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Abstract 

The problem of path planning is a hot and exclusive research topic on multiple Automatic Guided Vehicles (multi-AGVs) 
systems. Many research results have been reported, but outrightly solving path planning problem from the perspective of 
reducing traffic congestion have faced obstacles. A collision-free path planning procedure based on a modified A-star 
Algorithm for multi-AGVs logistics sorting system is proposed in this paper. AGVs are now a poplar way to handle materials 
in latest smart warehouses. Many researches have been conducted and new technologies are still being developed. There 
is wide scale research on algorithms to help in scheduling, routing and path planning. Multi-AGVs are used to load goods 
automatically in a packaging factory. To ensure an effective and safe collision free path planning, this work investigates 
movement, scheduling and routing, speed manipulation and efficiency of machinery to target positions. The A-star 
algorithm with grid method to map out a typical warehouse scenario into multiple nodes was used. To have the shortest 
possible path, for obstacle avoidance, we employed the Braitenberg model. The waiting strategy is used for conflict 
resolution at intersections. 
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Abstract 

The problem of path planning is a hot and exclusive research topic on multiple Automatic Guided Vehicles 
(multi-AGVs) systems. Many research results have been reported, but outrightly solving path planning 
problem from the perspective of reducing traffic congestion have faced obstacles. A collision-free path 
planning procedure based on a modified A-star Algorithm for multi-AGVs logistics sorting system is 
proposed in this paper. AGVs are now a poplar way to handle materials in latest smart warehouses. Many 
researches have been conducted and new technologies are still being developed. There is wide scale 
research on algorithms to help in scheduling, routing and path planning. Multi-AGVs are used to load 
goods automatically in a packaging factory. To ensure an effective and safe collision free path planning, 
this work investigates movement, scheduling and routing, speed manipulation and efficiency of machinery 
to target positions. The A-star algorithm with grid method to map out a typical warehouse scenario into 
multiple nodes was used. To have the shortest possible path, for obstacle avoidance, we employed the 
Braitenberg model. The waiting strategy is used for conflict resolution at intersections. 
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1. Introduction 

Automatic Guided Vehicles (AGVs) are effective machines used mainly in factories to run complex 
transportation of goods. AGVs operate in pathways defined as networks, thus they ensure quick transport 
of goods around specified confines of the factory. These guided vehicles were introduced in the 1950s for 
automatic material handling systems. Because they offer material handling, flexibility and efficiency, they 
have been adopted in many production lines (Gawrilow et al. 2008; Henesey et al. 2009). To employ their 
usage, defined routes have to be constructed in the warehouse or factory.  
In a packaging factory multi-load AGVs are now increasingly being used so as to minimize human 
intervention and ensure quick reliable transportation of goods. The use of AGVs greatly reduces cost of 
production by cutting human labour usually hired for packing and moving of goods. So in line with this, 
path planning is a great concern, as the goods need to be moved without collision or ineffective use of time. 
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(Huls et al. 2014) described the general system of AGV components consisting of the hardware and 
software. Functionalities of an AGV system essentially involves task management, measuring, 
optimization and safety. An abstract interface for the managers and the factory workers which determines 
how the system should work and what connections there are, complete the system.  
Multiple automated guided vehicles are characterized by many objectives and play a major role in the 
distribution logistics and effective material handling around work stations (Santos et al. 2016; Vivaldini et 
al. 2016). A determination of the number of vehicles plays a pivotal role in the management of an AGV 
system through path planning and constraints monitoring (Ebben, 2001). (Xia and Zheng, 2001) built a 
new model for an AGV system and studied the minimum number of vehicles approximated by an analytical 
method based on binary search. Another interesting study was carried out by (Koo et al. 2002) to determine 
AGV fleet size; the waiting time was estimated for various vehicle dispatching nodes to determine the 
proper AGV fleet size. 
 
1.2 Algorithm Preview 
AGVs are intricately integrated systems that require high degree of intelligence to remotely accomplish an 
entire control of the setup and there still exist various constraints in multi-AGV path planning. Many 
algorithmic strategies have been developed and implemented in a bid to solve and advance the problems 
associated path planning and safety in AGV systems. To note, a multi-AGV path planning with double-
path constraints by using an improved genetic algorithm was developed by (Han et al. 2017) and the 
acquired results indicated that path distance and the longest single AGV path distance are shortened by 
using the improved genetic algorithm. (Luo et al. 2018) dealt with the problem of collision free path 
planning using the kinematic model of SIX-DOF serial manipulator constructed by using the Denavit-
Hartenberg (D-H) method. The model of obstacles was defined by the axis-aligned boundary box, and the 
configuration space of harvesting robot was described by combining the obstacle and robot. Their 
developed approach showed it can effectively plan a collision-free path for the grape harvesting robot in a 
complex vineyard environment. With the problem of multiple overlapped and adjoining grape clusters, the 
path planning is still an issue that needs to be solved and requires further research.  
(Yuan et al. 2016) developed an improved A star algorithm (A*) and yielded encouraging results. This 
novel method showed improved sorting efficiency of multi–AGVs and relived traffic jam. (Gochev et al. 
2017) further developed a collision avoidance regime using the A-star algorithm and collision free 
avoidance method. Each AGV will have its path generated on the factory floor, to the end position the 
vehicle needs to reach. In the implementation of the A* algorithm, the collision avoidance and obstacles 
avoidance rules, collisions are restricted. (Yang et al. 2016) also used also A* algorithm in conjunction 
with the unidirectional graph method for path planning of AGV. It effectively solves the problem of conflict 
of AGV and is highly reliable. But with the use of the unidirectional graph method the operation efficiency 
of the system is compromised.  
In this research work, we seek to investigate a collision free path planning, a very critical aspect in ensuring 
effective flow of material during production and packaging processes. Three fundamental aspects are 
involved, i.e., dispatching, scheduling and routing of tasks (simultaneously). We can relate the multi-AGV 
path planning problem to that of a travelling salesman. It has to locate the shortest time with excessively 
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large space search. (Smolic- Rocak et al. 2010) investigated multi-AGV systems using time windows in 
vector form to solve the shortest path problem and yielded good results.  
However, there still exist various constraints in multi-AGV path planning, that is collision free constraints, 
time window constraints and time/distance constraints. The optimal path may not be the shortest. But 
because the A* algorithm is a fast path finder, which can navigate efficaciously in a planar environment, 
we herein use this algorithm for our investigations in this research paper. To deal effectively with the 
problem of collision, Braitenberg model and A-star Algorithm have been modelled so that path planning, 
efficiency and speed become more effective. 
 

2. AGV Efficiency Rules 

To plan the path of each AGV in a dynamic environment without properly designed algorithms, collisions, 
jamming and delays will happen due to the uncoordinated integration of the AGVs working at the same 
time in a practical operation. Therefore, when designing algorithms, storage environment in relation to its 
dynamic efficiency should be largely considered (Egbelu, 1984). 
 
2.1 Scheduling 
The scheduling of AGVs is to dispatch them to complete a batch of pickup/drop-off jobs to achieve best 
results (e.g. shortest completion time, minimum AGV idle time, etc.) under given constraints. For instance, 
one typical scenario is to successfully achieve all the pickup/drop-off jobs under the constraints of priority 
or deadline. Another typical scenario is to optimize the scheduling so that the total travel time of all vehicles 
is minimized, or the number of AGVs involved is minimized while the system throughput is as high as 
possible (Suárez et al. 2004). In actual fact, the decision of scheduling might involve selecting a vehicle 
among several idling vehicles, or selecting one load among all loads to be transported.  
 
2.2 Routing 
The aim of routing AGVs is for them to use the shortest possible time path and flexible route for every 
single job. All routing decisions are divided into three; firstly to detect whether there exists a route which 
could lead the vehicle from its origin to the destination, secondly the selected route selected must be 
congestion-free, conflict-free and deadlock-free, thirdly the route must minimize idling runs of vehicles 
(Weynes, 2005).  
 
2.3 Efficiency 
There are two general AGV control systems i.e. centralized and decentralized. The decentralized system 
gives the AGV system remote assignments which they should accomplish independently using their own 
communication systems among each other to prevent collisions. Adding more AGVs means overhead 
communication should also increase. On the other hand, the centralized system gives full control of how 
the AGV moves, which makes planning and management more easy (Nishi et al. 2006). To measure 
efficiency a lot of information has to be stored, e.g. how much work the AGVs does, in the form of 
throughput which is the AGV’s working time against the time it is stationary. Throughput is the amount of 
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assignments done by the vehicle in a specified time interval, tracks the metrics related to congestion, notice 
what causes congestion, frequency, measures how many times an AGV has to wait for another AGV or 
obstacle (as it is a downside) to the efficiency of the network.  
 
2.4 Collision 
Collision is a critical factor to consider when designing an algorithm for an AGV. Normally collisions 
come when there is no proper laying of routes in a system thereby many accidents maybe seen within a 
system. To deal with this firstly routes can be divided into zones, allowing one AGV to travel through a 
zone, which leads to deadlocks and ineffective use of resources. Another solution to prevent collision is to 
divide the road network into zones (Olmi, 2011). The zone control system allows only one vehicle in a 
zone at a time. Information is relayed to system before an AGV enters a zone. (Egemin, 2013) created 
sensors to prevent collision. The first thing is they make the AGV slow down, and if the obstacle hasn't 
moved the AGV will stop and wait to proceed when the obstacle moves.  
 

3. The Modeling of Warehouse Environment Using Grid Method 

The proposed A* algorithm works to find a path from the initial position to the target position in the 
environment with obstacles. Modelling of the environmental surrounding is the basis of collision-free path 
planning. In this work, an environmental alert model for AGV work space is established using grid method. 
Grid environment has the characteristics of good visibility and simple model construction, so the 
application of this process has reached maturity. The size and quantity of grids are determined by the size 
of AGV and work space. The grids are demarcated in rectangular coordinate system as shown in Table 1.  
Grid map method is used for the A* Algorithm. A grid map is a way of environment mapping which is 
gotten by the discretization of the actual environment (Yang and Wuashan, 2016). In the cell interior, the 
path is the same, and the path between the adjacent grid and the grid is not continuous.  
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Table 1. Grid map model of a warehouse set up with 18 Nodes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Basing on the environmental model, the AGV work process can be given as follows; firstly, the AGV will 
receive a tasks to carry goods to the allotted sorting area; secondly, goods which had been sorted out are 
carried to the original location and AGV is allocated another task. However, if there are no other tasks, the 
AGV will return to the pausing area.  
 
3.1 A-star Algorithm Modification in Path Planning of multi-AGV System 
3.1.1 Basic A* Algorithm 
An A* algorithm has the capacity to maneuver and calculate the shortest path in real time proficiently and 
is extensively applicable in practical engineering. The main factors considered for the method to calculate 
the distance between the current point and the target point includes the actual cost, which is the cost of the 
path that AGV had taken, and the estimated cost, which is the cost of the path that the AGV will take (Atere 
and Lehtinen, 2013). The evaluation function form is given as follows: 

f (n) = g(n) + h(n)                                                 (1) 

where g (n) denotes the actual cost, h (n) is the estimated cost (including empirical data). 
The estimated cost is mostly used to explore search direction, which has serious influence on the ultimate 
search results and efficiency (Guruji et al. 2016). The nearer the projected cost is to the actual cost, the 
faster the convergences speed will be. When the projected cost is below the actual cost, the convergence 
speed will be slower but the optimal solution can be acquired, on the contrary the convergence speed will 
be faster but the optimal solution can probably not be obtained. 
 
 
 
 

       

N14     N5  

N13 N16 N12 N4 N7 N6  

N17   N8 N9 N15  

 N18  N1 N2 N3  

 N10 N11     
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3.1.2 Modifying the A* Algorithm  
The directions of movement for AGVs in a warehouse or factory are due north, due south, due east and due 
west. We used the Manhattan Distance (MD) to estimate the cost h(n) on the sorting route. Estimating cost 
according to a given point (xn, yn) and the target point (xtarget, ytarget) is given as follows: 

h(n) = | xn – xtarget | + | yn – ytarget |                                      (2) 

If the Manhattan Distance is used to estimate cost, the path planning will be limited to a single static AGV 
(rather than in a dynamic environment), and it can result in traffic jam. To counter this and improve 
calculation efficiency, at the intersection, re-planning the paths of the AGVs becomes necessary, detecting 
all feasible paths and adding the penalty value of the paths that AGVs share. The penalty value is dependent 
on the distance from the AGV and is in inversely proportional to the distance. The estimated cost function 
as follows: 

h(n) = | xn – xtarget | + | yn – ytarget | + 
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the other static objects in the environment such as walls, boxes, sensors and conveyor belts. The advantage 
of the Braitenberg approach is speed is not lost, so the motor speed is modified as in the following equation: 

Vm = vm + Bc +                                                                (5) 

where is the motor speed, Bc is the Braitenberg weight coefficient,  is the normalized data from the 
ultrasonic sensor. The normalization is the function of the minimum safety distance and the maximum 
detection radius. 
 
3.3 Description of modified A* Algorithm  
The A* algorithm is extended from all directions of the starting node. We select the node as h(n) value with 
respect to the second (target) nodes in all the 18 nodes, and then expand the sequence. The A* algorithm 
follows path planning with close similarity to reported work (Yang and Cheng, 2016; Yuan et al. 2016) 
which is essentially set up to two lists: one list is called OPEN; the other is closed down list the name being 
CLOSED. When the node is expanded, the existing obstacles and the existing node direction will not be 
extended, and stored in the closed list. A modified A* algorithm pseudo code program for computing 
shortest path and improved AGV throughput is displayed in Fig. 2 below. 
 
Initialize 
package astaralgorithm; 
/** 
 * 
 * @author munashezhou 
 */ 
import java.util.PriorityQueue; 
import java.util.HashSet; 
import java.util.Set; 
import java.util.List; 
import java.util.Comparator; 
import java.util.ArrayList; 
import java.util.Collections; 
public class AStarAlgorithm { 
        public static void main(String[] args){  
                Node n1 = new Node("Aisle 1",366); 
                Node n2 = new Node("Aisle 2",374); 
                Node n3 = new Node("Aisle 3",380); 
                Node n4 = new Node("Control Room",253); 
                Node n5 = new Node("Empty Palletes",390); 
                Node n6 = new Node("Store Room 1",193); 
                Node n7 = new Node("Store Room 2",198); 
                Node n8 = new Node("Aisle 4",340); 
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                Node n9 = new Node("Aisle 5",320); 
                Node n10 = new Node("Stuff Offices",240); 
                Node n11 = new Node("Toilets",232); 
                Node n12 = new Node("Car Park",160); 
                Node n13 = new Node("Un/Loading Docks 1",180); 
                Node n14 = new Node("Dispatch", 200); 
                Node n15 = new Node("Supervisor Office",328); 
                Node n16 = new Node("Un/Loading Docks 2",185); 
                Node n17 = new Node("Lobby 1",170); 
                Node n18 = new Node("Lobby 2",175); 

//initialize the edges 
                n1.adjacencies = new Edge[]{ 
                        new Edge(n2,75), 
                        new Edge(n9,140), 
                        new Edge(n8,118), 
                        new Edge(n11,115), 
                }; 
                n2.adjacencies = new Edge[]{ 
                        new Edge(n1,75), 
                        new Edge(n3,71), 
                        new Edge(n8,80), 
                        new Edge(n9,95), 
                        new Edge(n15,80), 
                }; 

 
Fig. 2. Modified A* Algorithm simulation for a typical smart warehouse 
 
3.3.1 Simulation analysis 
Table 2. Sorting efficiency between pristine and modified A* algorithm 
Run Times (k) Time (mins) ASP/s of pristine A* 

algorithm 
ASP/s of modified A* 
algorithm 

% Change 

1 60 5.44 5.92 8.82 
2 120 5.38 5.76 7.06 
3 180 5.32 5.72 7.52 
4 240 5.25 5.64 7.43 

 
In the simulation experiment (k=4) with the proposed improved A-star algorithm to perform path 
optimization, the throughput of multi-AGVs path planning is compared to that of the pristine A* algorithm, 
as shown in Table 2. The average sorting pieces per second (ASP/s) has been provided. The production 
scene was set with up to 10 AGVs in a predetermined warehouse area, divided into 1 × 1 grids on an 
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attained after modification. 
 

4. Conclusion 

With smart technology (multi-AGVs) being implemented in factories and warehouses recently, advances 
in remote intelligence has become a necessary tool to compliment the gap. The traditional algorithm takes 
more time to fetch all nodes and to calculate the heuristic function values. We present a modified A* 
algorithmic that plans the AGV network with high safety, built using grid method. The proposed time 
proficient A* algorithm fetches all nodes but calculates the heuristic function values prior collision, 
reducing the processing time so that the AGV can perform its work quickly and safely. The paths of AGV 
are planned from the perspective of relieving traffic jam and avoiding collisions. The Braitenberg model 
has also been roped into discussion to ensure almost all limitations and hindrances are avoided in the 
operation of the AGVs in a dynamic environment. The three conflicts that usually arise in the multi-AGV 
system will be solved by the waiting strategy, the grid method and the Braitenberg model approach. 
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	(Yuan et al. 2016) developed an improved A star algorithm (A*) and yielded encouraging results. This novel method showed improved sorting efficiency of multi–AGVs and relived traffic jam. (Gochev et al. 2017) further developed a collision avoidance regime using the A-star algorithm and collision free avoidance method. Each AGV will have its path generated on the factory floor, to the end position the vehicle needs to reach. In the implementation of the A* algorithm, the collision avoidance and obstacles avoidance rules, collisions are restricted. (Yang et al. 2016) also used also A* algorithm in conjunction with the unidirectional graph method for path planning of AGV. It effectively solves the problem of conflict of AGV and is highly reliable. But with the use of the unidirectional graph method the operation efficiency of the system is compromised. 
	In this research work, we seek to investigate a collision free path planning, a very critical aspect in ensuring effective flow of material during production and packaging processes. Three fundamental aspects are involved, i.e., dispatching, scheduling and routing of tasks (simultaneously). We can relate the multi-AGV path planning problem to that of a travelling salesman. It has to locate the shortest time with excessively large space search. (Smolic- Rocak et al. 2010) investigated multi-AGV systems using time windows in vector form to solve the shortest path problem and yielded good results. 
	However, there still exist various constraints in multi-AGV path planning, that is collision free constraints, time window constraints and time/distance constraints. The optimal path may not be the shortest. But because the A* algorithm is a fast path finder, which can navigate efficaciously in a planar environment, we herein use this algorithm for our investigations in this research paper. To deal effectively with the problem of collision, Braitenberg model and A-star Algorithm have been modelled so that path planning, efficiency and speed become more effective.
	2. AGV Efficiency Rules
	To plan the path of each AGV in a dynamic environment without properly designed algorithms, collisions, jamming and delays will happen due to the uncoordinated integration of the AGVs working at the same time in a practical operation. Therefore, when designing algorithms, storage environment in relation to its dynamic efficiency should be largely considered (Egbelu, 1984).
	2.1 Scheduling
	The scheduling of AGVs is to dispatch them to complete a batch of pickup/drop-off jobs to achieve best results (e.g. shortest completion time, minimum AGV idle time, etc.) under given constraints. For instance, one typical scenario is to successfully achieve all the pickup/drop-off jobs under the constraints of priority or deadline. Another typical scenario is to optimize the scheduling so that the total travel time of all vehicles is minimized, or the number of AGVs involved is minimized while the system throughput is as high as possible (Suárez et al. 2004). In actual fact, the decision of scheduling might involve selecting a vehicle among several idling vehicles, or selecting one load among all loads to be transported. 
	2.2 Routing
	The aim of routing AGVs is for them to use the shortest possible time path and flexible route for every single job. All routing decisions are divided into three; firstly to detect whether there exists a route which could lead the vehicle from its origin to the destination, secondly the selected route selected must be congestion-free, conflict-free and deadlock-free, thirdly the route must minimize idling runs of vehicles (Weynes, 2005). 
	2.3 Efficiency
	There are two general AGV control systems i.e. centralized and decentralized. The decentralized system gives the AGV system remote assignments which they should accomplish independently using their own communication systems among each other to prevent collisions. Adding more AGVs means overhead communication should also increase. On the other hand, the centralized system gives full control of how the AGV moves, which makes planning and management more easy (Nishi et al. 2006). To measure efficiency a lot of information has to be stored, e.g. how much work the AGVs does, in the form of throughput which is the AGV’s working time against the time it is stationary. Throughput is the amount of assignments done by the vehicle in a specified time interval, tracks the metrics related to congestion, notice what causes congestion, frequency, measures how many times an AGV has to wait for another AGV or obstacle (as it is a downside) to the efficiency of the network. 
	2.4 Collision
	Collision is a critical factor to consider when designing an algorithm for an AGV. Normally collisions come when there is no proper laying of routes in a system thereby many accidents maybe seen within a system. To deal with this firstly routes can be divided into zones, allowing one AGV to travel through a zone, which leads to deadlocks and ineffective use of resources. Another solution to prevent collision is to divide the road network into zones (Olmi, 2011). The zone control system allows only one vehicle in a zone at a time. Information is relayed to system before an AGV enters a zone. (Egemin, 2013) created sensors to prevent collision. The first thing is they make the AGV slow down, and if the obstacle hasn't moved the AGV will stop and wait to proceed when the obstacle moves. 
	3. The Modeling of Warehouse Environment Using Grid Method
	The proposed A* algorithm works to find a path from the initial position to the target position in the environment with obstacles. Modelling of the environmental surrounding is the basis of collision-free path planning. In this work, an environmental alert model for AGV work space is established using grid method. Grid environment has the characteristics of good visibility and simple model construction, so the application of this process has reached maturity. The size and quantity of grids are determined by the size of AGV and work space. The grids are demarcated in rectangular coordinate system as shown in Table 1. 
	Grid map method is used for the A* Algorithm. A grid map is a way of environment mapping which is gotten by the discretization of the actual environment (Yang and Wuashan, 2016). In the cell interior, the path is the same, and the path between the adjacent grid and the grid is not continuous. 
	Table 1. Grid map model of a warehouse set up with 18 Nodes
	N14
	N5
	N13
	N16
	N12
	N4
	N7
	N6
	N17
	N8
	N9
	N15
	N18
	N1
	N2
	N3
	N10
	N11
	Basing on the environmental model, the AGV work process can be given as follows; firstly, the AGV will receive a tasks to carry goods to the allotted sorting area; secondly, goods which had been sorted out are carried to the original location and AGV is allocated another task. However, if there are no other tasks, the AGV will return to the pausing area. 
	3.1 A-star Algorithm Modification in Path Planning of multi-AGV System
	3.1.1 Basic A* Algorithm
	An A* algorithm has the capacity to maneuver and calculate the shortest path in real time proficiently and is extensively applicable in practical engineering. The main factors considered for the method to calculate the distance between the current point and the target point includes the actual cost, which is the cost of the path that AGV had taken, and the estimated cost, which is the cost of the path that the AGV will take (Atere and Lehtinen, 2013). The evaluation function form is given as follows:
	f (n) = g(n) + h(n)                                                 (1)
	where g (n) denotes the actual cost, h (n) is the estimated cost (including empirical data).
	The estimated cost is mostly used to explore search direction, which has serious influence on the ultimate search results and efficiency (Guruji et al. 2016). The nearer the projected cost is to the actual cost, the faster the convergences speed will be. When the projected cost is below the actual cost, the convergence speed will be slower but the optimal solution can be acquired, on the contrary the convergence speed will be faster but the optimal solution can probably not be obtained.
	3.1.2 Modifying the A* Algorithm 
	The directions of movement for AGVs in a warehouse or factory are due north, due south, due east and due west. We used the Manhattan Distance (MD) to estimate the cost h(n) on the sorting route. Estimating cost according to a given point (xn, yn) and the target point (xtarget, ytarget) is given as follows:
	h(n) = | xn – xtarget | + | yn – ytarget |                                      (2)
	If the Manhattan Distance is used to estimate cost, the path planning will be limited to a single static AGV (rather than in a dynamic environment), and it can result in traffic jam. To counter this and improve calculation efficiency, at the intersection, re-planning the paths of the AGVs becomes necessary, detecting all feasible paths and adding the penalty value of the paths that AGVs share. The penalty value is dependent on the distance from the AGV and is in inversely proportional to the distance. The estimated cost function as follows:
	h(n) = | xn – xtarget | + | yn – ytarget | + α a + βb + γc      (3)
	where a is the number of AGVs whose distance from the target point is 1-4 grids, with weight α , b is the number of AGVs whose distance from the target point is 4-8 grids, with weight β , and c is the number of the other AGVs, with weight γ. Also it is important to note that α > β > γ, meaning the closer the distance the larger the penalty value. The ultimate estimated cost function after dynamic path planning is implemented by improving the estimated cost and the traffic jam relieved is given as follows:
	f (n) = g(n) +  h(n) = | xn – xtarget | + | yn – ytarget | + α a + βb + γc     (4)
	3.2 Collision and Obstacle Avoidance (Battenberg Model)
	There are three types of conflicts: intersection conflict, catching up with conflict and head-on/ facing conflict. There are all time and space over lap problem. Assuming the speed will be constant due to the use of Battenberg model the catching up conflict will be resolved. The conflict at intersection will be avoided by the waiting strategy (see Fig 1). The head-on/facing conflict will be resolved by the grid search method.  
	/
	Fig. 1. AGV conflicts in a dynamic environment
	Valentino Braitenberg developed vehicles whose speed is set by one sensor (Braitenberg, 1984). In recent years number of sensors and motors has been increased (Weynes, 2008). The increase brought flexibility, then combinations of different sensors light, temperature and oxygen gives control of these motors in different roles. This makes obstacle and collision avoidance practical using sensors. The obstacle avoidance rule we are going to use the Braitenberg approach. It is used for obstacle avoidance between an agent and the other static objects in the environment such as walls, boxes, sensors and conveyor belts. The advantage of the Braitenberg approach is speed is not lost, so the motor speed is modified as in the following equation:
	Vm = vm + Bc +  s                                                              (5)
	where 𝑣𝑚  is the motor speed, Bc is the Braitenberg weight coefficient, s is the normalized data from the ultrasonic sensor. The normalization is the function of the minimum safety distance and the maximum detection radius.
	3.3 Description of modified A* Algorithm 
	The A* algorithm is extended from all directions of the starting node. We select the node as h(n) value with respect to the second (target) nodes in all the 18 nodes, and then expand the sequence. The A* algorithm follows path planning with close similarity to reported work (Yang and Cheng, 2016; Yuan et al. 2016) which is essentially set up to two lists: one list is called OPEN; the other is closed down list the name being CLOSED. When the node is expanded, the existing obstacles and the existing node direction will not be extended, and stored in the closed list. A modified A* algorithm pseudo code program for computing shortest path and improved AGV throughput is displayed in Fig. 2 below.
	Initialize
	package astaralgorithm;
	/**
	 *
	 * @author munashezhou
	 */
	import java.util.PriorityQueue;
	import java.util.HashSet;
	import java.util.Set;
	import java.util.List;
	import java.util.Comparator;
	import java.util.ArrayList;
	import java.util.Collections;
	public class AStarAlgorithm {
	        public static void main(String[] args){ 
	                Node n1 = new Node("Aisle 1",366);
	                Node n2 = new Node("Aisle 2",374);
	                Node n3 = new Node("Aisle 3",380);
	                Node n4 = new Node("Control Room",253);
	                Node n5 = new Node("Empty Palletes",390);
	                Node n6 = new Node("Store Room 1",193);
	                Node n7 = new Node("Store Room 2",198);
	                Node n8 = new Node("Aisle 4",340);
	                Node n9 = new Node("Aisle 5",320);
	                Node n10 = new Node("Stuff Offices",240);
	                Node n11 = new Node("Toilets",232);
	                Node n12 = new Node("Car Park",160);
	                Node n13 = new Node("Un/Loading Docks 1",180);
	                Node n14 = new Node("Dispatch", 200);
	                Node n15 = new Node("Supervisor Office",328);
	                Node n16 = new Node("Un/Loading Docks 2",185);
	                Node n17 = new Node("Lobby 1",170);
	                Node n18 = new Node("Lobby 2",175);
	                //initialize the edges
	                n1.adjacencies = new Edge[]{
	                        new Edge(n2,75),
	                        new Edge(n9,140),
	                        new Edge(n8,118),
	                        new Edge(n11,115),
	                };
	                n2.adjacencies = new Edge[]{
	                        new Edge(n1,75),
	                        new Edge(n3,71),
	                        new Edge(n8,80),
	                        new Edge(n9,95),
	                        new Edge(n15,80),
	                };
	Fig. 2. Modified A* Algorithm simulation for a typical smart warehouse
	3.3.1 Simulation analysis
	Table 2. Sorting efficiency between pristine and modified A* algorithm
	Run Times (k)
	Time (mins)
	ASP/s of pristine A* algorithm
	ASP/s of modified A* algorithm
	% Change
	1
	60
	5.44
	5.92
	8.82
	2
	120
	5.38
	5.76
	7.06
	3
	180
	5.32
	5.72
	7.52
	4
	240
	5.25
	5.64
	7.43
	In the simulation experiment (k=4) with the proposed improved A-star algorithm to perform path optimization, the throughput of multi-AGVs path planning is compared to that of the pristine A* algorithm, as shown in Table 2. The average sorting pieces per second (ASP/s) has been provided. The production scene was set with up to 10 AGVs in a predetermined warehouse area, divided into 1 × 1 grids on an improved AGV speed of 3 m/s. Parameters α, β, γ, set at 0.6, 0.3 and 0.1 respectively, should ensure α > β > γ, which means the closer the distance the greater the penalty value. A highest 8.82% ASP/s change was attained after modification.
	4. Conclusion
	With smart technology (multi-AGVs) being implemented in factories and warehouses recently, advances in remote intelligence has become a necessary tool to compliment the gap. The traditional algorithm takes more time to fetch all nodes and to calculate the heuristic function values. We present a modified A* algorithmic that plans the AGV network with high safety, built using grid method. The proposed time proficient A* algorithm fetches all nodes but calculates the heuristic function values prior collision, reducing the processing time so that the AGV can perform its work quickly and safely. The paths of AGV are planned from the perspective of relieving traffic jam and avoiding collisions. The Braitenberg model has also been roped into discussion to ensure almost all limitations and hindrances are avoided in the operation of the AGVs in a dynamic environment. The three conflicts that usually arise in the multi-AGV system will be solved by the waiting strategy, the grid method and the Braitenberg model approach.
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