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ABSTRACT 
The path planning of mobile robot is researched by many researchers in order to develop an improved version of strategy to 

obtain collision free path for certain specified application. If the working environment is known, then the path to be followed by a 

mobile robot can possible to develop using heuristics. It is inevitable to develop different strategies for path planning task due to 

its wide area of applications like pick-and-place in warehouse, search and rescue. Generally automated guided vehicles (AGV) are 

used for transporting the goods and raw materials within the warehouse, which has a fixed layout for the movement of AGV. Due 

to this nature, the path to be taken by the mobile robot may not be an optimal route. So, it is worth to develop a procedure to adapt 

mobile robot for pickup and delivery operation, in which mobile robot will be used heuristic for obtaining the optimal route. 

Hence, the performance of the mobile robot and increase in space utilization are possible. In this notion, a research paper work 

have been proposed with an aim to develop a path planning strategy for mobile robot to simulate the storage and retrieval 

function with its corresponding time taken through obtaining an optimal path for automated warehouse management. Here, a user 

written Matlab code have been completed in order to simulate the warehouse working environment with a scope to implement 

this concept into real environment. 
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INTRODUCTION 
 

Path planning is one of the important issues to perform various tasks by mobile robots. It is the 
determination of collision free path from the start to goal point within the specified working environment. 
Various approaches have been introduced for path planning tasks by many researchers. Those approaches 
according to the type of environment, type of sensor used, capacity of robot along with nature of task to be 
executed. In a large warehouse environment, the storage and retrieval operation are to be done with the help of 
automated guided vehicle (AGV). In order to run AGV, it needs a fixed layout for their mobility. Hence, the 
flexibility of the system and efficiency of the AGV is not possible to use to the extent possible. If the concept of 
open field layout configuration is implemented, then the floor utilization and efficiency of the material handling 
system may be increased.  Hence, it is worth to develop a strategy to simulate collision free path for warehouse 
pickup and delivery application.  

 
Related Works: 

In [1] presented an overview of path planning algorithms for autonomous robots and implemented the bug 
algorithm which uses sensors to detect the nearest obstacles while mobile robot moves towards the target with 
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limited information about the environment. The bug algorithm uses obstacle border as guidance toward the 
target as the robot circumnavigates the obstacle. In [2] given a consolidated report on the characteristics of 
automated storage and retrieval system (AS/RS). Also they provided an overview of AS/RS through comparison 
table with different parameters like layout, rack, pickup/delivery points and scheduling etc. In [3] proposed a 
paper work in the field of designing automated storage and retrieval system (AS/RS) for engine storage line. 
This paper aims at designing a double deep ASRS for storage and retrieval of an automobile engine, 
determining the cycle time and overall capacity for ASRS along with to perform finite element analysis to 
validate the proposed design. In [4] proposed a design and fabrication of a cost effective single aisle Automatic 
storage and retrieval system whose database is used to monitor the status of storage location in a warehouse. It 
will also reduce total material handling time.  In [5] addressed the information-driven sensor path planning issue 
which has various applications such as robot cleaning, environment monitoring and few manufacturing task. 
The information-driven sensor path planning is concerned with planning the measurement of a sensor or a 
sensor network in order to support sensing objects, such as target detection, classification and localization based 
on prior information. In [6] proposed a path planning algorithm for mobile robot in known three dimensional 
environment and also implemented A*algorithm to calculate the grid path from starting to the target location 
with lowest running costs. In [7] presented a two-dimensional path planning strategy with obstacle avoidance 
for autonomous mobile robot in indoor environment moving with constant speed. An optimized path was first 
created offline from known information and while implementing the robot receives information from sensors 
and a new path is recalculated. This method proved that the robot was able to move safely towards the goal 
using its knowledge and sensor information. In [8] proposed a methodology to get a collision free path within a 
specified working environment through ant colony algorithm using simulation. The optimal path is generated by 
applying genetic algorithm. 

 
Summary of the related works: 

From the literature survey it is understood that the mobile robot path planning could be implemented using 
different algorithms and the researchers need to verify the suitability of the algorithm to be implemented for a 
curtained task. The complexity of the algorithm may be simple to more intricate and the realization of task will 
be purely on the nature of task and it is not related with the complexity of the algorithm. The path planning task 
for warehouse application is tried here based on the literature information. Also, the concept of open field 
layout, generally used in manufacturing industry is tried for the warehouse tasks like pickup and delivery of 
goods within the specified environment using general heuristic logics. In warehouse, only AGVs are used due to 
the fixed layout arrangement of warehouse for material storage and retrieval function. Because of this nature, 
the efficiency of the AGV and floor space utilization may not possible increase further. Generally, AGV will not 
take decision at some critical situation unlike the robot. But, in case of open field layout logic the decision 
making material handling system is critically required in order to improve the utilization of the material 
handling system and floor area. Many researchers use different algorithm for the obtaining path to be taken the 
robot for the given working environment. 

 
Overview Of The Implementation And Storage And Retrieval Operation In Warehouse Environment: 

The proposed simulation frame work for the storage and retrieval operation in the warehouse model is 
shown in figure 1. A Matlab code has been written to simulate the proposed warehouse environment. The input 
to the simulation module will be the gate ID and container ID. Only, these two information are to be used for 
storage or retrieval function. If the storage function is chosen, then the current location of the mobile robot will 
be obtained using sensor. Now, the mobile robot need to move to the gate ID obtained and pickup the container 
which has the parts to be stored in the warehouse. It is assumed that the mobile robot has all the accessories to 
pickup and drop. The shortest distance from the respective gate ID location will be chosen for storage. 
Similarly, the retrieval function will be done using the container ID and it will move the stored location in 
shortest route.  

The warehouse functions are simulated using an assumed warehouse environment shown in figure 2 using 
Matlab code. The dimension of the sample warehouse is fixed as 500 x 350 m and dimension of each floor area 
earmarked for storage of materials is fixed as 140 x 30 m. G1 to G5 represents the gate ID and F1 to F5 
represents the floor ID which is to be used as storage areas. For simulation purpose, the size of the warehouse is 
fixed as 30 x 30 units, storage floor area is 10 x 5 units and area for individual box is fixed as 2 x 2 units. An 
example diagram of a warehouse environment for simulation purpose is created using Matlab code with 30 x 30 
units as shown in figure 3. 
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Fig. 1:  Over view of the proposed simulation work 

 
Fig. 2: Schematic Representation of warehouse 

 
Fig. 3:  Example warehouse model for simulation 

 
RESULTS AND DISCUSSION 

 
General heuristic logics are applied in this simulation work to represent the storage of retrieval functions of 

a sample warehouse environment shown in figure 3 through Matlab code. The storage function is simulated 
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using the environment and the corresponding Matlab code output is given in figure 4. For storage function, it 
needs the gate ID and the space which available very near to that gate ID will be selected for the storage of that 
container. If, no space available near to the gate ID specified then, next floor area earmarked for storage is 
considered for the storage function. The time taken to reach the specified gate ID to the corresponding goal is 
also computed by considering constant speed of the mobile robot. The goal, here the storage location will be 
selected as per the logic. 

For the retrieval function, it needs the container ID then, the mobile robot will move to that location and 
pickup the container in a shortest distance. The time taken to pickup and delivery is also computed by 
considering the mobile robot’s velocity as constant. One sample retrieval function is simulated and the 
corresponding Matlab output with time taken is completed shown in figure 5. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Simulation Result of storage function with total time taken 
 

 
 

Fig. 5: Simulation Result of Retrieval function with total time taken 
 

Conclusion: 
In this research work, a heuristic based simulation work is proposed for warehouse applications like storage 

and retrieval functions. This work is completed with user written Matlab code and the simulation results for both 
storage and retrieval functions are also given. This work may be suitable for monitoring a typical automated 
warehouse system. Here, a mobile robot is used as pickup and delivery machine (P/D) instead of AGV, which is 
generally employed because the necessity of decision making by the P/D machines. Further, this simulation 
work may be refined with other heuristic algorithms. 
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