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ABSTRACT

The technological advancements of the Internet of Things (10T) in
the recent past have facilitated immense progress towards
mitigation of environmental pollution through  smart
transportation systems and solutions. In particular, communication
to the commuters about the traffic ahead or occurrences of
congestion has been envisioned to play a major role in
outsmarting traffic through mobile applications giving rise to the
emergence of the Internet of Mobile Things (IloMT). However, the
existing mobile applications that serve as traffic reporting
solutions still face major issues such as fixed route suggestions,
longer delays during busy hours or emergencies, inefficient
prompting of road accidents and heavy traffic en route to a
particular destination. This research aims at providing solutions
for notifying the commuters with updates on the traffic based
upon the Air Quality Index (AQI) of the routes towards the
destination and also about the approach of emergency vehicles.
The cross-platform mobile application in this way enables the user
to opt for a route with good air quality so that the more congested
routes are avoided thereby mitigating the air pollution induced by
road traffic. The experimental testing and validation of the
proposed methodology are applied for areas belonging to Greater
Kuala Lumpur. The various timings divided according to peak and
non-peak hours are experimentally tested for analyzing the
parameters of traffic usage and pattern through the mobile
application. The outcome of the experiments has showed that
when traffic flow is modelled and governed through vehicular
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emissions and concentrations of air pollutants, nearly 75% of the
congested traffic is reduced thereby, giving rise to pollution-free
environment as well as mitigation of urban heat island (UHI)
effect that is formed through vehicular heat generation and
difference in temperatures. On the other hand, the approach of
emergency vehicles also prompts the commuters to avoid panic.
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1. INTRODUCTION

In the past few decades, the population of vehicles has been on
higher demand. This huge demand for vehicles results in heavy
traffic congestion, accidents, pollution and costs millions of
dollars for annual fuel consumption. Such drawbacks have led
researchers to look for effective solutions to mitigate vehicular
traffic congestion. The vehicular network environment is dynamic
in nature due to the frequently changing topologies and network
configurations. Though there are numerous existing Intelligent
Transportation Systems (ITS) techniques comprising of Internet
of Things (lIoT) and Vehicular Adhoc Networks (VANETS),
which enables the users to keep well-informed and well-updated
about smarter ways to deal and handle utilization of transport
networks, seldom do they provide guarantee for considering non-
recurring congestion as well as means for mitigation of traffic
congestion induced air pollution and fuel consumption.

Moreover, the long waiting hours of vehicles at signals and traffic
jams leads to higher air pollution levels and heat generated from
vehicular exhausts cause Urban Heat Island (UHI) effect. The
developing countries like Malaysia, still face potential drawbacks
such as increased air pollution levels, due to higher vehicle usage
rate resulting in adverse health hazards such as respiratory
diseases and asthma. In this research, the Air Quality Index (AQI)
values obtained using the deployment of real-time AQI measuring
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devices, are validated with existing system’s values for
performance comparison and traffic management.

The proposed cross-platform mobile application is developed on
iOS and Android platform at the application layer for timely
updates on the AQI values and is also based on the approach of
emergency vehicles to the end users. AQI here refers to the
numerical value assigned to the level of air quality in the
atmosphere. These values are communicated to the commuters
tailored to the traffic pollution levels of various routes towards the
destination in a timely manner. This concept is based upon an loT
based protocol and is envisioned as an application of the Internet
of Mobile Things (IoMT).

Figure 1. Internet of mobile things (IMoT).

The future of smart transportation relies upon the 5G
communication as per the 10T researchers and such applications
of 1oMT would pave a way for the extensive implications of
higher mobility, lower latency and spectral efficiency of 5G
networks as depicted in Figure 1.

2. LITERATURE REVIEW

In a timespan of the past few decades, vehicular use and
population have been tremendously increasing around the world.
The usage of a huge number of vehicles cause heavily congested
traffic, increased fuel consumption, higher air pollution and the
resultant economic hazards [13]. These reasons are the major
contributors to global warming. The fast-growing utilization of
vehicles gives rise to environmental threats with regards to
harmful CO, emissions. A study by [5] suggests that emission
levels in Malaysia according to CO, projections between the years
2000 to 2020 is estimated to increase by 68.86%. This rapid
increase in percentage shows that almost 3 billion tons of harmful
CO, emissions will be released during the year 2020 if no
preventive measures are taken for pollution mitigation systems.
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Figure 2. Fuel Consumption vs CO,,

Over the last years, road traffic congestion and the associated
emissions have drawn lots of attention in environmental related
research. Based on results contributed by [8] the CO, emissions
and rate of fuel consumption are directly impacted due to traffic
congestion. Therefore, for better solutions to address
environmental issues, it is essential to find an optimal relationship
between travelling speed of vehicle and rate of fuel consumption
along with CO, emissions. There is a considerate amount of
numerical representations that relate the fuel consumption rate
with travelling speed of vehicles and CO, emissions in the past
few decades.

The representation in Figure 2, depicts such parameters as a
function of average travel speed. It clearly shows that there is a 30%
average increase in CO, emissions and fuel consumption at low
average travel speed due to severe vehicular congestion and
longer delays at signals (increase in stop-and-drive mode and idle
engine extension). Moreover, at relatively higher speeds also there
is higher CO, emissions and fuel consumption due to the need for
more power to the vehicle engine. An average moderate travelling
speed that typically ranges from 65 to 85 Km/h produces
comparatively lower CO, emissions and fuel consumption. Hence,
it is essential to mitigate these greenhouse gases and CO,
emissions by switching towards a fleet that requires lesser stop
and drive mode of driving with fewer idle time. Therefore, the
solution for effective measures with a reasonable cost for
vehicular congestion mitigation and preservation of the
environment is essential to reduce the rate of fuel consumption
and emission of harmful pollutants [1].

The solution of raising new buildings and highways with higher
capacities can be employed to address the above-mentioned issues
but can turn out to be cost inefficient, time-consuming and space-
limited. Additionally, the research development and innovation on
switching towards alternative fuels tend to consume a lot of time
and effort to turn to a reality [4,12]. The giant vehicle
manufacturers have made significant contributions towards
enhancing the design of vehicles and developing the features of
cost-effectiveness, environment-friendliness and fuel consumption.
The green technology-based solutions have rather given
importance to the interior features and technology of the vehicles,
for instance, the vehicular companies that focus on research and
development to make economical and environment-friendly
engines. Few examples of such efforts are fully electric and
hybridized vehicles [6,10]. Comparatively, the optimal utilization
of the existing streets and roads can mitigate the congestion issue
at a reasonable cost in larger metropolitan cities.

Nevertheless, such solutions require exact information about the
present status of the streets and roads that turns out to be a
challenging risk due to rapid changes in vehicular environments
and networks. Intelligent Transportation System (ITS) is defined
as a novel emerging platform that combines the electrical
technology and network-oriented information with transportation-
based technologies [7,11]. This framework covers and addresses a
huge variety of methodologies and techniques such as intelligent
embedded systems to mitigate the rate of fuel consumption and
CO, emissions. Such techniques can range from an application-
based traffic light signals, traffic routing methodology or even the
system for electronic toll collection at highways. These ITS
techniques address the mitigation of fuel consumption based on 2
aspects- firstly, to suggest alternate paths with shorter time period
rather than shorter distance paths and secondly to mitigate the
traffic congestion that maintains optimal vehicle speed [9].
According to [14], the two most promising solutions for



mitigation of CO, emissions and fuel consumption rate are —
Vehicular traffic routing system (VTRS) and ITS based traffic
light signals (ITLS).

Comparatively, the former is considered to be a better solution
than the latter due to cost factors and time consumption.
Nevertheless, majority of the current VTRS methods have
obtained a better outcome for cutting down the travel time or for
improved flow of traffic, they can seldom provide assurance for
mitigation of fuel consumption, air pollution and noise [2,3].
Therefore, this research aims to develop smart traffic congestion
mitigation model based on the values of air quality index (AQI)
and prompting of emergency vehicles. This solution is based upon
governing the flow of traffic based upon the AQI values, so that
the vehicles are routed in the paths with lesser AQI (green paths).
The term “green path” here refers to those routes with relatively
lesser traffic congestion, reduced fuel consumption and CO,
emissions.

3. MOBILE APPLICATION FRAMEWORK
The proposed methodology comprises of the data gathering
mechanism and distributive path guidance suggestion among
vehicles in vehicular networks. These networks are highly
dynamic in nature and comprise of unique characteristics such as
constrained resource availability and distributed radio channel.
They also have issues such as the absence of central coordination,
the insecure medium of communication and the hidden terminal
problem. The proposed methodology is evaluated in terms of its
performance through a cross-platform mobile application called
“Go Green Malaysia”. The real-time AQI measuring devices are
installed in various areas of Greater KL, followed by which
extensive simulations run and tests are done to evaluate the
proposed approach in comparison to other existing methods. The
distinctive scenarios with different sizes of maps, AQI values,
vehicular densities, accident and weather conditions are taken into
account for comparative analysis between the existing and
proposed solutions.

The proposed methodology comprises of an loT based mobile
application and is aimed towards modelling the heavily congested
road traffic to mitigate congestion as depicted in Figure 3. The
traffic induced air pollution causes the emission of harmful
pollutants into the atmosphere ultimately leading to higher AQI.
Therefore, prompting the users with notifications of routes having
lesser AQI, can considerably mitigate the longer delays, traffic
congestion and can also address an increased percentage of
harmful emissions into the atmosphere. The parameters for
performance evaluation include pollutant emission level, UHI
effect and vehicular density ratio.

The comparative analysis with respect to the existing solutions is
carried out for the results of performance determination. The
application is developed on iOS and Android platforms using
Apache Cordova and lonic framework at the application layer, for
timely updates on the AQI. The application shows the different
routes with the AQI information wherein the user inputs the
current location and destination address as shown in Figure 4,
after which the selection of route with lesser AQI is chosen for the
commuter to reach the destination through less congested route
and also the approach of emergency vehicle, as depicted in Figure
5, ultimately resulting in balance of air pollution levels and
mitigation of traffic-induced pollution. The experimental
validation and analysis of the proposed methodology are carried
out for different areas of greater KL, in Malaysia as part of the
extension of the research presented in [15,16]. The various
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timings of the day (morning, afternoon and evening) are
monitored for evaluation and explored for the usage of traffic
parameter based on the mobile application.

Figure 3. The proposed proof-of-concept (POC) for
monitoring of air quality.
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Figure 4. Screenshot of the proposed mobile application
showing the route suggestions.
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Figure 5. The proposed mobile application showing AQI
of the routes with the approach of emergency vehicles.

4. CONCLUSION

The correlation between pollutant emission, the flow of traffic and
dispersion of harmful gases into the atmosphere determines the
quality of air and enables a broader scope for designing the traffic
management methodologies for urban road networks. The
proposed methodology has determined that modelling the flow of
road traffic based on AQI has consequently mitigated the air
pollution level. It can be said that whenever, the traffic flow and
vehicular emission are integrated together, the rate of harmful



emissions are estimated to be better for ensuring good air quality
of urban transportation. The development of proposed
methodology has revealed that the major contributions of air
quality are — traffic flow, speed/acceleration of vehicles, vehicular
density, an average waiting period of vehicles at
junctions/intersections, type of air pollutant and frequency of stop
and drive mode in vehicles. The results are experimentally
analyzed and quantified for various urban road networks and
traffic management scenarios. The experiments have provided an
essential perspective for enabling pollutant free atmosphere and
also to mitigate the traffic congestion. The proposed traffic-
induced air pollution mitigation mechanism proves that nearly
three-fourths of the emissions into the atmosphere can be
alleviated by reducing the heavy congestion due to long delays
and heavier densities of vehicles. The preemption of emergency
vehicles on one hand, can save human lives through faster
transportation (such as for ambulances) and on the other hand, can
alleviate panic caused to the on-road commuters as well.

The future work is focused upon improvising the mobile
application for bugs identified and also to include the notifications
about the places of interest as per recommendation systems for the
route suggestions provided to the user.
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