T, ols AT £20 HE ST = glov] A FA vk BedA %L
g

=
8ol E4E7 oIt

o
°
~

3. AlEdjo|d & 7=

2 AT vAAE aFAEHCIHQ VISSIME 78S 2 DRT W9 538 7ZslelsS 53l 733
ok g AEFH)HE (1) A& 263 DRT ® 2 253} (2) VISSIM Al Ed ol RE & F 7IX9 RERZ F
AEo] t F 2Eo 43528S 53 A&F3 DRT HaE A&F7]%53 MoD 75 & F 719 9
AARl 715 AT Yok B AFA= MoD AHI2~E AT X}%jz—ﬁg DRT W27} AAI7E =80
w54 A2E AHshE 715l TS 25 AYsAth AEFY e GATOEZN A HEe F
8 7150 JAARESAIZE 7H£°ﬂ w3 M- ALshA FUTE I ol M2 gt QIA-RREAIREo]

Nt AAHQA wFF 55 /Mol 7|dEA 7] WEolth A& 750l F7HEdd wet F714
o= AA A W2 3 é?—l‘:{— Kim et al.(2022a)%1 4] A A&k 20km/holtt. @A) @RIzl APHT &=
A-gFgm 20 A 4591 25kmhe}t $-3FAHE A A 2§49 4 ES aFdorsty] wEolth

B AFoME AE&53 DRT M 9 o5 A7) AAIZE 80 #siM= 8 il o F AlkE 3
Al A2E FAHT § A HEJT o2 s B Ao HAZE Fa0 vHses A& MoD
AulzE & & A RFEETH
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73 etEg o] 83 A&53 DRT W2 BE9 AlF213 3eHH &= Kim et al.(2022a)S 313] <Table
2> 2|34t Kim et al.(20222)0] AME-SF 7381852 71822l Q-Learning®] . Kim et al.(2022a)°] A&
3 Q-Learning & 2 }?fé Y E$ 3 37 (Environment) Woll A 137} 714 AFAS v)g] AT 13719
TPEARFTAEL 71 999 M2vt Bstd = o] ARAS X3 T8 FskA A”E AT F 3
Al RHEESIT o] %, & ,*8 #, -, AA 57149 85 (Action)S T £ B2 (Agent) S HAA 71, A
o e 7IEXE AL Y BATEFE JHA I QableS HUBA = AEE FE= PHHE AFESIATH
AL 1HRE 2387 A AR HE F55A BRAA SAHOR FUMAIIN HH 54 AR
RS AT o AAMZE 453 DRT M 29 A 2 duglEe] 242 Kim et al.(2022a)S a3}
Atk B AFoA A 2 o]F AAIZE Foo wE) 248 HASE ZES U FolA AAE

VISSIM W #-&F3 DRTH = BE 5 Al |AQ AFAMS 33 HAA= B4 715S 7INte 2 A4
Huo
<Table 2> Specification of an autonomous DRT bus module (Kim et al., 2022a)
No. Category Value
1 Average speed 20 (km/h)
2 Grid cell size 10 X 10 (meter)
3 The number of U-turn road segments 3
4 Time step 2 (seconds)
5 Capacity 15
6 Available actions ——,1,], “(Hold)
7 Maximum number of calls in each episode 23
8 Discounting factor 0.95
9 Maximum of time of each epsiode 40 (minutes)
10 Maximal in-vehicle travel time 10 (minutes)
11 The number of episodes for training 10,000
12 & (Stability parameter) 0.99999
13 Available call time range 30 (minutes)
14 Learning rate in training 1
15 The number of virtual stations 13
16 Reward weight of arrivals By distance
17 Penalty reward if driving 10

76 DUZTSOL|=27 TI213, M62(2022H 129)



<Fig. 2> Study site for VISSIM (Left) and Autonomous DRT bus (Right). Yellow lines on the left figure show the
simulated road networks. White dotted area on the left figure represents the intersection of two figures.

VISSIMS Al Bdglo]de] Badt 7|2 52 YEYF 2 2+ A7 £2 Al 9= xS <
495} o ot HalAe] B BhFLE 32 RAH] U5 ZY PIV groupold ALE vIAH 1
EANEYolAdoltt B AT A= VISSIMOA AZdH= COM InterfacesS E3] VISSIM 2EH A-&F3)
DRT W2 B& 3+ AARLO 2 2R SAFRE IS 5 QA el

VISSIM E%% ANEGolde] Bad 52 YEYT D As A2, nEg Ha N S
o YdERFHL <Fig. 2> LEF J9| i F =&t pj.%joﬂ A wake] mEES A}
e 8}8§ = 23| 1400TH/A 2 A 83T o) Y T2 ZE3sA

17,947t/ ol Ministry of Land, Transport and Maritime Affairs(2013)°l4] #| A3t Sk R A A1 420.6) <}

AZHAZ0.12)S 183 39l 1292t)/A4 8} fAFsH

o

=13

é r2 korlr

=
A
K
2
A

ATl AEE M2 M 208e] MAAS 7h 45915 A AEl 2 9998 B2 o
Bolt}. 9990 W2 LA F EHUST 20)9 W wHo 2 FRTEYST} FFEEWAETIL 9l
w2 ATAE T w4 F AR aRuEgstnst 2r3sne] nAiAe) wrawa
o Mujste] AAEATE AT W2 wH P ARRE <Fg 2> 92& Tdo] BAFUD, O @ 7, A
£33 DRT M2 59 4L B71507] 98 Ael Qo) A= DRT M2 REoIA AAS & Agarh. ol
% qdd ARs TER 55 RHL o435k A% A9 A5 P WA v 5o Bee Wa &
2 913 5 AAZLOE U VISSIM 5L W] ulet 4 913 8 At DekAy) g e
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1-10S& 243 AEHolAS 108 A3 Fage AHestad

W2 o] 82 VISSIM EEH A& DRT Hx BE EFol| T3 8314 =AU ¥
S 13709 7MY M2 AR #5sAl AAAEUL, 407 71 23H o] A REEAT AR
o =4 5 408 7]1F 17790t

VISSIM U] #-&5F8 DRT M RES HEYZ W 75, A&F38 DRT H2 viAt 7)1, 9/AS
T3 HAARZ BA 7, AN BERA 7, F MY REE FAFHY Utk A HMH UES A §
g 7S EEY VEYA ARE A& 4 HoE wAsMES 1 olfe 438G VISSIM EEH
9] E2 YEYIE AAE A(Cl)E o] FoF 1 E(Grid)E ¢14)317] wj&o]t},

T HA 7152 A A9 AARE 80 et A&F3) DRT W& HjAksty] 918 7]solth A ¥
i patr] 913k 2L o] &A7F F W ol o] An, o] 84t 1'4171/\17%] 1080] dojz Aoz didss
olt}. 3T 75S B3l £ ATolAe AN F8 t’“ﬁ 3 108 ojul g3 vl& o] g7 Azt

ol EAES 100HHER GA4T 5 °‘°1Ltﬂ I ol 2 T OE 7|FoE AlEF oA Al
s TE Xh%nz—ﬁﬂ DRT W27} B ZF T AR tLH—‘erITJr

A 7]%-S Kim et al.(2022a)0l 4 AH-&-31H %ﬁ}é}-’&ﬁr A oA ZHBuffer time: §)°] E3H HH 7
2E 73218 "), <Table 3>} <Fig. 3>+ ©]5 A3k Pseudo code$} THOITE o= dA| 919} HAITE
Fod et A2E AAlske e HAs A T Aot wigs 233 4 A2 a8 EA(Dynamic
vehicle routing problem with pickups and deliveries rejecting customers)$} f-AFSHA|TH &g EAoH = 71&
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FoE data, W2 2% o]F HAAE kMol Wste RA A E AAE T o 71 =Alo] A
W BTl AT AAY F89 o HlEste] g4 A Wske S WAk ] sl 1 EATh
AN G AL ol daElES Bl aHh

v HRls T AR HEAAZ 759 AFE U AE A&FY DRT HA9 A= p g EUE A5
&) DRT W2=9] 9Jx|e} A2 E AACE WAt 7|50tk A&53 DRT H2x EES] TAZRI 2%
g DA Aa, 2 Ul FUHE AATE e o gYARbl aEEA AAEAT olE B9
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<Table 3> Pseudo code of the heuristic algorithm about buffer time for passengers and autonomous DRT buses.

Set a predetermined route of autonomous DRT bus & as p/" C G, = ={¢ ;¢ represents the (4,5) cell }.

pp’* must start with the origin c;; and ends at the destination cfr
Set the real time call demand as h, . h,., is located at the cell c

Set the number of current passengers as h;, buffer time §, =3, and a capacity as p, of the k-th vehicle.

pl® is the sequence of cells over time by the results of reinforcement learning module.
pre
Set p,. =p; .
k r r
G—c.
Search p.” “,p,’ ', where cf], c;; represent the current cell c and the destination cell ¢ j.

k r
CijCij . .
t,” 7 is the travel time between c,l.j and ij.

Lo,
If p, contains ¢;;:

.
If p, > (h,u+h,) and £ <4
When Cz; —cfj,
i _h‘k+h7eal
6 _6 _ (’4’(1

Else:
k r
It p;, > (h,,,+h,) and £ % <6

k r T d
GG G

= Append (pk [0: cf]],pk YU “), where the append function concatenates the sequences.
When ¢ 'Q cf‘j,
hy, =h,+h,eu
8 =8, — 0
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Case 1. If p, contains ¢/}, Case 2. If p, does not contain ¢/,
hrealD
T
.
Pi
h:r'eal
T
ck | hlc t ck Vh,c
pre _ i k| Curren pre i k| Current
P =Pk m demand Py m demand
P Mehicle oy Wehicle
capacity capacity
0 0
et Cij o Cij
If 1) current capacity (p,) does not exceed the (Conditional statement is same as that of case 1))
expected number of passengers (hy, + h,.q;) and If 1) current capacity (p,) does not exceed the
LI ,
2) increased travel time [t;“' ‘) does not exceed expected demand (b + h““‘[‘],::c_j
the buffer time(s,;), 2) increased travel time (£,” ") does not exceed
then we keep the blue route and update the the buffer timel(d,),
number of passengers and buffer time when the then we choose red route and update the red
bus visited real time call cell ¢f;. route, the number of passengers and buffer time

when the bus wisited real time call cell cl;

<Fig. 3> Explanations on the heuristic algorithm about buffer time for passengers and autonomous DRT buses.
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<Fig. 4> Scenario analysis results for averaged road network delays and average speed (Left) and wait time of bus
travelers (Right)
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