Optimization of a feeder-bus route
design by using a multi-objective

programming approach
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Hintroduction

B Modeling concepts
HEModel formulation
BApplications
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Feeder-bus services at metro

Given
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Achievements in literatures

Analytic
approaches

Network

approaches
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Wirasinghe et al. (1977), Wirasinghe (1980),
Kuah and Perl (1988), Chien and Schonfeld
(1998), Chien and Yang (2000) and Chien et al.
(2001)

Kuah and Perl (1989); extended by Chang and
Chang (1994), Martins and Pato (1998), Kuan
et al. (2004; 2006), Mohaymany and Gholami
(2010) and Sun et al. (2011)

Shrivastava and Dhingra (2001), extended by
Shrivastava and O’Mahony (20065 2007; 2009)
and Song and Liu (2011)




Two issues in network

approaches
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Two issues in network

approaches

h 4
Sort all the available nodes leading to unsatisfied
demands in descending order of their demand
(node with highest demand on the top of the list)

)
Select first node among arranged in decreasing order of
demand

Has last node been

 Developing better algorithms

Yes erted?
Node selection and
vy No insertion strategies = =
' rather than improving models
Eiias ﬁ"‘_“" Find out the route in which selected node has to be
e inserted/attached as per node selection and insertion
strategies and insert/attach the selected node in the
identified route
Select other route
(‘ Is route length within
= specified limit?
\ / \10
I Yes
Insert the node in selected route and delete from
SCHEDULE OPTIMIZATION MODEL
Minimization of distance travelled by Dublin buses (operator cost) and
L—p| transfer time between DART and coordinating feeder public buses (user Existing
A 5 ! ‘ ) I3
cost) with the constraints related to load factor, transfer time, and 2 DART
unsatisfied demand timings

Coordinated schedules of public buses <
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HEDeveloping a feeder-bus route
design model for a metro station
in developed urban areas

HApplying the model to the metro
station G9 in Taichung, Taiwan
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Stakeholders & concerns

HLiterature review

HBField interviews

* Bus route planners in local
governments

* Manager of a major bus company
* Feeder-bus riders
= Car-driver
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Stakeholders

Planners

Bus
passengers

Bus service
providers

Other road
users
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Pre-modeling

Attributes

Service coverage
Service frequency
Travel time
Route connectivity
Sub-tour prevention
Waiting time
Transfer time
Accessibility
Fleet size
Parking space
Road width
Road slop

Route length
Passengers

Traffic impacts

In-modeling

Factors

Service

Cost

Revenue

Externality

Post-modeling



Model framework

Service
Revenue

Objectives

Cost

Model

Externality

Service coverage

Passengers

Accessibility

Travel time

Route length

Traffic impact

Service
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Constraints

Cost

-

Others

Route connectivity

Sub-tour prevention

Route length

Route layout & coverage

Binary integers
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Objectives

H Maximizing
service
coverage

H Minimizing the
maximum route
travel time of
all routes

H Minimizing the
total length of
planned routes
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B Connectivity along a route

—1, lfj = Sp
2ien; Xijn — ien; Xjin =7 O,V €Zp, ] Fsptp (,VhEH
1, 1f] = Tp

ENo sub-tour

EiENj Xijh. <1 Vj#sty, VhEH
ElENj Xﬂ.h < 11 Vj * Sh, tn; VheH
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HLength upper bound of a route

ZijEZh(dinijh) = Dmaxﬁ VheH

HBValue ranges of decision
variables
Xiin €01}, VijeZ,, VheH
Y, €{0,1}, vk
a=0

26 Jul. 2012 13



Uncertain parameters

0 a? (a%), a” :((lm)ﬁ (@), a’ a
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Possibilistic programming

Min (A™ — AP)X

Max AX Max A™MX
st. BX<C Max (A° —A™)X
X >0 E> St (Bm),gX < (Cm)ﬁ

(BP)pX < (CP)g
(B?)pX < (C°)p
X=0
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Min f;_, = Zk[(agl — ak)yk]
Max f;_, = Yx(ai'Yy)
Max f;_5 = Zk[(ak - am)yk]

Min f> = « =1, ifj = sy
. en; X =4{ O, Vj€Zyj*Esyty {,YVhEeH
Min f3 = Erzzijezh(dinijh) ZI&NJ‘ ijh = ZF&N jin = . if{f _ tf; ] hln
’ 1
S.t.

ZiENjXr'.jh <1, Vj#sptyy, YVheEH

ZIENjX'III = 1 Vj s Sho th; VheH
m

o= ZijEZh [( ) th] VheH ZijEZh(d Xijh) < (Drlrlllax)ﬁ: VheH

Ye < X 2ijes, Xijn, Vk

>y ,VheH
o ZUEZh (UU) uh_ ZijEZh(d th) (Dﬂmx) ,VheH

o= ZijEZh _(HIJ)SXUH._ ,VheH ZijEZh(d th) < (Dmax)ﬁr VheH
Xim€{01},Vij€Z,, VhEeH
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study: Taichung City

.-ll.....
" ~
l. ...

Nortn Dstrict
West District of

East District

South District

0 2,200 4,400 8,800

[ eeeee—— MBS

Baitun District

Legend

G10
® G38

® GO
8-km-diameter for G10

i "® % 8-km-diameter for G8

m 8-km-diameter for G9

{ Metro Green Line
B Planned area

[ | City boundary




a2 =
=
o = = =
v = ]
= ) e =
o - =t s
L -] = Y =
7 = = )
= = = &L o
2 = 2 =2<z
.h.u = ” -c 2
[~ ¢ = - s Z
= _ .
= "
& 2 a
G [
)
—

Meters

0
0
T
0
c
03
0
X
=
0
\
S
d

W
1 2] °Sii
1~/
~ [)
4 \j!
10
7]
el
o —
500 1000 2000
[— [ —

Candi




Problem solving approach:

TOPSIS

%

. @ : ' i
Feasible : Compromise
s‘olutions solution
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Model result: 2-route
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Model result: 3-route
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Existing bus routes
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Objective performances

Proposed model results Existing routes
Objective 2-route 3-route 6-route

1, Min 670.470 927.796 474,312
(335.235) (463.898) (79.052)
2. Max 1,235.116 1.698.428 862,728
(617.558) (566.143) (143.788)
3. Max 1,643,149 2,233,307 1.234,986
(821.574) (744.436) (205.831)
4, Min 18.18 16.11 16.37
5. Min 8,666 12,595 30,347
(4.333) (4.198) (5.058)

Note: Values in the brackets are average objective values per route (original value/route number)
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Comparisons

Proposed model results Existing routes B B
Objective 2-route 3-route 6-route . The eXIStI“g rOUtes
1. Min 670,470 927.796 474,312 -
335.235) (463.898) (79.052) = Less service coverage
2. Max 1,235,116 1,698,428 862,728
(617.558) (566.143) (143,788)
3. Max 1,643,149 2.233.307 1,234,986 . Longer route Iength
(821.574) (744,436) (205.831) -
4. Min 18.18 16.11 1637 = Fewer risk of coverage
5. Min 8,666 12,595 30,347 - -
(4.333) (4.198) (5.058) est|mat|on

Note: Values in the brackets are average objective values per route (original value/route number)

H + route number:

= + service coverage

= + coverage estimation risk
- travel time
+ route length

26 Jul. 2012 24



Potential contributions

B The first feeder-bus route
design model that uses the
multi-objective programming
approach

B The model inputs can be
probable ranges that help
planners to handle uncertain
planning conditions
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Further study issues

HBLinear > non-linear

B Single metro station > multiple
metro stations

Bl Routes + stop spacing, fleet size,
bus headway, service capacity
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