Using “GUI” programming environments to calculate the level
of service at intersections
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Abstract. Inside busy cities, road congestion is common due to the large number of vehicles.
Modifying existing infrastructure only for certain periods of peak time or for specific events
involves high costs, so it is desirable to use its full capacity. At the same time those in charge of
traffic optimization level infrastructure and coordination are municipalities. Based on the above
premises it can be seen that for a better optimization of traffic in a critical situation and require
the use of unique software for calculating traffic light times, service level, etc. The paper aims
at using software platforms in "GUI" applications to be used in the context of dynamic changes
in road traffic.

The level of service indicates the degree of use (load intersection, through the transit of vehicles and a
degree of creating congestion) at an intersection, translated in time constant [1] [2].

These criteria of analysis are necessary for rapid examinations imposed a junction and offers some
quick values that can identify in real time where the intersection and the problems studied.

The maximum service flow rate is defined as the maximum number of vehicles that can cross a
uniform road section over a given time period (preferably 15 minutes) under certain road, traffic and
control conditions to maintain a certain level of service projected [8].

They are highlighted as follows:

» Level A: characterizes free flow, with individual users, virtually unaffected by the presence of

other traffic vehicles.

Level B: characterizes stable flows with a high degree of freedom in choosing speed and operating
conditions that have little influence on other road users.

Level C: characterizes restricted flows that remain stable but interact with other participants in
traffic flow. The overall comfort and safety level drops considerably.

Level D: characterizes the high-density flow in which speed and maneuverability are severely
restricted, and comfort and safety are low even if the flow remains stable.

Level E: characterizes unstable flow at or near the capacity limitation, with the lowest level of
comfort and safety.

Level F: corresponds to conditional traffic in which the number of vehicles arriving at a point
exceeds the service possibilities and therefore creates the conditions of tail formation (traffic
jams), low comfort and increased accident risk.
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2. Designing the graphical user interface (GUI)

Designing the graphical user interface was done using the MATLAB platform, GUI mode. Figure 2
shows how the buttons, windows, etc. were arranged in the design interface of the user interface, and
also figure 2 represents the graphical interface in the running mode, i.e. as seen by the user [3] [4].
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Figure 2. Working window for the GUI

The main window (Figure 2) is divided into four distinct zones [5] in order to enter the input data for
the level of service calculation:
o Arealis the area where inputs will be entered for vehicle volumes for each lane of bands existing
on that arm.
e Zone 2 represents the area where the saturation flow for each group of bands will be entered.
o Zone 3 is the area where all the values associated with the types of traffic lights are to be entered,
depending on the signal plan configuration.

e Zone 4 is the group area of the control delay calculation buttons for the band groups, arms and
intersection studied.
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Figure 4. Area 3 and 4 of the GUI window

In order for the software not to be stuck in an infinite loop or loop due to errors that may occur when
data is entered, codes are provided on all critical areas to provide error windows. For example, one of
these errors is found at the introduction of traffic phases, so this window appears if less than two phases
are entered [6].

2.1. Conceiving the software instruction code
This subchapter presents the main sequence of instructions, sequences that calculate, check, and display
the service level values at the intersection studied.

Figure 5 shows the code for initializing the graphical interface, entering the text boxes with the
default value of 0, and resetting the constants and the database to calculate the service level.

tDsbit d= saturatis psntru grup e din Nord | for i = 2:3|

set (handl. editl3, 'scr .38 set (handles. (['pushbutton',num2str(i)]),'snable’','0ff');

set (handles.editl4, 'string', 8 end;

sDebit de saturatie pentru grupurile din Sud

set (handles.editlé, 'string','3600'); for i = 42:45 Flgu re 5 Program
sec (handles.editl?, 'scring', ' 1800'); set (handles. (['edit', num2ste(i)]), 'visible', 'off') :

3Debit de saturatie pentru g ile din Est set (handles. [['=dit',num2str (i)]), 'string','0'); Code ||neS
set (handles.editl9, 'string' end

set (handles.edit20, 'string', ;

tDebit de saturatie pentru grupurile din Vest | gor i = 13:25

gegiibandl esbedtioavia e Enolr R set (handles. (['textc',numZsce(i)]), 'visible', 'off')

set (handles.edit23, 'string','1800');

end;

Figure 6 is the procedure for displaying the error when the user enters the number of traffic cycles
less than 2.

%% verificare pentru numar de faze de circulatie mai mare ca 2 sau egal cu 2
for i = 1:4

if (strZnum(get (handles.editZé, 'string')) == 0 || strZnumiget (handles.editls, 'string')) == 1)
errordlg(' numarul de faze nu este posibil','sroare!); H
- Figure 6. Program
sise . - code lines for error
for j = 42:(4Z+(strZnum(get (handles.edit2é, 'string'))-1))
set (handles. (['edit',num2ste(4)]), 'visible','on'); SyntaX
end;
end
end
3%

The next step is to retrieves user input into the text boxes and converts them into input variables to
be entered into the service level code. After the values are transformed from string to integer variables
the code for calculating the traffic capacity that takes into account the intersection geometry and all the
traffic volumes stored in the database when the software is opened, is called, as can be seen in the figure
7.

After the traffic capacity is calculated the code for the flow-capacity calculation is called. All
variables used in the program code are retrieved from the database, created temporarily by the software.
The next code called is for the calculation of the uniform delays and incremental delays at the
intersection studied, and uses "for" and "if" instructions to be able to calculate the delays values as
accurately as possible depending on the intersection geometry. The next step is the call of the code for
the calculation of control delays for every group of movement, the aggregation of the control delay for



every junction arm and finally the control delay for the intersection and the placement of delays in a
Level of Service structure [7].

if De < 10

set (handles.text38, 'string', 'Nivel d= serviciu - A - Circ
elseif 10 <= Dc && Do < 20
set (handles.text38, 'string', 'Nivel de serviciu - B - Circ

tie fluenta, fara cozi de asteptars, viteza libera de circulatie');

tie fluenta, fara cozi de asteptars, viteza mai redusa');:
elseif 20 <= De && De < 35

set (handles.text3s, 'string', 'Nivel de serviciu - C - Circulatie aceeptabila, posibiliati pentru formarea cozilor de asteptars, viteza mai redusa'):
elseif 35 <= Dc & Dc < 55

set (handles.text3s, 'string','Nivel de serviciu - D - Circulatie acceptabila, cozi de asteptare reduse, vitesza redusa');
elseif 55 <= Dc && Dc < 80

set (handles.ctextds, 'string', 'Nivel de serviciu - E - Circulatie dificila, cozi de asteptare permanente, vitesza redusa');
£lseif De >= 80

sec (handles.ctext3s, 'string', 'Mivel de serviciu - F - Circulatis foarce dificila, cozi de asteptars permenente, viteza redusa, opriri multiple');
end;

Figure 7. Code for placing the delay values in a LOS area

3. Case study for a junction in Craiova city

Verification of the LOS and at the same time the functionality of the computing application made in the
MatLab platform will be accomplished with data taken from an intersection in Craiova. The intersection
chosen is a transfer area between two neighborhoods and the city center, as well as a critical point thanks
to the municipal hospital in Craiova, as can be seen from Figure 8.

Figure 8. Studied junction, aerial view

Based on the measurement the vehicle volumes for each movement arm at the intersection studied
are formed by two groups each with calculated based on a cumulative volume of movements. At the
same time, the saturation flows for the lane groups will be considered as 1800 vehicles.
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Figure 9. Measured vehicles volumes

In order to be able to check the service level of the intersection studied, it is necessary to provide the
software with the data on the intersection traffic lights. Thus, the greening times at the intersection
reported for each phase (the northern phase has 32 seconds, the south phase has 29 seconds, the phase
is 16 seconds, and the west phase has 15 seconds), were measured also. It can also be seen that the
duration of the traffic light cycle is 112 seconds, and the intersection protection and release times at the
end of each phase are 3 seconds of yellow and 2 seconds of red.

Durata ciclului de semaforizare 112

Fumarul de fare de semaforizare 4 32 Figure 10. Traffic Iight Signal plan
- for the studied intersection
1=

After running the input data through the LOS calculation software, we obtained the specific
intersection results studied divided into delays related to movement groups, arm and intersection.



We can draw the following conclusions by evaluating figure bellow:

43.3501

Delays for the North arm are 35.5 seconds

Delays for the South arm are 55.3 seconds

Delays for the East arm are 42.3 seconds

Delays for the West arm are 43.3 seconds

Delays for the study junction are 44.4 seconds, so the Level of Service is in Class D (approaching
unstable operations where small increases in volume produce substantial increases in delay and
decreases in speed [8]).
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Figure 11. LOS representation based
Nivel de serviciu - D - Crculatin acceplais, cozi de asteptars reduse, vileza radusa on the MATLAB application

4. Conclusions
The utility behind the LOS MATLAB application is being designed to help in the following aspects:

A rapid verification tool for intersection delays;

Graphical user interface as simple and intuitive as possible;

Creating the programming procedures so as to use as few resources as possible;

It is an application designed for rapid calculation so that it can be easily used by personnel without
special training in the field;

Can be used on the field or in the office by changing input data very quickly to see the differences
in delay time between different traffic flows;

The application can rapidly evaluate different types of signal plans based on the LOS results.
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