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Abstract. The article deals with the problem of the formation of a traffic
jam on the one of the street Krasnoyarsk cities. According to statistics, the
largest set of accidents occur when turning the vehicle. For convenience and
traffic priority, traffic lights are set up and additional signals or sections of
traffic lights are introduced. In Europe, additional lanes are added, designed
separately for turning, where cars can continue to wait for their turn, but if
there are a lot of cars, then the additional lane ceases to cope with the flow
of cars and begins to load the lane. Another option, when all left turns are
prohibited, you need to turn right, where there is one-way traffic, look for a
place to turn around and return from another street in order to drive straight
to the opposite side of the road where the turn was prohibited. These
manipulations can affect the ecology near residential areas and overload
small streets, where there is already 1 lane for traffic. The paper proposes
the option of transferring the turn to the supermarket to the next intersection
in order to increase throughput at large traffic flows, and also uses analytical
optimization methods to minimize travel time and maximize passing cars
per hour. Keywords: Model, optimization, crossroad, traffic light.

1 Introduction

The purpose of this study was to find the possibility of unloading the interchange without
economic investment and with an effective growth rate. In the evening, after work, the
population of the city moves home from work, including stopping at supermarkets, which are
usually located near transport roads. It is not always convenient for visitors to enter the
supermarket. It is necessary to wait at the traffic light for their turn through the oncoming
lanes, which makes drivers nervous after a working day and make mistakes. A study by
modelling a real interchange showed that there is a way to increase the capacity of the
interchange by moving the turn to the next intersection in the direction of travel that is not
fully used, without affecting the number of cars turning. The following tools were used:
AnyLogic programming environment, Java object-oriented programming language,
OptQuest optimizer. To optimize the phases of traffic lights, the following methods were
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used: minimizing the time of crossing the intersection and maximizing the number of cars
passing by in 1 and 2 hours of time. Usually, high car traffic lasts about 1 or 2 hours in the
evening,

2 Materials and Methods

The problem at the next intersection is that there are 2 traffic lanes in each direction. And to
turn to the supermarket, you need to take the extreme lane and wait for the signal to turn (the
intersection is highlighted in red). It turns out that at this moment one lane starts to work
worse, some of the cars are rebuilt in the next lane and also slow down the general movement.

Fig. 1. Model of an intersection with a turn to the supermarket.

It is proposed to consider the possibility of a U-turn at the following intersections. The
next intersection is the junction of the entrance and exit of the bridge, where traffic jams are
also usually created due to the increase in evening traffic between the banks of the city. As
you can see, there is no opportunity to turn around at this intersection.

Fig. 2. Model continuation of the transport road.

If we look at the next intersection, we can see that the road narrows after this intersection
(highlighted in blue). The lane (highlighted in yellow) can be used for waiting and then
turning around, currently it is used only to increase capacity with subsequent narrowing.
There is a pedestrian crossing at the blue intersection, so when the phase of crossing the
intersection is prohibited, it is possible to make a U-turn of vehicles. The distance between
the red and blue intersections is 1.3 kilometres.
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Fig. 3. The end of the transport road model.

Further, stage-by-stage optimization of traffic lights of interchanges was made, which can
also affect the traffic situation of this section of the road.

For comparison, first, the model is run with real values of the phases of traffic lights at a
red intersection. Movements on the side number 1 are as follows:

e 100 cars per hour enter the supermarket to parking (side number 2);

e 400 cars per hour come to the bridge (side number 3);

e up to 1200 cars per hour are created to drive to the side number 4, from the number
1. The movement of cars from the side number 4 is identical to the movement on the side
number 1. Movement from the parking (side number 2), 100 cars per hour move to the side
1 and 100 cars to the side 3. From the side 3, 150 cars per hour leave to the side 4 and 300
cars to the 1 side. The sides are highlighted in red in the illustrations.

Phases of traffic lights at a red intersection: p-moves straight 80 seconds, p1 (15seconds)
- turn from the supermarket towards the bridge, p2 (15seconds) - turn to the supermarket.

A few explanations of the icons for building model: the first circle icon (values show how
many cars were created during the model). The second icon square indicates where the
created objects are moving and the third circle show removes cars from the model (values
indicate how many cars managed to exit the system in a time period). V1 is a dynamic
parameter, that collects all the cars that left from the system.

With real values of the phases of the traffic light of the intersection, without optimization,
the result is 3104 cars pass through the model per hour.
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Fig. 4. The end of the transport road model.
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After that, the traffic light phases are optimized to maximize the value of cars that pass
through the system, where the model must pass the maximum number of cars with changing
parameters of the traffic light phases. The optimizer finds the best traffic light phase
parameters to maximize the number of passing cars per hour. The value of parameter p varies
from 40 to 90 seconds with 5 second step. The value of parameters p1, p2 varies from 10 to
25 seconds with 5 second step.
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Fig. 5. Optimization of traffic light phases at a red intersection.

Further, the obtained parameters of the phases of traffic lights are substituted into the
model. p-moves straight (70 seconds), pl (15 seconds) - turn from the supermarket, p2 (10
seconds) - turn to the supermarket. The result of running the model is shown in figure 6. After
running the model, we get an almost identical result in 3159, which means that the traffic
light phase optimization gives identical results.
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Fig. 6. The result of substitution of the obtained values.

After that, the transport model is reconstructed, it is forbidden to turn left at the red
intersection and transferred to the blue intersection. Which in turn removes 1 phase at a red
traffic light. We get the throughput of the site in 3746 cars per hour. The traffic light phase
parameters are:

e P - Move straight on the red intersection (70 seconds);
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e PIl- Turn from the supermarket (15 seconds);
e P2 - Move straight on the blue crossroad (70 seconds);
e  P3- U-turn at blue crossroads + crosswalk (10 seconds).
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Fig. 7. Values after transfer to another crossroad.

Traffic light phases are optimized to identify the best traffic light phases at two
intersections to maximize model throughput.
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Fig. 8. Optimization of traffic light phases at 2 intersections.

Traffic light phase optimization data is inserted into the model. According to the results,
the passage of 3774 cars per hour is obtained.
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Fig. 9. Model result after optimization.

To compare the work of the method of maximizing the number of passing cars, the
optimization method is used to minimize the time of crossing intersections. To do this,
additional variables are created that collect statistics on the travel time of cars from the stage
of their creation in the system until they leave the system. The optimizer finds the minimum
value of the objective function based on the crossing time in minutes.
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Fig. 10. Model travel time minimization optimization.

After optimization, the model was run according to the obtained optimization results, as
a result, 3643 cars per hour were obtained. It turns out that different optimization systems
produce similar results of the model.

2 1
1 P 3 ¢
2 . <] ® i 3 S
o—E—o 5 L )
92 11 81 9 s 0, 295
<] P2 3 s
6 -y :
2 o —0
i P % 142 5 137
oo |
320 20 300 2 Sk , -
1 ‘e %8 6 92 %f;@*\o @,—.l'-*'ﬂ??*\a@
0”“‘ﬂ*‘ 2 ’ S ¥ 1046 95 s 87
D T ” A Bl 4 8
242 O ) —0 ’ e
- s = 98 2 96 o0
375 19 356

Fig. 11. Model result after optimization the minimization of travel time.
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For comparison, according to the best obtained values of the phases of traffic lights, the
model was run for 2 hours to make sure that the model will continue to function after a longer
time and will give a positive result.
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Fig. 12. Model result in 2 hours.

After 2 hours of running the model, there is no traffic jam in this section and the values
are 7050 passing cars per hour.

3 Results

Based on the modernization and optimization carried out, it can be concluded that the
throughput will increase significantly and will not affect the turning cars to the supermarket
in any way. In this case, optimization will no longer greatly affect the result. The results are
given below:

Table 1. Model results.
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Amount of | 3104 | 3159 3746 3774 3643 7050
cars passed
Improvements
relative to the - 1,0177 1.2 1.216 1.17 7050/3104*2=1.14
real value
Ratio (%) - +102% +120% +121,5% +117% +114%

Adjusting the phases of traffic lights gives an increase of several percent. Transferring
the turn itself to another intersection increases traffic capacity by up to 120%.

4 Conclusion

After applying the upgrades and optimizations, we can conclude that the transfer of this queue
helps to get a throughput increase of up to 120%, and both optimization methods show
identical results that do not greatly affect the result of the model. Thus, if we consider
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subsequent intersections, we can find an intersection at which cars can turn around so as not
to slow down the general traffic in both directions. Based on the results obtained, it can be
said that such actions can increase traffic capacity without the economic cost of widening the
street. The optimization system is useful when you do not want to spend money on increasing
roads if you are not sure about their operation, as well as for optimizing traffic light intervals
based on statistics that can be changed depending on the traffic flow. But as the study shows,
optimization methods can’t always increase the throughput of the intersection.
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