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Abstract 

This paper regards with the job shop environment problem for 

multiple Automated Guided Vehicles (AGVs) in the 

manufacturing process. As the earliness of the AGVs results 

in waiting and tardiness of AGVs results in temporary storage 

of the products in the shop floor, it is essential to minimize the 

earliness and tardiness of AGVs. Therefore we are proposing 

a mathematical optimization program in order to minimize the 

total earliness and total tardiness of AGVs in the 

manufacturing system. Since it is difficult to solve the 

mathematical program by conventional method, an 

optimization technique namely Artificial Immune System 

(AIS) algorithm is used to obtain the optimal solution. The 

proposed algorithm is tested with the numerical examples and 

also compared with the other methods in the literature. 

Keywords: Flexible Manufacturing System, Automated 

Guided Vehicles, Earliness/Tardiness, Artificial Immune 

System. 

 

INTRODUCTION 

Moving semi-finished products from one shop to another shop 

and fully finished products from shops to ware house may be 

done by using cranes trucks, employees etc., which causes 

increase in the cost function of the manufacturing process. 

The new trend is to use Automated Guided Vehicles (AGVs), 

which increases flexibility and efficiency in the manufacturing 

process by reducing the cost function and make span. 

Manufacturing systems containing the AGVs are called as 

Flexible Manufacturing Systems (FMS). AGVs also plays a 

vital role in warehousing systems, container terminals, service 

industries and hospital managements. AGVs are material 

handling machineries, which travels on the network of guided 

path with a constant speed. These AGVs can travel in both 

forward and backward positions. Since simultaneously many 

vehicles are travelling in the same guided path, the collisions 

have to be avoided. A general review of AGVs are given in 

the literature [1, 2, and 3]. The recent works on AGVs 

scheduling and routing problems is given in the survey of [4]. 

An extensive review on operational control of AGVs are 

addressed in [5].  The conflict free route of AGV in a 

directional network is found by [6], which is based on finding 

the shortest path using the concept of time window graph. The 

petri – net model is also used to find the conflict free routing 

of AGVs [7 and 8].  An intelligent framework for conflict free 

shortest time path is presented by [9]. A mathematical 

program for routing problem of AGVs using Lagrangian 

decomposition techniques is provided in [10]. The routing in a 

mesh topologies and conflict free scheduling is given by [11]. 

A heuristic method of two stage traffic control scheme of 

AGVs is given by [12]. The minimization of make span using 

an optimization approach by assuming assignment tasks are 

given to AGVs is done in [13].  The dispatching and routing 

problems using heuristic method separately by performing 

scheduling first and in the next step the sequential path 

generation (SPG) is done by [14]. The combined problem of 

dispatching and also the conflict free routing of AGVs with 

two vehicles is proposed in [15]. An extension this work with 

four vehicles was proposed by [16]. The conflict free routing 

using ant colony algorithm is given by [17]. By the above 

literature survey, it is found that there is gap of finding routing 

of AGVs along with minimization of Earliness and tardiness 

using Artificial Immune System (AIS) algorithm method. 

Artificial Immune System (AIS) [18, 19, 20 and 21] is the 

most interested new research field in artificial intelligent 

system. The major function of biological immune system is to 

save our body from the foreign microbes such as viruses, 

bacteria, pollen grains etc. These foreign microbes are called 

as Antigens. To fight with the antigens immune system will 

select the antibodies. The modern immunology tells that there 

are different cells which has various functions in our immune 

system. The antibody has idiotope, paratope and epitope. The 

idiotope acts as antigens. The function of paratope is to 

recognize the other antibodies and antigens. Epitope, which is 

recognized by other antigens and antibodies. Upon the 

selection of antibodies, the immune system best matches the 

antigen with the antibody to test the affinity of the antibody to 
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destroy the antigens. If the affinity value of the antibodies is 

less than the antigens, the antibodies undergo cloning of cells 

which is collectively called as clonal selection principle [22]. 

This methodology is applied to solve various problems in the 

research field. Therefore, in this paper we are also applying 

AIS algorithm to minimize earliness and tardiness of AGVs.   

 

MATHEMATICAL MODEL 

To study the proposed algorithm, we consider a job shop 

environment problem of multiple AGVs for the material 

handling. Sometimes the AGV guided path may be busy at the 

time of sending an AGV for material handling. Therefore, we 

need to obtain a free path for AGV movements. In the 

manufacturing process, the processing time of all jobs are 

planned clearly. If an AGV reports early to the shop floor, it 

has to wait until the processing is finished. This waiting time 

is regards with the due date of the jobs. This may delay the 

delivery of the product outlets in the manufacturing process. 

An essential driver of the manufacturing industry is to deliver 

the products in the correct time. Therefore, in this paper we 

are computing the manufacturing schedule of AGVs along 

with routing in order to minimize the total earliness/ total 

tardiness of AGVs in the job shop environment. The 

following assumptions are made before modelling the 

problem 

 Number of jobs, number of AGVs and the number of 

shops are given earlier. 

 Processing time of each job is specified clearly. 

 At a time, an AGV can transport only a single load. 

  The velocities of all AGVs are same 

The mathematical formulation for the proposed algorithm is 

given as follows 

 

Indices 

        Number of jobs,  

      Number of AGVs,  

  Number of Shops,    and 

  

 

Parameters 

 Weight of total earliness of the job,  

 

 Weight of total tardiness of the job, 

  

 Processing time of the job  processed in the shop  

 Due date for job  being processed in shop  

  Distance between the shops  and  

  Velocity of the AGV (equal for all AGVs) 

 Travelling time for an AGV  between the 

shops  

  Earliness of the job  processed in shop  

  Tardiness of the job  processed in shop  

  Completion time of job  in shop  

  Allocation of job to shop  

 

  

 

Decision Variables 

 

 

 

Objective Functions 

The objective function is to minimize  

                                  (1) 

Where 

    (2) 

 

Constraints 

 For each   shop exactly one AGV is scheduled 

                                                           (3) 

 If an AGV is assigned to one shop, then the path 

between that shop and the immediate next shop is busy 

                                                                        (4) 

Where ,  

 

 Only one AGV is assigned to each shop 

                                                            (5) 
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 In a job shop allocation only one AGV is moved in 

the path between any two nodes 

                      (6) 

 In job shop allocation only one AGV is assigned 

                       (7) 

 The processing times of the jobs in the shops is given 

by                                                  

                                        

 The relationship between completion time of the job 

in previous shop and processing time of the job in the next 

shop is given by   

        (9) 

 The tardiness of the job is given by  

                                         (10) 

Where , , 

   

 The Earliness of the jobs is given by  

                                         (11) 

Where ,  

 

 

Implementation of Artificial Immune System (AIS                                                        

In natural immune system antigens refers to the foreign 

elements such as bacteria, viruses, and pollen grains, which 

are collectively called as pathogens. And the antibodies are T-

lymphocytes and B- lymphocytes cells within the human body 

which fights against the antigen.  In the proposed algorithm 

antibody is the potential solution generated initially and the 

antigens are the best solution which is generated by the AIS. 

The building block of antibodies are genes. The antibody is 

represented by sequence of integers in AIS. Here each integer 

represents a gene of antigen or antibody in AIS. The total 

number of genes in a single antibody is equal to “number of 

jobs × number of AGVs × number of shops”. The other 

component of AIS are antigen library, antibody library and 

final solution library. Antigen library is made by potential 

solutions which is can be considered for the next generation. 

After cloning and mutation of antigens, an antibody library is 

generated. The resulting best solutions are grouped as final 

solution library. From this final solution library, the required 

final schedule is selected. To recognize the best solution a 

threshold value is described for fitness values. If the fitness 

value is less than the threshold value of the solution, then the 

solution is retained otherwise the solutions are discarded from 

the system.  Threshold is a specified value which separates 

good and bad solution. Fitness function and objective 

functions are defined as follows. 

                    

 

We have taken test problem to study the proposed algorithm 

which is given in the table 1  

 

Table 1: Test problem for proposed algorithm 

Parameters Values 

Number of jobs 45 

Number of AGVs 12 

Number of shops 17 

 

The steps involved in the proposed AIS algorithm is given by 

the following steps. 

Step 1: Define the problem size and threshold, initialize the 

random population of strings (represents the possible solution) 

up to the specified population which becomes an antigen 

library. 

Step 2: We find the objective function value (OFV) and also 

the affinity value of each string using the relation  

 

By the above equation affinity value increases as the OFV 

decreases.   Depending on the value of affinity of each string 

the selection process is done. 

Step 3: The rate of cloning of each string is calculated using 

the formula  

 

Step 4: Each cloned cell undergoes mutation in terms of 

inverse mutation and pair wise mutation.  

Step 4a: Inverse Mutation:             

We have to generate some random positions between (1, n) of 

the original string, where n is the number of AGVs in the 

manufacturing process. Then we have to select two positions 

randomly for mutation, let it be 1 and 5. Then inverse 

mutation is obtained by reversing the order of the sequence 

between the positions 1 and 5 as given below 

 

Original string          5   1   6   2   7   9   4   8   3   10        

Mutated string          7   2   6   1   5   9   4   8   3   10 
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After inverse mutation, OFV of the mutated string is 

calculated.  If the OFV of the mutated string is less than the 

original string, then the original string is replaced by mutated 

string, otherwise pair wise mutation is done for the original 

string. 

 

 

Step 4b: Pair wise Mutation:              

We have to generate some random positions between (1, n) of 

the original string, where n is the number of AGVs in the 

manufacturing process. Then we have to select two positions 

randomly for mutation, let it be 1 and 5. Then pairwise 

mutation is obtained by reversing the order of the sequence 

between the positions 1 and 5 as given below 

 

After pair wise mutation, OFV of the mutated string is 

calculated.  If the OFV of the mutated string is less than the 

original string, then the original string is replaced by mutated 

string, otherwise the original sequence is retained as it is.  

Step 5: After cloning and mutation process, we reselect the 

improved strings to maintain the original population. The 

solution with highest OFV in the population is replaced by 

randomly generated solutions with lowest OFV, which forms 

an antibody library.  

Step 6: Evaluate the fitness value of the antibodies. 

Step 7:  If the fitness value is less than the threshold value, 

select and move the solution to Final solution library, 

otherwise go to step 1. 

Step 8: The Steps 1-7 is repeated for multiple runs till we get 

a desired solution.  

Flow chart for the proposed algorithm is given in the figure 1. 

 

RESULTS AND DISCUSSION 

To study performance of the proposed algorithm, it must be 

simulated in MATLAB R2012a (7.14.0.739), 64–bit (win64). 

The entire tests were executed in Intel i5 processor under the 

Microsoft windows 7(64-bit) operating system. The obtained 

variables are given in the table 2 and a comparison analysis of 

the proposed algorithm with the other existing algorithm is 

given in the table 3 as well as in figure 2. 

 

 

 

 

 

Table 2: Variable of the solution 
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Table 3: Comparison table of the proposed algorithm 

Methods Approaches Size of the problem Optimal Value Run time(min) 

 

Gerstl and Mosheiov [23]   

 

Agent based 

10*5*5 2327 145 

20*10*15 NFS 6000 

45*12*17 NFS 6000 

 

Tanaka and Araki [24] 

 

Lagrangian relaxation 

10*5*5 2401 77 

20*10*15 6417 3401 

45*12*17 NFS 6000 

 

Kianfar and Moshlehi [25] 

 

Branch and bround 

10*5*5 2278 66 

20*10*15 6532 2987 

45*12*17 91345 5467 

 

Janiak et al. [26] 

 

Dynamic programming 

10*5*5 2205 43 

20*10*15 6347 197 

45*12*17 8765 4986 

 

Elyashi and Salmasi [27] 

 

Chance constrained programming 

10*5*5 2491 54 

20*10*15 6691 81 

45*12*17 NFS 6000 

 

Droubouchevitch and Sidney [28] 

 

Two stage heuristic algorithm 

10*5*5 2709 238 

20*10*15 6987 4671 

45*12*17 NFS 6000 

 

Hamed and Mohammad [29] 

 

Heuristics 

10*5*5 2114 Negligible 

20*10*15 6323 Negligible 

45*12*17 75438 Negligible 

 

Proposed algorithm 

 

Artificial immune system 

10*5*5 2054 Negligible 

20*10*15 6032 Negligible 

45*12*17 65342 Negligible 
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Figure 2: Comparison of the proposed algorithm with other algorithms 
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CONCLUSION 

An essential driver to the manufacturing industries is to 

deliver the products on time to the customer. This is possible 

only if we minimize the make span of the manufacturing 

process. As a part of it, in this paper we are minimizing the 

total earliness and tardiness of AGVs to reduce the make span. 

The proposed algorithm is modelled by assuming number of 

jobs, number of AGVs, number of shops and processing time 

of each jobs are given. Along with that it is assumed that all 

AGVs moves with the same speed and each AGV can carry a 

unit load at a time. Scheduling, conflict free routes and 

optimal values are found using proposed algorithm. The 

obtained result is compared with the other existing models in 

the literature.  This shows that the proposed algorithm yields a 

better result compared to others. We can solve the same model 

using other hybrid algorithms. 
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