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Abstract—Aiming at the problem of automated guided vehicle 
path planning in storage system, this paper provided a new method 
which combines global path planning algorithm and local path 
planning algorithm to achieve the goal of finding the optimal path. 
In this paper, the improved A* algorithm is used as the global path 
planning algorithm, and the improved APF algorithm is used as 
the local path planning algorithm. The hybrid algorithm not only 
makes full use of the known information to generate the global 
optimal path, but also can effectively avoid obstacles on the path. 
The advantages and effectiveness of the hybrid algorithm are 
proved by the results of simulations and applications. 
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I. INTRODUCTION  

With the rapid development of Internet of things, intelligent 
storage system is becoming important. In the storage system, the 
goods are large and the road condition is complicated. In order 
to quickly find target goods, more and more warehouses began 
to use the automated guided vehicle [1-2]. Path planning is an 
important subject in the research of automated guided vehicle 
related technologies. According to the perception degree of 
automated guided vehicle to environmental information, path 
planning is divided into two kind: (1) global path planning with 
fully known environment information, (2) local path planning 
with unknown or locally unknown environmental information 
[3]. In the global path planning, a moving path from the start 
point to the target point is planned according to the acquired 
global environment information [4]. This method usually has the 
disadvantages of large computation, poor real-time performance 
and can’t adapt to the dynamic uncertain environment [5]. The 
main methods used in global path planning algorithms include 
A* algorithm, visibility graph method and topological graph 
method, etc. Local path planning is based on the current local 
environment information for path planning. The results of local 
path planning are more real-time and practical, but the local path 
planning method also has the problem of dropping into local 
minima or unreachable targets [6]. The main methods used in 
local path planning algorithms include APF (artificial potential 
field) method, genetic algorithm and neural network method, etc. 

In the storage system, many random factors lead to 
complicated road environment. Therefore, the automated guided 
vehicle used in the storage system needs to meet the 
requirements of safety, low consumption and adaptation to 
environmental changes. Traditional single path planning 
algorithms are difficult to meet these performance requirements. 

This paper provided a new method which combines global path 
planning algorithm and local path planning algorithm to achieve 
the goal of finding the optimal path. In this paper, the improved 
A* algorithm is used as the global path planning algorithm, and 
the improved APF algorithm is used as the local path planning 
algorithm. The hybrid algorithm not only makes full use of the 
known information to generate the global optimal path, but also 
can effectively avoid obstacles on the path. 

II. DESIGN OF GLOBAL PATH PLANNING ALGORITHM 

Taking into account the time, energy consumption and work 
efficiency and other factors, the shortest path is chosen as the 
optimal path when designing the global path planning algorithm. 
In this paper, the improved A* algorithm is used to design the 
global path planning algorithm in the storage system. 

A. Storage Environment Map Design 

Path planning consists of two steps: (1) establish an 
environmental map that contains barrier areas and free areas, (2) 
choose the appropriate path search algorithm in the environment 
map. Therefore, the environment map should be built before 
designing the path planning algorithm. Traditional A* 
algorithms usually use raster maps. Raster maps are easy to 
create and maintain, but require huge storage space and 
computational complexity. In the storage environment, the 
automated guided vehicle usually only needs to arrive at the 
fixed several positions, and does not have to traverse all the 
spaces. Therefore, the grid maps can be changed into topological 
maps to reduce the amount of computation, and saving the 
computing time. Topological maps select nodes to represent 
specific locations on the road, and use the relation between nodes 
and nodes to represent the links of the roads. 

 
FIGURE I.  SKETCH MAP OF STORAGE ENVIRONMENT 
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Sketch map of storage environment is depicted in Figure 1. 
Each inflection point of the environment map is taken as a 
topological node, and the road connected with the topological 
node is taken as a topological edge. In the map, set up as shown 
in Figure 1, A to O, a total of 15 topological nodes. In order to 
save and search the topological graph, the adjacency matrix is 
used to represent the relations among nodes.  If the topological 
map has n topological node: ， ，…， , and the 
adjacency matrix is a n ∗ n matrix. By assigning attributes to 
each side to distinguish between passable and impassable paths, 
and the weights of the passable paths are set to 1, and the weights 
of the impassable paths are set to 0. The adjacency matrix is 
represented as in below: 

 =
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B. Design of A* Algorithm Based on Topological Map 

The kernel of the A* algorithm is to design an evaluation 
function for each road node, as shown in the following equation: 

 ( ) = ( ) + ℎ( )   

where, ( ) = the estimated length from the start node to the goal node, ( ) = the path length from the start node to the current node, ℎ( ) = the estimated value of the current node to the goal node. 

The premise that A* algorithm can search the optimal path 
is as in below:  

 ℎ( ) ≤ cos ∗ ,    

where, cos ∗ ,  = the optimal distance from the current 
node to the goal node. The larger the ℎ( )	value, the fewer the 
extension nodes. In order to ensure the optimality of the search 
path, Manhattan distance, diagonal distance or Euclidean 
distance are used as heuristic functions. In order to guarantee the 
Equation (3) constant, the Euclidean distance is used as the 
heuristic function. For a given two coordinate positions （ ，
） and（ ， ）, their Euclidean distance is expressed as: 

 = − + −    

The A* algorithm manage road nodes with two sets of OPEN 
and CLOSED. OPEN stores sub nodes of extended road nodes 
which belong to extended nodes. CLOSED stores extended 
nodes. In the initial case, only the start node is stored in the 
OPEN, and the CLOSED is empty. In addition, the g values of 
all nodes are initialized to infinity except for start node.  

The flow chart of the A* algorithm is shown in Figure 2. 
After the algorithm search starts, extend the minimum value of f 
(s) from the OPEN. The extended child node from s is stored in 
the OPEN. After the node s extension is complete, move from 
OPEN to CLOSED. Loop the process until extended to the target 
node or when OPEN is empty. If OPEN is empty, it indicates no 
feasible path, and the planning fails. If there is a feasible path, 
the A* algorithm must be able to search for it. 

FIGURE II.  THE FLOW CHART OF THE A* ALGORITHM 
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III. DESIGN OF LOCAL PATH PLANNING ALGORITHM 

The improved APF (artificial potential field method) is used 
for local path planning. The APF is first proposed by Khatib. Its 
essence is to define an abstract potential field of the robot's 
running space. The potential field is the superposition of the 
gravitational field in the target position and the repulsive field of 
the obstacle in the environment [9]. The traditional APF is 
defined as below.  

Assume that the location of the automated guided vehicle 
is = ( , ) , and the potential field function between the 
automated guided vehicle and the target point is represented as 
in below: 

 ( ) = −     

where,  = gravitational potential field constant,  = the 
position vector of the target point in the earth coordinate system. 
The gravitational ( ) is defined as the negative gradient of 
the gravitational field: 

 ( ) = −∆ ( ) = − −     

Repulsive potential field function between the automated 
guided vehicle and the obstacles is represented as in below: 

( ) = − 		 , − ≤ 	0																						, others     

where,  = repulsive potential field constant, −  = the 
relative distance between the automated guided vehicle and an 
obstacle,  = safe distance. The repulsive force ( )  is 
defined as the negative gradient of the repulsive potential field: 

 ( ) = −∆ ( ) =− 		( ) ( ) , − ≤ 	0																						, others     

Therefore, the total potential field and the total force of 
automated guided vehicles in the storage environment are 
represented as in below: 

 ( ) = ( ) + ( )    

 ( ) = ( ) + ( )     

The main feature of the APF is that the motion direction is 
determined by the potential field and the gradient direction of the 
current position. Therefore, compared with other local path 
planning algorithms, it has the advantages of small computation 
and real-time performance. But it also has limitations in practical 
applications, such as when obstacles appear near the target point, 
the gravity decreases and the repulsion increases, the automated 

guided vehicles will be hovering near the target when it 
approaches the target point. This situation is called target 
unreachable.  

For the problem of unreachable target, the method of 
redefining repulsive force potential function is adopted. The 
improved repulsive potential field function is as below: 

 ( ) = − − 		, − ≤ 	0																						, others     

 

where,  0 < ≤ 1. The repulsive force of the automated guided 
vehicle is represented as in below: 

( ) = −∆ ( ) = + , − ≤ 	0								, others   

where, 

= − ( ) ( ) −   

= − − ( )      

The obstacle near the target point has no repulsion to the 
automated guided vehicle which approaches the target point, 
now  tends to zero, and the automated guided continues to 
the target point under the driving of .  

FIGURE III.  LOCAL MINIMUM TRAP 

In addition, the artificial potential field also has the problem 
of local minimum trap. When the target, obstacles and 
automated guided vehicle in the same line, as shown in Figure 3, 
the force of vehicle is zero, but the vehicle did not reach the 
target point at this time. In this paper, the method of adding 
additional force is adopted to solve the problem. When the 
automated guided vehicle detects that the resultant force is zero, 
an additional force that is perpendicular to the gravitational 
direction is added to cause it to escape from the local minimum 
trap. 
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IV. THE IMPLEMENTATION STEPS OF HYBRID PATH 

PLANNING ALGORITHM 

It is difficult for the unmanned vehicle to rely on the 
traditional single path planning algorithm to accomplish the task 
under the premise of ensuring high efficiency and safety in the 
storage system. Therefore, this paper proposes a new hybrid 
algorithm that combines the improved A* algorithm with the 
improved APF for path planning, which can effectively avoid 
the obstacles while planning the global optimal path. The steps 
are as below. 

Firstly, the global optimal path is planned by the improved 
A* algorithm, then the automated guided vehicle tracks the path. 
In the process of path tracking, random obstacles on the path are 
detected in real time. The obstacle boundary and relative 
position information are generated according to the detection 
results, and the road environment is judged based on the results. 
Finally, the global path planning and the local path planning 
algorithm are switched according to the judgment results. 

Method for judging road environment as below. Firstly, 
calculate the distance between the edge of a barrier and the wall. 
Then determine whether the distance is less than the safe 
distance that automated guided vehicle can pass. If the distance 
is less than the safe distance, update the adjacency matrix and 
restart the global path planning with the current location as the 
starting point. If the distance is greater than the safe distance, 
then the improved APF is switched to avoid the obstacle. The 
flow chart of the hybrid algorithm is shown in Figure 4.  

FIGURE IV.  FLOW CHART OF HYBRID ALGORITHM 

V. SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation results of Global Path Planning 

The global path planning adopts the improved A* algorithm 
to compute the global optimal target point. The path planning 

results of automated guided vehicles at different starting 
positions are shown in Figure 5. It can be seen that when the 
automated guided vehicle is in different initial position, the 
global path planning algorithm can complete the path planning 
task from the starting point to the target point, and the calculated 
path is the global shortest path. In Figure (a), the target is reached 
after 12 calculations.  In Figure (b), the target is reached after 12 
calculations. Compared to grid map, the computation is 
obviously reduced.  

FIGURE V.  SIMULATION RESULTS OF GLOBAL PATH PLANNING 

B. Simulation Results of Local Path Planning 

The local path planning algorithm is realized by the 
improved APF. The simulation result is shown in Figure 6. It can 
be seen from the simulation results that the vehicle can approach 
the target gradually while avoiding obstacles. The deflection 
angle of the vehicle in the local path planning is shown in Figure 
7. The path planning method proposed in this paper has a 
relatively smooth deflection angle and can meet the kinematic 
constraints of automated guided vehicles.  

FIGURE VI.  SIMULATION RESULTS OF LOCAL PATH PLANNING 

 

FIGURE VII.  DEFLECTION ANGLE OF THE VEHICLE 
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C. Simulation Results of Hybrid Algorithm 

FIGURE VIII.  THE SIMULATION RESULTS OF THE HYBRID PATH 
PLANNING ALGORITHM  

The simulation results of the hybrid path planning algorithm 
are shown in Figure 8. It can be seen from the Figure (a) that 
when the automated guided vehicle encounters the obstacle 
which can be bypassed, it switches to the local path planning 
algorithm to avoid obstacle, and when the obstacle avoidance is 
finished, the nodes of the global path are continued to be tracked. 
The Figure (b) indicates that when an unmanned vehicle 
encounters an obstacle that cannot be bypassed, the global path 
planning is started with the current location as the starting point. 

The simulation results show that the hybrid algorithm of path 
planning is proposed in this paper can accomplish the task that 
reach the target from the current position, and can ensure that the 
shortest path, no touch throughout. 

 
FIGURE IX.  THE DOFLYE OPEN SOURCE INTELLIGENT VEHICLE  

D. Experiment 

The hybrid path planning algorithm proposed in this paper 
has been verified by experiments with the Doflye open source 
intelligent vehicle. The Doflye open source intelligent vehicle is 
depicted in Figure 9. This vehicle is driven by two wheel 
differential drive, and most of the storage vehicles are driven by 
this type of drive nowadays. The control method of this paper is 
refs [10]. The experimental results show that the automated 
guided vehicle can avoid the obstacles while tracking the global 
path, and finally complete the path tracking task.  

VI. CONCLUSION 

Aiming at the problem of automated guided vehicle path 
planning in storage system, this paper provided a new method 
which combines global path planning algorithm and local path 
planning algorithm. The method can effectively avoid obstacles 
while searching for the optimal path. An improved scheme is put 
forward according to the large computational complexity of A* 
algorithm. At the same time, an improved scheme is proposed 
for the APF of the target unreachable and the local minimum trap. 
Finally, the purpose of low cost, high efficiency, safety and no 
touch is achieved. 
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