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Abstract

Against the backdrop of the logistics industry undergoing transformation and up-
grading led by technology, Automated Guided Vehicles (AGVs), as key equip-ment
in smart logistics, have a profound impact on improving logistics efficien-cy and
service quality. This paper deeply explores the application background and cur-
rent development status of AGVs in the smart logistics field, combs the classifica-
tion and comparison of AGVs based on navigation technologies and functional
forms, and clarifies the technical adaptability of AGVs in different application sce-
narios. The article details how AGVs address challenges in the logistics industry
such as labor costs, efficiency improvement, and safety issues, and provides a
forward-looking analysis of the development trends of AGVs in the future, includ-
ing intelligence, green energy applications, and technology integration. The aim is
to provide useful references for in-depth research and application of AGVs in the
smart logistics field.
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Introduction

With the rapid development of technology, smart logistics has become a crucial di-
rection for the transformation and upgrading of the logistics industry. As one of the
core equipments in smart logistics, Automated Guided Vehicles (AGVs), with their
automated and intelligent characteristics, are profoundly changing the operational
modes of traditional logistics, playing a significant role in improving logistics effi-
ciency, reducing costs, and enhancing service quality. According to a report by Lo-
gistics 1Q, the global warehouse automation market is expected to reach $27 billion
by 2025, with AGVs, as core equipment, witnessing a market share growth at an
annual average rate of 9.9% [1]. In-depth research on the application of AGVs in the

smart logistics field holds important theoretical and practical significance.

1. Application Background of AGVs in Smart Logistics
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In recent years, the vigorous development of the manufacturing and e-commerce lo-
gistics industries has led to a sharp increase in labor demand. However, changes in
the population structure have caused the labor market to gradually shrink, and la-
bor costs have continued to rise. Over the past decade, labor costs in China's manu-
facturing industry have increased by more than 300%. Facing this situation, enter-
prises urgently need to seek automated solutions to replace manual handling. The
rapid development of the e-commerce industry has set extremely high requirements
for logistics and distribution efficiency. "Same-day delivery" and "next-day delivery”
have become industry service standards. Traditional manual sorting is relatively in-
efficient, at about 100 - 200 pieces per hour, making it difficult to meet the
high-efficiency operational needs of e-commerce businesses. When AGVs are com-
bined with the DPS sorting system, however, sorting efficiency can be significantly
increased to 500 - 800 pieces per hour, with an accuracy rate approaching 100%.

The continuous maturity of advanced technologies such as the Internet of Things
(IoT), artificial intelligence (AI), and 5G has provided strong support for the intelli-
gent development of AGVs. The application of Al algorithms can accurately predict
order peaks and then dynamically adjust the task allocation of AGVs, further opti-
mizing the logistics process. In addition, governments around the world have suc-
cessively introduced policies to encourage the development of smart logistics. In
China, the Ministry of Transport has listed AGVs as key technologies for port auto-
mation upgrades. The continuous improvement of industry standards has also laid

the foundation for the widespread application of AGVs.
2. Application Status of AGVs in Smart Logistics

2.1. Warehousing and Logistics Sector

In automated stereo warehouses, AGVs work closely with stacker cranes and con-
veyor lines to achieve efficient automated storage and retrieval of goods. For exam-
ple, in a stereo warehouse project created by Yufeng Intelligence for a power com-
pany, AGVs collaborated with four-way shuttle cars, increasing the storage density
by 60% and improving the inbound and outbound efficiency to 145% of that of tra-
ditional warehouses. This effectively enhances the utilization rate of warehouse
space and the turnover speed of goods. In the field of goods-to-person sorting,
KIVA-like AGVs perform exceptionally well in the goods-to-person sorting model. By
moving shelves to workstations, the sorting efficiency is significantly increased,
which is 3 to 5 times higher than the traditional model. This model is particularly
suitable for high-frequency small-package sorting scenarios in industries such as
apparel and 3C products.

2.2. Manufacturing Sector

In industries such as automotive manufacturing, AGVs have gradually replaced
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manual tractors in the critical task of on-time delivery of components. At BYD's fac-
tory, the deployed AGV system can control material delivery errors within +5mm,
effectively reducing production line downtime by 80%, thus strongly ensuring the
smooth operation of the production line.

To address the logistics transportation challenges in multi-story factories, AGVs, in
conjunction with elevators or dedicated passages, achieve efficient cross-floor han-
dling. After a valve enterprise introduced Zhuoyi Intelligent AGVs, it successfully
solved the problem of goods being prone to tipping during manual handling, im-
proving logistics efficiency by 40% and significantly enhancing internal logistics

transportation within the enterprise.

2.3. E-Commerce and Cold Chain Logistics Sectors

E-commerce industry promotions such as "Double 11" pose a huge test to logistics
processing capabilities. The JD Asia No. 1 Warehouse adopts an AGV cluster opera-
tion model, processing over 150,000 orders in a single day during "Double 11," with
70% of nighttime operations being unmanned, fully demonstrating AGVs' strong
advantages in handling order peaks.

Cold chain logistics has strict requirements for temperature and hygiene, with
manual sorting being inefficient and goods prone to damage. United Core Technolo-
gy's explosion-proof AGVs can operate stably in low-temperature environments as
low as -30° C, being effectively applied in food cold chain warehousing and provid-

ing a reliable solution to cold chain logistics challenges.

2.4. High-Risk and Special Scenarios

In high-risk environments such as oil and gas storage areas and chemical ware-
houses, United Core explosion-proof AGVs ensure operational safety through strict
explosion-proof designs and the use of anti-static materials. Compared to manual
handling, the accident rate has been reduced by 90%, greatly protecting personnel
and environmental safety.

A blood products enterprise introduced Yuming Robot AGVs to achieve precise drug
handling in special environments with alternating high and low temperatures, effec-
tively avoiding potential pollution risks caused by manual contact with drugs and

ensuring drug quality and safety.

3. Classification and Technical Characteristics Comparison of
AGVs in Smart Logistics

The classification system of AGVs can be analyzed from two core dimensions: navi-
gation technology and functional form. Different types of AGVs exhibit significant
differences in technical characteristics, applicable scenarios, and cost-effectiveness.
The following is a detailed comparative analysis from the perspectives of technical

principles and engineering applications[3].
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AGVs can be mainly classified into magnetic navigation, laser navigation, visual nav-
igation, and composite navigation based on navigation technology. This paper sum-
marizes their technical principles, core advantages, limitations, and typical applica-

tion scenarios in Table 1[4]:

Table 1. Classification and Comparison of AGVs

Core Advantages

Limitations

Typical Application
Scenarios

Low cost (equipment cost is
40%-60% lower than laser nav-
igation), mature technology,
strong anti-interference capabil-

ity.

Poor path flexibility (requires physi-
cal site modification), high upgrade
cost (path adjustment requires
re-laying magnetic strips).

Automobile final
assembly lines,
fixed-route ware-
house transporta-
tion.

High positioning accuracy
(¥10mm), supports dynamic
route planning, no need for
ground modification (only re-
quires installing reflective
plates).

Relies on reflective plate layouts
(environmental changes require
remapping), reflective signals may be
interfered with in complex environ-
ments.

Warehouse sorting,
flexible production
line material de-
livery.

Strong environmental adapta-
bility (no need for auxiliary
facilities), low deployment cost
(only requires visual sensors),
highest path planning flexibility.

Affected by lighting conditions
(recognition accuracy decreases by
30%-50% in low-light environ-
ments), high computing power re-
quirements for image processing.

Complex aisles in
e-commerce
warehouses, out-
door
semi-structured
scenarios.

Na‘{}ssgon Technical Principle
AGVs identify magnetic field
. signals through magnetic
Nl\g:ggr;ettifn strips/nails laid on the ground
and built-in magnetic sensors
to track paths.
Laser radars scan reflective
Laser Nav- plates in the environment, and
igation AGVs construct maps and
achieve real-time positioning
through triangulation.
Cameras capture ground imag-
Visual Ies, and AGV:s a.lchieve posi.tion-
Navigation ing by combining Al algorithms
to recognize QR codes, land-
marks, or natural textures.
Integrates two or more naviga-
Composite tion techn.ologi'es (suc?h as laser
Navigation SLAM + inertial navigation +

UWB), enhancing positioning
reliability through data fusion.

Best adaptability to complex
environments (multi-sensor
complementary fault tolerance),
positioning accuracy up to
+5mm, supports dynamic envi-
ronment reconstruction.

High system complexity (develop-
ment cost increases by 30%-40%),
requires professional algorithm
support.

Cross-floor han-
dling, mul-
ti-scenario hybrid
logistics systems.

4. Challenges Solved by AGVs in Smart Logistics

4.1. High Labor Costs and Labor Shortages

AGVs have the ability to operate continuously for 24 hours, effectively replacing
manual handling and significantly reducing labor costs. Take an e-commerce ware-
house as an example; after introducing AGVs, the number of sorters was reduced by
60%, and the equipment investment was recouped within three years. In developed
countries with prominent labor shortage issues, AGVs have become an inevitable

choice for logistics automation.

4.2. Efficiency Bottlenecks and Handling Order Fluctuations

Traditional logistics models often face efficiency bottlenecks during e-commerce
promotions and other order peaks. AGVs use intelligent scheduling systems to dy-
namically allocate tasks based on order volumes. For example, Xingli Warehousing's
AGV+DPS combination increased sorting speed to 800 pieces per hour, easily han-
dling daily processing requirements of tens of thousands of orders. In addition, the
modular deployment feature of AGVs allows for flexible increases in the number of
robots according to business growth, effectively addressing order fluctuations.
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4.3 Human Errors and Cargo Damage

Manual operations are prone to sorting errors and cargo damage. AGVs, with their
precise positioning capabilities (such as repeat positioning accuracy of +10mm) and
automatic alignment functions, can reduce mis-sorting rates to extremely low lev-
els[2]. For precision goods such as pharmaceuticals and electronic components, the
damage rate can be reduced by more than 90%, effectively ensuring cargo quality.

4.4 Safety Risks and Environmental Constraints

In high-risk environments (such as cold storage and chemical warehouses), AGVs
can replace human operations, reducing the risk of work-related accidents. For ex-
ample, United Core's explosion-proof AGVs have achieved zero-accident operation
in oil and gas storage areas after obtaining ATEX certification. At the same time,
AGVs are equipped with 360° obstacle avoidance sensors and emergency braking
systems, which can effectively prevent collisions between humans and machines,

enhancing overall operational safety.

4.5 Space Utilization and Layout Optimization

The narrow-aisle operation capability of AGVs (such as narrow-aisle AGVs with a
passage width of only 1.9 meters) can effectively increase warehouse space utiliza-
tion by more than 30% compared to traditional models. A furniture enterprise
achieved a storage capacity of 400 container units after adopting Yufeng Intelligent
AGVs, a 60% increase over traditional warehouses, realizing efficient utilization of
warehouse space.

5 Development Trends of AGV Technology

5.1 Upgrades in Intelligence and Autonomy

Through machine learning algorithms, AGVs can optimize route planning and more
intelligently adapt to dynamic environmental changes. The AGVs at Yuncheng
Weipai Apparel use Al vision algorithms to identify obstacles, achieving unmanned
autonomous obstacle avoidance and enhancing the intelligence level of operations.
The popularization of 5G networks enables real-time communication among AGV
clusters, achieving global optimization of task allocation and route conflict resolu-
tion. For example, an AGV fleet at a port saw a 40% increase in operational efficien-
cy with the support of 5G technology, fully demonstrating the advantages of mul-
ti-vehicle collaborative operations.

5.2 Green Energy and Sustainable Development

Hydrogen fuel cell AGVs have a battery life of more than 8 hours and achieve zero
emissions, making them suitable for logistics scenarios with high environmental
requirements. Meanwhile, the application of solar-powered AGVs in outdoor logis-
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tics is gradually increasing, effectively reducing energy costs and promoting the
green development of the logistics industry.

AGVs feature sleep modes and automatic charging functions, reducing energy con-
sumption by 30%. Yufeng Intelligent AGVs automatically enter low-power mode
when idle, reducing the full lifecycle cost by 20% and achieving efficient energy uti-

lization.

5.3 Technology Integration and Scenario Expansion

The combination of AGVs and drones enables "last-mile" delivery. SF Express's
drone logistics network has flown over 4 million kilometers. The collaboration be-
tween robotic arms and AGVs can complete complex palletizing and depalletizing
tasks. For example, an AGV of an electric power company, combined with a 3D vi-
sion robotic arm, has achieved automated handling of bagged materials, expanding
the application scenarios of logistics operations[5].

In the healthcare field, AGVs can be used for drug delivery and disinfection opera-
tions. In the agricultural field, AGVs can realize the transportation of field materials.
MiR's medical logistics AGVs have been widely used in European hospitals, increas-
ing efficiency by 300%, setting an example for logistics automation in emerging
fields.

5.4 Policy Support and Improvement of Industry Standards

China's 14th Five-Year Plan lists AGVs as key technologies for intelligent manufac-
turing support. Local governments reduce enterprises' procurement costs through
policies such as subsidies. After receiving policy support, the deployment cost of
AGVs in Shaanxi Digital Pharmaceutical Industrial Park decreased by 30%, promot-
ing the intelligent upgrading of enterprises.

5.5 Modular and Customized Solutions

The chassis, navigation system, load devices, etc. of AGVs adopt modular design,
which can be quickly replaced according to the needs of different industries. Geek+'s
AGVs support the switching of multiple modules such as shelf handling and picking,
meeting the diverse requirements of logistics operations.

The low-code platform of WCS (Warehouse Control System) allows enterprises to
arrange business processes independently, greatly shortening the project delivery
cycle. Yuming Robot's WCS system can complete the docking with customers'
equipment within one week, improving project implementation efficiency.

6. Conclusion

As key technical equipment in the field of smart logistics, AGVs are transforming
from traditional single-function handling tools to highly intelligent and flexible lo-
gistics solutions. Their widespread application has effectively addressed many pain
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points in traditional logistics models, such as high labor costs, low efficiency, and
high safety risks, promoting the logistics industry's development towards efficiency,
safety, and sustainability. With continuous technological innovation and sustained
policy support, AGVs will continuously expand their application areas and achieve a
deeper level of intelligent development in the future. Enterprises should closely
monitor the development trends of AGV technology, select and apply AGV technolo-
gy reasonably according to their own business needs, so as to enhance their core
competitiveness in the market and contribute to the vigorous development of the
smart logistics industry.
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