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Abstract. Traffic jams often occur at traffic control points located at adjacent intersections. One
proposed solution is to establish coordinated traffic control. The vehicle flow at each intersection
is managed by an agent acting as the traffic controller. This study conducts an experiment with two
traffic controllers at two nearby intersections, managed by a master agent and a slave agent. A
coordination algorithm is developed to synchronize the timing of the traffic lights so that the timing
at the slave agent can be adjusted according to vehicle arrivals from the master agent. On the main
road, the agent located where many vehicles enter can be designated as the master agent, while the
agent subsequently passed by these vehicles can be designated as the slave agent. This coordinated
traffic control can be implemented with a microcontroller-based system and simulated using
Matlab's SimEvents. By applying this timing coordination, the average waiting time for most vehi-
cles to receive a green signal can be reduced to a quarter of the cycle time, effectively reducing the
likelihood of traffic congestion.
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1 Introduction

Traffic congestion in Indonesia has caused significant issues, including increased travel times, fuel
costs, vehicle maintenance expenses, and heightened carbon emissions. This congestion often occurs
during peak hours in urban areas. A common phenomenon in urban congestion is the long lines of
vehicles at traffic signals. Due to the number of vehicles exceeding the capacity at intersections, long
queues of vehicles often occur at every traffic control [1].

One of the causes of traffic jams is the inaccurate timing of traffic signal. Most traffic lights in this
country use standalone and fixed-time settings [2]. During rush hours, the green light timing cannot
allow all queued vehicles to move, while at night, the green light duration becomes too long due to the
lower volume of vehicles. Severe congestion frequently occurs at closely spaced traffic lights. When
the number of vehicles passing exceeds the capacity of an intersection, the queue of vehicles at a traffic
controller becomes very long until it reaches the adjacent traffic controller, creating traffic chaos [3].

Many traffic lights in the big city are equipped with the Area Traffic Control System (ATCS), allow-
ing traffic conditions to be monitored via CCTV from the Department of Transportation office. Officers
should be able to change the timing of each traffic controller if it is no longer in accordance with traffic
conditions. However, in reality, the camera is only limited to monitoring conditions and does not con-
tribute to the timing of traffic controllers. Currently, ATCS mainly serves as a surveillance and traffic
law enforcement tool [4][5][6].

In some developed countries, traffic timing uses a centralized system approach in an Intelligent
Transportation System (ITS). This system, which is integrated with many sensors, can monitor traffic
density on all road sections, create timing scenarios for each traffic controller, and send the timing data
to each traffic controller [7]. Drivers can use the system-determined travel route to avoid congestion
[8]. With this method, drivers will get green signals more often at several adjacent traffic controllers.
This method has been developed in several large cities in developed countries so that it can reduce
congestion and minimize vehicle travel time. However, ITS-based traffic regulation like this cannot yet
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be implemented in Indonesia. The lack of infrastructure support that can monitor traffic density accu-
rately, the differences in road characteristics, road users, and differences in applicable regulations
[9][10] have made the development of ITS in Indonesia so far unable to be developed as quickly as in
several developed countries.

A potential solution is the use of coordinated traffic signal systems. By the systems, the timing of the
traffic signals at the several intersections must be coordinated so that vehicles passing on the main route
will always get a green signal or at least not have to wait too long for a green signal [11][12][13]. This
model has been developed in previous studies for implementation in Indonesia [14][15][16], though
infrastructure challenges have hindered its realization. However, until now, there has not been much
research published on the contribution of coordinated traffic management to reducing traffic congestion
in Indonesia.

In this study, the effectiveness of the use of a coordinated traffic control system is analyzed. The
system that has been prototyped will be analyzed for its performance, especially in relation to how well
it can reduce the traffic congestion. Testing is carried out using simulations using SimEvent from
MATLAB 2023b for two adjacent intersections that are controlled by two agents that were previously
independent and controlled traffic in fixed-time.

2 Research Methods

The development of traffic signal timing synchronization is based on the existing traffic control hard-
ware conditions in Indonesia. The development of this hardware has begun in previous research [16].
The traffic control algorithm is implemented into a program on the ATmegal28 microcontroller which
forms an Agent. An agent can regulate traffic at an intersection in a fixed-time, schedule-based, or can
be developed adaptively. Each agent has timing data for red, yellow and green signals. The data is used
as the basis for traffic signal timing for 7 X 24 hours. There are 10 time setting slots in a day. An agent
can also coordinate timing with other agents. This timing coordination is done to shift the timing of both
agents according to the specified scenario. Coordination commands are sent wirelessly with FSK mod-
ulation at a frequency of 433 MHz.

2.1  Traffic Signal Control

The development of traffic coordination is focused on intersections with four directions of arrival. Traf-
fic at each intersection is managed by an agent. The agent regulates the flow of vehicles by allowing
vehicles to pass through the intersection as long as they receive a green light signal. After the green
signal, there will be yellow and red-clearance signals [17]. The sequence of traffic control phases is
depicted in Fig. 1.
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Fig. 1. Phase sequence for all four directions

with 1 i = phase number
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gi = green time of phase i

yi = yellow time of phase i

r; = red-clearance of phase i

C =cycle time

te;; = green signal start time of phase i

yi and r; are set constant. The red time is calculated by summing the green, yellow, and clearance

times of other phases. The traffic light cycle period (C) is the sum of the red, yellow, and green times
for a given direction as defined by Eq. (1).

C=Jt gty tri M

In this study, each traffic controller has four arrival directions with 4 phases for each direction. The
sequence of phase numbers P; follows the clockwise direction as shown in Fig. 2. In this experiment,
two agents are used to control traffic at two intersections. The distance between intersections 1 and 2 is
500 meters. With an average speed of vehicles passing by 40-60 km/h, the distance can be covered in
30-45 seconds. The L1.4 to L1.2 and L.2.4 to L2.2 lanes are the main directions of vehicles, where most
vehicles pass in that direction.
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Fig. 2. Phase sequence for both traffic controllers

In order to conduct the experiment, we have created a traffic management simulation in SimEvents
MATLAB 2023b. Traffic at intersection 1 is managed by agent 1, while at intersection 2 is managed by
Agent 2 as shown in Fig. 4. A timing signal generator is added to generate the timing clock, so that the
steps of the management process are carried out per second.

Timing Signal
Generator
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The traffic control process carried out by the agent is simulated using the entity switch. Fig. 4 illus-
trates a model to simulate vehicle movement at intersection 1. At the intersection, traffic control is
carried out by Agent 1. This agent provides traffic light signals at intersection 1. The hardware of this
agent is represented by the Traffic Controller 1 subsystem. This subsystem outputs a control signal that
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Fig. 3. The simulation in SimEvents Matlab 2023b
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is fed to Entity Input Switch 1 to control the flow of vehicles according to the predetermined phase
sequence.

Vehicle Routing

Control Signal 1 ——

Traffic Controller 1

E
Z
in_1.1 S\
GO
in_1.3 J Entity Queue 1 Entity Server Agent 1 \:%
in_1.4 Entiy Entity out 1.4

Input Switch 1 Output Switch 1
Fig. 4. An agent acts to regulate vehicle movement.

Each vehicle is represented by an Entity. All entities from in_L1.1 are generated by Entity Generator
1.1 as in Fig. 5. The flow of all Entities in_L1.1 in will be queued in Entity Queue 1 as shown in Fig. 4
to get a green signal in phase P1.1. Each vehicle at intersection 1 exits at out_L1.2, out L1.3 and
out_L1.4. To simulate this process, Entity Server 1 and Entity Output Switch 1 are used. They route
vehicles to all of these exits.
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Fig. 5. The entity generator

2.2 Coordination Process between Two Agents

As previous research [15], the coordination of two agents uses a master-slave configuration. The
master agent sends a coordination signal to the slave agent and the slave agent adjusts the timing of the
traffic signal based on the timing of the master agent. The master and slave agents have the same cycle
time. This configuration can be developed by adding several other agents as slaves. A slave agent also
acts as a master for other slave agents. The master agent is assigned to an intersection where there are
more vehicles entering the main lane. Referring to Fig. 3, if more vehicles move in the direction of the
blue arrow than in the direction of the purple arrow, then Agent 1 acts as the master. Thus, the timing
of the traffic signal in agent 2 will be adjusted to the timing in agent 1.

The timing in agent 2 is adjusted by shifting the reference phase timing in agent 2 to the reference
phase timing in agent 1. In Fig. 3, most vehicles on the main lane from in_L1.4 must receive a green
signal upon arrival at in_L2.4. For this reason, P1.4 is set as the reference phase in agent 1 and P2.4 is
set as the reference phase in agent 2. The time shifting is done so that phase P2.4 must occur at the time
P1.4 plus the travel time of vehicles from intersection 1 to 2. The green signal start time of phase P2.4
must follow Eq. (2).

lg:24 = lg14 T li>g 2)

with:

tg:2.4 = green signal start time of phase P2.4

tg:1.4 = green signal start time of phase P1.4

t1-.4 = the travel time of a vehicle from intersection 1 to intersection 2.
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3 Results and Discussion

In this experiment, both have the same green time, which is 20 seconds, 25 seconds, 20 seconds, and 25
seconds respectively for phases 1, 2, 3, and 4. The yellow and red-clearance time for all phases is 3
seconds.

Agent 1 and agent 2 are two independent agents. P1.4 and P2.4 can occur randomly, as well as for
P2.2 and P1.2. In this condition, it is possible that most vehicles coming from intersection 1 to intersec-
tion 2 will immediately get a green signal. However, because the green time is shorter than the red time,
vehicles will of course get a red signal more often when they arrive at intersection 2. The blue line in
Fig. 7 depicts the trajectory of vehicles from in_L1.4 to in_L2.4 that receive a red signal. When the
vehicles arrive at in_L2.4, the green signal is being rotated for L2.1, so the vehicles must wait for the
green signal for L2.4 until 7, +. Meanwhile, most vehicles coming from intersection 2 to intersection 1
also more often get a red signal as shown in the purple line.
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Fig. 6. Trajectory in conditions where the timing of both agents is uncoordinated.
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Fig. 7. Trajectory in the condition of synchronized timing between both agents.

In this study, agent 1 acts as the master agent and agent 2 as the slave. The timing of agent 2 is adjusted
to agent 1. According to Eq. (2), 124 is shifted after #;, 4 by approximately the maximum reasonable
travel time of vehicles from intersection 1 to 2, which is 55 minutes. Thus, the green time at L2.4 occurs
when vehicles arrive from L1.4.

With a scenario like this, the movement of vehicles from intersection 1 to 2 can be depicted on the
blue line of the trajectory diagram in Fig. 7. When the vehicle gets a green signal at P1.4, vehicles in
the front queue of L1.4 can use full speed because the road section from L1.2 out to L2.4 in is not
crowded with vehicles. These vehicles can travel at speeds of up to 60 km/h. Upon arrival at L2.4, the
vehicle may wait about 25 seconds to get a green signal. Meanwhile, vehicles in the queue behind it can
only travel at a speed of 50 km/h because the road from L1.2_out to L2.4 in is already crowded with
vehicles that were previously in the front queue. These vehicles will arrive at L2.4 and will most likely
wait about 15 seconds to get a green signal. Meanwhile, vehicles in the queue behind it can only travel
at a speed of 40 km/h and will arrive at L2.4 but will immediately get a green signal.
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The coordination of agent 2 timing also reduces the travel time of vehicles from agent 2 to agent 1.
From the purple line on the trajectory diagram in Fig. 7, it can also be seen that most vehicles from L2.2
do not wait too long for the green signal when they arrive at L1.2. The waiting time for most vehicles
from agent 1 to agent 2 and vice versa is a maximum of around 25 seconds. Thus, the waiting time of
most vehicles passing through the main lane can be reduced to about a quarter of the traffic control
cycle-time.

4 Conclusion

Coordinated traffic control can be established by designating one agent as the master agent and other
agents as slave agents. At intersections with a main road, the assignment of the master agent depends
on the direction of vehicles on this main road. On the main road, the agent located at the entry point of
many vehicles can be set as the master agent, while agents along the path that these vehicles pass through
can be designated as slave agents. This coordinated traffic control system can be implemented using a
microcontroller-based system and simulated with SimEvents in Matlab. From the trajectory analysis of
vehicles, coordinated traffic control can reduce the average travel time for vehicles on the main road to
about a quarter of the traffic control cycle-time.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Traffic Signal Timing Coordination

to Minimize Vehicle Wait Times



