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Purpose of the study: This study aims to optimize traffic light timing at the
Usman Salengke-Poros Malino-K.H. Wahid Hasyim intersection using a graph
theory approach. By modeling compatible traffic flows and calculating optimal
signal durations, the study seeks to reduce congestion, minimize delays, and
improve traffic efficiency.

Methodology: This study utilized manual traffic volume data collection
methods with direct field observations at the Usman Salengke-Poros Malino-
K.H. Wahid Hasyim intersection. It employed Webster's method for optimal
cycle calculation and MATLAB software for simulation. Tools included
measuring tapes (Stanley), stopwatches (Casio), and data sheets for recording
traffic flow. Surveys captured vehicle types and peak hour volumes.

Main Findings: The optimal traffic light cycle duration was calculated as 95
seconds, reducing the original cycle time of 128 seconds. Peak traffic volume
was observed at 1,383 pcu/hour (Usman Salengke North). The green light
duration increased for Usman Salengke North to 39 seconds and for Poros
Malino to 28 seconds. Total average vehicle waiting time decreased by 33.3%,
with improved throughput by 20%.

Novelty/Originality of this study: This study introduces a practical application
of graph theory for optimizing traffic light timing, using compatible flow
modeling to simplify intersection analysis. Unlike adaptive systems requiring
expensive technology, this approach relies on manual traffic data, offering cost-
effective solutions. It advances existing knowledge by providing a simplified,
scalable method for reducing congestion and enhancing traffic efficiency in
urban settings.
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1. INTRODUCTION

Graph theory is a branch of discrete mathematics that has long been known for its wide application in
various fields, including traffic system management. Graphs model discrete objects and relationships between
objects using points and lines as visual representations [1]-[3]. One concrete application of graph theory is in the
arrangement of traffic lights at intersections, which aims to manage vehicle flow efficiently and prevent congestion
[4]-[6]. Intersections such as Usman Salengke and Poros Malino Streetsoften experience congestion due to
suboptimal traffic light duration. Therefore, this study uses graph theory and the Webster method to find a solution
for better traffic light duration management.

Traffic congestion at intersections not only hinders mobility but also poses a risk of accidents [7]-[9].
Traffic flow conflicts, especially at busy intersections, are one of the main causes of congestion [10]-[12]. To
overcome this problem, compatibility graph theory is applied to model traffic flows that can run simultaneously
without causing conflict [13]-[15]. This approach allows for more efficient traffic light management, thereby
minimizing vehicle queues and waiting times that are often complained about by road users.

Adaptive traffic light systems have become a solution in various developed countries, where the duration
of red and green lights is set based on vehicle density. This system ensures that vehicle flows from various
directions have a more balanced waiting time, reducing congestion, and increasing traffic efficiency [16]-[18].
However, the implementation of adaptive systems requires accurate real-time data and integration between
intersections [19], [20]. In this study, graph theory is used to model a single intersection with a simpler yet effective
approach in calculating the optimal duration of traffic lights [21]-[23].

Compatibility graph theory offers a practical method for managing traffic lights by modeling vehicle
flows as nodes and compatibility relationships between flows as edges [24], [25]. This approach helps identify
traffic flows that can move together without causing conflict, thus minimizing the risk of congestion [26]-[28].
Using the Webster method, this study calculates the optimal duration of green, yellow, and red lights based on
vehicle volume data and road geometry [29]-[31]. The results of this approach are expected to improve the
smoothness of traffic flow at the intersections that are the focus of the study.

Graph theory is a branch of discrete mathematics that has long been known for its wide application in
various fields, including traffic system management. Graphs model discrete objects and relationships between
objects using points and lines as visual representations [32], [33]. One concrete application of graph theory is in
the arrangement of traffic lights at intersections, which aims to manage vehicle flow efficiently and prevent
congestion [34], [35]. Intersections such as Usman Salengke and Poros Malino Streetsoften experience congestion
due to suboptimal traffic light duration.

Therefore, this study uses graph theory and the Webster method to find a solution for better traffic light
duration management. Traffic congestion at intersections not only hinders mobility but also poses a risk of
accidents [36]-[38]. Traffic flow conflicts, especially at busy intersections, are one of the main causes of congestion
[39]. To overcome this problem, compatibility graph theory is applied to model traffic flows that can run
simultaneously without causing conflict. This approach allows for more efficient traffic light management, thereby
minimizing vehicle queues and waiting times that are often complained about by road users.

Previous research has conducted research that focuses on the problem of congestion at the Street Kolonel
Yos Sudarso intersection due to the duration of the green light being shorter than the red light, so that the vehicle
waiting time is not optimal [40]. Then previous research used the Monte Carlo simulation method to determine
the optimal time for traffic lights, with a probability distribution-based approach that focuses on the arrival time
and movement of vehicles in each direction [41]. This approach is effective in generating optimal time estimates,
but it lacks consideration of the interactions between compatible traffic flows in each direction. The main gap lies
in the method used, where the current study introduces a practical application of graph theory to simplify
intersection analysis and improve traffic efficiency, which has not been discussed in depth in previous studies. The
novelty of this research is the use of cross graph theory combined with Webster’s method to optimize the timing
of traffic lights at urban intersections. This approach offers a more systematic, simpler, and cheaper assessment
compared to high-tech adaptive systems, while filling the gap in previous research with more structured and
accurate data analysis.

This shows the importance of the current study to offer a more affordable solution that can be widely
applied in various urban conditions. In contrast, the current study uses a graph theory approach to analyze
compatible traffic flows, supported by the Webster method for optimal cycle calculation and simulation using
MATLAB. This approach is more structured and analytical than probabilistic, allowing for a more comprehensive
analysis of traffic efficiency at intersections. Thus, the current study fills the gap of previous studies by offering a
more systematic, simple, and scalable method to optimize traffic light timing, especially in urban areas with limited
adaptive technology. This makes this study important to be conducted in order to provide a more effective and
affordable solution to reduce congestion and improve traffic efficiency..

Adaptive traffic light systems have become a solution in various developed countries, where the duration
of red and green lights is set based on vehicle density. This system ensures that vehicle flows from various
directions have a more balanced waiting time, reducing congestion, and increasing traffic efficiency. However, the
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implementation of adaptive systems requires accurate real-time data and integration between intersections. In this
study, graph theory is used to model a single intersection with a simpler yet effective approach in calculating the
optimal duration of traffic lights. Compatibility graph theory offers a practical method for managing traffic lights
by modeling vehicle flows as nodes and compatibility relationships between flows as edges. This approach helps
identify traffic flows that can move together without causing conflict, thus minimizing the risk of congestion.
Using the Webster method, this study calculates the optimal duration of green, yellow, and red lights based on
vehicle volume data and road geometry. The results of this approach are expected to improve the smoothness of
traffic flow at the intersections that are the focus of the study.

2. THEORETICAL BASIS

Graphs are used to describe various existing structures, such as organizational structures, road routes, and
course flowcharts [40]-[42]. The goal is to describe objects so that they are easier to understand. A graph G consists
of; A graph consists of two finite sets, namely the set of non-empty vertices V(G) and the set of edges E(G) [45].
Each edge is associated with one or two points. An edge associated with one point is called a Loop.

Traffic signal optimization is an important step in reducing congestion at intersections [46], [47]. This
study uses graph theory as a basis for representing the relationship between traffic flows at an intersection. The
graph consists of G (V, E) on the node (V) which represents objects (e.g. lanes or traffic directions) and edges (E)
which represent relationships between nodes (e.g. traffic flow compatibility). A visual representation of the graph
is shown in Figure 1 below.

vl

v4 v2

v3

Figure 1. A graph

The Compatibility Graph is used to show compatible pairs of traffic flows (can move together without
causing conflict) [48], [49], [50]. An example of a compatibility graph is shown in Figure 2, where nodes represent
traffic directions and edges connect compatible flows. Nodes a, b, ¢ and others represent traffic flows. Edges
connect nodes whose flows can move together.

e d
Figure 2. Compatible graph form

Webster's method is used to determine the optimal traffic light switching time. The formula used to
calculate the optimal cycle length is:

Optimizing Traffic Light Timing Using Graph Theory: A Case Study at Urban Intersections...(Darmaji)
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Where:

C: Traffic light cycle length (seconds)

L: Total time lost (seconds)

L: The sum of the critical current ratios of all phases.

Table 1 below explains the saturation flow based on road width, which is used for the calculation..

Table 1. Saturation current at the junction (Webster method)
Road width (m) 305 335 365 395 425 460 490 520
Saturation current (pcu/h) 1850 1875 1900 1950 2075 2250 2475 2700
Source: Lecture Dictation 9 RLL, ITP teaching staff

If the width () exceeds this, then the saturation flow = | x 525 (pcu/h). Figure 3 below shows a traffic
flow diagram at a road intersection, which is the basis for modeling in this method.
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Figure 3. Traffic flow diagram at a road intersection
Information:

————————————— = traffic flow
» = connecting compatible pairs of dots

The explanation of Figure 3 is that current a is compatible with currents b, d and f, but not with c, and e.
While current f is compatible with currents a, b, ¢, d, and e. This compatibility can be shown with a compatible
graph, namely the vertices represent traffic flows and the edges connect pairs of vertices whose currents are
compatible.

Traffic lights are a control device using lights installed at intersections with the aim of using lights
installed at intersections with the aim of regulating traffic flow [51], [52]. Traffic flow regulation at intersections
is basically intended for how vehicle movements in each group of vehicle movements can move alternately so as
not to interfere with each other between existing flows. There are various types of control using traffic lights where
these considerations are highly dependent on the situation and conditions of the existing intersection such as
volume, geometry, intersections and so on.

Geometry and traffic conditions will affect the capacity and performance of traffic at intersections [53],
[54]. Therefore, planning must be able to design in such a way that it is able to distribute time to each group of
vehicle movements proportionally so as to provide the best possible performance. The traffic light system uses the
following types of lights [55], [56]:

a. Green light; is a vehicle that gets a signal must move forward.
b. Yellow light; is a vehicle that gets a signal must anticipate if possible to make a decision for the next traffic light
to come into effect (green or red light).
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c. Red light; is a vehicle that gets a signal must stop before the stop line.

Please note that with the new traffic light regulations for vehicles turning left as long as it is not
specifically regulated, the vehicle may continue turning. The lighting with various lights is applied to separate the
traffic light based on time.

3. RESEARCH METHOD
3.1 Types of research

The type of research used in this study is applied, namely one type of research that aims to determine the
arrangement of traffic lights at the Usman Salengke-K. H. W. Hasyim-Malino Poros intersection, Gowa Regency.
Applied research is a type of research that aims to solve practical problems by applying existing theories or
principles in a specific context. Unlike basic research that focuses on developing new theories and knowledge
without directly considering practical applications, applied research is more directed at finding solutions that can
be used in real-world situations.

3.2 Data source

The data used in this study is primary data. Primary data is data obtained from direct observation in the
field. The data to be taken in such a way that each object of research from the population has an equal opportunity
to be selected. The population object of this study is the number of vehicles and the number of lanes at the
intersection of the Usman Salengke- K. H. W Hasyim- Poros Malino road, Gowa Regency.

3.3 Location and Time of Research
The research location is the Usman Salengke-K. H. Wahid Hasyim-Malino Poros intersection, Gowa
Regency, the research period started from August to October.

3.4 Research Procedures

The steps to achieve the objectives of this study begin with data collection. The data collected in this
study include two main aspects, namely road geometry data and traffic volume data. Geometry data includes road
names and road widths in each section that is part of the intersection. Meanwhile, traffic volume data is recorded
in detail with a recording procedure every 15 minutes for a one-hour period during peak hours, which is then
converted to units per hour for analysis purposes. The composition of the observed traffic movements consists of
three categories, namely: light vehicles (Light Vehicle or LV), including passenger cars, oplets, microbuses, and
pick-ups; heavy vehicles (Heavy Vehicle or HV), namely vehicles with more than four wheels; and two- or three-
wheeled motorized vehicles (Motor Cycle or MC), such as motorcycles and motorized pedicabs. Data collection
was carried out at three different time periods to reflect variations in daily activities. The morning period was
carried out at 07.00-08.00 CIT, assuming high mobility of workers and students who depart at that time. The
daytime period is carried out at 12.30-1.30 pm CIT, assuming that many students are returning from school and
other activities are taking place. Meanwhile, the afternoon period is carried out at 4.30-5.30 pm CIT, assuming the
high mobility of workers returning from work. Next, draw the shape of the intersection.

To change the shape of the intersection into a compatible graph, the following steps are taken: First, create
nodes on the graph, where each node represents the traffic flow at the intersection. Next, determine the edges that
connect the two nodes. This edge is given to represent the relationship between two flows that cross or cross each
other, indicating a compatible flow pair [57]. Thus, this compatible graph illustrates how compatible traffic flows
can move together without conflict at the intersection. Then simplify the compatible graph, then simplify the
compatible graph. The compatible graph is transformed into a weighted directed dual graph by giving weights
based on two main parameters [58]:

Road Width:

a. For roads with a width of less than 4 meters, a value of 4 is given.
b. For road widths between 4-5 meters, given a value of 3.

c. For road widths of more than 5 to 6 meters, given a value of 2.

d. For road widths of more than 6 meters, given a value of 1.

Volume of Vehicles:
a. Above 2000 vehicles/hour, given a value of 5.
b. For volumes of 1500-2000 vehicles/hour, given a value of 4.
c. For volumes of 1000-1499 vehicles/hour, given a value of 3.
d. For volumes of 500-998 vehicles/hour, given a value of 2.
e. For volumes of 0-499 vehicles/hour, given a value of 1.
Next, determine the optimum cycle time using the formula:
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Determine the maximum number of green time cycles, the number of green time cycles = C_0-Lt
Continued by determining the green time for phases 1, 2, and 3

y X maximum number of green time cycles
Fase, = =%

w (3

Red time for phases 1, 2, and 3
Fase, =

Cy — green time — yellow time

(4)
4,

RESULTS AND DISCUSSION

The intersection used as the research location is in Sungguminasa, Gowa Regency. The intersection in

question is the intersection of Usman Salengke (south), Malino Poros, Usman Salengke Utara and K.H. Wahid
Hasyim. The geometric picture of the intersection can be seen in the image below.
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Figure 4. Crossroads

In Figure 4, the northern part is Usman Salengke Streetwhich has two lanes with each entrance and exit
lane being 8 meters wide. In addition, there is a left turn lane directly at the entrance lane with a width of 6 meters.
The southern part is also Street Usman Salengke, which has two lanes with each entrance and exit lane being 7
meters wide. The western part is Street K.H. Wahid Hasyim, which has two lanes with each entrance and exit lane
being 3.5 meters wide. Meanwhile, the eastern part is Street Poros Malino, which also has two lanes with each

entrance and exit lane being 5 meters wide. The data on the duration of the traffic light cycle at the four-way
intersection of St. Usman Salengke-Poros Malino-K.H.Wahid Hasyim is presented in the following table 2:

Table 2. Traffic light cycle time
Road Section Red (seconds) Yellow (seconds) Green (seconds)
Usman Salengke (south) 81 5 17
Malino Axis 90 5 33
Usman Salengke (north) 72 5 48
K.H. Wahid Hasyim 90 5 33

Based on Table 2, the data on the traffic light cycle at the intersection of St. Usman Salengke-Poros
Malino-K.H.Wahid Hasyim, uses 3 phases, where for Usman Salengke Street(south) the red duration is 81 seconds,
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yellow is 5 seconds and green is 17 seconds. For Street Poros Malino and Street K.H.Wahid Hasyim the red
duration is 90 seconds, yellow is 5 seconds and green is 33 seconds. For Usman Salengke Street(north) the red
duration is 72 seconds, yellow is 5 seconds and green is 48 seconds. The intersection of Usman Salengke
StreetPoros Malino-K.H.Wahid Hasyim is an intersection that often experiences congestion, this is due to the high
volume of vehicles. Traffic volume data was obtained by conducting a survey and recording all types of vehicles
passing through the intersection.

The traffic volume recorder for 15 minutes every hour, which is then converted from vehicles per hour to
passenger car units (pcu) per hour. Traffic flow data collection was carried out for three days, namely Monday,
October 7, 2024, representing effective working days; and Sunday, October 20, 2024 representing holiday
activities (off peak). From the two days of observations in the field, the peak flow was obtained, namely on
Monday, October 7, 2024, which became the traffic volume and composition data in this study. The following data
is the result of observations of traffic volume at peak flow which can be seen in the table below.

Table 3. Traffic volume on the Usman Salengke road section (South)

(LV) (HV) (MQ)
time PCE = 1.0 PCE=1.3 PCE =0.2 Total
Vehicles PCU Vehicles PCU Vehicles PCU Vehicles/hour PCU/hour
1 2 3 4 5 6 7 8=2+4+6 9=3+5+7
07.00-08.00 936 936 4 5.2 1888 377.6 2828 1318.8
12.00-13.00 504 504 4 5.2 1532 306.4 2040 815.6
16.30-17.30 104 104 0 0 216 43.2 320 147.2

The peak traffic volume during the two days of observation was recorded on Monday evening, October
12, 2024, between 16:30 and 17:30 CIT. Based on Table 3, the peak hour traffic volume for St. Usman Salengke
(South) occurred in the morning between 07:00 and 08:00 CIT, with the number of light vehicles reaching 936
vehicles/hour, heavy vehicles at 4 vehicles/hour, and motorcycles at 1,888 vehicles/hour. All vehicle types were
converted into passenger car units (PCU), resulting in 936 PCU/hour for light vehicles, 5.2 PCU/hour for heavy
vehicles, and 377.6 PCU/hour for motorcycles. Thus, the peak hour volume was calculated to be 1318.8 PCU/hour.

Table 4. Traffic Volume on Usman Salengke Road (Northbound)

(LV) (HV) (MC)
time PCE = 1.0 PCE=1.3 PCE =0.2 Total
Vehicles PCU Vehicles PCU Vehicles PCU Vehicles/hour PCU/hour
1 2 3 4 5 6 7 8=2+4+6 9=3+5+7
07.00-08.00 56 56 0 0 172 34,4 228 90.4
12.00-13.00 660 660 8 10.2 1108 221.6 1776 891.8
16.30-17.30 980 980 8 10.2 1964 392.8 2952 1383

Based on Table 4, the peak hour traffic volume for St. Usman Salengke (Northbound) occurred in the
afternoon between 16:30 and 17:30 CIT, with the number of light vehicles reaching 980 vehicles/hour, heavy
vehicles at 8 vehicles/hour, and motorcycles at 1,964 vehicles/hour. All vehicle types were converted into
passenger car units (PCU), resulting in 980 PCU/hour for light vehicles, 10.2 PCU/hour for heavy vehicles, and
392.8 PCU/hour for motorcycles. Thus, the peak hour volume was calculated to be 1383 PCU/hour.

Table 5. Traffic volume on the Malino main road section

(LV) (HV) (MC)
time PCE = 1.0 PCE=1.3 PCE =0.2 Total
Vehicles PCU Vehicles PCU Vehicles PCU Vehicles/hour PCU/hour
1 2 3 4 5 6 7 8=2+4+6 9=3+5+7
07.00-08.00 628 628 4 5.2 964 192.8 1596 826
12.00-13.00 180 180 4 5.2 456 91.2 640 276.4
16.30-17.30 84 84 4 5.2 180 36 268 125.2

Based on Table 5, the traffic volume of St. Poros Malino, the peak hour volume occurs in the morning at
07.00-08.00 CIT, with the number of light vehicles of 628 vehicles/hour, heavy vehicles of 4 vehicles/hour and
motorcycles of 964 vehicles/hour, all types of vehicles are converted to passenger car units (pcu), so that 628
pcu/hour are obtained for light vehicles, 5.2 pcu/hour for heavy vehicles and 192.8 for motorcycles, so that the
peak hour volume is 826 pcu/hour.
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Table 6. Traffic volume on the K.H. Wahid Hasyim road section

(LV) (HV) (MC)
time PCE=1.0 PCE=1.3 PCE=0.2 Total
Vehicles PCU Vehicles PCU Vehicles PCU Vehicles/hour PCU/hour
1 2 3 4 5 6 7 8=2+4+6 9=3+5+7
07.00-08.00 102 102 0 0 141 28,2 243 130,2
12.00-13.00 60 60 0 0 92 18,4 152 78,4
16.30-17.30 196 196 4 5,2 444 88,8 644 290

Keterangan: (LV) = Light Vehicle; (HV) = Heavy Vehicle; (MC) = Motorcycle

Based on Table 6, the traffic volume of St. K.H. Wahid Hasyim, the peak hour volume occurs in the
afternoon at 16.30-17.30 CIT, with the number of light vehicles of 196 vehicles/hour, heavy vehicles of 4
vehicles/hour and motorcycles of 444 vehicles/hour, all types of vehicles are converted to passenger car units
(PCU), so that 196 pcu/hour is obtained for light vehicles, 5.2 PCU/hour for heavy vehicles and 88.8 for
motorcycles, so that the peak hour volume is 290 pcu/hour. Changing the shape of the intersection into a
compatible graph. Can be seen in the following table 7:

Table 7. Compatible graph forms

The Knots Compatible graphs

c b f

(] { (]
a d
( (

k @ o

g ]
( (]

i h I

{ () (]

In the Compatible Graph image in table 7, the Usman Salengke-Poros Malino-K.H.Wahid Hasyim
intersection consists of 12 lanes with the names a, b, ¢, d, e, f, g, h, |, j, k, and |. Point a shows the traffic flow at
a, point b shows the traffic flow at b, point ¢ shows the traffic flow at ¢, and so do points d, e, f, g, h, I, j, k, and I.
For more details, see Table 8, Compatible and Incompatible Flows.

Table 8. Compatible and incompatible currents

Traffic Flow Compatible With Not compatible with
a b,c,d, e f,g,hijk andl -
b a,¢dfg,handj e,ik,and |
c a,b,daogj efhjiandl
d a,b,cefghijkandl -
e a,df,gijandl b,c,h,and k
f a,b,de g andj ¢,hlk,and |
g a,b,cdefghijkandl -
h a,b,cefgljk d,fi,and |
i a,d, e, g hand]j b,c,fkand I
j a,b,cdefgandl h,i,k
k a,cdeqgjandl b,f,h,and |
I a,d,g,hj,kandl b,cefandi
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The intersection is changed into a compatible graph and compatible currents are obtained. Based on Table
4.6, it is obtained that nodes a, d, g, and j are compatible to all other nodes, after getting compatible currents,
changing the compatible graph to a weighted directed dual graph and obtained for K.H. Wahid Hasyim street has
a weight of 10, Usman Salengke street (south) has a weight of 12, Poros Malino street has a weight of 14, and
Usman Salengke Utara street which has a weight of 12. Because Usman Salengke street (north) and Usman
Salengke (south) have the same weight, so the number of phases at the intersection is three. Because nodes a, d, g,
and | are compatible to all lanes, then from the Figure in table 7 Compatible graph, nodes a, d, g, and I are removed
so that the Figure changes to the following Figure 5:

e f
Figure 5. Compatible Graph

Next, transform the compatible graph into a weighted directed dual graph..

€ f

Figure 6. Weighted Directed Dual Graph

In Figure 6, nodes b and c are the traffic flows on K.H. Wahid Hasyim Street which have a weight of 10.
Nodes e and f are the traffic flows on Usman Salengke Street (south) which have a weight of 12. Nodes i and h
are the traffic flows on Poros Malino Street which have a weight of 14. Nodes k and | are the traffic flows on
Usman Salengke Utara Street which have a weight of 12. Because Usman Salengke Street (horth) and Usman
Salengke (south) have the same weight, the number of phases at the intersection is three. After getting the number
of phases, the next step is to determine the optimum cycle time (C,)

1.5XLt+5
1-FR

Co = ..(4)
To get the optimum cycle time, first determine:

Yellow time (R) = 5 seconds

Saturation flow at each intersection

For the north direction = 14 x 525 = 7350 pcu/hour
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For the south direction = 7 x 525 = 3675 pcu/hour
For the east direction = 6 x 526 = 3150 pcu/hour
For the west direction = 1875 pcu/hour
Determine the value of y

y_u=1383/7350 = 0.1881

y_s=1318/3675 = 0.3586

y_t=2826/3150 = 0.2622
y_b=290/1875=0.1546

FR ZZYmax

=0.3586 + 0.2622 +0.1546
=0.7736

Determining lost time (Lt)
Lt=2n+R

=2(3)+5

=11

So the optimum cycle time is:
B 15xLt+5

°~ 1-FR
B 15X Lt+5

Co = 1—0.7736
21.5

Co= 02264
Co = 95 detik
Then the maximum number of green time cycles is = C, — Lt
=95-11
= 84 detik
Green time
0.3586 X 84
Fasel| =—n—
0.7736
— 301224
~ 07736
=39 second
Fase ” — 0.2622 X 84
0.7736
_ 22.0248
~ 07736
= 28 second
Fase lll = 0.1546 X 84
0.7736
_ 12.9864
~ 07736
=17 second
Red time
Fase | =C,— green time — yellow time
=95-39-5
=51 second
Fase Il =C, — green time — yellow time
=95-28-5
=62 second
Fase lll =C, — green time — yellow time
=95-17-5
=73 second
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Table 9. New traffic light duration

Direction green yellow Red
North 39 5 51
East 28 5 62
South 39 5 51
West 17 5 73

Based on the results that have been described previously, then a discussion was conducted on the
application of graph theory in traffic light settings at the intersection of Street Usman Salengke, Poros Malino and
K.H. Wahid Hasyim, Gowa Regency. The discussion includes intersection geometry data, vehicle volume,
compatible graph, optimum cycle time, green time and red time. The geometric condition of the intersection of
Usman Salengke Street(north), St. Poros Malino, St. Usman Salengke (south) and St. K.H. Wahid Hasyim does
not have a median road, where the incoming and outgoing flows are on the same lane. At the intersection there is
no canalization due to limited land.

This study utilizes a compatible graph theory approach to optimize traffic light arrangements at the four-
way intersection of Street Usman Salengke-Poros Malino-K.H. Wahid Hasyim. By defining nodes and edges to
represent compatible traffic flows, this approach successfully visualizes interactions between flows and identifies
the most efficient phase for each lane. This approach differs from algorithms such as ELMOPP which are more
complex and based on machine learning, because the focus of this study is on practical implementation based on
road geometry and existing vehicle volume.

The optimum cycle time duration was calculated using the Webster method with results showing a cycle
time of 95 seconds. Compared to the existing cycle in the field of 128 seconds, this result shows a significant
reduction in waiting time. The green time for each phase was also revised, for example, on Usman Salengke
Street(north) to 39 seconds from 26 seconds in the field. The same applies to other sections, such as on Poros
Malino and K.H. Wahid Hasyim, where the proposed green time is more in line with the distribution of vehicle
volume during peak hours.

This graph-based approach offers the advantage of identifying compatible flows that can move together
without conflict [59], [60]. By eliminating fully compatible nodes such as nodes a, d, g, and | from the graph, this
study successfully simplified the model into a weighted directed dual graph. This step reduces the complexity of
the analysis, allowing for more accurate calculations of green and red times for each phase without the need for
additional devices such as cameras or GPS as required in machine learning-based approaches.

The increase in efficiency is seen from the decrease in red time for all phases, such as on Street K.H.
Wahid Hasyim which was reduced from 90 seconds to 73 seconds. This decrease contributes to a more balanced
time distribution between moving and stopping flows, thereby reducing the risk of vehicle congestion on each
lane. Overall, this approach provides a simple and applicable solution for traffic management at the study site,
with results showing an increase in throughput and efficiency of the overall traffic system.

To ensure the validity of the results, additional simulations were conducted based on field data and the
compatible graph model that has been created. This simulation uses MATLAB software to model changes in traffic
light cycle times at the four-way intersection of Street Usman Salengke-Poros Malino-K.H. Wahid Hasyim. The
simulation was conducted in two main scenarios: (1) application of the current model with a cycle time of 128
seconds (field) and (2) application of the research cycle time of 95 seconds with a green, yellow, and red
distribution according to the Webster method. The following is the simulation output in the form of a comparison
of the average waiting time between the current traffic light model (128 seconds) and the optimized model (95
seconds). This figure shows the difference in vehicle waiting time during peak hours.

Comparison of Wait Times Between Current and Optimized Traffic Models

300 Current Model (1285)
350 W Optimized Model (955)

300

Average Wait Time (seconds)

07:00-08:00 12:00-13:00
Peak Hours

Figure 7. Results of comparative analysis of vehicle waiting times

16:30-17:30
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In the first scenario, the total vehicle waiting time at all intersections reached an average of 360 seconds
per vehicle during the morning peak hour (07.00-08.00 CIT). Meanwhile, in the second scenario, the waiting time
decreased to 240 seconds per vehicle, indicating a reduction of 33.3%. This is in line with the findings of Sheriff
[61], where reducing the duration of excessive traffic light cycles was shown to increase system throughput. With
an optimal cycle time of 95 seconds, vehicle throughput increased by an average of 20% compared to the field
setting.

Simulations show that a more proportional distribution of green time, such as increasing the green time
for Usman Salengke Street(south) from 17 seconds to 39 seconds, provides more space for high-volume vehicle
flows. The compatible graph model shows that eliminating nodes with full compatibility (nodes a, d, g, and 1) is
effective in minimizing conflicts. The simulation results prove that the frequency of long queues is reduced by
25%, which shows the effectiveness of the graph model in mapping and eliminating unnecessary flow conflicts.
In comparison with adaptive systems such as the Sydney Coordinated Adaptive Traffic System (SCATS), the
simulations show that the compatible graph-based approach has the advantage of significantly lower
implementation costs. SCATS requires additional road sensors, while this approach only requires vehicle volume
data that can be obtained manually, as suggested in the Sheriff study [58] on the cost-effective use of data in traffic
management.

The simulation results show that the implementation of a 95-second cycle time not only reduces waiting
time but also improves the efficiency of green time distribution. This is relevant to the ELMOPP (Edge Load
Management and Optimization through Pseudo-flow Prediction) study by Sheriff [58], which suggests that graph-
based models can provide local optimization solutions that approach the global optimum with low complexity.
However, this research approach is simpler because it does not utilize technologies such as cameras or LSTM-
based predictive algorithms. In addition, this finding supports the results of studies using the Split Cycle Offset
Optimization Technique (SCOQOT), where dynamic traffic light timing based on local data can reduce congestion
by up to 30% in a case study of urban roads. This compatible graph-based approach provides similar results to
much more complex methods such as SCATS and SCOOT, but at a lower cost and without requiring significant
physical modifications to the road.

This study presents an innovative approach by utilizing compatible graph theory to optimize traffic light
arrangements at four-way intersections on Street Usman Salengke, Poros Malino, and K.H. Wahid Hasyim. The
novelty lies in the application of compatible graphs to efficiently model interactions between traffic flows, identify
optimal phases, and simplify the complexity of cycle time calculations using methods based on road geometry and
vehicle volume. The results show a decrease in traffic light cycle time from 128 seconds to 95 seconds, which has
an impact on reducing vehicle waiting time and increasing traffic flow efficiency, while providing a practical
solution without requiring additional technology such as machine learning-based sensors.

In the short term, this study provides direct benefits in the form of increasing the efficiency of traffic
arrangements at the research location by reducing congestion during peak hours, especially through adjusting the
duration of green and red that is more proportional to vehicle volume. This can increase traffic throughput and
reduce travel time for road users [9], [62], [63]. In the long term, this simple and applicable compatible graph-
based approach can be adopted by transport authorities in other regions with similar intersection characteristics.
In addition, this method opens up opportunities for further development into an adaptive system that is able to
adjust the duration of traffic lights based on changes in vehicle volume in real-time, creating a more responsive
and sustainable traffic system. However, this approach has limitations in scalability, especially when applied to
more complex road networks with interconnected intersections. Further research can consider combining the
graph-based approach with simple machine learning algorithms, such as ITLC, to account for more complex traffic
dynamics without significantly increasing operational costs..

5. CONCLUSION

This study successfully optimized the traffic light arrangement at the Usman Salengke-Poros Malino-
K.H. Wahid Hasyim four-way intersection using the compatible graph theory approach and the Webster method.
The results showed that the optimal cycle time duration was 95 seconds, which was more efficient compared to
the current field setting of 128 seconds. With a more proportional distribution of green, yellow, and red times, this
study successfully reduced vehicle waiting time by 33.3% and increased average vehicle throughput by 20%. The
compatible graph-based approach was also effective in mapping compatible traffic flows, reducing conflicts, and
simplifying the analysis model with a weighted directed dual graph. Simulations showed that this method offers
high cost efficiency compared to adaptive systems such as SCATS, without requiring additional devices such as
cameras or road sensors. Although the results are promising, this study has limitations in scalability, especially on
more complex road networks. Therefore, further research is recommended to integrate the compatible graph
approach with simple machine learning-based algorithms to account for more complex traffic dynamics and
improve efficiency on interconnected urban road networks.
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