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Estimation of road traffic is a fundamental problem which has been addressed with a variety of methods. In the present paper, a variant of the mobile observer method is proposed. It is assumed that some vehicles composing the road traffic are communicating vehicles. These communicating vehicles broadcast periodically beacon messages. The proposed method uses only these beacon messages as input data, and needs no additional equipment such as radar or GPS device in order to estimate the road traffic. The model is tested with the bidirectional simulation framework VEINS, which combines a microscopic road traffic simulator and a communication simulator.

The preliminary results show the potential of the method and confirm the validity of the approach.

I. INTRODUCTION AND STATE OF THE ART A. Introduction

Mobility of goods and individuals is central to modern societies, where vehicular road traffic is one of the main transportation mode. When the road traffic demand for transportation exceeds the road traffic capacity, congestion occurs. Road traffic congestion is a highlighted problem because it leads to major consequences on the environment, the economy, the health of the individuals, and the lost time [START_REF] Simeonova | Congestion pricing, air pollution, and children's health[END_REF]. Road traffic control strategies have been proposed in order to reduce congestion and to improve road traffic conditions. Prior to applying control strategies, there is the need to have an accurate estimation of the road traffic. Actually, the emergence of communicating vehicles offer new possibilities for the estimation of road traffic. In [START_REF] Guo | Urban traffic signal control with connected and automated vehicles: A survey[END_REF], the authors give a survey of control and estimation of road traffic methods with communicating or automated vehicles.

Concerning the estimation of road traffic, various approaches have been proposed. In 1954, Wardrop and Charlesworth [START_REF] Wardrop | A method of estimating speed and flow of traffic from a moving vehicle[END_REF] have proposed a moving observer method for the estimation of road traffic. In 2017, Florin and Olariu [START_REF] Florin | On a variant of the mobile observer method[END_REF] have proposed a variant of the mobile observer method, using communicating vehicles, and radar equipments. In the present paper, it is shown that the mobile observer method can be used with only communication messages, releasing the need for radar or even GPS localization. The outline of the present papers is as follows : In section I-B, the literature context for the actual mobile observer method is given. In section II, the historical method is formulated. In section III, the proposed variant model along with its contributions are given. In section IV, simulations are performed in order to assess that the method is functional, and to provide the preliminary results.

Finally, the conclusion V opens perspectives to the present work.

B. State of the art

Using networking technologies, the Mobile Ad Hoc Networks (MANETs) concept has been proposed. A MANET is a wireless communication network composed of mobile nodes, which do not rely on a central infrastructure in order to function. Vehicular Ad Hoc Networks (VANETs) are a type of Mobile Ad Hoc Networks (MANETs) where the mobile nodes are moving vehicles.

Lee and Atkison [START_REF] Lee | Vanet applications: Past, present, and future[END_REF] give a survey of VANETs principles and applications. VANETs are characterized by the high number of communicating nodes in the network as well as the high speed of the nodes (the vehicles) compared to the general case of Mobile Ad Hoc Networks (MANETs). Indeed, VANETs "are one of the fastest-moving environments where modern technologies are currently employing computer devices". VANETs can transmit data at high speed, that being required for safety applications. VANETs can provide information on the location of the vehicles, which induce potential beneficial applications as well as privacy and security concerns. The high mobility of nodes in VANETs makes the multi hop routing of messages over long distances challenging.

Anwer and Guy [START_REF] Anwer | A survey of vanet technologies[END_REF] give a survey of wireless communication protocols and technologies used in VANETs. The authors describe the key technologies standards such as "802.11p, P1609 protocols, Cellular System, CALM, MBWA, WiMAX, Microwave, Bluetooth and ZigBee" and how they can be used in VANETs according to their characteristics such as the data transmission rate, the signal coverage, the security and other parameters.

Within VANETs, Mao and Mao [START_REF] Mao | Road traffic density estimation in vehicular networks[END_REF] use the number of neighbours in the vehicular communication network in order to estimate the road traffic density. They consider that the vehicles are distributed along the road segment according to a Poisson probability distribution. By using the number of neighbours in each vehicular network hop, a maximum likelihood estimator of the road traffic density is given. Derrmann et al. [START_REF] Derrmann | Estimating urban road traffic states using mobile network signaling data[END_REF] use mobile data available to the mobile networks operators and especially signaling data, which is a "metadata from the mobile network infrastructure that is generated e.g. if a user initiates a call or moves from one antenna to another (a so-called handover). " in order to estimate urban road traffic states. They compare their estimation of road traffic states with a reference data set provided by floating car data (FCD). Valerio et al. [START_REF] Valerio | Exploiting cellular networks for road traffic estimation: A survey and a research roadmap[END_REF] survey the various approaches for estimating road traffic with cellular communication networks. They distinguish between active techniques which induce additional communication traffic and passive techniques which collect data without impacting the communication network load. In addition, the authors propose a framework for the gathering of cellular communication data with the objective of road traffic estimation.

Concerning road traffic estimation on highways, Seo et al. [START_REF] Seo | Traffic state estimation on highway: A comprehensive survey[END_REF] give a survey on traffic state estimation on highway. The authors present traffic flow models and data used for traffic state estimation, which form the basis for various traffic state estimation approaches. Among these approaches, Wardrop and Charlesworth [START_REF] Wardrop | A method of estimating speed and flow of traffic from a moving vehicle[END_REF] have proposed a method for estimating the road traffic speed and flow by using a mobile observer. The mobile observer is a car moving in the traffic and which observes "the number of vehicles met in the section when travelling against the stream, the number of vehicles that overtake the observer minus the number of vehicles he overtakes, the journey time of the observer when travelling against the stream, and the journey time of the observer when travelling with the stream.". The method consists in a car measuring these input data and performing various runs on a road section, in the direction with and against the stream. From these input data provided by the moving car, the authors derive expressions for the traffic flow and space mean speed of the considered road section.

In 2017, Florin and Olariu [START_REF] Florin | On a variant of the mobile observer method[END_REF] have proposed a variant of the mobile observer method by Wardrop and Charlesworth [START_REF] Wardrop | A method of estimating speed and flow of traffic from a moving vehicle[END_REF]. They assume that the vehicles are equipped with short and long range radars, as well as communication equipments. Their variant method uses only the tally which is "the number of vehicles they pass and the number of vehicles that pass them in a given road segment." The system of equations proposed by Wardrop and Charlesworth needs two equations in order to be solved. Instead of using the count of vehicles encountered against the stream as a second equation like in the original method, the authors use inter-vehicular communication and communicate the additional equation from another equipped vehicle moving at a different speed nearby in the traffic. The authors compute the density, average speed and flow of road traffic in real time. They have evaluated their method by performing simulations with ns3 simulator [START_REF] Henderson | Network simulations with the ns-3 simulator[END_REF] for various equipment penetration ratios.

In a subsequent paper [START_REF] Florin | Real-time traffic density estimation: Putting oncoming traffic to work[END_REF], Florin and Olariu use the tallies for vehicles moving in opposite directions. They also perform simulations with SUMO microscopic road traffic simulator [START_REF] Krajzewicz | Recent Development and Applications of SUMO -Simulation of Urban MObility[END_REF].

In 2020, Florin and Olariu [START_REF] Florin | Towards real-time density estimation using vehicle-to-vehicle communications[END_REF] have proposed a method for the estimation of traffic state using a moving observer method. They still use tallies as input data for the estimation of traffic density, and the information is disseminated using V2V wireless communications.

In 2021, Kuwahara et al. [START_REF] Kuwahara | Traffic state estimation by backward moving observers: An application and validation under an incident[END_REF] have published a method for the estimation of road traffic, using backward probe vehicles, i.e. probe vehicles moving in the opposite direction to the traffic which is estimated. The backward probe vehicles measure the passing times of vehicles running forward when it meets them along its trajectory. As an application of their method, the authors also estimate the road traffic in a scenario of incident. It is noticeable that the authors do not explicit the method for measuring time headways of vehicles running forward, that the backward probe vehicles encounter.

Van Erp et al. [START_REF] Van Erp | Macroscopic traffic state estimation using relative flows from stationary and moving observers[END_REF] combine stationary and moving observers data inputs to estimate macroscopic traffic flow parameters in homogeneous and stationary conditions. Given the cumulative number of vehicles at three points in the space time domain provided by moving and static observers, the authors show that the traffic conditions can be estimated for the full space-time domain.

II. PROBLEM STATEMENT

A. Problem statement

The current section gives the notations used in the paper, and the formulation of the mobile observer method proposed by Wardrop and Charlesworth [START_REF] Wardrop | A method of estimating speed and flow of traffic from a moving vehicle[END_REF] in 1954.

Name

Definition l the length of the road section. q i the flow of vehicles moving at speed v i in direction a. v i the speed of the vehicles composing the flow q i in direction a. q = i q i the total flow of vehicles moving in direction a. q 1i the flow of vehicles moving at speed v i in the direction a relative to an observer 1 moving in the direction a. q 2i the flow of vehicles moving at speed v i in the direction a relative to an observer 2 moving in the direction w. v 1 the speed of the moving observer 1 moving in the direction a. v 2 the speed of the moving observer 2 moving in the direction w. t 1 the travel time to cross road section of length l for the observer 1 moving in the direction a. t 2 the travel time to cross road section of length l for the observer 2 moving in the direction w. x 1i the number of vehicles moving at speed v i in the direction a passed by, or which pass observer 1 moving in the direction a on the road section of length l. x 2i the number of vehicles moving at speed v i in the direction a which encounter observer 2 moving in the direction w on the road section of length l. N 1 a random variable which is the number of communicating vehicles moving in the direction a passed by, or which pass observer 1 moving in the direction a on the road section of length l. N 2 a random variable which is the number of communicating vehicles moving in the direction a which encounter observer 2 moving in the direction w on the road section of length l. p the penetration ratio of the communicating vehicles. The penetration ratio is determined by other methods : see for example Nguyen Van Phu and Farhi [START_REF] Van Phu | Estimation of road traffic state at a multilanes controlled junction[END_REF] or Comert [START_REF] Comert | Queue length estimation from probe vehicles at isolated intersections: Estimators for primary parameters[END_REF].

TABLE I: Notations

The flow of vehicles q i flowing in the direction a relative to the moving observer 1 moving in the direction a is given by :

q 1i = q i (1 -v 1 /v i )
The number of vehicles passed by or which pass observer 1, and which are moving in the same direction a at speed v i is given by :

x 1i = q 1i t 1 x 1i = q i (t 1 -l/v i ) (1) 
The flow of vehicles q i flowing in the direction a relative to the moving observer 2 moving in the direction w is given by :

q 2i = q i (1 + v 2 /v i )
The number of vehicles encountered by the observer 2, and which are moving in the direction a at speed v i is given by :

x 2i = q 2i t 2 x 2i = q i (t 2 + l/v i )
Summing Equation (1) over all flows q i moving at speeds v i in direction a gives :

x 1 = i x 1i = i q i (t 1 -l/v i ) = i q i (t 1 -t i ) x 1 = qt 1 - i q i t i = q(t 1 -i q i t i q )
Let us introduce t the average travel time according to a distribution with frequencies q i /q :

t = i q i q t i
We have :

x 1 = q(t 1 -t) (2) 
Similarly,

x 2 = q(t 2 + t) (3) 
The system of Equations (2) (3) can be solved to determine the two unknowns q and t. The fundamental traffic parameters are related with q = κv avg where q is the flow, κ is the density and v avg = l/ t is the space mean speed of vehicles [START_REF] Wardrop | Road paper. some theoretical aspects of road traffic research[END_REF]. Knowing the two variables q and v avg fully determine the third one, the density of vehicles κ.

III. MODEL A. Assumptions

The present paper is using the following assumptions :

• some vehicles composing the road traffic are communicating vehicles which send periodically beacon messages, according to the WAVE communication protocol [START_REF]Ieee guide for wireless access in vehicular environments (wave)architecture[END_REF]. • the penetration ratio p of these communicating vehicles is variable. • the distribution of the speeds of the vehicles is such that for all vehicles j of the same stream that the mobile observer ∃M, |v 1 -v j | ≤ M , where v 1 is the speed of the moving observer. It is assumed that for all vehicles i of the opposite stream v 1 + v i > M , such that the messages of the two directions can be differentiated. This means that the speeds of the vehicles should not be too low.

B. Contributions

The mobile observer method proposed by Wardrop and Charlesworth [START_REF] Wardrop | A method of estimating speed and flow of traffic from a moving vehicle[END_REF] was relying on counting and board papers. Recent works have investigated how to use the mobile observer method with modern measurement techniques. These methods rely either on radar equipment [START_REF] Florin | On a variant of the mobile observer method[END_REF] or do not specify the method for measurement [START_REF] Kuwahara | Traffic state estimation by backward moving observers: An application and validation under an incident[END_REF].

The main contribution of the present paper consists in explaining how the mobile observer method can be applied using communication messages only. In addition, the present paper performs realistic numerical experiments which simulate the WAVE communication protocol [START_REF]Ieee guide for wireless access in vehicular environments (wave)architecture[END_REF] using VEINS framework [START_REF] Sommer | Bidirectionally Coupled Network and Road Traffic Simulation for Improved IVC Analysis[END_REF] which bi-directionally couples a microscopic road traffic simulator SUMO [START_REF] Krajzewicz | Recent Development and Applications of SUMO -Simulation of Urban MObility[END_REF] and a communication simulator OMNET++ [START_REF] Varga | AN OVERVIEW OF THE OMNeT++ SIMULATION ENVIRONMENT[END_REF]. Finally, the derivation of a penetration ratio estimator for the communicating vehicles is given.

C. Differentiating messages

The present work assumes the possibility of counting the vehicles encountered, by using Basic Safety Messages (BSM) from communicating vehicles. BSM messages are part of the WAVE communication protocol which enables inter-vehicular communication. BSM messages are sent typically at a frequency f = 10 Hz [START_REF] Liu | Delivering improved alerts, warnings, and control assistance using basic safety messages transmitted between connected vehicles[END_REF]. The moving observer receives BSM from communicating vehicles moving against and with the stream. The two types of communicating vehicles (against and with the stream) can be differentiated by the properties of the BSM messages sent. If a communicating vehicle is moving against the moving observer, then the connection will be very brief with few BSM messages received. On the other hand, if a communicating vehicle is moving in the same direction than the moving observer, then the connection will last longer and more BSM messages will be received. This is because the radio range which enables the reception of BSM messages decreases faster as vehicles move in opposite directions than if vehicles are moving the same direction (in this case, the vehicles stay close longer). In this paper, the differentiation of communicating vehicles moving with or against the direction of the moving observer is investigated.

Let us consider the time windows t a , t w during which the moving observer and a vehicle are communicating in the radio range s, respectively for vehicles i moving in the opposite direction or vehicles j moving in the same direction that the mobile observer. Concerning vehicles i moving in the opposite direction of the mobile observer, the time window is :

t a = 2s v 1 + v i (4) 
We notice that there is a factor 2 at the numerator, because the time window is composed of the time period before the two vehicles have intersected, plus the time period after the two vehicles have intersected. Each time period equals s/(v 1 + v i ). For the vehicles j moving in the same direction that the moving observer, we have for v 1 = v j :

t w = 2s |v 1 -v j | (5)
For vehicles j of the same stream that the mobile observer, ∃M = max

j {v 1 -v j } such that ∀j, |v 1 -v j | ≤ M . For vehicles i of the opposite stream of the mobile observer, if v 1 +v i > M , then v 1 + v i > |v 1 -v j |,
and it is expected that t a < t w .

The number of BSM messages received during t a and t w are different, which allows to discern between the messages from the streams of the two directions.

Each communicating vehicle keeps a record with the number of beacon messages received from each other communicating vehicle. Such a record is a vector where each coefficient is the number of beacons sent from a given communicating vehicle. Then, for each vehicle, the vector is divided in two sets : the set of beacons received from communicating vehicles moving in the same direction, and the set of beacons received from communicating vehicles moving in the opposite direction.

The proposed procedure for clustering the messages in two sets consists in :

• given v 1 , v i and v j communicated in the messages, and an estimation of the radio range s, compute t a and t w according to Equations ( 4) and ( 5). • given n i the number of messages received by the mobile observer from vehicle i and f the frequency of messages emission :

• if |n i -f t a | < |n i -f t w |,
then vehicle i is moving against the mobile observer. • Otherwise, vehicle i is moving with the stream of the mobile observer. The result of the clustering is the number of communicating vehicles encountered by the mobile observer, moving either in the same direction n 1 , or in the opposite direction n 2 .

D. Estimation of road traffic

The probability that n 2 communicating vehicles are encountered in the on coming traffic is following a binomial probability distribution, where n 2 is measured and p is assumed to be known :

P (N 2 = n 2 ) = x 2 n 2 p n2 (1 -p) x2-n2 (6) 
Then, x 2 is determined with maximum likelihood estimation [START_REF] Myung | Tutorial on maximum likelihood estimation[END_REF] :

x 2 = arg max x 2 n 2 p n2 (1 -p) x2-n2 (7) 
Concerning Equation ( 7), the binomial probability distribution is unimodal [START_REF] Rundel | Lecture 5: Binomial Distribution[END_REF]. Let us define r := P (N 2 = n 2 + 1)/P (N 2 = n 2 ). The maximum of the binomial probability distribution is reached when r switches from being greater than 1 to being less than 1. r ≤ 1 is equivalent to :

n 2 ≥ x 2 p -1 + p (8) 
The maximum probability is reached for x 2 p -1 + p being the maximum value less than n 2 :

x 2 = n 2 + 1 -p p (9) 
Similarly to x 2 , x 1 is given by :

x 1 = n 1 + 1 -p p (10) 
Then, by combining Equation ( 2) and (3), we deduce the flow :

q = x 1 + x 2 t 1 + t 2 (11) 
t is measured directly by the communicating vehicles. The density is given by : κ = q t/l

Let us assume that the flow of vehicles q is known by another method, like a static observer method using inductive loops sensors. t 2 and t being measured, x 2 is given by Equation (3). Using the same maximum likelihood estimation method, the penetration ratio p is given as the p which is giving x 2 p -1 + p as its maximum value less than n 2 :

p = n 2 + 1 x 2 + 1 (13) 
It is interesting to notice that Equation ( 13) is very similar to the penetration ratio estimator derived in [START_REF] Van Phu | Estimation of urban traffic state with probe vehicles[END_REF].

IV. NUMERICAL EXPERIMENTS

A. Scenario and simulation tools

We consider a two way straight road with a length of 5 km. The two direction roads, denoted as road 0 and road 1, are composed of two lanes each. The road traffic demand for the simulations is given in TABLE II. The simulations are performed with VEINS Framework [START_REF] Sommer | Bidirectionally Coupled Network and Road Traffic Simulation for Improved IVC Analysis[END_REF] which includes SUMO [START_REF] Krajzewicz | Recent development and applications of SUMO -Simulation of Urban MObility[END_REF] as microscopic road traffic simulator and OMNET++ [START_REF] Varga | The omnet++ discrete event simulation system[END_REF] as communication simulator. The penetration ratio of communicating vehicles is variable. Each communicating vehicle sends periodically a beacon safety message (BSM) according to the WAVE communication protocol [START_REF]Ieee guide for wireless access in vehicular environments (wave)architecture[END_REF]. The speed of the vehicle sending the message is included in the BSM. Each vehicle keeps track of the time with a clock. The method relies on the number of BSM messages received by each communicating vehicle from its environment. Each communicating vehicle keeps a tally of the number of BSM messages received from any other communicating vehicle in its radio range, along with the identifier of the sending vehicle, resulting in the n 1 and n 2 variables.

The simulation results are SQL databases, processed with a Python program which applies the model to the simulation data, according to section III. The main Python libraries used for post processing the simulation data results are : numpy, pandas, sqlite, and matplotlib. The result is an estimation of the road traffic densities for each direction, aggregated over periods of time of 1 minute, which can be compared to the actual density as given by the road traffic simulator. 

B. Estimation of road traffic

We notice on Fig. 1a and Fig. 1b that the relative error between the estimated density and the actual density is below 10% when the penetration ratio of communicating vehicles is above 30%. As the penetration ratio of communicating vehicles increases, the estimation error is reduced. The relative error for the density is below 5% on road 1 when the penetration ratio of communicating vehicles is above 20%.

The asymmetry of the two roads can be explained with Fig. 2a and Fig. 2b. Indeed, we notice that the number of communicating vehicles on the road 0 is higher than the number of communicating vehicles on the road 1 for low penetration ratios. This asymmetry is the reason why the density of the road 0 on Fig. 1a is over estimated for low penetration ratios. Because this phenomenon remains while repeating the simulation with multiple runs and various seeds, it is assumed that it is caused by the properties of the random number generator of the communication simulator, which decides wether a vehicle is a communicating vehicle or not. These properties can be analyzed by computing metrics of randomness about the lattice structure associated with the random number generator [START_REF] Leemis | Discrete-event simulation: A first course[END_REF].

Assuming that the flow q is known by another method, for example by using an inductive loop sensor, the penetration ratio of communicating vehicles is estimated. x 2 is computed with Equation (3) and p is estimated with Equation [START_REF] Krajzewicz | Recent Development and Applications of SUMO -Simulation of Urban MObility[END_REF]. The results are presented in Fig. 3. It is interesting to notice the very good results of this estimator, even for low penetration ratios.

C. Vehicles clustering

We evaluate the model for clustering the communicating vehicles in two groups : the opposite communicating vehicles group, and the co-directional communicating vehicles group, both relative to one mobile observer. For each mobile observer, the number of vehicles in each group is denoted as opposite communicating vehicles, and co-directional communicating vehicles. As the true value for the number of elements constituting these two groups is known, it is possible to evaluate the relative errors (in percentage) in estimating the sizes of the two groups. The results are averaged on the total number of mobile observers. In Fig. 4a and Fig. 4b, we notice that the relative error for co-directional communicating vehicles group is around 10%, which is higher than for the opposite communicating vehicles group error, which is around 1%. This is because the total number of co-directional vehicles in the radio range is lower than the total number of opposite communicating vehicles encountered. This number of vehicles for each group is seen on Fig. 2a and Fig. 2b : the maximum number of vehicles are respectively 600 for opposite vehicles and 80 for co-directional vehicles.

The mean absolute errors for the estimation of communicating vehicles are reported in Fig. 5a and Fig. 5b. We notice

1 Fig. 1 :Fig. 2 :Fig. 3 :

 1123 Fig. 1: Estimated density for roads 0 and 1.

and 1 Fig. 4 :Fig. 5 :

 145 Fig. 4: Relative error in estimating communicating vehicles of roads 0 and 1

TABLE II :

 II The traffic demand for 3600 s simulation time.

	Direction	Amount of vehicles
	West to East (Road 0)	2400 veh/h
	East to West (Road 1)	2400 veh/h

Estimated co-directional communicating vehicles for road 0 and p=0.2

Estimated co-directional communicating vehicles (veh) Co-directional communicating vehicles (veh) Fig. 7: Estimated communicating co-directional vehicles of road 0 for various penetration ratios on these figures that the mean absolute errors are varying between 0 and 15 vehicles, depending on the penetration ratio of communicating vehicles. The moderate error done while clustering the vehicles in two groups has little consequences on the estimation of the density of the vehicles on the roads. In Fig. 6 and Fig. 7, the number of estimated communicating vehicles for each direction, depending on arrival times are reported. We notice in these figures that the estimation of the size of the group of opposite communicating vehicles is more accurate than for the group of co-directional communicating vehicles.

V. CONCLUSION AND PERSPECTIVES

In this paper, the estimation of road traffic with the mobile observer method has been investigated. It is shown that the mobile observer method can be used with only communication messages as input data. The model has been tested on a scenario with variable penetration ratio of communicating vehicles. The first results demonstrate the potential of this approach. Indeed, the relative error on the estimated density of vehicles is less than 10% for a penetration ratio of communicating vehicles which is above 25%, for one direction. For the other direction, the relative error on the estimated density of vehicles is below 5% on road 1 when the penetration ratio of communicating vehicles is above 20%. As a future work, it would be interesting to test the method in the case of a congestion scenario, where the speeds of vehicles are low.