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Abstract 
The logistics distribution vehicle scheduling problem is a kind of combinatorial 
optimization problem with great practical value. In recent years, my country's logistics 
operation has been generally stable, the scale of logistics demand has maintained a 
relatively high growth rate, and the logistics industry has grown steadily, but the 
logistics cost is still higher than that of other developed countries. The distribution 
vehicle scheduling route optimization problem involves both energy consumption and 
waste emissions. With people's attention to environmental issues, it once became a 
research hotspot at home and abroad. The paper firstly introduces the vehicle 
scheduling problem, and then discusses the research status of domestic and foreign 
related vehicle scheduling problems in detail from the two aspects of the precise 
algorithm and heuristic algorithm, summarizes the existing problems in the research, 
and discusses the development of logistics algorithms. 
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1. Introduction 

The logistics distribution vehicle optimization scheduling problem was first proposed by 
G.Dantzig and J.Ramser[1], the father of linear programming, in 1959. It is generally considered 
to be a general term for vehicle routing problems and vehicle scheduling problems. Once the 
problem of vehicle routing was put forward, it quickly attracted the attention of experts and 
scholars in management, computer application, operations research, graph theory, and 
combinatorics. Used in transportation, logistics distribution, express delivery and other 
systems. At present, the scale of my country's logistics demand maintains a relatively high 
growth rate, and the logistics cost is rising year by year. The problem of optimal scheduling of 
logistics distribution vehicles is becoming more and more important in enterprise operations. 
The research purpose of the optimal scheduling of logistics distribution vehicles is to reduce 
the logistics cost of enterprises, improve the distribution efficiency, and improve the core 
competitiveness of enterprises, so as to achieve the strategic goal of developing a modern 
logistics distribution system, promoting industrial structure adjustment, and promoting 
regional economic development. Therefore, this issue has always been a hot research topic at 
home and abroad.  

2. Overview of Vehicle Scheduling Problems  

2.1. Definition of Vehicle Scheduling Problems 
The problem to be solved in the distribution vehicle scheduling problem is that the vehicle 
starts from the distribution center (here, the distribution center is a broad concept, which 
refers to the departure point of the vehicle, including the logistics center, distribution center, 
warehouse, parking lot, etc.) to complete some distribution tasks. When the demand of each 
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customer is small (less than the vehicle capacity), in order to improve the utilization rate of the 
vehicle, one vehicle can be arranged to perform several transportation tasks. At this time, how 
to arrange the route of the vehicle so as to meet the needs of each customer point and complete 
the transportation task, while minimizing the total cost (the total cost here refers to a broad 
concept, including the least time, the least operating cost, etc.) The problem is the routing 
optimization of delivery vehicles. 
 In academic research, this problem is generally interpreted as a vehicle routing problem 
(Vehicle Routing Problem, VRP). The driving route of the vehicle enables the vehicle to start 
from the parking lot and provide services to each customer point in an orderly manner, and 
under certain constraints (such as vehicle load capacity, customer demand, time window 
restrictions, etc.), the total transportation cost is minimized (such as the least number of 
vehicles used, the shortest total distance traveled by vehicles, etc.). In mathematical language, 
it can be described as follows: There are one or several distribution centers  𝐷 (𝑖 = 1,2, … , 𝑛 ), 
and each distribution center has 𝐾 different models, and each model has 𝑛 vehicles. There is a 
batch of delivery tasks  𝐶 (𝑖 = 1,2, … , 𝑛 ) , and the demand for each delivery task is known 
 𝑞 (𝑖 = 1,2, … , 𝑛 ), and it is required to be within a certain time [𝐸 , 𝐿 ] can be completed within 
the range, and the total cost of arranging the delivery vehicle at the appropriate time and 
optimal route is the smallest under the constraints of not exceeding the load capacity of the 
delivery vehicle. 

2.2. Components of Vehicle Scheduling Problems 
The vehicle distribution scheduling problem mainly includes elements such as roads, goods, 
vehicles, logistics centers, customers, transportation networks, constraints and objective 
functions. The VRP problem is mainly a combination of the following factors: (1) Roads. Roads 
are the basis of cargo transportation and one of the core elements of VRP. It is usually 
represented by a network diagram formed by starting from the central warehouse and passing 
through each customer point in sequence according to a certain route, and finally returning to 
the distribution center. (2) Goods. The goods are the objects of delivery, including the product 
name, packaging, weight, volume, time and place required to deliver (or take away), and 
whether they can be delivered in batches and other attributes. (3) Vehicles. A vehicle is a means 
of delivery of goods. Its main attributes include the type of vehicle, the load capacity, the 
maximum driving distance for one delivery, the parking position before delivery, and the 
parking position for completing the task, etc. (4) Logistics center. Refers to distribution centers, 
warehouses, parking lots, ports, etc. that carry out collection, distribution, distribution, and 
delivery operations. (5) Customers. The attributes of the customer include the quantity, time, 
frequency and degree of satisfaction of the demand (or supply) goods. (6) Transportation 
network. The transportation network consists of vertices (referring to logistics centers, 
customers, and depots), undirected edges and directed arcs. The properties of edges and arcs 
include directions, weights, and traffic flow restrictions. (7) Constraints. The constraints that 
the distribution vehicle scheduling problem should meet mainly include: ①Delivery within the 
time allowed for traffic; ②Within the existing operating capacity of the logistics center; ③Meet 
the customer's requirements for the delivery time range of the goods; ④Meet all customers' 
requirements for Requirements on the variety, specification and quantity of the goods; ⑤ The 
actual load of the vehicle during the delivery process shall not exceed the maximum allowable 
load of the vehicle. (8) Objective function. The distribution vehicle scheduling problem can 
choose only one objective or multiple objectives. The objective functions that are often used are: 
(1) maximize punctuality; (2) minimize labor consumption; (3) maximize capacity utilization; 
(4) minimize overall costs; and (5) minimize total delivery mileage.  
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2.3. Classification of Vehicle Scheduling Problems 
After the VRP was proposed, scholars from various disciplines at home and abroad have carried 
out various studies on it from different angles and directions, and have classified VRP according 
to different standards, which can be divided into the following categories. 
According to the task objective: there are pure loading or unloading problems (vehicles are 
loaded or unloaded at all task points, i.e., collection or delivery problems) and mixed loading 
and unloading problems (each task has different loading and unloading points, i.e. The 
integration of goods collection and delivery). 
According to the load status of the vehicle: there are full load problems (the amount of freight 
is not less than the vehicle capacity, and more than one vehicle is required to complete a task) 
and the non-full load problem (the freight volume is less than the vehicle capacity, and one 
vehicle can complete multiple tasks). 
According to the number of parking lots: there are single parking lot problems and multiple 
parking lot problems. 
Distinguished by vehicle type: there are single-model problems (all vehicle types and capacities 
are the same) and multi-model problems (the types and capacities of each vehicle performing 
the task are not exactly the same). 
According to the affiliation of the vehicle to the parking lot: there is the problem of vehicle 
opening (the vehicle may not return to its departure yard) and the problem of vehicle closure 
(the vehicle must return to its departure yard). 
In addition, according to whether each task in the VRP has a time limit, there are general vehicle 
optimization scheduling problems and vehicle optimization scheduling problems with time 
windows. The time window can be divided into hard time window and soft time window. Hard 
time window means that the task must be completed within a given time range, otherwise the 
obtained solution is regarded as an infeasible solution; soft time window means that if the task 
cannot be Completion within the specified time frame will also give a certain penalty. 
According to the different classification methods, the model construction and algorithm of 
vehicle optimization scheduling problem are also very different. 

2.4. Models for Vehicle Scheduling Problems 
The methods of quantitatively studying logistics distribution cost by establishing mathematical 
models can be classified into three categories: vehicle flow model, material flow model and set 
coverage model. From the point of view of establishing the model, most models can be regarded 
as the deformation and combination of these three models. When the fixed cost of dispatching 
a vehicle is higher than the driving cost, the vehicle flow model is generally used. The vehicle 
scheduling problem used in this paper is the vehicle flow model. 
The problem can be described as: Suppose there is a yard with 𝑚 vehicles with a maximum load 
of  𝑄 , the longest time the vehicles can run with full fuel is  𝐵 , and there are  𝑛  cargo 
transportation tasks that need to be completed, with 1,2, … , 𝑛  Representation, the known 
freight volume of task i is 𝑔 , (𝑖 = 1,2, … , 𝑙), and 0 ≤ 𝑔 ≤ 𝑄, find the vehicle travel route with 
the least cost to meet the freight demand. 
For the convenience of constructing a mathematical model, the parking lot is numbered as 0, 
the task number is 1,2, … , 𝑛 , the tasks and the parking lot are represented by point 𝑖(𝑖 =
0,1,2, … , 𝑛), and variables are defined as follows: 
𝑦 = 1, the task at point 𝑖 is done by vehicle 𝑘; otherwise 𝑦 = 0. 
𝑥 = 1, vehicle 𝑘 travels from point 𝑖 to point 𝑗; otherwise 𝑥 = 0. 
The vehicle optimal scheduling model is as follows: 
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𝑀𝑖𝑛 𝑧 = 𝑐 𝑥  

 

𝑔 𝑦 ≤ 𝑄          ∀𝑘                                                              (1) 

 

𝑦 = 1          𝑖 = 1,2, … , 𝑙                                                      (2) 

𝑥 = 𝑦           𝑖 = 1,2, … , 𝑙; ∀𝑘                                              (3) 

 

𝑥 = 𝑦           𝑗 = 1,2, … , 𝑙; ∀𝑘                                             (4) 

 

𝑥 + 𝑥 = 2𝑦           𝑘 = 1,2, … , 𝑚                              (5) 

 
𝑥 ∈ {0,1}          𝑖, 𝑗 = 0,1,2, … , 𝑙; ∀𝑘                                        (6) 

 
𝑦 ∈ {0,1}          𝑖 = 0,1,2, … , 𝑙; ∀𝑘                                           (7) 

 
The objective function is to minimize the planned transportation cost, where 𝑐  is the cost 
between node 𝑖 and node 𝑗; constraint (1) indicates that the carrying capacity of each vehicle 
does not exceed its maximum capacity; constraint (2) indicates that each customer There is 
only one vehicle serving; Constraint (3) and Constraint (4) represent the relationship between 
the two variables 𝑥  and 𝑦 , ensuring that each vertex is visited only once; Constraint (5) 
means that each vehicle departs from the parking lot and eventually returns Go to the parking 
lot; Constraint (6) and Constraint (7) are the value constraints of the two variables 𝑥  and 𝑦 . 
In practical applications, freight tasks often have time window requirements. This type of 
problem is called the vehicle scheduling problem with time window (VRPTW). Generally, the 
following relational expression can be added to the above mathematical model: 𝑠  represents 
the time when vehicle  𝑘 arrives at point  𝑖 , 𝑠 = 0, 𝐸𝑇 ≤ 𝑠 ≤ 𝐿𝑇 , where 𝐸𝑇  indicates the 
earliest allowed arrival time of task 𝑖, and 𝐿𝑇  indicates the latest arrival time. 

2.5. Research on Algorithm of Vehicle Scheduling Problems 
By summarizing the existing literature, the vehicle scheduling problem solving algorithms can 
be divided into three categories: precise algorithms, traditional heuristic algorithms and 
modern intelligent algorithms. In view of the limited computing power and long computing 
time of the precise algorithm, the traditional heuristic algorithm is prone to fall into local 
optimum, and the parameter setting affects the algorithm effect too much. At present, the 
modern intelligent algorithm is the mainstream algorithm to study vehicle scheduling problems. 
The intelligent algorithms used for vehicle scheduling problems mainly include: genetic 
algorithm, ant colony algorithm, artificial neural network algorithm, simulated annealing 
algorithm, tabu search algorithm, etc. Although the intelligent algorithm has the advantages of 
strong global search ability and convenient operation, there are also problems such as poor 
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local search ability, too long convergence time, and easy to fall into local optimum. A single 
intelligent algorithm is not the most effective algorithm for vehicle scheduling problems. Hybrid 
intelligent algorithms It is a hot algorithm in the study of vehicle scheduling problems today. 
2.5.1. Exact Algorithm 
An exact algorithm refers to an algorithm that can obtain the optimal solution to an 
optimization problem by using mathematical programming techniques or data structures such 
as integer programming, linear programming, and nonlinear programming through limited 
rigorous calculation and reasoning. In the logistics vehicle transportation scheduling problem, 
the so-called optimization algorithm is to find a set of paths, so that its objective function value 
is better than that of any other set of feasible paths. For the exact algorithm, Desrochers[2], 
Kohland Madsen[3], Fisher[4] and others have done related research, which can be divided into 
branch and bound method, dynamic programming method, tangent plane method, etc. [5]. The 
exact algorithm can obtain the exact solution of the model, but it can only solve the problem of 
relatively small scale, that is, the problem of the number of delivery vehicles and the number of 
customers is relatively small. Usually, because the vehicle path optimization problem is NP-
hard, the problem scale is large, and the amount of calculation will show the phenomenon of 
combinatorial explosion. At the same time, the solution time also increases exponentially. Due 
to the limitations of these two aspects, the application scope of precise algorithms in solving 
practical problems is very limited. 
2.5.2. Modern Hybrid Intelligence Algorithms 
Hybrid Genetic Algorithm. In the actual operation process, the genetic algorithm has problems 
such as poor local search ability and easy precociousness, while the neighborhood search 
algorithm, simulated annealing algorithm, and quantum evolution algorithm have strong local 
search ability and can quickly converge. Existing research also proves that conventional genetic 
algorithm is often not the most effective algorithm for solving specific problems, and combining 
genetic algorithm with some algorithms to form a hybrid algorithm may produce a method with 
excellent solving performance. 
Genetic algorithm combined with simulated annealing algorithm. Genetic simulated annealing 
algorithm is an optimization algorithm composed of genetic algorithm and simulated annealing 
algorithm. The genetic simulated annealing algorithm has the overall search ability of the 
genetic algorithm and the local search ability of the simulated annealing algorithm, and the 
algorithm has high operation efficiency [6]. Literature [7] studied the improved genetic 
simulated annealing algorithm, adopted a multi-layer parallel search structure, and gave a 
precocious evaluation index, and successfully applied the algorithm to the TSP problem. 
Particle Swarm Optimization and Simulated Annealing. The particle swarm-simulated 
annealing fusion algorithm enhances the global search ability and the ability to jump out of the 
local optimum of the particle swarm optimization algorithm, increases the diversity of the 
particle swarm, and improves the convergence speed of the algorithm. Reference [8] designed 
a hybrid particle swarm algorithm for the improved vehicle scheduling model. The particle 
swarm algorithm was used to assign customers to each vehicle, and simulated annealing was 
used to solve the order in which each vehicle completes the transportation task, avoiding the 
coding of the simple particle swarm algorithm. complex defects, and its effective approximate 
solution is obtained. Reference [9] proposed a hybrid particle swarm algorithm combining 
particle swarm optimization and simulated annealing algorithm to quickly obtain the optimal 
solution to the vehicle routing problem with time windows. 
Ant colony algorithm combined with particle swarm algorithm. Ant colony particle swarm 
hybrid algorithm has both the large-scale optimization characteristics of ant colony algorithm 
and the strong local search ability of particle swarm algorithm. On the basis of ensuring global 
convergence, it can quickly search for high-quality optimal solutions. Reference [10] 
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established a multi-demand vehicle scheduling model with detailed freight relations. The model 
solution process is to first obtain the goods transported by bicycle from the particle position 
vector of the particle swarm algorithm, and then optimize the bicycle path by the ant colony 
algorithm, and filter the particles according to the optimization target. Until the termination 
condition, the distribution of all goods to all vehicles is achieved. 

3. Summary and Outlook 

Although the vehicle scheduling problem has achieved a lot of results in terms of models and 
algorithms, there are still many important issues worthy of further study due to the many 
factors involved in this problem. The shortcomings of the current research are mainly reflected 
in: (1) The research goal is single and the application value is not large. In actual research, such 
as the improvement of customer satisfaction and the reduction of operating costs may be a pair 
of opposite benefits. Therefore, it is necessary to consider the multi-objective situation more in 
decision-making, but the previous research on vehicle scheduling problem mainly focuses on 
single-objective problem, and the research on multi-objective problem is still insufficient. 
②The model considers a single factor, which is still far from practical application. The models 
researched today are mostly due to the convenience and feasibility of modeling. The modeling 
process is relatively ideal, and some constraints are artificially increased or decreased, which 
is often inconsistent with reality. The factors considered generally cannot fully reflect the 
specific logistics vehicle scheduling model. For example, the fuel consumption of the vehicle 
with full load and non-full load is different, and the corresponding fuel cost is also different. 
However, this point is often not considered in the actual model or simple linear processing is 
performed. (3) There are relatively few studies on the dynamic vehicle scheduling problem. The 
dynamic vehicle routing problem has achieved certain research results, but its research depth 
is not enough, the research on dynamic information processing is immature, and the ability to 
solve practical problems is still relatively poor. In the previous research, the dynamic vehicle 
scheduling problem mainly adopts the research idea of the static scheduling problem. First, the 
possible factors in the dynamic vehicle scheduling problem are determined according to the 
probability, and then the model of the static vehicle scheduling problem is used to solve it. 
Although this research idea is feasible, it is of little significance for solving practical problems. 
In recent years, with the in-depth research of new and improved algorithms such as quantum 
algorithms, the research ideas of dynamic vehicle scheduling problems are also changing. The 
distribution estimation algorithm is a combination of genetic algorithm and statistics. It is 
based on the evolution of probability model and can better adapt to dynamic optimization. 
Natural Science Foundation. 
In the future, the research focus of logistics distribution vehicle routing optimization scheduling 
problem is still on the two points of scheduling model and solving algorithm. The closer the 
scheduling model is to reality, the more factors are considered, and the higher the requirements 
for model construction and solution algorithms are. At present, there are roughly three ways to 
improve the algorithm: 1) Adjust the existing algorithm in detail; 2) Use a hybrid algorithm; 3) 
Propose a new algorithm based on the exploration of the natural world and combined with 
interdisciplinary subjects. The first improvement idea is limited by the defects of the algorithm 
itself, and the solution performance is average; the third improvement idea requires a long time 
to explore and improve the new algorithm, and the algorithm itself needs to be further 
improved. Therefore, in the foreseeable long period of time, the solution algorithm will be a 
mixture of multiple algorithms, and the hybrid algorithm will be the focus and focus of future 
research on logistics distribution vehicle scheduling. 
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