Research and implementation of vehicle-cargo matching System based on deep learning
Introduction
The development of social economy has accelerated the circulation of goods, services and information, thus expanding the social demand for logistics and transportation. According to the National Logistics Operation Report in 2019, the total cost of social logistics in 2019 was 14.6 trillion yuan, with a year-on-year growth of 7.3%. Social demand for logistics and transportation continues to increase. The ratio of total social logistics cost to GDP is 14.7%, which is still a certain gap compared with 10% of developed countries. Transportation costs account for 52.7% of the total logistics costs, far higher than the average transportation costs in developed countries of 25%. At present, there are many problems in China's freight market, such as low utilization rate of logistics resources and high cost, which directly hinder its development and innovation. In freight logistics, information asymmetry between vehicle and cargo is an important factor leading to high cost and low resource utilization. Due to the lack of information circulation, car owners have a certain lag in obtaining source information, resulting in the increase of idle vehicles and waiting time cost; And after the owner finishes the distribution, because most of the goods are one-sided, they also face the problem of empty driving in the return journey. Relevant data show that China's empty load rate is about 40%, which not only reflects the inadequate scheduling of logistics capacity, but also means that it will cause great pollution to the social environment, which is not conducive to the construction of an environment-friendly society.
Freight logistics platform realizes information sharing between supply and demand by integrating vehicle source information and goods source information to be matched in the market, which provides an effective way to solve the increasingly prominent problems such as insufficient information exchange and low resource utilization rate in China's freight market. In recent years, there are numerous emerging freight logistics platforms, but most of them are still in the initial stage. Platform services mainly focus on the exchange and sharing of logistics information, and few involve the functional scenes of intelligent matching for car owners or cargo owners. Owners and cargo owners release and query corresponding information on the logistics platform according to their own needs, and rely on manual screening in the matching process, which not only fails to improve the matching efficiency, but also fails to ensure the accuracy of the matching of vehicles and goods due to manual screening. All of these hinder the improvement of logistics efficiency.
As one of the important functions of freight logistics platform, vehicle-cargo matching can not only provide more intelligent services for owners and shippers, improve user satisfaction, but also put forward improvement measures to solve the problems of idle vehicles and high logistics costs, and carry out efficient transportation capacity scheduling. In July 2015, The State Council issued the Guidance on Actively Promoting Internet Action, which proposed to improve the intelligent logistics distribution and allocation system; Promote efficient matching of personnel, sources of goods, sources of vehicles and other information, effectively reduce the rate of truck empty driving, improve distribution efficiency. Therefore, it is the development trend of freight logistics in the future to realize the intelligent and automatic matching between the supply and demand of freight logistics platform and maximize the utilization of social resources.
Based on the integration of the existing logistics information and resources on the freight logistics platform, the truck-cargo matching can reasonably schedule the existing freight capacity, which provides effective measures to improve the existing drawbacks in the freight market. However, there are few studies on the function of freight logistics platform freight matching. As a supplement to the research on freight platform matching, the research significance is mainly reflected in theoretical significance and practical significance:
(1) Theoretical significance: Through the review of relevant literature, there are many research achievements of logistics information platform at present, but they mainly focus on technical architecture and commercial operation, and less involve the core vehicle and cargo matching business of the platform. However, the only research on vehicle-cargo matching is mainly focused on single matching mode, while many-to-many matching mode is less involved, and the influencing factors are relatively single. The matching model established in this paper adopts objective and easily accessible data as matching index, which enriches the matching theory system. At the same time, most of the literature adopts evaluation index system, fuzzy comprehensive evaluation and other decision-making methods to match, which is inefficient. In this paper, intelligent optimization algorithm is used to solve the model, which also provides a new idea for the intelligent and automatic development of vehicle and cargo matching, so as to promote the informatization development of logistics industry as a whole.
(2) Practical significance: In today's fast-paced era, time cost is particularly precious, and users are particularly sensitive to the response speed of matching platforms. Faced with the explosive growth of supply and demand information of freight logistics platform, this paper uses improved deep learning algorithm to solve the problem quickly and effectively, which is conducive to saving the waiting time cost of matching parties, increasing the utilization efficiency of logistics resources and improving the service quality of the platform. At the same time, through the one-to-many matching mode, this paper tries to mobilize social idle transportation resources as much as possible, and matches multiple alternative schemes for both users, which is conducive to improving the success rate of matching and promoting the smooth development of subsequent logistics activities.
Despite the growing scale of car-cargo matching platform enterprises, there are still many unsolved problems, mainly including the following four parts:
(1) The information system needs to be improved. On the one hand, plagued by the lack of professional logistics personnel and insufficient funds, there are still many vehicle and cargo matching platforms with low information level and lack of intelligent supply and demand matching system, which still need to spend more time and manpower to make trade-offs. 
(2) The service quality is not high. The recommended vehicle source information and goods source information pushed by many vehicle and goods matching platforms is only through simple screening, with a large amount of information. Users still need to spend more time to make trade-offs, resulting in low matching efficiency. The source information data released by the platform is not comprehensive and detailed, and the lack of control over the transaction leads to the occurrence of arbitrary price pressure by the consignor. The platform lacks the audit of freight information, resulting in a huge amount of information but a lot of false information. 
(3) Unclear profit model. Many platforms do not pay attention to long-term development and user experience, lack reliable payment methods and clear profit models, but burn a large amount of money through financing, which limits the growth space of platforms. 
(4) Low industry standardization. Due to the disunity of payment method, service process, transportation price and payment method, as well as the disstandardization of loading and unloading, the transaction of freight platform cannot provide waybill proof like general transportation, and the role of each platform is still to provide information.
Literature Review
The development of social economy has accelerated the circulation of goods, services and information, thus expanding the social demand for logistics and transportation. According to the National Logistics Operation Report in 2019, the total cost of social logistics in 2019 was 14.6 trillion yuan, with a year-on-year growth of 7.3%. Social demand for logistics and transportation continues to increase. The ratio of total social logistics cost to GDP is 14.7%, which still lags behind the level of developed countries. Transportation costs account for 52.7% of the total logistics costs, far higher than the average transportation costs in developed countries of 25%. Highway logistics enterprise in our country at the same time, according to statistics, more than 750 households, the average 1.5 have a truck and more than 50% of the resources in the hands of the individual driver capacity, industry concentration degree is low, organizational level is not high, management operation pattern is messy, the whole road goods market is still a mismatch of resources, low efficiency, high cost. The fundamental reason is the incompatibility of freight information, which leads to a certain lag in the owner's access to the source information, resulting in the increase of idle vehicles and waiting time cost; And after the owner finishes matching, because most of the goods are one-sided, they also face the problem of empty driving in the return journey. Relevant data show that China's empty load rate is about 40%, which not only reflects the inadequate scheduling of logistics capacity, but also means great pollution to the social environment, which is not conducive to the construction of an environment-friendly society.
With the development of Internet technology and the use of the virtual vehicle matching platform. The use of the Internet will be offline options available information and supplier information and formed the scale, in the post the freight information platform and by supply and demand both sides to match, the matching platform by integrating virtual car goods match options available on the market information and sources of information, realize information sharing between the two sides of supply and demand, It provides an effective way to solve the increasingly prominent problems such as insufficient freight information exchange and low resource utilization rate in China.
So far, the platform has experienced four development stages: freight market blackboard, electronic display screen, freight PC website and freight APP. In the blackboard stage of freight market, the driver needs to park the empty truck in the freight market, check the small blackboard at the door of each business in the market one by one, looking for suitable sources of goods. During the period of looking for goods, the driver needs to pay for parking, accommodation, food and other expenses, and the cost of collecting goods is high. In the stage of electronic display screen, freight information is collected and centralized by the freight center. The driver needs to become a member of the freight market, and then go to the electronic display screen of the freight market to find the freight information suitable for him. In order to find goods, the driver also needs to pay information storage cost and membership card cost, and the cost of collecting goods is also very high. At the stage of freight PC website, the freight information is concentrated on the freight information platform, and the driver only needs to log in the corresponding website through the computer to find the appropriate freight information, which does not need to pay for parking fees, accommodation fees and other expenses, and the cost of collecting goods is low. The freight APP stage started later than the PC website stage, but now it is in parallel with THE PC stage. Drivers can find freight information easily and quickly through smart phones. In July 2015, The State Council issued the "Guidance on Actively Promoting the" Internet plus "Action", which proposed to improve the intelligent logistics distribution and allocation system; Promote the personnel, sources of goods, sources of vehicles and other information matching universities, effectively reduce the truck driving rate, improve the efficiency of distribution. Therefore, it is the future development trend of freight logistics to realize the intelligent and automatic matching of freight and goods between the supply and demand side of the freight logistics platform and maximize the utilization of social resources.
Current situation of freight logistics platform
Many scholars around the world have researched the concept, information construction and operation of logistics platform, such as Abrahamsson with internal logistics information platform of strategic flexibility definition and description, they think the logistics information platform support and promote the development of the new market strategy, is an indispensable part of the logistics information system. Ballis et al. believe that logistics platform is an alliance of logistics activities, which can alleviate urban traffic and bring benefits to the society. Canonico et al. believe that logistics system is becoming more and more the key element of enterprise system to establish sustainable competitive advantage, and the development of logistics platform can promote the supply chain to cooperate more orderly. Cambra-fierro et al. analyzed PLAZA Logistics Park, the largest logistics platform in Europe, and found that multimodal transportation and resource integration may provide competitive advantages for the global supply chain. Lau et al. studied an online support method for 4PL logistics business based on intelligent matching agent based on the Internet and implemented the method using J2EE. Mejjaouli et al. applied an integrated RFID sensor network system into logistics operation, which can monitor the transportation of perishable products in transit in real time and effectively reduce logistics costs. Gattuso et al. simulated the operation of the logistics platform through a random and dynamic discrete model and provided strategic suggestions for the development of the platform through comprehensive evaluation and analysis. Antun et al. analyzed the Mexican border logistics platform from multiple aspects such as market, positioning, business model, economic and financial feasibility, and made contributions to relevant planning departments. Chen et al. studied and summarized e-commerce models at home and abroad, and at the same time offered suggestions on the future development direction of logistics in terms of informatization, networking and intelligence in view of the existing deficiencies of E-commerce development in China. Miodrag et al. believe that logistics Settings such as terminals and distribution centers have reached their performance limits and become bottlenecks in the supply chain. Software development through information technology can effectively improve capacity utilization. Raimbault et al. compared the parcel service terminals, distribution centers and inland ports in Paris, revealing the diversity of logistics facilities and the complexity of logistics project deployment. Erturgut believes that production cost competition will be replaced by supply chain cost competition, and the application of information technology in the logistics industry is conducive to the synchronous sharing of information and the reduction of logistics costs. Zhao et al. put forward the framework of China International Port logistics information sharing platform, believing that the completion of the platform is of great significance to the informatization construction of the platform and the improvement of logistics management level. Almotairi used a variety of theories and methods to discuss the importance of ports in the supply chain and explored the concept of developing a comprehensive logistics platform for port industry through the analysis of key elements. Silva et al. proposed a performance indicator framework for the governance of logistics platforms through case studies of several logistics platforms in Spain, which is conducive to the governance of logistics platforms. Wang Baiyi and others analyzed and summarized several kinds of logistics information platforms under typical big data environment, pointed out some problems existing in the platform, and put forward corresponding solutions. Huang Jian analyzed the business model of logistics information platform based on mobile Internet technology, and he believes that the future development direction is to combine big data, Internet of things and artificial intelligence with logistics information platform. Xing Daning and others summarized the shortcomings of the existing platform service model and introduced the concept of cloud ecology on this basis, which is of great significance to the long-term development of logistics service industry. Wu Yong et al. selected ali Logistics, Chuanhua Highway Port, Beijing Logistics and Shanghai Shipping as four logistics platforms and analyzed them from multiple dimensions. They believed that the development of the platform should be adapted to its own business model, and the business process model based on cloud computing was of great value to the development of logistics information platform.
Research status of vehicle-cargo matching problem
According to the different matching modes, the relevant research of vehicle and cargo matching at home and abroad can be divided into three categories: "one-to-one matching", "one-to-many matching" and "many-to-many matching".
(1) one-to-one matching
One-to-one matching, not only by the matching system to dispatch the transport capacity, for the owner and consignor to arrange designated goods orders and vehicles, the owner and consignor have no other alternative plan.
Hu et al. proposed a public logistics information service management decision support system for trucks with known return route stations, which is used for vehicle and demand management and optimization and designed a multi-objective real-time intelligent scheduling model to reduce the empty driving rate of vehicles. Based on the truck reservation system, Islam et al. arranged suitable import and export containers for the empty segment of the truck, so as to reduce the empty travel and improve the container transport capacity around the port. Hunt et al. considered the treatment of empty vehicles in the micro simulation of commercial motion. By introducing the vehicle-cargo matching scheduling model and scheduling according to the vehicle traveling information, the vacancy rate of urban commercial vehicles is reduced. Yong et al. considered the satisfaction of cargo owners and car owners from freight scale, expected quotation, cooperation intention and other aspects, and adopted the stable matching theory to solve, so that the matching results reached a stable state. Zhuang et al. believe that in LCL transport, it is difficult for drivers to find several orders that have similar start and stop points and are close to the rated load of the truck to carry out combined transport from the platform's massive information. They build a mathematical model to match the corresponding order combination for the truck to minimize the overall transport cost. Yu Yisheng et al. focused on the matching between different types of vehicles and goods, and they adjusted the delivery of each arrived goods by establishing a matching balance function, thus improving the overall income. Hernandez et al. abstract the dynamic cooperation problem among small and medium-sized LPL enterprises into a two-factor multi-commodity minimum cost flow problem and solve it with branch cutting algorithm. They point out that carrier cooperation is a feasible strategy to reduce the impact of delay in the case of high time requirements. Moura et al. jointly optimized the container loading problem and the shipping route problem for short sea transportation, providing a scheme for the shipping route and loading and unloading of cargo ships, so as to achieve the optimal total cost. Zhu Jianghong et al. proposed a weighted uncertain language-based Bonferroni operator to transform the multi-attribute uncertain language evaluation matrix of both vehicle and cargo into satisfaction matrix, and finally obtained the matching scheme using bilateral matching theory. LAN Qiming et al. proposed the waybill classification algorithm, which processed the waybills containing mutually exclusive goods separately to form the vehicle waybill, and then proposed the assembly and selection algorithm to carry out the allocation and transportation of goods. Mesa-arango et al. aimed to quantify the benefits of in-vehicle integration for carriers. Through experiments and comparisons, they proved that the combined transportation of multiple orders could reduce costs and increase profits more than the full-vehicle transportation. Cheng et al. established the truck loading planning model and solved it by backtracking method, so that the weight and volume of goods could reach a balance and transport resources could be more efficient. For the same problem, Wu et al. solved it by branch-and-bound method and achieved good results.
(2) one-to-many matching
Due to the complexity of actual logistics activities, one-to-one matching schemes may not be smoothly connected, resulting in the failure of some vehicle and cargo matching. Therefore, from the point of view of the owner or the owner of the goods, according to certain rules to score the source of goods or vehicles, and according to the score in descending order, recommend a number of suitable matching schemes, can expand the choice space of users, improve the matching rate, that is, one-to-many matching.
Mofidi et al. proposed a two-layer model to simulate the two decision-making processes of logistics platform. In the first stage, the platform decides which requests to push to each car owner. In the second stage, the owner can choose to fulfill one of the requests. Shi et al. analyzed the highway freight loading system from the shipper, carrier and society. After summarizing the relevant basic factors and reference factors, they used analytic hierarchy process (AHP) to calculate the score ranking of relevant vehicles for the shippers. Considering the large and unclear difference between different types of goods, Zhang et al. established a hierarchical analysis model to calculate the total score of alternative vehicles according to the loading requirements of freight cars. Zhuang et al. take the weighted sum of time, safety and economy as the objective function, and use questionnaire survey and analytic hierarchy process to get the weight ratio. Finally, they calculate the corresponding score to recommend the car owner or cargo owner. Hofman et al. elaborated the importance of semantics in logistics optimization and realized data sharing flexibly through semantic technology to improve the efficiency of vehicle and cargo matching. Xiong Yiqiang establishes different evaluation indexes for car owners and cargo owners and adopts the weight improvement method of "feedback competition method" to obtain the final comprehensive matching ranking. Gu jiajing constructed semantic web ontology in the field of freight matching for road freight vehicles and established custom inference rules based on the expertise in the field of road freight, so as to improve the accuracy and effectiveness of user search information. On the premise of eliminating the conflict relationship between goods, Zhang Qingjie et al. pushed the combination order of goods under the pricing model to the car owners with the goal of maximizing the full load rate of the car owners and the willingness of the cargo owners to carry goods.
(3) many-to-many matching
Multi-to-multi-vehicle and cargo matching, that is, the vehicle source and cargo source to be matched will be matched at the same time, and a number of suitable sources and vehicle source information set will be recommended in both directions, and both sides of the vehicle and cargo have independent choice. At present, only Mou Xiangwei et al and Seinfeld have studied the multi-to-multi-vehicle/cargo matching mode. They take the matching rate and matching cost as the objective function to build the mathematical model of vehicle/cargo matching and solve the matching scheme through intelligent optimization algorithm.
Because vehicle-cargo matching problem is a new research field, the research on vehicle-cargo matching problem is relatively few at home and abroad, and mainly concentrated in China. The research direction can be divided into two categories: research on vehicle-cargo matching platform pattern and research on vehicle-cargo matching method. Among them, the research of vehicle and cargo matching platform mode is mostly carried out from the two directions of platform mode optimization and mode innovation. However, in the current research, the methods of vehicle-cargo matching mainly include establishing the evaluation index system of vehicle-cargo matching, constructing the vehicle-cargo matching model and designing intelligent search algorithm to solve the problem, and a few scholars use machine learning algorithm to solve the problem.
a) Establish the evaluation index system of vehicle and cargo matching
In the current research, the method of establishing the evaluation index system of vehicle and cargo matching is mainly realized by constructing matching evaluation system or matching ranking model. Although the operation of this method is simple, but the subjectivity is too strong, the matching effect is poor.
b) Build the mathematical model of vehicle and cargo matching
In the present research, the method of constructing the mathematical model of vehicle-cargo matching is to describe the problem of vehicle-cargo matching using the mathematical model based on determining the objective function and constraint conditions and design the algorithm to solve it. This method eliminates the influence of subjective factors, and the solving algorithm (mainly intelligent search algorithm) has a good effect in the case of small number of vehicles and goods, with high efficiency and excellent results. However, with the increase of vehicle and goods source information, the timeliness and accuracy of the algorithm are getting worse and worse.
c) Build machine learning models
In the current research, a few scholars have applied the method of machine learning to the problem of vehicle and cargo matching. The method of machine learning can efficiently deal with massive vehicle and cargo source data, with high matching efficiency and good effect, and can effectively solve the shortcomings of the inefficient intelligent search algorithm in large-scale data. However, the machine learning method solves the matching problem directly from the source data of vehicles and goods, so the interpretability is not high.
To sum up, there are two main methods to solve the problem of vehicle and cargo matching at present: the establishment of comprehensive evaluation system and intelligent search algorithm.  Among them, the method of establishing comprehensive evaluation system is too subjective, and the existing intelligent search algorithm has a good effect on small-scale vehicle and cargo matching problem, but the more vehicle and cargo source information, the timeliness and accuracy of the algorithm will be worse and worse.  In the context of the era of big data, the vehicle and cargo source information has at least a million, and the existing algorithms are obviously unable to deal with such a huge amount of data.  To solve this problem, a few scholars have applied machine learning algorithms, such as support vector machines and decision trees, to study the vehicle-cargo matching problem, and achieved good results.  On the other hand, as one of the most efficient machine learning methods at the present stage, deep learning has made good progress in many fields, but its application in logistics and transportation is relatively few, especially in the field of vehicle and cargo matching.  In the case of a large number of historical order data, the car-cargo matching problem can be simplified into a dichotomous problem of whether the owner and consignor match, which is a supervised learning.  In the case of lack of data or low reliability of data samples, the vehicle-cargo matching problem can be regarded as a process of game between the owner and the consignor in a specific environment, which is a kind of unsupervised learning.  Deep learning is one of the most effective methods in both supervised and unsupervised learning.  This shows that the deep learning method can be applied to the vehicle-cargo matching problem.  
Research objectives, research content and key problems to be solved
(1) Research objectives  
Based on deep learning, the system realization of vehicle and cargo matching is studied as the goal to improve the efficiency of vehicle and cargo matching in the era of big data and reduce the empty driving rate.  
(2) Research content  
In this paper, the vehicle and cargo matching problem is the long-distance "one to many" vehicle and cargo matching problem, the research content includes the following parts.  
Before the development of the system, the development environment of the system is determined according to the main functions needed by the vehicle and cargo matching system, and the development process of the system is formulated, and the overall framework of the system is finally determined.  
Selection and analysis of deep learning model, based on the analysis in this paper, we study the matching problem of car goods, based on the decision-making process, choose the deep learning method in the depth of Q and depth of feedforward networks as embedded system implementation algorithm, at the same time, based on the vehicle matching model. The main consideration cubed out to maximize and minimize loading range two goals.  
According to the case analysis, the deep Q network algorithm is analyzed based on the vehicle and freight source data obtained by China Internet of Things.  
Based on the above theoretical analysis, Spring framework and Java programming language are used to design the vehicle and cargo matching system. The design process is to combine the common Java network application with the deep network learning model.  Finally, the designed system will be published on Ali cloud server to test the system.  
(3) Key issues to be solved  
a) Deep learning model construction and testing  
b) Data acquisition required by deep learning model testing period  
c) Accurate establishment of vehicle and cargo matching system and combination with deep learning model  
Proposed research method and technical route
In the design process of the vehicle-cargo matching system, it is necessary to comprehensively consider the work of each module of the system, and the key point is the integration of the deep learning network model and the system back-end system in the vehicle-cargo matching system. The specific system development process is as follows: First, Python was used to implement the deep Q network algorithm of vehicle and cargo matching problem designed by PyTorch framework in Pycharm. Then, the business logic system of vehicle and cargo matching platform was designed by SpringBoot out-of-the-box framework. Finally, DJL was used to implement deep learning and test of SpringBoot system.
Expected research achievements and innovations
(1) Expected research results
a) Complete the construction of deep learning algorithm model of vehicle-goods matching and the design and implementation of vehicle-goods matching system and integrate the two to form a complete system on this basis.
b) Publish a relevant academic paper
(2) Expected innovations
a) Deep learning will be applied in the logistics vehicle and cargo matching industry to provide technical support for the vehicle and cargo matching business in the era of big data
b) DJL is used to integrate springboot-based car-cargo matching system with car-cargo matching deep learning algorithm.

Timetable
2022.03-2022.05 Read a large number of domestic and foreign relevant literature, understand the vehicle and cargo matching algorithm model and system implementation related knowledge.  
2022.06-2022.09 Summarize the relevant literature around the world and try to realize the realization of vehicle and cargo matching algorithm model.  
2022.10-2022.11 Start to design and develop the vehicle and goods matching system and integrate the vehicle and goods matching algorithm model.
2022.12 Summarize my research results, sort out research materials, complete the writing and modification of my graduation thesis, and prepare for my defense.  
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