Journal of Electronic Research and Application, 2025, Volume 9, Issue 6
http://ojs.bbwpublisher.com/index.php/JERA

- ISSN Online: 2208-3510
Bi -BYWORD i 20e 00

CIENTIFIC PUBLISHING PTY LTD

Research on the Transformation Mechanism,
Challenges, and Development Path of Al
Empowering the Logistics Industry

Haiou Xiong*
School of Maritime Law and Transportation Management, Guangzhou Maritime University, Guangzhou, China

*Author to whom correspondence should be addressed.

Copyright: © 2025 Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), permitting distribution and reproduction in any medium, provided the original work is cited.

Abstract: Against the background of the integration of the digital economy and industrial intelligence, Al technology has
become the core support for the logistics industry to reduce costs, improve efficiency, and break through development
bottlenecks. This paper constructs a research framework of “Application Scenarios—Transformation Mechanism—
Challenges—Development Path,” systematically analyzing the application value and practical issues of Al in the logistics
industry. The core applications of Al are concentrated in three scenarios: intelligent customer service, logistics data analysis
and decision optimization, and intelligent inventory management. Through process automation replacement, service model
upgrading, and data-driven decision-making, it achieves a systematic transformation of industry operational efficiency
improvement, customer experience optimization, and decision-making model transformation. At the same time, Al
applications still face practical challenges such as insufficient technical integration compatibility, data security and privacy
protection risks, and talent structure adaptation gaps. In the future, the logistics industry needs to fully release the value of

Al technology by deepening the integration of Al with cross-technologies, promoting green and flexible development.
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1. Introduction

In the era of deep integration between the digital economy and industrial intelligence, artificial intelligence
(AI) has emerged as a core engine driving industrial transformation and upgrading, providing unprecedented
innovation momentum across multiple sectors " As a vital nexus connecting production and consumption, the
logistics industry not only performs critical functions like resource allocation and value transfer, but also plays an
irreplaceable role in ensuring stable supply chain operations and enhancing overall socio-economic efficiency. The
continuous improvement of its operational efficiency and innovative business models directly impacts the high-

quality development of the national economic cycle. In recent years, while the logistics industry has embraced
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tremendous opportunities brought by the explosive growth of e-commerce and increasingly personalized
consumer demands, it also faces multiple practical challenges, including rising operational costs, response speed
that fails to meet market requirements, and insufficient supply chain resilience *. Against this backdrop, Al
technology, leveraging its core strengths in natural language processing, deep learning, big data analytics, and
intelligent decision-making, can systematically identify and resolve efficiency bottlenecks and management pain
points in logistics operations. This provides robust support for the industry to achieve cost reduction, efficiency
enhancement, service upgrades, and resilience-building, injecting new developmental momentum.

Scholars at home and abroad have conducted extensive research on the application and impact of Al
technology. In cross-disciplinary studies, Zhang et al. ! explored the disruptive impact of Al on industry
transformation and proposed that traditional industries should actively embrace technological change; Fang et al. ¥
used the GGI-CHI model to demonstrate Al’s revolutionary potential as a general-purpose technology, providing
a theoretical framework for industry technology applications; Ma et al. ' analyzed the application scenarios and
theoretical changes of Al in professional fields, offering reference for technological integration.

In logistics-related research, existing achievements mostly focus on the macro development trends of
smart logistics. For example, Du ' explored the overall impact of next-generation Al technology on industrial
transformation, but there is a lack of in-depth deconstruction of specific application scenarios in the logistics
industry. Some studies involve the application of Al in single links such as warehousing and transportation, but
they have not systematically analyzed its transformation mechanisms for the entire logistics chain. Meanwhile,
certain progress has been made in the direction of logistics automation and intelligence. For instance, Yang ef al.
") studied the application of Al-driven robot technology in cargo sorting, improving efficiency in the warehousing
link; Wang et al. "* analyzed the practical effects of Al algorithms in transportation path optimization, providing
new ideas for reducing logistics costs. However, existing research still has limitations: on the one hand, there is
insufficient exploration of the mechanism by which Al technology can be deeply integrated with the logistics
industry; on the other hand, there is a lack of systematic research on the realistic challenges faced and coping
strategies during the process of technology implementation. Therefore, it is of great theoretical value and practical
significance to deeply explore the transformation mechanisms, realistic challenges, and development paths of
Al empowering the logistics industry. Based on this, this paper focuses on the key issues of Al empowering the
logistics industry and constructs a research framework of “application scenarios—transformation mechanisms—

challenges—development paths.”

2. Core application scenarios and technical paths of Al in the logistics industry

2.1. Intelligent upgrade of customer service

Al technology, through Natural Language Processing (NLP) and intelligent interaction algorithms, has redefined
the customer service model in the logistics industry. Intelligent customer service systems based on large language
models can provide uninterrupted 7x24-hour responses, accurately handling routine tasks such as package
tracking, freight cost calculation, service inquiries, and complaint resolution. The response time has been
reduced from the minute-level of traditional manual service to the second-level. By building a customer profile
database, Al systems can optimize service strategies based on historical interaction data and provide personalized
consulting solutions, such as batch shipping queries for e-commerce customers and customized logistics solution
recommendations for enterprise customers. In addition, Al-driven multi-channel interaction platforms (including

voice, text, video, etc.) break the limitations of service scenarios, ensuring consistency in omnichannel service
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experience, significantly enhancing customer satisfaction and loyalty.

2.2. Logistics data analysis and decision optimization

The high data density characteristic of the logistics industry naturally aligns with Al’s data analysis capabilities. Al
technology leverages machine learning algorithms to deeply mine multi-dimensional data such as transportation
routes, cargo status, inventory levels, and market demand, constructing predictive models and optimization
algorithms. In terms of demand forecasting, Al models based on time series analysis and deep learning can
integrate variables such as historical order data, market trends, and holiday factors, significantly improving
prediction accuracy compared to traditional statistical methods, thereby providing a scientific basis for inventory
allocation and transportation capacity scheduling. In operational optimization, Al algorithms can analyze dynamic
information such as real-time transportation conditions, weather changes, and vehicle status to dynamically
optimize transportation routes, reducing empty driving rates and transportation costs. In risk control, by analyzing
data on risk factors such as supply chain disruptions, cargo damage, and delayed deliveries, Al systems can issue
early warnings and generate response plans in advance, enhancing the stability of logistics operations.

2.3. Construction of an intelligent inventory management system

Al technology integrates deeply with the inventory management business through technologies such as natural
language processing and computer vision, achieving full-process intelligence of inventory management. In the
inventory monitoring phase, intelligent recognition systems based on computer vision can collect warehouse
environment data and cargo status information in real time. Through a natural language interaction interface,
managers can quickly query inventory data and update inventory status via voice or text commands, significantly
improving operational efficiency; in the inventory optimization phase, Al algorithms integrate multi-dimensional
indicators such as sales forecast data, procurement cycles, and warehousing costs to build a dynamic inventory
optimization model, enabling precise calculation of safety stock levels and automatic replenishment, thus
significantly shortening inventory turnover days; in the inventory counting phase, Al-driven unmanned counting
robots combined with RFID technology can achieve automated counting of warehouse space, reducing the
counting error rate to an extremely low level, greatly lowering labor costs and operational risks.

3. The transformation mechanism of AI empowering the logistics industry

3.1. Systematic improvement of operational efficiency

Al technology achieves a qualitative leap in logistics operation efficiency by automating processes to replace
manual operations. In the order processing link, Al systems can automatically complete the entire process of
order entry, review, and allocation, significantly improving processing efficiency compared to manual operations
and markedly reducing error rates; in warechousing operations, Al-driven intelligent sorting robots, unmanned
transport vehicles, and other equipment have achieved full automation in cargo sorting, transportation, and
storage, resulting in a noticeable improvement in warehousing operation efficiency; in transportation scheduling,
intelligent scheduling algorithms can achieve optimal allocation of transportation resources, reduce vehicle
empty running rates, and logistics enterprises using Al scheduling systems have seen a significant decrease in
average transportation costs. Furthermore, Al technology eliminates information barriers across various logistics
links through process optimization, enabling collaborative operations throughout the entire chain of “order—
warehousing—transportation—delivery,” further enhancing overall operational efficiency.
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3.2. Comprehensive optimization of customer experience

Al technology is driving the transformation of logistics services from “passive response” to “proactive service.”
By analyzing customer profiles and predicting needs, logistics companies can plan service resources in advance
and provide customized service solutions. For example, they can offer priority delivery services to customers
with high timeliness requirements and recommend eco-friendly packaging options to environmentally conscious
customers. Intelligent tracking systems integrate technologies such as GPS and the Internet of Things to achieve
real-time visualization of the entire cargo transportation process. Customers can check information such as the
location of their goods and estimated delivery time anytime via mobile terminals, eliminating anxiety caused by
information asymmetry. In addition, Al-driven after-sales service optimization systems can automatically identify
the core demands of customer complaints, quickly initiate processing procedures, and provide feedback on

progress, significantly improving the resolution rate and satisfaction of customer complaints.

3.3. Data-driven transformation of decision-making models

Al technology has established a closed-loop system in the logistics industry of “data-analysis-decision-
optimization,” driving the transformation of decision-making models from experience-driven to data-driven.
Traditional logistics decisions rely on the experienced judgment of managers, which suffers from strong
subjectivity and slow response. In contrast, Al systems, through real-time analysis of massive operational data,
can quickly identify operational bottlenecks and optimization space, providing data support for management.
For example, in network planning decisions, Al algorithms can optimize the layout of warehousing nodes and
transportation network structure based on regional freight volume, transportation costs, infrastructure, and other
data; in inventory decisions, by combining market demand forecasting with supply chain dynamics, precise
allocation of inventory resources can be achieved; in risk decisions, by analyzing external factors such as policy
changes, natural disasters, and market fluctuations, supply chain emergency plans can be formulated in advance,
enhancing the scientificity and foresight of decisions.

4. Real challenges in applying Al in the logistics industry

4.1. Compatibility issues in technical integration

Logistics enterprises generally face problems of uneven IT infrastructure. Traditional enterprises often use legacy
systems, which have non-uniform data formats and inconsistent interface standards, resulting in poor compatibility
with Al systems. Deep application of Al technology requires breaking down data barriers among multiple systems,
such as Order Management Systems (OMS), Warechouse Management Systems (WMS), and Transportation
Management Systems (TMS). However, the existing systems suffer from severe data silos, leading to high
costs for data cleaning and integration. In addition, the deployment of Al systems requires specific hardware
requirements (such as high-performance servers, edge computing devices, etc.). Small and medium-sized logistics
enterprises face significant technical investment pressures, which restrict the speed of technology popularization.

4.2. Data security and privacy protection risks

The application of Al technology relies on massive data support, including customer personal information,
enterprise business data, logistics operation data, etc., which contains a large amount of sensitive information.
Logistics data faces security risks in all links, such as collection, transmission, storage, and analysis, such as data

leakage, tampering, and abuse. On one hand, some logistics enterprises have an imperfect data security protection
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system and lack effective encryption technologies and access control mechanisms. On the other hand, the \“black
box\” characteristics of Al algorithms may lead to compliance risks in the process of data use, such as violating the
principle of minimal necessity for data processing under the Personal Information Protection Law. In addition, the
unclear division of security responsibilities in cross-enterprise data sharing further exacerbates data security risks.

4.3. Talent structure and skill matching gap

The application of Al technology has put forward new requirements for the skill structure of practitioners in the
logistics industry, and the existing talent team is facing significant challenges in ability matching. First, there is
a lack of composite talents who are proficient in both Al technology principles and logistics business processes,
making it difficult for enterprises to find suitable talents to be responsible for the deployment and operation of
Al systems. Second, the digital literacy of existing employees is insufficient; most front-line employees lack
basic skills such as data analysis and intelligent equipment operation, making it hard for them to adapt to changes
in work patterns brought about by technological transformation. Third, the talent training system is lagging
behind. The curriculum settings of logistics management majors in colleges and universities still focus mainly
on traditional logistics knowledge, lacking relevant courses on Al technology and data analysis, leading to a
disconnection between industry talent supply and market demand.

5. Development path of the logistics industry empowered by Al

5.1. Technological evolution: Deep integration and innovative applications

Al technology will develop towards higher-level intelligence, enhancing the ability to handle complex tasks
through reinforcement learning algorithms, achieving a leap from “auxiliary decision-making” to “autonomous
decision-making.” For example, intelligent scheduling systems can autonomously respond to dynamically
changing transportation scenarios with multiple factors. Cross-technological integration will become a core
trend: the integration of Al and the Internet of Things (IoT) enables comprehensive perception and real-time
interconnection of logistics elements, building a closed-loop system of “perception-analysis-decision-execution’;
the combination with blockchain technology enhances the credibility and traceability of supply chain information;
and the integration with autonomous driving and unmanned delivery technologies promotes full automation in
last-mile delivery """, In addition, AI technology will deeply penetrate sub-logistics scenarios, such as precise
temperature control in cold chain logistics and safety risk warning for hazardous material logistics, achieving

professional and refined empowerment.

5.2. Industry trends: Green and resilient development
Green logistics will become a key direction empowered by Al. Al algorithms optimize transportation routes
to reduce vehicle mileage, select the optimal transportation mode (such as combined road-rail or river-sea
transportation) based on cargo characteristics and transportation distance, thereby lowering energy consumption
and carbon emissions. In warehousing, intelligent energy-saving systems automatically regulate lighting,
ventilation, and refrigeration equipment to achieve precise control over warehouse energy consumption.
Through recycling packaging recommendation algorithms, packaging materials are promoted for reuse, reducing
environmental burden.

Supply chain resilience and transparency will be significantly enhanced. Al technology collects real-time
data from all links of the supply chain to build a full-process visualization platform, enabling traceability of cargo
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flow, capital turnover, and information transmission throughout the process, thus reducing risks of information
asymmetry. Big data-based risk prediction models can identify potential supply chain disruption hazards in
advance, quickly adjust inventory configurations and transportation capacity resources, and improve the supply
chain’s response capability to market fluctuations and unexpected events. Additionally, the integration of Al with
5G and edge computing will give rise to new service models, such as real-time dynamic logistics planning and
rapid emergency logistics response, driving industry innovation and development.

5.3. Practitioner adaptation: Building a comprehensive capability enhancement system
At the enterprise level, a tiered and categorized talent development mechanism should be established. For
management, the focus should be on cultivating technological strategic thinking, enhancing their understanding
and application of decision-making abilities regarding Al technology through industry seminars, specialized
training, and other means. For the technical layer, professional skills training in Al algorithms, data analysis,
system operation and maintenance, etc., should be strengthened, with encouragement for employees to participate
in technical certifications and project practices. For the operational layer, basic skill training in intelligent
equipment operation, data collection, etc., should be conducted to improve digital literacy. Meanwhile, enterprises
should establish a flexible talent incentive mechanism to attract composite talents and promote internal talent
transformation.

At the individual level, practitioners need to establish the concept of lifelong learning and actively enhance
three core capabilities: first, technical application ability, which involves mastering the basic operations of
logistics Al systems and data analysis tools (such as Python, SPSS); second, data literacy, which includes the
basic ability to collect, interpret, and apply data, enabling optimization of work processes based on data; third,
cross-disciplinary thinking, which involves understanding the basic principles of related technologies such as
Al and IoT to adapt to work scenarios involving cross-technological integration. In addition, attention should be
paid to industry development trends such as green logistics and supply chain resilience, integrating the concept of
sustainable development into daily work to enhance professional competitiveness.

6. Conclusion

As the core driving force behind the digital transformation of the logistics industry, Al technology has achieved
systematic changes in operational efficiency improvement, customer experience optimization, and decision-
making model transformation through in-depth application in scenarios such as customer service, data analysis,
and inventory management. However, during the process of technological application, practical challenges such as
technical integration compatibility, data security protection, and talent structure adaptation still exist, which restrict
the full release of technological value.

In the future, the logistics industry needs to take technological integration as the core, promote the deep
integration of Al with technologies such as the 10T, blockchain, and 5G, and expand intelligent application
scenarios; take greenification and flexibility as the orientation to build a sustainable and risk-resilient logistics
system; and take talent cultivation as support. Through the joint efforts of enterprises and individuals, a talent
team adapted to technological transformation will be built. With the continuous progress of technology and the
deepening of its application, Al will drive the logistics industry into a new stage of highly intelligent, data-driven,

and sustainable development.
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This paper constructs a complete analytical framework for Al empowering the logistics industry, providing
theoretical references and practical guidance for industry development. However, the research still has certain
limitations, such as not involving the differences in technological application among logistics enterprises of
different scales. In the future, further empirical research can be carried out, combined with specific enterprise
cases, to quantitatively analyze the application effects and influencing factors of Al technology, so as to provide
more targeted suggestions for industry development.
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