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Outline 

Introduction 

Modeling concepts 

Model formulation 

Applications 
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Feeder-bus services at metro 

stations 



Achievements in literatures 
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Analytic 

approaches 

Wirasinghe et al. (1977), Wirasinghe (1980), 

Kuah and Perl (1988), Chien and Schonfeld 

(1998), Chien and Yang (2000) and Chien et al. 

(2001) 

Network 

approaches 

FBNDP 

HFRGA 

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 (2006; 2007; 2009) 

and Song and Liu (2011) 



Two issues in network 

approaches 
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• Single objective: 

   Concerns of stakeholders  

   were incompletely addressed 



Two issues in network 

approaches 
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• Developing better algorithms 

   rather than improving models 



Purposes 
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Developing a feeder-bus route 

design model for a metro station 

in developed urban areas 

Applying the model to the metro 

station G9 in Taichung, Taiwan 



Stakeholders & concerns 

Literature review 

Field interviews 

 Bus route planners in local 

governments 

 Manager of a major bus company 

 Feeder-bus riders 

 Car-driver 
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Planners 

Bus 

passengers 

Other road 

users 

Service coverage 

Service frequency 

Travel time 

Transfer time 

Accessibility 

Fleet size 

Parking space 

Route length 

Passengers 

Traffic impacts 

Service 

Revenue 

Externality 

Stakeholders Attributes Factors 

Waiting time Cost 

In-modeling Post-modeling Pre-modeling 

Bus service 

providers 

Route connectivity 

Sub-tour prevention 

Road width 

Road slop 



Model framework 
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Service coverage 

Passengers Service 

Revenue 
Accessibility 

Service 

Cost 

Route connectivity 

Travel time 

Sub-tour prevention 

Cost Route length 

Route length 

Objectives 

Model 

Constraints 

Externality 

Others 

Binary integers 

Route layout & coverage 

Traffic impact 



Objectives 

Maximizing 

service 

coverage 
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Minimizing the 

maximum route 

travel time of 

all routes 

Minimizing the 

total length of 

planned routes 



Constraints 

Connectivity along a route 
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No sub-tour 



Constraints 

Length upper bound of a route 
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Value ranges of decision 

variables 



Uncertain parameters 
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Possibilistic programming 
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Fuzzy model 
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Case study: Taichung City 
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Candidate links & nodes 



Problem solving approach: 

TOPSIS 
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Max f2 

Q 

P 

PIS 

NIS 

Feasible 

solutions 

Compromise 

solution 
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Model result: 2-route 
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Model result: 3-route 
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Existing bus routes 



Objective performances 
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Comparisons 

 + route number: 

 + service coverage 

 + coverage estimation risk 

 - travel time 

 + route length 
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 The existing routes 

 Less service coverage 

 Longer route length 

 Fewer risk of coverage 

estimation 



Potential contributions 

The first feeder-bus route 

design model that uses the 

multi-objective programming 

approach 
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The model inputs can be 

probable ranges that help 

planners to handle uncertain 

planning conditions 



Further study issues 

Linear  >  non-linear  
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Single metro station > multiple 

metro stations 

Routes  + stop spacing, fleet size, 

bus headway, service capacity 


