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Abstract. In the last years, the sensitive increase of congestion phenomena in the 
urban areas has produced important changes for the role reserved to the public 
transport. This should become the main tool to solve urban transport problem. 
Critical phase for the planning of the public transport system is the network 
design problem (determination of routes and associated frequencies). This step 
may affect the performance of the system for the users and the successive 
planning steps involving the operator costs (bus and driver scheduling). In this 
paper, authors propose a solving procedure for the urban bus network design 
problem that explicitly takes into account the elasticity of the demand. 

1. Introduction 
In literature different approaches are proposed for the solution of the transport design 
problem. The approaches may be classified according to the decision variables (integer, 
continuous and mixed integer) and according to solution algorithms used (analytical or 
heuristic). 

The public transport network design problem is non-convex (Newell [9]) and the best 
and most useful solution methods are based on heuristic procedures. This approach, 
followed throughout the study, concerns the minimization of an objective function (OF), 
including all different possible impacts of transport, but usually is limited to a combination 
of operator and user’s costs. 

In the last years, researchers have tested new approaches based on Artificial Neural 
Networks, Genetic Algorithms (GAs), Simulated Annealing or Tabu Search to solve 
optimization problems.  
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The utilization of powerful and probabilistic optimization techniques as GAs results 
particularly opportune for several specific aspects: the nonlinearity and the nonconvexity of 
the objective functions and the discrete nature of several variables. 

Xiong and Schneider [13] show that GA may efficiently solve transport network design 
problem. Other authors developed GAs applications to solve specific public transport 
network design problems (routing, scheduling, etc.). Pattnaik et al [11] implemented a two 
phases procedure. First, a set of feasible routes is generated and then a GA selects the 
optimum routes set. Also Dhingra et al [5] proposed an application of GAs. The solution 
approach provides a double application of GAs to solve separately, the routing and the 
scheduling problem. Ngamchai and Lovell [10] proposed a solution model based on the use 
of several genetic operators designed for this specific problem. Among the most remarkable 
works on this matter not using GAs, it is possible to mention Mandl [8], Filippi and Gori 
[6], Ceder and Israeli [4] and Baaj and Mahmassani [2]. 

2. Object of the paper 
The proposed procedure introduces a new heuristic for the bus design problem, well suited 
for large urban areas and formulated as an optimization problem (minimization of the 
overall system costs). This procedure represents an evolution of a previous one developed 
by the authors (Fusco et al. [7] and Petrelli [12]) with the introduction of new features and 
the increase of the  possible application’s fields. The design criteria adopted in the model 
are addressed to develop an intensive and not extensive public transport network 
characterized by efficiency, integration among routes and structured with direct routes and 
effective transfer points in order to obtain levels of service competitive with those on 
private transport systems. 

Respect to the procedure previously proposed, the additional features included are: 1) 
the use of an overall demand matrix and 2) the selection of suitable transfer points in the 
solution search process. 

Specifically, the evolution of the original procedure is focused on the insertion of the 
elastic demand in the network design problem. The demand matrix is the basic element of 
all the heuristic procedures proposed in literature for the generation of the network skeleton 
but usually is fixed and simply used as input data. This feature allows to increase the 
usefulness and efficiency of the procedure in the real application. The optimal network 
configuration is based on a continuous relation with variability of the demand. The overall 
demand matrix is used in all the phases and the impact of the designed network in terms of 
modal shift is investigated during the process. The resulting network configuration takes 
explicitly into consideration changes of the modal shift and consequently of the demand 
involved. This new feature allows the generation of a public transport network attractive 
also for the private users because it includes new routes covering desire lines not previously 
satisfied.  

The resulting level of coordination among routes is increased because suitable transfer 
points are selected. In fact, transfer points are explicitly included in the OF becoming one 
of the measure used by the GA for the definition of the optimal network configuration. This 
new feature should produce additional benefits allowing a reduction of the disutility 
produced by the transfers. Further benefits should be related to the presence of ITS 
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technologies, applications that are increasing in number across all the world, in particular 
bus priority systems and user information services (on-trip and on-board). 

3. The procedure 
The optimization problem is defined by an OF where resources and impacts related to 
different actors (operator and overall users) are measured. The proposed formulation 
considers: total bus travel distance and total bus travel time defining the variable operator 
costs; the users disutility determined by in-vehicle travel time, waiting time and the transfer 
penalty. 

The procedure outputs are the bus routes, the frequency and the suitable vehicle size for 
every bus route. The input data are the overall (private and public transport) O/D matrix 
demand, the road network characteristics, the operating and users unit costs. The solution 
must satisfy a set of constraints related to the level of service offered, the percentage of 
demand satisfied and the configuration of routes and frequency for the lines. Route 
terminals are not defined as input data but are determined by the model. 

The basic framework of the procedure is established in the following three phases: 
1) In the first phase, the model generates three different and complementary sets of 

feasible routes. The aim is to develop a consistent, diversified and exhaustive set of routes 
built with efficiency according to different criteria. First set (A-type routes) is composed by 
the shortest paths between the node pairs with demand trips larger than a given minimum 
value. The second feasible set (B-type routes) is generated with the aim to develop routes of 
a hierarchical network composed by main and feeder lines. For the route generation, the 
overall (public and private) demand matrix is used. 

The third set (C-type route) is made up by the routes of the existing transit network. 
The obtained feasible routes set, representing the input data for the GA, should be 

useful and large, that is to say composed by good, rational and really suitable paths. At the 
end of the routes generation, all the routes generated and the existing network routes (C-
type routes) are checked to avoid significant overlap and route length not allowable. 

2) In the second phase, a genetic algorithm is used to find the optimal network 
configuration identifying a sub-set of feasible routes and the associated frequencies and 
vehicle sizes. The set of feasible routes generated by the first phase represents the input 
data for the GA. These routes are identified by their route code and represent the algorithm 
variables. The representation scheme adopted is a float representation. The GA of this 
study, implemented in EMME/2, uses standard genetic operators for a predefined number 
of iterations. The solution search requires several applications of GA changing the size of 
route set (number of variables) between a minimum and a maximum route network size. 

The fitness function utilized is composed by 3 terms: the OF and 2 terms representing 
penalties associated to respectively the unsatisfied demand matrix components and the 
routes level of coordination at the selected transfer points. The first term permits to 
explicitly consider, in the algorithm, the constraint of the minimum percentage of demand 
to be satisfied. The second one introduces the coordination between lines for the optimal 
solution search, assigning additional penalties related to the number of transfer points and 
the number of lines passing through these points. The assessment of OF value is made by 
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an iterative heuristic procedure involving the assignment and bus vehicle size and 
frequency setting. 

For each iteration of the algorithm, an assessment of the modal shift is made and, if 
significant changes are observed, the demand matrix used for the OF evaluation, is 
adjusted. 

3) the last phase realizes a final improvement of the network configuration. Suitable 
routes modifications are examined at network level by analyzing the variation of the OF 
value. For each line selected by GA, the impact of the following actions is verified: a) route 
extension; b) route shortening; c) route expansion including other bordering nodes to the 
original path. 

4. Application 
Finally, the procedure is applied to the case study network, used by other studies ([1], 
[5],[8]), in order to show the performance results and to compare the results obtained. The 
model is also applied to a real size network to evaluate the procedure validity in a real 
context. Sensitivity analyses are implemented to understand the impact and the 
effectiveness of the additional features introduced in the model with respect to its original 
version. Further attention are reserved to the analysis of OF components, fitness function 
penalties and parameters used by model to provide an effective GA. 
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