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Bike Sharing Systems (BSS) are implemented in numerous cities around the world. The users' satisfaction is directly affected by the availability of bicycles and docking points at the stations. The assessment of users' satisfaction is an important issue to enable the system manager to understand, manage and improve the service quality of the BSS. This paper proposes to define an aggregated performance indicator for BSS stations. This indicator allows to measure the station criticality by integrating the unavailability of bikes and dockings of this station, and also of the neighboring stations. The integration of neighboring stations will be defined according to the distance that users is willing to walk to reach them. This indicator is applied to a part of Vélib' system and will be analyzed in relation to a non-aggregated criticality indicator. The proposed aggregated criticality indicator can be implemented, for example, to define priority stations to be rebalanced by rebalancing operations. Open data, over a six weeks period, from JCDecaux (Vélib' operator) was used to implement this study.

I. INTRODUCTION

The Bike Sharing Systems (BSS) are widely implemented in most of medium and large cities around the world. These systems must meet the needs of users traveling between two stations: a user must find an available bicycle at his departure station and an available docking at his arrival station. Some stations have, for specific time slots, a tendency to completely empty out and others to completely fill up. Bicycle and docking unavailability decreases the service quality of these systems. This is the reason why some operators deploy fleets of rebalancing vehicles which take bicycles from full stations to bring them to empty stations [START_REF] De Chardon | Bike-share rerebalancing strategies, patterns, and purpose[END_REF]. These operations have an impact on the operating costs of these systems and cannot be extensively deployed [START_REF]The bikeshare planning guide[END_REF]. These operations correspond around 3% of users' flow. Thus, from the point of view of the system manager, the network rebalancing must co nsider an assessment of the stations to define which ones must be replenished and emptied as a priority.

In the literature, studies do not take into account the bicycle and docking availability of neighboring stations, while the user can possibly move a short distance to look for or deposit a bike, if the desired station cannot meet the demand. The neighboring stations availability must therefore be integrated in the assessment of the stations.

In this context, we propose an aggregated performance indicator that measures the criticality of a station considering its availability in terms of bicycles and dockings, and also the availability of neighboring stations. Indeed, a station can be considered as critical if for some time, it is out of bikes or dockings. But this criticality is even more important if the stations around it are also out of bikes or dockings respectively. The proposed aggregated indicator and a non-aggregated one will be applied to a set of stations. The objective is to analyze the criticality of a station considering the volume of available bicycles and dockings at a given area around this station, and the criticality of a station considering its own status. The proposed aggregated indicator should identify the stations which must be replenished or emptied as priority.

The paper is organized as follows: in Section II we present a state of the art about the control operation, in particular the rebalancing of the BSS, and the performance indicators considered in these studies. Section III introduces the study methodology. The proposed method to define aggregated criticality indicator of a station integrating neighboring stations performance indicator is defined in section IV. The results and analyzes are presented in section V. Then conclusions and future works are discussed in section VI.

II. SERVICE QUALITY AND BSS CONTROL

The main challenge of BSS is to ensure a high availability of bicycles and dockings in order to satisfy the users. Short rental times, a very strong spatial and temporal irregularity of user demand, lead to imbalances in the distribution of bicycles [START_REF] Vogel | Strategic and operational planning of bike-sharing systems by data mining--a case study[END_REF]. BSS are considered complex stochastic dynamic systems requiring control operations [START_REF] Gavalas | Design and management of vehicle-sharing systems: a survey of algorithmic approaches[END_REF]. The control operations most applied to these systems and most studied in the literature is the rebalancing one. Vehicles, dedicated to rebalancing operations, take bicycles from the full stations to drop them in empty stations. Some studies consider one or more stock location in which bicycles can be taken or stored. When control operations are performed at night, when the system is not in use, it is named static control; when control occurs while the system is in use, it is named dynamic control. Control decisions aim to meet users' demand by providing them with a bike at their departure station and a docking at their arrival station.

Many scientific works aim to solve the problem of rebalancing by vehicle route formalized by a linear program. The objective function consists in minimizing the total unsatisfied demand while seeking to minimize the rebalancing costs (number of vehicles assigned, number or distances of the routes...) [START_REF] Ho | Solving a static repositioning problem in bike-sharing systems using iterated tabu search[END_REF]. For example, in the context of static regulation, [START_REF] Forma | A 3-step math heuristic for the static repositioning problem in bike-sharing systems[END_REF] seeks to minimize a penalty function that measures out of bicycles and dockings. He uses a stock location in which it can take bicycles. [START_REF] Kadri | A branch-and-bound algorithm for solving the static rerebalancing problem in bicycle-sharing systems[END_REF] seeks to minimize the time during which the stations are unbalanced compared to a target stock level in order to meet bicycle and docking demand. [START_REF] Alvarez-Valdes | Optimizing the level of service quality of a bike-sharing system[END_REF], which proposes a rebalancing algorithm, considers "the measure of service quality of the bike-sharing system considered in this study is a measure of cost that combines the two possible situations of unsatisfied demand, namely: (a) A user wishing to withdraw a bicycle finds the station empty. (b) A user returning a bicycle finds the station full". [START_REF] Contardo | Rebalancing a dynamic public bike-sharing system[END_REF] deals with the problem of dynamic rebalancing, considering a succession of periods; he seeks to minimize the unsatisfied demands at the end of each period. [START_REF] Gaspero | Rebalancing bike sharing systems with constraint programming[END_REF] uses constraint programming to solve the routing problem of static rebalancing vehicles by minimizing the gap between user demand and the number of bikes to be brought into each station.

To solve the rebalancing problem, non-deterministic methods are also used. [START_REF] Raviv | Optimal inventory management of a bikesharing station[END_REF] implements a Monte Carlo simulation method to determine the optimal number of bicycles in the stations. Author believes that the shortage of bicycles and dockings are the two main raisons of user dissatisfaction. He defines a penalty function integrating the number of users lost when there is no available bicycle or docking in a station. [START_REF] Wang | Analyzing bike repositioning strategies based on simulations for public bike sharing systems: simulating bike repositioning strategies for bike sharing systems[END_REF] uses simulation to compare several rebalancing policies. To take into account the dissatisfaction of users, he takes into account the out of bicycles or dockings, but also the time customers wait for an available bicycle or docking. [START_REF] Li | A unified framework for analyzing closed queueing networks in bike sharing systems[END_REF] analyzes the BSS performance by applying/implementing a closed queuing network model. He evaluates the steady-state network by computing the probabilities of stations to be out of bicycles or dockings.

All of these works aim to evaluate or improve the availability of bicycles and dockings for effective control. However, the operator's decision to add or remove bicycles from certain stations depends solely on the status of these stations regardless of the status of the surrounding stations. But a user may agree to walk to another station when he cannot find a bicycle at his departure station. Indeed, [START_REF] Ai | A solution to measure travelers transfer tolerance for walking mode and dockless bike-sharing mode[END_REF] studies the behavior of the users, for example, the time that a user is ready to wait for a bicycle or a docking to be released at a station, but also the distance that he agrees to walk to find an available bicycle. The author specifies that "an acceptable walking distance is considered as between 200 and 400 m or between 5 and 10 min". The [START_REF] Watson | Walking for transportation: what do US adults think is a reasonable distance and time?[END_REF] study, which analyzes more generally the distance a user is willing to walk to reach a transport, concludes that "7% adults thought it was not reasonable to walk at all, 57% thought walking up to 1 mile was reasonable, and 43% thought walking a mile or more was reasonable" and it estimates that the average acceptance distance is around 400 m. A study presented in [START_REF] Millward | Active-transport walking behavior: destinations, durations, distances[END_REF] shows that a user is willing to walk an average of 0.51 km to get to a bus stop or ferry terminal. [START_REF] Zhang | Exploring the impact of built environment factors on the use of public bikes at bike stations: case study in Zhongshan, China[END_REF], which studies spatial correlations between nearby BSS stations, verifies that station demand is positively correlated with demand from neighboring stations (within 300 m). [START_REF] Kabra | Bike-share systems: Accessibility and availability[END_REF] estimates the probability of using a station is directly related to the distance a user must walk to reach it (80% of the users of a station come from a point located less than 300 m around the station) and to the availability of bicycles (10% more availability leads to 12% more use).

In this sense, the bicycle or docking availability of a station should not be the only factor to take into account for its rebalancing. Actually, users are ready to walk to a nearby station, especially since operators provide applications indicating the station status [START_REF] Midgley | Bicycle-sharing schemes: enhancing sustainable mobility in urban areas[END_REF]. Thus, to rebalancing a station, it is necessary to take into account its status, but also that of neighboring stations; their distance from the studied station must be taken into account according to the distance that the users agree to walk.

III. STUDY METHODOLOGY

This study is based on the data provided by the operator of the Vélib' network, JCDecaux company. These data concern the flow of bicycles entering and leaving each station of the network, and the status of the stations (number of bicycles and docking available in each station). In order to obtain data corresponding a homogeneous system behavior, we have only used the data of worked days (Saturday and Sunday excluded) for the period September 04, 2017 to October 13, 2017 (30 days). This period was chosen because it does not include school holidays or holidays. In fact, the behavior of the users is very different between the working days and the week-end days and holidays. Also, we were interested in the time slot from 8 am to 10 am, which is the morning peak hours of the system usage [START_REF] Chabchoub | Classification of the vélib stations using Kmeans, Dynamic Time Wraping and DBA averaging method[END_REF].

Our study method is structured in 3 main steps:

-The average time of disruption (shortage)

The average time of bicycle and docking disruption was calculated. This time measures the bicycle and docking unavailability of a station during the studied time slot (from 8 am to 10 am). The 20 stations representing the most important disruption on bicycles and the 20 stations representing the most important disruption on docking were selected.

-The aggregated average time of disruption (shortage) Considering the disruption average time of the previously selected stations, the aggregated associated indicator was defined, integrating the neighboring stations and the distance users accept to walk to reach a bicycle or a docking. The method to select neighboring stations and to calculate the aggregated indicator is presented in the next section.

-The analysis of station criticality

The deviation between both critical indicators' values (non-aggregated and aggregated one) was identified and analyzed. Also, the station criticality ranking in function of both indicators was examined in a rebalancing operation perspective.

IV. PROPOSED AGGREGATED CRITICALITY INDICATOR

As previously mentioned (introduction section), the criticality of a station must take into account the availability (bicycles or dockings) of the neighboring stations and the distance users are willing to walk. For a given availability, a nearby station will have more dominant influence than a station further away. We propose an indicator that integrates this dimension.

To statistically assess the break-even point of distance that users are willing to walk, we carried out a survey of 136 Vélib system users. The selected users are occasional users, who take a bicycle at least once a month on a working day, and regular users, who take a bicycle every working days. The question asked was: "What is the maximum distance you can walk to get a bicycle from a Vélib station?". The results are summarized in Table I. For example, 86 in 136 users (63%) agree to walk till 300 m to get a bicycle. Therefore, for a station, we decompose its neighborhood in concentric circles. A zone may have stations inside the area between two consecutive circles. We define the acceptance rate (arj) of a zonej as the average of the users' proportion (arrj) who agree to walk at a distance between the radius of the inner circle (aupj-1) and the radius of the outer circle (aupj), or [START_REF] De Chardon | Bike-share rerebalancing strategies, patterns, and purpose[END_REF] To avoid associating a station with a large area, the entire neighboring area is limited to 500 meters around a studied station. Also, only 8% of users agree to walk beyond this distance. The Fig. 1 represents the neighboring zones around a studied station. For each zone, the figure presents its radius, the proportion of users agreeing to walk to the outer limit of this zone and its acceptance rate. For example, the zone3 is located between two circles, which respective radii are 200 and 300 m; 63% of users agree to pick up a bicycle to the outer limit of this zone, and the acceptance rate for this zone is equal to 74%. In order to verify that the studied BSS configuration allows us to take advantage of the users' ability to fetch a bike from the nearby stations of an empty station, we have calculated and exploited the distance between the stations through their GPS location. On average over the entire network (1224 stations), we can find 4.62 stations located within 500 m around a given station. This value varies according to the geographical situation of the studied station (155 stations in the Paris center have more than 15 stations within 500 meters (13%), whereas 24 peripheral stations have none (1.96%)).

Table II summarizes the average number of neighboring stations per 100 meters around a given station. The first column characterizes an area between two circles (minimum and maximum radius) concentric to the central station (the same division as for the acceptance areas) and the second one gives the average number of stations in this zone. As a result, users can find in most of cases (98%) another station within the acceptance zone (less than 500 meters). The performance indicator is measured for all stations (studied station and neighboring stations). This measure is associated with the zone acceptance rate (ar) of each station. Then, the aggregated performance indicator of a station i is determined by computing the weighted sum of the performance indicators of all stations (station i and neighboring stations). The aggregated performance indicator must be standardized related to the weighted sum. Indeed, to compare the stations' criticality we must standardize this indicator value because the number of neighboring stations of each zone are not the same.

We want to calculate the aggregated average disruption time of the station i (adtsi). Around the station i five zones can exist, and are associated to the index j. Inside each zone j, there are nj stations and k is the index associated to the k-th station. The weighted average disruption time of the k-th station of the j-th zone is defined in (2).

(2)

Where dtsi,j,k is the average disruption time of the k-th station of the j-th zone.

The aggregated average disruption time of the station i (adtsi) is defined as the weighted sum of dtsi,j,k standardized related to the weighted sum. This indicator is defined in (3).

(3) Table III presents the computation of the aggregated average disruption time of the station 32604, which is one of the 20 stations with most important time disruption of bicycles. The standardized value of this indicator is 4136.5/3.56 which is equal to 1161.9 sec. The computation of this aggregated criticality indicator was performed for the 20 stations representing the most important disruption on bicycles and the 20 stations representing the most important disruption on dockings. The results and analysis are presented in the next section.

V. RESULTS AND ANALYSIS In order to analyze the usefulness of the proposed aggregated criticality indicator, we have compared it with the average time disruption of each station in a rebalancing operation perspective. Indeed, criticality indicators can guide mangers to define the priority stations to be replenished or emptied. -Aggregated indicator | non aggregated one: in this case, we can identify two different situations. In the first one, the disruption time of neighboring station is very similar to the studied station one (Fig. 2, stations 32605, 32603). The second situation concerns isolated stations (with no neighboring station). Some stations near from a big public park or in the suburb of Paris, the end-limit of the network, are in this situation. In Fig. 3, we can see the station 12123. We can notice in Fig. 2 and 3 that the relative deviation between both indicators in the case of dockings (33.6%) is greater than for the bicycles (12.8%). On the entire network, only 166 stations (the average non-aggregated disruption time is 260.8 sec.) have disruptions on dockings while 568 have disruptions on bicycles (the average non-aggregated disruption time is 653.4s). In addition, the curve representing the aggregated average disruption time of dockings decreases much faster than the curve of the same indicator for bicycles. Indeed, over the studied period (8:00 am to 10:00 am), many bicycles are borrowed; the zones where we can find a disruption concentration is more important in the case of bicycles (users not finding a bicycle at a station go to a neighboring station which will be in turn out of bicycle) than dockings' one, for which this effect is time-delayed.

Also, we have ranked the stations in function of their average disruption time and of their aggregated disruption time. Fig. 4 presents this rank for bicycle case. The average rank deviation is 3.9 (it is 8.03 for docking case). In view of this deviation, we have identified for the first 20 stations, with the most important average disruption time, their place in the aggregated indicator ranking, considering all the stations of the system. These 20 stations are ranked between 67 th and 870 th place (their average rank is 496). Thus, we verify that the two indicators (aggregated and non-aggregated) results are very different. This means that the priority stations for rebalancing operations are not the same in function of the applied indicator. Rebalancing operations represent just 3% of the usage flow, and static rebalancing operations (00:00 till 07:59 am) concerns about 100 stations on average. Thus the criticality stations' ranking is very important to rebalance the system as effectiveness as possible. We think so that the proposed aggregated criticality indicator is a good reference for managers to decide the rebalancing operations.

An aspect that should be taken into account by the manager is that the overlapping of neighboring zones. Indeed, some stations integrate the neighboring zones of more than one critical station. Because of this when the manager decides to rebalance a station, the aggregated indicator of all others stations must be recomputed. For a deeply evaluation of the proposed aggregated criticality indicator, an application of this rebalancing policy must be done, for example through a simulator. Some research studies ( [START_REF] Soriguera | A simulation model for public bike-sharing systems[END_REF], [START_REF] Caggiani | A dynamic simulation based model for optimal fleet repositioning in bike-sharing systems[END_REF]) propose simulation models for BSS, and can be adapted to evaluate rebalancing operations policies, taking into account the availability of neighboring stations and the demand transfer from a station out of bicycles (or dockings) toward the neighboring station in function of the acceptance rate. We have applied this indicator to 20 critical real stations (Vélib' system) on bicycles and dockings, and we have compared the results with the average time disruption of each station. We have noted some deviations that show the influence of the neighboring stations' availability (value and rank) in the criticality of the studied station. In order to improve rebalancing operations, we think that the proposed indicator is more relevant to aid managers.

For future works, we will develop a decision support tool to define the priority stations to be rebalanced, considering the proposed indicator, and assess the rebalancing operation. As a first step, this tool will be developed to help managers defining the static rebalancing of the bike sharing system and better prepare it for high-demand schedules. In a second step, we will integrate dynamic rebalancing, which will consider rebalancing vehicle routing, the average travel time on bicycle and the time of walking by users to other stations.
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 1 Fig. 1. Neighboring areas of a station.
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 2 Fig. 2 and 3 compare both mentioned indicators for bicycle and docking criticality respectively. For more details, Tables IV and V present the value of these indicators just for the first 10 stations. Through the analysis of these data we have identified 3 different situations: -Aggregated indicator < non aggregated one: the neighboring stations mitigate the criticality level of the studied station. This mitigation can be more (or less) important in function of the number and the status of the stations around the studied station. This is the case of most stations presented in the Fig. 2 (stations 19105, 12126, 16130) and 3 (stations 12006, 12014, 4016).-Aggregated indicator > non aggregated one: the neighboring stations increase the criticality level of the studied station, because the neighboring ones present a longest disruption time. The stations in this situation do not appear in the figures presented here because they are in the middle rank of stations.

Fig. 3 .

 3 Fig. 3. Docking disruption time.
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 4 Fig. 4. Criticality ranks of stations

TABLE I .

 I SURVEY RESULTS CONCERNING THE DISTANCE USERS ARE

		WILLING TO WALK	
	Distance (m)	Number of Users	User Proportions (aup)
	0	136	1.00
	100	127	0.93
	200	115	0.85
	300	86	0.63
	400	60	0.44
	500	35	0.26
	More than 500	11	0.08

TABLE II

 II 

	.	AVERAGE NUMBER OF NEIGHBORING STATIONS
		Zone	Average number of stations
	0 < distance ≤ 100	0.085
	100 < distance ≤ 200	0.69
	200 < distance ≤ 300	1.63
	300 < distance ≤ 400	2.61
	400 < distance ≤ 500	2.98

TABLE III .

 III 

		COMPUTATION OF WEIGHTED AVERAGE DISRUPTION TIME
			OF THE STATION		
						Weighted
					Average	Average
	Stations'	Stations	Zones	Acceptance	disruption	disruption
	Number	(k)	(j)	Rate (arj)	time of the	time of
					station (sec.)	the station
						(sec.)
	32604		0	1	1164.7	1164.7
	32606	1	3	0.74	1177.5	871.4
	32605	2	3	0.74	1202.1	889.5
	32603	1	4	0.54	1178.6	636.4
	32602	2	4	0.54	1063.9	574.5
			Sum	3.56		4136.5
	Standardized aggregated average disruption time of the station 32604	1161.9