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Abstract. AGVs are a branch of mobile robots, offering high transportation ef-

ficiency, energy savings, and safety in small areas. They are commonly used in 

storage-like environments, hazardous sites, and special operation areas abroad. 

The application of AGVs is gradually replacing traditional manual handling 

methods, significantly enhancing production efficiency, improving automation 

levels, optimizing production structures, and saving labor and resources. This 

paper analyzes the practical use of AGVs and the real needs for cost reduction 

and efficiency improvement in small and medium-sized enterprises. It focuses 

on improving the appearance of AGV transport vehicles, simplifying the vehi-

cle body to reduce manufacturing costs, making its shape more similar to a 

forklift. This facilitates the smooth transition between system automatic opera-

tions and manual operations. Additionally, it simplifies programming settings, 

allowing for quick changes to the AGV forklift's operational procedures, adapt-

ing to various task requirements while reducing the learning curve for enter-

prises. 
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1 Introduction 

1.1 AGV Forklift (Automatic Guided Forklift) Introduction 

AGV forklift, also known as automatic guided forklift, is an automated handling ve-

hicle. The body design imitates the structure of traditional forklift, which can inde-

pendently complete the tasks such as loading and unloading, handling and stacking of 

goods, and improve the transportation efficiency in manual handling operations[1]. 

AGV forklift is widely used in industrial manufacturing, warehousing and logis-

tics, automobile manufacturing, food and medicine industry, airports and ports, etc., 

to realize the automatic handling of raw materials, semi-finished products and fin-

ished products, improve storage efficiency. 
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1.2 AGV Forklift Overall Preset 

The overall appearance of AGV forklift is close to that of traditional forklift. The 
vehicle frame is made of high strength steel and aluminum alloy materials, which 
ensures sufficient strength and stiffness of the vehicle body to meet the requirements 
of carrying and running. 

The navigation system, drive system, battery system, control system, and safety 
systems of the AGV forklift are mainly concentrated in the front of the vehicle. Sen-
sors are distributed throughout the vehicle to collect basic status information such as 
speed, position, and orientation, while also scanning and detecting the working envi-
ronment to further ensure the safety of personnel, materials, and the vehicle during 
automated operations. 

1.3 Research Objectives and Work Content 

The primary research objective of this paper is to simplify the structure and functions 
of AGV transport vehicles, enhance their safety and transportation efficiency in au-
tomated operations, reduce the manufacturing cost of AGV forklifts, make them suit-
able for rental services, and lower the cost for enterprises using AGV forklifts[2]. By 
analyzing the requirements, transmission schemes, and servo motors of AGV vehi-
cles, designing the vehicle body and various subsystems, we aim to achieve the set 
goals and industry needs. 

2 Mechanical Structure Design 

2.1 Functional Requirements Analysis 

AGV forklift has three modes, namely online mode, offline mode and manual mode. 
In the online mode, AGVs operate automatically based on tasks and planned 

routes, synchronizing their real-time position and working status with the upper ma-
chine position at any time. They are controlled by the upper machine position, allow-
ing for scheduling of additional, modified, or next work tasks as needed. In offline 
mode, AGVs can autonomously perform tasks according to pre-set operations and 
planned routes[3]. Operation data is stored only in the vehicle itself, recording the 
work path and posture independently. They cannot interact with other automated 
equipment within the operating environment but will synchronize recorded operations 
when communicating with the upper machine position. The manual mode involves 
remote control of the AGV via software. In this method, the AGV can be remotely 
controlled through computer programming or mobile apps. This allows for quick 
corrections to the AGV's route if there are errors in its operation or working status, 
enabling flexible deployment of the AGV to prevent production accidents and reduce 
efficiency losses. However, in remote control mode, the AGV's trajectory is not pre-
cise, and positioning accuracy is low. After being remotely controlled to a designated 
location, it can then link up with the central control system to re-plan the work route 
and process, resuming automated operations. 



 

external factors such as heavy loads or uneven roads. As shown in Figure 1. 
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2.2 Mechanical Transmission Scheme 

2.2.1 Drive Unit.  
As an important part of AGV forklift, the transmission system is responsible for 

transmitting power from the power source to the wheels, so as to realize the function 
of vehicle movement. 

The AGV forklift adopts a four-wheel layout structure, referencing the design of 
traditional forklifts. Compared to other structures, the four-wheel configuration offers 
superior load-carrying capacity and smoother operation in various working environ-
ments. It also features two sets of worm gear reducers and DC servo motors, ensuring 
excellent power even when handling heavy loads, reducing driving errors caused by 

 
Fig. 1. Transmission system 

2.2.2 Rotational Phase.  
The steering system is composed of the steering mechanism and the differential. 

The steering mechanism is equipped with a DC servo motor independently. When the 
load is light, the motor in the steering mechanism rotates accurately to drive the 
steering gear, steering rod and steering wheel to achieve accurate steering[4]. 

When the load is too heavy, the friction of the steering wheels increases. If there is 
a significant error in the motor's direction of rotation within the steering mechanism, 
the internal computer of the AGV forklift calculates and transmits this error to the DC 
servo motor via a reducer. The motor then directly drives the steering wheels, creating 
a speed difference between the two wheels to achieve differential steering. This re-
duces errors caused by external factors in the steering mechanism, improving steering 
accuracy. As shown in Figure 2. 
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Fig. 2. Rotational system 

2.3 Selection of Servo Motor 

The starting torque and braking torque of the DC servo motor are large, and it reacts 
quickly during start-up and braking, which can effectively improve the driving effi-
ciency of AGV forklifts[5]. The DC servo motor has high precision, high sensitivity to 
speed regulation and steering, and a wide speed range, which can well adapt to the 
functions required by AGV forklifts. 

The model selection of the motor should fully consider the self-weight load, speed 
requirements and precision requirements of the AGV forklift in Table 1. 

Table 1. Classification of AGV self-weight 

 AGV-T20AP AGV-R AGV-L 

Body size L2300×W790×H2300mm L2780×W1250×H2500mm L2860×W815×H2310mm

Vehicle 
Its weight is about 900kg Its weight is about 1300kg 

Its weight is about 
1300kg 

weight The battery is about 
300kg 

The battery is about 250kg 
The battery is about 

250kg 
Battery 

type 
Lead-acid/lithium batteries 

Parking 
accuracy 

±5mm ±10mm ±10mm 

Charging 
method 

Manual / automatic 

Control 
type 

PMS+AGVS 
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3 AGV Forklift Body Design 

3.1 Overall Appearance 

The design of the AGV forklift's exterior should adhere to the principles of practical-
ity, aesthetics, economy, and environmental protection. The overall appearance of the 
AGV forklift is modeled after traditional forklifts. The main frame of the AGV fork-
lift uses high-strength steel and aluminum alloy materials, effectively ensuring its 
load capacity, travel speed, and turning radius, thus guaranteeing high work efficiency 
in scenarios such as warehousing and handling[6].As shown in Figures 3 and 4. 

 
Fig. 3. AGV appearance 

 
Fig. 4. Detailed size information of AGV forklift 
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3.2 Mechanical System Distribution 

The navigation system, drive system, battery system and control system of the AGV 
forklift are set at the head of the AGV forklift. The touch screen, indicator light and 
various buttons are set at the pull rod to facilitate the operator to check the AGV fork-
lift and perform various operations[7]. 

Controller: The controller is the brain of AGV forklift, which is responsible for 
processing various signals, realizing automatic navigation and obstacle avoidance 
functions of the forklift, and at the same time, it is responsible for information ex-
change with the upper position of AGV forklift. 

Sensors: Sensors are used to detect environmental information around the forklift, 
such as obstacles, routes, etc. The design of sensors should consider detection accu-
racy, response speed and reliability. 

Actuator: The actuator drives the drive wheel, steering system, etc., according to 
the instructions of the controller, so as to realize the movement of the forklift. 

3.3 Protection and Safety 

AGV forklift safety device mainly includes the following parts: 
Obstacle avoidance sensor: Install the obstacle avoidance sensor to realize the au-

tomatic detection and avoidance of obstacles in the process of forklift driving. 
Limit switch: set limit switch in key parts to prevent forklift from exceeding the 

predetermined range. 
Alarm system: When the forklift is faulty or abnormal, the alarm system will sound 

and light alarms to attract the attention of the operator. 

4 Technical Design of Each Subsystem of AGV Forklift 

4.1 AGV Forklift On-Board Control System 

The programming system has shifted from traditional computer programming to mo-
bile software. In this mobile software, specific positions can be set according to the 
work environment map, and reflective markers can be placed in these positions to 
accurately identify the AGV forklift's entry point[8]. Alternatively, the AGV forklift 
can be manually pushed into the position and its sequence number set. The AGV 
forklift will then scan and recognize this information, synchronizing it with the prede-
fined work environment map[9]. 

4.2 AGV Forklift Navigation System 

AGVs commonly use navigation guidance methods such as direct coordinate guid-
ance, electromagnetic guidance, and optical guidance. A single guidance system often 
has disadvantages like complex environmental handling, high costs, and susceptibility 
to environmental impacts. Therefore, this AGV forklift flexibly adopts a navigation 
mode that combines laser, vision, and SLAM map modeling. This approach not only 
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leverages the precision of laser navigation, which requires no complex positioning 
facilities on the ground and allows flexible and varied driving paths suitable for vari-
ous on-site environments, but also adds visual machinery to compensate for the limi-
tations of laser navigation, such as sensitivity to external light, ground conditions, and 
visibility, thereby reducing the cost of using laser navigation. Overall safety is en-
hanced, improving the self-adaptive capabilities of the AGV during operations, re-
ducing accidents, and lowering maintenance costs[10]. The SLAM algorithm naviga-
tion and positioning system, with proprietary patents, features customized laser navi-
gation radar based on specific algorithms, capable of scanning up to a range of 50m. 

4.3 AGV Efficiency Mechanism 

The intelligent control of AGV forklift depends on the comprehensive improvement 
of handling efficiency, operation efficiency and task completion rate. Through soft-
ware simulation and program editing, virtual simulation can be carried out to calculate 
the comprehensive improvement results of handling efficiency and operation effi-
ciency, and continuously optimize the intelligent control system to achieve the effi-
ciency improvement of AGV forklift[11]. 

1) Calculation of handling efficiency: 
Handling efficiency = total weight (or volume) of transported materials / total run-

ning time of AGV 
2) Operation efficiency calculation: 
Operation efficiency = total distance traveled by AGV / total running time of AGV 
3) Task completion rate calculation: 
Task completion rate = AGV completed tasks / total number of tasks 

4.4 Online Automatic Charging System 

AGVs can be assigned tasks through the scheduling system to set power thresholds. 
When the battery level drops below this threshold, the AGV will automatically drive 
to a pre-set charging point for recharging. Alternatively, you can select specific AGVs 
in the scheduling system to drive them to the designated charging points for charging. 
Regardless of the method, after charging is complete, the AGV will return to its 
standby point. 

4.5 Automatic Identification of Online Site Number 

In the automation operation of AGV forklift, it is necessary to accurately identify the 
online site number to ensure the correct execution of tasks. This AGV forklift adopts 
the automatic identification system of AGV forklift online site number based on QR 
code, and its main design is as follows. 

The process of automatic identification of AGV forklift online site number is as 
follows: the camera captures the QR code image, the image processing module pre-
processes the image and extracts the QR code information, the controller adjusts the 
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motion state of the AGV forklift according to the identified site number, and the AGV 
forklift completes the online task according to the adjusted motion state. 

Through the above design, the AGV forklift online site number automatic identifi-
cation system can accurately identify the online site number and improve the opera-
tion efficiency of the operation process. 

5 AGV Forklift Industry Analysis 

In the current macroeconomic environment, AGV forklift market is facing both op-
portunities and challenges. The industry competition is fierce, and enterprises need to 
constantly improve their strength to adapt to the market changes. 

5.1 The Impact of Macroeconomic Environment on AGV Forklift 
Market 

Economic growth and industrial upgrading drive demand growth: As the global 
economy recovers and industries such as manufacturing, warehousing, and logistics 
upgrade, the demand for automated logistics equipment continues to rise. AGVs, as 
efficient automated handling devices, have a broad market prospect. For example, in 
the context of rapid development in e-commerce, the demand for AGVs at warehous-
ing and logistics centers has significantly increased to improve cargo handling and 
storage efficiency. 

5.2 Policy Support to Promote Market Development and Industry 
Competition Situation Analysis 

Increased competition and intensified market rivalry: The promising prospects of the 
AGV forklift market have attracted numerous companies, including traditional forklift 
manufacturers, robotics R&D firms, and some emerging tech companies. Competition 
is becoming increasingly fierce as these companies vie for market share by continu-
ously launching new products, enhancing technology, and reducing costs. 

Technology Competition Becomes Crucial: The AGV forklift industry sees rapid 
technological updates, and companies with advanced technology have a greater com-
petitive edge. Products equipped with high-precision navigation, intelligent obstacle 
avoidance, and multi-vehicle coordination are more favored by the market. Compa-
nies need to continuously invest in research and development to enhance the intelli-
gence and automation levels of their products. 

Service competition highlights the importance: in addition to the product itself, af-
ter-sales service has also become an important factor in enterprise competition. 
Providing timely technical support, perfect maintenance services and personalized 
solutions can improve customer satisfaction and loyalty, and enhance the market 
competitiveness of enterprises. 
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6 AGV Forklift Quantitative Evaluation 

AGV forklifts have shown excellent performance in reducing transportation time, 
improving production efficiency and reducing the rate of safety accidents. By com-
paring the data before and after using AGV forklifts, we can clearly see its significant 
advantages in many aspects. 

6.1 The Trend of Production Efficiency with the Use of AGV Forklift 
Over Time 

Production efficiency improvement: from 50 units/hour to 65 units/hour, indicating 
that AGV forklift can effectively improve production efficiency, as shown in Figure5. 
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Fig. 5. Production efficiency 

6.2 The Accident Rate is on the Decline 

The decrease of the safety accident rate: from 5 times / 1000 hours to 2 times / 1000 
hours, indicating that the intelligent function of AGV forklift can significantly reduce 
the occurrence of safety accidents, as shown in Figure 6. 
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Fig. 6. Probability of safety accidents 
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7 Conclusions 

This article is based on the practical application of AGVs, the real needs for cost re-
duction and efficiency improvement in small and medium-sized enterprises, and the 
actual issues of industry development. It aims to improve and upgrade the appearance 
and functions of AGV transport vehicles by simplifying the vehicle body, transform-
ing intelligent vehicle design, optimizing manufacturing costs, enriching and inno-
vating AGV usage scenarios, expanding the product terminal market, achieving rapid 
switching between system automation and manual operations, and meeting the de-
mands of multi-scenario operations. 
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