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Contexte scientifique et universitaire (1/3)
De la dynamique des Signaux...

• Rythme cardiaque
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Contexte scientifique et universitaire (2/3)
...à celles des réseaux

• Réseaux, graphes :
- contact ?
- dynamique ?

• Systèmes complexes :
- comportement individuel simple,
- comportement dynamique collectif compliqué.
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Contexte scientifique et universitaire (3/3)
Enjeux scientifiques conceptuels et pratiques

• Définitions ?
- Qu’est ce que la dynamique d’un réseaux ?
- Comment la mesure-t-on ?

• Difficultés ?
- nature hétérogène de l’information,
- grande dimension, grande masse de données,
- propriétés (statistiques) non standards (non-stationarité,

dépendance, structures spatio-temporelles),
• Interdisciplinarité !

- physique, mathématique, statistique, informatique,
- économie, cartographie, géographie, sociologie.

• Corpus de données ? design ad hoc d’expériences
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Contexte lyonnais

• Vélo’v : un système/réseau dynamique et complexe
- naturel ? non contrôlé
- grand (340 stations, 3000 vélovs, 20000 utilisateurs)
- petit (périmètre contrôlé, données locales accessibles)
- original et pionnier

• Lyon Ville Experte
- Grand Lyon,
- JCDecaux,
- Université de Lyon
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Chronologie

- Contacts intra-Université de Lyon : été 2007
- Contacts ENSL JCD GL : automne 2007-janvier 2008
- Réunion de lancement : janvier 2008
- Accord de Confidentialité : printemps 2008
- Données disponibles : fin printemps 2008
- Soutien universitaire (IXXI) : été 2008
- Labelisation projet de la nouvelle ENSLyon : janvier 2010
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Partenaires

• JCDecaux :
- A. Darbon→ N. Stoyan

• Grand Lyon
- G. Fourt, L. Martin, K. Slimani

• Université de Lyon :
- ENSL/CNRS :

SISYPHE : P. Abry, P. Borgnat, P. Flandrin,
IXXI : P. Jensen, J.-B. Rouquier, E. Fleury,
Biogéophile : L. Merchez,

- INSA/CNRS (Turing LIRIS) : J.-F. Boulicaut, L. Cerf, C.
Robardet,

- ULyon II (Modélisation, LET) : A. Bonnafous, F. Marchal,
T.-Y Ma, A. Mercier

- ENSSIB (Réseaux, Savoirs, Territoires) : E. Guichard
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Réunion 14/01/2008
• Description/visualisation du système :

- cartographie, statique, dynamique,
- enquêtes

• Questions opérationnelles :
- optimisation de maintenance,
- régulation,
- motifs de fonctionnement,
- prévisions (remplissage de station, nombres de vélo’v),
- impact de certains ré-aménagements (stations

périphériques, ré-allocation de bornettes entre station),
- impact d’une nouvelle station, localisation ?
- impact d’un événement (panne, grève, . . . ),

• Évaluation :
- qualité de service ? mesurée et définie comment ?
- performances ? mesurées et définie comment ?,
- disponibilité des vélo’v, des stations ?
- performances moyennes versus prévisions de Peak Hours,
- coûts ? impact de vélo’v sur l’économie des transports

lyonnais ?Projet Vélo’V : Présentation - Grand Lyon - 9 mars 2010 8 / 14
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Programme et objectifs de cette réunion
interactions/perspectives

• Données VÉLO’V et mobilité urbaine
• Présentation des travaux effectués, en cours et envisagés :

- prévisions du nombre de locations horaires et groupes
spatiaux de stations,

- extraction de motifs d’usages de Vélo’v,
- influence des rythmes urbains sur l’usage des Velo’v :

applications cartographiques au 7eme Arrdt,
- données socio-économiques et flux de Vélo’v.

⇒ Discussions, échanges !
• Evolution et perspectives ? Dépôt d’un projet PREDIT
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Nature des données

• Base de données :
- tous les mouvements de Vélo’v

du 5 mai 2005 au 12 décembre 2007,
- 13 millions de lignes

• Structure :
- dates départ, arrivée,
- station départ, arrivée,
- distance parcourue,
- code : régulier, maintenance

• en complément :
- nombre d’abonnés longue durée,
- calendrier (vacances, grève, jours fériés, pannes),
- météo (température, pluie, vent).
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Description élémentaire

• Déploiement :
- 340 stations, 3000 vélo’vs, 20000 abonnés
- localisation des stations, carte des stations

• Statistique descriptive :
- durée des trajets, graphe

- longueur des trajets, graphe

- vitesses, graphe

- non-stationarités, graphe
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Perspectives (1/3)
Perspectives scientifiques

• Données socio-écomiques :
- recensements INSEE 1999-2005 (IRIS-ÎLOTS),

démographie (classe d’âge, pop. active, ménages,. . . )
économie (revenus, emplois, commerce, infrastructure,. . . )
sociologie (pratique transports, équipements,. . . )

- Mise en relation : flux de vélo’vs / données socio-éco.
structure de covariance (ACP)
prévisions sous contraintes de parcimonie

• Usages de Vélo’V :
- réalisations d’enquêtes, logiques de réseaux
- logique de réseaux, inter-, pluri-modalité,
- facteurs individuels et sociologiques,

• Représentations et cartographie :
- comment représenter le système ?
- réseau réelle/représentation virtuelle ?
- représentation dépendantes du temps ?
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Perspectives (2/3)
Organisations

• Interactions ?
- interlocuteur JCD ?
- interlocuteur GrandLyon ?

• Données ?
- Lyon 2008-2009 ?
- Une autre ville (européenne) ?

• Financement ?⇒ PREDIT
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Perspectives (3/3)
PREDIT

• PREDIT :
- financement du ministère de l’écologie, du développement

durable et des transports,
- intitulé : Mobilité dans les régions urbaines,
- dépôt : 6 avril 2010, durée envisagée : 3 ans ?

• Programme scientifique :
- Vélo’V dans la mobilité quotidienne / Enquêtes
- Vélo’V comme système : approche à l’échelle de la ville
- Vélo’V comme pouls de la ville : Motifs d’usage
- Sim Vélo’V : simulation, modèle d’agent

• Financement :
- Post-Doc (24 mois ?)

• Partenaires :
- universitaires (ENSL (SISYPHE, IXXI, Biogéophile),

INSALyon (LIRIS), ULyon II (LET))
- participation de JCD et Grand Lyon
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Localisation des stations

Back
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Durée des trajetsIEEE THEMES, VOL. XX, NO. XX, XX 200X 4
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Fig. 2. Temporal features of Vélo’v. (a) Rental duration distribution (in %). (b) The same in log-log axis (dashed red lines

point on the interval [26, 34] min.) (c) Image of a typical week (16 Sept. 2007 is a Saturday), at different ∆; for the clarity,

when data is aggregated at 2 hours and one day, we divided the amplitude to renormalize it as the number of rental per hour

(yet estimated on aggregation on ∆).

pansion. The Vélo’v system opens officially on May 19th, 2005 and stations and bicycles have been

introduced continuously during the take off and lifetime of the system. Fig. 1 (a) depicts the capacity of

the system (station and bicycles being open/equipped regularly between May 2005 and October 2005).

After this period, deployment reaches a plateau (October 2005 to May 2006) before a new phase of

expansion that ends in January 2008 where the total current number of installed stations was reached

(340 stations). It relates to the increase over the lifetime of the number of year-long subscribed users

(displayed also on Fig. 1 (a)). Note however that bicycles can also be used without subscription, with

short-term registration cards bought on spot.

Before turning to a more detailed analysis of the data, let us comment on some of the properties of the

system. Fig 1 (b) displays a map of Lyon, showing the present deployment of the Vélo’v stations in the

city, and a Voronoi diagram [9] around the stations. It gives an idea of the variation of the density, higher

near city center and major axis of transportations, yet putting almost any point of the city no further than

300 m from a station. However, the stations differs both in neighborhood and number of stands, so that

an inhomogeneity in their use is expected. The Vélo’v movements can then be seen as a dynamic process

over the network that connects all stations. An analysis of the dynamics of this network will provide

spatial patterns of the Vélo’v activity. Then, Fig. 1 (c) shows the number of rentals per hour, aggregated

by hours, days and weeks, for the whole network. As studied and modeled later on, main characteristics

of the load of this system are the nonstationary evolution of the use of Vélo’v (its increase), combined

with a cyclostationary pattern over the week.

October 15, 2009 DRAFT

Back
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Distance des trajets
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Fig. 4. Individual characteristics of trips with Vélo’v. (a) and (b) Distribution of lengths of each trip (in log-log axis on

(b)). There is a peak near 0 and up to 150m, which amounts to 7.5% of the traffic, that is mostly associated to bicycle that are

returned immediately for various reasons (technical issues, or changes of plan). (c) Median speed as function of the day in the

week and hour. The standard deviation is represented around the median.

each journey. Like the duration distribution, 3 parts can be distinguished: A sharp peak near 0 that is

commonly associated to rentals of bicycles that are out of order due to mechanical reasons; a mode with

median near 2.1 km corresponding to normal use; a long tail up to more than 20 km. The tail accounts

for just a small fraction of the rentals (around 5%), yet it exists and, if one would like to use some

agent-based modeling, at least 3 different classes of rentals should be made. In the present study, we will

favor aggregated analysis rather than agent-based ones, especially because we also lack any identification

of users or bicycles, to protect privacy of users.

A complementary characteristics, in Fig. 4 (c), is the median velocity of the user (computed from the

data reported by the Vélo’v bicycles), averaged over all the trips that begun at the same time (with

an aggregation scale of ∆ = 1h) during the week. Here again, there is a signature of the natural

cyclostationarity of the week, people moving faster in the morning than later in the day. Also, an

interesting point is that the average velocity is between 12 and 14 km/h. As a comparison, the mean

velocity in cities is 18 km/h for buses, 25 km/h for (regular) subways and only 17 km/h in the center for

cars [8]. Using the corrected data that only a digital system like Vélo’v can provide, shows that bicycles

are a competitive means of transportation as compared specifically to cars.

IV. TIME DYNAMICS

This Section deals with a statistical study of the time series of the number of bicycles hired along time,

expanding upon first results reported in [6], [7]. The goal is not only to identify its temporal patterns

but, going way further in the modeling than previous studies such as [4], to propose a statistical model
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Fig. 4. Individual characteristics of trips with Vélo’v. (a) and (b) Distribution of lengths of each trip (in log-log axis on

(b)). There is a peak near 0 and up to 150m, which amounts to 7.5% of the traffic, that is mostly associated to bicycle that are

returned immediately for various reasons (technical issues, or changes of plan). (c) Median speed as function of the day in the

week and hour. The standard deviation is represented around the median.

each journey. Like the duration distribution, 3 parts can be distinguished: A sharp peak near 0 that is

commonly associated to rentals of bicycles that are out of order due to mechanical reasons; a mode with

median near 2.1 km corresponding to normal use; a long tail up to more than 20 km. The tail accounts

for just a small fraction of the rentals (around 5%), yet it exists and, if one would like to use some

agent-based modeling, at least 3 different classes of rentals should be made. In the present study, we will

favor aggregated analysis rather than agent-based ones, especially because we also lack any identification

of users or bicycles, to protect privacy of users.

A complementary characteristics, in Fig. 4 (c), is the median velocity of the user (computed from the

data reported by the Vélo’v bicycles), averaged over all the trips that begun at the same time (with

an aggregation scale of ∆ = 1h) during the week. Here again, there is a signature of the natural

cyclostationarity of the week, people moving faster in the morning than later in the day. Also, an

interesting point is that the average velocity is between 12 and 14 km/h. As a comparison, the mean

velocity in cities is 18 km/h for buses, 25 km/h for (regular) subways and only 17 km/h in the center for

cars [8]. Using the corrected data that only a digital system like Vélo’v can provide, shows that bicycles

are a competitive means of transportation as compared specifically to cars.

IV. TIME DYNAMICS

This Section deals with a statistical study of the time series of the number of bicycles hired along time,

expanding upon first results reported in [6], [7]. The goal is not only to identify its temporal patterns

but, going way further in the modeling than previous studies such as [4], to propose a statistical model
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I. INTRODUCTION

Community shared bicycle programs have been under development in the recent years all over Europe,

as an answer to an increasing need of green and versatile public transportation in cities. Lyon’s shared

bicycle program, called Vélo’v and operated by the JCDecaux agency [1], is a major one of its kind, having

started in May 2005. Besides their evident interest as a new means to think about public transportation,

such community shared programs offer a new way to look into the dynamics of movements inside a city,

and more generally into its activity. In a sense, the Vélo’v system provides digital footprints that reveal

the activity of people in the city over time and space, and makes possible their analysis.

Different issues motivate the study of such a system. Some questions are about the usage patterns

of this kind of transport, with reference to social or economical studies of transportation, while others

are about the system itself: does the service work correctly? Can it be optimized? Can one regulates

the availability of bicycles? An objective in this paper is therefore to make first steps in such directions

by proposing relevant tools for the study of the space and time patterns of activity from all the trips

made with Vélo’v, going from an empirical point of view that can be compared to previous studies of

equivalent systems in Paris (the Vélib’ program studied in [3]) or in Barcelona (Bicing; studied in [4]),

to a more quantitative point of view on the activity of the stations, and their properties.

More precisely, the paper is organized as follows. In Section II, a general presentation of the Vélo’v

program is given, highlighting its key features. Section III is concerned with a description of the data,

in both time and space, that can be accessed for studying the system. Section IV is then devoted more

specifically to the global activity in time for which a predictive model is proposed, whereas Section V

is concerned with spatial patterns of activity, with results in terms of clustering and communities.

II. VÉLO’V: A COMMUNITY BICYCLE SYSTEM

The Vélo’v program is deployed in the Lyon City1, in France, since May 2005. It consists now of 4000

bicycles (also called Vélo’v) that can be hired at any of the 340 stations, spread all over the two cities and

returned back later at any other station. In contrast to old-fashioned rental systems, the rental operations

1Most of the stations are in downtown of Lyon, in the southern and northern campuses of Lyon and Villeurbanne in the North,

all part of the “Grand Lyon” urban community.
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Fig. 1. General features of the Vélo’v system. (a) Time evolutions of the numbers of stations (dashed line, in blue), of

available bicycles Nv (dot-dashed line, in red), and of year-long subscribers Ns (solid line, in magenta). (b) Map of Lyon with

Vélo’v stations (dots), their Voronoi diagram (blue lines), and subway lines (thick red lines). (c) Number of bicycles hired per

hour L(t), and its average per day Ad and per week Aw.

are fully automated: the stations are in the street and can be accessed at anytime, and the rentals are

made through a digital terminal at the station with a credit card to obtain a short-term registration card,

or through a year-long subscription system. First, this makes possible the collection of the complete

rental data, and so of movements made with Vélo’v—a dataset not readily available for other means of

transportation. Second a global and fine management of the program can be envisioned since a real-time

survey of the system is done. Currently, automated station reports are collected into a central database

and mostly used a posteriori, if one excepts online reports about the availability of bicycle or free stand

to return one at stations [2]. Yet, there is a strong incentive to evolve toward less empirical management

of the system, for instance by being able to increase or redeploy in real-time the available bicycles to

answer the demand.

Anonymized data from May 2005 to the end of 2007 were made available to us by JCDecaux and

the “Grand Lyon” city hall. The dataset consists of the records of all bicycle trips, over more than two

years of exploitation. During this period, there were more than 13 millions bicycle trips. Each bicycle

movement is documented with its starting time and station location, its ending time and destination

station, the duration and length of the travel (as recorded on the bicycle), and specific tags when the

movement is not a rental but a maintenance operation (first deployment of Vélo’v bicycle, or movement

to a repair workshop).

An important characteristic is that this bicycle program was commissioned while still being in ex-
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Fig. 2. Temporal features of Vélo’v. (a) Rental duration distribution (in %). (b) The same in log-log axis (dashed red lines

point on the interval [26, 34] min.) (c) Image of a typical week (16 Sept. 2007 is a Saturday), at different ∆; for the clarity,

when data is aggregated at 2 hours and one day, we divided the amplitude to renormalize it as the number of rental per hour

(yet estimated on aggregation on ∆).

pansion. The Vélo’v system opens officially on May 19th, 2005 and stations and bicycles have been

introduced continuously during the take off and lifetime of the system. Fig. 1 (a) depicts the capacity of

the system (station and bicycles being open/equipped regularly between May 2005 and October 2005).

After this period, deployment reaches a plateau (October 2005 to May 2006) before a new phase of

expansion that ends in January 2008 where the total current number of installed stations was reached

(340 stations). It relates to the increase over the lifetime of the number of year-long subscribed users

(displayed also on Fig. 1 (a)). Note however that bicycles can also be used without subscription, with

short-term registration cards bought on spot.

Before turning to a more detailed analysis of the data, let us comment on some of the properties of the

system. Fig 1 (b) displays a map of Lyon, showing the present deployment of the Vélo’v stations in the

city, and a Voronoi diagram [9] around the stations. It gives an idea of the variation of the density, higher

near city center and major axis of transportations, yet putting almost any point of the city no further than

300 m from a station. However, the stations differs both in neighborhood and number of stands, so that

an inhomogeneity in their use is expected. The Vélo’v movements can then be seen as a dynamic process

over the network that connects all stations. An analysis of the dynamics of this network will provide

spatial patterns of the Vélo’v activity. Then, Fig. 1 (c) shows the number of rentals per hour, aggregated

by hours, days and weeks, for the whole network. As studied and modeled later on, main characteristics

of the load of this system are the nonstationary evolution of the use of Vélo’v (its increase), combined

with a cyclostationary pattern over the week.
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