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The domain of inquiry of this research is the collection,
organization, integration, distribution and consumption of
knowledge derived from urban open data, and how it can be
best offered to application cities’ stakeholders through a
software middleware. We argue that the extensive
investigation proposed in this research will contribute to a
growing body of knowledge about data integration and
application in smart cities, and offer opportunities to re-think
an integrated urban infrastructure.
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Introduction
The infrastructure of cities has evolved through many
vintages of technology that developed along their own path,
often separately. The lack in connecting its component
systems, which depend upon the other, often makes city
utilities and services operate sub-optimally, limiting the
creation of new value-added services, increasing transport
costs, damaging existing logistics chains and economic
models. Digital technologies offer a new wave of
opportunities to mitigate some of these impacts and create a
balance between social, environmental and economic
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Smart city big data
Today, many areas of science
are facing hundred- to thousandfold increases in data volumes
when comparing with just one
decade ago [7]. This huge
volume of data is mainly due to
the world explosion of Internet
connected devices which are
expected to reach 25 billion by
2015 and 50 billion by 2050. In a
similar fashion, during the past
decades decisions about city
infrastructures and services have
been made based mostly on
traditional structured data stored
in relational databases. With the
decreasing in the cost of
computing (power and storage)
and the proliferation of wireless
and sensors networks, pervasive
technologies begun to be
embedded into city environment
interconnecting the digital and
physical realms transforming
cities into pervasive urban
environments [8].

opportunities that will be delivered through smart city
planning, design, and construction [1].
Smart city represents a very important new concept, and it
is no surprise that it has received so much attention from
researchers, private organizations, government, and
investors. Lead by this new “buzzword”, many people have
assumed that the use of technology will change everything
and taking a top down approach, i.e. infusing modern
technology without considering the main consumers of the
services, is the best tactic to follow. That may be a natural
reaction, especially coming from business companies which
sell software solutions; however, it can be a dangerous one.
By failing to follow appropriate business strategies, many
cities have reduced the likelihood that they could succeed.
Take the case of one of the first digital cities initiatives,
Blacksburg Electronic Village, which had its activity
decreased after only two years as a result of the
disagreement between stakeholders (technology providers
and users) in regarding the goals and expectations of
community networks [2]. The experience of the South
American city of Lima [3] demonstrated that technology
diffusion not necessarily means acceptance nor equal take
up. Some cities have used technology to shift the basis of
smart cities away from its essence. While there are
evidences on the impact of ICTs on urban environment,
there is a belief that information technology will on its own
deliver a smart city [4]. Actually, smart cities are much more
than cables, broadband, sensors, actuators and data.
To date, many attempts have been made towards designing
smart cities data management solutions. However, the
missing insights on the impacts that technologies,
stakeholders/users requirements, and big data will have in
the overall city environment operations has led the creation
of isolated “smart cities”, each with its own silos of data,
standard agreements, and technological approaches (e.g.
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[5-6]). This research suggests that what hinders cities from
creating real smart cities goes beyond technical hurdles and
social effects, yet it also encompasses a comprehensive
overview of the complete data “supply chain”, the users and
system design requirements.
This research entails investigating the technical, institutional
and logistical obstacles that complicate the development of
such software middleware, the smart city stakeholders and
their expectations with regards the middleware, the
semantic challenges introduced by the data heterogeneity,
and the nonexistence of a common model. In order to
identify the relevant urban data activities and processes that
enables the creation of value, we investigates a smart city
data value chain which serves as building blocks to the
architectural design of the proposed middleware framework.

Research Approach
As an alternative to the prevailing top-down approaches
adopted in previous studies, this research explores a
“middle-out” approach putting both the data and the
stakeholders at the center of our interest. This work
investigated the user’s requirements and expectations with
regards the middleware using KAOS goal-oriented modeling
[13]. This investigation suggests the smartness of a city
relies on interconnecting its various component systems,
managing and coordinating a networked movement of
voluminous data transmitted from data suppliers to data
consumers. We argue that smart cities can be created
through the formation of a global-scale knowledge network
between cities’ stakeholders (e.g. government agencies,
non-government agencies and citizens). Although a rich
pool of data can significantly improve an urban services, the
high volume; the different velocity in which the data
arrives, is stored, and retrieved; the disparate
heterogeneous sources which originates a variety of
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different data formats; the variability in the meaning and
context of the data; vulnerability in terms of security, trust
and privacy of data; the lack in data verification resulting to
poor data quality and redundant information; the issues
surrounding visibility of fixes and mobile data sources (e.g.
Sensors); and the difficult task of integrating the data to
unlock value has posed a significant challenge in the
integration of events that will trigger city services [8-12]. This
problem will certainly become worse as the amount of data
exchange increases in the system-of-system [1]. These data
characteristics identified in this work are refereed as “the 8
v’s of the urban big data”, and are the fundamental
requirements of the smart city software architecture. In order
to identify the data transformations necessary to bring urban
data together using a suitable data model and successfully
collect, organize, integrate, distribute and use of knowledge
derived from urban big data, this paper introduces the urban
data value chain [14].
The value chain framework provides means to understand
the influence of data on cities with an approach for breaking
down the sequence (chain) of business functions into the
strategically relevant activities through which value is added
to products and services. The proposed value chain enables
understanding the activities and processes involved in
unlocking value from the data that create competitive
advantage, and manage those activities to create smart
cities. The simplified primary structure in a smart city can be
described in terms of three sectors: inbound logistics,
operations, and outbound logistics. The simplified value
chain is illustrated in Figure 1, and the three first sectors are
defined as follows:

Inbound logistics: involves all the activities involved in
the creation and gathering of data. Urban activities triggers
data creation in various systems, sensors and actuators in
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an urban environment. In this point data can be gathered
using standard protocols and interfaces. It will require
continuously data live stream acquisition from different data
sources, providing accurate locating sensing without
compromising the local resources (e.g. sensor battery).

Operations: involves all the activities involved in
enriching the raw data gathered in the inbound logistics. It
includes data quality verification and provenance, privacy
protection, semantic annotation and modelling in a standard
and established format to provide uniform access to data.

Outbound Logistics: concerns to both city- and globalwide delivery of data with added value. It involves
integrating and analyzing data from both internal and
external data repositories. The information that will pass
through this point of the value chain can be transformed into
knowledge which can be consumed by humans and
machines to produce informed decisions.

Conclusions and Future Research
The overall objective of this research is to investigate new
processes, strategies and mechanisms to create a rich
urban data environment through the development of a
middleware framework. The value chain analysis explicitly
recognizes the interdependencies and profits cost
efficiencies from the exploitation of linkages between value
activities of a city, representing a powerful tool for strategic
thinking to derive an effective software architectural design
for smart cities. For instance, changes in the standard
formats (value activity) may significantly influences the
activities involved in operations and outbound logistics
(value activity). Establishing new data standards without the
platform having means to support it will affect the reliability
of the platform. Another issue to consider is a service not be
real-time available-to-promise/capable-to-promise and fulfill
users’ needs. Time-sensitive processes in a city, such as
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fraudulent operation, traffic flows, infrastructure monitoring,
emergencies or tragedies, needs high data/service
availability in order to detect any problem before it actually
happens. The veracity of data can either empower the city
or lead to poor understanding, decisions and provision of
services. Ensuring and maintaining data quality is a
challenge that software integration solution will be required
to address in order to provide quality assurance. Currently
we are evaluating the proposed middleware framework
considering several architectural designs and datasets to
replicate the conditions of a city-wide distribution and
consumption of data. We expect the proposed middleware
framework will provide ways to users to integrate data from
a variety of sectors and distribute it across different
domains, value chains and stakeholders, thereby supporting
intelligent decisions in the urban environment and the
creation of valuable new businesses.
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