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Introduction

v Feeder line: it links between an high capacity mass transit station

and the surrounding area.

Research goals

v Design the feeder bus network (number of lines, routes and their

frequencies) balancing:

= the service coverage in the area (taking into account all main

transit centers)

= the development of services feeding the mass transit system so
improving integration between bus routes and effective transfer

points.




State of the art

Two different approach:

v Single route design problem: Lownes and Machemehl (2010),
Chien and Yang (2010);

v Feeder network design problem (it takes into account a
network of lines and additional decisional components such as
frequency, multimodal feeder, etc.): Verma and Dhingra (2005),
Shrivastava and O’Mahony (2000), Jerby and Ceder (20006),
Mohaymany and Gholami (2010), Bagloee and Ceder (2011).




Problem formulation

v The present work derives from a previous model - Cipriani et al.
(CASPT 2009) — where the mass transit network design has been

dealt with:
" the fixed and elastic demand cases;
= the application to a real size large urban area (city of Rome).
v Main novelties are:
"= the extension of the procedure to solve the feeder bus network
design;
" the use of different solving algorithms (Genetic Algorithm and

Particle Swarm Optimization).




Problem formulation

The formulation derives from a previous model - Cipriani et al. (2000)

(f,f): arg min z(r,f, qt)
Subject to (q:): AlC,(r,f)]

i C e Bus capacity constraints

fi-C
L. <L<L_ Feasibility constraints for route length
fron < fi < Fa Feasibility constraints for bus frequency

Hyperpath approach as user route choice model on transit network




Problem formulation

2(r,f,0;)=2(r.f)+2,(r.f,q)+z(rf,.q;)

z, =W, -[Ckm D LE+C D D Py fiJ Operator costs

iGIi iEIi hkelw'i

z, =W, -C, {Z thhkqhk,i +Z Ztvvhk,iqwhk,i + 0 Zntn + Ztahkqahkj Transit Users costs

iel; hkel; iel;  hkely; nel, hkela

z, =W, -C, - ( p, - D, ) Unsatisfied Demand Penalty

Penalty term included to avoid the banal minimum cost solution:
“zero users and zero service”.




Procedure Framework

v" Main Phases:

1)
2)
3)

)

Basin determination procedure to identify the service areas;
Zone aggregation to select nodes to be served,;

Heuristic Algorithm for the generation of feasible routes set
(HRGA);

Two different sets of feasible routes:
= “TSP” Type;
= “K-shortest path” Type;
Calculation of the sub-optimal set of feasible routes by applying

a Genetic Algorithm (GA) or Particle Swarm Optimization
(PSO) algorithm.



Basin determination procedure

v Determination of the “feeder” demand: part of the transit demand
exceeding maximum allowable walking distance (access/egress

phase not properly served by mass transit network);

v' Mass network station identification: AoN assighment of the

“feeder” demand to identify “major” stations (that have to be fed);

v" Basin determination: for any “majot” station a basin is determined
according to zones walking accessibility; any zone is associated to

the closest “major’” station.




Z.one aggregation procedure

»  Zone aggregation:
= for any basin, zones are listed according to the demand level;
= for the first zone, an influence area 1s considered;

= covered surrounding zones are aggregated and removed

from the list;

= the procedure 1s repeated until the list is empty.




HRGA

Development of a consistent and diversified set of feasible routes using

different criteria of efficiency and effectiveness within any basin

1. TSP routes: Increasing coverage area

* Connect all zones and the “major” station in the area;

* Solving procedure is a GA with replications and constraint

on length;

2. K-SHORTEST routes: Creating direct lines

* “K” shortest paths between any zone and the “major”

station;

* Solving procedure based on Dijkstra algorithm.




GA

v Implementation of GA for the network design:

o  Variables: feasible routes from HRGA;
o Solutions: sub-set of feasible routes;

o Solutions representation: integers number.
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Numerical application
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Numerical application

TSP (15 routes) + K-Shortest (66 routes) = Set of 81 feasible routes
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Numerical application

v

The OF’s weights have been calibrated on two networks (city of
Winnipeg and city of Rome);
Three different ratios between access time weight and transfers

weight have been evaluated;

Results show high sensitivity of solutions with respect to access

time weight;

Additional tests have been carried out in order to identify both the
optimal number of lines of the design network and the size of the

population.

GA parameters: 100 iterations, 50 individuals, 10 design lines;

xover and mutation probabilities: 0.5 and 0.015



Results
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Conclusions

v Development of a solving procedure for the feeder bus

network design problem;
v" Procedure has proved to be robust and effective;

v Design network allows:

m  Maximization of service coverage area and decrease of

unsatisfied transit demand;
= Improvement of effectiveness and etficiency for transit service;

®m  More integration among mass and bus transit networks.




Further developments

> Application on entire current Rome network in
progress for Rome Mobility Agency

» Investigation of different OF formulations
» Adoption of a multi-objective procedure

» Increase computational efficiency using different soving

techniques (PSO)
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