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Abstract 
In order to solve the scheduling and path planning problems of Automated Guided 
Vehicles (AGVs) in horizontal haulage operations, and reduce the risk of vehicles staying 
and blocking due to insufficient power or path conflict factors, an automated container 
terminal AGV operation system was constructed. A two-level planning model for the 
combined optimization problem of scheduling and path planning. The goal of the upper-
level scheduling model is to minimize the completion time of all tasks, and the goal of the 
lower-level path optimization model is to minimize the travel distance of the AGV. For 
the established model, a bi-level programming algorithm based on conflict resolution 
strategy is designed. Case studies demonstrate the reliability of the model and algorithm. 
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1. Introduction 

In the operation of automated container terminals, AGV horizontal haulage is the key link linking 
quay cranes and yard bridge operations. Its efficient and stable operation and reasonable scheduling 
are of great significance for improving the operational efficiency of automated terminals. The 
problem of allocating containers to AGVs in a terminal can be decomposed into a scheduling problem 
and a routing problem involving allocating transportation requests to AGVs and determining the path 
the AGVs travel. 

Foreign scholars' research on automated dock AGV operations mostly focuses on traditional 
scheduling problems. For example, Kim and Bae et al. [1] introduced an advance scheduling method, 
which took into account the dual-cycle operation of multiple dock cranes and AGVs, and utilized 
future Deliver the task time and location to solve the optimal AGV configuration scheduling scheme. 
Experiments show that this method is more superior than conventional scheduling rules in different 
deterministic and random environments. [2] designed a maximum flow heuristic algorithm to 
determine the minimum number of vehicles required to transport all containers in a certain time, the 
disadvantage is that the underlying flow network of the design is defined when moving containers 
from one location to another. Time, this definition seems unable to apply reality. Similar to [2], Bish 
[3] proposed a heuristic algorithm for dynamic job assignment to AGVs, thereby minimizing the 
turnaround time of the vessel. 

The above research mainly focuses on AGV scheduling, while ignoring the consideration of conflict 
constraints and predetermined route constraints. When the transportation network is congested, 
routing decisions must prevent two or more AGVs from reaching the same edge at the same time to 
avoid collisions. Yuan et al. [4] designed a two-layer path algorithm to solve the routing problem. 
The upper layer uses the improved A* algorithm to plan the global path of the AGV on the basis of 
reducing the AGV path conflict as much as possible, and the lower layer proposes a dynamic rapid 
exploration random tree (RRT) algorithm with kinematic constraints to obtain a passable local path. 
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Compared with the conventional Dijkstra algorithm and A* algorithm, the simulation results show 
that the algorithm performs well in terms of search efficiency.Zhong et al. [5] used the speed control 
strategy to build a model based on the AGV priority, and used the Dijkstra-DFS algorithm to find the 
optimal path. For the time overlap detection of AGV, the conflict-free path planning of AGV can be 
realized by controlling the speed.Zhang Suyun et al. [6] used an improved speed control strategy to 
solve the problem of path conflict when the task scheduling and driving path were determined, but 
when the conflict probability was high, this strategy was obviously not superior, and the re-planning 
strategy could be combined. Do in-depth research. 

Many scholars have combined AGV scheduling and path planning for research. Fazlollahtabar [7] 
discusses the literature on different approaches to optimize AGV systems to address two important 
issues of scheduling and routing in transportation systems. [8] considering the limited capacity of 
each vehicle and machine buffer, task scheduling and conflict-free routing must be implemented. This 
problem is transformed into an integer programming model, and a local/random search method is 
proposed to reasonably assign tasks, and finally the proposed method is empirically evaluated through 
computational experiments. Zhong et al. [9] proposed a new conflict-free AGV path planning method 
to improve the working performance of automated terminals. At the same time, integrated scheduling, 
delay time minimization and path conflict-free planning problems are considered. A MIP model is 
established, which combines integrated scheduling and path planning, and uses fuzzy logic controller 
to construct HGA-PSO algorithm to adjust the model adaptively. Numerical experiments analyze the 
HGA-PSO and GA algorithms, and verify that HGA-PSO has a higher convergence speed, is reliable 
and effective.For multi-AGV scheduling and path planning problems, Li Jing [10] built a model with 
auxiliary road capacity constraints to prevent conflicts, and designed a two-stage algorithm to solve 
the problem, so as to reasonably arrange the task sequence and AGV transportation path, so that the 
AGV energy Minimal consumption.Langevin et al. [11] proposed a dynamic programming-based 
method for generating optimal transportation plans, which solved the scheduling and routing 
integration problem of AGVs in flexible manufacturing systems. The method is based on dynamic 
programming and solves two instances of vehicles over a rolling time horizon.Desaulniers et al. [12] 
proposed an accurate method for the scheduling and routing combination problem of AGVs, which 
guarantees that no conflicts will occur. The method combines green search heuristics, column 
generation and branch cutting procedures, and is tested in different scenarios of up to four vehicles in 
a manufacturing system to obtain optimal solutions in a relatively short time. 

In summary, there are many studies on AGV scheduling and path planning, but there are few problems 
in the simultaneous study of AGV scheduling and path optimization in container terminals, and some 
scholars only consider conflict constraints when studying the combination problem, and have not 
considered batteries. The problem of consumption constraints. In order to reduce the complexity of 
research and the difficulty of problem solving, in the first stage, the improved genetic algorithm is 
used to optimize the charging scheduling of AGV without considering the path conflict. Path conflict, 
the second stage is to determine the shortest path according to the known task assignment and use the 
Dijkstra algorithm, further plan it reasonably under the shortest path, and use the conflict resolution 
strategy to minimize the conflict between AGVs.  

2. Problem Description 

This paper studies the scheduling and path planning problems of AGVs under the constraints of 
charging and conflict. The layout of the entire automated container terminal is shown in Figure 1, 
which consists of three operating areas: quay crane, AGV haulage, and field bridge. At the beginning, 
all AGVs start from the virtual task starting point, and each AGV can only accept one task at a time. 
The intermediate network is the specific transportation path of the AGV, and it is a one-way single 
lane. Taking the export container as an example, each AGV starts from the starting point of the virtual 
task, arrives at the starting point of the designated task without load (that is, the position of the bracket 
in front of a bridge in a certain yard), and loads the corresponding container in the yard onto the AGV 
and performs charging operations. Then, each AGV transports the containers according to the 
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specified transportation route to the corresponding quay crane operation area for unloading, and the 
transportation route for imported containers is opposite. 

 

 
Figure 1. Terminal layout 

 

In this paper, in order to simplify the problem, nodes are used to represent intersections and interaction 
points, and the transportation path of the AGV in Figure 1 is specifically shown in Figure 2. The 
blank circles are the nodes of the road segment, and the gray and black solid circles represent the 
interaction points between QC and YC and the AGV, respectively. The occupied node numbers are 
shown in Table 1. The road segments are directional, the outer loop is clockwise, and the adjacent 
line segments in the middle run in the opposite direction. Assuming that the driving speed of the AGV 
is constant, since the transportation path used is a one-way driving lane, multiple AGVs will not drive 
in the opposite direction on the same path, so there is no chasing conflict and opposite conflict 
between AGVs. In this article, only need to consider Node conflict problem. 

Now consider that when the loading and unloading nodes of export containers are known, two 
problems need to be solved. The first problem is how to assign tasks to several AGV vehicles to 
ensure that the vehicles can be replenished to meet continuous transportation operations. The first 
problem is that the scheduling result obtained through the first problem is further planned reasonably 
under the shortest path to minimize the conflict between AGVs. 
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Figure 2. AGV transportation path nodes 

 

Table 1. Numbers of interaction points between AGV, quay crane and yard bridge 

Yard quay Node Crane quay Node 

Y1 13 Q1 4 

Y2 15 Q1 8 

Y3 

Y4 

Y5 

17 

19 

21 

- 

- 

- 

- 

- 

- 

3. Model Establishment 

3.1 Construction of the Upper Model 

3.1.1 Assumptions 

(1) Only the loading operation of containers is considered; 

(2) The driving route of the AGV is one-way, which does not involve opposite conflicts, and there 
can only be one AGV on each driving section; 

(3) The AGV travels in the transportation path at the same constant speed, regardless of the change 
of the moving speed of the AGV in the no-load or heavy-load state, and the influence of the speed of 
the AGV on the energy consumption of the AGV is ignored; 

(4) The operating capacity of each equipment is the same, and AGV, quay crane and yard bridge can 
only operate one container at a time; 

(5) All tasks and machines (AGV, field bridge, quay crane) start from time 0; 

(6) The time for the quay crane and the yard bridge to wait for the AGV operation is not considered, 
but the time for the AGV to wait for the quay crane and the yard bridge is considered; 

(7) The loading and unloading points of each task are known; 

(8) There is no capacity limit in the yard buffer area, and the AGV will not wait for other AGVs at 
the yard bridge. 

3.1.2 Parameters and Variables 

J is a set of loading tasks, j,j’∈J , where o,f is a virtual start task and a virtual end task, and the job 
time is 0; 

V is a collection of AGVs, v∈V; 

cs is the charge per unit time of the AGV on the stand, unit/s; 
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cη is the driving energy consumption per unit time when the AGV is overloaded, unit/s; 

cξ is the driving energy consumption per unit time when the AGV is unloaded, unit/s; 

cw is the energy consumption per unit time when the AGV is waiting, unit/s; 

β is the time it takes for the AGV to complete a carry-on operation on the bracket, and it is also the 
fixed time for the AGV to charge; 

pvj is the moment when the AGVv plans to start task j; 

hvj is the moment when AGVv plans to complete task j; 

zx is the maximum charging capacity that the AGV can charge when the AGV performs opportunistic 
charging in advance; 

zn is the minimum power when the AGV performs tasks; 

M is a large enough number; 

Xvjj’means that on the AGVv, the task is executed before the task is 1, otherwise it is 0; 

Yvj is 1 for the AGV to perform tasks, otherwise it is 0; 

tvj is the time of the AGV v transport task; 

tvjj’ is the time for the AGVv to transfer from the end point of the task to the start point of the task; 

xvjj’ is 1 when the AGVv transfers from the end point of the task to the start point of the task, and 0 
otherwise; 

svj is the time when the AGVv reaches the starting point of the task j; 

suvj is the amount of electricity when the AGVv reaches the starting point of the task j; 

dvj is the time when the AGVv reaches the destination point of the job task j; 

duvj is the amount of electricity when the AGVv reaches the destination point of the task j; 

uvj is the time to recharge the opportunity when AGVv performs task j; 

3.1.3 Model Establishment 

 minf = ∑ ∑ t∈∈                                 (1) 

Constraints of the model: 

 

 ∑ X = 1∈ , ∀v ∈ V                           (2) 

 

 ∑ X = 1∈ , ∀v ∈ V                               (3) 

 

 ∑ X∈ = ∑ X∈ = 0, ∀v ∈ V, ∀j ∈ J                    (4) 

 

 ∑ Y∈ = 1, ∀j ∈ J                             (5) 

 

 t ∗ x ≤ s + M 1 − x , ∀j, j ∈ J, ∀v ∈ V              (6) 

 

 Y ∗ t ≤ d , ∀v ∈ V, ∀j ∈ J                          (7) 

 

 Y ∗ t ≤ s , ∀v ∈ V, ∀j ∈ J                          (8) 

 

 d ≤ h , ∀v ∈ V, ∀j ∈ J                           (9) 
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 s ≤ p , ∀v ∈ V, ∀j ∈ J                         (10) 

 

 u = min (p − s , )                      (11) 

 

 du − c ∗ (h − d ) ≥ z                       (12) 

 

du − c ∗ h − d + M X − 1 + c ∗ t ∗ Y  

 ≤ du − c ∗ h − d − c ∗ t ∗ x + c ∗ (u + β)           (13) 

 

 du = su + c ∗ u + β − c ∗ t ∗ Y                 (14) 

 

The objective function (1) is to minimize the total task completion time. Constraints (2)-(3) indicate 
that the starting task of the AGV is a virtual task o, and the terminating task is a virtual task f. 
Constraint (4) represents the job order in which the AGV performs each task. Constraint (5) means 
that each task can only be performed by one AGV. Constraint (6) represents the time sequence in 
which the same AGV performs two tasks. Constraint (7) represents the relationship between the time 
when the AGV arrives at the point of interaction between the quay crane and the AGV and the AGV 
operation time. Constraint (8) represents the relationship between the time when the AGV arrives at 
the field bridge and the AGV interaction point and the AGV operating time. Constraint (9) represents 
the time constraint for the AGV to reach the quay crane and the AGV interaction point. The AGV 
needs to arrive at the interaction point in advance and wait for the quay crane. Constraint (10) 
represents the time constraint for the AGV to reach the field bridge and the AGV interaction point, 
and the AGV needs to arrive at the interaction point in advance to wait for the field bridge. Constraint 
(11) represents the time for opportunistic charging when the AGVv performs task j. Constraint (12) 
means that the remaining power of the AGVv after completing the task j is not lower than the 
minimum power requirement. Constraint (13) represents the relationship between the remaining 
power of the AGVv to perform two tasks in a row. Constraint (14) represents the relationship between 
the AGVv's power from the start point to the end point of task j. 

3.2 Construction of the Underlying Model 

3.2.1 Parameters and Variables 

N={1,2,...n} is the set of nodes in the path network,s,m,s’,m’∈N; 

Zsm is 1 for the path through nodes s and m, and 0 otherwise; 

E={e12,e47,...,esm} is the set of paths in the path network, esm represents the distance between nodes 
s and m; 

wv,k,smj represents the time required for the AGV to pass through path esm , wv,k,smj = esm /g; 

g represents the driving speed of the AGV; 

Tv,in,k,smj is the time when AGVv enters the path between nodes s and m in task j, and k represents 
the sequence number of the path between nodes s and m in task j in the total path of task j; 

Tv,out,k,smj is the time for AGVv to leave the path between nodes s and m in task j; 

Tst is the earliest start time of the task; 

3.2.2 Model Establishment 

The goal of establishing the lower model is to minimize the travel distance of the AGV. Since the 
speed of the AGV is constant, the shortest travel distance is the shortest transportation time, and the 
constraint (15) is the objective function. 
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 f = min ∑ Z ∗ e( , ∈ )                         (15) 
 

 ∑ Z:( , )∈ − ∑ Z:( , )∈ =

1, j = s′

−1, j = m′

0, j ≠ s , m′

            (16) 

 

 T , , , =
T , k = 1

T , , , , k > 1
                    (17) 

 

 w , , = T , , , − T , , ,                     (18) 

 

 T , , , ≥ T , , ,                        (19) 
 

Constraints (16) represent path selection constraints.Constraint (17) means that if nodes s and m are 
the starting path segments of task j, the time to enter the paths of nodes s and m is the earliest start 
time of the task; if not, the time to enter the paths of nodes s and m is the AGV execution time The 
time to leave the last node d and h path for task j.Constraint (18) represents the time relationship of 
the AGVv entering and leaving the paths of nodes s and m, which is defined as the weight of task j 
in this path segment, and represents the time for the AGV to pass the path.Constraint (19) represents 
the condition that the time of the AGVw entering the path later and the time of the previous AGVv 
in the path of nodes s and m in task j should satisfy. 

4. Algorithm Design 

 
Figure 3. Upper algorithm flow chart 
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The combined optimization problem of AGV charging scheduling and path planning studied is an 
NP-hard problem. Therefore, according to the established scheduling and path planning model, a two-
layer planning algorithm based on conflict resolution strategy is designed. The upper algorithm is an 
improved genetic algorithm to solve the AGV scheduling problem; the lower algorithm is a path 
planning algorithm based on a conflict resolution strategy to solve the conflict-free path planning 
problem of AGV. The algorithm flow chart of the two-level programming algorithm is shown in 
Figure 3. 

4.1 Upper Layer Algorithm 

For the optimization problem, the genetic algorithm is used in this chapter, and the specific solution 
steps are as follows: 

(1) Initialize the population 

Set relevant parameters such as population size, number of iterations, and total number of tasks, and 
randomly generate the initial population Pt in the feasible solution space. 

(2) Chromosome coding 

According to the characteristics of the problem, this paper adopts the method of real number coding, 
and the chromosomes are represented by N random numbers between 0 and 1 (N is the number of 
total tasks), and the order of the random numbers indicates the order of the tasks performed by the 
AGVv. Take the number of vehicles and round up to indicate that the jth task is transported by AGV 
v. Specifically, as shown in table 2, for example, AGV1 performs tasks 2, 3, 4, 8, and 9, and the task 
order is 2-4-8-3-9. 

 

Table 2. chromosome coding 

Transport task Priority AGV number Gene value 

1 

2 

3 

4 

5 

6 

7 

8 

9 

4 

1 

4 

2 

3 

1 

2 

3 

5 

2 

1 

1 

1 

2 

2 

2 

1 

1 

0.9705 

0.2141 

0.3026 

0.2711 

0.8576 

0.5353 

0.7313 

0.2855 

0.4286 

 

(3) Calculation of fitness value 

Calculate the corresponding time parameters according to the transportation tasks assigned to each 
AGV and the order of execution tasks, and use the inverse of the objective function as the fitness 
function to calculate its fitness value. 

(4) Selection, crossover and mutation 

The selection operation is implemented in the way of roulette selection. The probability of each 
individual being selected depends on the ratio of its fitness value to the sum of the fitness values of 
the entire population. In this way, individuals with high fitness values are more likely to be selected. 

The crossover operation adopts an analog binary crossover strategy, which is used for chromosomes 
represented by real numbers, and whether crossover is judged according to the crossover probability. 
If crossed, according to formula (20)-(21) from the two parent chromosomes of the nth generation 
x1j(n)and x2j(n) generate n+1 generations of individuals x1j(n+1) and x2j(n+1), As follows: 
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 x (n + 1) = 0.5[ 1 + β x (n) + (1 − β )x (n)]               (20) 

 

 x (n + 1) = 0.5[ 1 − β x (n) + (1 + β )x (n)]               (21) 

 

where β is a random variable that needs to be regenerated in each dimension of the solution: 

 

 β =
(2μ ) , μ < 0.5

(
( )

) , μ ≥ 0.5
                          (22) 

 

where μ is a random number uniformly distributed on the interval (0, 1), η is the crossover parameter, 
and the value is a constant, which is defined as 1 here. 

The mutation operation uses a polynomial mutation strategy to determine whether mutation is 
required based on the mutation probability. Its variant form is: 

 

x = x + δ(u − l )                           (23) 

 

in 𝛿 =
[2𝜇 + (1 − 2𝜇)(1 − 𝛿 ) ] − 1, 𝜇 ≤ 0.5

1 − [2(1 − 𝜇) + 2(𝜇 − 0.5)(1 − 𝛿 ) ] − 1, 𝜇 > 0.5

; 

δ = (x −
)

, δ = (u − x )/(u − l ), μ is a random number in the (0,1) interval, ηk is 10, 

xn+1 means parent, xn means offspring, un andln represent the maximum and minimum values of 
the current individual. 

(5) Elite retention strategy 

After crossover, mutation and other operations in the algorithm, there is a certain probability that the 
genes of the optimal individual will be destroyed. In order to make the entire population get the best 
individual with the best genetic structure in the evolution process, the elite retention strategy is 
adopted, and the elite individuals with smaller fitness values in the evolution to the current level are 
retained. In this way, the genes of the optimal individuals will not be destroyed by genetic operations, 
which can improve the global convergence ability of the algorithm. 

(6) Termination conditions 

In this paper, the maximum number of iterations is used as the termination condition of the algorithm. 

4.2  Lower Algorithms 

Dijkstra's algorithm takes the starting point as the center and expands the search layer by layer until 
the end point is reached. It is mainly used to solve the shortest path between nodes in a directed graph. 
This method can be used to solve the shortest path generation in this chapter. The basic steps are as 
follows: 

First, in the graph G=(V, E), the nodes are divided into two sets, S and T. S is the node that has been 
found, and T is the undetermined node. Initially, the S set contains the starting point So, In T are all 
nodes except So. 

Secondly, find the shortest node u adjacent to So from T, delete u from the set T, put it in the set S, 
and judge whether u is the end point. If it is the end of the algorithm, otherwise, take u as the 
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intermediate node and continue in the set T. Find the adjacent node of u, delete the node from the set 
T, add it to the set S, and finally until S contains all the nodes, that is, the algorithm ends. 

There are two common conflict resolution strategies: stop and wait and reroute. Because the driving 
route of the vehicle in this chapter is one-way and one-lane, there is only the problem of node conflict, 
so the parking and waiting strategy is adopted as the conflict resolution method. The steps of the 
entire path planning algorithm are as follows: 

(1) During the chromosome decoding process, the scheduling scheme of the AGV job is generated. 
According to the scheduling plan, the operation sequence of the AGV can be determined, and the 
starting point and end point of the AGV operation can be obtained. Then, according to the starting 
point and ending point, the Dijkstra algorithm is used to plan the shortest driving path for the AGV. 

(2) Detecting node conflicts on the planned path. Determine whether the next node of the current path 
of the AGV has the same node, if not, there is no node conflict, that is, end the algorithm, otherwise 
continue (3). 

(3) Judging whether the arrival time of the node is the same, if so, there is a conflict and continue to 
step (4), if not, end the algorithm. 

 

 
Figure 4. Lower-level algorithm flow chart 

 

(4) If a node conflict is detected, the conflict resolution strategy is used to adjust the path. To solve 
the conflict problem, the strategy of parking and waiting is adopted, and the AGV entering later is 
delayed according to the fixed waiting time; for the AGV entering the same road section at the same 
time, the priority of an AGV is determined by comparing its priorities, and the priority is higher. The 
AGV with low priority stops and waits, and the AGV with high priority passes through the conflicting 
node. 
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The priority here is determined as follows: 

(a) The priority of the AGV vehicle in the heavy load state is higher than that of the AGV vehicle in 
the no-load state. 

(b) If the priorities of heavy and empty loads are the same, the current AGV power state is the priority, 
that is to say, the AGV with less current power is higher than the AGV with more power. 

This cycle is repeated, and the detection and adjustment are repeated until there is no conflict between 
the AGVs on the planned path. At this time, a conflict-free path of the AGV is generated. 

The path planning diagram is shown in Figure 4. 

5. Example Analysis 

In order to verify the effectiveness of the above algorithm, as shown in Table 3, there are 30 container 
task data, 5 AGVs, 2 quay cranes and 5 yard bridges in the operation area of the automated container 
terminal. Set the population size to 40 and the maximum number of iterations to 200. The travel speed 
of the AGV is 4m/s, and the size of the transportation route network is shown in Figure 5 as a one-
way rectangular network with a length of 200 meters and a width of 150 meters. In addition, the 
power consumption per unit time of the AGV in different states of heavy load, no load, and waiting 
is set to 0.06%, 0.05%, and 0.03%, and the charge per unit time of the AGV on the bracket is 0.07%. 
The fixed interaction time is 30s. The probability of crossover is 0.8 and the probability of mutation 
is 0.01. 

 

Table 3. Task properties 

Task Start and end Earliest start time 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Y1-Q2 

Y3-Q1 

Y2-Q2 

Y5-Q2 

Y4-Q1 

Y3-Q2 

Y1-Q1 

Y2-Q1 

Y4-Q1 

Y5-Q1 

Y3-Q2 

Y4-Q2 

Y1-Q1 

Y2-Q1 

Y5-Q2 

Y4-Q2 

Y3-Q2 

Y3-Q1 

Y1-Q1 

Y2-Q1 

Y5-Q2 

Y4-Q1 

Y2-Q2 

Y1-Q1 

Y3-Q2 

Y5-Q1 

Y4-Q2 

Y1-Q1 

Y3-Q1 

Y2-Q2 

56 

85 

113 

146 

176 

203 

251 

286 

305 

356 

406 

474 

510 

563 

609 

671 

724 

772 

804 

853 

891 

944 

982 

1024 

1063 

1105 

1146 

1185 

1226 

1275 
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Figure 5. Dimensional drawing of transport path 

 

The upper-layer model is solved by matlab software, and the specific task assignment results can be 
obtained, as shown in Table 4. AGV1 completes the packing task 28-10-8-7-4-24 one after another 
according to the allocation needs, and the corresponding path is Y1-Q1- Y5-Q1- Y2-Q1-Y1-Q1- Y5-
Q2- Y1-Q1, among which Y1-Q1 indicates that the starting point of task 28 is field bridge 1, and the 
end point is quay crane 1, which is the starting and ending point of heavy-load driving of the vehicle; 
Q1-Y5 indicates that after completing task 28, the next task 10 is reached, and the starting point is 
quay crane 1 , the end point is the field bridge 5, which is the start and end point of the vehicle's no-
load driving. 
 

Table 4. AGV task assignment table 

AGV Task Path 

1 
2 
3 
4 
5 

28-10-8-7-4-24 
9-2-11-21-5-6-16 

18-23-26-14-13-12 
22-30-17-25-20-19 

1-3-15-27-29 

Y1-Q1-Y5-Q1-Y2-Q1-Y1-Q1-Y5-Q2-Y1-Q1 
Y4-Q1-Y3-Q1-Y3-Q2-Y5-Q2-Y4-Q1-Y3-Q2-Y4-Q2 

Y3-Q1-Y2-Q2-Y5-Q1-Y2-Q1-Y1-Q1-Y4-Q2 
Y4-Q1-Y2-Q2-Y3-Q2-Y3-Q2-Y2-Q1-Y1-Q1 

Y1-Q2-Y2-Q2-Y5-Q2-Y4-Q2-Y3-Q1 
 

The optimal solution is obtained by improving the GA algorithm. It can be seen from Figure 6 that 
the algorithm converges in about 110 generations, and the convergence speed is relatively slow, but 
it is not easy to fall into the local optimal solution, and the group optimal solution can be found. 
 

 
Figure 6. Iterative Convergence Diagram 

 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0063

 

535 

According to the start and end points, the shortest path can be obtained by using Dijkstra algorithm. 
From Table 5, we can see that AGV1 completes the shortest path of task 28-10-8-7-4-24. Similarly, 
the shortest path of AGV2, AGV3, AGV4 and AGV5 can be obtained in turn. path. At the same time, 
as shown in Figure 7, with the virtual starting task of each AGV as the starting point, the abscissa is 
the time, and the ordinate is the node number, the path diagram of AGV1 is drawn, and the specific 
driving of AGV2, AGV3, AGV4, and AGV5 can also be obtained in turn. Path map. Figures 8 and 9 
are the driving path diagrams of AGV4 and AGV5, respectively, which are mainly used to compare 
conflicting nodes. 

 

Table 5. AGV1 shortest path 

Task start and end Shortest path 

Y1-Q1 

Q1-Y5 

Y5-Q1 

Q1-Y2 

Y2-Q1 

Q1-Y1 

Y1-Q1 

Q1-Y5 

Y5-Q2 

Q2-Y1 

Y1-Q1 

Y1-12-1-2-3-Q1 

Q1-5-6-7-8-9-10-11-22-Y5 

Y5-20-19-18-17-16-15-14-13-12-1-2-3-Q1 

Q1-5-6-7-18-17-16-Y2 

Y2-14-13-12-1-2-3-Q1 

Q1-5-6-7-18-17-16-15-14-Y1 

Y1-12-1-2-3-Q1 

Q1-5-6-7-8-9-10-11-22-Y5 

Y5-20-19-18-17-16-5-6-7-Q2 

Q2-9-10-11-22-21-20-19-18-17-16-15-14-Y1 

Y1-12-1-2-3-Q1 

 

 
Figure 7. AGV1 driving path diagram 

 

 
Figure 8. AGV4 driving path diagram 
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Figure 9. AGV5 driving path diagram 

 

Since the capacity of the exchange area is not limited, there is no conflict between the AGV vehicles 
at the fixed pick-up point and the drop-off point. Therefore, by comparing Figures 7 and 9, it can be 
found that the AGV1 and AGV5 vehicles have a conflict at node 17, and the time is 1144s. The 
priority of the AGV in the node is judged, the AGV with the lower priority in the two vehicles waits, 
and the AGV with the higher priority passes through the conflicting node first. At node 17, AGV1 is 
in a heavy load state in transport task 10; AGV5 starts to transport task 3 and is in an empty state. At 
this time, AGV5 needs to wait at node 17 for a fixed time to resolve the conflict. 

Then comparing Figures 7 and 8, it can be found that AGV4 and AGV5 are in conflict at node 1, and 
the time is 1106.5s. The priority of the vehicle is also judged. At node 1, AGV4 and AGV5 are also 
under heavy load, but the power of AGV4 is relatively low. Low, so AGV5 still adopts the waiting 
strategy to resolve conflicts. For conflicting AGVs, the target of adjustment is the vehicle with lower 
priority. The time results of each AGV after adjustment to complete the task are shown in Table 6, 
and the conflict is resolved by using the waiting strategy. 

 

Table 6. Task completion time of 5 AGVs 

AGV Ideal state (s) Actual state (s) 

1 2012 2012 

2 2037 2037 

3 

4 

5 

1971.5 

2036.5 

1896.5 

1971.5 

2036.5 

1906.5 

 

In order to further verify the effectiveness of the algorithm, nine example experiments were carried 
out with the number of tasks and the number of vehicles as parameters, and the results are shown in 
Table 7. 
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Table 7. Experimental results 

Numble Number of 
tasks 

Number of 
AGVs 

Computation time 
(s) 

Objective function value (s) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

16 

16 

16 

25 

25 

25 

30 

30 

30 

4 

5 

6 

4 

5 

6 

4 

5 

6 

112 

124 

131 

135 

138 

140 

147 

155 

158 

1674 

1498 

1352 

2072 

1852 

1727 

2281.5 

2071.5 

1947 

 

It can be seen from the results in Table 7 that when the number of tasks is constant, as the number of 
AGV vehicles continues to increase, the calculation time increases, and the value of the objective 
function decreases, indicating that an appropriate increase in AGV vehicles can make the total task 
completion time shorter, but it cannot be Continue to increase the number of vehicles, otherwise it 
will lead to the possibility of more conflicts between vehicles. When the number of AGV vehicles is 
constant, as the number of tasks increases, the calculation time and objective function value also 
increase, indicating that the algorithm is more and more cumbersome to solve. 

6. Conclusion 

This paper analyzes the loading operation mode and the road network of AGV one-way driving, 
establishes a combined optimization model of AGV charging scheduling and path planning, and 
designs a two-layer algorithm. The upper algorithm is an improved GA algorithm, and elite 
reservation is introduced. strategy to solve the AGV charging scheduling problem; the lower 
algorithm is a path planning algorithm based on the conflict resolution strategy, using the Dijkstra 
algorithm to calculate the shortest driving path of the vehicle, after conflict detection, the parking 
waiting strategy is used as the conflict plan to obtain the AGV The conflict-free path planning 
problem. Finally, the validity of the model and algorithm is verified by numerical example 
experiments. 
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