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__________________________________________________________________________________________ 

 

Abstract: With the further development of intelligent transportation system and artificial intelligence 

technology, the related bus dispatching method has been deeply studied. In this paper, a 

mathematical model of multi-objective bus route optimization subject to multiple conditions is 

established for the route optimization of bus scheduling. A hybrid ant colony-based particle swarm 

optimization algorithm is proposed to solve the problem, and the specific steps of the algorithm are 

given. Finally, the simulation and coding are used to solve the problem. The comparison of example 

results shows that the algorithm is feasible and effective in optimizing bus route scheduling. The 

research has a brilliant application prospect and practical value.  
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

At present, the urban public transportation service mode is single, the service quality is not high, and 

the attraction is not strong, which is the key factor that restricts the development of public 

transportation. Waiting for a long time, slow driving, poor riding environment, inconvenient transfer 

as so on. It is a problem highlighted by the public [1]. The contradiction between urban transport 

demand and supply has become increasingly prominent. Traffic congestion and environmental 

pollution are serious [2]. The emergence of more and more advanced communication technologies is 

of great importance to the gradual maturity and development of Internet of Things (IoT) technology 

in the industry [3]. It also lays a good theoretical foundation for the application of IoT technology in 

public transportation [4].It is through the communication equipment to video capture and intelligent 

sensors and other equipment found in the information transmitted to the traffic management control 

platform, making public transport can be real-time monitoring and effective scheduling, and the 

emergence of artificial intelligence algorithms for real-time public transport Scheduling strategy 

provides an effective solution [5]. 

In short, through the study of intelligent bus dispatch, using appropriate algorithms to solve the 

problem of smart bus dispatch has become a key research issue urgently needed to be solved and is of 

great significance to the intelligent development of the city. 
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2. ESTABLISHMENT OF BUS DISPATCHING MODEL 

Agricultural logistics and distribution routing problem can be attributed to vehicle routing problem 

with time windows. The mathematical model of the problem is described that given a distribution 

center with several delivery vehicles with the same load, there are several users around the 

distribution center, each with different cargo needs [6].  

Definition of Public Transport Dispatch Optimization Public transport is a public welfare undertaking. 

Its target is the public. The dispatch work needs to consider not only the profit of the enterprise, but 

also the interests of passengers [7]. Bus scheduling research object by the bus company and 

passengers in two parts, the performance of the two were the pursuit of their maximum benefits [8]. 

Bus companies are always hoping to provide as large a departure interval as possible with a minimum 

number of departures. Units can have as high attendance as possible to reduce their variable costs and 

increase their operating revenues. Passengers demand more efficient service, In order to reduce the 

waiting car, car and transfer costs [9], and the contradiction between business and passenger interests 

as shown in Figure 1. Establishing a reasonable and effective optimization model of bus departure 

interval is the key to optimizing bus scheduling and improving bus service [10]. 
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Fig.1 Conflict of interests of passengers in the enterprise 

 

Mathematical modeling makes some important simplifications and assumptions about the specific 

objects in the real world, abstracting the actual problem as a mathematical problem. This article 

makes the following assumptions [11]: 

1, there are enough buses for scheduling use; 

2, in each time period, the arrival and distribution of passenger flow at all stations obey the uniform 

distribution; 

3, the bus schedule on schedule to start on time, the inter-station vehicle speed is constant, and the 

way there is no accident; 
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4, bus unit multiplier times the operating cost is a fixed value; 

5, the implementation of a unified fare; 

Through the analysis of the actual situation, it can be concluded that the objective function of 

intelligent bus scheduling problem.  
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Where      k : Bus operation day is divided into k hours  

iW
: Passenger waiting time 

iR
: Passenger's total ride time 

jE
: Bus operating fixed costs 

jL
: Bus route length 

kt : The running time of the bus departure time interval  

maxT
: The bus maximum departure interval 

minT
: The bus minimum departure interval  

 : Passenger waiting and riding costs weight  

 : The Fixed Costs and Dynamic Costs of Bus Operations  

c : Average cost per passenger per unit time  

 : The operating cost of a bus per kilometer during operation  

p : Single car fare  

 : Bus operating expenses and passenger car costs weight  

 

3. IMPROVED ANT COLONY ALGORITHM 

3.1 Test of grinding fineness 

Ant colony algorithm (ACO) convergence speed is slow, easy to fall into the local optimum, and the 

lack of initial pheromone. Ant colony algorithm usually takes longer time to search, and its 

complexity can reflect this point. Moreover, the method is prone to stagnation [11]. That is to say, 

after a certain degree of search, the solutions found by all individuals are completely consistent and 

the solution space cannot be searched further, is not conducive to finding a better solution. Particle 

swarm optimization (PSO), which has a rather fast approximation speed, can effectively optimize the 

system parameters. Therefore, this paper considers the ant colony particle swarm hybrid algorithm 

(ACO_PSO) to solve the bus scheduling problem. The step of ACO_PSO algorithm to solve bus 

scheduling problem flowchart shown in Figure 2. 
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Fig. 2 ACO_PSO algorithm flowchart 

 

The specific solution steps are as follows: 

Step1: Initialize the route, calculate the fitness according to the current position, find the locations of 

the global and global extremums according to the individual extremums of each particle, and update 

the individual optimal solution and the global optimal solution to obtain several suboptimal solutions. 

Step2: Obtain the optimal path according to several optimal solutions obtained in Step1, so as to leave 

the pheromone in these paths, generate the initial distribution of pheromones, and place m ants on n 

vertices. 

Step3: Initialize the parallel nodes in the search map, and divide the operation time of the whole day 

into 5 time periods, classify the possible choices of bus departure intervals in the same time period as 

parallel nodes, Of the nodes are not connected, but each group of parallel nodes are fully connected, 

and then put a number of M ants on the starting node. 

Step4: Initialize the pheromone on each path. In view of the convenience and algorithm of public 

transportation, if the bus departure interval is reduced, increase the concentration of pheromone in 

each path related thereto and decrease the concentration of pheromone. 

Step5: According to the chronological order, the ant moves between the parallel nodes in each group, 

jumps among the nodes according to the state transfer function, and is included in the set of solution 

paths for the selected node. In this way, the objective function value is calculated according to the 

formula, and the minimum value is selected as the optimal solution of the round of iteration. 

Step6: According to the update strategy, update the global and local pheromones. When the number 

of iterations reaches the maximum number of iterations or the objective function value corresponding 
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to the current optimal solution is not obviously changed (convergence has been reached) after the 

iteration ends, the current optimal solution is used as the optimal solution to the problem Value output 

can be. 

 

4. CONCLUSION AND ANALYSI 

4.1 Data Preparation. 

The Xi'an busNO.43 routes 25 stations, the bus line length of 13.5km, the line throughout the day 

running time is divided into 5 driving periods, that is 6: 00 ~ 7: 00,7: 00 ~ 10: 00,10: 00 ~ 17: 00,17: 

00 ~ 20: 00,20: 00 ~ 23: 00. According to a day of Xi'an bus IC card data, you can go to the 43-day bus 

passenger flow distribution curve and histogram, shown in Figure 3. 

 

 

Fig. 3 Passenger Flow Distribution of Xi'an Bus No. 43 in All Day Time 

 

In 2016, the per capita GDP in Xi'an was 66,800 yuan, calculated 365 days per year for five working 

days a week and eight hours for each working day. The average cost per passenger per unit time 

c 0.53 (yuan/ minute). It can be obtained from the Yearbook of Key Economic Indicators of Xi'an 

Public Transport Company in 2012. The average daily mileage per vehicle is 194.88 km and the 

average daily average cost per vehicle is 1024.3 yuan. Therefore, the average unit operating cost per 

vehicle operation is 1024.3/194.88 = 5.256 (yuan/car km), as unit operating costs of 43 bus operation, 

that unit operating costs =5.256 (yuan/car km). Other parameters are set as shown in Table 1: 

 

Table 1 Xi'an 43 bus scheduling problem parameters  

Target Function General Parameters unit value 

Bus capacity people / car 80 

Depreciation of vehicles yuan / car · day 530 

Bus maximum departure interval min 10 

Bus minimum departure interval min 1 

Passenger waiting and riding costs weight    0.45 

The Fixed Costs and Dynamic Costs of Bus Operations    0.55 

Bus operating expenses and passenger car costs weight    0.9 
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4.2 Experimental Results and Analysis 

In this paper, we use MATLAB to carry out experiments. Using MATLAB software to simulate the 

bus dispatching model, and use the ACO_PSO algorithm of the third chapter to solve it. We can get 

the bus departure frequency of Xi'an 43 bus as shown in Figure 4. The convergence curve of bus 

dispatching model fitness function is shown in Figure 5.  

 

 

Fig. 4 Xi'an bus 43 bus departure frequency 

 

 

Fig. 5 Bus scheduling model fitness function convergence curve 
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The experimental results show that the bus schedule with the lowest cost and the common interests of 

passengers and bus companies can be obtained from the following strategies. Table 2 shows the final 

departure interval of bus No. 43 in Xi'an.   

 

Table 2 Xi'an 43 bus the final departure interval 

Period Average departure interval 

6: 00-7: 00 8 

7: 00-10: 00 2 

10: 00-17: 00 5 

17: 00-20: 00 3 

20: 00-23: 00 7 

 

In the early low peak 6: 00-7: 00 period, the average departure interval is 8 minutes, in the morning 

peak 7:00-10:00 period, the average departure interval is 2 minutes, at 10:00 pm- 17:00 hours, the 

average departure interval is 5 minutes, 17: 00-20: 00 in the evening peak period, the average 

departure interval is 3 minutes, 20: 00-23: 00 hours in the evening peak average departure interval is 

7 minutes. According to this strategy, the passenger capacity of buses can be utilized to the maximum 

to avoid the waiting time for buses while reducing the waiting time for passengers. 

 

5. CONCLUSION 

From the experimental results, according to this strategy, the passenger capacity of buses can be 

utilized to the maximum to avoid the waiting time for buses while reducing the waiting time for 

passengers. 
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