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Abstract 

This research involved an exploratory evaluation of the dynamics of vehicular 
traffic on a road network across two traffic light-controlled junctions. The 
study uses the case study of a one-kilometer road system modelled on Any-
logic version 8.8.4. Anylogic is a multi-paradigm simulation tool that sup-
ports three main simulation methodologies: discrete event simulation, 
agent-based modeling, and system dynamics modeling. The system is used to 
evaluate the implication of stochastic time-based vehicle variables on the 
general efficiency of road use. Road use efficiency as reflected in this model is 
based on the percentage of entry vehicles to exit the model within a one-hour 
simulation period. The study deduced that for the model under review, an 
increase in entry point time delay has a domineering influence on the effi-
ciency of road use far beyond any other consideration. This study therefore 
presents a novel approach that leverages Discrete Events Simulation to facili-
tate efficient road management with a focus on optimum road use efficiency. 
The study also determined that the inclusion of appropriate random parame-
ters to reflect road use activities at critical event points in a simulation can 
help in the effective representation of authentic traffic models. The Anylogic 
simulation software leverages the Classic DEVS and Parallel DEVS formal-
isms to achieve these objectives. 
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1. Introduction 

Discrete Event Simulation (DEVS) is an effective modelling and analysis tool for 
complex systems, such as traffic signal control systems. However, there are a 
number of challenges associated with the use of DEVS for traffic signal control. 
It has been observed that it can be difficult to coordinate events in a simulation, 
particularly in a dynamic environment like traffic control [1]. To implement and 
manage effectively, a single lane traffic light system at intersections, is essential 
to ensure that traffic signals, vehicle movements, and pedestrian actions are cor-
rectly synchronized in order to capture realistic interactions and outcomes [2]. 
In traffic control systems, as decisions are frequently made in real-time in re-
sponse to altering circumstances, it can be difficult to incorporate real-time de-
cision-making into a discrete event simulation. It has been affirmed that given 
certain complex conditions, DEVS can be deficient in managing real-time con-
trol as smoothly as dedicated control algorithms [3], despite the fact that it can 
provide insights into the overall system behavior. In addition, it is difficult to va-
lidate and verify the accuracy of a DEVS model, especially when comparing si-
mulation results with real-world data [4]. Model validation necessitates ensuring 
that the simulation output corresponds to real-world observations across a 
broad range of scenarios though this can be resource-intensive and error-prone 
[5]. Also, it has been observed that simulation execution can be computationally 
intensive and time-consuming, depending on the complexity of the simulation 
model and the level of detail included [6]. Strike a balance between the level of 
detail and computational efficacy, particularly for large-scale traffic networks 
can be challenging. Modelling human behavior precisely in traffic simulations 
using DEVS in correlation with pedestrian and motorist behavior, response to 
traffic signals, pedestrian yielding, and lane changes, has proven to have a sig-
nificant effect on simulation outcomes [7]. Realistically capturing these beha-
viors requires sophisticated modelling techniques. Due to the large number of 
potential variables and factors that can influence traffic control outcomes, un-
dertaking exhaustive scenario analysis using DEVS can be challenging endeavor 
including identifying the most pertinent study scenarios. Real-world traffic sys-
tems are susceptible to numerous sources of uncertainty, such as weather condi-
tions, incidents, and road closures, in terms of uncertainty and sensitivity analy-
sis. Incorporating uncertainty and undertaking sensitivity analyses in DEVS can 
be difficult though understanding the robustness of control strategies for DEVS 
requires this knowledge.  

Nevertheless, efficient traffic control measures can still be managed with Dis-
crete Event Simulation (DEVS) by employing a methodical, multi-step ap-
proach. To address these challenges, a combination of domain expertise, meti-
culous model development, validation against real-world data, and ongoing re-
finement of the simulation approach is required [7]. DEVS is a computational 
technique used to model and analyze dynamic systems with discrete state 
changes over time. DEVS has been used to simulate and investigate the behavior 
of traffic flow, vehicle movements, and signal timing at intersections in the con-
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text of traffic light control. A scenario of traffic signal control is modelled as a 
discrete event system, in which events occur at discrete points in time and cause 
the system’s state to change [8]. In the simulation model, the intersection, roads, 
lanes, vehicles, and traffic signals are represented as entities. The event-driven 
nature of the DEVS requires events as a trigger for simulation alterations. In the 
context of traffic light control, events may include the arrival of a vehicle at an 
intersection, the state change of a traffic signal, or the departure of a vehicle 
from an intersection. A simulation clock monitors the simulation’s present time 
and advances in discrete time steps. The Event Queue is used to schedule and 
execute events based on their timestamps while the simulation engine processes 
events in chronological order and consequently updates the system’s state. 

Based on observed traffic patterns or data, effective Traffic Flow Modelling for 
DEVS records vehicle arrivals, departures, and movements [7]. The characteris-
tics of each vehicle include speed, winding behavior, and route. The simulation 
model contains logic for controlling the intersection’s traffic signals and imple-
mentation of signal timing schemes, phase sequences, and coordination strate-
gies based on actual control principles. As the simulation clock advances, events 
are dequeued and processed from the event queue [8]. In DEVs implementation, 
when a vehicle approaches at an intersection, the simulation calculates its beha-
vior based on traffic regulations, signal state, and the movements of other ve-
hicles. Events induce simulation model state alterations. For instance, a green 
traffic signal turns red, a vehicle changes lanes, or the phase of a signal shifts. 
Over time, simulation outputs such as data on vehicle queues, waiting periods, 
signal conditions, and overall intersection performance are collected. These 
outputs can aid in evaluating the effectiveness of various signal control strategies 
[7] [9]. By simulating various signal timing configurations and control strategies, 
traffic engineers can evaluate the effectiveness of various approaches. It is also 
possible to compare key performance indicators such as average latency, queue 
length, and throughput to identify optimal signal timings. To assure the model’s 
veracity, simulation results are validated against real-world data and observa-
tions. Thus, Discrete Event Simulation provides a versatile and efficient method 
for analyzing the effects of various traffic light control strategies, enabling traffic 
engineers to make informed decisions regarding signal timing optimization, in-
tersection design, and traffic management. Utilizing Discrete Event Simulation 
can effectively allow effective traffic control measures. This study presents a 
novel method for efficiently managing traffic flow at a Single Lane intersection 
using Discrete Events Simulation. On the basis of the simulation results, it can 
be concluded that the incorporation of minor enhancements and the inclusion 
of various parameters, such as multiple lanes, collision detection, and variable 
speeds for different vehicles, can generate a highly accurate representation of a 
traffic intersection. 

2. Review of Literature 

Discrete Event Simulation (DES) finds extensive application in many domains, 
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efficiently tackling and resolving intricate challenges, while providing compre-
hensive support in areas including Defence, transportation, and healthcare. Dis-
crete-event-based methods are particularly well-suited for systems whose beha-
vior can be characterized as being influenced by stochastic factors, where inter-
connected components change their states at discrete time intervals. The impor-
tance of utilizing distributed or Parallel Discrete Event Simulation (PDES) tech-
niques for discrete event models on multiprocessor systems has been highlighted 
in a study conducted by [10]. Discrete-event simulation is not only easily com-
prehensible, but it also possesses a high degree of expressiveness and effective-
ness [8] [11]. The problem of Urban Traffic Light Scheduling, which aims to de-
termine the optimal cycle time for each traffic light to maximize traffic flow, has 
been studied [7] and compared with other techniques such as the Cell DEV 
technique [10]. The Cell DEVS methodology was employed to develop a com-
prehensive library that encompasses various traffic models. This formal model-
ling technique establishes the definition of each cell within a space as an auto-
nomous entity. A comparative study conducted by [12] utilized 3D Maya-based 
fundamental models and visualization tools. The library offers a wide range of 
models, including a one-lane, one-direction traffic cellular model, a bidirectional 
traffic cellular model, pedestrian control systems, crossings equipped with traffic 
lights or stop signs, traffic monitoring models, roundabouts, a controller de-
signed for a bridge with alternating traffic lights, highway tolls, and highway in-
terchanges. In another investigation, the authors [13] employed a discrete-event 
and hybrid traffic simulation model based on Sim Events to investigate the intel-
ligent transport system. This work contrasted with the conventional the Intelli-
gent Transportation System (ITS) which monitors and controls physical com-
ponents, such as Connected Automated Vehicles (CAVs). A discrete-event and 
hybrid simulation framework based on Sim-Events was utilized to develop a 
traffic simulation model for an urban test facility [14]. This model was designed 
to aid in the evaluation of safety and performance of an Intelligent Transporta-
tion System through testing. The infrastructure encompasses several road and 
lane configurations, together with a comprehensive instrumentation system, 
specifically designed for the purpose of evaluating Connected and Autonomous 
Vehicles (CAVs) [14]. A research conducted by [15] examined traffic at a mi-
croscopic level. The research encompasses the evaluation of the effectiveness of 
innovative control algorithms for connected and autonomous vehicles (CAVs) 
in different traffic scenarios, the analysis of event-driven features of transporta-
tion systems, and the investigation of the impacts caused by communication de-
lays. In their study, the researchers [15] [16] employed the discrete event simula-
tion (DEVS) methodology to model and simulate the flow of information pairs 
within an autonomous transportation system (ATS). The authors emphasized 
the importance of possessing a foundational understanding of previous discus-
sions over the future of DEVS in order to engage in meaningful dialogue on the 
subject. In order to gain a deeper understanding of the developmental path that 
DEVS has embarked upon, particularly with regards to its user base and the en-
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visioned directions for its future. This study examined DEVS literature that spe-
cifically addresses its prospective advancements [17]. The study combines a 
quantitative bibliometric analysis of the literature on Modelling and Simulation 
with a qualitative evaluation of DEVS [5]. The issue of traffic congestion has 
been widely acknowledged as a significant problem in major urban areas, espe-
cially during times of higher usage [16]. The author [18] carried out an analysis 
of variance methodologies to investigate the factors that influence the operation 
of traffic lights. The study aimed to identify the essential aspects and determine 
the ideal combination among them. The case study was conducted to evaluate 
the efficacy of different green/red percentages and cycle times in mitigating 
network congestion.  

In a similar study, Wang et al. (19) developed a gap acceptance model utilizing 
the discrete choice theory to examine the behavior of gap acceptance at an inter-
section. In their analysis, the researchers incorporated variables such as lead gap, 
space gap, time gap, and remained distance. The findings indicate that the space 
gap has a greater impact on the driver’s gap acceptance behavior compared to 
the time gap, primarily due to variations in speed. In their study, researchers 
[20] observed that when the distance between vehicles was insufficient, drivers 
appropriately reduced their speed. V2V technology enables the communication 
between vehicles, allowing one vehicle to receive information regarding the 
speed, distance, space availability, and location of the preceding vehicle. In their 
study, Greguric et al. [21] examined traffic flow parameters, including speed, 
flow, and density, and investigated their interrelationships using a macroscopic 
simulator. The researchers observed a substantial decrease in traffic density. In a 
comparative study, Yang et al. [22] developed a geometry-based vehicle-to-vehicle 
propagation model. This model incorporates information about the surrounding 
environment, including buildings. The researchers utilized GEMV2 (version 1.1) 
to simulate the V2V propagation model within the designated area. The study 
involved the simulation of 1000 vehicles, which were randomly assigned to se-
lected origins and destinations. Based on the simulation results, it was observed 
that the presence of buildings and vehicles had a detrimental effect on the relia-
ble communication range [16]. The study revealed that the performance of V2V 
communication technology was observed to deteriorate in environments where 
there was no direct line of sight. In light of these challenges, it is imperative to 
advance the integration of Vehicle to Infrastructure (V2I) communication tech-
nology within Intelligent Traffic Systems. Chen et al. [23] devised an adaptive 
signal controller that utilized Vehicle-to-Infrastructure (V2I) communication 
technology to gather data on average delay time, queue length, travel time, and 
vehicle speed. The acquired data was utilized as input for a simulation model 
developed with VISSIM, a microscopic multi-modal traffic flow simulation soft-
ware. In a previous work, researchers [24] proposed the development of a Predic-
tive Congestion Minimization Algorithm (PCMA) that utilizes real-time traffic 
conditions as a basis for its predictions. The present state of the road was deter-
mined based on the occupancy of each road segment. If the level of occupancy 
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above a threshold value set by the user, the predictive model would provide al-
ternative routing methods. The study encompassed the development of a decen-
tralized adaptive traffic signal control system based on phase design. The authors 
emphasized that these detectors utilize vehicle-to-infrastructure (V2I) commu-
nication to detect vehicles. Using this information, the controller predicts the 
wait length for the next 20 seconds within a five-second time interval for opti-
mization purposes. In a separate investigation, the authors [25] devised a tiny 
simulator known as ISR-TFS. This simulator encompassed both roundabout in-
tersections (RI) and crossroad intersections (CI), with each intersection accom-
modating traffic flow from four distinct directions. The intersections of RI and 
CI were conceptualized as a three-dimensional matrix representing time and 
space, wherein each cell is represented by a physical location. The process of cell 
selection and speed profiling was determined by the availability of the physical 
area. The vehicle’s trajectory was modified to circumvent traffic congestion by 
the utilization of a route following controller, as per the communication received 
from ITMS via V2I. In contrast, a previous study [25] proposed the creation of 
an intersection that is divided into tiles of size n-by-n. These tiles are allocated 
based solely on their availability. The intersection controller evaluates reserva-
tion requests from vehicles based on the specified decision criteria. It determines 
the appropriate location, speed, maximum acceleration rate, and gives updates 
on the state of the tiles. The researchers observed a notable decrease in the fre-
quency of traffic stops at an intersection through the utilization of a tiny traffic 
simulator known as VISSIM. This finding serves as evidence supporting the ef-
fectiveness of the proposed methodology. 

Simulation Model Integrating V2V and V2I Features 

The V2V and V2I systems rely on the availability of road segments, the behavior 
of traffic light control systems, and the arrival rate of vehicles to determine the 
overall queuing status within the specified system boundary. A study conducted 
by [19] utilized a discrete event simulation environment to examine this ap-
proach. A comparable methodology had been used to create a discrete event si-
mulation model for a traffic intersection at an urban traffic signal intersection, 
utilizing the ARENA software [17]. The model presented an optimal duration 
for the green phase signal to effectively minimize queue length. In a separate 
study, researchers [16] utilized the JamSim software to develop a discrete event 
simulation of a signalized intersection. The purpose of this simulation was to 
analyses the timing of the green phase in relation to the average waiting time 
experienced in each lane. The authors have proposed five distinct green light 
phases based on their observation of real-time traffic flow across varying levels 
of low, medium, and high traffic volume. The traffic simulation model was not 
fully representative of the actual scenario, as it made the assumption that if one 
link was in the green phase, the other three links would automatically be in the 
red phase. In their study, Benzaman & Sharma [3] developed a discrete event 
simulation model for a traffic light control system at a single intersection. The 

https://doi.org/10.4236/jcc.2023.1110006


C. Calistus et al. 
 

 

DOI: 10.4236/jcc.2023.1110006 88 Journal of Computer and Communications 
 

model was based on a Queueing theory approach, specifically utilizing an acce-
lerated traffic discharging model. Through the implementation of a model, not-
able enhancements in traffic flow were observed, specifically in the reduction of 
the number of vehicles in queue and the average waiting time. A proposed mod-
el has been developed to decrease the travel time of vehicles by analyzing both 
straightforward movement and turning movement, considering various combi-
nations of uniform and varying vehicle arrival rates [16]. The findings from the 
analysis of vehicle flow characteristics, including speed, lane gap, and position, 
indicate a significant decrease in travel duration. 

3. Methods 

This work utilizes simulation and quantitative evaluation within an exploratory 
context to assess the dynamics of a single road lane in a case study. The study 
was conducted by breaking down the main steps into the following: 

Step 1: Definition of context;  
Step 2: Evaluation of real life scenario and relevant parameters;  
Step 3: Design of model; 
Step 4: Deduction of simulation parameters, events and appropriate values 

based on step 2; 
Step 5: Simulation and interpretation of results. 
In order to ensure clarity and relevance, it was essential to establish a specific 

setting for the study that closely aligns with realistic road systems in real-life 
scenarios. The background was further assessed in order to emphasize potential 
non-deterministic, deterministic, and general stochastic dynamics. This facili-
tated the advancement of the model. The tool utilize for the investigation is the 
Anylogic modeling package. Anylogic supports DEVS modelling through the 
utilization of event points, which consist of queues and delays. In order to accu-
rately simulate stochastic processes, it is necessary to combine suitable random 
parameters with capacity control.  

The methodology employed in this study encompasses event management, 
parallel execution, and model deconstruction. The study utilizes both sequential 
First-In-First-Out (FIFO) events and parallel stochastic events to maintain effec-
tive synchronization of and appropriate near replication of real life scenario. 
This methodology facilitates a comprehensive examination and validation of 
system characteristics, including but not limited to performance metrics, relia-
bility, and practical feasibility. Furthermore, the technique provides a versatile 
and structured framework for the modelling and simulation of dynamic systems. 
Many scholars argue that DEVS has considerable utility as a tool for deci-
sion-makers seeking to understand the behavior and performance of systems 
[13]. This is primarily attributed to its heightened effectiveness in managing 
complex and large systems [18]. Discrete Event System specifications (DEVS) 
offer a rigorous and quantitative framework for the purpose of modelling, simu-
lating, and analyzing dynamic systems across various domains, including engi-
neering, computer science, and operations research [16]. The foundation of this 
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study is rooted on the core principle of conceptualizing DEVS as an assemblage 
of atomic and composite models, each possessing distinct characteristics in 
terms of their state and behavior. Atomic models are used to represent the core 
components of a system, whereas composite models are employed to depict 
complex systems in a hierarchical manner by merging both atomic and other 
composite models. The primary theoretical construct explored in this study is 
the notion of “events” within the DEVS framework. Events are discrete incidents 
that result in alterations to the states of models. The sequence of events is han-
dled within the context of simulation time. The formal and mathematical frame-
work emphasizes a collection of core notions and logical techniques that enable 
the representation, analysis, and execution of simulations as discrete time points 
unfold. The primary components of the mathematical framework utilized in this 
study are events, state variables, simulation clock, event queue, event-driven 
modelling, analysis, and visualization. Each event is accompanied with a time-
stamp that denotes the specific moment at which it is intended to be processed 
[17]. In the proposed methodology, the state variables serve as representations of 
the traits or characteristics inherent to the simulated system. The variables un-
dergo modifications in reaction to events and establish the present state of the 
system at any given moment. The measurement of simulation time is facilitated 
by a simulation clock, which progresses as events are sequentially processed. The 
simulation clock ensures that events are executed in a correct sequential manner. 
The chosen mechanism entails arranging events in an event queue according to 
their individual timestamps. The event queue assumes the responsibility of pre-
serving the temporal sequence of events, hence enabling the orderly advance-
ment of the simulation [16]. The construction of the models follows an 
event-driven methodology, wherein changes in the system’s state are initiated by 
events. The models define the effects of events on state variables and determine 
the timing of event occurrences. 

The simulator facilitates the categorization of two traffic light controlled junc-
tions across a road by utilizing a mix of traffic light management standard dura-
tion, street level rate of travel of approximately 30 km/h and random number 
based on probability density function in a triangular probability distribution to 
simulate the distribution of vehicular traffic over the one-hour simulation pe-
riod. For normal road use, the study utilizes time delay period of 60 seconds; this 
time adheres to internationally accepted duration for traffic light delay [12]. The 
current investigation employs a hybrid approach that combines Event Schedul-
ing and Activity scanning approaches. Every individual event is examined in 
isolation and assessed according to the distinct relationship between the entity 
and the resource. The event scheduling approach is notable for its simplicity, 
while it heavily relies on low-level programming approaches [17].  

4. Discrete Event System Specification and Modelling 

The Discrete Event System Specification (DEVS) formalism offers a method for 
defining a mathematical entity known as a model. A conceptual framework is 
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constructed by the utilization of a model to depict and elucidate the workings of 
a system. In essence, a model has a temporal framework, inputs, states, and out-
puts, along with algorithms that govern the determination of subsequent states 
and outputs based on the existing states and inputs. In this study, the utilization 
of Anylogic Modelling tool, is deployed to facilitate the coordination of commu-
nication among the models, time management, and the synthesis of specifica-
tions as defined by the modeler. This enables the execution of the model simula-
tion using either the Classic DEVS or the Parallel DEVS formalisms. 

4.1. Discrete Event System Specification (DEVS) Formalization 

The DEVS model can be classified into two categories: atomic and coupled [24]. 
The atomic model comprises a collection of states, including an initial state, and 
encompasses two distinct forms of state transitions: internal and external. Each 
state is accompanied by a time-advance output, as well as ports that can function 
as either inputs or outputs [17]. In order to develop the atomic model for this 
research, the input ports that receive external events are identified alongside the 
output ports that transmit external events. A set of state variables and parame-
ters is established, consisting of two state variables named “phase” and “sigma.” 
When external events are not present, the system remains in its current phase 
for a duration determined by the variable “sigma”. The specification of the time 
advance function that governs the timing of internal transitions is provided. This 
function yields the value of the “sigma” state variable when it is present [23]. The 
internal transition function, which determines the subsequent state of the system 
after the time specified by the time advance function has passed, is combined 
with the external transition function. The external transition function is respon-
sible for determining the system’s state changes in response to incoming inputs. 
The result is the repositioning of the system into a distinct “phase” and “sigma,” 
so preparing it for its subsequent internal transition. During the process of im-
plementation, the computation of the next state relies on several factors, includ-
ing the current state, the input port, the value of the external event, and the du-
ration this evaluation is limited to the movement of time that has passed in the 
current state. The confluent transition function is utilized in situations where an 
input is received concurrently with the occurrence of an internal transition. The 
default definition involves the application of the internal transition function fol-
lowed by the application of the external transition function to the resultant state. 

Variable Specification 
1) Delays (Td) at junction A and junction C incorporates the standard delay 

due to traffic light configuration (Tt) plus the varied time of travel of different 
cars (Ts). Hence for either junction, Td = Tt + Ts.  

2) Access to the junctions follows First-In-First-Out order. 
3) Delay due to movement of vehicles across the connecting road, B is ran-

domly varied with probability density function sampled across a triangular 
probability distribution to reflect stochastic vehicular travel dynamics which in-
cludes overtaking, drivers’ speed discretion, length and breadth of the road, de-
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sign of the roads and condition of the road. 
4) Maximum capacity of cars that can be on the road at every point is set to 

100. 
The notations for time and dependent variables used in the simulation are as 

defined in Table 1. 
A total of 20 simulation experiments were performed to evaluate the perfor-

mance of the system under hypothetical normal use. Vehicular capacity of the 
road B is set to 100 vehicles at every point in time. All simulations were set to 
run for 1 hour. Data for the simulation experiment is shown in Table 2 as simu-
lation results of model under hypothetical normal use. Simulation results of a 
model under hypothetical normal use” in the context of discrete event simula-
tion refers to the outcomes or data generated by running a simulation model 
when it is subjected to a set of conditions that represent what is considered typi-
cal or standard usage in the real-world system being modeled. 

In essence, while performing a discrete event simulation aimed at assessing 
the “simulation outcomes of a model under hypothetical normal utilization,” 
one effectively does the simulation under circumstances that replicate the antic-
ipated typical conditions in the actual system. The outcomes derived from this 
simulation can function as a fundamental or benchmark for comprehending the 
expected performance of the system under typical conditions. The data defined 
in Table 2 holds significant value in facilitating well-informed decision-making 
processes, enhancing the efficiency of the system, and guaranteeing that the 
real-world system can effectively fulfil its anticipated performance benchmarks. 

The Mean of Simulation Series enables the examination of a more reliable and 
indicative evaluation of system performance by aggregating outcomes from nu-
merous iterations of simulation. 
 
Table 1. List of variables. 

Variable Description 

T Total duration of the simulation 

Tm Average time spent by vehicles in the model 

Ta Time spent on junction A 

Tb Time spent on connection road B 

Tc Time spent on junction C 

Ne Number of vehicles to enter model during simulation 

Na Number of vehicles on junction A 

Nb Number of vehicles on junction B 

Ne Number of vehicles on junction C 

Xe Number of vehicles to exit the model 

N Total number of vehicles in the model 
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Table 2. Simulation results of model under hypothetical normal use. 

Exp.id 
Cars in the Model 

Efficiency (%) 
Ne Na Nb Nc Xc 

1 55 1 0 0 54 98.18 

2 54 3 0 1 50 92.59 

3 63 8 0 1 54 85.71 

4 55 6 0 1 48 87.27 

5 54 2 0 1 51 94.44 

6 62 12 0 1 49 79.03 

7 49 1 0 1 47 95.92 

8 46 1 0 0 45 97.83 

9 52 2 0 0 50 96.15 

10 59 2 0 1 56 94.92 

11 73 15 0 1 57 78.08 

12 54 2 0 0 52 96.30 

13 65 8 0 1 56 86.15 

14 65 6 0 1 58 89.23 

15 67 8 0 1 58 86.57 

16 78 20 0 1 57 73.08 

17 61 4 0 1 56 91.80 

18 77 18 0 1 58 75.32 

19 49 2 0 1 46 93.88 

20 80 22 0 1 57 71.25 

4.2. DEVS Models Simulation and Results 

The simulation models how vehicles travel through the two junctions. As well as 
how all vehicles integrate with the road network and traffic light delay systems 
over a period of one hour (3600 seconds). This evaluation is limited to the 
movement of automobiles only consequently, all other forms of mobility within 
the road model are disregarded.  

The purpose of the simulation is to evaluate the implication of variable time 
delays across the two junctions on vehicular traffic in Figure 1. The simulation 
incorporates various scenarios, including: 1) the arrival of a vehicle at the traffic 
light controlled junctions, either when the road is clear or when the vehicle joins 
a queue; 2) vehicles entering the junction only after the preceding vehicle has ex-
ited; 3) vehicles accessing the junctions according to the First-In-First-Out 
(FIFO) principle; 4) the average speed of travel is set to street limit of 30 km/h; 
5) the duration spent on each junction due to vehicular speed is based on the  
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Figure 1. Single-lane synchronized dual-traffic light intersections. 
 
sum of delay due to traffic light timing and a random variable with Probability 
Density Function (PDF) spread across triangular probability distribution; 6) the 
duration that vehicles spend between each junction being a random variable, 
with a PDF spread across triangular probability distribution. Access to the junc-
tions is FIFO based while road use dynamic is stochastic, with considerations to 
vehicular overtaking. The variables representing the constraints are explicitly de-
fined as; 

The simulation experiments focused on the relationship between the cars 
driving through the road model (Figure 2), applying the variables defined for 
the simulation Ne, Na, Nb, Nc, and Xc and their corresponding time factors, 
Tm, Ta, Tb and Tc (Table 1). The simulation is based on the premise that traffic 
rules are same and the traffic signal layout is identical on both sides of the road. 
This assumption is made in order to obtain equivalent simulation results for 
both sides. Therefore, the assessment is restricted to the movement on one side 
of the road.  

The model as presented in Figure 3 above, is broken into three main event 
points, Junction A, Connecting Road B and Junction C. The event points are 
represented by a combination of a delay object and a queue object. The queue 
represents the number of vehicles at the particular event point while the delay 
component models the average duration the vehicles may spend at the event 
point. 

Compression of equal times is defined as follows;  
Tea = Tab = Teab,  
Teb = Tac = Teac. 
The simulation was carried out in two phases and for five different scenarios.  
Phase 1:  
1) Evaluation of the model under hypothetical normal condition. 
2) Evaluation of the model under hypothetical normal condition whilst vary-

ing the delay (Tb) due to time spent on the road B.  
Phase 2:  
1) Evaluation of the model when the time spent on junction A is less than 

time spent on junction C: Tac < Tab. 

https://doi.org/10.4236/jcc.2023.1110006


C. Calistus et al. 
 

 

DOI: 10.4236/jcc.2023.1110006 94 Journal of Computer and Communications 
 

 

Figure 2. Road model channel evaluated. 
 

 

Figure 3. Anylogic software model of evaluated road lane. 
 

2) Evaluation of the model when time spent on junction A is greater than time 
spent on junction C: Tab > Tac. 

3) Evaluation of the model when time spent on junction A is equal to time 
spent on junction C: Tab = Tac. 

Phase 1a: Simulating the model under normal use:  
The under listed considerations were considered for the initialization of the 

model variables.  
Length of road (L) = 1000 m 
Traffic light stop time = 60 seconds 
Traffic light move time = 60 seconds  
Movement across road B is stochastic at average speed of 30 km/h 
Based on the above considerations, the time variables were set as follows,  
Tb = triangular (1.06, 1.33, 1.6) seconds; 
Ta = triangular (60.036, 60.04, 60.044) seconds; 
Tc = triangular (60.036, 60.04, 60.044) seconds. 
Figure 4 shows AnyLogic’s DEVS-based simulation approach for modelling 

and analyzing the time spent on junctions and connections in a traffic simula-
tion. This is valuable for determining traffic behavior for road network optimi-
zation, and making data-driven decisions for transportation planning and man-
agement. The efficiency distribution of a model under normal use shown in Fig-
ure 5 provides a comprehensive view of how well the model performs in real-world 
scenarios, considering both average performance and the variation in perfor-
mance across different tasks and inputs. The determination of the mean of ve-
hicles in the model (Figure 6) was conducted by executing the simulation for a 
duration of 1 hour. The number of vehicles was recorded at consistent intervals 
throughout this period, and subsequently, the average of these recorded values 
was computed. This analysis offers valuable insights into the movement of ve-
hicles, patterns of congestion, and a useful metric for evaluating and enhancing 
the efficiency and capacity of the systems. 

Phase 1b: Simulating the model whilst varying Tb:  
The under listed time variables were used for the simulation.  
Based on the above considerations, the time variables were set as follows,  
Ta = triangular (60.036, 60.04, 60.044) seconds; 
Tc = triangular (60.036, 60.04, 60.044) seconds. 
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Figure 4. Anylogic DEVS simulation for Ta = Tb. 
 

 

Figure 5. Efficiency distribution of model under normal use. 
 

 

Figure 6. Mean of vehicles in model after 1 hour. 
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Series 1: Tb is approx. 90% less than normal; Tb = triangular (0.013, 0.133, 
0.146) seconds; 

Series 2: Tb is set to normal; Tb = triangular (1.06, 1.33, 1.6) seconds; 
Series 3: Tb is 90% more than normal; Tb = triangular (2.27, 2.527, 2.78) 

seconds; 
Series 4: Tb is 300% more than normal; Tb = triangular (3.59, 3.99, 4.39) 

seconds.  
Ten simulations were run for each series. 
Applying the Mean of simulation series for varying Tb (Table 3), the model 

did not indicate any substantial drop in efficiency even as Tb increased. Irres-
pective of uniformity in variance at lower and higher ends of the Tb with respect 
to the normal values of (1.06, 1.33, 1.6) seconds.  

Phase 2 Simulations: 
These simulations evaluate the performance of the model over three different 

categories of experiments. The images Figures 7-10 present the mean perfor-
mance of the model at different event points throughout the experiments. 
 

 

Figure 7. Cars in model after 1 hour for Ta < Tb. 
 

 

Figure 8. Cars in model after 1 hour for Ta = Tb. 
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Figure 9. Number of cars in model after 1 hour for Ta > Tb. 
 

 

Figure 10. Comparison of mean of efficiencies. 
 
Table 3. Mean of simulation series for varying Tb. 

Series mean 
values 

Tb (seconds) Ne Na Nb Nc Xc Efficiency (%) 

Series 1 (0.013, 0.133, 0.146) 62.8 7.6 0 1 54.2 86.59 

Series 2 (1.06, 1.33, 1.6) 60.9 7.15 0 0.8 52.93 88.19 

Series 3 (2.27, 2.53, 2.78) 59.6 5.6 0 0.8 53.2 89.76 

Series 4 (3.59, 3.99, 4.39) 64.1 8.6 0.1 1 54.3 85.67 

Mean of Means 61.85 7.24 0.025 0.9 53.66 87.55 

 
As Ta increased, efficiency was observed to drop. For experiments carried out 

within Ta < 45 secs, efficiency remained relatively stable. Hence the efficiency 
was not necessarily affected by variance between Ta < Tc, Ta = Tc, and Ta > Tc; 
but mainly by increasing Ta. 
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5. Discussion of Findings 

Key deduction from the simulation is that higher delays at the point of entry had 
a disproportionate effect on the efficiency of the model when compared to delay 
at the point of exit. Also increased time delay on the connecting road B had little 
or no effect on the mean efficiency of the model after a one-hour period of si-
mulation. As Ta increased above Tc, there is a substantial disruption of traffic 
efficiency enough to undermine road use optimization measures related to the 
connecting road network. Hence the implication of road design, speed limit and 
other road management measures on the connecting road are significantly wea-
kened.  

The majority of contemporary traffic lights employ three main types of con-
trol systems: pre-timed traffic lights, sensor-based traffic lights, and countdown 
timer-equipped traffic lights [23]. Irrespective of the approach taken, having 
in-depth information of the implication of different timing configurations on 
the road network in invaluable for traffic managers. This study provides an in-
sight into the implication of delays at different traffic light-controlled junction 
on the overall quality of road use. As a result, the facilitates the generation of 
more precise outcomes in predictive road use management [26]. This study 
therefore deduces that optimal traffic signal timing is can be characterized by 
proper delay management at both the points of entry and exit; especially in short 
road networks of approximately 1 km.  

The presence of traffic congestion on roadways is a significant contributing 
factor to the diminished productivity and declining standards observed in con-
temporary urban areas [23]. This research presents an innovative method for 
managing traditional traffic control through the utilization of a Discrete Event 
Simulation-based strategy.  

6. Conclusion 

The simulation highlighted the capacity of Discrete Event simulation to reveal 
underlying details of a system. The model accommodates stochastic vehicular 
movement dynamics inherent in typical single roads connected across two traffic 
light-controlled junctions. It therefore highlights the DES approach’s invaluable 
ability for evaluation of stochastic systems. Simulations like this can therefore be 
used to make critical road design and traffic light configuration decisions. The 
study employed parallel and distributed DEVS methodologies to analyze the 
circumstances and requirements of travel through a single road network across 
two traffic light-controlled junctions. The objective was to evaluate underlying 
factors that may constrain the exit of at least 90% of the cars that entered the 
model during a one-hour simulation period. The utilization of Anylogic simula-
tion software facilitated the assessment of both the anticipated mobility dynam-
ics and the underlying factors that influence efficient flow of traffic. Whilst the 
model revealed the significant effect of increased delay times at point of entry, it 
does not make a definite statement against striking a balance between road de-
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sign and efficient traffic light management configurations. This is especially be-
cause the model does not include internal exits within the connecting road. Ad-
ditional study is therefore required in this area.  
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