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Introduction

System of transport route development can assist in
reducing of problems arising as a result of increasingly
rising numbers of transport means in urban areas. This
system would enable the driver to reach a certain location
of city within the shortest possible time, avoiding jams on
the roads. Implementation of such system in transport
means would be highly beneficial for logistic companies,
special services, public transport and for every driver.

In order to avoid the installation of data collection
systems of transport flows at all city crossroads, the
crossroad flow forecast model was developed. It enables to
forecast the car flows. Such model is very important and
useful in installation of transport control systems. After
applying such model for the forecasts of car flows, the
problems related to implementation of expensive data
collection systems can be solved. Such systems would be
installed only in the streets at main crossroads, where the
transport flows are the biggest; and therefore, the transport
flows in smaller streets and crossroads could be forecasted.

Data collection systems

While developing the transport control systems, it is
an imperative to know the transport flows in city streets.
The following methods are most often used for
calculations of transport flows:

e Visual monitoring systems with computer-aided
image processing;

e Sensor-based  technologies
processing and communication;

¢ Vehicle detection technologies;

e Collection of experimental data based on human
monitoring.

One of the most efficient data collection technologies
is the visual monitoring system. This system enables to
monitor the transport flows. Main component of the visual
monitoring system are video cameras and special cards for
the processing and transferring of video signal that are
installed at certain sections of the road or at crossroads [1].
It enables to receive real information about the traffic
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conditions in target road sections, and to use all this
information for the control of transport flows. All signals
from video cameras are transferred into the central stations
analysing the transport flows.

Problems of standard systems

For the planning of transport routes it is very
important to know the real-time location of vehicle on the
road. This information is given from the vehicle location
identification system. These systems are also called the
global positioning systems. GPS is currently the most
popular global navigation system in the world. Using the
global satellite systems, we can easily find out the vehicle
coordinates. Using these systems, the driver can easily
identify a certain location in the city, and also reach it in
the shortest possible route. But in the standard system, the
driver can select only the shortest route by length. Such
selection can be useless as it may include the busiest
streets of the town.

The problem can be solved by developing the
integrated systems (Fig. 1). Such system finds the shortest
route by evaluating the traffic intensity in the route. The
integrated transport management system consists of certain
components:

e Data collection systems;

Data transfer systems;

Data processing;

Transport flow forecast;

System of shortest route development;
Geographical information system;
Global positioning system;

Others.

Modelling of route planning system

The developed model of finding the shortest possible
route is based on the solution of solving the single-source
shortest path problem for a directed graph with non-
negative edge weights. Dijkstra algorithm is applied for
solving the problem [2]. According to this algorithm, the
routes are invalidated by certain edge weights. Weight rate



consists of the road length and vehicle flows crossing the
crossroad. By calculating the weight rates, we can include
into them not only the transport flows or road lengths, but
also the number of pedestrian crossings, numbers of uphills
and downhills, lanes etc. In order to calculate the weight
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rates, data about the transport flows is needed. In a real
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Fig. 1. Structural scheme of integrated transport control system

Kaunas city was selected for the experiment. Totally,
21 busiest crossroads were selected in Kaunas city. These
crossroads and roads between them are represented in
Fig. 2.
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Fig. 2. Crossroads selected for the experiment

The experiment was performed at average crossroad
traffic intensity, and at peak hours. For comparison, we
provide a chart representing the summarized number of
vehicles crossing the crossroad recorded during three
measurements of the crossroad, at average crossroad traffic
intensity and at peak hours.
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As we can see from the Fig. 3, the number of vehicles
crossing the crossroad at peak time increases in about 46%.
The maximum traffic intensity was noted at the first, fourth
and eighteenth crossroads. It happens because these
crossroads are the biggest, and the traffic intensity in them
is also highest. The least intensity was noted at eighth,
sixteenth and seventh crossroads.
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Fig. 3. Vehicle flows at crossroads

Using the graph theory the roads and crossroads are
represented as graph elements. City roads are represented
as graph edges, and city crossroads as graph vertices
(Fig.4).

The weighted coefficient of each road consists of the
certain values, such as the length of the road and the load
of the crossing. To this end, all the distances between the



crossings have been measured. In order for the length of
the road in the gross weighted road coefficient to have the
sufficient weight, as compared with the crossing load
coefficient, the length of the road is divided from the road
coefficient k.

The weighted coefficient of the direction of each
crossing K is calculated according to the following
formula:
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Fig. 4. Graph of city roads and crossroads

In the uncontrolled crossings the number of the
vehicles has been calculated per time unit — 60 s.
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where K — weighted coefficient of the vehicle flow; As—
vehicle flow; t — time (60 s).

The total flow weighted coefficient of the road
section between the two crossings (S;) has been received
by summing the flows, coming from the first and second
crossing.
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Fig. 5. Summarized weight rate of crossroads

The final weighted coefficient K, of the road section
between the two crossings is received according to the
following formula: Kg =Ss+K ko where S, _ total flow
weighted coefficient; Ky — weighted coefficient of the road.
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where A;— vehicle flow; t, — time of the green traffic-light
signal; t- time of the red traffic-light signal.

Summarized weight rate of the road section between
two crossroads (Ss) was obtained by summarizing the
flows incoming from the first and second crossroads,
Fig. 5.
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Results of modelling

By applying the Matlab program, according to the
experimental data, the program for finding the shortest
possible route was designed. The program for finding the
shortest possible route finds the optimal route according to
the calculated weight rate.

In the provided sample of finding the optimal route
(Fig. 6), the route from the crossroad 1 to crossroad 5 is
being searched at medium traffic intensity.
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Fig. 6. Finding the route from the vertex 1 to the vertex 5, at low
traffic intensity
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Fig. 7. Route from the crossroad 1 to crossroad 5 at medium
traffic intensity

Fig. 7 represents the optimal route from the crossroad
1 to crossroad 5 at peak time. As we can see from the
sample, the route is selected in a way to avoid the busiest
crossroads with intensive traffic.
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Fig. 8. Finding the route from vertex 18 to vertex 15 at medium
traffic intensity at roads and crossroads

In the provided sample of finding the optimal route

(Fig. 8), the route from the crossroad 18 to crossroad 15 is
being searched at medium traffic intensity
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Fig. 9. Finding the route from vertex 18 to vertex 15 at maximum
traffic intensity

20

Fig. 8 and 9 represent the route from the crossroad 18
to crossroad 15 at non-peak and peak hours. At medium
traffic intensity, the selected route crosses the crossroad 1,
and at peak hours this crossroad is avoided. On peak time
this crossroad is eliminated from the route because it has a
very intensive traffic and traffic jams.

Some routes were checked by using the vehicle. After
checking the routes it was identified that the modelled
route saves 15% of time in comparison to the selection of
straight route crossing the major crossroads.

Modelling of transport flow forecast system

In other avoid the installation of transport flow data
collection system in all city crossroads; the model of
transport flow in the city was developed. Statistical
mathematical models are made based on the experiment
results, therefore it is very important to perform the
experiments in a way that ensures the maximum
informative mathematical modelling.

The least square method is used for the evaluation of
model structure and parameters. This method enables to
make evaluations of the selected structural model
parameters according to the experimental data. The least
square method can be applied both for the identification of
linear and non-linear mathematical models [4]. This
method is most efficient when the model is linear in
respect of the parameters. Frequently, polynomials of
different types are used as the statistical models.

The polynomial assessing only the members in linear
dependability from factors will be applied in the work.
Such a model is linear both in regard of parameters and
independent variables. For the evaluation of unknown
model parameters, we shall apply the matrix form of least
square method. The following equation is used in
calculations of linear parameters of the matrix of least
square method form:

A=(F'F)"F'yY, 3)
where F is a matrix of independent variables.

This formula enables to unambiguously identify the
values of unknown model parameters A [5].

The described model is applied in forecasts of vehicle
flows. Such mathematical model of forecasting the vehicle
flows is the most useful in development of route creation
systems and other transport management systems. Such
model enables to forecast the transport flows in other
streets, given the known traffic intensity. Certainly, in
order to obtain the reliable model, one must perform
experimental flow measurements. The more vehicle flow
measurements are performed, the more exact the model is.
If such model is applied in practice, the data compilation
systems could be installed in the busiest and major city
streets, and flows of less busy streets could be forecasted
by the model described above.

The experimental research was performed in one of
the Kaunas crossroads. During the experiment, the vehicle
flows in both directions, in three crossroad roads, where
measured for 15 minutes. Flows in all three streets where
monitored at the same time. Totally, 12 experiments were
performed. The experiment results are given in the Table 1.



Table 1. Experiment results

Experiment Exp@riment «1 0 y
number time
1 7.50 hour 254 276 321
2 11.00 hour 186 101 259
3 12.45 hour 212 134 270
4 14.00 hour 266 172 330
5 14.30 hour 235 137 304
6 15.30 hour 283 154 329
7 16.00 hour 292 197 345
8 17.00 hour 318 244 368
9 20.10 hour 180 89 221
10 20.40 hour 175 92 201
11 23.00 hour 69 27 83
12 01.30 hour 15 8 18

The model was implemented in Matlab program [6],
where, based on the least square method, the unknown
model parameters are calculated. The vehicle flows from
the road x,; and road x, were used in the model inputs, and
in the output the vehicle flow y was used. Data of the 5, 6
and 7 experiments was not applied in the model
development [7-14]. This data was reserved for the
verification of the model functionality. Results of
modelling and experiments are given in the Fig. 10.

As we can see from the provided comparison of
experimental and modelling results, these values are very
similar. As it was already mentioned, the experiments 5, 6
and 7 were not included into the model development. In
order to ensure that the developed model meets the actual
experiment results, the unknown 5, 6 and 7 experiments
results were included into the model. As we see in the
provided chart, these unknown results are quite precisely
forecasted by the model.
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Fig. 10. Results of experimental modelling and simulation

Conclusions

1. The experiments were performed in the crossroads
and roads of Kaunas city. According to the received
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experimental data, the following weight rates were
calculated:

-Weight rate of the road length K.

-Weight rate of the vehicle flow K;

-Summarized weight rate of flows Sq;

-Final weight rate of the road K,.

2. According to the obtained experimental data it was
identified that the traffic intensity in the crossroads at peak
time, in comparison to the non-peak time, is increasing in
about 46%.

3. The route finding system, built according to the
Dijkstra algorithm, is accessing the traffic intensity on the
roads. The model is implemented with the aids of the the
program Matlab.

4. After the inspection of results of the shortest
possible modelled route, it was identified that the driver
saves about 15% of time when riding the selected routes.

5. The experiment of vehicle flow calculation in one
of the Kaunas crossroads was performed. Based on the
obtained data, the model of the vehicle flow forecast was
developed. The model was implemented in the Matlab
program.
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