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Abstract: Automated guided vehicle (AGV), as an automated logistics equipment, is 

increasingly used in material handling and assembly applications. Navigation 

technology is one of AGV's core technologies. This article introduces the research 

background and significance of AGV, and introduces the main methods of AGV 

navigation, AGV positioning method, SLAM technology and path planning technology. 

Finally, it focuses on the currently popular AGV navigation and non-orbit navigation, as 

well as the principle and improvement of the D* algorithm 
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1. Introduction 

In order to increase the automation and flexibility of modern warehouse logistics 

systems, reduce production costs, and increase efficiency, the automatic guided 

transport vehicle is used in the production process as an important part of the logistics 

delivery system, which can achieve timely, rapid, scale-optimized, cost-effectiveness. 

Low, easy to manage goals. The automatic guided transporter has the characteristics 

of high intelligence, unmanned driving, flexible travel path, space saving, suitable for 

hazardous environments, battery-powered, non-polluting, and noise-free. Therefore, it 

is widely used in manufacturing and libraries. Post offices, warehousing, tobacco, food, 

medicine, airports, port terminals, chemicals, and service industries. The research and 

development of automatic guided transport vehicles in foreign countries has achieved 

comprehensive industrialization, and the main products currently used in China are 

imported products. Automated guided transport vehicles play an important role in 

warehousing and logistics systems and the flexibility of factory automation. They will 

surely be widely used and applied in the future. This is determined by the unique 

superiority of the automated guided transport vehicle itself and the rapid development 
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of modern industry. Needs. According to surveys, during the entire production process 

of a product, the processing and manufacturing process takes only 5% of the time, and 

the remaining 95% are spent on handling, transportation, storage, and waiting for 

processing. In the United States, according to expert statistics, the proportion of final 

labor output in production is less than 10% of the production cost, and this figure is 

continuously declining. Transportation and warehousing accounts for 40% of the cost. 

Therefore, reducing logistics costs and upgrading the logistics structure have become 

an important move for companies in the future competition. Warehouse warehousing 

logistics systems are developing in the direction of modernization to meet the needs of 

modern production. 

 Compared with robots, automatic guided transport vehicles have more special 

requirements on their mechanical structures and drive devices, which will lead to major 

changes in traditional machinery. The robot is a non-completely constrained, 

high-order multi-degree-of-freedom system. During its research, there may be new 

methods and new theories in mechanics and control, and it may also promote artificial 

intelligence, communication, computer graphics, and bionics. Academic and other 

related disciplines. Therefore, the research on automatic guided transport vehicles also 

has a very important value. 

As one of the core technologies, navigation is the most important symbol of AGV 

technology development. The navigation method evolved from the earliest 

electromagnetic navigation to tape navigation, to laser navigation, inertial navigation, 

and visual navigation. At present, the AGV system can not only achieve automatic 

guidance, driving, operation, charging and diagnosis, but also complete advanced 

tasks such as route optimization, traffic management and vehicle scheduling. 

 

1.1 The status of AGV development 

The first time that AGV appeared in the world was in the 1950s, it was developed by the 

United States Basrrett Corporation, a towing car system. The car's controller consists of 

vacuum tubes that can be advanced along a wire-indexed path. In the 1960s and 70s 

of the 20th century, not only Basrrett Company, Webb and Clark also had a large share 

in the AGV market. During this period, European AGV-related technologies have 

developed relatively rapidly because European companies have standardized on the 

size and structure of pallets. In the mid-1970s, Europe was equipped with about 520 

AGV control systems and produced a total of 4,800 cars. It reached about 10,000 units 

in 1985, ranking first in the United States, Europe, and Japan. In the machinery 

manufacturing industry, the number of automotive applications accounted for 57%, 

flexible manufacturing systems accounted for 8%, and flexible assembly systems 

accounted for 4%. In the early 1980s, European AGV technology was transferred to the 
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United States through licensing and joint ventures. Among them, the Keebler 

Distribution Center in Chicago introduced the most advanced computer-controlled AGV 

system from Europe at that time. In 1981, John Company applied the AGV and AS/RS 

connections to provide tracking and automatic transport of materials used in the 

manufacturing process. . In 1984, GM became the largest user of AGV's current 

application field. U.S. companies have conducted more in-depth research and 

development of AGV on the basis of existing European technologies. They use more 

advanced computer control systems and have developed AGVs with shorter transfer 

time, higher reliability, and higher carrying capacity. Large, it also has online charging 

function, which greatly improves the running time. At the same time, the number of 

manufacturing companies in the United States has also greatly improved. The 

development of AGV in Japan began with a joint venture between a transportation 

equipment supplier and the Webb Company in the United States. By 1988, the number 

of manufacturing companies had reached more than 20, including the famous Daifuku, 

Fanuc, and Murata companies. Thousands of AGV systems have been installed. 

China's independent R&D of AGV began in the 1960s. The earliest practical application 

of AGV was the ZDB-1 van developed by the Beijing Lifting Transport Machinery 

Research Institute. Afterwards, the former Ministry of Posts and Telecommunications, 

Beijing Post Science and Technology Research Institute and other units jointly 

developed the AGV used in the postal hub. In 1991, the Shenyang Institute of 

Automation of the Chinese Academy of Sciences and Xinsong Robot Automation Co., 

Ltd. collaborated to design 9 AGV systems for the assembly line of the Shenyang Jinbei 

Auto Company, and in 1996 won the third prize of the National Science and Technology 

Progress Award. The more advanced domestic use AGV. In 1992, Tianjin Polytechnic 

University developed optically-guided AGVs and applied them to nuclear power plants. 

In 1998, Kunming Shipbuilding Equipment Co., Ltd. studied a multi-mode laser-guided 

automatic guided transport vehicle at the Honghe Cigarette Factory and won the 

second prize of National Science and Technology Progress Award in 2002. At the same 

time, Jilin University, Beijing Military Region Logistics Department, Beijing Yiheng 

Group, Beijing Machine Science Development Company, and Jida Yifei also conducted 

relevant experimental research. Shanghai Petrochemical Plant has imported the first 

domestic AGV system from Japan Daifuku Company into polyester filament production 

line. In the early 1990s, the Airbus air-conditioning assembly line used electromagnetic 

guided AGV imported from Japan. 

 

1.2 AGV's main navigation method 

Currently, AGV's main navigation methods include electromagnetic navigation, visual 

navigation, magnetic navigation, laser navigation, landmark navigation, sensor-based 
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navigation, inertial navigation, and GPS navigation. The following introduces the 

principles of some navigation methods. 

 

1.2.1 Electromagnetic Navigation 

A special metal navigation signal line is embedded about 20-30 mm below the ground 

in the work area. At the same time, a signal generator is set up to apply specific 

frequency alternating electromagnetic signals at both ends of the wire. A sensor is 

installed on the left and right ends of the AGV body to detect the alternating 

electromagnetic field signal transmitted by the signal generator and transmitted 

through the navigation signal line, and the difference is calculated by comparing the 

signal intensity difference and the frequency difference between the left and right 

sensors. The offset distance between the AGV and the navigation signal line controls 

the AGV to move along the predetermined road. 

Electromagnetic navigation has a long history of development. It is one of the more 

traditional and mature navigation methods of AGV. The advantage is that the 

concealment method in which the navigation signal line is buried under the ground 

surface is safe and reliable, and it is not easily damaged or defaced. The navigation 

principle is simpler and more convenient when controlling. There is a certain degree of 

shielding and suppression of noise and light interference. In addition, the cost of this 

electromagnetic navigation method is relatively low. The disadvantage is that the 

navigation line is fixed and difficult to change or expand once it is laid. In the 

complicated environment of route navigation, the limitation of this method is relatively 

large. 

 

1.2.2 Laser Navigation 

The principle of the laser navigation method is to install the laser reflection plates in 

advance in the working area of the AGV. These reflection plates are accurately located 

around the AGV traveling path. When the AGV begins to run, laser beams are emitted 

from the laser emitters. At the same time, the laser reflection plates reflect these laser 

beams. The AGV collects the laser beams reflected from the reflection plate to make 

geometrical calculations, and the current position of the AGV is deduced from the 

motion model. Direction, and the estimated new position is associated with the 

reflector, correcting its own position, and accordingly correcting the AGV's walking 

trajectory and controlling copper. 

The greatest advantage of laser navigation is its flexibility. When the technology is 

used, the ground does not need any other positioning facilities, and the driving path 

can be adapted to various on-site environments. It is one of the navigation methods 

preferred by many APG manufacturers abroad. The disadvantage is that it is easily 
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interfered with by other signals, especially in outdoor environments that may be 

affected by rain, snow, fog, and wind; the environmental requirements such as light 

and visibility are more stringent, and the technical difficulty is relatively high. The 

domestic laser navigation AGV is used. Most rely on imports, which increases 

production costs and costs. 

 

1.2.3 Visual navigation 

The principle of this navigation method is to store in advance the image of the 

environment around the travel path in the onboard computer of the AGV as a database. 

At the same time, a CCD camera and other sensors are equipped on the AGV body. 

During the working process, the photogrammetric sensor on the AGV, such as the 

human eye, dynamically acquires the ambient image information around the travel 

path and compares it with the image database to determine the current position: the 

data offset signal is sent as an input signal to the drive control system. After the 

instruction, AGV makes a decision on the next-step path planning and corrects its 

walking direction. The visual navigation method has the advantages of wide detection 

range, large information acquisition and simple operation. The investment cost is also 

much lower than that of laser navigation, but it is slightly more expensive than 

magnetic navigation. With the development of image processing technology and the 

rise of artificial intelligence, the visual sensor It is increasingly becoming an essential 

sensor for mobile robots to sense the environment. Currently, monocular cameras, 

multi-cameras, and catadioptric imaging systems have been widely used in the visual 

navigation methods of AGVs. This navigation method has theoretically the strongest 

flexible transport capability, does not require any pre-set physical path, and gradually 

becomes the mainstream navigation technology of AGV. 

 

1.2.4 Inertial Navigation 

The inertial navigation method is to install the positioning block on the ground of the 

AGV work area and install the high-precision gyroscope and encoder on the AGV. The 

AGV determines the absolute position of its own in the workshop coordinates through 

the acquisition of the ground positioning block signal, and then passes the gyroscope 

deviation. The calculation of the signal (angular rate) determines the relative position 

of the vehicle body, synthesizes the two parts of information, determines its own 

position and direction, and achieves navigation. This technology was first used in the 

military, and its main advantage is its high degree of freedom and flexibility. Compared 

with the wired navigation method, the ground processing workload is small. The 

disadvantage is high cost and high cost. The accuracy and reliability of guidance are 
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closely related to the manufacturing precision of the gyroscope and its ability to 

process signals. 

 

2. AGV's autonomous navigation solution 

The autonomous navigation of the mobile robot means that the robot perceives the 

environment and its own state through the sensor, and realizes the goal-oriented 

autonomous movement in an obstacle-free environment. The research of the 

navigation problem is that the mobile robot answers “Where am I?”, “Where am I 

going?” and “How am I going?”. The first two questions correspond to the positioning 

issues in the study of navigation issues. The third question corresponds to the path 

planning problem in the navigation research. 

Navigation technology is the core and research focus of mobile robot technology, 

including map creation, positioning and path planning [14]. The mobile robot 

navigation is to create a map of the environment by sensing the surrounding 

environmental information, planning a path that avoids obstacles in the environment, 

and controlling the autonomous movement of the robot to the specified 

 

2.1. Simultaneous Positioning and Map Construction of AGV 

The problem of synchronous positioning and map construction of robots is divided into 

static environment SLAM problem and dynamic environment SLAM problem. The SLAM 

research in static environment has achieved many important results, enabling the 

robot to achieve simultaneous positioning and map construction in a static 

environment under the guidance of the direction point. In order to adapt to the 

synchronous location and map construction in dynamic environment, the researchers 

proposed SLAM algorithm in dynamic environment. These algorithms are mainly 

divided into two categories: One is to treat moving targets in the environment as 

redundant feature points. Through historical probabilities, moving targets are detected 

and the impact of moving targets on data associations is eliminated. The environment 

is divided into static feature points and dynamic feature points. The Gaussian mixture 

model (GMM) is used to model the moving object. The key point of this algorithm is to 

distinguish between static and dynamic feature points. The other is to divide the robot 

SLAM problem in a dynamic environment into two separate problems for processing, 

and the robot estimates the trajectory of the moving target while simultaneously 

positioning and constructing the map. The theory of synchronous positioning, map 

construction and moving target tracking (SLAMMOT) is proposed, which not only 

solves the SLAM problem of the robot, but also can track the moving target. The 

dynamic environment SLAM algorithm based on the particle filter theory is proposed. 

The method detects the moving target and estimates it. The trajectory of the moving 
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target; the SLAM problem of multi-target tracking is achieved, the moving target is 

detected and tracked by the expectation maximization (EM) method and the nearest 

neighbor (NN) method; the trajectory of the moving target is predicted while solving 

the SLAM problem. These methods all assume that the robot does not collide with the 

robot when the robot performs SLAM in a dynamic environment, and the dynamic 

environment in question is limited to moving targets. In the actual environment, the 

targets are mostly random targets, and they are implemented in a dynamic 

environment with random targets. The simultaneous positioning of robots and map 

construction have become new problems in current research. 
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Fig. 1 SLAM system structure 

 

2.2. AGV Path Planning in Dynamic Environment 

2.2.1 Introduction 

Path planning refers to finding an optimal collision-free path from the initial state to the 

target state according to a certain performance index in an environment with obstacles, 

which is one of the key issues in AGV control and the basic link of AGV navigation. one. 

According to the degree of knowledge of the environmental information of the AGV, the 

path planning is divided into: the global path planning in which the environmental 

information is completely known and the environmental information is completely 

unknown or partly unknown, and the AGV working environment is detected by the 
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sensor to obtain the position, shape, and size of the obstacle. Local path planning for 

such information. In order to work effectively in a real environment, the AGV must be 

able to plan a safe and collision-free path and complete tasks in an unstructured 

environment. Many studies have been done on uncertain environments. These studies 

have made some assumptions. One is to assume that the obstacle is stationary and can 

accurately know its position; the other is that the AGV can be accurately positioned. 

However, not all obstacles in the real world are static, such as people and other moving 

objects. When there are moving obstacles, navigation and path planning designed 

according to the static environment cannot work effectively. In path planning, the 

traditional collision avoidance decision only considers the distance information of the 

obstacle without considering the speed information, so it cannot fully predict the 

collision. Here not only considers the distance information between AGV and obstacles, 

but also considers the motion information of obstacles: the relative speed of AGV and 

obstacles, and introduces the concept of collision risk at the same time. The collision 

risk is used as the input control. 

The path planning methods in the dynamic environment include A* algorithm, D* 

algorithm, fuzzy neural network, genetic algorithm, improved artificial potential field 

method, and path planning for mobile robots based on hierarchical reinforcement 

learning. These methods all have good dynamic paths. Planning ability. 

 

2.2.2 D* algorithm 

The D* algorithm is an efficient dynamic path planning method. It is a heuristic search 

algorithm that improves the secondary path planning based on the A* algorithm. The 

D* algorithm was first proposed in 1994. It was originally a two-dimensional traversal 

search algorithm. However, most of the blind search algorithms have their advantages. 

The D* algorithm uses heuristic functions to calculate the cost estimates of nodes on a 

two-dimensional plane. Values, each time the node with the least cost estimate is 

selected as the optimal direction of expansion, and iteratively iteratively recursively 

calculating the cost estimates for the surrounding nodes. If it fails, the other paths are 

selected for searching until the target node is found. When the mobile robot 

encounters a dynamic obstacle during the advancement, the D* algorithm uses the 

path planning to calculate the existing node information to perform the secondary 

planning and re-find the optimized path from the current position to the target position. 

The D* algorithm starts the fan-shaped search from the start node. The calculated path 

length of the current node from the starting node. When the secondary path is planned, 

the node information calculated in the previous path planning is invalidated. The D* 

algorithm starts a fan-shaped search from the target node. The calculated node 

information is the path length from the target node. When the secondary path planning 
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is performed, this information can be used again, reducing the repeated calculation of 

the same data, and improving the The efficiency of the secondary path planning. 

The cost estimation function f(n) of the D* algorithm is 

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

g(n) is the basic item, which represents the path cost from the target node to the 

current extended node; h(n) is the heuristic function, which represents the heuristic 

estimate from the current extended node to the starting node. The quality of the 

optimal path obtained by the D* algorithm search is closely related to the selection of 

the algorithm cost estimation function. A better cost estimation function can make the 

D* algorithm search for a better path and an inappropriate cost estimation function. It 

will greatly affect the performance of the D* algorithm, greatly reduce the reliability 

and stability of the path, and even in the more complex environment can not find the 

optimal path. Using the grid method to model the environment, the Euclidean distance 

or Manhattan distance is generally used as the cost estimate. 

As a classical and being in common used MCDM method which uses Cardinality 

information, the TOPSIS method is now successfully used in many fields, then use the 

improved TOPSIS method to sort the alternatives according to the size of the satisfied 

degree, such as material selection, energy projects and supply chain management [2]. 

Compute the distance of an alternative to the positive ideal solution and the distance of 

an alternative to the negative ideal solution. Isohel was tested according to the 

experimental matrix shown in table 1.  

 

3. Currently existing problems 

The working environment of mobile robots is becoming more and more complex, and 

the environmental information is constantly changing. How to maintain real-time 

performance in the dynamic and complex environment of obstacles is one of the 

research directions of current local path planning. 

Most of the current path planning methods only focus on fixed targets and do not 

consider the situation of moving targets (such as soccer in soccer robot games). In this 

case, the path planning becomes even more complicated due to the position of the 

robot, the position of the target, and the speed of the robot. Complex, research in this 

area is also the focus of future development. 

In the course of path planning using the D* search algorithm, if the robot encounters 

obstacles during the progress, the algorithm can use the information of the previous 

planning to search the path again, avoiding duplicate calculation of the same data and 

improving the secondary path. The efficiency of planning, so D* algorithm can be 

better applied to the path planning in dynamic environment. 
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The D* algorithm has the disadvantage of large search space. Especially in the more 

complex environment, the search space of the algorithm will greatly increase, and the 

time complexity will exponentially increase with the increase of the map dimension. 

Therefore, the D* algorithm greatly reduces the search space. The speed of path 

planning. In addition, during the actual navigation of the mobile robot, the mechanical 

motion required for the robot to turn will increase the time cost and fuel cost of the 

path. The D* algorithm is a length-first algorithm. Therefore, the path searched by the 

D* algorithm has sharp corners and frequent turns. This will increase the time cost and 

fuel cost of the optimized path, thereby reducing the performance of the optimized 

path and prolonging it. The walking time of the robot. 

 

4. Conclusion 

From the above navigation methods, we can see the advantages and disadvantages of 

various navigation methods. From the perspective of my research, we will use laser 

technology to conduct research using SLAM navigation methods. Through the analysis 

of the above navigation technology, I found that the research of SLAM algorithm is very 

mature, and the paper will study the multi-point path planning algorithm based on the 

implementation of SLAM algorithm. At present, the mobile robot multi-point navigation 

has a complicated working environment. In order to ensure the shortest distance of the 

planned path in the dynamic environment, the improved D* algorithm is adopted as 

the path planning algorithm, so that the mobile robot can meet the shortest walking 

distance at the same time in multi-point navigation. , the least time and the lowest 

energy consumption. 
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