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Abstract: with the development of science and technology, flexible manufacturing 

system has been widely used, and its demand quantity has been increasing. In the 

automated storage scheduling system, AGV plays a major role, and the transportation 

cost accounts for a relatively high percentage. It is mainly affected by the path 

planning, as well as the accurate scheduling of warehousing tasks. Through effective 

planning, the precise scheduling of warehousing tasks is improved. It can greatly 

reduce transportation costs and improve physical operation efficiency. This paper 

mainly focuses on the research of multi-AGV path planning in automated storage 

scheduling system. First, it analyzes five common types of conflicts, then expounds 

the multi-AGV scheduling algorithm, and finally studies the multi-AGV path planning 

algorithm in detail. 
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1.Introduction 

Although flexible manufacturing systems have greatly improved working efficiency to 

a certain extent, the costs occupied during use are increasing, especially in the working 

efficiency of automation tools and machine tools in manufacturing. The factors that 

affect manufacturing cost are labor cost, machinery cost and time cost. Then, in the 

automated storage scheduling system, how to reasonably plan and design AGV task 

scheduling and planning has a direct impact on improving work efficiency. In addition, 

AGV transportation costs account for relatively high, so it is necessary to reasonably 

schedule multiple AGV path planning. In the best running state, the cost of AGV path 

can be reduced, and the efficiency of scheduling can be improved. 

 

2. One or five types of conflict 

In the automated storage scheduling system, with multiple AGV cars running at the 
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same time, there will be different types of conflicts, and various conflicts will be 

specifically summarized into five types. They are opposite encounter conflict, vertical 

encounter conflict, occupancy conflict(vehicle idle and failure), and rear-end conflict. 

The encounter is the situation in which two cars meet in the same place; Vertical 

encounter is at the cross, two cars show vertical direction, and meet at the node; The 

idle position of the vehicle is the idle parking of a certain amount of AGV car at a 

certain node, which affects the driving of other cars; The fault occupancy position is 

the same as the idle occupancy position of the vehicle. The reason is that the fault 

can not run normally. The rear-end conflict usually means that the front AGV car travels 

at normal speed, and the rear AGV car travels faster than the front AGV car, and there 

is a conflict phenomenon[1],Directional and vertical conflicts are shown in Figures 1 

and 2. 

 

Fig  1 Directional  conflicts                         Fig 2  vertical conflicts  

 

3. Multi-AGV scheduling algorithm 

Since there are no five different conflicts in an AGV car, it is necessary to study the 

static scheduling and dynamic scheduling of multiple AGVs. 

In general, the static scheduling of multiple AGV systems is based on a single AGV 

static scheduling, so the A-star algorithm is used here to plan multiple AGV routes. If 

multiple AGVs pass through a certain intersection at the same time, You will find 

vertical encounter conflicts and mutual encounter conflicts. In order to prevent such 

conflicts, you can control the already occupied nodes to prevent the route and the 

corresponding time period from allowing other vehicles to enter[2] . we can confirm 

how a specific node conflicts by means of a topological map and an overlapping time 

window, and then add a locked time window to the corresponding phase. When there 

is a direct encounter conflict, the AGV vehicle with a smaller task can be re-scheduled 

and the optimal route can be calculated using a heuristic algorithm. The route here is 

temporary and there is a need to ensure that no collision will occur. Then it is necessary 

to continuously search for sub-optimal paths. If all the routes are searched, there will 

be a conflict in the opposite direction. Another AGV car must be replaced; When a 

vertical encounter conflict occurs, then one of the AGV cars has a lighter task and 
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must wait in the corresponding node time window until the conflict type disappears; 

If there are more than two types of conflict, encounter conflicts must be dealt with as 

a matter of priority. There are also other optimization methods proposed by related 

scholars. It is a time-window-based method of optimizing storage path. First, find a 

temporary path, and then use the arrangement time window to avoid conflicts, but 

this efficiency is much lower than that of the node time window. 

If there is a conflict in the AGV transportation process, the specific emergency handling 

method is first proposed. This is the dynamic scheduling of the multi-AGV system. 

When a vehicle is idle, the route should first be re-planned. However, to increase the 

corresponding road weight, modify the starting point of the load task, and reconfirm 

an open route, it is necessary to re-execute the heuristic search algorithm. If you 

encounter a vehicle fault occupancy conflict, you must be repaired by the staff member 

in the shortest possible time, you can also directly replace the AGV vehicle, and update 

the AGV vehicle information that has been replaced in a timely manner, and you can 

further improve the self-adaptability of the environment. And control the real-time 

monitoring task, according to the actual situation can appropriately increase or reduce 

the number of AGV vehicles[3]. 

The priority scheduling of time Windows is also one of the dynamic scheduling of 

multiple AGVs. Since multiple AGVs are very different from single AGVs, static 

scheduling locks ordinary time windows and can not be implemented to ensure 

effective conflict avoidance. For example, maintenance tasks, charging tasks, and task 

redistribution can all be prioritized through the time window, which can greatly reduce 

the waiting time for completing tasks, because the longer the vehicle is idle, the more 

obvious the obstacles to other vehicles. As a result, other vehicles can not complete 

the task within the specified time, and can only complete the task by re-planning the 

route, the efficiency of the work for the vehicle will be greatly reduced. 

 

4.Research on Multi-AGV Path Planning 

4.1 Overview of the multi-AGV transport system 

The path planning of the multi-AGV system is to explore the shortest time for more 

AGV cars, the smallest path cost, and the non-conflicting path, but each car can 

complete its own task. Plan the safest and most coordinated route. 

Due to the complexity of the tasks in the automated storage scheduling system, 

multiple AGV cars are required to function at the same time. If the design of the AGV 

system is not perfect, various problems will arise. In this case, it can be based on a 

one-time scheduling algorithm. According to the actual situation of automated storage 

logistics environment, stronger task scheduling theory and path planning algorithm 

are adopted to solve various problems and ensure that the multi-AGV transportation 
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system can operate safely and efficiently[4]. 

4.2 Strategies for Resolving Multiple AGV Conflicts 

In order to prevent real-time collision of multiple AGVs, it is necessary to find an instant 

path planning. Because its purpose is to avoid obstacles and successfully reach its 

destination. In fact, it is necessary to solve the problem of multiple AGVs in motion. 

When the path of motion has been determined, it is necessary to solve the conflict 

between multiple AGVs. There are two methods here. One is delay waiting. This 

strategy is the best way to solve AGV conflicts. Either wait or adjust the local path, 

and which specific choice needs to be determined according to the actual situation. If 

there is more conflict time, it can be solved by waiting. The local adjustment path is 

mainly based on the problem that can not be solved by waiting, and one of the AGVs 

can be adjusted. Path, To prevent multiple AGV conflicts, this adjustment method must 

be at the expense of the optimal path to greatly improve the overall work efficiency. 

 

5. Conclusion 

In summary, in the flexible manufacturing system, due to the high transportation costs 

of the AGV system, it is necessary to further improve the efficiency of the AGV to 

greatly reduce the transportation costs. There are usually five types of conflicts in the 

automated storage scheduling system, using multiple AGV scheduling algorithms. 

When there is a conflict, the best route can be calculated, circumvented by arranging 

time Windows, and the transportation efficiency of AGV cars can be improved by 

waiting or scheduling local paths. 
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