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ABSTRACT

The Demand Responsive Transit (DRT) system is the flexible public transport service that
determines the route and schedule of the service vehicles according to users’ requests. With
increasing importance of public transport systems in urban areas, the development of stable and fast
routing algorithms for DRT has become the goal of many researches over the past decades. In this
study, a new heuristic method is proposed to generate fast and efficient routes for multiple vehicles
using demand clustering and destination demand priority searching method considering the imbalance
of users’ origin and destination demands. The proposed algorithm is tested in various demand
distribution scenarios including random, concentration and directed cases. The result shows that the
proposed method reduce the drop of service ratio due to an increase in demand density and save
computation time compared to other algorithms. In addition, compared to other clustering-based
algorithms, the walking cost of the passengers is significantly reduced, but the detour time and
in-vehicle travel time of the passenger is increased due to the detour burden.

Key words : Clustering, Demand responsive transit, Vehicle routing problem, Heuristic method
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£289Y gEuBAAE Agate] agol met AR} 2AES AYsE WFLE Anl 2otk w2
U 713 59 712 EnE A2de AR vgoE g $A5S % T 7] el agely &
7 A, ARG 2AZ0 LA Q7] W] 48R} ol gaty] UG 5 Yk whE @9}
2o ehe Abgate] 24 wet Aulzg AFshel WAL Al v go] JUHOR Fe wiol
Atk olol met A AF e W Aul sk FEH BN ABlz AololA] 1 &3} Bl PG T FEA

2 5t 52599 BFLE Axgd o walo] Fobdx ik
AIA B ITAN £23RY ATRE A2dS AT A2GA d2ei3ol Aen o Ole

%7115& 7(4{3]]2] ;g;‘q.;(]x% o7 Uo]. /(-]1;1 /\
S PHE AR 5o PGS BH AT TN Aok A% WEND dAAAY MEE B A
she el wel BUaw $RFI} AU AFEFS S0 B
2 % glol, 0|8 ;eiF FZYA ol Bas
EL 2 Hlgo] gom AL Ert vlwa wE 7S ST 2HY Wl
g daEe AL 2N FRERE Heus A= 5 AFHEH
2ol tig o224 wi7AES Asty, 3B AE B dAFodA Adste 71Ed FH=ET 7N A
B

T & el Agich 4daAds Atd THES] oS 1 B Hlwstal, vpA o2 55 A

. o1& W7

1. TSHEHE HSuSHA

TESHE wT ANzFe] 7P 718411 FEl= 1960 Aol YERd Q13 %LOH 1€ $1% Dial-a-ride ]
HI 22 AJZFE| T} (Psaraftis, 1980). ©]F & H FQol= AR2E AFer] Y Moz A 9 g3
HoH, tFstA fAE g el SAsA HAE FoSHY nF A2Ee EF JEHe Y 3§
Bol £ £8 5 AZ3}= Feeder-DRT (Cortés et al., 2002; Pages et al., 2006; Quadrifoglio et al., 2007), A%
Aod AR o] Hxo| HiFo] 5-85E Mobility Allowance Shuttle Transit (MAST) (Pages et al., 2006;
Quadrifoglio et al., 2007) &°] Atk HEH F23HY WF Alxdlo] X & EAE <Table 1>7 2o] 7t
23] Aelshainh
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<Table 1> Demand Responsive Transit system

DRT system Description Reference

Door-to-door paratransit service with

Traditional dial-a-ride DRT .
request rides by telephone

Cervero, 1997

Cortés et al., 2002;

Feeder DRT Connection of local area and hub Pages et al., 2006;
Quadrifoglio et al., 2007
Mobility Allowance Shuttle Transit DRT that allowed to deviate from the Pages etal., 2006;
(MAST) predefined fixed route Quadrifoglio et al., 2007
ol F2eHE HenF AT wel g FEAGI o] a7} AL A Z2 lz«l s
ANzdo]l E&H o AFHA & Ad9e Hdl AUHJ2H (Cervero, 1997), =419 WE 3} H3H4
S7IE &l 7129 dFas Az"ol EA HEYIE &40 777t offdlen, in &4
o] 54 HIZA Favt T wEtA Bo A& Jhsdta 829 58 fa Bsta 52
T2E TE8Y T U 1T AzHe] Bodo] FHHEU. oH T 7é. Ax F54 Aoz 25 Adst
T FoeHE HEus A=Ee AeFd Ve 2ed I, sEolv w9 ¥ oklg =4 A9 tiF
e B 4 U= (Alonso-Gonzalez et al., 2018; Ullah, 2016) AHE THOR Y7 AT =
Al Aol A o] A=El2: FaE Zhe] A4, oRxHAZEe] W MM, tiealE 1zt v Ed A 5
o 4oz &&d 5 vk & 7oA AAE —’FPLSD”S" HEnF AT =4 AHoA H3sH
Walets ool h-&dl f54% A2 LPste], B n% Fao] U &7 &S EUI FA o
TUE AFEFY] A4S Bole AL FHo=E Gk

m&

stz 9jef oFg 18 7k

?ﬁ%%ﬁé HEsus Az=olA ARz AlE 27 FE2E AS e
L o A AR PPE ATE 1 F
o =

=
5 AgEolgtt ke S Be B
[e)

2 714 H A s} %}131%01 /\P%El ATt Saberi and VerbaS(2012)% ojibst et Wi HASE HHOE S
+ Continuous approximation 7]8¥Fe] el Awksle] Ht) 50%7H4 WMEHS 44T 4 JSS EYh Yan
et al.2013)2 Aul2 AFAe] ¥]E&-S HA48}E7] 98] Simulated Annealing ¢312]%& 3} Monte Carlo Al &
oS 83 Fol~E WHES /LSt Martinez et al.2015)= WY HUstE 3 8 15
3} 9 Mixed integer programming < AFE-3F 2dlS 7JEkEld A, Yu et al.(2015) & tabu 1 ES &&
3 29 nlgF F3Y AHE HadEHE FEEA S AT Hao et al.(2018)3 Ma et al.(2018)
F XIOS N7 H43817] 98] Tabu $a1e]E3 Artificial Bee Colony €252 283 72 S
N3t} Czioska et al.(2019)= AM&x} FAX MO Qo] FE3IPLH, 99 7|E2HS Fe~HYs)
of olgate] JAAH S Pt o5 AAste AEE HHsEte AEZHA WES AdsHATh
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<Table 2> Research on routing algorithm for DRT

Reference ( Sm;;:/hlililliiple) Demand distribution Applied method Objective

Saberi and L. emission minimization (transform of

Verbas(2012) Muld-vehicle One-to-many CA model fime-dependent model)
Yan et al.(2013) Multi-vehicle Many-to-many Heuristic solution cost minimization of operator
Martinez et al. Lo Clustering and MIP maximize total demand and

(2015) Muld-vehicle Many-to-many model optimization operational profit
Yu et al.2015) Multi-vehicle Many-to-many Bi-level op.tnmzatlon cost mmmgzzimc.)n / travel time
model with tabu minimization
Single Tabu Search-Artificial

Hao et al.(2018) Many-to-many delay minimization

Bee Colony Algorithm

Aartificial bee
Ma et al.(2018) Multi-vehicle Many-to-many colony-shuffled frog
algorithm

— multi vehicle

total delay and number of stops
minimization

Clustering and

Czioska et al. trade-off between the “service level

Multi-vehicle Many-to-many neighborhood search » .
(2019) algorithm cost” and the operating cost
Czioska et al. (2019)¢} Zo] ERFAH R AMES F=a8] Anlxdhes P AFe AAANH &5 =
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°oji $-3olE TFske] T MuIA A EY g Aths AHo] ok B3, AR AA =2
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of 88 253 & & 3, A9 AT A9 &2 AJAABHEY ES WA= 3% Sl o
AHEE 28317] 1kl Martinez-Salazar et al.2014)& MEH A Tz =EE F

Sk AL, Stiglic et al. 2015)= WIEH A G mix8 HAAAHEE F
Aohe WS AMESH O M, Goel et al(2016)2 F8 2 W29 dRE
A3 s A2 e AN e T
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1. Initial Routing 2. Route Improvement 3. Trip Insertion
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.

<Fig. 1> Overview of the routing algorithm
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<Fig. 2> Clustering process
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<Fig. 3> Route improvement process
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<Table 3> Evaluation indicator
Indicator Definition

Service ratio

Ratio of the number of trips that the service is completed to the total number of trip generated

Average walking time

Average time to walk to and from the point of demand and vehicle stop

Average detour time

Time difference between directed trip and served trip by vehicle routing algorithm

Total transport distance ratio

Ratio of total distance driven with passengers to the total vehicle travel distance
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<Table 4> Demand Scenarios Information
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<Fig. 6> Comparison of results according to demand scenarios
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