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The article described the structure of the analytical and simu-
lation models to make informed decisions in the planning of urban 
passenger transport. Designed UML diagram that describes the 
relationship of classes of the proposed model. A description of the 
main agents of the model developed in the simulation AnyLogic. 
Designed user interface integration with GIS map. Also provides 
simulation results that allow concluding about her health and the 
possibility of its use in solving planning problems of urban passen-
ger transport.
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1. Introduction
Now there is the problem of the movement of land transport in 

megacities. It appears, because there are different factors: different rate 
of passenger arrival, non-uniform loading of transport. [1]. Important 
tasks are to determine the number of units of rolling stock for passenger 
service and analyze the quality of passenger service [2]. 

To solve these problems, to effectively use tool of analytical and 
simulation modeling. In the general case, simulation can solve many 
problems: analyze and predict different situations, to adjust charac-
teristics. Any simulation model can make a variety of experiments, 
even if it is impossible to realize them in reality [3, 12, 13].

The actuality is that that before the project implementation, analyt-
ical and simulation modeling makes it easier to make decisions in the 
planning and management of urban passenger transport [16].
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2. The description of the objects for designing models
In the task of planning urban passenger transport, there are the fol-

lowing objects: passengers, public transport, bus stops, transport fleet 
[14]. These objects have the following parameters: the estimated rate 
of arrival passengers, the number of transport, seating capacity, the in-
terval of departure of transport. The result of solving the problem of 
planning of urban passenger transport by land, defines the routes and 
the headways of vehicles. We also consider the beginning and end time 
of traffic on a specified route, the actual number of available transport 
mean in the fleet. In addition, we consider the duration of the transport, 
which returned to the transport fleet after the working shift.

There is a sequence of bus stops for a specific route. The route has 
two directions: forward and reverse. The transport mean leaves from 
the fleet at regular intervals of time. It makes boarding and alighting 
of passengers at each bus stop. The rate of arrival passengers at bus 
stop depends on the time of day. All passengers out of the transport at 
bus stop before it moves to the fleet. Then transport mean going to the 
fleet without passenger.

3. UML diagram project

Fig. 1. UML Diagram
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We should to represent each object in a visual form. The most con-
venient and illustrative tool is view class diagrams (UML diagrams) 
[4–6].

In the following, a description of the function of each class show 
in Table 1.

Table 1.
Class description

Class name Summary

Park
It simulates transport departure from the fleet and his arrival to him. 
Interval departure means the period of time, when transport leaves 
the park and begins work.

Transport
It is moving on the specified route. Transport serves passengers at 
bus stops: boarding and alighting.

Route There is a sequence of stopping points

Passenger
It simulates awaiting the arrival of transport, boarding and alight-
ing from it.

Station
It is mean bus stop. Tfhis is the arrival of passengers, arrival and 
departure of transport.

Figure 1 shows the class diagram. There is a connection between 
classes.

4. Implementation Analytical and Simulation Model
We use the software AnyLogic 7 to implement this task. AnyLogic 

is Multimethod Simulation Software, which supports many ways to 
create simulation models [7–8]:

•	 Discrete Event Simulation Modeling
•	 System Dynamic Simulation 
•	 Agent Based Modeling.
This tool allows combining different methods.
In our case, we consider two methods to simulation: Agent Based 

Modeling and Discrete Event Simulation Modeling.
This model consists of different types of agents. We list them:
1.	 Park.
2.	 Passenger.
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3.	 Station. (It is mean bus stop).
4.	 Transport.
Each type of agent to do various functions. In addition to this model 

is the main module, which performs the simulation.
The Figure 2 shows the types of agents, implemented in the Any-

Logic.

Fig. 2. Implemented agents

This article describes the types of agents that have peculiar proper-
ties for implementation [9–10].

4.1. Agent “Park”
The Figure 3 shows the elements that simulate the following 

processes: seize of resource and departure from the fleet, arrival to the 
fleet and release of resource. In this case, the resource is a transport.

Fig. 3. Elements for modeling work in the fleet

4.2. Agent “Station”
This type agent allows simulating bus stop. It can simulate the 

arrival of passengers to the waiting place. In addition, bus stop allows 
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simulating the arrival of transport, the boarding and alighting of 
passengers.

There are also elements that simulate the various processes: arrival 
waiting passengers to the point, the arrival transport to the point, the 
boarding and alighting of passengers, departure passengers from point, 
the output of the transport from the point.

The Figure 4 shows the diagram elements.

4.3. Agent “Transport”
This type of agent simulates the traffic. He departures from the 

fleet and arrives to him, arrives at a bus stop and departure from it, 
makes boarding and alighting of passengers [17–19].

To simulate a composite process [20], we have developed the state 
diagram. The Figure 5 shows the state diagram.

The left is a diagram of the states of the operating mode of transport. 
The initial state is “work”. It is a normal operating mode. When the 
working time comes to end, it goes into the state “goingToPark”. This 
condition means that the transport should be follow to the park at the 
end of work.

On the right is a diagram of transport operation states. First, there 
are preparatory stages. After that, the cycle of actions begins. They 
are movements (go) and stops (stop). The cycle will continue until the 
transport will not follow the park (goToPark) after the stop.

Fig. 4. Diagram elements for simulation of processes at bus stops
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Fig. 5. State charts

4.4. The implementation of the main model module
The main module of the analytical-simulation model includes a set 

of objects. The main element that plays a big role is the GIS map. The 
Figure 6 shows an example of a GIS map. Many objects are associated 
with it: more information is available with its help. The main module 
performs general analytical and simulation modeling. With the GIS-
map [15], we can observe visual animation modeling – the operation 
process of transport, the location of the bus stop and the fleet.

Fig. 6. GIS-map
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5. Developing a user interface model
After the development of the entire model, a user interface has 

been designed (Figure 7). Interface type is “Experiment”. The initial 
data are the route, the rate of arrival of passengers, the coordinates of 
the fleet and the coordinates of the bus stops of the route, the number 
of transport means in the park, the working time, passenger capacity 
and the interval of departure from the park [11]. 

Fig. 7. Interface “Experiment” 

The Figure 8 shows the results of visualizing the route on the GIS 
map. It shows the traffic along the specified route and various buses stop. 

Fig. 8. Visualization of the route on the GIS-map

6. Simulation results
The developed model can to get various results. The Figure 9 

shows the column diagrams of the number of waiting passengers at 
the buses stop at time.
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The Figure 10 shows the time plot of waiting passengers at the 
bus stop.

The Figure 11 shows the time plot of the number of filled seats in 
the transport mean.

Based on the analysis of the graphs presented in Figures 10–11, it 
can be assumed that for this route system is not overloaded, the traffic 
flow copes.

Fig. 9. The column diagrams

Fig. 10. Time plot of waiting passengers at the bus stop
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Fig. 11. The time plot of the number of filled seats in the transport mean

We selectively analyze the detailed result of the simulation, i.e. 
during the whole simulation.

The Figure 12 is a simulated plot of the number of passengers in the 
transport during the whole simulation. Model time is given in hours.

Fig. 12. Simulated plot of the number of passengers in the transport
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Based on the figure 12, we can assume that the capacity of the 
transport is sufficient. The transport system copes even in peak loads.

For the analysis of the average rate arrival of passengers Figures 
13–14 show plots of waiting passengers at the buses stop. One of them 
in two directions is randomly selected.

Fig. 13. Simulated plot of waiting passengers at the bus stop (forward direction)

Fig. 14. Simulated plot of waiting passengers at the bus stop (reverse direction)
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Based on the result, it can be concluded that the transport has time 
to discuss passengers. The time interval in this case is acceptable.

The Figure 15 summarizes the results of simulated plots. It shows 
the average simulation result for the whole work.

Fig. 15. General simulated plots

The simulation results for this route is seen that the plots are highly 
correlated with each other.

5. Conclusions
The article proposed and studied a model of surface passenger trans-

port. It can be applied in research organisations, dealing with transport 
problems. Because of design, it is possible to solve some problems of 
traffic flow. Application AnyLogic 7 provides simulation modelling 
with GIS maps and get the necessary results.
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