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Abstract. This paper proposes a benchmark for the bus stops spacing
problem based on real-data and agent based simulation. An instance of
the benchmark is created using a standard pipeline in order to have a
reproducible scenario that can be adapted to other cities. The pipeline
is based on the MATSim simulator and related tools. As an example,
we show the details of the pipeline for the city of Calais from open
source row data to the computation of an objective function to optimize.
The potential of such approach in terms of fair optimization algorithms
comparison is discussed, and the code used to design our benchmark
instance is also shared with the goal to later generalize it.

Keywords: benchmark, bus stops spacing, simulation, real-world prob-
lem, combinatorial optimization

1 Introduction

Mobility problems in a city are one of the major target issue to face the climate
change. The long term goal of our work is to participate in the development of
the cities of tomorrow by focusing on the implementation of innovative mobility
solutions for different mobility problems such as car sharing system [1, 2], public
transportation management [3], multi-modality transportation system [4], etc.
A number of new systems or new optimization algorithms are proposed to solve
these mobility problems in a city. However, due to the complexity of designing
a relevant mobility scenario for a city, the difficulty of having similar real-world
data across different cities in the world and the high level of complexity of agent
based simulation themselves (see SUMO [5], MATSim [6], etc.), it is difficult
to compare systems and optimization algorithms in a fair way. Moreover, the
reproducibility of a mobility scenario is one of the main issues for logistic and
related mobility problems [4].

This paper is part of the process of proposing reproducible and standard
benchmark scenarios for mobility problems. The work is based on previous effort
in that direction. Indeed, from the agent based simulator MATSim [6] and the
pipeline Eqasim [7] which create mobility scenario from available real-world data,
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we propose an additional tool for this original pipeline to create a scenario of the
bus stops spacing problem [8, 9]. As an example, we propose a case study of the
bus stops spacing problem in the city of Calais following the work of Leprétre
et al. [10]. Whereas the previous work is based on fully artificial scenarios of
mobility, we propose a reproducible pipeline to design a mobility scenario based
on real-world data. As a drawback, the computation time of the simulation is
increased.

This paper will cover the following topics. The section 2 introduces the com-
ponents of the original pipeline from the previous works and presents the bus
stops spacing problem. Section 3 describes our current pipeline of simulation
using MATSim and Eqasim. Section 4 shows the potential of the scenario from
preliminary experiments, and shares on the web a code and data for our instance
of the bus stops spacing problem in the city of Calais. Finally, last section con-
cludes the paper and presents our future work directions.

2 Related Work

2.1 Real-World Based Simulation

MATSim [6] is an open-source framework used to create agent-based transport
simulations. With its agent-based approach, MATSim tends to reproduce how
individuals make travel decisions and interact within a transportation network
based on their habits and constraints. MATSim is composed of several modules
which can be combined. One important feature of MATSim is the re-planning
module which allow to compute the travelling path of each agent. Each agent has
a score according to the modality of mobility (car, public transportation, bike,
etc.) and the duration of the travel. Then, the re-planning module maximizes
iteratively the score of each agent using an evolutionary algorithm until a stable
travel plan is found. In that way, MATSim is able to simulate the traffic flow
according to the transport scenario.

Eqasim [7] is a pipeline used to obtain a synthetic population from open-
source public data. This synthetic population can then be used in a MATSim
simulation to depict a real-world mobility scenario. The main goal of the Eqasim
pipeline is to provide the reproducibility of an agent-based simulation using a
standard way to design synthetic travel demand and transport supply from ac-
cessible data. Eqasim uses multiple sources to generate a population, typically in-
cluding socio-demographic data, population counts, travel surveys, public trans-
portation information, geographic data, and more. The workflow of Eqasim is
shown in Figure 1. Briefly, the three main steps of the pipeline are the following

— Population, activities and their locations are generated by processing the
gathered data

— The travel demand is converted to a desired simulator (i.e. MATSim) input
format

— Run the mobility simulation
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The first step is also structured in 5 parts: sociodemographic information,
and residence locations of households generation; income information addition
to each household; activity chains attachment to the synthetic persons; places
of work and education assignment; choice of locations of all other activities in
the persons’ activity chains. While running the simulation in the last step of the
pipeline, Eqasim also replaces the usual scoring method of MATSim used for the
re-planning stage by its own discrete mode choice model. By taking into account
such large amount of data from the real world, the simulation obtained is quite
close to depict a real-world scenario, and have been used successfully in different
mobility simulations [11, 12, 13].

Continuous improvement
Integrated testing

Raw data Population Pipeline Converter
- Census - Sociodemographics - MATSim Simulation
-HTS MDblIlty behaviour SUMO & Analysis

. Reproducible
Open data » research
Open source
. - - Reliable
Proprietary data > output

Fig. 1. Eqasim pipeline. Picture from the original article [7].

2.2 Bus Stops Spacing Problem

The bus stops spacing problem is a well-known problem in the literature that has
been treated in multiple ways. This problem aims to position the bus stops of
the public transportation system in order to optimize different possible criteria
such as passengers travel time, economic costs or environmental impact [10, 8,
9, 14, 15].

Different approaches exist to solve this problem. One approach is based on
the population density and the walking distance to the closest bus stop. In this
approach, the authors propose to search the position of stops by dividing the road
network in different areas. They combine game theory and, respectively, models
based on Thiessen polygons [8] and Voronoi diagrams [9] to solve the problem.
Notice that these methods are based on static properties of areas (e.g. popula-
tion density in given area) to search for the best bus stop locations, and not on a
simulation that takes into account the possible interactions between individuals
choices of travel plan. In [14], the authors propose a static model to compute the
optimum bus stops spacing that takes into account multiple constraints (from
basic physics applied to the bus such as velocity or acceleration/deceleration to
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operating costs). Another approach uses a bi-level optimization method where
the bus routes are divided into links of the same distance, that represent poten-
tial bus stops locations, with the objective of minimizing the social cost of the
overall transport system [15]. Here again this work is not based on a agent-based
simulation.

On the contrary in [10], an agent-based simulation is used to compute the
global quality of the bus stops locations. From an artificial scenario of mobility
plan called STALAC [16], which can tune the size of the population and activities
clusters, the bus stops problem is set in order to minimize travel time of passen-
gers. Given the position of bus stops, the computation time of a single simulation
is around 1 minute. So, the authors propose a surrogate assisted optimization
approach to optimize the objective given in a STALAC scenario.

3 Bus stop spacing problem model

In this work, following the work of Leprétre et al. [10], a simulation-based opti-
mization approach is used. The simulation engine is the agent-based simulator
MATSim (see Section 2.1). We define all possible locations for bus stops. The
optimization problem is then a pseudo-boolean optimization problem. A binary
vector represents the bus stop locations: each stop location is associated with a
binary variable. When the binary value is equal to one the bus stop is active, and
the potential bus stop is not used when the binary value is zero. The objective
function to minimize is the average travel time of bus passengers.

One main goal of the work is to provide a pipeline able to create a mo-
bility scenario based on real-world data and allows the reproductibility of the
optimization process. We use the Eqasim pipeline to create the synthetic popu-
lation depicting a real-world scenario of the city of Calais, France, following the
indications of [17]. We gathered data from the following sources:

— Institut national de la statistique et des études économiques (INSEE), France
: socio-demographic census; origin-destination trips for professional and school
activities; population totals; income tax data; service and facility census;
zoning registry,

— Ministry of Ecology (France): national household travel survey,

— Institut géographique national (IGN), France: IRIS zoning system; buildings
database,

— Open Street Map (OSM): road network,

— Zenbus: GTFS for bus in Calais

This exact data set in fact produces a scenario for the whole region of Hauts-
de-France, but Eqasim provides tools to restrict a scenario to a certain area,
allowing us to restrict our scenario to the city of Calais and its surroundings up
to 50 kilometers away as shown in Fig. 2. We obtain a simulation representing
a day of traffic with approximately 240,000 trips for 13,500 agents. About 10%
of trips are done by travelling using public transport.
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Fig. 2. Bus stops in Calais, France, and its surroundings.

For the bus stops spacing problem, an additional step is added prior the
eqasim pipeline. Indeed, according to the active bus stops, the time schedule of
each bus must be modified. The configuration files, i.e. GTFS files, used by the
Eqasim pipeline need to be updated by following this proces:

— All stops marked as 0 in the binary string are deleted from the files.

— The bus schedule is updated using the Manhattan distance between every
pair of consecutive stops (i.e. the distance between stops using the road) and
a speed of bm/s.

To speed up the process, all Manhattan distances between each pair of stops
were calculated once in python', and saved in a matrix that is read to update
the bus schedule according to the set of bus stops used. The whole pipeline to
reproduce the simulation part of our work on the bus stops problem in the city
of Calais is available to git repository at the following URL: https://gitlab.com/
vvendi/eqasimoptim. The repository also gives the different sources for the data
that can be modified to generate another scenario.

4 Experimental Setup

This section gives the precise first scenario of the bus stop spacing problem for
the city of Calais in France. Using the same pipeline, it is possible to adapt this
scenario to another city.

! using https://github.com/nathanrooy /taxicab
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As mentioned in section 3, we consider this problem as a pseudo-boolean
problem where the goal is to find the best combination of bus stops locations to
keep to minimize passenger average travel time using bus. To keep this problem
at a practicable dimension, we chose to focus only on the bus line n°2 in Calais,
containing 76 stops. We later arbitrarily created and added 32 additional bus
stops to the existing route to create potential alternatives to existing stops for
a total of 108 bus stops. The whole set of bus stops in the bus line n°2 is shown
in figure 3. Some of these stops perfectly fit the initial route of the bus while
some change the path and create detours. The reason behind these ”out of the
route” stops is to add heterogeneous choices that the later algorithm will have to
detect and not pick in the final set of bus stops. Our problem search space is thus
{0,1}198 (76 existing stops + 32 additional ones) and the evaluation function
to minimize is the average travel time using bus expressed in seconds. Notice
that this pseudo-boolean black-box is large compare to black-box problems in
the literature for which the dimension is below 50 binary variables [18, 19, 20].

An example of the simulation & optimization process is described in Algo-
rithm 1. Notice that the optimization algorithm used in line 4 is not given as
the goal of this work is to provide the reproducible optimization scenario. Run-
ning the Eqasim pipeline, and running the simulator MATSim in lines 6, and 8
are the computational expensive parts of the process. The computation time is
approximately 30 minutes on AMD Ryzen 5 4600H 6 Cores, 12 Threads, 3 GHz
(turbo 3.9 GHz). The computation time is much larger than the artificial sce-
nario of the STALAC benchmark [21] where the computation time was at most
1 minute for the same number of agents, but our scenario is based on raw data
and re-planning module of MATSim.

Although we have not conducted experimental analysis of optimization algo-
rithms for this scenario, we evaluate the relevance of our scenario by evaluating
random solutions, i.e. random selection of bus stops: each bus stop has a proba-
bility of 0.5 to be open. The distribution of objective value, i.e. the average travel
time, of 1000 random solutions is shown in Fig. 4. On average, the travel time
is 2746.26 seconds, and the standard deviation is 12.48. The minimum travel
time is 2713.10 which shows the potential improvement for future optimization
algorithms.

Algorithm 1 Simulation & Optimization Process

1: Dgqu < Gather open-source data

2: x* < Best known solution, initially @

3: repeat

4:  x < Solution, i.e. the set of bus stops to keep, selected by an opt. algorithm
5 D + Edit the GTFS files from D, according to x
6:  Sppdec < Run the Eqasim pipeline to create the population according to D
7: Scalais < Cut the scenario to restrict it to the city of Calais
8.
9
0:

f(x) + Run the MATSim simulation on the scenario Scaiais
¥z if f(z) < f(z¥)

10: until time limit
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Fig. 3. Bus stops: in yellow stops 1-56, in red stops 57-108.

5 Conclusion and Future Work

In this paper, we propose a pipeline for reproducible scenario of mobility problem
aiming to solve bus stops spacing problems. As an example, we show a usage
of the pipeline to create an instance of the bus stops spacing problem using
the city of Calais as a play-field. The MATSim simulator with Eqasim pipeline
based on real-world available open source data ensures the reproducibility. In this
work, the model of the bus stops spacing problem is a black-box pseudo-boolean
problem where the goal is to find the best combination of bus stops to keep to
minimize the average travel time using bus. So, we add to the initial pipeline
the automatic modification of the bus schedule. This scenario is available on a
git repository. At a first step, with random solutions, we show the relevance of
this scenario to test future optimization algorithms for this expensive evaluation
function.

Future work will propose to analyze the performance of existing optimization
algorithms in a fair way by using this large scale black-box problem and to
design dedicated optimization algorithms for the City of Calais or larger cities.
Another step will consist of adding new evaluation criteria such as the number of
passengers per mode and pollutant emissions [22, 23]. By doing so, the problem
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Fig. 4. Objective values, i.e. average travel time in second, distribution of 1000 random
solutions.

of bus spacing will become multi-objective, and methods will need to be adapted

to solve it.
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