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This paper addresses the Flexible Job Shop Scheduling Problem (FJSSP) with transportation tasks between processing machines ensured by Automated Guided Vehicles (AGVs). It aims to study the effect of two operational constraints, usually neglected in literature, namely the traffic interactions between AGVs and loading/unloading operations. A multi-agent simulator is developed to simulate and analyse the system and to test some hypothesis. The proposed approach is tested on two scenarios: with and without collision avoidance assumption. Results have shown that collision avoidance assumption adds extra time to the Makespan. However, these results bring us closer to reality and highlight the need to take into account such interactions in the advanced planning/scheduling of production and transportation tasks in flexible manufacturing systems (FMS).

Introduction

Produce faster while reducing operating costs, that is the new mindset of companies in this more and more competitive and highly demanding international market. Industry 4.0 paradigms are revising the production chain through shifting towards flexible/reconfigurable manufacturing systems where products must be picked in a load station and forwarded to machines to be processed by Autonomous and Guided Vehicles (AGV).

The traditional Job Shop Scheduling Problem (JSSP) is defined as the assigning of n jobs to m machines. Each job is a set of a certain amount of operations that have to be executed on machines in a specific order. Flexible Job Shop Scheduling Problem is extending the JSSP with the assumption that one or many other machines have the ability to carry out a particular operation [START_REF] Liu | Solving multiobjective flexible job shop scheduling with transportation constraints using a micro artificial bee colony algorithm[END_REF] [START_REF] Zhou | A two-stage artificial bee colony algorithm scheduling flexible job-shop scheduling problem with new job insertion[END_REF].

The issue of Flexible Manufacturing System (FMS) has been tackled as a simultaneous scheduling of machines and AGVs problem [START_REF] Bilge | A time window approach to simultaneous scheduling of machines and material handling system in an fms[END_REF] in the literature. Research efforts have shown that this problem is NP-hard [START_REF] Li | An effective hybrid genetic algorithm and tabu search for flexible job shop scheduling problem[END_REF], i.e., every problem belonging to NP class can be reduced in polynomial time to that problem. Since this NP-hardness, most existing research were based on heuristic approach driven [START_REF] Dalila | Joint production and transportation scheduling in flexible manufacturing systems[END_REF] [START_REF] Moussa | Bilocal search based variable neighborhood search for job-shop scheduling problem with transport constraints[END_REF]. Furthermore, research on the FJSSP with transportation assignment is relatively rare [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF] and the few who attempted to tackle it have made assumptions about AGVs which are far from reality. Indeed, they assumed that there is no delay due to congestion, no AGV collisions, trip durations are known and deterministic once the AGV route is specified, and they ignored traffic controlling [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF] [START_REF] Ham | Transfer-robot task scheduling in job shop[END_REF].

Therefore, in this paper, we introduce a multi-agent simulation based approach for handling the FJSSP which focuses on AGVs collision avoidance. The whole simulation was implemented on layout 2 proposed by Bilge and Ulusoy [START_REF] Bilge | A time window approach to simultaneous scheduling of machines and material handling system in an fms[END_REF] with the assumption of collision existence, thus we propose a traffic control policy for collision avoidance. Since those assumptions, we have reviewed regards about makespan minimization.

Related work

There are many researchers who have worked on FMS as a simultaneous scheduling of machines and AGVs and each of them has proposed an interesting approach with reducing costs and makespan as main objectives.

Bilge and Ulusoy [START_REF] Bilge | A time window approach to simultaneous scheduling of machines and material handling system in an fms[END_REF] one of the first who have attempted to tackle this problem. Their formulation problem and assumptions still remain considered today and many others studies are based on. They proposed four different layouts composed of four machines, one load/unload station (stock) and two AGVs. They solve the FMS problem as a nonlinear mixed integer programming model with makespan minimization as the objective Fontes and Homayouni [START_REF] Dalila | Joint production and transportation scheduling in flexible manufacturing systems[END_REF] have continued along with this formulation and their computational experiments on benchmark problem instances using a commercial software (Gurobi) show the efficiency of the modeling approach in finding optimal solutions.

Ham [START_REF] Ham | Transfer-robot task scheduling in job shop[END_REF] on his side has considered machines and transbot (AGV) both as constraining resources. He has proposed then a novel application of constraint programming for the JSSP with transbots. This application is significantly outperforming all other benchmark approaches in the literature and proving optimality of the wellknown benchmark instances. He has proposed also a medium-scale benchmark instance.

Xu et al. [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF] are among the first one to introduce a simulation approach to tackle the FJSSP. They have proposed a new dynamic algorithm based on multiagent simulation (on NetLogo) and multi-objective optimization to solve the FJSSP with transportation assignment. However, they did not consider any AGVs collision and any traffic controlling.

Therefore, our contribution is to tackle FJSSP (or JSSP) while considering operational constraints like in a real job shop. In fact, we study the impact of the prohibition of collision between AGVs as well as considering time for load/unload jobs. We study their consequences on AGVs behaviour and on the shop job scheduling since these constraints are rarely been studied in literature.

Simulated model

The aim of this study is to test a literature known layout with simulations and compare the consideration of the effect of the interaction between robots (AGVs) on the performances of the proposed algorithms. In fact, the behaviour of AGVs changes considerably when they are in a fleet. A set on hypothesis are defined to ensure a safe and efficient avoidance of obstacles and collision between AGVs. The second experiment aims to study the influence of the number of robots on the transportation cost and the makespan.

For that, we developed a simulation model with layout 2 proposed by Bilge and Ulusoy [START_REF] Bilge | A time window approach to simultaneous scheduling of machines and material handling system in an fms[END_REF] and we executed it with the problem data of Pezzella et al. [START_REF] Pezzella | A genetic algorithm for the flexible job-shop scheduling problem[END_REF]. We used the dynamic scheduling method developed by Xu et al. [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF] and we introduced new algorithms for collision avoidance and traffic controlling.

Problem description

As it was defined by Pezzella et al. [START_REF] Pezzella | A genetic algorithm for the flexible job-shop scheduling problem[END_REF], the FJSSP is a problem where a set of n jobs

J = {J 1 , J 2 , ..., J n } have to be assigned to a set of m machines U = {M 1 , M 2 , ..., M m }. Each job J i is composed by a sequence O i 1 , O i 2 , ..., O i n i of
operations to be performed one after the other according to the given sequence. The processing time of operation O i j when it was processed by machine M k is machine-dependent. Preemption is not allowed, i.e., each operation must be completed without interruption once started. Furthermore, machines cannot perform more than one operation at a time. All jobs and machines are available at time 0 and machine breakdowns as well as AGV failures are ignored.

Moreover, we assume that each machine M k has an input buffer B I k and an output buffer B O k for storing jobs before or after processing. We assume also that all the jobs are stored in a load/unload (L/U) station at the beginning/end of the execution.

For our simulation, we have used the problem data recorded in Table 1. Rows and columns represent respectively operations and machines and the table entries represent the processing times (in seconds). [START_REF] Ham | Transfer-robot task scheduling in job shop[END_REF] 

M 1 M 2 M 3 M 4 O 11

Simulated model

As it was mentioned by Xu et al. [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF], production and transportation tasks are not dependent, which allows AGVs to transfer some jobs while machines are processing others. Thus, the problem involves three sub-tasks which are: assignment of operations to machines, assignment of AGVs to operations and sequencing the operations on each machine. Those three sub-tasks were integrated and the schedule was optimized dynamically, step by step, at each transportation assignment with the dynamic scheduling method. This method also allows each transporter to make the best choice of transportation task at each assignment moment. The method runs a algorithm which optimize several objectives simultaneously with dynamic lexicographic orders. Once an operation satisfies the maximum of criteria, it is selected as best choice. [START_REF] Eloundou | Modélisation multi-contraintes d'un système de production flexible[END_REF][15] [START_REF] Abdelkader Mekhalef Benhafssa | Optimizing energy-conscious dynamic flexible job shop scheduling: Multi-agent simulation approach[END_REF] Regarding the multi-agent model, the simulated model involves 4 main agents: AGVs, machines, jobs and stocks (the buffers and the L/U station). For each agent, we consider the following assumptions:

• AGV:

-AGVs are independent of each other.

-Each AGV can transfer one and only one job at a time.

-Time required to load and unload jobs from buffers is included in transportation time. -AGVs collisions are not allowed.

-AGVs have to move through the direction imposed by the layout.

-AGVs have to respect the traffic control policy.

• Machine:

-Machines are independent of each other.

-Each machine can process one and only one operation at a time.

-Machine setup times are ignored.

-Machines are processing jobs in FIFO mode.

• Job:

-Jobs are independent of each other.

-Each job can be processed on one and only one machine at a time.

-Preemption of operations is not allowed.

• Stock:

-Machine buffers have an identical capacity limit.

-System buffers (L/U station) are unlimited. Fig. 1 and Fig. 2 show respectively our multi-agent model and the whole process of production and transportation of J 1 .

Fig. 1: Our multi-agent system

Regarding the behavior of the AGV, we distinguish 2 types of simulation: simulation with or not collision avoidance. During the simulation without collision avoidance, collisions are not prohibited. AGVs are allowed to bump into each other and they don't care about their surroundings. On the other hand, the simulation with collision avoidance does not allow AGVs collision. For that, we define a policy which is based on the implementation of several rules. Since the road width does not allow 2 (or more) AGVs to move at the same time, we have implemented the following rules:

• When an AGV is about to pick-up/deliver a job from/to L/U station or a machine and it's followed by another AGV behind it, this last one has to stop until the first one has completed what it is doing. • each AGV has a safety radius of 0.1 meter around it.

• when an AGV is about to enter another's safety radius, the one behind has to stop and let the front one move forward so as to respect each other's safety radius. • when 2 AGVs meet at a crossroads, they agree on who has the priority. Thus, one of them has to stop and let the other one move forward.

Fig. 2: Production process and transportation

Simulation layout

Bilge and Ulusoy have proposed 4 different layouts, each with 4 machines. Those layouts show the position of the L/U station and that of machines as well as the trip orientation. For our simulation, we have used the layout 2 to which we customized by introducing distances for loading and unloading jobs. The resulting layout is shown by Figure 3.

Fig. 3: Simulation layout

We supposed that AGVs are independent of each other and they move at 1 meter per second (m/s) speed. The travel times (in seconds) without any obstacles are given by Table 2.

L/U M1 M2 M3 M4 L/U 0 4.5 6.5 8.5 6.5 M1 6.5 0 2.5 4.5 2.5 M2 8.5 12.5 0 2.5 4.5 M3 6.5 10.5 12.5 0 2.5 M4 4.5 8.5 10.5 12.5 0 

Simulation framework

RelationsThe whole simulation model (problem data and layout) was coded in Net-Logo 6.2. this software which is at the same time a programming language and a simulator, is used to model and simulate systems making interact several different agents. It works as a desktop application and make the modelled system able to be used directly and easily by any other user. Each agent is considered as a breed and Fig. 4: Simulation interface on NetLogo 6.2 each breed has its own characteristics and parameters independent of the others. However, it is possible to define global parameters for the whole model. In our case, we considered AGVs, machines, jobs and stocks (the buffers and the L/U station) as 4 different breeds. Figure 4 shows our simulation interface on NetLogo. The setup button is used to (re-)initialized the simulation while the go button is used to run it. The display window shows the results at the end of execution. Sliders are used to set the values of processing time of each operation on each machine and to set also the amount of each job as well as the transporters amount.

Experiments

The simulation model described in Section 3 was implemented on NetLogo 6.2 and run on a 2.8 GHz Intel(R) Core(TM) i7-4810MQ processor with 16.0 GB of RAM. To demonstrate the effect of collision avoidance on the makespan, we carried out the same experiment in two different situations (with collision avoidance and without collision avoidance). Each job in the problem data was multiplied by 10, so we had 30 jobs in total. With these 30 jobs, we created 9 simulation instances by increasing the number of AGVs from 2 to 10. Each simulation instance was run 30 times and then we retained the average makespan values (time elapsed to complete all tasks) as well as the total mileage of the AGVs.

After running the 9 different instances, we recorded the obtained values in Table 3 and Table 4. The rows of Table 3 represent the amount of AGVs while the columns represent the makespan whether with collision avoidance or not. Likewise, With these tables, we made different charts representing the evolution of makespan (resp. mileage) related to the amount of AGVs whether with collision avoidance or not (Figures 5 and6). Our results are dependent of the dynamic multi-objective scheduling algorithm of Xu Yiyi et al [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF], but we can notice that the makespan with collision avoidance is higher than makespan without any avoidance. That is more logical and more realistic because each AGV has to pay attention to its surroundings to avoid colliding with other robots or hitting any other obstacle. Also, jobs loading/unloading is not instantly in the reality. So, we have to consider them in the makespan.

The rules (shown above) of the collision avoidance policy add extra time to the makespan and that explains the positions of the two curves in Fig. 5. Fig. 6 represents the interaction between the AGVs according to the mileage. In both cases (whether with collision avoidance or not) we notice that the more we increase the amount of AGVs, the fewer tasks each AGV will have to perform, so it will travel a shorter distance. With collision avoidance assumption, the total mileage per AGV Fig. 5: Makespan evolution related to AGVs amount Fig. 6: Mileage evolution related to AGVs amount decreases until reaching the overall minimum before ascending. In our simulations, that overall minimum is reaching with 8 AGVs. Some researchers have proposed analytical and simulation driven methods to determine the optimal AGV fleet size [START_REF] Sergio R González | Manufacturing control architecture for fms with agv: A state-of-the-art[END_REF][START_REF] Rajotia | Determination of optimal AGV fleet size for an FMS[END_REF][START_REF] Sahnoun | Optimization of transportation collaborative robots fleet size in flexible manufacturing systems[END_REF][START_REF] Iris | Survey of research in the design and control of automated guided vehicle systems[END_REF] but that is not part of this paper objectives.

Conclusion

Several studies in literature have proposed some methods to tackle FJSSP (or JSSP) but without considering collision between AGVs. This paper introduces the collision prohibition in the "classical" assumptions of FJSSP. We propose a multi-agent simulation based approach that consider a set of collision avoidance rules. The entire simulation was executed with the dynamic multi-objective scheduling algorithm proposed by Xu Yiyi et al. [START_REF] Xu | A simulated multi-objective model for flexible job shop transportation scheduling[END_REF]. We notice that collision avoidance assumption is adding some extra time to makespan. However, this makespan deterioration is due to the consideration of more realistic constraints. Indeed, AGVs have to beware of their surroundings and to the whole job-shop environment to avoid any damage. Also, jobs loading/unloading is not instantly in the reality. So, we have to consider their duration in the computation of the makespan.

Future work will consider a variable speed of AGVs. We will suppose that there are 3 states: a state of acceleration, a state of constant speed and finally a state of of deceleration. We will also assume that the battery of AGVs does not have an infinite capacity. Indeed, during a run, the battery of an AGV can be exhausted. It will therefore be necessary to define the position and the capacity of battery recharging stations. Likewise, we will consider more intelligent robots, the AIVs (Autonomous Intelligent Vehicles), which are able to make more complex decisions such as optimal path selection, dynamic obstacle avoidance and collaborative tasks.

  

  

  

  

  

  

Table 1 :

 1 Problem data

	6 4 5
	O 12 4 8 5 6
	O 13 9 5 4 7
	O 21 2 5 1 3
	O 22 4 6 8 4
	O 23 9 7 2 2
	O 31 8 6 3 5
	O 32 3 5 8 3

Table 2 :

 2 Tavel times

Table 4

 4 columns represent the total mileage whether with collision avoidance or not. Makespan is expressed in seconds and mileage in meters.

		Makespan with collision avoidance Makespan without collision avoidance
	2	595.35	587.35
	3	390.55	390.55
	4	322.45	303
	5	252.05	239.8
	6	209.65	200.25
	7	178.0	175.05
	8	155.25	152.75
	9	137.75	131.25
	10	131.7	123.3

Table 3 :

 3 Makespan values after simulation

		Total mileage with collision avoidance Total mileage without collision avoidance
	2	1264.3	1200.75
	3	1158.7	1145.95
	4	1270.4	1177.5
	5	1196.8	1223.85
	6	1225.1	1177.0
	7	1121.8	1176.15
	8	1041.6	1161.8
	9	1171.7	1111.75
	10	1228.2	1144.0

Table 4 :

 4 Mileage values after simulation