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Microscopic traffic simulators have become efficient tools to conduct different analytic studies on
roads, vehicles, behavior of drivers, and critical intersections, which lead towards a well-planned
traffic solution. Devising a realistic and sustainable traffic solution requires replication of the real
traffic scenario in a simulator. For example, to simulate the traffic stream of less developed
countries, we need to simulate non-lane based heterogeneous traffic stream, i.e., motorized and
non-motorized vehicles, with their on road behaviors such as irregular pedestrian, illegal
parking, violation of laws pertaining lanes, etc. However, most of the existing traffic simulators
are unable to mimic the unstructured road traffic stream of less developed countries with their
diversified behaviors. We also need to represent the corresponding geographical maps as a list of
nodes and edges with relevant geographic information such as length and width of the edges to
feed the simulator. However, we lack a Geographic Information System (GIS) protocol to con-
struct an effective simulator readable road network from authoritative polygonal GIS maps.
State-of-the-art GIS protocol often converts the geographical maps using polyline data collected
from less-credible OpenStreetMap. Although polyline data has length information (for example,
length of a street), it lacks width information limiting its capability of being an effective simu-
lator readable road network map. Therefore, in this work, we propose a new microscopic traffic
simulator to handle unstructured road traffic stream of less developed countries with their di-
versified behaviors. To feed the simulator, we also propose a novel parsing algorithm to construct
an effective simulator-readable road network from GIS maps through extracting both length and
width information of the edges and develop parser based on the algorithm. Our parsing algorithm
realizes a delicate blending of geometry with computation over road points to eventually gen-
erate the simulator-readable road network. Our simulator receives the network topology gen-
erated by our parser, traffic routes, and traffic demand flow rates as input, visualizes the traffic
flows, and provides relevant traffic statistics. To evaluate sustainability of our proposed parser
and simulator in real-life scenarios, we evaluate our parser by parsing GIS street maps of four
different areas resulting in 86% accuracy on an average and evaluate our simulator after ne-
cessary calibration using real traffic data resulting in 99% accuracy in terms of travel time.

* Corresponding author.

E-mail addresses: zubaer.kh@gmail.com (K.H. Zubaer), 1105076.qma@ugrad.cse.buet.ac.bd (Q.M. Alam), toha@butex.edu.bd (T.R. Toha),
1018052067 @grad.cse.buet.ac.bd (S.I. Salim), alim_razi@cse.buet.ac.bd (A.B.M.A.A. Islam).

https://doi.org/10.1016/j.simpat.2020.102156

Received 11 April 2020; Received in revised form 23 July 2020; Accepted 28 July 2020

Available online 30 July 2020

1569-190X/ © 2020 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/1569190X
https://www.elsevier.com/locate/simpat
https://doi.org/10.1016/j.simpat.2020.102156
https://doi.org/10.1016/j.simpat.2020.102156
mailto:zubaer.kh@gmail.com
mailto:1105076.qma@ugrad.cse.buet.ac.bd
mailto:toha@butex.edu.bd
mailto:1018052067@grad.cse.buet.ac.bd
mailto:alim_razi@cse.buet.ac.bd
https://doi.org/10.1016/j.simpat.2020.102156
http://crossmark.crossref.org/dialog/?doi=10.1016/j.simpat.2020.102156&domain=pdf

K.H. Zubaer, et al. Simulation Modelling Practice and Theory 105 (2020) 102156

1. Introduction

Microscopic traffic simulation has become an effective tool for evaluating and developing road traffic management and control
systems all over the world [1]. It facilitates different analytic studies on roads, vehicles, behavior of drivers, critical intersections to
develop a well-planned traffic solution for both urban and rural areas. Consequently, traffic simulation over different real-life traffic
scenarios allows us to foresee potential consequences of taking any measure at infrastructure level or at policy level. Hence, in recent
times, the usage of microscopic traffic simulators is increasing to investigate different transport planning and policy initiatives before
actual field implementations. In order to devise a realistic traffic solution, we need to model real-world traffic stream to the simu-
lation environment, which varies from country to country. The traffic stream of less developing countries such as Bangladesh, India,
etc., contain both motorized vehicles and human powered vehicles on same road way, which results in an unstructured traffic system,
commonly characterized as non-lane based and heterogeneous traffic system [1,2]. The fast moving motorized vehicles include bus,
cars, auto rickshaws (Compressed Natural Gas), trucks, etc. On the other hand, the slow moving human powered vehicles include
rickshaws, vans, and bi-cycles, which are different in driving behavior and exhibit lack of discipline following lane in particular.
Furthermore, irregular road crossing by pedestrians and hawkers, illegal parking of vehicles, etc., are very common phenomena in the
road networks of less developed countries. In addition to model traffic stream, we also need to model real road network, i.e.,
geographical maps in the simulator rather than hand-made road network. Normally, geographic maps are stored by Geographical
Information System (GIS) with their position, shape, depth, color, etc. The geographic data can be represented in both raster format
and vector format. Raster based data formats represent data of each pixel of the map, which is memory expensive. On the other hand,
vector based data formats use geometric shapes such as points, lines, polylines, polygons, etc., to represent data, which is easily
editable, maintainable, and analyzable. To model real geographical maps in a microscopic traffic simulator, we need to convert these
maps to simulator readable road network, i.e., in graph format as a list of nodes and edges with their capacity.

In order to mimic the realistic outcome of any existing or future development on the road network of developing countries, we
need to replicate the real traffic scenario of the developing countries in the simulator with their corresponding geographical maps.
However, existing traffic simulation tools such as VISSIM [3], MITSIM [4], etc., primarily focus on simulating structured traffic.
Hence, we fail to use them to mimic diversified traffic scenario of developing countries. Besides, there exist some open source
simulators [5,6], which support only lane-based homogeneous traffic. However, we cannot extend them to support the real traffic
scenario of less developed countries due to architectural differences, i.e., non-lane based concept is quite different to lane based
concept. In order to model geographical map in a simulator, we have no straightforward mechanism to convert geographical maps to
simulator readable maps, i.e., weighted graph. There exist several popular GIS data handling software such as ArcGIS, QGIS, etc.,
which provide some tools for extracting different features from standard GIS data. These software help us to find information such as
nearest neighbors of a point, intersecting areas and points, union of different areas, etc. However, they do not provide any mechanism
to represent the GIS data as a graph network. Existing literature addresses this lacking to solve real world problems such as vehicle
routing problem [7,8], real-time localization [9], facilitating distribution of utility to the customers [10], characterizing urban road
network [11], etc. Most of them use polyline data that represents the map as a list of unclosed points, i.e., end and start points are
disconnected. Polyline data contains the length information of the edges, however, it lacks the width information of the edges that is
required to make an effective weighted graph. For example, we cannot model the flow of vehicles in a road without knowing the
capacity, i.e., width of the road. Moreover, they use the crowd-sourced GIS data of OpenStreetMap [12], which is not reli-
able [13-15].

As a remedy of the aforementioned problems in a sustainable manner, we have proposed a new microscopic traffic simulator in
our previous study [16], which simulates the non-lane based heterogeneous traffic stream and on-road traffic behavior that generally
occurred in the road networks of less developed countries. Our simulator takes network topology, traffic routes, and traffic demand
flow rates as input, then it visualizes the traffic flows, and finally, provides traffic statistics such as average vehicle speed, total
number of vehicles per road, and total number of accidents per road. Besides, in order to create readable road network by our
simulator, in this work, we propose a new algorithm to abstract the authoritative GIS map as a graph structure as an extension of our
previous study. We use polygonal vector data that represents the map as a list of closed points, i.e., the end and start points are
connected. Polygonal data enables us to extract the approximate width and length information of the edges, which makes the graph
workable for our simulator. Based on our work, we make the following set of contributions:

e We develop a traffic simulator to address non-lane based traffic by dividing a road into some thinner strips than lanes. Here, one
vehicle can cover multiple strips and move along a random strip. We incorporate irregular movement of pedestrians and hawkers
such as crossing the roads, walking along the roads instead of foot-path, etc., in our simulator.

e We devise a novel algorithm to convert the authoritative polygonal GIS data to a graph structure that is readable to the simulator.
Our algorithm realizes a delicate blending of geometry with computation over road points to eventually generate the simulator-
readable road network. We analyze time complexity of our algorithm and validate the theoretical run time against actual run time
obtained through real experimentation. We also analyze the effects of different parameters of our algorithm on its performance
and tune those parameters to get better accuracy.

e We develop a parser based on our devised algorithm and use it to parse the authoritative GIS street maps of four random areas in
Dhaka city, the capital of Bangladesh, which reveals 86% accuracy on average. After that, we calibrate our simulator using real
traffic data, i.e., traffic flow rate and average vehicular speed, and real geographical maps as weighted graph produced by our
parser to evaluate the performance of our simulator. It results in 99% accuracy on average in terms of travel time between two
intersections of Dhaka city.
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2. Related work

Microscopic traffic simulation tools are increasingly being used around the world to test different transport planning and policy
initiatives before their actual field implementations. For effective planning over a road network of a particular area, we need a
simulator that meets the diverse behavior of road traffic of that area. In addition to mimic realistic traffic behavior, we also need to
incorporate realistic road network maps in the traffic simulator for effective transportation planning. Now, we present some of the
existing studies along with their drawbacks related to the realistic traffic simulation.

2.1. Literature survey on simulator

There exist several simulators in literature and over the year they are updated to mimic the real-world traffic. Ferrer et al., [17]
propose an interactive microscopic simulator named as AIMSUN for urban and non-urban networks. The latest version of AIMSUN
includes mesoscopic and microscopic simulators and dynamic traffic assignment models based on either user equilibrium or sto-
chastic route choice. However, it supports only lane-based and homogeneous traffic. Yang et al., [18] propose a microscopic traffic
simulation model named as MITSIM that evaluates the impacts of alternative traffic management system designs, traveler in-
formation systems, public transport operations, and various ITS strategies at the operational level and assists in their subsequent
refinement. However, MITSIM supports lane-based and homogeneous traffic only. Although an open-source version of MITSIM is
available since 2004 [19], we cannot extend it to support non-lane based heterogeneous traffic due to the architectural difference,
i.e., non-lane based concept is quite different to lane based concept. Fellendorf et al., [20] propose a microscopic behavior-based
multi-purpose traffic simulator named as VISSIM to analyze and optimize traffic flows. It offers a wide variety of urban and highway
applications, integrating public and private transportation. It is increasingly being used for state-of-the-art transportation planning
and operations analysis [2]. The latest version of VISSIM supports heterogeneous traffic, however, it follows lane-based discipline. It
also models car parking, moving pedestrian, etc., in a structured manner.

2.2. Literature survey on parser

To model real geographical map of a road network in the traffic simulator, we need a conversion process to convert the geo-
graphical maps to simulator readable graph as a list of nodes and edges. There exist several conversion methods in literature that
convert GIS map to graph in order to solve different real-world problems. Bennett et al., [10] propose a system to construct a directed
graph from GIS data of utility distribution network such as electricity, gas, water, telecommunication, cable television, etc., to
facilitate distribution of the utilities to customers. Gupta et al., [9] propose a method to construct a graph structure of GIS map and
Building Information Modeling (BIM) to localize an individual or a vehicle that is moving inside (BIM) or outside a building (GIS) in
real-time. Payne et al., [8] propose an algorithmic procedure for transforming GIS road map data into a topographical network for
generating customized multi-day bicycle routes. In another study [7], they introduce a topographical network that enables minimum
cost routing based on the changes in road gradient. Wilkie et al., [21] construct a lane-centric graph representation of roads to
produce large-scale traffic simulations. Karduni et al., [11] propose a protocol to convert the geographical data to a graph network
with relevant geographical information such as length and develop a ArcGIS tool to perform this protocol on GIS data of 80 urban
ares of the world. However, most of the studies use polyline data to construct a graph, which lacks width information of edges that is
required to build an effective simulator readable graph. For example, we cannot represent capacity of a road, i.e., amount of traffic
supported by a road, without width information of an edge. Moreover, all of the studies collect their GIS data from OpenStreetMap
(OSM), one of the most popular and well supported examples of Volunteered Geographic Information (VGI). The credibility of this
crowd-sourced data is not enough to date, hence, researchers are devising new methods to assess the accuracy and consistency of
OSM data [13-15].

To fill the gap in literature, we have proposed a new simulator in our previous study [16], which can model realistic traffic
behavior of less developing countries such as non-lane based unstructured traffic with their on-road diversified behavior including
irregular pedestrians on road, unwise parking on road, mobile market, etc. In order to represent corresponding geographical road
network in the simulator, in this work, we propose a novel algorithm to construct a graph with width and length information of the
edges from authoritative polygonal vector GIS data as an extension of the previous study. We develop a parser based on our devised
algorithm to parse geographical network.

2.3. Literature survey on other related studies

In addition to simulator and parser perspectives, there remain other related perspectives such as urbanization. Rapid urbanization
and population growth have become a serious global issue in recent times. Rapid urbanization has caused significant changes in land
use and urban growth patterns in metropolitan areas. Therefore, urban growth modeling has become an essential tool for the de-
cision-makers to understand characteristics, assess sustainability, and find properties of current urban forms and population growth.
In recent times, spatiotemporal modeling for urban applications has received especial attention.

Pooyandeh et al., [22] investigate different viewpoints in spatiotemporal modeling for urban applications such as CA-based
modeling, agent-based modeling, Artificial Neural Networks modeling, fractal-based modeling, and temporal GIS modeling. They
also review the applications of these approaches in modeling complex urban systems. Shen et al., [23] improve the spatiotemporal
dynamic models for urban growth management by integrating Forretter’s Urban Dynamics and Cellar Automation. Xu et al., [24]
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perform an empirical study in the region of Munich. They test an integrated urban growth model to explain the current urban growth
by combining a range of driving factors using auto logistic regression with a transition probability matrix from the Markov chain
method in a cellular automata model simulation. Dadashpoor et al., [25] analyze the urban growth patterns and predict future
growth using the SLEUTH model for Tabriz Metropolitan Area, Iran. They show that the edge growth pattern was dominant over the
entire region while the dispersed growth pattern appears to be greater in some sub-regions. Terama et al., [26] present the methods
and outcomes of integrating population projections across multiple spatial scales with an urban growth model. Xia et al., [27] use
geospatial big data to measure urban relatedness and spatial interaction among city groups from a macro-level perspective. Chen
et al., [28] propose to integrate an urban growth simulation model with the multi-region input-output (MRIO) model, and thereby
illustrate how urban land consumption in one region can cause ecosystem services’ degradation in another. They explore declination
in ecosystem services due to urban land teleconnections under five shared socioeconomic pathways (SSP) scenarios. Fu et al., [29]
propose a method to retrieve Impervious Surface Percentage (ISP) and to characterize urban growth patterns using time-series
Landsat images. Zullo et al., [30] examined the relationship between Land Surface Temperature (LST) variations and increasing
urbanized areas during the period 2001-2011 in Po Valley, utilizing different urban growth spatial patterns (UGSP). The im-
plementation and calibration of key factors such as accessibility and suitability are very important in such urban growth modeling.
Gonzalez et al., [31] propose a fully calibrated model to simulate urban growth namely MUGICA (Model for Urban Growth simu-
lation using Irregular Cellular Automata).

With the beginning of rapid urban growth in the last few decades, severe climatic and environmental changes occur in developing
countries such as Bangladesh, India, etc. The pace of rapid urban growth depends on several key driving economic factors such as
industrial development, job opportunities, and promising a better lifestyle. Chandan et al., [32] attempt to correlate the dynamic
land-use change, land cover, land surface temperature, and future urban growth scenario for one of the most systematically planned
city of India, Chandigarh. To alleviate the problems of urban sprawl, Urban Growth Boundaries (UGBs) have been applied in many
rapidly urbanizing areas. Chen et al., [33] propose a method that is capable of simulating UGB alternatives with economic and
ecological constraints. Liang et al., [34] propose an urbanization economic growth model and a simultaneous equation model.

Transports play a vital role in the growth of such urbanization. Therefore, selection of the right transport impact indicators of
urban growth is challenging. Besides the impacts vary both geographically and temporally. Perveen et al., [35] find 23 transport
impact indicators from the literature, evaluate them, and classify their suitability in terms of space-time pair through a two-round of
Delphi survey.

Besides, noise pollution possess a critical problem especially in the urban areas, where traffic noise is the foremost source of this
pollution. Urban road networks significantly influence traffic noise. Paiva et al., [36] have performed a noise assessment with the
creation of noise maps over the neighborhood in the city of Sao Paulo, Brazil. They perform a survey to ascertain the perception of the
residents of the neighborhood concerning the effects of this exposure. Lu et al., [37] develop a structural equation model to explore
the mediated effect of road characteristics on traffic noise through traffic flow using data from field measurement in Dalian City,
China. For further analysis, they have also performed the paired comparisons of the scenarios through microscopic and macroscopic
traffic simulations. Benocci et al., [38] propose Dynamap (DYNamic Acoustic MAPping) whose main scope is to implement real-time
acoustic maps in a district of the city of Milan. Dynamap is based on the idea of finding a suitable set of roads displaying similar traffic
noise behavior so that one can group them into single noise maps. Wang et al., [39] present an integrated geometric acoustics method
to calculate both indoor and outdoor traffic noise distributions. Ahmed et al., [40] propose a neural network (NN) model to predict
and simulate the propagation of vehicular traffic noise in a dense residential area at the New Klang Valley Expressway (NKVE) in
Malaysia. Cai et al., [41] propose a method to assess population exposure to road traffic noise based on high-resolution population
and grid-level noise data. Kuehnel et al., [42] propose to add scenario sensitivity for noise emissions in microscopic integrated land
use/transport models. Bakowski et al., [43] simulate the changes in the noise measure and variation using the vehicle traffic mea-
surements in both Nordic Prediction Method and Cnossos-EU models.

Traffic plays a significant impact in both urbanization and noise pollution, where several research studies have been conducted as
mentioned above. The impact is more severe in developing countries such as Bangladesh, India, etc. Therefore, a dedicated traffic
simulator in assessing the impact for the developing countries is required, where our simulator can play a baseline role. Methodology
adopted in our simulator is amenable for such enhancements. We describe our proposed methodology behind the development of our
simulator and parser in the next section.

3. Our proposed methodology

Our proposed simulator consists of three modules such as core simulator, surveillance, and signaling. We delineate the modules
and their interactions in Fig. 1a. At first, we define the simulator environment, which describes the road network such as junctions
and links, traffic flow rate, and routes and feed the definition to the core simulator. After that, the core simulator creates the
environment according to given definition and generates heterogeneous traffic including pedestrians, motorized vehicles, and
human-powered vehicles. Then, it simulates the traffic using their real-world behavior. While running the simulation over the user
defined environment, the surveillance module collects data of current traffic from different parts of the road network and forwards it
to signaling module, which imposes traffic signals to the simulator. When simulation time is over, surveillance module generates
different statistics on simulated road network such as average number of vehicles, average speed of vehicles, accident count, etc., for
each link.

In order to make the simulator environment realistic, we convert GIS data of a road network to simulator readable graph. Fig. 1b
shows the high level overview of the conversion process. We devise a parser based on this process and we name it as ShapeParser. Our
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Geographical data (GIS) of a road
network in shapefile format

Environment Core Traffic
definition Simulator Signaling QGIS software
I Coordinates of the border points of all
Traffic polygons of the road network in csv format

Surveillance

l ShapeParser

Traffic statistics generation Nodes and edges of the road network
graph in plain text

(a) Modules of our proposed microscopic traf- (b) Abstract conversion process of polygonal
fic simulator GIS vector data of a road network to a graph

Fig. 1. Block diagram of our proposed methodology.

parser requires polygonal data of a road network in comma separated value (csv) format as its input. Here, polygonal data means the
coordinates of the border points of all polygons. We use QGIS software [44], an open-source GIS application, to extract the co-
ordinates of the border points in csv format from polygonal GIS vector data of a road network in shapefile (shp) format [45]. A
shapefile contains geographical data such as coordinates, color, depth, etc., for Geographic Information System (GIS). QGIS extracts
the border points in a closed loop for each polygon with their coordinates. Then, we feed the polygonal data to our parser and get
nodes and edges of the road network graph with their coordinates in plain text as its output, which represent the intersections and
corridors of the road network, respectively. Our parser also provides width of the edges as road capacity. In the next subsequent
sections, we describe the detail architecture of our proposed simulator and parser.

4. Simulator implementation

We implement our simulator in Java language and we visualize the simulation using Swing library of Java. At first, we create the
simulation environment by using some configuration files. Then, we simulate the non-lane based heterogeneous traffic stream with
their on-road behavior in a loop until simulation time is over. The logical flow chart of our simulator is showed in Fig. 2. Now, we
describe the main components of our simulator in detail.

4.1. Modeling road network

Our simulator loads the simulation environment from five configuration files, which describe the information of junctions, links,
traffic demand, routes, and some configuration parameters of the simulator. Since the road network is represented as a graph data
structure in the simulator, the junctions are nodes and links are edges of the graph. Therefore, junctions and links define the road
network. Besides, traffic route and demand describe the traffic flow rate for a particular path in the road network. We create a road
using a link, which can be subdivided by some segments to represent the curvature of a road. Each segment is further divided laterally
into some thin strips, which act as virtual lanes for non-lane based heterogeneous traffic stream. A vehicle occupies a number of strips
based on its type. Each link is sandwiched by a foot-path on each side which also occupies some strips. Fig. 3 demonstrates the
arrangement of strips in a curved road. Now, we describe the input configuration files briefly.

4.1.1. Junctions

Junctions represent the intersections of the roads. In the configuration file of junctions, we describe a junction with its unique id,
Cartesian co-ordinate, and a list of adjacent links. The input configuration file of junctions is showed in Fig. 4a. The first line denotes
the number of junctions of the given road network.

4.1.2. Links

Links define the actual roads or corridors in the simulation environment. In the configuration file of links, we describe a link with
its unique id, id of two adjacent nodes, and number of constituent segments. After each link description, we describe the information
of all segments that belong to a link. We describe a segment with its unique id, Cartesian co-ordinates of two end points, and width of
the segment. Fig. 4b shows the format of a link file. The first line denotes the number of links of the given road network.

4.1.3. Traffic routes

Traffic routes are the paths between source and destination nodes in the graph. We describe a traffic route with the source node,
destination node, and the list of links. We demonstrate a route file in Fig. 4c. Here, the first line denotes the number of routes in the
file. We use bidirectional traffic, hence, each entry is repeated in reverse direction. Traffic generates from source node and starts from
the first link of the route. Conversely, it arrives at the last link of the route and enters into destination (sink) node.

4.1.4. Traffic demand
Traffic demand represents the traffic flow rate of a route between a source and sink pair of nodes in the network. We describe
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Fig. 2. Flow chart of our proposed microscopic traffic simulator.
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Fig. 4. Different input configuration files of our simulator.
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traffic demand of each route with its source node, sink node, and flow rate in vehicles per hour. Fig. 4d shows a demand file. Here, the
first line denotes the number of demand entries in the file. As we use bidirectional traffic, each demand entry is repeated in reverse
direction.

4.1.5. Simulation parameters

We provide some additional simulation parameters to customize the environment such as simulation speed, simulation end time,
pixel per strip, pixel per footpath strip, pixel per meter, encounter per accident, strip width, footpath strip width, maximum speed of
the vehicles, and state of pedestrian mode. Here, one unit linear distance is equivalent to one meter and one simulation step is
equivalent to one minute. Besides, encounter per accident is the probability percentage of being an accident. Fig. 4e shows the
parameter file. These parameters can also be given as input from GUI. After creating simulation environment, we calculate when and
how many vehicles are needed to be generated from a probability distribution. We can mimic a real road environment by providing
geographical road network and real survey data of traffic demand, routes, accident probability, maximum speed of vehicles, etc. We
can also add time dependency on these parameters to make the environment more realistic.

4.2. Modeling pedestrians

After modeling road network, we have to model the pedestrians and their behavior in our simulator. In developing country,
pedestrians move across the roads from anywhere. Besides, a pedestrian may have an accident with a running vehicle while crossing
the road. We generate new pedestrians in some random places of random links and the probability distribution of pedestrian gen-
eration is completely uniform. We remove those pedestrians who have successfully crossed the road or have been in accidents. Note
that, our simulator has an option to turn off the pedestrian model, which we provide as input during road network modeling.

Actually, we create the pedestrian as a generic object to provide additional functionality to make the simulator more realistic. For
example, we can make some static pedestrians on the border sides of a road to mimic the street hawkers, crowds around mobile
markets, etc., on the footpaths.

4.3. Modeling vehicles

This component is the core part of our simulator. In developing countries, different types of vehicles run in the roads such as
motorized and non-motorized, i.e., human powered. As they are different in terms of width, length, speed, etc., they cannot maintain
a lane structure while moving along the roads. We model the non-lane based heterogeneous traffic by using different sizes of vehicles
with different speeds. We model the real-world drivers’ behavior by imitating real-world behavior, i.e., any vehicle can move along
any strip of the roads. According to traffic demand, we generate different types of vehicles on different source nodes of the routes.
Vehicle can switch between strips according to real-world scenario. If one vehicle wants to overtake another vehicle, first it checks
whether its right strips have any space to overtake. If it finds empty, it overtakes another vehicle. Otherwise, it again checks whether
its left strips have any space to overtake. Thus, the vehicles show real-world behavior while moving along the strips. As soon as the
vehicles reach the destination nodes of their routes successfully, we remove them from the network. In order to mimic the parked
vehicles on the roads, we can create some static vehicles on the border sides of some roads.

4.4. Graphical user interface

The usability of a traffic simulator depends on interactivity. Hence, in order to make our simulator more user friendly, we
provision for graphical interactions along with the configuration files. Our simulator visualizes the simulation in a graphical user
interface (GUI). One such simulation is illustrated in Fig. 5. Here, the colored rectangles and green dots represent the vehicles and
pedestrians respectively. We can see that different sizes of vehicles are congested in the three source links. They are waiting for green
signals from traffic signaling module. We can also see that the vehicles are highly congested in the middle of the roads and the
congestion decreases with the increase of lateral distance across the road. There is no lane-structure in the roads and vehicles try to

Fig. 5. Visual representation of our simulator (colored rectangles are vehicles, green dots are pedestrians). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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start

object

4692 8365 false

4944 7675 false

vehicle

933 984 931 983 4847 4851 4868 4871

4782 4731 4808 4757 9098 9010 9083 8995
3669 3670 3693 3694 583 653 583 653

1351 1367 1371 1387 8728 8676 8734 8682
11124 11120 11140 11136 8887 8856 8885 8854
11772 11775 11781 11784 152 177 151 176
7414 7405 7434 7426 8727 8676 8723 8673
7853 7841 7867 7856 395 425 401 430

13209 13158 13209 13158 4784 4784 4805 4805
3684 3685 3705 3706 567 622 567 622

5665 5760 5650 5685 312 350 326 364

13874 13853 13876 13855 1083 1088 1089 1095
end

Fig. 6. Format of the simulator log file describing the state of pedestrians and vehicles for each simulation step.

move everywhere when they get spaces. Hence, this scenario delineates the real non-lane based heterogeneous traffic stream, which
resembles a common scenario in the road networks of cities in developing and underdeveloped countries. Since GUI mode consumes
much CPU and memory, we provide an option to simulate the traffic in console mode. The console mode is faster than GUI mode.
Consequently, at the end of simulation, different traffic statistics are generated.

4.5. Simulator log

We save the attributes of the pedestrians and vehicles for each simulation step in a log file to replay the simulation. A typical log
file is shown in Fig. 6. For each step, the log starts and ends a simulation step with a start and an end keywords respectively. The
information about pedestrians and vehicles is started with an object and a vehicles keywords respectively. The log describes the
information regarding a pedestrian with the co-ordinate of the pedestrian and status of the pedestrian whether (s)he is in accident or
not. On the other hand, the information regarding a vehicle is described with the co-ordinates of four corner points as following
format:

X% X3 Xa Y1 Yo Y3 0

Here, (1, y1), (X2, ¥2), (X3, ¥3), and (x4, y4) represent the top-left, top-right, bottom-left, and bottom-right corner points of the vehicle.
4.6. Statistics generation

In order to simulate the surveillance system, we place one sensor in a random place of per segment. The sensors gather data of the
number of vehicles that have passed over the sensor and measure the speed of the passed vehicles. It also collects accident in-
formation on every segment. When the simulation time is over, the surveillance module plots the graphs of average number of
vehicles, average speed of vehicles, and average accident count for every link. The traffic statistics of a small road network is shown
the Fig. 7. Here, we use traffic demand of 100 vehicles per hour (vph), maximum allowable speed of the vehicles 20 km per hour
(kph), and accident probability of 0.1%. Now, we describe the implementation of our parser to convert GIS data to graph.

5. Parser implementation

We implement our parser in Java language by adopting modular approach. Fig. 8 shows the logical flow of our parser. Our parser
parses the polygonal data to graph over five sequential phases. At first, our parser takes the coordinates of border points as input and
produces valid polygons after removing unnecessary polygons such as road divider. After this pre-processing step, we generate all
points inside the roads. Then, we detect all points in junctions and dead ends of the road network. After that, we calculate the
coordinates of nodes including junctions and dead ends, which are the nodes of our desired graph. Next, we detect the connections
between the nodes, which produce the edges of the graph. Finally, we calculate the coordinates of these edges and write the nodes
and edges in a plain text file with their coordinates. Thus, we get our desired graph of the given road network. Now, we describe the
working process of our parser in detail.

5.1. Valid polygon extractor

This module reads polygonal input data that contains the coordinates of border points of all polygons in a road network. The
border points of a polygon appear sequentially in the input file (Fig. 9a), however, the polygons do not follow any order. The main
task of this module is to perform some pre-processing tasks such as eliminating close points and road dividers. The distance between
border points are non-uniform. For example, a lot of points is needed to represent a curvature (Fig. 9b), whereas only two points are
needed to represent a straight line. In order to reduce complexity of our algorithm, we consider uniform spaced points only. On the
other hand, all polygons do not necessarily represent roads, some represent area not included in any road (Fig. 9c). Besides, some
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Fig. 7. Traffic statistics for each link during simulation time.

narrow polygons represent road dividers (Fig. 9d) that are irrelevant to our desired graph. Therefore, we need to remove the dividers
from our road network.

In order to detect narrow polygon, we use surveyor’s area formula [46], also known as shoelace formula, to calculate area of the
polygon by given Cartesian coordinates of the border points. Then, we divide the area by the maximum distance between the points.
Thus, we get the approximate width of the polygons. If the width is less than an empirical threshold, we mark it as narrow polygon. If
a narrow polygon is closed under another polygon, this polygon is actually a divider and we remove it. Note that, there is no
intersecting polygon in GIS data. Thus, this pre-processing module cleans the polygonal data of road network and returns valid
polygons only. We also calculate local and global minimums and maximums coordinates from all valid polygons for future usage.

The main tasks of this module are border points extraction, close points elimination, and divider elimination. The time complexity
of border points extraction depends on the number of points in input file (n) and eliminating close points depends on the number of
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Polygonal data of a road network in csv format

| Get all polygons excluding road dividers |
1

Valid pflygons

| Get all pixel points inside roads only |

!

On roa? points

| Get all junction and dead end points of the road network |

!

On junction and dead end points

Get all nodes of the road network including junctions and ( )
dead ends with their coordinates

1
Nodes of the road network graph
)

Get all edges of the road network with their coordinates |'—

!
Nodes and Edges of the road network graph

Fig. 8. Detail conversion process of polygonal data of a road network to nodes and edges with their coordinates.
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(a) Sequential appearance of border (b) Non-uniform spacing between
points of a polygon points
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(c) Polygon representing an area not (d) Polygon representing a divider

included in any road

Fig. 9. Different characteristics of polygonal data. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)

extracted points for the given road network area. Hence, their combined time complexity is O(n). On the other hand, divider
elimination requires comparison between all pair polygons. Each comparison needs Shoelace formula for area calculation and its time
complexity is O(s%), where s denotes average number of border points for each polygon. Besides, the time complexity of determining
whether one point is inside in a polygon or not is O(p + s), where p denotes the number of polygons in the given road network area.
As one border point can be inside in maximum one polygon, the determination process rejects majority polygons (O(p)) and one

10
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Fig. 10. All road points in a road network.

successful determination needs O(s) time. Hence, the divider elimination process needs O (ps?(p + s)). If the number of input points is
much greater than extracted points, the overall time complexity is O(n). Otherwise, divider elimination process will dominate.

5.2. Road point generator

This module takes valid polygons as input given by previous pre-processor module and generates all pixel points inside the roads
only. We check every pixel line by line whether it is inside any road or not. We scan every pixel inside the global minimum and
maximum coordinates to reduce search space and test whether it is inside one or two polygons [47]. If a pixel is inside exactly one
polygon, it is situated in a road. On the other hand, if a point is in exactly two polygons, this point is situated in non-road area.
Obviously, a point cannot be situated in more than two polygons. If our working resolution is greater than one, we consider its four
neighbors, i.e., east, west, north, and south points, whether any of them is situated in any road or not. Since this line by line pixel
checking is computationally very expensive operation, we parallelize this module by using Java threads. We use one thread per scan-
line and every thread returns the valid points, i.e., points situated in roads, not in non-road area. Later, we accumulate all valid points
and save in a csv file. Fig. 10 illustrates all on-road points. Thus, we generate all road points from all valid polygons in the given road
network. The time complexity of this module depends on number of polygon checks against each point, which requires O(m(p + s))
time, where m denotes the number of discrete points inside the rectangle covering all the polygons.

5.3. Junction and dead-end points filter

This module takes all valid points as input and returns only those valid points, which are situated inside junction of roads or dead-
end of any road in the network. We can detect a junction by calculating slope changes in different points across a road. For a curve not
representing a junction, the slope change will be towards the same direction for both sides of the road. However, for a curve
representing a junction, the slope change will be towards different directions for two sides of the road (Fig. 11a). The border points of
the polygons do not have relations with each other. For example, close points do not necessarily indicate points across a road. It can

Pl P3
" E
T . Slope changes to
. { "different directions
when it is a junction
Slope chang‘es to the same direction
when it is not a junction
—
(a) Calculation of slope changes for junction de- (b) Border points across a road

tection

Fig. 11. Determining junction with calculation of change of slope. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 12. Determining junction with extents of a point for different directions.

be observed from Fig. 11b. We can see that P1, P2 and P3, P4 points are situated across a road, however, P3 and P4 points are situated
in different polygons. Since we cannot find the points that situated on the opposite side of a road, we cannot use this approach to
detect a junction rather we follow an empirical approach.

From previous module, we get all valid points that are situated on the roads. Now, we generate rays in different directions for each
valid point and check in how many directions there are roads present. Depending on the number of directions, we decide if the point
is situated on a junction, or at the middle of a road, i.e., at corridor, or at the end of a road, i.e., at dead end. Let, p is a valid point on a
road and we generate a ray v, from point p along a direction vector with slope 6. After some time, ray vo goes out of the road and it
needs ey distance to reach the border of the road. We vary the slopes from 1 to 360 °, i.e., 6 = 1, 2, ...,360. If the ray vy passes along a
road, the distance ey will be higher. We show this approach in Fig. 12a and corresponding distances are plotted in Fig. 12b. We can
see there are three peaks in the curve at 95, 188, and 270 °. These peaks imply that we can go along three roads from this point.
Therefore, it is a junction of three roads. We identify the peaks by comparing with an empirical threshold, which depends on the
distances. If there is one peak in the curve, this point is situated in the dead-end of a road. On the other hand, if we find exactly two
peaks, this point is neither a junction nor dead-end point rather it is situated in the corridor. We can calculate a road’s width w, by
calculating the minimum distance around all points using this equation:

Wp = €g + €180+6 @

We apply this peak detection algorithm for all valid points to get the junction or dead-end points. It is also a computationally
expensive task, hence, we distribute each point to a thread and later we accumulate all junction or dead-end points.

After filtering all valid points, we get on-junction and dead-end points. However, some neighbors of the filtered points get ignored
by our algorithm. We manually add these false negative points with the filtered points and save all filtered points in a csv file. After
running this module, we arrive at the following state illustrated in Fig. 13a. We can see that there are some false positive points
filtered from this module. We clean them in the next phase. The time complexity of this module is O(ralog,a), where r and a denote
number of road points and number of directions around a point to be checked respectively. Here, we have to sort the distance array of
a point to find the threshold to check whether a peak exists. Hence, it requires O(alog,a) time.

5.4. Node generator

We feed all points of roads, junctions, and dead-ends to this module in order to generate nodes of our desired graph. At first, we
run Breadth First Search (BFS) algorithm among the junction and dead-end points to find connected components using four neighbors
around each point. Thus, we get cluster of points and each cluster is a single node in our desired graph, as a node is situated in
junction or dead-end in a road network. We use centroid of a cluster as the coordinate of a node. We also calculate the area of a node
as a circle by using the number of points of the respective cluster. From this area, we compute radius of nodes for future usage.

From previous stage, we get some false positive points (Fig. 14a). In order to eliminate those points, we detect the adjacent points
of each cluster. We again run BFS algorithm among the adjacent points using eight neighbors around each adjacent point. If they form
single or double cluster, the respective filtered points are false-positive (Fig. 14b), since the adjacent points around true-positive
points form exactly same number of clusters as number of roads in a junction (Fig. 14c). Note that, we bypass the dead-end points
from the false detection, since adjacent points of dead-end points form a single cluster, which will make these dead-end points as
false-positive. After eliminating false-positive points, we get nodes of our desired graph and save the nodes in a csv file. Fig. 13b
shows the sequential output of our parser, i.e., road points, junction and dead-end points, and nodes. The time complexity of this
module is O(d), where d denotes the number of junction and dead-end points.

12
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(a) Junction and dead-end points (red pixels) and road points (yellow pixels)

(b) Nodes (green pixels), junction and dead-end points (red pixels), and

road points (yellow pixels)

Fig. 13. The intermediate output of our parser for a road network. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

(a)  Some false-positive (b) Adjacent points of false- (c) Adjacent points of true-
points along with true- positive points form a single positive points form exactly
positive points cluster same number of clusters as

number of roads in a junction

Fig. 14. Identifying false-positive points from junction and dead-end points. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

5.5. Edge generator

After generating nodes of our desired graph, we use this module to generate edges from road points, junction points, dead-end
points, and nodes. Edges represent the corridors or links between junctions. For simplicity, we do not consider the curvature in-
formation of edges. Hence, we use one segment per edge. In order to find the edges, we run BFS algorithm over all road points. Each
road point will be adjacent to exactly two clusters of junction or dead-end points, i.e., two nodes. Since the both nodes are adjacent to
each other, there is an edge in between them. Thus, we can build the adjacency list for all the nodes. We calculate width of an edge by
taking the minimum of all width of points w;,, which we have calculated previously using Eq. 1.

In order to calculate the coordinates of the endpoints of an edge, we draw two circles around the nodes using the width of the
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(b) Overlapping edges while determining the coordinates

Fig. 15. Determining the coordinates of the endpoints of an edge.

connecting edge as radius. After that, we compute two pairs of points on the circles of adjacent nodes such that the connecting line of
each pair becomes parallel to connecting line of nodes. The geometry behind this computation is showed in Fig. 15a. This approach
may produce overlapping edges (Fig. 15b). In order to solve this problem, we determine the intersection of the edges [48] while
meeting at a single node. We shorten the intersecting edges up-to the intersection point. Thus, we get the coordinates of edges, i.e.,
roads. We save them in a csv file. The time complexity of edge finding is O(r) and coordinates calculation is O(e), where e denotes the
number of edges. Therefore, this module needs O(r) time.

After passing these five stages, we get our desired graph from polygonal GIS vector data in terms of coordinates of nodes and
edges. We delineate our final output in Fig. 16. We can see that our road network graph is somewhat similar to original road network.
If we consider the curvature information of a road, the graph will be more realistic. The overall run time complexity of our parser is
dictated by road points generation. Hence, the overall time complexity is O(m(p + s)).

5.6. Output generation

After getting the coordinates of nodes and endpoints of edges, we save the information in two plain text files respectively. We save
nodes with their unique ids and adjacent nodes in one text file. Another text file contains the information regarding the edges of the
graph. We save links with their unique ids, two adjacent nodes, and number of segments they have. Then, we write all segments
information such as segments id, coordinates of two end points, and width of the segments. The output data can be visualized from
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Fig. 16. Nodes (green pixels) and endpoints of edges (red pixels) in a road network. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

(x_coordinate_1,y_coordinate_1)  (x_coordinate_2, y_coordinate_2)

width ®

]
node_1 node_2

Fig. 17. The output data for polygonal GIS vector data of a road network.

Fig. 17. The information generated here are the basic information required to generate the graph of a road network. In the next
section, we present the experimental evaluation.

6. Experimental evaluation of simulator

In this section, we present some preliminary results of our simulator. We evaluate our simulator in both virtual and real-world
experiments. In virtual test, we analyze the effect of a particular link over the whole network. On the other hand, in real testing, we
measure travel time of the simulated vehicles and compare it with real data. Note that, we use real geographic map of a particular
road network in real testing, which is generated by our parser. We evaluate the performance of our simulator in a single machine and
its configuration is showed in Table 1.

6.1. Virtual testing

We consider a particular link of a road network and analyze its effect over the whole network. Fig. 18 shows the map of the road
network, which is used for testing purpose. We analyze the effect of the red colored link (link 10) by inclusion and exclusion
respectively in two simulations. The traffic statistics of both simulations such as average vehicle speed and total number of vehicles
are showed in Fig. 19. We can see that the number of vehicles has increased significantly in some links such as link 9, 14, and 16 due
to link 10 exclusion (Fig. 19a). Besides, the average speed of these congested links have decreased (Fig. 19b). In these experiments,
we use demand flow rate of 100 vph, maximum allowable speed is 10 kph, and pedestrian mode is turned on with accident prob-
ability of 0.01%.

Table 1
Configuration of our Machine .
Parameter Value
oS Windows 10 Pro-(64 bit)
CPU Intel Core i5-3470 @ 3.20GHz
Cores 4
RAM 4 GB
Heap 2GB

15



K.H. Zubaer, et al. Simulation Modelling Practice and Theory 105 (2020) 102156

Fig. 18. Sample map of a road network used in analyzing link effects by removing the red colored link. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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Fig. 19. Traffic statistics for original map and modified map. (For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

6.2. Real testing

In addition to evaluation in virtual environment, we evaluate our simulator with real-world experiments. We compare the si-
mulated travel time against real data in a real road network. We use the real road map of Dhaka city (capital of Bangladesh) and
measure the travel time between Sankar and Palashi intersections in both simulation (Fig. 20b) and real-world (Fig. 20a). In the
simulation, we use demand flow rate of 124 vph and maximum allowable vehicle speed of 17.3 kph in both intersections [2]. We
provide these data through two files of the simulator, i.e., demand file and parameter file. We also turn pedestrian mode on. Note
that, we collect real data of bi-directional traffic (37 samples over one month) including different vehicles, i.e., from Sankar to Palashi
and vice-versa, in different times of days. Thus, our real data covers various conditions that can be happened in the roads. We perform
10 iterations in simulation by creating same environment of real world and log travel time of different vehicles in both directions.
Then, we calculate the average values with standard deviations. The resultant average real travel time and simulated travel time is
showed in Fig. 20c. We can see that our simulator closely mimics the real travel time (99% accuracy) from Sankar to Palashi and vice-
versa. Next, we describe the performance of our conversion algorithm that is used to build the parser.

7. Experimental evaluation of parser

In this section, we present experimental run time analysis of our algorithm for different size of inputs. Here, we use GIS map of
road network of Dhaka city, capital of Bangladesh. After that, we present the accuracy of our algorithm followed by the effect of
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Fig. 20. Comparison between simulated and real average travel times. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)

resolution changes on its performance. We evaluate the performance of our parser in a single machine and its configuration is showed
in Table 1.

7.1. Run time analysis

We evaluate our parser for road network of different areas of Dhaka city and measure the run time of each phase. Among five
phases, road points generation is the most dominant phase followed by junction and dead-end points filtration. We apply both
sequential and parallel approach for computational expensive modules. We demonstrate the actual run time of road points generation
phase in both approaches in Figs. 21a against the number of polygon checks. The correlation coefficient R? confirms that the ap-
proximate worst case boundary for road points generation can be expressed by O(m(p + s)). Fig. 21b delineates the actual run time to
find the junction and dead-end points against the total number of road points. We can see that the correlation coefficient indicates the
correctness of the time complexity of junction and dead-end points filter module, i.e., O(ralog»a). Finally, we present over all run time
against the number of polygon checks in Fig. 21c. The correlation coefficient confirms that the number of polygon checks is the most
dominant factor for the run time of our algorithm and the worst case boundary can be expressed by O(m(p + s)).

7.2. Accuracy of our algorithm
Our algorithm works perfect for equal width and linear road network (Fig. 16). However, its accuracy varies for heterogeneous width
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Fig. 21. Actual run time of the most dominant two modules and whole parsing process. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

and curved road. We parse four random areas of Dhaka city and show the final output in terms of nodes in Fig. 22. We use QGIS Desktop
2.18.14 software to pre-process these areas and feed the csv output of QGIS to parser. The accuracy of our algorithm for these particular
four areas are summarized in Table 2. We cannot calculate false negative rate from the data, since we do not know the number of true
negative nodes. Hence, we calculate the accuracy as the percentage of true positive minus false negative as penalty over total nodes.

7.3. Effect of resolution changes

We have several parameters in our algorithm such as linear resolution, angular resolution, empirical threshold to check divider,
threshold for peak detection, etc. We validate our parser by tuning these parameters to improve the accuracy. Here, we present the
effect of resolution changes, i.e., linear and angular, on the performance of our parser for Agargao area. Linear resolution indicates
the minimum closest point we take, i.e., we discard the points which is situated less than the minimum distance to reduce the input
data set. On the other hand, angular resolution is the number of angles that we check around a point to junction and dead-end
detection. The effects are showed in Table 3 with their detection statistics. We can see that both run time and accuracy decrease with
the decrease of both linear and angular resolution. However, less linear resolution reduces much both time and accuracy. Since our
algorithm cannot detect nodes properly in low resolution, the resolution should be compatible with the roads’ width. Not only
resolution but also all other parameters should be compatible with roads width. Therefore, the parameters should be tuned up
empirically. Note that, we use linear as one and angular resolution as 360 degrees in all evaluation except this testing. In order to
reduce run time, we use hash set data structure in our algorithm to store the points set, since hash set has constant access time on
average. We also tune up the hash code to improve the run time.

8. Future work

The purpose of this traffic simulator was to mimic unstructured, non-ideal road traffic scenarios present in the developing and
under developed countries. Therefore, we used a simple model to realize these diverse behavior. However, there are a lot of factors
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Fig. 22. Node detection from GIS map of four random areas in Dhaka city. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Table 2
Summary of node detection from GIS map of four random areas in Dhaka city .
Location Road length True positive False positive False negative Accuracy
(km) (TP) (FP) (FN) (%)
Agargao 2 21 1 1 91
Dilkusha 3 29 8 2 73
Nakhalpara 3 45 10 1 80
Fakirapool 6 96 3 4 93
Total 14 191 22 8 86
Table 3
Effect of resolution change while detecting node from GIS map of Agargao area .
Linear resolution (pixel per meter) Angular resolution (# of angles around a point) Run time (sec) TP FP FN Accuracy (%)
1 360 9 21 1 1 91
0.5 360 5.4 19 0 3 84
0.25 360 4.5 14 1 7 47
1 180 8.4 20 1 2 86
1 120 6.9 21 4 1 80

that we omitted for the sake of simplicity, such as, driver behavior, vehicle characteristics, modal split, etc. We envision to in-
corporate these factors in our future models. Moreover, owing to the lack of data, travel time between only a pair of points in the
Dhaka city is simulated and verified. In future, we plan to cross check our results by collecting travel time data among different pair of
points in Dhaka city to demonstrate efficacy of our simulator. We will use Google Map’s historical traffic data in this purpose. Our
parser also needs some advancements such as incorporating the curvature information of the roads to make the graph more realistic.
We also plan to improve our algorithm such that it can detect nodes from heterogeneous road width and curved roads with better
accuracy.

Nonetheless, our future plan also includes extension of our simulator for simulating diversified related phenomena. For example,
we plan to incorporate different types of traffic noise models in our simulator. Besides, as transports play a vital role in the growth of
urbanization, we plan to integrate urban growth models in our simulator.
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9. Conclusion

The presence of non-ideal conditions such as the mixture of human powered and motor powered vehicles, illegal parking, vio-
lation of rules pertaining lanes, etc., are worsening the traffic condition of less developed countries in the world. A traffic simulator
addressing the above-stated issues could be a potential answer towards designing an effective and sustainable transportation system
for these countries. However, none of the existing studies on traffic simulator mimics all the aspects of the road traffic behavior of
developing countries. Besides, in order to model the system realistic, we need to use the geographical map (GIS) of the system, which
must be transformed to a list of nodes and edges with their capacity to make the map readable to the simulator. Existing literature
lack a standard algorithm to convert the geographical network to graph network. Therefore, in this work, we design a simulator that
meets the above-specified issues in a sustainable manner. We provide different calibration parameters that can be used to mimic the
real-world scenario. We also devise a novel algorithm that transform the given geographical network into a simulator readable graph
network. We use polygonal vector GIS data collected from an authoritative source, which is more sustainable than OpenStreetMap.
We develop a parser based on our algorithm to parse geographical network. Real-world deployment of our parser confirms us an
average accuracy of 86% while parsing road maps of four random areas of Dhaka city. On the other hand, real-world deployment of
our simulator confirms us an average accuracy of 99% in terms of travel time while simulating real map provided by our parser after
necessary calibration using real data of Dhaka city.
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