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Abstract—In the last decade, Further and Higher education
institutes in the UK are face with demands to reduce the energy
and carbon emissions as a result of the climate changes and rising
energy prices. iSpace proposes an innovative approach to closing
the feedback loop between users and their carbon footprint. This
approach is realised through greater user engagement facilitated
by more accessible and transparent remote monitoring and
control of carbon usage using the Shaspa Service framework. The
Shaspa Service Framework enables individual users within
FE/HE institutions to compare their energy consumption with
others and to monitor the performance of individual buildings
via the build in social energy meter.
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I.

Smart

Instrumentation,

In the Last Decade, further (FE) and higher (HE) education
institutions are facing increasing demands to reduce energy
carbon emissions as a result of climate change and rising
energy prices. The ambitious carbon reduction goal set by the
UK Government aims to reduce carbon emission by 20% by
2020. In addition, pressures from stakeholders (many staff and
students are moving towards greener institutions) and funding
council requirements (HEFCE is currently developing carbon
reduction targets in line with 2050 80% carbon reduction) are
also contributing towards increasing motivation for carbon
emission reduction.

Smart

iSpace aims to satisfy the four basic objectives, which are
identified by the Carbon, Energy and Environmental Issues in
Higher Education report:

INTRODUCTION

Several projects in the last decade have studied future
oriented approaches in the development of smart spaces. A
smart space is defined as an environment that uses several
sensors, actuators, pervasive devices in the environment in
order to monitor, support and predict the user behaviour within
the environment. Figure 1 represents a typical smart house
architecture. The system is composed of the equipment which
consists of different sensor devices and actuator, then
information is send to the database by the communication
system which can be either hard-wired or wireless. Then the
data are processed and optimized for use according to the
functions / services of the smart house. The decision about an
action or an alert of the system is taken into the Decision centre
by using several algorithms, such as neural networks [2, 3],
Markov chains [2, 4], machine learning[5], predictive
algorithms [5], statistical models [3], probabilistic models [2,
6], etc.

Comparing the performance of buildings and campuses
for the purpose of a continuous improvement through
benchmarking, and assisting stakeholder decisions for
improvements in performance.

•

Ensuring that specific performance levels are met.

•

Creating financial or tangible rewards to drive
performance.

•

Understanding the environmental related issues and
risks, and making decisions that ensure that these risks
are controlled and mitigated.

II. RELATED WORK
The MavHome project (University of Texas) aims to create
a smart home that treats the environment as an intelligent agent
[5]. The MavHome architecture is designed of modular and
open source components. It combines several technologies:
databases, multimedia computing, artificial intelligence, mobile
computing and robotics.
The system consists of four
cooperating layers: the physical layer which contains the
hardware of the system, the information layers which collects,
stores and all the information received from sensors to the
system database, the decision layer which is responsible for
automating the environment by taking decisions by analysing
the information stored in the information layer , and the
communication layers. The system aims to maximize the
comfort of inhabitants and minimize the consumption of
resources, whilst maintaining safety and security.

Fig 1: Smart House Architecture
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Helal and colleagues [7, 8] have developed a smart house
named “Gator Smart House”. The system is based on a number
of individual devices. All these devices are fitted with sensors
and actuators and connected to the operational platform that
improves the comfort and safety of the older people. The
Gator House includes ultrasonic location tracking sensors in
order to detect occupant’s movements, location and orientation.
The system architecture is generic and is applicable to any
pervasive space. The architecture is divided into several layers:
the physical, the sensor platform, the service, the knowledge,
the content management and the application layer. The physical
layer is responsible for all the appliances and devices that the
occupant uses. The sensor layer is controlling all the sensor and
actuators located in the house. The service layer is responsible
for maintaining and activating the sensors connected into the
system. The knowledge layer is ontology based on various
services offered by the system and the appliance and devices
used by the system. The context management layer allows the
developer to create and register context of interests. The
application layer consists of an application manager to activate
and deactivate services and a graphical based integrated
development environment with various tools that help the
developers to create smart spaces.

on the environment and can move objects from one location to
another based on the occupant’s preferences and the
availability of the resources [11]. The Ubiquitous Home project
is a test facility for the creation and evaluation of useful
services directed towards sensors, devices and appliances
through data networks [12]. The Ubiquitous Home is equipped
with various sensors to monitor human activities. Each room
has cameras and microphones in the ceiling to gather
audiovisual information, floor pressure sensors, infrared
sensors and Radio Frequency Identifications (RFID) tags are
installed / used in order to track the occupants and detect
movements of objects into space. Plasma panels and LCD
displays, provide the residents with audiovisual information.
Robots are introduced for certain home activities and the smart
house can be considered as an unconscious robot that controls
the environment through the uses of sensors.
III.

SYSTEM IMPLEMENTATION

The iSpace project will fully integrate the SHASPA Bridge
and the associated Service Framework initially into Coventry
University’s Serious Games Institute (SGI) , based in
Innovation Village, and then into the wider Coventry
University Campus. The SGI building itself represents a typical
modern academic property, including open-plan office space as
well as seminar rooms and laboratories. Therefore, it represents
an ideal environment in which to assess prototype
environmental monitoring technology. In order to more fully
test the potential benefits of such technologies, both in HE/FE
institutions and more general locations, upon successful
completion of the SGI-based exploratory study, the technology
will be rolled out across the Coventry University and Coventry
University Technology Park. Through the deployment of an
integrated sensor network, the SHASPA Bridge will collect
energy readings from throughout the physical locale. All
electrical equipment at the SGI will be fitted with SHASPA
Independent Appliances Monitors (‘smart plugs’). Each
energy-consuming device will hence be assigned a unique
identifier and owner (user). Each device will also be assigned
with an “Energy Class” that allows to specify how and when a
device may be used to reduce load without compromising
critical activities.

The adaptive house uses neural networks in order to control
the temperature, heating and lighting. ACHE continuously
monitors the environment, and observes the actions taken by
occupants (using lights, using the thermostat), and attempts to
infer patterns in the home. The ACHE system uses
reinforcement learning – a stochastic form of dynamic
programming that samples trajectories in state space in order
predict user actions [9]. Microsoft ‘s EasyLiving Project
focuses on an environment that is aware of the users’ presence
and can adjust the environment according to the user
requirements [10]. The system identifies people in real-time
using video images in real time, and can track them in the real
space.
House-n group at MIT proposes smart services that will
conduct qualitative and quantitative studies in order to
investigate the relationships between spaces, behaviours of
people [4]. In order to evaluate these methodologies they have
created a 1000 square-foot facility in collaboration with TIAX
initiative. This facility allows researchers to investigate
effective human computer interaction techniques in different
disciplines such as health, privacy, etc. The system is
composed of three components: the environmental sensors
which collect real-time data from the objects, the Experience
Sampling Component (ESM) which can identify routines in
activities of the occupant and the pattern recognition and the
participation component which is responsible for predicting the
occupant’s activities [2].

Each sensor platform defines the boundary of a pervasive
space within the intelligent building, “capturing” the objects
attached to it. The Shaspa Bridge is a smart interface to the
most widely used industry-standard protocols to assemble realworld data from streams of different types of input to manage
physical spaces.
The Shaspa Bridge provides support for the most common
wireless sensor such as ZigBee, KNX-RF, Enocean, Zwave
and support for the most common building automation
standards such as KNX, LON, Modbus, X10, CANOpen,
Mbus, SNMP, BACNET. It also takes on the responsibility for
reliably passing data to outside interfaces such as the Shaspa
Portal, SAP, Maximo, Facebook, Twitter, AMEE and a host of
other readily available and emerging applications, or you can
access the information in the Bridge in 3D by using the
Opensim or Secondlife (see VOC), or via a mobile device or
pocket device (e.g. iPhone).

Researchers at the intelligent home project (IHome) at the
University of Massachusetts system lab (UMASS) at Amherst
have deployed a set of distributed autonomous control agents in
a simulated environment. The IHome project explores the use
of managing the intelligent agent by using a multi agent system
technology. IHome is a simulated home environment that is
populated with distributed intelligent agents, including
simulating robots that control several devices and negotiate the
use of resources [11]. The intelligent agents can move freely
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alongside the knowledge that the system has acquired over
time. The combination of the real world with the abstraction
world represents a record of the internal state of the smart
building.

Using the SHASPA Bridge and the associated Service
Framework iSpace will create a repository of live data related
to the current behaviour of the real environment. To access this
data repository, iSpace will provides the user with access to a
full set of easy-to-use features to analyse data, and
communicates heterogeneously with users on different systems
via a selection of rendition engines provided by the underlying
service framework (see Fig 2) including access social networks
like Facebook or Twitter.

The Shaspa Service Framework provides a user-optimised
web interface, which allows the analysis of the data received
through the 3D Virtual Operation Centre (VOC). Different
visualisations of the system state(s) are achieved through a
virtual abstraction of the mirror world held internally by the
virtualisation module, conveyed via the Virtual Operation
Centre (VOC). The VOC is responsible for organising and
presenting the information received from the different sensors
in a coherent and user-friendly manner, according to user
specification and information previously learnt regarding user
behaviour and preferences. The 3D environment is customized
according to unique requirements, and can be delivered as
classic command centres, control rooms, datacenters or hybrid
custom solutions. The versatile virtual world environment
ensures a platform for innovation, scalability, performance and
growth as the business value it brings is expanded to other
areas.
The Shaspa 3D Virtual Operations Centre is customizable
and versatile, both in the data it receives and the layout and
function of the datacenter. This customization is useful when
managing live systems, and can also be used to perform
simulations for planning such as space, thermal, power or other
planning needs. The Shaspa 3D Virtual Operations Centre also
extends the business value of previous investments, by
leveraging and extending existing systems management and
monitoring infrastructure. This includes facilities automation
and information systems, datacenters, command centre
information systems and many other systems that provide
industry standard programming interfaces.

Fig 2:SHASPA Bridge Interface

iSpace makes use of the available energy dashboards (see
Fig 3) so that individual users and decision-makers can see
how they meet desired targets on institutional and national
levels, as identified by the Carbon, Energy and Environmental
Issues in the Higher Education report [13]. This in turn enables
a reduction in emissions, and quantifies environmental and
financial benefits. These benefits will be realised through the
ability of the Shaspa Service Framework to accurately
benchmark performance in terms of energy consumption, and
this will in turn enable individual stakeholders to implement
policies and practices that minimise energy expenditure.
However, a far more fundamental outcome of the project will
be its exploration of the optimum methods and best-practices
for behavioural change, which will enable and motivate
individuals to take more responsibility for their own levels of
energy consumption and wastage.

The Shaspa 3D VOC is a suite of multi-user virtual world
applications, complete within world 3D messaging. Multiple
users can have a shared 3D experience and carry on active
discussions in world. This shared experience allows technical,
business, and even partner personnel, to collaborate on
elements of the enterprise in real-time. These expert
collaborators can be located across the world, yet still meet
‘locally’ in the virtual world to collaborate, decreasing time to
resolution, increasing planning effectiveness and reduced travel
costs. The key benefits of the virtual world collaborative
capability and shared immersive experience is providing
enhanced overall communications methods and life-cycle time
for any business scenario.
There are usually a number of different facilities within a
building, often affecting each other and culminating in a total
carbon output. Understanding these interactions and working to
cut the emissions is a complex task, as the installations exist in
isolation with separate dedicated systems. When a user
switches a device the system will know about the energy
consumption of the device, as well as its affiliation to a user
group. In this way, the user can get a better perspective
regarding his energy consumption by using the Shaspa Energy
Display (see Fig 4).

Fig 3: A Typical Energy Dashboard

Through the storage of information from the individual
appliances in the real world, the knowledge base contains an
internal representation of the world (abstraction level),
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2.

3.
Fig 4: Shaspa Energy Display

Much research and discussion in the area of energy
conservation, including both well-established [14] and more
recent work [15], suggests that the fundamental difficulties in
enacting behavioural change arise from the human propensity
to focus on activities with immediate, short-term personal
gains, as opposed to long-term and abstract results which have
societal rather than individual benefits. Hence, an individual
who reduces their energy consumption will not typically
observe benefits of their activities on an individual basis.

4.
5.

6.

IV.
CONCLUSIONS
The iSpace project addresses this problem by pioneering an
innovative approach to closing the feedback loop between
users and their carbon footprint. This approach is realised
through greater user engagement facilitated by more accessible
and transparent remote monitoring and control of carbon usage
via a ‘Social Energy Meter’. The iSpace project will, therefore,
give individual users access to their Environmental data within
FE/HE institutions to compare their energy consumption with
others and to monitor the performance of individual buildings
via the Social Energy Meter.

7.
8.

9.

The practical implications of this project can be directly
related to many domains; the impact will specifically
contribute to UK, EU, and global targets regarding carbon
emission, and the reduction in energy consumption that the
technologies enable will also have immediate commercial and
industrial benefits. These benefits will be realised through the
ability of the system to accurately benchmark performance in
terms of energy consumption, and this will in turn enable
individual stakeholders to implement policies and practices that
minimise energy expenditure. However, a far more
fundamental outcome of the project will be its exploration of
the optimum methods and best practices for behavioural
change, which will enable and motivate individuals to take
more responsibility for their own levels of energy consumption
and wastage. This in turn will contribute towards ensuring that
collective targets are met, and create opportunities to reward
and accredit individuals who demonstrate best-practice in
accepting and managing their own responsibility for carbon
emissions.
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11.

12.
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14.
15.
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