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 in order to overcome the CORM limitations, while guarantying both the CAV's non-collision requirement and the smooth collaborative navigation of the fleet. Several simulations are performed to evaluate the safety and reliability of the proposed approach.

I. INTRODUCTION

The widespread of Intelligent Transportation Systems (ITS) is driven by the need to reduce accidents caused by human errors. Nevertheless, individual Automated Vehicles (AVs) are still insufficient, in view of the fact that a number of driving situation demand coordination among them. Cooperation between AVs at urban intersections, highway fleet navigation, and on-ramp merging on highway can not only prevent accidents but also reduce road congestion and improve energy efficiency [START_REF] Vahidi | Coordination infrastructures for future smart social mobility services[END_REF] In conflicting scenarios (e.g., intersection crossing, highway merging, etc.), MVS motion coordination and synchronization ability permits to establish collision avoidance strategies, what improves road safety. Cooperative Automated Vehicles (CAVs) can provide shorter gaps between vehicles and shorter responses time while improving the road capacity by identifying appropriate velocity [START_REF] Rios-Torres | A survey on the coordination of connected and automated vehicles at intersections and merging at highway on-ramps[END_REF]. According to [START_REF] Sassi | Energy saving potentials of connected and automated vehicles[END_REF], CAVs are capable of sensing more accurately, processing more information, and can be more tightly controlled, they benefit more from information offered by connectivity and road preview, which can lead to auspicious energy efficiency potentials.

In this paper, it is proposed to take advantage from the CAVs abilities to tackle one challenging scenario: on-ramp merging on highway. The difficulty of the considered scenario resides on the shared nature of the merging zone. In order to avoid collisions between the merging CAV and the CAVs present on the highway, the merging CAV has to discern whether to accelerate or decelerate to enter the highway. Meanwhile, the mainline users may have to modify their speeds to permit the entrance of the merging CAV, thus affecting traffic flow which may result in road congestion.

The main contribution of this paper is the Altruistic Formation Reconfiguration Strategy (AFRS). The first objective of the AFRS is to guarantee a safe and smooth reconfiguration of the MVS during the merging scenario. To this aim the Extended Constrained Reconfiguration matrix algorithm (E-CORM) was developed. The E-CORM uses the formal approach for formation modeling and reconfiguration developed in [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF] [START_REF] Vilca | Stable and Flexible Multi-Vehicle Navigation Based on Dynamic Inter-Target Distance Matrix[END_REF] to coordinate the motion of the CAVs. A multi-mode decision-making strategy is the second objective of the AFRS. The decision-making level has the responsibility of switching between the nominal merging mode and the coordination mode.

The remainder of the paper is organized as follows. In Section II, the related work to the on-ramp merging scenario is discussed, in addition to the objectives of the AFRS. In Section III, we introduce the nomenclature used in the paper and the problem statement. The proposed AFRS is discussed in Section IV. The Section V presents the conducted simulations. We draw conclusions and set perspectives in Section VI.

II. RELATED WORK AND OBJECTIVES

Given the shared nature of the merging zone, one solution to the merging conflict is to synchronize the CAVs motions in order to avoid the presence of two or more vehicles in the shared zone at the same moment. In [START_REF] Rios-Torres | A survey on the coordination of connected and automated vehicles at intersections and merging at highway on-ramps[END_REF], the authors classified the on-ramp merging based literature into two categories, the centralized and the distributed approaches. [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF] It relays on the central controller to decide for all the vehicles (e.g., reservation approaches [6] [7], optimization based approaches [START_REF] Liu | Safety-Critical and Flexible Cooperative On-Ramp Merging Control of Connected and Automated Vehicles in Mixed Traffic[END_REF]). ( 2) Each vehicle defines its policy based on its information and the others broadcasted and/or shared data with the help of the Vehicle-to-Everything (V2X) communication (e.g., virtual mapping [START_REF] Chen | Connected and automated vehicle distributed control for on-ramp merging scenario: a virtual rotation approach[END_REF]).

Approaches based on the virtual platooning are also part of the literature. The concept of virtual platooning introduced in 1999 [START_REF] Uno | A merging control algorithm based on inter-vehicle communication[END_REF] is based on the virtual mapping onto the main road of the merging CAV's pose before the actual merging, allowing a safer and smoother merging behavior [START_REF] Wang | Distributed consensus-based cooperative highway on-ramp merging using v2x communications[END_REF]).

Defining a safe passing sequence used by the CAVs to travel through the merging zone is one concept that can be used to tackle the merging scenario [START_REF] Kumaravel | Decentralized Cooperative Merging of Platoons of Connected and Automated Vehicles at Highway On-Ramps[END_REF]. In [START_REF] Xu | A Grouping Based Cooperative Driving Strategy for CAVs Merging Problems[END_REF], the authors proposed a grouping-based cooperative driving strategy for onramp merging on highway. The passing sequence was obtained through an optimization of the time spent in the merging area by each considered group. The approach based on the definition of the passing sequence are often correlated with the presence of the V2X communication [START_REF] Zhu | Merging control strategies of connected and autonomous vehicles at freeway on-ramps: a comprehensive review[END_REF] [START_REF] Xu | Cooperative merging strategy for connected vehicles at highway on-ramps[END_REF].

Based on the communication range of the Road Side Unit (RSU) (cf. Figure 2), the CAVs present in the merging environment can be identified and attributed a personal ID. The details related to the communication level are out of the scope of this paper. The formation modeling used in this paper is inspired from the CORM formal formation modeling [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF]. A reference CAV is defined; and based on its position, a mobile Frenet reference frame is created. As the CORM algorithm, the E-CORM algorithm takes advantage from the virtual structure approach to model and reconfigure the shape of the formation.

The CORM algorithm uses a restricted motion convergence approach which limits its flexibility. Thus, the main objective behind the proposed E-CORM algorithm, part of the AFRS, is to overcome the limitation encountered with the CORM in [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF], while ensuring a safe and flexible formation reconfiguration.

The second objective of the AFRS resides in the proposed multi-mode decision-making. The decision level adopted in this paper has the responsibility of switching between: (1) the nominal mode, where the merging scenario is performed from the perspective of the merging CAV, when there is no conflict with other road occupants, and the non-collision requirement is ensured even without cooperation. (2) The coordination level is activated when the nominal mode fails to ensure the safety requirement. It is responsible of setting an optimal passing order given to the E-CORM algorithm to coordinate the motions of the CAVs in a safe and feasible manner.

III. PRELIMINARIES AND PROBLEM STATEMENT

This section is dedicated to the presentation of the main nomenclature used in this paper, along with the vehicle modeling and control law.

A. Preliminaries

In addition to this section where the used nomenclature in this paper is presented, please confer to Figures 2 and6.

• N ∈ N is the number of the considered CAVs that are in the communication range, referred to individually by i, and N = {1, ..., N } is the set representing all the CAVs indices. 

f i = [h i , l i ] T is CAV i coordinates in the formation, F = [f T 1 , ..., f T N ]
T is the vector of coordinates of the formation composed of N, N ∈ N CAVs.

• T di is the CAV i virtual target used by the virtual structure to control the shape of the formation. For the knowledge of the reader, further details can be found in [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF]. • sq is the passing sequence of the CAVs in the merging zone.

• The collision time is known as CT , and CP is the collision partner.

B. Vehicle modeling and control law

The CAV is modeled using the tricycle model in [START_REF] De Luca | Feedback control of a nonholonomic car-like robot[END_REF]. A single front wheel replaces the two front wheels, and it is placed in-between them. The equations of the kinetic model can be written as:

ẋ = V cos(θ) ẏ = V sin(θ) θ = V/l b tan(δ) (1) 
with X = [x, y, θ] T , l b , V and δ are the vehicle's pose, its wheelbase, linear velocity and steering angle respectively. The latter is expressed as δ = arctan(l b C c ) where C c = 1/R, with R is the radius of the road and Cc its curvature.

To achieve the dynamic [V, δ], the control law in this paper is based on the one developed in [START_REF] Vilca | An overall control strategy based on target reaching for the navigation of an urban electric vehicle[END_REF].

IV. ALTRUISTIC FORMATION RECONFIGURATION STRATEGY (AFRS)

As stated in Section II, the main objective of the Altruistic Formation Reconfiguration Strategy (AFRS) is to ensure the safety and the feasibility of the driving behavior of the CAVs during the merging scenario. To this aim, the AFRS (cf. Figure 1) is composed of two levels: (1) the multi-mode decision-making level (cf. Section IV-B), responsible of the activation of the proper behavior of the CAVs between the nominal mode (cf. Section IV-B1) and the cooperation mode (cf. Section IV-B2) depending on the safety of the supposed merging (cf. and composed of the proposed E-CORM algorithm (cf. Section IV-A) that ensures the safety and flexibility of the formation reconfiguration, in addition to the nominal trajectory and velocity cycle generator attached to the nominal mode.

A. E-CORM: Extended Dynamic Reconfiguration Matrix

Before the presentation of the details of the proposed Extended Dynamic Reconfiguration Matrix (E-CORM) for formation reconfiguration. For the clarity of the paper and the understanding of the reader, the fundamentals about the formalization used to represent the formation are given. For further details on the adopted formation modeling formalism, the reader in invited to read [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF].

For a formation composed of N CAVs, a reference CAV R is defined to determine the coordinates of the CAVs part of the formation. The E-CORM uses a system of coordinates based on the Frenet reference frame w.r.t. CAV R 's pose, where h and l are the longitudinal and the lateral Frenet coordinates, respectively. These coordinates, transformed to the global reference frame permit to generate the pose of the virtual target T d followed by the CAV. Further details about the used system of coordinates and virtual targets generation are given in [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF].

The merging maneuver shown in Figure 2 consists of a formation reconfiguration. In other terms, the initial coordinates of the formation F init are reshaped to match the desired coordinates F end , corresponding to the formation coordinates at the end of the merging maneuver. F (t) are the intermediate coordinates used to reshape the formation. Consequently, based on F (t), the virtual dynamic targets T d (t) are generated for each CAV part of the formation.

     F init = [f init T 1 , ..., f init T N ] T , F end = [f end T 1 , ..., f end T ] T N , F (t) = [f 1 (t) T , ..., f N (t) T ] T , (2) 
f init i , f end i
, i ∈ N are the coordinates of CAV i in the initial and final formation, while f i (t), i ∈ N are its instantaneous coordinates.

The convergence error between the desired coordinates of CAV i in the formation and the actual ones is e fi = [e hi , e li ] T , it can be defined as:

     e fi = f end i -f i (t), f i (t) = [h i (t), l i (t)] T , f end i = [h end i , l end i ] T , (3) 
with e = [e T fi , ..., e T f N ] T the convergence error vector. In order to characterize the evolution of the reconfiguration from the initial shape toward the desired one, while ensuring the respect of the minimum inter-target distance d saf ety between the N CAVs part of the formation, the E-CORM proposes an intermediate state vector S given in eq. ( 4).

S = ė + λe + γ ∫ e dt (4) 
To overcome the CORM lack of flexibility, the E-CORM uses in addition to the convergence error e, the convergence rate ė of the error and the sum of the errors through the integrative term of the latter. λ, γ ∈ R + are the convergence gains and permit to offer more flexibility to the E-CORM algorithm.

The convergence of S follows a first order convergence model detailed in eq. ( 5).

Ṡ = A × S = A ė + Aλe + Aγ ∫ e dt (5) 
where A 2N ×2N is a negative-definite convergence matrix. Using eq. ( 3) in eq. ( 5) permits to write the extended system of equations representing the studied system. Ṡh1 = a h1 ėh1 + a h1 λ h1 e h1 + a h1 γ h1 ∫ e h1 dt (6) Ṡl1 = a l1 ėl1 + a l1 λ l1 e l1 + a l1 γ l1 ∫ e l1 dt . . .

Ṡh N = a h N ėh N + a h N λ h N e h N + a h N γ h N ∫ e h N dt Ṡl N = a l N ėl N + a l N λ l N e l N + a l N γ l N ∫ e l N dt
where h i and l i , representing the longitudinal and the lateral coordinates of the formation, converge toward the target with different convergence rates a hi and a li .

The system in eq. ( 7) presents the matrix form of the studied system.

            Ṡh1 Ṡl1 Ṡh2 Ṡl2 . . . Ṡh N Ṡl N             = Ω 1            ėh1 ėl1 ėh2 ėl2 . . . ėh N ėl N            + Ω 2            e h1 e l1
e h2 e l2 . . . with Ω 1 , Ω 2 and Ω 3 are given in eq. ( 8).

e h N e l N            + Ω 3            ∫ e h1 dt ∫ e l1 dt ∫ e h2 dt ∫ e l2 dt . . . ∫ e h N dt ∫ e l N dt            (7) 
     Ω 1 = diag[a h1 , a l1 , • • • , a h N , a l N ], Ω 2 = diag[a h1 λ h1 , a l1 λ l1 , • • • , a h N λ h N , a l N λ l N ], Ω 3 = diag[a h1 γ h1 , a l1 γ l1 , • • • , a h N γ h N , a l N γ l N ], (8) 
with

Ω 2N ×2N 1 , Ω 2N ×2N 2
and Ω 2N ×2N 3 are the extended reconfiguration matrices.

Reconfiguration gains: The convergence matrix used in the CORM algorithm [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF] assumes that both the longitudinal and the lateral motions converge according to the same convergence rate, which reduces the CORM flexibility. The E-CORM relies on an augmented reconfiguration matrix in eq. ( 7) to overcome the CORM limitations; namely considering the geometrical limitation encountered with the CORM to fit the reference path of the road (such as the path given by its middle). In fact, separating the longitudinal convergence from the lateral one added more flexibility to the E-CORM. The gains a hi and a li are computed using an optimization procedure that ensures the zero-collision between the CAVs part of the formation. Thus, all the inter-vehicular Euclidean distances must be above a certain safety distance d saf ety . For further details please confer to [START_REF] Saidi | CORM: Constrained Optimal Reconfiguration Matrix for Safe On-Ramp Cooperative Merging of Automated Vehicles[END_REF].

The optimization procedure can be expensive in terms of the computation time. In order to reduce the computation cost, the E-CORM takes advantage from the road topology and the vehicle behavior to optimize only the necessary terms. Figure 3 represents the selection of the coordinates based on the segment in which the CAV i is located (cf. Figure 2). Thus, when the CAV travels on a segment where only the longitudinal reconfiguration is necessary (cf. Figure 2, Segment A), only the gains related to the longitudinal behavior are optimized, the lateral coordinates l i are given according to the road center-line. On the other hand, when both of the longitudinal and lateral behaviors are necessary for the reconfiguration (cf. Figure 2, Segment B), both of the gains a hi and a li are optimized. This selection mode is possible thanks to the capacity of the algorithm to guarantee the continuity of the dynamic targets T d ensured by the formalism using the state S. Stability analysis w.r.t. the convergence error: The paper is dedicated to the presentation of the AFRS contribution. Thus, the fundamental stability analysis ensured under the E-CORM is given in this section. The stability of the system given in eq. ( 7) is proved in two steps; 1) the stability analysis of the state S in the system in eq. ( 4) using a Lyapunov analysis and; 2) the stability of the convergence error e using the system given in eq. ( 6).

Begin CAV i localization CAV i in Segment A h i ← E-CORM l i ← center-line h i , l i ← E-CORM

End of scenario

First, it is proposed to define the Lyapunov candidate function:

V = 1 2 S T S (9) 
V is a positive-definite function. To guarantee the stability of the system, V must be negative-definite. By taking the derivative of eq. ( 9) and using eq. ( 5). V can be written:

V = ṠT S = S T A T S (10) 
Since A T is a diagonal negative-definite matrix, then V < 0 and the state S converges asymptotically to zero.

The second step of the stability analysis is to prove the convergence of the formation error system given in [START_REF] Sassi | Energy saving potentials of connected and automated vehicles[END_REF]. The stability analysis of eq. ( 10) permits to write around the equilibrium point of the state S:

Ṡ = 0 (11) 
Taking the systems given in eq. ( 6), eq. ( 11) and the Laplace transformation, the system can be written as in eq. ( 12):

E h1 p 2 + λ h1 E h1 p + γ h1 E h1 = 0 (12) E l1 p 2 + λ l1 E l1 p + γ l1 E l1 = 0 . . . E h N p 2 + λ h N E h N p + γ h N E h N = 0 E l N p 2 + λ l N E l N p + γ l N E l N = 0
where p is the Laplace operator. The stability of the system given in eq. ( 12) can be studied as a 2 nd order polynomial.

According to the Routh-Hurwitz criterion, the system given in ( 12) is stable if all the terms composing the polynomial have the same sign. Consequently, the sign of the polynomial follows the sign of the formation error e, thus according to Routh-Hurwitz criterion the system given in eq. ( 6) is stable.

B. Multi-Mode Safe and Efficient Cooperative On-Ramp Merging on Highway

The decision-making level of the AFRS is based on a multimode decision-making system. The proposed decision-making algorithm (cf. Figure 4) is in charge of the activation of the appropriate mode based on the risk of collision metric. Two operating modes are integrated in the latter: (a) the nominal mode (cf. Section IV-B1) and (b) the cooperation mode (cf. Section IV-B2). During the activation of the nominal behavior, the safety criterion is continuously tested with the help of the feedback loop, which ensures the respect of the safety criterion. This section is dedicated to draw the explanations about the adopted decision-making system and both of the operating modes.

1) Nominal mode: The goal of the nominal mode is to perform the merging maneuver from the point of view of the merging CAV. This mode takes the assumption of a free merging zone at the merging moment, consequently, no conflicting scenario is considered. The CAV m is asked to perform the merging scenario while optimizing two sub-criteria objective function: the merging time and its acceleration. The latter is correlated to the energy consumption of CAV m while performing the merging maneuver.

The nominal mode uses an optimization process to generate the velocity cycle given to CAV m as an input. The latter is based on the sigmoid function in eq. [START_REF] Xu | A Grouping Based Cooperative Driving Strategy for CAVs Merging Problems[END_REF]. the initial velocity of CAV m , and V desired m its desired velocity. The latter is based on V max the maximum authorized velocity by the traffic laws on the traveled segment (cf. Figure 2). α is the convergence rate of the sigmoid function while β is the mid-point time. α * and β * the optimal parameters found by the optimization.

V(k) = V init m + V desired m -V init m 1 -e -α * (k-β * ) (13) 
The objective function evaluated to find the optimal sigmoid parameters α * and β * is given in eq. ( 14), it is composed of two sub-criteria weighed with the help of ω 1 and ω 2 . 1) The time related cost aims to minimize the required time (T ravelT ime) for CAV m to perform the merging. 2) The acceleration related cost aims to minimize the variation of the acceleration a(k), k ∈ {1, I N } during the merging, resulting in an energy efficient merging maneuver from CAV m perspective.

min α,β ω 1 T ravelT ime t + ω 2 I N k=1 a(k) a 2 so that -4[m/s 2 ] ≤ a(k) ≤ 4[m/s 2 ], k ∈ {1, I N } V(k) ≤ V max , k ∈ {1, I N } (14) 
t and a are the normalization terms. They represent respectively, t the maximum time needed to perform the maneuver, which is obtained by imposing to CAV m its initial velocity during the merging, and a the maximum acceleration from the acceleration profile a(k).

2) Cooperation mode: The merging zone is a shared topological resource between the CAV hw and the CAV m . The cooperation mode part of the proposed decision-making strategy (cf. Figure 4) is activated when a collision may occur in the merging zone following the nominal behavior (cf. Figure 6). Consequently, the cooperation protocol has the responsibility of setting a conflict-free passing sequence sq of the CAVs in the merging zone. sq will be later translated to a desired virtual shape, which constitutes the input of the E-CORM algorithm in Section IV-A. order to predict the state of the merging scene at the Collision Time CT (cf. Figure 6). The predicted data are listed in the second step of the flowchart (cf. Figure 5). Figure 6 gives a visual explanation of the latter, where a screen-shot of the merging scenario was taken at CT . The id-list of the CAVs under the communication range of the RSU at CT is created. The latter will be used by the passing sequence procedure sq. Each passing order will be evaluated with the help of the global objective function presented below.

(j) ←-{V h CP j , Vm, V h CP j-1 } Launch E-CORM Compute the global cost J G (sq(j)) j > 1 j ←-j + 1 J G (sq(j)) > J G (sq(j - 1 
The Global objective function: the global cooperation function J G is used to evaluate the level of cooperation related to the different passing sequences sq. It uses the initial conditions of the CAV hw as a reference to define the coordination effort and the nominal mode to compare the performance of the CAV m , it can be written as:

J G (sq(j)) = N i=1 ω i J i (15) 
N i=1 ω i = 1 (16) 
ω i represents the participation weight given to the CAV i and it respects the expression given in eq. ( 16). i ∈ N represents the index of the N CAVs part of the considered formation. J i given in eq. ( 17) is the individual cost related to each considered CAV.

J i ∀i∈N = ω saf e J Saf e i + ω Acc J Acc i + ω KE J KE + ωnJ N C (17) 
with:

ω saf e + ω Acc + ω KE = 1 (18) ω = {ω saf e , ω Acceleration , ω KE , ω N C } (19) 
ω is the set containing the participation weights given to each sub-cost part of the individual cost J i . The cost J i is composed of the four components described above: (a) The safety related cost J Saf e i considers the Euclidean inter-vehicular distances in between the CAVs part of the formation. It can be written as in eq. (20):

J Saf ety i = I S k=1 1 EucDist{X V i (k),X V j (k)} ∀j∈N ,j =i ∀i∈N I S k=1 1 d Saf ety (20)
d saf ety is the safety distance that needs to be always respected between the CAVs. It corresponds to twice the radius of the safety circle around the CAV (cf. Figure 6). Same as for the dynamic related cost, the nominal dynamic (cf. Section IV-B1) is used to evaluate and minimize the gap between the nominal mode dynamic and the cooperation one. Thus, the kinetic energy cost for the merging CAV is shown in eq. ( 23).

J KE m ∀m∈M = 1 2 m Vm 1 I N ominal I N ominal k=1 V nominal m (k) V nominal m 2 - 1 I S I S k=1 V S m (k) V S m 2 (23)
The kinetic energy related to the highway CAVs is noted J KE hw (cf. eq. ( 24)).

J KE hw ∀hw∈H = 1 2 m V hw 1 I S I S k=1 V S ref (k) -V S hw (k) max(V S ref , V S hw ) 2 (24) 
with m Vi being the weight of the CAV i . V S m and V S hw are the velocity profiles of both CAV m and CAV hw during the merging scenario under the cooperation mode respectively. V S ref is the desired velocity of the CAV hw . The term max(V S ref , V S hw ) is used for the normalization of the kinetic energy cost. Altruistic passing sequence: The fourth term of the individual cost function is the non-collaborative cost, its objective is to ensure the avoidance of extensive cooperation efforts from the perspective of the CAV hw . In fact, the highway CAVs are said to be altruistic, in other terms, they are set as collaborative by definition. However, the Boolean cost plays the role of the cooperation threshold from the CAV hw perspective. The threshold is computed based on the percentage of the cooperation of the considered CAV hwi . Consequently, when a passing order sq orders the CAV hwi an effort above its effort's threshold, the non-collaborative cost is maximized.

V. SIMULATION RESULTS

In order to evaluate the efficiency of the proposed AFRS in terms of its ability to guarantee a safe and smooth CAV dynamics while performing the on-ramp merging on highway, it is proposed to discuss the results of both the nominal mode and cooperation mode.

1) On-ramp merging operated by the nominal mode: In the following simulation, it is aimed to perform the merging scenario according to the nominal mode. The CAV m initial pose is set to respect the non-collision metric in order to activate the nominal mode, in addition to a proper spacing of the CAV hw w.r.t. CAV m . The simulation video can be found in: shorturl.at/HMVZ9 The Figure 7 presents the Euclidean in-between distances. During the merging scenario it can be noticed that both the distance between the CAV m (CAV 3 ) and the CAV 2,4 are above d saf ety meaning that the safety requirement is ensured while the nominal mode is running the merging scenario. As for the velocity cycles generated by the control law in the Figure 8, the maximum authorized velocity (80 km/h in segment A and 130 km/h in segment B) is respected by all the CAVs. 2) On-ramp merging operated by the cooperation mode: In the following simulation, it is aimed to perform the merging scenario according to the cooperation mode. The CAV m initial pose is set to activate the non-collision metric when the merging is operated by the nominal mode, the simulation video can be found in: shorturl.at/gjGKL The passing sequence selected by the cooperation mode is sq = {CAV 1 , CAV 2 , CAV 4 , CAV 3 } (cf. Table I). The Euclidean distance between the CAVs are given in Figure 9, where conflict between the CAV m (CAV 3 ) and the CAV 4 has been solved, in addition to guaranteeing that all the in-between distances are above d saf ety . The velocity profile of the CAV 4 corresponds to the selected passing sequence sq (cf. Table I).

The velocity profiles respect the maximum authorized velocity (80 km/h in segment A and 130 km/h in segment B). The acceleration profile respects the maximum and minimum authorized limits. 

VI. CONCLUSION AND PERSPECTIVES

This paper proposed an Altruistic Formation Reconfiguration Strategy (AFRS) for on-ramp merging on highway based on two levels: 1) the multi-mode decision-making level, responsible of the activation of the appropriate behavior based on the safety metric. Two behaviors are proposed under the decision-making level: (a) the nominal behavior, designed to perform the merging from the merging CAV perspective, (b) the cooperative mode, activated by the decision-making level when the safety requirement is not satisfied by the nominal mode. Its objective is to generate the optimal passing sequence from the formation perspective. 2) The proposed planning level, composed of two planners attached to both modes in the decision-making level: (a) The velocity cycle generator under the nominal mode has the responsibility to minimize the time spent in the merging zone, in addition, to the energy consumption of the merging CAV. (b) The proposed Extended Constrained Reconfiguration Matrix (E-CORM) that takes into account the passing sequence generated by the cooperation mode to perform a safe and feasible coordination of the formation motion during the merging phase. The future works based on the AFRS algorithm will mainly consider the implementation on real vehicles available in the laboratory.
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 1 Behavior selection level). (2) The local trajectory planning level responsible of the generation of the dynamic targets T d (cf. Figure 1, Local trajectory planning)
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 2 Fig.2. Illustration of the on-ramp merging on highway scene. The initial shape of the formation of the CAVs under the communication range of the RSU is represented, along with the final desired shape. The Segment A representing the zone where the CAV behaves according to the longitudinal motion. In Segment B the CAV behaves according to both the longitudinal and the lateral motion.
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 5 presents the flowchart of the cooperation mode. The first step consists of replaying the nominal scenario in Begin Launch nominal mode Get collision data • Get Collision Time CT , • Get Collision Partner CP , • Get image of the scenario at CT . Define the passing order sq(j) sq

Fig. 5 .Fig. 6 .

 56 Fig. 5. Flowchart representing the step sequence of the cooperation mode

  It is used here to normalize the safety cost. (b) The cost related to the dynamics of the CAVs J Acc m utilizes the acceleration. The latter aims to minimize the gap between the nominal dynamic and the cooperation-based dynamic related to CAV m , ∀m ∈ M. for the highway-CAVs their dynamic is minimized with the cost J Acc hw ∀hw∈H . m and a S hw being respectively, the acceleration profile of the CAV m and CAV hw during the merging scenario under the cooperation mode. a nominal m and a S m are the maximum acceleration with the nominal mode (cf. Section IV-B1) and with the cooperation mode, respectively. The latter are used to normalize the acceleration cost. (c) The cost related to the energy cost generated by the cooperation is characterized by the kinetic energy used by the CAVs. The kinetic energy related cost has two objectives: 1) it gives the energy consumption of the CAV even at a constant acceleration. 2) Since it includes the weight of the CAV, it allows a distinction of the efforts asked to be done by a truck and a light-weight CAV.

4 Fig. 7 .

 47 Fig. 7. Nominal mode: the distances between the CAVs.

4 Fig. 8 .

 48 Fig. 8. Nominal mode: the dynamics of the CAVs.

4 Fig. 9 .

 49 Fig. 9. Cooperation mode: the distances between the CAVs.

4 Fig. 10 .

 410 Fig. 10. Cooperation mode: the dynamics of the CAVs.

•

  The subset M with M ∈ N contains only the m-indexes of the merging CAVs (CAV m ), H with H ∈ N contains only the hw-indexes of the highway CAVs (CAV hw ). The coordinates of CAV i w.r.t. the mobile reference frame centered on CAV R are h i and l i for longitudinal and lateral coordinates respectively.

	Consequently, N ≡ M H and M × H = 0.
	• The pose in the global frame {X G , Y G } of CAV i is
	defined by X = [x, y, θ] T and its dynamic is referred
	to by [V, δ] T for linear velocity and steering angle,
	respectively.

• •
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