<]
TUDelft

Delft University of Technology

A reference architecture for context-aware intelligent traffic management platforms

Rehena, Zeenat; Janssen, Marijn; Chattopadhya, Samiran

DOI
10.4018/IJEGR.2018100105

Publication date
2018

Document Version
Accepted author manuscript

Published in
International Journal of Electronic Government Research

Citation (APA)

Rehena, Z., Janssen, M., & Chattopadhya, S. (2018). A reference architecture for context-aware intelligent
traffic management platforms. International Journal of Electronic Government Research, 14(4), 65-79.
https://doi.org/10.4018/IJEGR.2018100105

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.4018/IJEGR.2018100105
https://doi.org/10.4018/IJEGR.2018100105

A reference architecture for Context-Aware

Intelligent Traffic Management Platforms?

Zeenat Rehena, Aliah University, Kolkata, India

Marijn Janssen, Faculty of Technology, Policy and Management, Delft University of Technology, Delft
Netherlands, Samiran Chattopadhyay (Department of Information Technology, Jadavpur University, Kolkata,

India

Abstract

Smart cities have been heralded for improving traffic management by utilizing data for
making better traffic management decisions. Multi-sided platforms collect data from
sensors and citizen-generated data on one side and can provide input for decision-making
using data analytics by governments and the public on the other side. However there is no
guidance for creating developing Intelligent Traffic Management Systems (ITMS)
platforms. The involvement of various actors having different interest and heterogeneous
datasets hampers development. In this paper, we design a reference architecture (RA) to
support intelligent traffic management system for providing better commute, safety and
security during travel based on real-time information. The main three layers of this RA are
Datasets, Processes, and Actors. The RA for ITMS provides guidance for designing and
overcoming the challenges with 1) heterogeneous datasets 2) data gathering, 3) data
processing, 4) data management and 5) supporting various types of data users. The
illustration and evaluation of the architecture shows possible solutions of the
aforementioned challenges. The RA helps to integrate the activities performed by the
various actors. In this way it can be used to reduce traffic queues, increase the efficient use
of resources, smooth and safe commute of the citizens.

Keywords
Intelligent traffic management system, e-government, multi-sided platform, reference

architecture, big data, context-aware systems, smart city

Introduction

The increasing level of urbanization and growth in size and number of cities in different parts of the world has
resulted in both challenges and opportunities. New ways for city planning are needed (Axelsson & Granath,
2018). Many governments at different levels — regional, national, international, have initiated programs on
digital and smart cities (Anthopoulos, 2017). The initiatives contribute to national and international health,
economy, infrastructure, resources and transportation to provide high quality of comfort to their citizens. Smart
city has become one of the most promising, prominent and challenging application in the area of Wireless
Sensor Networks (WSNSs), Internet of Things (10Ts) and Big data analytics, but has been criticized for not being
able to hold if promises (Anthopoulos, Janssen & Weerakkody, 2016). Smart Cities employ information and
communication technology (ICT) to improve city operations and services and connect to citizens. 10T can be
used to collect high quality data (Chatterjee, Kar & Gupta, 2018) and big data analytics can make sense of the
data (Chong, Habib, Evangelopoulos & Park, 2018). Anthopoulos & Reddick (2016), it is found that six
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dimensions: people, government, economy, mobility, environment and living enhancing the urban life style.
Smart cities can play a significant role to deal with these urban challenges. Lee and Lee (2014) provides a
typology of different kinds of smart services ranging from automation to transformative. Today’s cities are
shifting and transforming into test beds where solutions driven by information and communication technologies
(ICT) impact people interactions and vice versa (Gottschalk et al., 2016). Among various application areas of
smart cities like smart water, energy, buildings, health, intelligent traffic management system (ITMS) can have
significant impact on day to day life of the citizen (Anthopoulos & Reddick, 2016).

The limited capacity and uneven use of the existing transportation infrastructure can lead to the severe traffic
congestion and in increasing travel times. The problems of road traffic can be resolved by either improving the
existing road infrastructure or by using ITMS to improve the usage of existing infrastructure. The latter might
require less investment and at the same time can reduce pollution and energy consumption and improve
travelling time and convenience. For example in (http://urbact.eu/steering-real-time-city-through-urban-big-
data-and-city-dashboards-0) and (Amaral et al., 2016) the smart city of Rio de Janeiro draws together real-time
data streams from thirty agencies and try to manage a large, complex city. The dashboards are used by the city
managers and analyst to monitor the system or the city how it works as a whole.

In addition to the economic advantages, one of the most critical consequences of traffic congestion impact the
operation of emergency services, such as medical, fire, rescue operations and police services etc. These services
demand efficient and timely response of emergency vehicles. Further, in parallel to the growth of population
existing road sizes are not expanded in the same proportion. As a result, vehicle crashes are more often
happened in the narrow, congested roads as the drivers or the travellers want to go fast to avoid congestion on
road. In turn, it affects the social aspects of the city life. Finally, due to the modern city life-style demands
shorten commuter journey, reliable and accurate traffic prediction, early detection of bottlenecks on road,
parking management becomes more important.

The existing ITMS do not provide sufficient and accurate road information regarding traffic to control and
timely monitoring and management of the traffic system. They are not context aware, although much data is
available. Therefore, it is necessary to ensure that data can be collected and used for improving traffic
management for providing better commute, safety and security during travel, green applications like reduce
fuel consumption, reduce gas emissions based on real-time information. Context-awareness can be defined as
the conceptual abstraction which analysed a set of collected data about certain circumstances to design a
context-aware system (Perera et al., 2013). The raw data is being extracted as a meaningful context to use for
a meaningful purpose. The term “Context” has many definitions over the years by researchers and mainly it is
defined as “the interrelated conditions in which something exists” (Shishkov and Sinderen, 2008, p.1). Context
can be used to 1) optimize system-internal processes, 2) maximize the user-perceived effectiveness of delivered
services or 3) ensuring value-sensitivity when the society demands (Shishkov, Larsen, Warnier & Janssen).
While Context-aware computing (CAC) allows applications to have meaningful information of the context
from collected raw data and providing smart services to the user. The context may be network connectivity,
resource accessibility, user profile, location, activity, traffic conditions, noise etc. Similar to the Big Data,
Context-aware system generates large amount of data that require big and efficient storage spaces. These
deluges of data need data analytics to infer knowledge of the scenario. A system is to be context-aware if it
uses the context to provide relevant information and/or services to the user, depending on the application used
by the user (Subbu and Vasilakos, 2017).

E-government and smart city projects are prone to failure (Anthopoulos, Reddick, Giannakidou & Mavridis,
2016) and require reforms and transformations (Purwanto, 2018). A reference architecture can help to prevent
project failure and ensure that technical and organizational elements are taken into account when developing
ITMS. The objective of this study is to design a RA to support intelligent traffic management system for
providing better commute, safety and security during travel based on real-time information. The RA can be
used to adopt any applications of smart traffic management system in which multiple actors play a role and
ensure that stakeholders understand each other.

This paper is structured as follows. In Section 2, the research approach of this work is presented. In Section 3,
a detailed review of relevant literature survey is given. The proposed RA for intelligent traffic management
system is described in Section 4. An illustration and evaluation of the proposed RA is given in Section 5.
Finally, we draw conclusions in Section 6.

Research Approach

The research objective is to design a Reference Architecture (RA) for ITMS. As our goal is to design a
framework we adopt the design science research method in this paper. For this the design process model (Peffers
et al. 2007) was used. The design science steps are 1) motivation, 2) problem identification, 3) artefact design
and 4) illustration & evaluation. The development of the RA is both driven by the need of solving practical
problem as enabled by the knowledge base. Insights from literature can be used to develop the RA. Figure 1
describes the step by step procedures used to design the artefact in this research. In our study the artefact that
will be developed is the ITMS RA. Based on our first hunch, motivation and challenges are derived from
literature study. We identified various challenges of ITMS through an inductive approach. After gathering
knowledge and background detail, we proposed a RA for an ITMS, which is founded in practice and theory.
Finally, an illustration and evaluation are described to demonstrate the added value of our RA.
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Figure 1: Design Science Research Approach

Related Work

The demand for good transportation increases with the increase in population and urbanization. Hence the
number of vehicles in road also has risen day by day. In the very recent past many researcher have been worked
a lot in different applications of ITMS. Also several surveys are found in the literature that discusses different
aspects and challenges of Big Data in smart cities.

Djahel et al. (2015) conducted a survey on different technologies used in different phases of ITMS. They also
discussed the potential use of smart cars and impact of social media to detection of traffic congestion and
mitigation. In (Knorr et al., 2012) the authors dealt with the traffic jam issue. They used different strategies
accessible for traffic administration such as video information analysis, infrared sensors, inductive circle
recognition, remote sensor system, etc. Bazzi et al. (2013) presented on various factors are to be considering
timely data by using VSNs vector distance routing algorithm for vehicle tracking system. Kammoun et al.
(2011) proposed a hybrid method that makes use of adaptive vehicular guidance systems to analyse the road
traffic network. The flow of traffic is adjusted intelligently by suggesting alternative path to the destination
based on ant colony behaviour and hierarchical fuzzy system.

Another solution is offered by Shashikiran et al. (2011) where the authors tried to make use of Kruskal’s
algorithm for suggesting optimal path by mapping the traffic junctions to nodes and traffic flow as link weight
by using Google maps. The optimal path selection is based on various parameters such as traffic rate, speed of
the vehicle, shortest path etc. Nafi et al. (2014) propose a system using IEEE 802.11p based vehicle to
infrastructure communications system to predict the future traffic intensities at intersections point on road. The
vehicles are rerouted based on this prediction to reduce the traffic congestion and minimize the travelling time
of the individual.

Jayapal et al. (2016) suggested the use of RSU (Road side units) and mobile phones to detect traffic congestion
in a certain area. The mobile phone and RSU communicate with each other wirelessly via a vehicular ad hoc
network. They also proposed that when vehicles approaching towards the congested route users are notified
about the same using the mobile app or via a display near the traffic signals.

Patel et al. (2015) proposed an algorithm for automatic license plate detection. Video camera is used here to
capture the images of all the incoming and outgoing vehicles. Misbahuddin et al. (2015) propose a system for
cognitive traffic management that primarily focuses on smart traffic lights. The dynamic timing of these smart
traffic lights is based on the conclusions drawn from the analysis of data obtained from cars and road sensors,
as well as alternative sources of user data, such as social networks, the results of opinion polls and others.
Petrovska, and Stevanovic (2015) proposed the use of image processing to determine traffic density. They
displayed the information on traffic congestion in various locations using their application for Smartphone. For



doing this they use Google’s API for interfacing with the traffic layer of the Google maps. The traffic density
in areas is then displayed using colour codes each denote very high congestion to no congestion.

All the above mentioned works have particular application for solving one problem of ITMS. These includes
traffic jam, traffic density, alternative path to destination, license plate detection, minimize traffic congestion
on road etc. None of these works are focussed on providing a framework or other reference where different
sources of data are handled simultaneously to depict the road’s scenario for different categories of users.
Different sources of data are from different objects on road need to be collected.

In the next section a framework is proposed for context aware ITMS. The contribution of this research work is
a conceptual framework and blueprint for envision the future traffic management system. Stakeholders like
government and private may adopt this framework to which can facilitate communication between stakeholders
(e.g. Axelsson & Granath, 2018).

Typical Challenges

All the above mentioned literature addresses some parts of solving ITMS. These includes traffic jam, traffic
density, alternative path to destination, license plate detection, minimize traffic congestion on road etc. In the
literature we did not found a framework where different sources of data are handled simultaneously to depict
the road’s scenario for different categories of users. Different sources of data are from different objects on road.
So, there are heterogeneous sources that generate heterogeneous data which need to be identified clearly. This
data need to be gathering, processing and then representing into a meaningful context for the different intended
users. Thus, there is a gap to implementing a smart traffic management solution in a standardized way.
Therefore, these challenges concluded in this work and are presented in terms of major stages related to traffic
data acquisition, aggregation, processing and support system to the citizen.

Heterogeneous Datasets: Data is generated from many different sources and in many different formats which
are mainly unstructured (e.g. images, audio, tweets, video, etc.). Figure 2 shows an example of a traffic
junctions and various ways of collecting data, including sensors in cars, cameras and ways to display
information on smart phones and on visual displays. For example, weigh-in-motion sensors (Traffic data
collection and Analysis, Road Department, 2004) counts number of vehicle, weight and classify type of vehicles
on road in motion. While, sensor pads can be used to get traffic speed. On the other hand, cameras provide
video imaging of individual vehicles and also monitor multiple lanes simultaneously. So, all these sources have
different type of context with different format and this makes it very challenging and complex system.
Therefore, it is necessary to understand the relevancy of the data for traffic information. Thus, which types of
relevant data are actually needed for providing and explaining the traffic conditions on road and also what is
the quality of the data.

Data gathering from different sources and organizations: There is several numbers of entities which collect
traffic information such as public transport companies, private companies, public traffic management
authorities etc. As mentioned above, data sources are in-vehicles, in-road and rode-side sensors, traffic lights,
cameras etc. Therefore, whom and or which are responsible for collecting such data from these heterogeneous
sources.

Data integration: As mentioned before, data sources are heterogeneous thus the first hurdle is the amount of
data collected which is increasing exponentially and second one is complexity of data. These both make data
conversion time and resource consuming. Therefore, it is also a challenge how the integration on these gathered
data on a single paradigm. Some data might be collected at various times and circumstances and integration
might not be straightforward. Also there might be a lack of interoperability standards.

Real-time data Management: The road traffic data rely on traffic history, timing, road occupancy, traffic
incidents etc. These real-time road information need to be managed for city planner, identifying and predicting
traffic pattern in a city. Therefore, it also a challenge how to handle deluge of heterogeneous data from a huge
number of variety of sources in real-time.

Variety of Data Users: There are various different types of users with different needs. Data need to be processed
differently and visualized for the target audience.
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Proposed Reference Architecture

In this section we propose a RA for Context-aware ITMS. We use four layers for describing the RA, datasets,
processes, actors and applications to capture elements ranging from technological to organizational. A layered
approach is given to organize these subsystems or components in categories of similar objects. A layered
approach is a systems approach aimed at dealing with the complexity. Ideally, a layered model has the following
characteristics (Stallings, 2006).

1. Each layer performs a cohesive or closely related set of functions
2. Higher layers use services provided by the lower layers
3. Layers are sufficiently loosely coupled to allow changes in one layer without affecting other layers

For our RA layers are used to group and structure similar kind of items. The RA shown in Figure 3 has four
main layers namely (1) Datasets, (2) Processes, (3) Actors and (4) Applications to deliver the collected road
traffic information to the intended end users. These four layers are sufficient to handle the challenges mentioned
in previous section. In the bottom layer | raw data generated from heterogeneous sensor nodes and or ICT
devices. The possible entities of raw data are bridges, roads, vehicles, crossing point at road, people etc. The
second layer, Processes, can be viewed as a Context-aware computing (CAC) which collects road traffic
information from these heterogeneous data sources. It uses the services provided by the Layer 1 to gain access
to the data, process and share data. The data sources are millions of sensors, CCTV, people etc. These data are
fed and then aggregated and stored in databases. Due to the heterogeneity of the collected traffic data formats,
a common data format is required to enable processing of the aggregated data. After processing of the real data,
a meaningful context is generated, which users may extract for their need. Layer 3 is Actors who are the
intended users of the CAC. The top layer (Layer 4) is called Applications which are developed to fulfil the need
for the various kinds of actors (citizens, drivers, traffic police etc.). These applications are based on the
processed Context-data which are generated at Layer 2 and the need of the various actors in layer 3.



Srrart Congestion Finding privacy
parking detection routes preservation
Applications

Layer 4: Applications
trnini traffic traffic citizen or
2 strator controllers providers drivers

Actions take place

Layer 3: Actors

Contestial
Infortmation

storing, processing

acouisition of
and analyzing

contest data

historic
harls

Context-aware computing

[ntelligent Traffic Management System

Layer 2: Processes

bridges people roads vehicles

Faw data generation

Layer 1: Datasets

Figure 3: RA ITMS

Layer 1: Datasets

It is the bottom layer of our RA the types of data needed for ITMS are shown. Raw data are actually collected
from millions of sensors which are installed on the vehicles or on the street junctions or from the travelers
mobile phone or cars. Further, advance infrastructure like 10T also helps to capture the current data from the
road. These data are then fed into the cloud. Pre-processing and processing of these raw data for establishing
contexts are done in to the cloud.

Layer 2: Context-aware Computing

We already mentioned before that Processes can be viewed as Context-aware computing in our ITMS. This the
middle layer of our RA and it is the central layer of the system. Basically, in Context-aware computing the
system continuously monitors the environment and provides appropriate suggestions to users so they can take
actions” (Subbu and Vasilakos, 2017).Thus, the use of CAC in ITMS could provide a better service
environment. In fact, the context-awareness ITMS applications are built based on collecting data from different
sources.

Here, we briefly describes the different stages of context life cycle which depicts how the raw data i.e. context
moves to the context-aware system where the contexts are being extracted to a meaningful information. It can
be assumed as the brain of the system. The life cycle consists of four modules to perform all the activities
context-aware ITMS. These are (1) Data Acquisition or Data Collection, (2) Data classification and storing, (3)
Data Processing and Decision Making and (4) Web and Mobile based Application.

Data Acquisition or Data Collection Module-Acquiring from diverse sources

Mainly sensors are used to measure a physical quantity and converted into digital signal for processing. Here
data acquires from such type of heterogeneous sensors. Therefore, lot of different systems and sources the
granular data are collected without having any integration among them. For a certain time interval, the huge
amount of heterogeneous data collected with no standard format of these data. This makes it more challenging
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task. Further, measuring and collecting individual data in the dataset are also considered as challenges. For an
example, identification of vehicle category or providing unique identification number for each vehicle is also
necessary for this module. This module in ITMS provides accuracy, timeliness, and cost efficiency mechanism
of data collection and also provides actual explanation of the root causes behind the increasing congestion level
on the road. To implement this, sensing technologies like wireless sensor networks, cellular networks, mobile
sensing have the potential solutions.

Data Classification and Store-Storing in databases

Pre-processing is done here. Due to the noise, sensor errors pre-processing of raw data is necessary. ITMS
handles a huge amount of data. Data are collected from heterogeneous sources. Therefore, a standard
classification of data representation is needed. Thus, ITMS should provide sophisticated mechanisms to fuse,
aggregate, and exploit data as data have different data types from different sources. Further, data correlation is
another challenge due to the lack of integration among different system. Thus, RDBMS may not be the proper
solution. NoSQL or other unstructured databases (Hu et al., 2014) should be considered to store the data.

Data Processing and Decision making-Making inferences from contextual

data

Data processing and making proper decision based on the processed data in another important task. After
exploitation of data, it needs to be inference in a proper contextual meaning that demonstrates the real traffic
condition otherwise it may incur wrong information. Therefore, it is necessary to converge many different data
into single traffic condition. In addition, importance of data i.e. which data have more or less importance to the
traffic is also a challenge to provide a better commute to the citizens. Furthermore, suggesting alternative route
to avoid traffic congestion, availability of parking zone, average travel time are the very prominent decision
making application to improve the overall traffic efficiency on road.

Web and Mobile based Application-Notifying Actors

It is already mentioned before that different user has different needs while travelling around the city. An
efficient and reliable web and mobile based application may provide updated scenario of the traffic conditions.
For an example, an incident on road police, rescue persons, medical team informed simultaneously and may
reach to the incident point to provide the best efforts to handle the situation. This also improves the fast response
time. In addition, citizens can calculate their travel cost, travel time before starts their journey.

Layer 3: Actors

In our proposed RA, actors are both internal as well as external component. They are categorized into four sub
actors or users namely administrator, traffic controllers, traffic service providers and citizens or drivers. This is
shown at the middle layer of the RA in Figure 3. They are accessing information regarding traffic system
according their needs. For example, citizens are interested only cost effective journey without any delay during
the travel.

Therefore, different users could take different actions. This is more likely to be a policy and management
procedures. Administrators are on the top of it. They could decide policy and take actions to implement these
policies for betterment of the citizens’ urban city life style and funding for better infrastructural need. Traffic
controllers control the real time traffic on road. Traffic service providers do advise and inform the citizens
through TV, radio, websites regarding the current situation of the city. Table 1 shows the actors and example
of the different needs that are typically activities by the different actors.

The activity diagram of different actors in RA is also depicted in Figure 4. It is also clear from the figure that
processed data are used differently by the different actors intended for them. And it is also depicts diverse
activity area of the actors.

Table 1: Lists of actors and their needs

Actors Typical needs
Administrator Policy Making: identify need for traffic policies and to understand impact of
new polices.

Statistical Report from historic database for the city
Improving traffic flow

Traffic Controllers Road traffic

Route information panel




Inform drivers
Track vehicles

Traffic service providers Advise
Inform citizen and drivers using Radio, APP, TV, websites
Citizen or Drivers Calculate fuel cost and travel time
Find Parking
Report road information such as accident
Traffic Controller Traffic Service Citizen or Driver Adrinistrator
Prowvider
T _ Analysis
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Figure 4: Activity diagram of the interactions among different actors

Layer 4: Applications

It is the top layer of our proposed RA. Different variety of applications is used based on the processed data in
the third layer. Stakeholders have different needs and in this way can develop their own applications suiting
their needs on top of the other layers. The applications include smart parking system, congestion detection,
traffic flow detection, route planners, management information systems to detect congestion and pollutions and
to simulate improvements and so on. The references architecture ensures that the privacy of the users can be
guaranteed and that the data can be shared with others. In this way the needs of citizens, business and
government can be accommodated.

Evaluation of the RA

In this section, ITMS RA is evaluated using an illustration. Outside the scope are the stakeholders hindering or
contributing to the outcome (Axelsson & Granath, 2018). We selected the situation of a central traffic controller,
but the RA is also suitable for decentralized control and other forms. For use the RA needs to be instantiated
to a particular situation. The data source and actors need to be identified first. Figure 5 shows road traffic
monitoring on road for the evaluation process. Following our framework, datasets generated on the road from
installed sensors, CCTV cameras, in vehicle devices and with the help of the underlying infrastructure, can be
collected and stored into a database. This is shown in the figure as marked 1 in the arrowhead line. The
illustration shows the raw data generated on road such as type of vehicles which is measured by length of the
vehicle, weight, chassis height, axle spacing, and axle weights etc., speed of the vehicles, number of vehicles
on road at a certain time are sent to the database and the context are stored in different format and specification.
XML-based or NoSQL based databases are used in this situation. Cleaning, error elimination, aggregation of
all relevant data from different sources is done. Then processing of these data with the help of data mining and
decision making algorithms are done. Privacy-enhanced mechanism ensures that privacy-sensitive data is into
shared. Thereafter, contextual data are sent to the traffic controllers, historic databank, and traffic service
providers. This is shown in the illustration by marking arrowhead lines as 2, 4 and 7 respectively.



The traffic controller controls and manages the road traffic according to the context and is marked as 3 in the
figure. The traffic controller is sending the information related to traffic signal and controls the traffic lights.
Information regarding bus route and arrival time to the bus stop is displayed on the display panel, control the
speed limit of the vehicles for accident prone zone etc. The relevant contextual data also controls the traffic
lights, display panels at the traffic junction. Data bout incidents and accidents are collected by the travellers
and policy and directly send to the traffic controllers and to other travellers. This is depicted in the figure by
marking 5.

Traffic service providers use some prediction algorithm on the data and then suggest advice and forecast the
traffic condition, about incidents on road to the citizens. They may use web application, broadcast on TV and
radio, mobile application i.e. sending emergency SMS to the citizens.

Finally, all aggregated and processed context is sent to the databank storing historic data for future analysis.
The future analysis can help to predict the traffic pattern of the particular region in the city and can be used for
making further policy of the ITMS. Table 2 describes the various challenges of traffic management system and
explanation how the context-aware RA overcomes these challenges.
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Figure 5: Process scenario for evaluation of the RA

Table 2: Evaluation of the Challenges

Challenges

Problem description

Solutions provided by RA

Heterogeneous datasets

Which type of data sources are
needed for providing and
explaining the traffic conditions
on road.

The deployment of the wireless sensor nodes
in the road environment, in-vehicle sensor
devices, powerful cameras fitted in the
roadside is capturing the significant amount
of data for the ITMS.

Data gathering

for
from

Who is  responsible
collecting data
heterogeneous sources?

In proposed RA, data acquisition and data
collection module is responsible for the
smooth collection of data gathering and
conversion to a right format.

Data Processing and

decisions

How can the data be integrated?

Data processing and decision making
module processes data from various sources.
Cleansing and verification techniques are
used to identify the correct and accurate
data. After generating a new knowledge of
context, several prediction and decision
making algorithms are used to make proper
decision.

Data Management

How to handle a heterogeneous
data deluge originating from a
variety of sources in real-time.

This framework also capable of managing
the huge amount of collected data. For
heterogeneous data, the classification and
storage module helps to manage these data.

Different Actors

What are the needs of the
various users?

The framework also focused on data needs
for different users or actors and it is to be
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processed differently and visualized for the
target audience.

The goal of the RA is to codify experience in architecture to enable reuse by others. The RA ensure that essential
components like storing historical data, use of data by different users like traffic controllers and travelers is
included. Inclusion of these components is essential for gaining economic benefits like faster travelling time
and less pollution. The RA integrates different layers and sub-system into a single architecture. It also provides
comprehensive monitoring and visualizing of traffic in real-time. The RA can be used for central control of
traffic, but also used for decentral control. It improves road safety through incident detection and response time
thus provides value-added traffic information services to the citizen. It reduces road congestion by intelligently
managing traffic on the roads. In addition, it also helps to demonstrate civil responsibility by disseminating the
road information to the public via radio, TV, web portal etc. to improve traffic system.

Conclusion

Improving traffic congestion efficiency is an important economic problem resulting in wasting people’s time
and resulting in pollution. Traffic can be improved by either improving the existing road infrastructure or by
using ITMS to improve the usage of existing infrastructure. The latter requires less economic investment and
at the same time can reduce pollution and energy consumption. In this paper, we proposed a context-aware RA
for ITMS providing guidance for designing ITMS to overcome the challenges of dealing with 1) heterogeneous
datasets 2) data gathering, 3) data processing, 4) data management and 5) supporting various types of data
users. The context-aware RA deals with these challenges. The RA deals to support the system to extract a
meaningful context from the raw data. The ITMS has four hierarchical layers mainly 1) Datasets, 2) Processes,
3) Actors, and 4) applications to solve the above mentioned challenges and it is explained with an illustration.
The RA can be used by decision-makers, architects and designers. It provides an understanding of the various
actors about what their roles are, how the technology offered by these actors should be integrated and aligned
and can be used for ITMS. The RA provides the means to overcome the 5 challenges and ensures that essential
components like integrating data, storing historical data, use of data by different users is included and that
projects do not find out at a later stage. Inclusion of these components is essential for gaining economic benefits
like faster travelling time and less pollution. Significant challenges are in the middle layer in terms of data
gathering, data storage, data aggregation and data processing and decision making. For data gathering, there is
a need for developing standard formats.

Acknowledgements
We are very thankful to gLINK project (http://www.glink-edu.eu/) for funding part of this research work.

References

Anthopoulos, L., Janssen, M. And Weerakkody, V. (2016). A Unified Smart City Model (USCM) for smart
city conceptualization and benchmarking. International Journal of Electronic Government Research
(VEGR), 12(2), 77-93.

Anthopoulos, L. G., and Reddick, C. G. (2016). Smart City and Smart Government: Synonymous or
Complementary? In Proceedings of the 25th International Conference Companion on World Wide Web (pp.
351-355). International World Wide Web Conferences Steering Committee.

10


http://www.glink-edu.eu/

Anthopoulos, L. Reddick, C.G., Giannakidou I. & N. Mavridis (2016). Why e-government projects fail? An

analysis of the Healthcare.gov website. Government Information Quarterly, 33, 1, 161-173

Anthopoulos, L. (2017). Smart utopia VS smart reality: Learning by experience from 10 smart city cases.
Cities, 63(Supplement C), 128-148. DOI: https://doi.org/10.1016/j.cities.2016.10.005.

Amaral, B. G. D., Nasser, R., Casanova, M. A. and Lopes, H. (2016). Buses as Mobile Traffic Sensors:
Managing the Bus GPS Data in the City of Rio de Janeiro. Proceedings of the 17™ IEEE International
Conference on Mobile Data Management (MDM 2016).

Axelsson, K. & M. Granath (2018). Stakeholders' stake and relation to smartness in smart city development:
Insights from a Swedish city planning project. Government Information Quarterly, 35, 4, 693-702.

Bazzi, M. B. Masini, A. Zanella, G. Pasoloni. (2013). Vehicleto-vehicle and vehicle-to-roadside multi-hope
communications for vehicular sensor networks: Simulations and field trial. Proceedings of the IEEE
International Conference on Communication workshops (ICC), Budapest, Hungary, 9—-13 June 2013; pp.
515-520.

Chatfield, A. T., & Reddick, C. G. (2016). Smart city implementation through shared vision of social
innovation for environmental sustainability: A case study of Kitakyushu, Japan. Social Science Computer
Review, 34(6), 757-773.

Chatterjee, S., Kar, A. K., & Gupta, M. P. (2018). Success of 1oT in Smart Cities of India: An empirical
analysis. Government Information Quarterly, 35, 3, 349-361

Chong, M. Habib, A., Evangelopoulos, N. & H.W. Parkt(2018). Dynamic capabilities of a smart city: An
innovative approach to discovering urban problems and solutions. Government Information Quarterly, 35, 4,
682-692.

Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J. R., Mellouli, S., Nahon, K., and Scholl, H. J. (2012,
January). Understanding smart cities: An integrative framework. In System Science (HICSS), 2012 45th
Hawaii International Conference on (pp. 2289-2297). IEEE.

Cloutier, R., Muller, G., Verma, D., Nilchiani, R., Hole, E. and Bone, M. (2010). The concept of reference
architectures. Syst. Eng. 13(1), 14-27.

Djahel, S., Doolan, R., Muntean, G. M. and Murphy, J. (2015). A communications-oriented Perspective on
Traffic Management for Smart Cities: Challenges and Innovative Approaches. Proceedings of IEEE
Communication Surveys and Tutorials, vol. 17, No. 1, first quarter 2015.

Gil-Garcia, J. R., Helbig, N., & Ojo, A. (2014). Being smart: Emerging technologies and innovation in the
public sector. Government Information Quarterly, 31, 11-18.

Gil-Garcia, J. R., Zhang, J., & Puron-Cid, G. (2016). Conceptualizing smartness in government: An
integrative and multi-dimensional view. Government Information Quarterly, 33(3), 524-534.

Gong, Y. (2012). Engineering Flexible and Agile Services: A Reference Architecture for Administrative
Processes. TU Delft, Delft University of Technology.

Janssen, M. and Wagenaar, R. (2013). Towards a Reference Architecture for a Virtual Business Counter.
Proceedings of the Fifth International Conference on Electronic Commerce (ICEC’03), Pittsburgh, USA.
Jayapal, C. and Roy, S.S. (2016). Road traffic congestion management using VANET. Proceedings of
International Conference on Advances in Human Machine Interaction (HMI), pp. 1-7.

Kammoun, H. M., Kallel, I., Alimi, A. M. and Casillas, J. (2011). Improvement of the road traffic
management by an ant-hierarchical fuzzy system. In Computational Intelligence in Vehicles and
Transportation Systems (CIVTS), 2011 IEEE Symposium on (pp. 38- 45).

Knorr, F., Baselt, D., Schreckenberg, M. and Mauve, M. (2012). Reducing Traffic Jams via VANETSs. IEEE

Transactions on Vehicular Technology, 61, 8, 3490-3498.
11


https://www.sciencedirect.com/science/article/pii/S0740624X15000799
https://www.sciencedirect.com/science/article/pii/S0740624X15000799
https://www.sciencedirect.com/science/journal/0740624X
https://doi.org/10.1016/j.cities.2016.10.005
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Bruno%20Guberfain%20Do%20Amaral.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rafael%20Nasser.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rafael%20Nasser.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.H%C3%A9lio%20Lopes.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7517494
https://www.sciencedirect.com/science/article/pii/S0740624X17304860
https://www.sciencedirect.com/science/article/pii/S0740624X17304860
https://www.sciencedirect.com/science/journal/0740624X

Kumar, S. and Prakash, A. (2016). Role of Big Data and Analytics in Smart Cities. International journal of
Science and Research, 5, 2, 12-23.

Lee, J, & H. Lee (2014). Developing and validating a citizen-centric typology for smart city services
Government Information Quarterly, 31, Supl1, s93-s015.

Peffers, K., Tuunanen, T., Rothenberger, M. A. and Chatterjee, S. (2007). A Design Science Research
Methodology for Information Systems Research. Journal of Management Information Systems, 24:3, 45-77.
Nafi, N. S., Khan, R.H., Khan, J. Y. and Gregory, M. (2014). A predictive road traffic management system
based on vehicular ad-hoc network. Proceedings of Telecommunication Networks and Applications
Conference (ATNAC), pp. 135-140.

Patel, H.N., Desai, K. and Panchal, T. (2015). An algorithm for automatic license plate detection from video
using corner features. Proceedings of International Conference on Information Processing (ICIP), pp. 301-
306.

Misbahuddin, S., Zubairi, J. A., Saggaf, A., Basuni, J., Sulaiman, A. and Al-Sofi, A. (2015). IoT based
dynamic road traffic management for smart cities. Proceedings of the 12" International Conference on High-
capacity Optical Networks and Enabling/Emerging Technologies (HONET), pp. 1-5.

Petrovska, N. and A. Stevanovic, A. (2015). Traffic Congestion Analysis Visualization Tool. Proceedings of
the18™ International Conference on Intelligent Transportation Systems, pp. 1489-1494,

Gottschalk, Marion and Mathias Uslar (2016). Using a Use Case Methodology and an Architecture Model for
Describing Smart City Functionalities. International Journal of Electronic Government Research. 12, 2,1-17.
DOI: http://dx.doi.org/10.4018/1JEGR.2016040101

Shashikiran, V., Kumar, T. S., Kumar, N.S., Venkateswaran, V. and Balaji, S. (2011). Dynamic road traffic
management based on krushkal's algorithm. Proceedings of the Recent Trends in Information Technology
(ICRTIT), pp. 200-204.

Shishkov, B. and M. Sinderen, M. (2008). From User Context States to Context-Aware Applications. ICEIS
2007, LNBIP 12, pp. 225-239.

Shishkov, B., Larsen, J. B., Warnier, M., & Janssen, M. (2018). Three categories of context-aware systems.
In International Symposium on Business Modeling and Software Design (pp. 185-202). Springer, Cham.

Stallings, W. (2006). Data and Computer Communications: Prentice Hall.

Traffic data collection and Analysis, Road Department, 2004.

Subbu, K. P. and Vasilakos, A. V. (2017). Big Data for Context Aware Computing — Perspective and
Challenges. Big Data Research 10, pp. 33-43.

Wahyudi, A., R. Matheus, R. and Janssen, M. (2017). Benefits and Challenges of a Reference Architecture
for Processing Statistical Data. In Conference on e-Business, e-Services and e-Society (pp. 462-473).
Springer, Cham.

Perera, C., Zaslavsky, A., Christen, P. and Georgakopoulos, D. (2013). Context aware computing
for the internet of things: A survey, IEEE Commun. Surveys & Tutorials, 16,(1), 414-454.
Purwanto, E.A. (2018). Smart City as an Upshot of Bureaucratic Reform in Indonesia. International Journal
of E-Government Research (IJEGR), 14, 3, 32-43.

12



