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Ubiquitous computing describes the aspirations of including information systems into the fabric of our
daily lives. The emphasis of the user should be on what task needs to be achieved rather than how the system will
do it. The interface of applications that are integrated into the home fabric needs to be delicate in the sense that it
should give the feeling of being a part of the home rather than a piece of technology. The human computer
interaction/interface needs to be cohesive with the environment people live in so as to maximise the interaction
possibilities.
Photographs are a very affective and efficient way of connecting people to each other. We should not forget the
social role photographs have to play. The most important aspect of the picture is the story that it is trying to
convey, the people in it, or the place it was taken. Emotions are a very private part of our personal life and how
one displays it reflects one’s lifestyle. In recent years increasing efforts have been put into preserving emotions in
photos particularly with the advent of digital cameras. Now photographs have become an important part of our
lives and have significant social role as they provide an affective communication link between friends and
families. This research will be looking at how people relate themselves to pictures and if we could capture their
emotions and expressions to store them in a way that is representative of their feelings towards the picture. As
emotions can be associated with pictures of family, friends, places, holidays, social gatherings or travel to mention
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some of the aspects, we will also be analysing as to how emotions change over a period of time and if it could be
represented accordingly in association with digital photos. This will allow us to look into the factors, which can
make digital photo sharing a more fun and enjoyable experience.
This research will involve user based evaluations and a scenario based approach for modelling the photo sharing
interface. The creation of photo sharing system, based on this approach, is then investigated using the method of
prototyping. The research shows methods, architectures, and tools used to make the development process more
efficient and help assess the viability of the system under conditions that simulate to everyday use of the photo
sharing software. To generalise and communicate results, the project will seek to simulate the home environment
in a laboratory setting, using prototypes based on current high-end computing devices. The .Net technologies used
for rapid prototyping is introduced.
The aim of this research is to provide a demonstration environment of a photo sharing software for the smart
home, which will allow for Reception/Viewing/distribution of photos within the home environment. The data
could incorporate Audio/Video/Text/Photos, and user input etc. The research will also help us understand various
aspects of how people interact with Digital Photos, what they would like to do, how can storing photos be made
simpler, annotation of pictures, how can sharing photo’s made simpler, and how we can design an application
which would allow users to attach emotions to pictures. The photo sharing system will provide an effective means
to receive and distribute emotional information based on personal and temporal relationships associated with
photos. The research also analyses the role of human computer interaction when developing ubiquitous
technologies for the smart homes where information is embedded in the environment people live in. The research
will present an overview of how photo sharing systems can be developed and evaluated using prototypes and user
evaluations.
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Evaluation of a Domestic Photo Sharing Environment.

Chapter 1
Introduction – Photo Sharing in a Ubiquitous
Environment
1.1 Overview
Research in Ubiquitous Computing has come a long way since the concept
was introduced by Weiser in 1993. Weiser put forward some ideas as to how the
future of computing should allow the users to interact more freely. Technological
progress in miniaturisation and microelectronics has allowed numerous companies to
develop products which are more intelligent and provide multiple connectivity
options. A point of convergence between different technologies has been achieved
and is being continuously modified to immerse cohesively within the environment
that we live in. These technological advances have allowed us to come up with
paradigms of computing like Home Automation, Smart Homes, and Connected
Home. We as researchers must make full use of the advances in Ubiquitous
technologies that are available to create a Ubiquitous environment where information
is available anywhere and anytime. It is human nature to be hesitant when accepting
new technology, especially if the technology is going to access information that users
might think is destroying their fundamental right to privacy. It is this relationship
between users and technology that needs to be addressed when developing Ubiquitous
technology, while making sure that the interaction is smooth and inherent to the
environment of the user.
Information is made available to us in all kinds of ways. It could be spatial, visual, or
audible to name a few. What ubiquitous computing aims to achieve is a way to
capture the various information being captured and interpreted by the various
computers and components, so that users can be helped accordingly. The closer we
get to being entwined with technology, one of the most important factors to look at is
Human Computer Interaction (HCI), and how we could enhance it to make the tasks
more natural and easy to accomplish. One of the terms for the environment we live in
is known as “Context” and context awareness in one of the technologies that has
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become the core of Ubiquitous Computing as it interacts with the information that is
available in our environment. Context awareness raises issues like how the
information is being collected, its representation and distribution to various platforms,
how the components to manipulate the data will be programmed and supported, and
the implications of context aware technologies on HCI.
One way of representing information about personal attributes is through Photos. This
is even more important when it comes to representing the space within our homes as
display of different emotional objects (Photos) provide a different feel to the user
within that environment as people have a very personal way of displaying photos in
their homes. Jeong and Zimmerman (2006) in their study of smart digital photo
frames proposed how people display photos and what kind of photos they displayed in
a particular space. They found that the users had divided the home space into two
categories of formal and informal spaces (Fig.1.1) to display their photos. The finding
of the study by Jeong & Zimmerman complements this research as it showed that:
•

Photo’s can play a vital role in social interaction.

•

Display of photos in “Formal Spaces” usually followed a theme and were
posed or taken professionally. These photos were mostly displayed in photo
frames.

•

Display of photos in “Informal Spaces” was more personal to the users and
captured the moment.

•

Photos in formal spaces were more up-to-date than photos in informal spaces.
This plays a vital role in social interaction when we have friends and family in
the formal space and are most often used to initiate a conversation.

•

People don’t always organise their photos since they are aware of the context
where the photo was taken.

•

Photos allow users to narrate and share stories about the photo on display. The
inclusion of who is in the photo, where the photo was taken and the event
depicted in the photo plays a vital role in how people organise their photos.

•

Females were the prime candidates for preparing and sharing the photos with
friends and families.

•

Contextual interview are an important source of gathering information from
users within the environment.

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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Fig.1.1 – Relationship between space and photo display in a home. (Jeong and
Zimmerman., 2006)
Although Jeong & Zimmerman realised the need for people to access, share and
display photos at home which also provides a strong starting point for this research,
the role of emotions while sharing photos was not identified or investigated especially
as we look into the concept of smart homes and ubiquitous computing environments
to provide us with anytime-anywhere information access.
The research is motivated by the idea of human emotions, their relationships with
Photos and how emotions can be stored digitally to make for a more interactive photo
sharing experience. The proceeding chapters provide us with information regarding
various aspects of domestic living that will affect this interaction between people and
photos.

1.2 Ubiquitous Computing
As we approached the end of the 20th century a new wave of computing
technology was upon us. This wave was known as “Ubiquitous Computing”
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(UbiComp). It broke away from the traditional notion of computers as we knew it to
be a part of the office or work environment and into more open and personal spaces
like our homes. It called for a more individual relationship between people and
computers. Gone are the days when a single computer acted as the interaction
terminal for many people. The invention of Personal Computers (PC) meant that each
individual has access to their own machine and it changed the way people thought
about and interacted with it.
According to Weiser (http://en.wikipedia.org/wiki/Mark_Weiser) “Ubiquitous computing
names the third wave in computing, just now beginning. First were mainframes, each shared by lots of
people. Now we are in the personal computing era, person and machine staring uneasily at each other
across the desktop. Next comes ubiquitous computing, or the age of calm technology, when technology
recedes into the background of our lives.”

Fig.1.2 illustrates how the notion of computing has changed over the last few decades.
It has moved from helping us in the office to become embedded into our environment,
while helping us achieve daily tasks with minimum difficulty.

Fig.1.2 – Evolution of computing trends over the last 60 years. (Weiser 1988)
UbiComp is the latest paradigm of computing in which information processing has
been thoroughly integrated into everyday objects and activities. As opposed to the
desktop paradigm, in which a single user consciously engages a single device for a
specialized purpose, the ubiquitous paradigm allows the user to engage with many
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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computational devices and systems simultaneously, in the course of ordinary
activities, and may not necessarily even be aware that they are doing so.
Ubiquitous computing will allow users access to many computing devices
simultaneously. These computing devices will be unobtrusive and provide seamless
access to a wide variety of data and allow the user to perform tasks as and where
needed. The idea of ubiquitous computing is to move interaction with computers out
of users central focus, and into the user’s peripheral attention where they can be used
subconsciously (become second nature to them). Possible scenarios could be that
people themselves could be tracked by active badges (based on infrared sensors) or
other devices (Want 1992; Harper 1993; Shiraji 2003), and email could be forwarded
automatically to wherever the person is, locating people at work to deliver important
messages, or for other reasons, is made easy, the coffee starting at your request when
the alarm wakes you, seeing "electronic trails" left by people passing through the
neighbourhood, automatically transmitting a quote from a newspaper to the office
with the swipe of a pen over the newspaper, and context aware interactive media for
the home (Petersen 2007). It is concerned with allowing the users timely and efficient
access to information that is around in our daily lives (Environment). One of the ways
in which this is achieved is by embedding the information systems into the fabric of
our home environment. The technology has to fuse in with the decor of the home so
that it can provide constant access to information while being hidden from the user for
most of the time. A truly ubiquitous technology is one, which allows the user to
ignore its presence, and the user only becomes aware of the system when it interacts
with it.
Ubiquitous Computing has made an even greater impact on the technologies for our
homes by using the latest information and communications technology to link all the
mechanical and digital devices available today. These homes which provide
unobtrusive and cohesive interaction with Ubiquitous technology can be termed as
“Smart Homes” (Barlow 1998). The technological progress has allowed us to have
more and more applications within our homes which are more than capable of
providing some form of interconnectivity between devices. Some examples of
applications and services that have become easily available due to these technological
breakthroughs are Broadband Internet sharing within the home, Distribution of
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

5

Evaluation of a Domestic Photo Sharing Environment.
Audio/Video, Security Systems, Automation of home appliances (Washing Machine,
Dish Washer, Fridge Freezer), Temperature controls for Homes, remote controlling of
equipment. All the technologies mentioned above and more need to interact
seamlessly and cohesively with each other in order to provide an unobtrusive running
of daily life within the Smart Home.
1.3 Ubiquitous Computing and Smart Homes
Ubiquitous computing in the Smart Home is about the automation of routine
physical tasks (or tasks which require some sort of mechanical action for their
completion), which will liberate us from all the hard work in the home and help us
live more independently while providing for a good user experience. These tasks
could include but not limited to activities like plant watering monitor (LaMarca et al
2002), motorised curtains, intelligent locks, centralized equipment control (Freeman
2004), identification of inhabitants (Kidd et al., 1999), from air quality measurements
to physiological responses to medication (Estrin, Govindan, & Heideman, 2000; Want
& Borriello, 2000), floor sensors (Wren & Rao 2003), multimedia controls, data
manipulation etc. This is achieved by introducing the technology in the home at three
levels, which are external infrastructure, basic utilities, and domestic appliances.
“But, very much like the second phase of the industrialization a
hundred years ago, when energy became Ubiquitous, we can
today observe a distinct move towards decentralizing
information technology” (Hansmann et al., 2003).
A “smart home” can be defined as a residence equipped with computing and
information technology, which anticipates and responds to the needs of the
occupants, working to promote their comfort, convenience, security and entertainment
through the management of technology within the home and connections to the world
beyond (Barlow et al. 2003) and is illustrated in Fig.1.3 below. The diagram shows
the various tasks that might be automated and could be executed by providing a
central control for the user interaction giving a detailed view of the home and the task
they are about to perform. The key words in the definition of smart homes above are
“anticipates” and “respond”. How this might be achieved is a very delicate balance
between providing a service to improve our lives within our homes and invasion of
privacy and other ethical concerns.
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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Fig.1.3 – A Ubiquitous environment within a Smart Home.
(http://www.gtechproaudio.com/smart_home.html)
Looking at the aspects of entertainment within the home, there are several consumer
electronic devices that provide multiple interaction mediums to communicate with
each other. These multiple interaction mediums could confuse the user and put them
off using technology. To facilitate a better interaction we proposes a convergence of
these technologies and interaction mediums, by providing an in-home Communication
Infrastructure, which can interact with all these devices and provide the comfort and
convenience that user expects in a ubiquitous environment. A number of projects have
been carried out to achieve this goal by constructing experimental smart homes
(Mozer 1998; Gann 1999). These experiments have allowed the research community
to look into the factors, which affect human behaviour within our homes, and how we
could design better interaction technology to compliment the home users.
According to Weiser (1993), ubiquitous computing will be the age when technology
recedes into the background of our lives i.e. is embedded in our environment.
Development and adaptation of networking technologies as well as an increasing
number of intelligent home appliances are opening new possibilities for residential

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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communications (Lucenius et al 2003). This has allowed home appliances to be
networked and interconnected, which has allowed the user to remotely monitor and
control their homes and appliances. The research carried out by TEAHA (2004) on
the current status and trends of Connected homes has summed up the vision of the
future as providing convergence of applications, integration of appliances into
systems, an in-home communication infrastructure, and the possibility of providing
new services based on the infrastructure. Ubiquitous Computing describes the
phenomenon of interacting with the space and its contents which are entwined with
processing and communication technologies. It will provide a home platform, which
could be termed as a Personal Area Network (PAN) incorporating a multitude of
interactive and communicating devices (Fig.1.4). The diagram below illustrates the
coexistence of home networks where they communicate with multiple devices in exist
in harmony.

Fig.1.4 – Convergence of various networking technologies and concepts.
(http://cordis.europa.eu/ist/audiovisual/projects/hn.htm)
We as human beings are unique and every individual has different needs. People have
a powerful desire for their places of living to reflect individual needs (Larson 2003).
Responding to unique requirements of individuals in the home should be the main
focus of future home technology developers. The problem has been addressed to some
extent by projects such as ACHE (Adaptive Control of Home Environment) (Mozer
1998). The concept is of a neural networked home that allows the technological
environment to adapt to its inhabitants. We can say that the environment evolves as it
learns more about the daily activities of the people living in the house. A number of

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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research institutions and manufacturers are jointly working on projects to improve our
domestic experience (Crabtree 2004). Their understanding of the term home is based
on a combination of complex set of activities, values, and motivations. Friedewald et
al (2005) points out what we need to keep in mind when developing smart homes: •

It helps its inhabitants live a healthy, happy and safe life.

•

It performs many tasks automatically to relieve the stress of managing the
house.

•

It integrates home, work, learning and leisure activities.

•

It does not annoy people with the technological details of how it actually
works.

The above points to some extent have been realised by researchers and industry, who
are now working with many developers to achieve these in the home environment. An
example of this is the ConvergeX home automation platform in the UK (Fig.1.5),
which provides home automation services for new properties being developed as well
as the old properties where owners want their technology platforms to adapt to their
specific requirements.

Fig.1.5 – Home automation solutions provided by ConvergeX.
(http://www.convergex.net/)
(Friedewald et al., 2005) summarises the three most important things to look at when
designing products for a smart home are Functionality, Simplicity, and Aesthetics.

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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The product should be able to carry out the tasks that the user wants. It should be
simple to acquire, install, use, maintain, upgrade and appealing enough to go with the
decor of the home. When we design products for smart homes we should look at the
quality of experience that people will have with that product and how it will be
enjoyable. The design should allow for prompting automatic reactive behavior from
the user to carry out the task. We need to know for example, not just whether people
prefer a central device which can handle digital data distribution around their home,
but also what attributes of the device will ensure that they keep enjoying the
experience every time they use it and want to identify with it.
1.4 Ubiquitous Technologies
Ubiquitous computing has brought together a multitude of computing
technologies like Context Awareness, Location Awareness, wearable computing,
smart clothing, multimedia systems, GPS etc. In order to provide for a ubiquitous
environment within our homes, the above technologies and concepts need to interact
with each other in a cohesive and unobtrusive manner. The various electronic and
computing devices need to interact and communicate with each other to help users
carry out their tasks. Since the primary aim of a Ubiquitous environment is not only to
make the computer “Invisible” (technology is intertwined with domestic routines), but
also making the user do things by intuition (the technology becomes a part of your
daily routine). As (Mateas et al., 1996) puts it
“Ubiquitous Computing in the form of small, integrated computational appliances
supporting multiple collocated users throughout the home is a more appropriate
domestic technology that the monolithic PC”
The increase in maturity, miniaturization, and performance in the field of electronics
has given the user smaller processors, better networking technologies, storage
capabilities, display units, sensors, etc. This has allowed the user to move towards an
environment

which

provides

Ubiquitous

connectivity

between

various

devices/applications and a more adaptable user interfaces that are sensitive and
responsive to an individual’s needs. These interfaces are intelligent and are so
embedded into our natural fabric that we use it without even thinking about it. Some
of the key technologies and concepts that ubiquitous computing encompasses are:PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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•

Location – Location Awareness of objects and devices allows discovery of
people, objects, and resources so that appropriate services can be provided.
This is achieved by embedding the devices and objects with capabilities so
that their location can be established with accuracy. At a basic level inventions
such as RFID tags can be used to provide location information with varying
levels of accuracy.

•

Identification – Identification of objects in a ubiquitous environment forms the
very basic level of interaction required. This allows the relevant information to
be sent to the appropriate device allowing for more devices to be
interconnected, hence allowing the users to receive relevant information and
interact with them.

•

Sensor Technology – Adding sensing capabilities to an object allows it to
collect a range of information and respond to events accordingly. Having
sensors on objects allows us to create an intelligent network of devices which
are more aware of their ubiquitous environment and can detect and respond to
the environment often without any human intervention.

•

Context Awareness – Context awareness is one of the most important aspects
of Ubi Comp. If objects and devices embedded in our environment can
recognize the user and identify their location, then the system can deliver
appropriate ‘Just in Time’ information to the user. However according to
Schilit (1995, “2.3.2 Context aware cycle”) on a more technical level the focus
is clearly on adaptation to resources. All this is achieved through a network of
intelligent agents which are proactive and autonomous systems that can
determine appropriate action based on a range of data they collect from their
environment.

The above concepts and technologies have formed the core of ubiquitous computing.
However another important aspect we need to look at is the emotional awareness
these systems bring out in users. Systems at the moment are at a very early
development state to detect the emotional state and attention of the user and have
largely remained niche technologies, which has prevented them from becoming more
widely used. Aspects like voice analysis, gaze tracking, skin conductivity, facial
expressions, location and the way in which the user interacts with the system can give
us clues as to the state and receptiveness of the user. To make ubiquitous computing a
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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reality will require the collaboration of a broad range of disciplines, within computer
science and beyond. It will include hardware systems, networking, signal processing,
machine learning, human-computer interface (HCI), and social aspects of our daily
lives.
1.5 Interaction in Ubiquitous Computing
A Ubiquitous environment will provide the user with a real world network of data
and will allow them to be better informed and make better decisions. However the
vast amount of information that is available these days, the ubiquitous environment
with all its embedded devices will require new ways of handling, searching and
presenting information. Therefore interacting with these devices becomes of
paramount importance. A new human computer interaction model that includes
emotions needs to be addressed; a model that also takes into account the two types of
user interaction namely explicit and implicit user interaction.
•

Explicit Interactions - are those where a conscious action by a user enables an
interaction i.e. the user tells the computer in a certain level of generalization
what he/she expects the computer to do. It often relies on informal (casual
interaction) data which is difficult to analyse and process further by machines
and requires interpretation by means of knowledge and experience. Explicit
interactions are affected by social constructs which are further influenced by
attributes like group interaction, cultural background, technical know-how,
and intentions of the user.

•

Implicit Interactions – are those which happen without any user intervention.
With implicit interaction the user interacts with the environment they are in,
they interact with the artefacts, the objects, the technologies which are aimed
at achieving the goal the user wants to achieve. Within this process the system
acquires implicit inputs from the user and may present implicit output to the
user. As Schmidt (2000) defines
“Implicit human computer interaction is an action, performed by the user
that is not primarily aimed to interact with a computerized system but which
such a system understands as input.”

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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Today users can interact with the ubiquitous environment in numerous ways. They
have personal palm tops, laptops, touch screens located around the environment,
embedded computers and sensors within the fabric that surrounds us. This fabric
could include smart sensors within our home walls, sensors in our clothes etc. To
make this interaction as natural as possible for the user the technology needs to
provide intuitive interaction to the user, where the user knows or perceives their
action by intuition. Based on new sensing technology, available sensors and
anticipated user actions new interaction techniques need to be implemented which
could include voice, touch and visual interactions with the smart interfaces. The
actions performed by the users have to be detected by computer systems and analysed
so that appropriate actions can be taken. It is further identified that perception and
interpretation of the user, the environment, and the circumstances are key concepts for
interaction in a ubiquitous environment. Furthermore applications that incorporate the
user experience and emotions need to be realised when designing products for home.
If the system is pleasing to use and evokes positive memories for the user, they are
likely to use it more for creating a social narrative, especially when it comes to
evoking emotions through photo sharing.
1.6 Interactive Applications
Despite major advances in computer technology, human computer interaction
is still largely based on mice, keyboards and the monitor. Interacting with computers
and the skills needed to do this effectively can present a barrier to using the potential
of connected information systems and the real world web of connected objects and
locations. Applications are being developed which are trying to complement
ubiquitous computing by allowing the users to interact more freely with the
environment. As mentioned in section 1.4 location and context-aware technologies
can help provide the right information in the right place and at the right time, but for
this to be truly transformational it also requires a shift in the way that we interact with
computer systems themselves.
Application like load sensing surfaces allows the user to interact with the physical
environment without ever feeling the sense of being controlled by technology. Load
sensing capabilities are being used to track people on surfaces and trigger events
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.
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accordingly. The ORL Active Floor (Addlesee 1997) is an example where load
sensing is used. The Magic Carpet project by Paradiso (1997) is another example
where interaction is used as an input device for performance. His system has been
used in an audio installation, where users launch and modify complex musical sounds
and sequences as they wander about the carpet. This interaction is natural for the user
as they might be wondering about the floor and radar systems. The Smart Floor (Orr
2000) is another project developed at Georgia Institute of Technology, where the
system can identify people based on their footstep force profiles with a high level of
accuracy. This type of data collection is good in the way that it is unobtrusive with the
daily routines of the user. The system can be used to transparently identify users in
their everyday living and working environments. The MediaLab at MIT is actively
involved in studying new ways in which visual information can be captured and
shared. The research at MIT is looking into how current digital cameras can take
better advantage of the computing power within them. Ramesh Raskar, associate
professor at the MIT Media Lab and codirector of the Center for Future Storytelling,
predicts that you’ll be able to modify a photo’s display according to your mood. The
merging of the computer and the camera has brought computational photography to
fruition. The increasing miniaturization and simultaneous expansion of camera
capabilities is now driving the outer edges of the photo frontier.
Interactive applications also need to incorporate characteristics like ubiquity, subtlety,
semiotic, emotions, and be time based. They can use a combination of audio/video for
representation of data for the user. Applications like wearable multi sensor systems
allow users to authenticate their identity and are being used widely in security
systems. Mobile Games are another area where interactive applications are being
developed so as to enhance the user experience. Mobile Play (Paulos 2004) points out
that play by its very nature are an active event and we need to incorporate the wide
range of fanciful interpretations, connections, and metaphors. (Beigl et al., 2003)
provided us with a Context Nuggets game based on Smart-Its technology. Here the
aim of the user is to create nuggets by collecting ingredients distributed around your
environment or by exchanging ingredients with your fellow players. Once the
ingredients are collected the user can create a nugget through a secret formula known
only by them and entered into the game at the start. This kind of interaction provides
for an ad-hoc gaming environment where user interaction is not hindered by the
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underlying technology of Smart-Its devices. EOS Pods by Bianciardi (2003) is
another application where the users are involved in creation of music and where the
audience members are the performers. The system is designed such that the user does
not require any previous musical knowledge and is involved into the musical
performance by tapping on an electronic dome at the centre of their table. As we have
access to a huge amount of information, another aspect of Ubiquitous interaction is to
be able to retrieve information for the appropriate user. The idea of being able to leave
a message or information by an individual to be retrieved by the recipient in a
particular environment will be an ideal situation where user interaction with the
technology is minimised while still providing the user/recipient with the intended
information.

Fig.1.6 – The Habitat Project. (Patel and Agamanolis., 2003)
Research is also being done to represent our emotional and physiological states to our
loved ones (Patel 2003). The project Habitat (Fig.1.6) addresses the issues of
interaction and awareness between partners who are at separate places by using
household furniture as a network of distributed ambient displays that centre on the
capture and visualization of daily routines.
In order to develop an interactive user interface in ubiquitous computing, it is
important to use interfaces and visualizations that are already known to users. Aspects
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such as location, appearance and function need to be incorporated in order to make
the system as intuitive as possible. All in all the basic perception of the user towards
the computer needs to be changed if interactive applications are to be successful and
need to integrate seamlessly with the primary task of the user. The modern game
consoles are a perfect example where the user becomes completely immersed into the
task and the use of the tool (controls) become second nature. Game console Nintendo
Wii controllers allow the user to carry out physical motions with the controllers to
replicate their actions in the game environment. It gives the user a more active
involvement with the game. This technology if merged with the photo sharing
environment in a domestic setting will allow the user to become more actively
involved when sharing photos. This is in contrast to typical usage of a computer as a
tool, where the focus usually ends on the computer and not on the task (Weiser 1998).
However as technology becomes more ubiquitous and invisible, it is vital that the
people who will use these devices have an input into the design and functionality of
such products, which will improve the usability and acceptability of such technology.
1.7 Human Computer Interaction (HCI) Types
There are a vast number of definitions of HCI that have been made available
to us. However the following definition provides us with a decent platform to help us
design interactive applications for a ubiquitous environment. According to Wikipedia
“Human-computer interaction is a discipline concerned with the design, evaluation
and implementation of interactive computing systems for human use and with the
study of major phenomena surrounding them.”
Faulkner (1998) elaborates that the aim of HCI is to produce systems that are both
natural and transparent to use. Above all, the aim of HCI should be to develop
systems that do not involve the user in significant amounts of learning time or in
significant amount of learning effort. These systems should be effective, fun and safe
to use.
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Fig.1.7 - Disciplines involved in the field of Human-Computer Interaction.
(http://www.optimum-web.co.uk/whoexpertise.htm)
HCI is clearly a multi-disciplinary subject (Fig.1.7), and designing an effective
interactive system from a single discipline in isolation is almost impossible. Computer
scientists, however, are particularly interested in the practicalities of how they can use
the principles and methods from each HCI discipline to assist them in designing better
systems. Acquiring an understanding of the theory is important, but knowing how to
apply the theory to the problem at hand is equally valuable (Dix 2004).The key word
in the above definition is interactive computing systems and as more and more
applications for homes are being developed, we as researchers need the user to
become central to the design specification process. Research in HCI allows us to
create novel applications for new technologies and techniques while subjecting them
to rigorous evaluation process. It allows us to study user’s interaction with the
device/application both individually or as a group in relevant context. The role of HCI
is to provide an understanding of the user and the computer system, and how this
interaction can be made easier and more satisfying. The computer system will need to
be understood in terms of what it can do for the users and how it might best
communicate with them. As Faulkner (1998) puts it “The task of HCI is to design for
people, for tasks and for environment”, which could form the core foundations for a
ubiquitous environment.
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To help the user achieve the ultimate experience from the system, some of the key
factors of HCI need to be catered for when designing any computer system. These
factors are of even more importance when such a system will be a part of the
environment that we live in. When designing systems for the home users, we need to
look at the users physical as well as mental capabilities. The term which groups
together different physical capabilities of the user is known as Cognition. It allows the
user to interpret and process information from the environment they are in through
their senses. Senses such as vision, aural, taste, odour, touch are key to cognitive
behaviour and could be taken into account when designing systems for a ubiquitous
environment like smart homes. Senses like vision need to be carefully monitored as
different colours could mean different things when designing systems which cater to a
wide range of cultures (Red could be associated with danger and with good luck).
Although all five senses can be used in developing an interactive environment,
currently vision and auditory senses are being used more in practise with touch being
used to interact with input devices (Mouse/Keyboard).
Not only does research into HCI provides us with insights into the user’s capabilities,
it also provides us with basic guidelines about how to design and develop user
interfaces for interactive systems. The importance of good User Interface Design can
be the difference between product acceptance and rejection by the user. If end-users
feel that the system is not easy to learn, not easy to use, is too cumbersome, an
otherwise excellent product could fail. Good User Interface Design can make a
product easy to understand and use, which results in greater user acceptance. To make
the system more acceptable by the user, we need to make sure that the system adheres
to the established criteria for the development of suitable interfaces. This allows the
user to create a “mental model” of how the system works and aids in completing the
task required. These criteria are naturalness, consistency throughout the system,
relevance of information, and support for achieving the task, flexibility to user
requirements and feedback to the user regarding task progress. Since ubiquitous
applications can provide an environment where technology is all around us, they
provide us with a ‘Distributed Systems’ environment. Zeidler (2002) identifies
distribution of HCI as the key component when designing User Interface (UI) for a
ubiquitous environment where the system functionality is distributed alongside UI
functionality. “The functionality offered to a user by the UI has to be adaptive with
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respect to the user and the device it is displayed on”. This allows interaction to take
place whenever and wherever needed.
However it is not always possible to cater to all the requirements of interface design
especially when designing products for a ubiquitous environment. This is due to the
lack of standardisation in the field of ubiquitous computing and since
systems/products/applications etc are being developed by many vendors, it will take
some time before standard design protocols are grouped together and adhered to.
Another challenge for the UI designers is to provide scalable interfaces which have
programming capabilities to allow radically different interaction methods with the
same underlying data and services. The interface should be able to listen/record most
of the events that surround our daily routines so that they can be narrated as desired
and become part of the experience.
1.8 Interaction and Communication between Humans
Dealing with human interaction and communication is a complex issue.
However it is through the various modes of communication that humans have found
the ability to communicate with each other. These modes have included but are not
limited to, exchange of ideas and thoughts, factual information and wishes, ability to
express emotions, interacting on a social level etc. If ubiquitous computing has to
realise its full potential, it must be able to process these types of interaction modes,
and only then it will be able to provide a truly interactive environment. The key to a
successful ubiquitous environment is a system which is adaptive and can change to
the context in which the user is attempting the task that the system aims to support.
Research in psychology, engineering, linguistics, philosophy, mathematics, and others
has provided us with methods and models that we can use for developing and
integrating artificial agents which can aid the human characteristics and abilities. The
success of a truly ubiquitous interactive environment will be judged by the level to
which it can bridge the gap between the richness, complexity and expressiveness of
the human communication, and the ability of the technological environment to
interact and communicate effectively with its human counterparts.
The capacity to navigate the social world, to appreciate the intentions behind observed
behaviour, and to recognize the relationships that exist between people invokes some
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of the most complex processing that humans perform. Yet these various forms of
social cognition occur effortlessly most of the time (Durling 2002). Social
relationships are created when people interact in a social environment and the
environment allows them to interact accordingly. Relational model theory
(http://www.rmt.ucla.edu/) posits that people use four elementary models to generate,
interpret, coordinate, contest, plan, remember, evaluate, and think about most aspects
of most social interaction in all societies. These models are Communal Sharing,
Authority Ranking, Equality Matching, and Market Pricing. The models are described
briefly below:
1. Communal Sharing (CS) is a relationship in which people treat someone or
group as equivalent and undifferentiated with respect to the social domain in
question. Examples are people who use CS with respect to utilization of the
particular resource or people who use CS with respect to collective
responsibility. In simple terms the relationship is common.
2. Authority Ranking (AR) is a relationship where people have asymmetric
positions in a linear hierarchy in which subordinates defer, respect, and
(perhaps) obey, while superiors take precedence and take pastoral
responsibility for subordinates. Examples are military hierarchies, ancestor
worship, monotheistic religious moralities, social status systems such as class
or ethnic rankings, and rankings such as sports team standings. These
relationships are based on perceptions of legitimate asymmetries, not coercive
power; they are not inherently exploitative (although they may involve power
or cause harm).
3. Equality Matching (EM) are relationships where people keep track of the
balance or difference among participants and know what would be required to
restore balance. Common manifestations are turn-taking, one-person one-vote
elections, equal share distributions, and vengeance based on an-eye-for-aneye, a-tooth-for-a-tooth. Examples include sports and games.
4. Market Pricing (MP) relationships are oriented to socially meaningful ratios
or rates such as prices, wages, interest, rents, tithes, or cost-benefit analyses.
Money need not be the medium, and these relationships need not be selfish,
competitive, maximizing, or materialistic. Examples are property that can be

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

20

Evaluation of a Domestic Photo Sharing Environment.
bought, sold, or treated as investment capital, marriages organized
contractually or implicitly in terms of costs and benefits to the partner.
To provide for a successful interactive environment we need to map the observed
actions of the user by the embedded technology to actions that can be performed on
the user’s behalf and could be based on the experience gained over a period of time.
Since every person has a different level of interaction in personal relationships, they
need to be incorporated in the context of interaction and integrate into the system
design. For this we need to develop better communication skills between machines
and people.
As well as looking at communication and interaction between people, another aspect
that is central to designing products for a ubiquitous environment is the relationships
and the level of interaction people have with artefacts around the home/office
environment. Real world artefacts which are augmented with computers could include
touch screens, digital photo displays, domestic appliances etc and allow the user to
focus on the foreground activity (i.e. controlling them manually). Ubiquitous
technology will allow the interaction with accustomed physical environments which
will be rich in physical artefacts incorporated into the surfaces to be rich and
unobtrusive.
To aid this transition of human interaction from the desktop world to a ubiquitous
world we need new interaction techniques to be researched, new models will be
required to facilitate the objects around us. A variety of input and output devices will
be needed to provide an in home communication infrastructure and analyse how these
artefacts are used. The users have more emotional interaction to cope with when they
are in their domestic setting and hence the system should be able to cater to the
emotional need and engage at an emotional level. We need to realise the difference
between user’s hopes and what is achievable and realistic.
1.9 Research aim
The use of technology in the home has grown rapidly in recent years with the
introduction of television and the capability of interactive data sources from digital
terrestrial and satellite systems. Technology for audio and video recording has
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improved, with a multiplicity of devices and formats available to home users.
Different forms of information that is being used in the home, as well as the media
type used to access that information, has been summarized well by Sloane et al
(2000). With so much diversity in the types of applications being used in the house,
what we need is a centralized system capable of distributing data to these separate
devices as and when required. This will help collate and synthesize the various
information sources (e.g. Photographs, Audio, television, telephone, user input, fax
etc), providing a range of user interface devices that will allow convenient and timely
access to the required information.
Since the early 1980s, there has been a gradual shift from using analogue technologies
for transmission and storage of information to using digital technologies. This move
towards digital forms of information has led to the question of what the users in the
home will want to do with this information when it is received. Until recently, local
networking was confined to connecting computers in a technical or commercial
environment. The application in a private environment, in smart homes for example,
is relatively new. Nevertheless, some systems exist for home environment application,
but there is still a lot of space for improvements. One bottleneck, if the network is
used for the transmission of multimedia information, is the bandwidth of existing
systems (Berlo et al 1999). Berlo also point out the advantages and disadvantages of
various types of media available for use in a home network that can communicate
with smart devices.
The drift towards convergence of technologies has become so strong that the concept
of traditionally independent systems can no longer be regarded as feasible. As today
we have a combination of devices in the home which include PCs, Notebooks, PDAs,
TVs,

Projectors,

VCR,

DVD

Players,

Tapes,

CD,

Cameras

(Analogue/Digital/Camcorder/Mobile Phone), Hi-Fi, Telephones, Internet etc. These
devices use a multiple interaction medium to communicate with each other. They
include analogue and digital communication, IRDA, Bluetooth, USB, Firewire,
Serial/Parallel communications etc. So for example if we want to transfer data from a
camera to a pc, we have a number of possible connection mediums (Bluetooth
adaptor, IR adaptor, USB etc). One of the scenarios might involve looking at pictures
displayed on the TV, but which are stored on the PC. This diversity can confuse
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inexperienced users, as they are always looking for simpler ways in which they can
access their information and interact with multiple devices without having to carry out
connection between these devices. Since the technical requirements vary considerably
depending on the type of property and individual circumstances, this project has
developed a central management device allowing the users to distribute data coming
into the house as and when required.
Photographs have significant social roles. They help families and friends to preserve
an affective link and provide a support for communication. The increasing popularity
of digital photography, combined with global networking, is likely to emphasize this
function, as sharing photographs will become cheaper, faster and easier. Based on this
observation, the product of this research concentrated heavily on developing a generic
photo sharing prototype, which will make photo sharing a fun and enjoyable
experience. The framework components include a computer running specific
software, a distributed communication and storage infrastructure, plus tools for
watching and commenting photographs. The figure below illustrates the design
scenario for a HIS, which will allow the user to receive, store and distribute digital
photos around the home. It shows how the prototype will allow the user to interact
with different mediums and store the photos in a central storage system, and then uses
the HIS to distribute the photos for viewing to display mediums around the house.
Since it was a wireless network, the user would be unaware of the technological
details and be able to concentrate more on the task rather than how it is achieved.

Fig. 6.4. Interaction of Home Information System.
The research started by looking into the aspects of ubiquitous computing and smart
homes. It was quickly realised that there is a vast array of data that can be
incorporated into a smart home system. Humans are social creatures finding human
presence and communications essential for the enjoyment of life (Dewsbury 2003).
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The aim of this project has been to investigate the role of emotions in a domestic
photo sharing environment which might be incorporated into a smart home. Frohlich
et al (2002) suggest that people want to add meaning to their lives and be able to
create meaning into coherent and significant narratives in the process. Storytelling is
one way of keeping and sharing memories associated with photographs and caters for
Frohlich’s idea of adding meaning to the user’s life through the construction of
emotional relationships and significance of individuals in their social sphere. Personal
photographs are of great importance to people, as a record of important life events,
family members, daily routines, holidays, etc. This allowed us to look at one
particular data type that the user might be most interested in storing and interacting
with in a domestic setting. The decision to use photos as a subject of this research was
taken primarily because it will allow the user to interact with them at an emotional
level.
The research will look at emotional annotation of photographs by the users. What do
users feel is the best way of annotating digital photographs? Options are audio, text,
and emotional tags. Using these options users can attach their emotions associated
with a particular picture. The emotional attachments will not only allow the user to
annotate the pictures but will also aid them when searching and retrieving photos
from the database. The project is concerned with extending and further improving the
quality of life of people in their home in the future. However, consideration will also
be given to the features provided by such a system, and the user’s motivation to
employ those features. Simplicity of function, as well as aiding cognitive
compatibility and memorability, will enhance the user’s motivation to use (and
purchase) the system. Computing in the home will change with the arrival of the
ubiquitous paradigm. This has led to a number of fundamental questions that need to
be investigated:

•

How do users view this change in sharing photos?

•

How are interfaces designed for this paradigm?

•

What are the best ways in which people can interact with a photo

sharing environment within the home context?
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•

What are the main challenges to capturing and storing emotions

digitally in a domestic environment?
The focus of this research is also on the social interaction people have with their
photographs, and what role photos play in our lives. The research also provides us
with a prototype which tries to simulate a photo sharing environment where users
could attach emotions to their photos. To find some possible solutions regarding the
interaction of people with their photos, a user based survey was carried out which
provided for the underlying concept of the prototype development. The questions
asked and the results of the survey have been analysed and summarised in Chapter 7.
A user based methodology is used to aid rapid prototyping of the various components
associated with Reception/Viewing/Distribution of photos within a smart home and
emotional attachment to these photos. Applications feasibility and applicability is
achieved via user assessments and interaction providing for a round robin way of
application development.
1.10 Summary
Ubiquitous computing is about making computer systems available for its
users everywhere and at all times. The goal is to increase the use of computers and
computational devices by making a lot of them available throughout the physical
environment of the user to provide them with information anywhere and anytime.
Ubiquitous computing describes the phenomenon of interacting in context with
artefacts and environments that are interwoven with processing and communication
capabilities. It aims to provide the users with an environment in which their
interactive experience is enhanced while keeping the technology as cohesive as
possible. This paradigm of computing has had an immense impact when it comes to
developing technology for the home environment and has given us the notion of
“Smart Homes”.
Smart homes provide an in-house communication infrastructure that allows the
various devices and application in the home to communicate with each other. The
modern home contains a variety of appliances, such as central heating, fire and
security alarms, and devices, such as televisions and lights that usually exist in total
isolation from each other. In the smart house, these systems and devices are able to
pass information and commands between them so that, for example, the security
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alarm can turn the lights on or off. Smart homes allow the automation of various
physical devices and allowing them to provide the user with a calm and comforting
environment within their home.
The future implementations of technologies for smart home systems will largely
depend on the extent to which they offer improvements in the quality of life, solutions
to actual household problems and reductions in cost. The technology will have to
prove its benefits and not prove a burden by their installation. The use of smart home
technologies offers prospects of removing some of the more mundane daily tasks of
carers by facilitating new combinations of home care; medical support and remote
care delivery. There needs to be more research into understanding the benefits and
potential problems of using smart homes. We also need to explore issues regarding
human adaptation to these technologies and need to convince general users about the
technology, and its benefits, as they are skeptical about adopting any new technology.
We also need to build technologies that will take into consideration the natural ageing
process of human beings and the home environment.
As far as interaction is concerned, researchers have now become fully aware about
how good interaction techniques are so important for developing ubiquitous
technologies. The more the user can do by intuition the smarter the interface is
thought to be. Durling and Shackleton (2002) concluded in their study of intuitive use
that intuition is highly dependent on previous experiences and mentioned Location,
Appearance, and function of the feature as relevant for intuitive use. It has allowed the
development of more and more interactive applications where the user has become a
part of the process and can achieve a task without worrying about the technology
behind it. This chapter gave a brief description of some interactive applications and
projects that are being developed.
The following chapters will illustrate how the various aspects of this research
including establishing the research aim, methodology used, user survey carried out to
measure the attitude of people towards photo sharing, design/development and testing
of the prototype, user response from using the photo sharing prototype, and the
research outcome. Chapter 2 looks into the concept of smart homes where
convergence of technology is the key factor in providing the users with a comfortable
living and illustrates some of the projects being carried out by research institutions
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and industry itself. Chapter 3 investigate how people can develop a relationship with
the environment within the smart home and how they personalise that space. We will
discuss the design methodologies and the evaluation techniques that are being used
when designing and developing smart homes. Chapter 4 looks into how digital
cameras and photos have evolved and allow is to become more emotionally attached
to our pictures. Chapter 5 looks into the role of emotions and how they change with
respect to time. We look into the challenges of capturing and representation of
emotions in a digital format. Chapter 6 forms the base of this research and looks into
how photo sharing can be one of the most important aspects within a domestic
environment and how it could be made ubiquitous in a smart home. We investigate
the relationship between emotions and photos which allows us to detail our research
aim for this project. Chapter 7 follows on from the earlier chapters and details the
research methodology used in this project, detailed feasibility study, and a conceptual
model detailing the various technologies that could be integrated to provide a photo
sharing environment. The chapter includes details of the user survey carried out to
measure the attitude of people towards digital photo sharing and emotions. It provides
us with the collective feedback from the user survey and allows us to develop a
prototype photo sharing application. Chapter 8 provides us with detailed description
of the prototype and how various design features were modified based on the
feedback from the users. Chapter 9 is where the feedback from the users who tested
the prototype is detailed and provides the evaluation and usability success of the
system. The research concludes in Chapter 10 by providing a summary and evaluation
for the research and detailing the future work that needs to be undertaken in order to
make photo sharing a truly engaging and ubiquitous interaction where emotions can
become integral.
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Chapter 2
The Smart Home

2.1 The notion of Smart Homes
The notion of “Smart House” was formed as a special interest group in the
USA by the National Association of Home Builders (NAHB) in early 1980s, which
catered for the growing interest in home automation. However it was in the mid 1980s
and 90s that the concept of Smart Homes entered popular culture. This was due to the
emergence of digital technology and how manufacturers of consumer electronics and
electrical equipment adopted the digital revolution to develop domestic products for
use in homes. Some of the important developments have included the replacement of
electromechanical switching with digital switching, advances in network transmission
media (Fibre Optics), Communication Networks (ISDN, Broadband), Devices (web
TV, Video, Phones), and more recently wireless networks (Barlow 1998).
A smart home is a harmonious home, a conglomeration of devices and capabilities
working according to the Zen of Home Networking. (Briere and Hurley 1999)
As Dewsbury et al (2000) suggests, Smart home technology can be split into two
main categories:
•

Active devices such as control panels and switches, with which the home
occupant will directly interact with and use.

•

Passive devices such as sensors and receivers, over which the home occupant
has no direct contact, function to enable and empower the living experience
of the occupant.

The manner in which devices interact and are interconnected provides the
functionality that can enhance the quality of a person’s life. The relationship between
active and passive components enables a designer to build up a structured need
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derived system. Of considerable importance is the appropriate level at which to apply
existing and new technologies to produce the defined system.
We can think of a smart home as a residence that uses some form of central controller
to integrate the various home automation systems into one hidden entity. This entity
aids the users in their daily lives while being ubiquitous to them. The central
controller allows the various devices/appliances to communicate with each other,
therefore allowing the user to control/interact with them through a single command
where a command is pre-programmed to perform a certain operation. Sandstrom et al
(2005) illustrates that smart homes are homes with some integrated technological
systems offering remote or centrally controlled functionalities and services.

A

definition that incorporates the key elements of a smart home is:
“A dwelling incorporating a communication network that connects the
key electrical appliances and services, and allows them to be remotely
controlled, monitored or accessed.”(King 2003)
The aim of smart homes is to support the user while providing a safe, secure and
entertaining environment. It should allow the user to control/automate features of the
home as required while being monitored by the system at the same time to ensure
their safety. In a smart home most if not all of the electrical devices could be
controlled and automated to work through a central control unit or automatically in a
way that is predetermined by the user or the information that the environment collects
through a collective network of devices (Sensors etc). As Barlow et al (2003) predict
that on their own, networks and services outside the home will not, however, be
sufficient to ensure universal access to information society. He suggests that in order
to take full advantage of new informational services, it will be necessary to distribute
and make them accessible once they have crossed the threshold of the home.
A smart home environment should be adaptable and grow with the user’s needs while
being easy to maintain and modify. They need to be reliable and dependable. Smart
homes will allow the user to accomplish their tasks as and when the user wants. As
Junestrand (2004) puts it, smart home technology is the integration of technology and
services through home networking for a better quality of living. At the moment smart
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home technology is shifting from being purely concerned with the integration of
electrical equipment within the home to a broader perspective, which also includes
ICT functionalities. This is visible in the home environment (Fig. 2.1) in terms of
different networks for work & productivity, entertainment, communication and
information and home automation that are merging and are connected to the outside
world by a residential gateway(s).

Fig. 2.1 – A Schematic model of a technical structure of a smart home (Junestrand,
2004).
Gross (1998) suggests that smart homes provide us with three benefits i.e. safety
(using sensors to detect gas and water leaks and shutting down appropriate systems),
convenience (providing adaptable power for numerous electrical devices, controlling
temperature, humidity, and lightening etc), and economy (adjusting power supplied to
each appliance according to need). King (2003) illustrates that in order to make a
home smart, the home needs to be divided into three conceptual levels i.e. the Internal
Network (Cabling), Intelligent control (Management of System), and Home
Automation (Products within the home and links to services outside). Barlow (2003)
proposes that the ability to communicate and control lies at the heart of the smart
home functionality, and that it is necessary to integrate systems in order to provide the
types of functions that people will want to use. With a focus on the functionality
available to the user Aldrich (2003) proposes five hierarchical classes of smart homes:
1. Homes which contain intelligent objects – homes contain single, standalone
applications and objects which function in an intelligent manner.
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2. Homes which contain intelligent, communicating objects – homes contain
appliances and objects which function intelligently in their own right and
which also exchange information between one another to increase
functionality.
3. Connected homes – homes have internal and external networks, allowing
interactive and remote control of systems, as well as access to services and
information, both within and beyond the home.
4. Learning homes – patterns of activity in the homes are recorded and the
accumulated data are used to anticipate user needs and to control the
technology accordingly.
5. Attentive homes – the activity and location of people and objects within the
homes are constantly registered, and this information is used to control
technology in anticipation of the occupant’s needs.
We need to take into consideration the level of automation provided in smart homes
so that the essence of living in a home is not taken away from the user. The user
should still feel in control of the environment they live in. As Barlow et al (2003)
suggest the ability for components and systems to intercommunicate remains at the
core of any smart home, but it is becoming increasingly apparent that this does not,
and in some cases cannot, involve exclusive use of a single communication medium
and protocol. There needs to be a more sophisticated approach to understand the
processes by which a mass market in smart home products and services operates.
Today consumers know what their needs are and the industry is recognising those
needs to design and constructs smart homes which cater for individuals.
2.2 Role of Human Computer Interaction/Interface (HCI) in Smart Homes
With advances being made in areas like computer networks, storage devices,
sensors, display mediums to mention some, technology has advanced to such an
extent in today’s world that all systems integrate or affect humans in one-way or the
other. Most systems involve direct communication between the system and its human
operator. It is therefore important that the way in which people interact with
information systems is insightful and clear. As human behaviour introduces the
greatest source of variation in a system, it follows that the design of the interface
component is one of the most important in the entire structure.
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The users should be placed at the centre of any design process, as they are the ones
who are going to use the system (Dewsbury 2003). It also suggests that when a system
is being designed for a group, we should be sensitive to the individual needs of the
person rather than the categorization of the person. Petersen (2000) discusses how the
move of interactive technology into our everyday lives challenges existing HCI
theories and practices. It analyses the use of domestic technology to reveal more
general challenges and opportunities for HCI posed by everyday artefacts.
One of many projects being researched towards making our lives more enjoyable in
the home is the Smart Home Project by the Personal Electronics Group at Tampere
University of Technology, Finland who have been actively involved in smart home
research since 1999 and have recently published their research finding for their
eHome project which was a three year study on how devices, networks and user
interfaces (UIs) work together in everyday life in a normal home environment Kaila et
al (2008). The idea behind their project is to design and develop electronic devices to
be used in home technology. They will be devices that a user could not perceive, until
the user would actually use them. The home of the future will need to provide an
environment where so many technologies can interact with the user and with each
other without causing interference to the user’s natural instincts. The home user needs
secure, cheap, and easy to use communication systems to give them more
convenience. The applications used in the home should have as little learning as
possible for the home user (Sloane et al 2000). This will allow the user to use the
system more and more because of its relative ease.
Research shows that human interaction with home technology is important, as there is
an increasing amount of interest being shown by manufacturers and researchers
towards this field. Baillie (2003) investigates the needs and wants of people with
respect to technology in the home. It conducts a study of technology in the household.
One must make sure when designing systems for home use, that the user should
always be in control of the situation at all times which means they should be able to
understand the system and be able to override it in case of any eventuality. However
in circumstances, which do not allow us to give the user complete control, we need to
evaluate as to when a home system failure would affect the health and safety of the
users. The user interface is the single component in such systems, upon which
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everything else will be judged. If the interface is confusing and badly designed, the
system will be thought of in that way. When designing an interface for a system,
considerations should be made about how natural the interface is to use. Another area
to look at when designing an interface is to see whether it provides sufficient feedback
to the user to help complete the task and for the actions performed by the user. Such a
requirement presents a great challenge to the interface designer; requiring the
involvement of various engineers, human factors specialists, ergonomists and of
course, most importantly the users themselves.
2.3 Smart Home related research initiatives and projects
The smart home technology as a concept has been slow in adoption by home
owners and the construction industry. Gann et al. (1999) suggested number of reasons
for the slow uptake of smart home technology. They range from smart homes being
expensive, dependence on old housing stock, lack of common protocol, lack of user
understanding, and lack of variation in product use. There are a number of
commercial projects actively exploring the possibilities offered by the technology
associated with smart homes, for example utility companies seeking to monitor and
control domestic energy consumption remotely. Dewsbury et al (2001) propose that
ICT has recently been relocated from an external entity brought into the home, to an
internal feature of the domestic environment extending the range of the home beyond
the 'bricks and mortar'. Smart homes can be useful; enhancing the quality of life for
people whose life is limited by their domestic environment. The ASTRID project was
developed to demonstrate how smart home systems could enable people with
dementia to lead a more empowered life if used in the appropriate manner (Marshall
2000). Another project which demonstrated the smart home technology for a wide
range of people with differing levels of disabilities and older people was the
CUSTODIAN project which was carried out under the leadership of Guy Dewsbury
(2004). Its objective is to enable the successful integration of a wide range of assistive
technologies, general consumer electronics products and systems around a home
network (home system, smart house). This will be achieved by supporting the process
whereby such integrated systems are considered, specified, tailored, installed,
commissioned and maintained.
The Tech-Enabled Neighbourhood (2007) in Mexico has taken the smart home
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concept and adopted the advantages of it to create a habitat of the Seventh Generation
(G7 Habitat). It incorporates high speed internet as part of the basic infrastructure
together with water, electricity, sewage drain, and wi-fi network. it even allows the
neighbours, access to a set of services in the neighbourhood like security cameras,
community information, e-mail, educational content, grocery shopping etc.
Ringbauer (2005) provides a smart home control system via PDA (Fig. 2.2) while
allowing various interface concepts to support an easy transition between devices. the
project "Smart Home Control Via PDA" provides for a multi-device user interface to
control a smart home system with focus on usability issues. It provided interaction
with devices like coffee machine with dialogue to order coffee, home control services
like lighting, temperature, floor plans etc.

Fig. 2.2 – Heating Control for the Smart Home. (Ringbauer 2005).
The Adaptive House project was carried out by University of Colorado (Mozer 1998)
and it aimed at exploring the concept of a home which programs itself (i.e. evolves as
it learns more about its residents). The researchers point out that the software for an
automated home must be programmed for a particular family and home, and updated
in line with changes in their lifestyle. The system developed controls basic residential
comfort systems, HVAC (heating, ventilation, and air conditioning), water heater, and
interior lighting. The system monitors the environment, observes the actions taken by
occupants (e.g., turning up the thermostat; turning on a particular configuration of
lights), and it attempts to infer patterns in the environment that predict these actions.
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If the actions can be reliably anticipated, the system can perform the actions
automatically, freeing the occupants from manual control of the home. A secondary
consideration of the system is to conserve energy resources, when possible. The home
laboratory is equipped with an array of over 75 sensors which provide information
about the environmental conditions e.g. temperature, ambient light levels, sound,
motion, door and window openings. This allows the actuators to control the various
control devices e.g. furnace, space heaters, water heater, lighting units, and ceiling
fans.
Another example of experimental smart home projects is the ComHOME project
carried out by The Interactive Institute in Sweden. It is described as “a full scale
model constructed of a number of scenarios like room set-ups”. The design concept is
based on the integration of different comZONES (communication zones), where the
resident can be seen and/or heard (Junestrand & Tollmar, 1999). The house is
equipped with technologies such as sensors, voice control and voice-mediated
communication (VMC) technologies. VMC can support and complement a wide
range of activities in that context, e.g., studies, care of the elderly, professional work
and leisure activities. It primarily addresses social and emotional aspects of
communication, which is a requirement for communication in a domestic
environment (Junestrand 2000). In this experimental project, researchers are exploring
different spheres of home-based activities like communication, distance work and
social activities, and emotional aspects of the technology on users.
House_n (2005) is a Department of Architecture research group project at the
Massachusetts Institute of Technology that explores how new technologies, materials,
and strategies for design can make possible dynamic, evolving places that respond to
the complexities of life. The overall aims include creating environments which suit
people of all ages; creating customisable environments; developing algorithms to
interpret sensor data to detect what people are doing; exploring the impact of
technology on traditional learning environments; inventing interfaces and components
that conserve resources; and exploring the impact of home delivery of products and
services. The project involves displaying digital information on almost any surface,
with other surfaces allowing easy user input via touch or special devices. The project
explores a variety of home activities within this context, using an “active counter” that
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can be used for kitchen tasks, work tasks, and eating; an “active table” with digital
surface that can be moved around within the environment; “video walls”; and floors
that can have video projected onto them.
Similarly The Aware Home (1999) initiative at the Georgia Institute of Technology
provides for a house equipped with high-speed internal and external communications,
cameras and microphones, a house wide wireless network allowing communication
between cordless devices, and a radio locating system for tracking tagged objects. At
the time the Aware Home project was the most advanced of the smart home research
projects. There were two main focuses of the project:
•

Issues and possibilities concerned with making the house aware of the
whereabouts and activities of its occupants at all times.

•

The implications of maintaining continuous connectivity to the electronic
world.

A great deal of groundwork has been done in making the concept of smart home a
reality. Even if smart homes are not being constructed around every corner, it is clear
that at least some of the technologies and innovations are already entering the
marketplace. Smart home and other automation technologies require widespread
changes to the way domestic construction is carried out at the moment. It will require
cooperation between manufacturers of construction components, utility suppliers, and
regulatory agencies that oversee the building industry. The smart home infrastructure
will have to offer the possibility of broader participation in civic and community
activities, access to educational resources, as well as work, shopping and
entertainment. Higher bandwidth communication technologies are being developed to
provide electronic community town meetings, distance learning, home shopping and
video on demand. However careful considerations needs to be given to make sure
that an intelligent house (smart home) that provides comfort levels based on gathering
user information does not cross the boundaries of personal privacy by monitoring the
occupants too closely.
This chapter allows us to understand the concept of smart homes and how various
technologies can be used in convergence to provide for a ubiquitous environment. We
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will use the ideas from this chapter and incorporate them into our photo sharing
environment. The aim is to provide for a ubiquitous photo sharing environment where
the user is able to seamlessly receive, share, and distribute their images while being
able to digitally store their emotional attachment with the photo.
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Chapter 3
People in Smart Homes
3.1 Relationship between People and Smart homes
Bearing the economic and moral hierarchy of the occupants, a home is a space
for carrying out social interaction and it is here that we interact with our physical
environment the most. This could include, but is not limited to social gatherings
(hosting friends and families), living out personal desires, interaction with media,
resting/relaxation, display of objects around the home etc. Strain (2003) proposed that
homes are not merely repositories of human action, nor can they be understood as the
output of larger sociological phenomena, as is often argued in the mainstream
sociological literature. Rather, households (or families or groups of people sharing
common facilities – however they might be labelled) are in many ways communities
in their own right as they possess a tradition, a moral order which frames and guides
behaviour as well as the use of household facilities and technologies. Household
communication and information technologies are not only objects of use like
dishwashers and DVD recorders; they are media for display of information regarding
the environment we live in (Silverstone et al., 1992). They concluded that information
and communication technologies have the capacity to threaten the process of creating
ontological security, in that they speak of events and objects which are separate, in
both time and place, from events and meanings which constitute the moral order of
the home.
Research by Apple (Oren et al., 1990) when developing their navigation system for a
multimedia database using representations of people as guides through the content
discovered that users developed relationships with the guide they were using. The
users often wondered if the contents represent the guide’s opinion as opposed to just
an encyclopaedia of data. Publication by Reeves and Clifford (1998) details how
people interact with computers socially, treating the computers as if they were
interacting with another person. Based on these findings it can be argued that
people/occupants/families living in a smart home/environment will structure some
form of relationship with their smart devices which are incorporated in the smart
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home. Smart homes will expand the physical functions carried out by a human body
and facilitate the entry of users into previously inaccessible domains of technology
through user interaction. A smart home will provide more of an assistive technology
(AT) by supporting the daily routines of the occupant ubiquitously. As Edge et al
(2000) puts it:
“The reality is that the home, even without intelligence is not so much about bricks
and mortar, but increasingly a series of personal care devices. With the advent of the
smart home the range of services that the home provides may be about to undergo a
radical change”
There is a growing body of literature drawing attention to the sociability of home life
and to the practical accomplishment of home life as a legitimate form of work. As
(Crabtree 2003; Swan 2003; and Taylor 2004) propose the role of artefacts and spaces
for the coordination of the home life and the user’s relationship with those
technological entities. The relationship between people and smart homes/products
should be reasonably flexible depending on the number of occupants. It could
interpret the entire family as one entity and provide standard services to all occupants.
An earlier example of this kind of service was the TiVo (http://www.tivo.com)
personal video recorder, which summarised the behaviour of a family by observing
the programs they recorded. It then used this information to recommend and
automatically record new programs it thought the viewers might like.
A smart home could also treat each individual as a separate entity and provide for
focussed interaction between the user and the product. It will provide for an
environment that can learn from an individual’s interaction and provide a service
based on user identification. The ethnographic research by Rode et al (2004)
exploring the differences in how men and women approach programming tasks in the
home indicates the potential benefit of a smart home that recognizes different users.
Their work indicates that different family members should have different levels of
status with respect to the various domains that could be controlled within a smart
home. This also leads to the idea that the smart home might need multiple points of
programming interaction or even multiple agents representing the various types of
intelligence in the home. It is possible that interaction based on individual
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identification might ultimately lead to a more personal relationship with the
technology and allow occupants to feel safer, happier and better served by the smart
home environment , while providing for individual performances.
Most of the time human interaction revolves around representation of the home as a
single entity. A good example of this thinking can be seen in eMuu, an emotionally
expressive character that appears either on a screen or as a physical robot, and
provides a clear point of interaction for users in a smart home (Bartneck, 2003). It
aims to provide natural interaction between the home and its inhabitants through
speech by providing an embodied home character (screen character and robotic
character) that provides intuitive feedback through its emotional expressiveness. What
they found was that the presence of emotional expressions significantly increased the
enjoyment level of the interaction with the robotic character. The study focused on
emotional facial expressions of an embodied character because they provide natural
and continuous feedback to the user about the status of the communication and status
of the ambient intelligent home. Fig.3.1 shows how a user might interact with the
eMuu robotic character playing the negotiation game through a flat panel touch
screen.

Fig. 3.1 – User Interaction with an embodied home character eMuu.
(http://www.bartneck.de/2002/09/01/emuu/)
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The idea of considering the home as a single agent offers the advantage of allowing
users to conceptualize all of the technology within a smart home as a singular,
rationale agent. The home appears to be a whole instead of a collection of parts. The
wholeness of the home is perceived with patterns and models. Regarding these
models, a smart home can be seen as an effecter, as an assistant, or a hybrid of the two
(Truong et al., 2004).
However as smart technology moves into the home it will most likely appear as many
small systems that may have only a tenuous link to each other. For example, it is quite
likely people will have smart entertainment systems that manage their content
(Zimmerman et al., 2006); smart office assistants that assist on their desktop PCs
(Pettie 1994); smart kitchens that help keep up food stocks and assist with cooking
(Sanders 2003, Fig 3.2); and smart environmental controls that help keep the
temperature, light, and humidity levels comfortable while minimizing the use of
resources such as electricity and gas (Vermeeren et al., 2000).

Fig 3.2 - Demonstration called "What was I cooking?" (Sanders 2003)
As means of attempting to facilitate the acceptance of smart home technology, it will
be useful if due consideration is given to how the person is to interact with the
technology from a psychological, emotional, physical and social perspective. What
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kind of relationship does the user desire to have with their smart home, will contribute
immensely towards developing guidelines that lead to product development in this
field. Representation of individuals and the family as a whole needs to be
incorporated into the design and development of smart homes, which will make
homes display a more human like or human friendly behaviour.
3.2 Representation of space within the home
A home can be viewed as different zones in which the occupants carry out
varied activities. How people interact with these zones depends on the level of
relationship they are able to form with the environment within that zone and this
relationship results from the interaction with the various devices and applications that
are ubiquitous. Giddens (1984) uses the concept of “Regionalisation” to refer to the
zoning of time and space in routine social practices. It says that the house is an
environment serving many clusters of interactions on a typical day. Houses are
regionalised into floors, halls and rooms, which are zoned differently in time as well
as space, night time serving as “the most fundamental zoning demarcation between
the intensity of social life and its relaxation”, despite the capabilities of artificial
lighting. It is up to an individual to decide upon the objects/technology/devices that
are to be placed in a particular space/environment. However there are some general
principles that people follow e.g. having the washing machine in the kitchen, TV in
the living room, PC in the office, personal photos in the bedroom etc. These
particularities about how space and time is ordered in the household form the enabling
constituents of understanding the household as what Silverstone (1992) call the moral
economy of the household. He recognises the household as a transactional system that
helps sustain its autonomy and identity as an economic social and cultural unit. The
arrangement of houses and rooms within a house reflect the social status of groups
and individuals (Levi-Strauss, 1963). These arrangements vary between different
cultures. Lawrence (1987) provides a detailed description on the organisation
principles of rooms within a house based on its functions. These principles include
front/back, clean/dirty, day/night, public/private and sacred/profane.
A smart house should be able to recognise the changes that occur in the behaviour and
the personalities of individuals within its environment, further allowing for
accommodation of new requirements, thus allowing the home to evolve with its
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

42

Evaluation of a Domestic Photo Sharing Environment.
inhabitants. Spaces and objects in the house have a mixture of functional, symbolic
and sentimental value, all working together to make the house into a home
(Csikszentmihalyi & Rochberg-Halton, 1981). However these values do change with
time, as family circumstances will change throughout the families lifecycle, starting
from an individual, to becoming a couple, having children, children growing up, etc.
and all these different stages of life will call for amendments to the physical space that
people live in. As far as social interaction is concerned, the space in which interaction
occurs has a direct and powerful influence on the kind of interaction that occurs.
Apart from physical space within the home, how its occupants place objects to occupy
that space reflects their attachment to that object/artefact. The objects also represent
the link between personal and social implication of spaces. Traditionally, domestic
space was associated with notions of personal connection, emotional sharing, and
intimate relationships. It allowed its inhabitants to view the whole environment as a
virtual structure in which they can relate to these personal objects. However the entire
concept of displaying personal objects in social spaces is to allow others to explore
through this social domestic space within the home. As Hediger (1995) coined the
term personal distance to refer to the invisible bubble of space people maintain around
them during interaction. Hall (1996) expanded this concept of personal distance to
include four distance bands, including intimate, personal, social, and public distances.
All the above classifications regarding the various spaces that technology might come
across will need to be incorporated into the environment for smart homes to be readily
accepted. It will allow the occupants to behave as naturally as possible without the
system(s) encroaching into their defendable space.
3.3 Methodology and Evaluation Techniques
As more and more ubiquitous technologies to support the smart home
environment are built, the methodology one follows in developing such systems will
become more complex. Design methodologies and system evaluations are used to
assess the quality and viability of an application in the real world. It also helps the
design/research team to determine the requirements of an application and refine the
product according to the feedback from its end users. A methodology provides for a
blueprint according to which the development of the product/project is to be carried
out from the conception of the idea to the finished product. Various evaluation
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techniques can be used before the product has reached its final release. When it comes
to designing for a domestic ubiquitous system, following one standard evaluation
technique is not always the preferred mode. This is because ubiquitous computing as
well as being about individual devices is also about the environment that surrounds
the user. This environment could involve a huge number of devices, different
hardware and software systems involved and further have provisions for multiple
input and output capabilities designed to aid the user in performing the desired task. It
may also include both static (TV, washing machine, lights) and mobile (laptops, PDA,
phones) devices communicating through wired or wireless mediums. A domestic
computing environment, which aims to provide information anywhere and anytime,
needs to cater to the individual as well as allow for concurrent usage and interaction
situations.
Venkatesh (1985) and Crabtree (2001) recognise that the home is likely to be an
important site for new information technology. As highlighted earlier, everyday home
life undergoes constant changes and as such the system should be able to adapt and
respond to the changing needs of the people throughout their lifetime. As Tweed et al
(2000) suggest that when technology is incorporated within the home, the people who
live with the technology on a day to day basis tend to be overlooked. Ethnography
has achieved some prominence as a contributor to the design of distributed and shared
systems (Hughes et al., 1994), which smart home environments essentially are. Even
though ethnography is one of the oldest methods, designers have realised that the
success/failure of a system depends upon the social context in which it is placed. To
ensure that the system is capable of carrying out the tasks on the user’s behalf, a
complete assessment of the users needs is required. Although evaluation is crucial at
nearly all stages within the system lifecycle, the best designs result from evaluations
that involve users within the design process. This allows the designers to create an
iterative cycle of product development where the constant feedback from the users
aids in the improvement of the system. The problem with techniques like Heuristic
evaluation is that it does not scale to the number of devices and scenarios in which
smart home systems are typically designed.
Burnett & Rainsford (2001) argue that a hybrid framework may be the most suited to
ubiquitous computing environment, while distinguishing between the qualitative and
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quantitative approaches to evaluation (Table – 1). The design and evaluation
techniques should be able to conceptualise the context of the user in relation to the
system. Burnett proposes that rather than evaluating a single quantifiable measure,
one may also want to measure the effectiveness of the overall information ecology
provided by the pervasive computing environment.
Typical Characteristics
Target Problem

Quantitative
Well defined, agreed metrics.

Qualitative
Loosely defined, new, unknown

Pros

Well defined outcomes, easy to

metrics.
Allows exploration,

encourages

compare candidates.

diversity,

subjectivity

Cons

Narrow

focus,

does

not

Evaluation Outcomes

accommodate human subjectivity
Improved performance

human

allowed.
Not well defined, hard to compare
candidates, inconclusive.
Discovery of new approaches,
identification of strong points.

Table 1. Comparison between Quantitative and Qualitative evaluation strategies.
(Burnett & Rainsford., 2001)
Much evaluation in ubiquitous computing and smart homes is carried out on
prototypes or within a laboratory environment, which is labour intensive and does not
show home based interaction very well. This means that considerable development
work has to be undertaken before evaluation can be carried out by potential users.
Scholtz & Consolvo (2007) emphasise the importance of performing formative
evaluations before any development occurs. Their proposed framework for user
evaluation of ubiquitous computing presents metrics and conceptual measures. It
takes into account Friedman’s (2001) concept of direct and indirect stakeholders so
that they can be recognised and be part of the different aspects of the evaluation.
Rapid interactive design and prototyping methodologies that have been developed
have proven to be capable of being implemented within a very short timescale. Rapid
prototyping showed that it was possible to conceive a product, develop its interface
and create a three-dimensional prototype with a fully operational GUI in a very short
time. This type of product development allows the designers to enhance the system
quickly based on user evaluations.
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Evaluation techniques are relied upon quiet heavily when it comes to developing the
Human Computer Interface (HCI) to the system. Design teams should be aware of the
fact that the people in charge of the technology might not necessarily have a technical
background and will not always know how a task is performed. Issues here would be
to establish metrics (Scholtz 2007) and evaluation methodologies for individual
components and to determine what successful evaluations imply about the entire
system. Evaluating systems based on a mixture of traditional usability evaluation
methodologies (Cognitive walkthrough, Focus groups, Prototyping, Task Analysis
etc) would be more fruitful. This would give the evaluator more information on the
individual components within the system and allow the researchers more flexibility in
choosing a particular sphere of influence in the system. Evaluation techniques like
questionnaires, user interviews, user observation, activity sampling and activity
logging, all create a good basis for evaluating a system. Andrew Monk (1993)
proposed a method where the user is encouraged to talk to the evaluator. This is called
co-operative evaluation as it implies that the designer and the user work together over
the interface and discuss the problems as and when they occur.
The above mentioned methodologies and evaluation techniques could form the basis
for evaluating smart home technologies. However what must not be sidelined is the
level to which the user must be educated about using the system before they actually
use the system. The lower this level is kept, the easier it might be for the user to adopt
the technology. As far as smart homes are concerned, it is important to provide
information so that the user can benefit from it. It should be embedded at points where
decisions can be made by the user or where he has choices. Smart home environments
will allow the user increased mobility through its hardware infrastructure, while
providing transparency with the system through software solutions in combination
with good HCI design practices.
3.4 Summary and Conclusion
This chapter summarised the relationship that exists between people and their
homes. It detailed how ubiquitous computing and in particular how smart home
technologies would impact the identified relationship. Aspects of social interaction
and how moral order within the home affects this interaction was also outlined. It was
found that people not only forge a relationship with their home but also with the
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devices that they interact with and the roles they play in coordinating home life.
Issues like individuality of users, flexibility of the system, emotional significance of
an activity and user’s trust in the system were found to be key characteristics for
developing smart home systems.
After the initial concept for a technology is conceived, the methodology and
evaluation technique one chooses strongly impact upon the success or failure of the
system. A number of design methodologies and evaluation techniques have been
studied and what has become clear is that to cater for the ubiquitous smart home
environment, a combination of evaluation techniques should be used.
This chapter provided us information regarding about how people interact within the
domestic environment for social interaction. The research takes into account how
space is represented within the home and how it is proportional to our relationship
with that environment. The research incorporates the finding from this chapter and
allows us to recognise how the social interaction can be made more emotionally
engaging through the use of a photo sharing in a domestic environment. We also look
at how emotions are an integral part of photo sharing when the results of the user
survey are analysed in Chapter 7.

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

47

Evaluation of a Domestic Photo Sharing Environment.

Chapter 4
Digital imaging
4.1 Digital Image Technology
Of many technological contributions to photography, the invention of digital
cameras has had the greatest impact on the way we take pictures. With more and more
people moving away form traditional film based cameras for taking photos; the time
may have arrived when digital cameras are going to take over the photography
market. This introduction and rapid acceptance of digital cameras has created a new
paradigm in the way people record and review images of everyday life.

This

technological shift has allowed people to not only capture special events, but also
capture everyday moments in life. From the invention of the first digital camera,
which was the Nikon F-3 (1.3 megapixels) equipped by Kodak in 1991, to modern
day digital cameras that give resolutions from anywhere between 5 to 12 megapixels,
the rise in quality of digital cameras has been phenomenal. It is beneficial to list the
advantages of digital cameras and digital photos and further discuss reasons for its
quick adoption by today’s technically aware consumer: •

Low recycling cost – The cost of taking digital photos is very low, while the
cost of discarding a digital image is virtually zero, as the images are stored on
erasable memory. Viewing the images is immediate and hence there are no
film development costs.

•

Distribution of Digital Photos – Photos to keep can be copied to digital media
such as a computer’s hard disk, mobile phone, or a digital photo frame. They
can also be sent to friends and families over the internet (hence eliminating
postage cost).

•

Reproducibility – Digital photos also offer the advantage of perfect
reproducibility. Users can make as many copies as they want without trouble
and zero underlying costs. This makes photo sharing much easier.
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•

Durability – Digital photos do not lose their quality over time. As compared to
the paper format of photos, digital photos are not liable to fading or damage
and will suffer no degradation providing they are kept securely.

•

Capacities – The storage capacities of multimedia cards has also grown over
time and cards with memory of 4GB and upwards are now available in the
market. These cards can hold hundreds and sometimes thousands of photos on
a single media card, allowing the digital camera to have practically infinite
capacity. There is no time lost changing film and there are no photo
opportunities lost due to lack of film or reserving film for later.

•

The feedback - Most digital cameras offer a built-in LCD screen allowing the
user to preview the photo and decide if they want to keep or discard the photo.

•

Photo Editing – There are a multitude of photo-editing software available in
the market that allow for easy editing of the digital photos. There are also
digital cameras with limited built-in editing functionality.

However there is one major barrier to quick adoption of digital photography by the
consumers of today’s technological era. The one major factor that is stopping the
complete takeover of the photography landscape by the digital camera is that to use it
one has to be computer-literate. Considering the rate at which computer literacy is
increasing, this problem should be relatively short lived.
4.2 Relationship between People and Photographs
Virtually everyone takes photos and is affected by them. Since the launch of
the first digital camera in 1991, the development of digital cameras has increased
tremendously. It has gained increased popularity with the users and is beginning to
form an important aspect of their social lifestyle. Even though digital camera
technology has evolved to such an extent, the basic role of taking and sharing
photographs has remained the same. Digital cameras allow people to easily capture,
view, reproduce, and share visual narratives almost instantaneously. It has allowed
people to expand the usage of cameras from capturing special events to capturing
moments in everyday life. (Jeong et al., 2006) used a user-centered approach and
studied how people currently display and interact with photos at home and developed
a system for organizing and displaying photos in the home (Fig.4.1). Displaying
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photos in a social context helps users to create narratives, allows them to recollect
past experiences and create new memories to be shared in the future.

Fig 4.1 – Digital Prototype to evaluate Cherish Frame interactions. (Jeong et al.,
2006)
Chalfen (2000) & Van House (2004) have highlighted sharing of photographs as one
of the most important uses of photos. Van House also identified three sets of social
uses of personal photography. First use was in creating and maintaining social
relationships further emphasising that photos not only reflect ones social
relationships, but they also help to further construct and maintain them. The act of
viewing pictures together is important in reinforcing relationships; sometimes because
of the shared stories, sometimes simply from the shared experience. Particular value is
assigned to photographs with people in it, as it offers a sense of their presence, when
they are not around you. Parents frequently keep pictures of their children in their
offices or use them as screensavers. This aspect of public display of personal photos
presents a picture of affection that an individual might have with the subject in the
photo. Photos of families and friends not only chronicle key events, they also
represent and support a sense of shared history and shared identity.
The second use was in constructing personal and group memories. Van House (2004)
suggests that a photo is always a frozen moment in time, and so viewing a photo is not
only a step backward in time, but an encounter with mortality.

This could be

achieved by people looking at the photos of their children from the time when they
were born to their adulthood. People organise photos into a sequence so that it
becomes easy for them to tell a pictorial story. It becomes extremely important for the
storyteller to rely on voice for the transmission of personal feelings to the listener and
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providing the teller with the pleasure of reliving that particular moment. Voice gives
the teller control over the narrative, which may change depending on the listener,
mood, or other circumstances.
The third use was in self-presentation and self-expression. An obvious way in which
photos cater to self-presentation is through self-portraits, and, by extension, pictures
of one’s friends. Digital photography has allowed people to create images that portray
them in accordance with their social status. These images/portraits influence how
other people view or perceive you. Self-expression related more to the aesthetic and
humorous nature of photography than with its content or its reflection on the
photographer. It is about the unique view of the individual and how he relates to the
picture.
Photos are often given as gifts, which reinforces connections with people in those
photographs. With the advent of the internet, people are able to send photos to distant
others, and help maintain the social/emotional connection with them. People often tell
stories through photos, which helps nurture relationships. Van House (2004) proposed
that the conversation around photos was important both for reinforcing the
relationship and for allowing the photographer to contextually shape each viewer’s
understanding of the image. The use of photo albums also revealed the importance of
materiality, where people feel obligated to organize their photos into albums for the
benefits of friends and families.
Photos act as reminders of individual and collective experiences that one might have
participated in. People like to share these experiences with others as it allows them to
create a sense of family history. The ease of use, accompanied with low cost of
imaging, unprecedented ability to share photos and the spontaneity of usage of digital
cameras encourages users to experiment with pictures. This creates a sense of self
expression and allows people to voice their unique views through those pictures.
Images can convey complex information succinctly, especially among people with
common ground (Olson 2000).
The entire snapshot scenario that digital photography allows for is to do with a couple
of things. On the one hand it serves a social function by allowing for the images to be
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easily produced, while on the other hand, it helps manifest local and personal meaning
to the viewer. Snapshots are important in that they can record a range of occurrences
relatively easily at a very low cost. Photos not only act as memory triggers, but are
also a means of communication. Snapshots represent the power of the archive:
collections of snapshots in personal life can activate the representation of entire
family histories, serving a genealogical imperative. They also record social activities
and human interconnectivity, acting as a kind of proof of cultural discourse.
Enormous collections of images and information can be held in multimedia systems,
copied, altered, reclassified, and exchanged without the need for hard copies. This
allows for a new form of freedom of expression and possibilities for the interpretation
of individual and group histories that form official storylines. People create narratives
based on the pictures content. Van House (2004) discusses the central role of face-toface oral communication when sharing photos. The act of sharing photos is as much
about talking with family and friends, as it is about looking at photographs. Oral
communication seemed to serve first and foremost the function of maintaining social
relationships, but also was often the primary mode of intergenerational transmission
of memory and identity. However there are other pieces of information that people
like to attach to photos e.g. where the photo was taken, date, event type,
environmental details, physiological and social parameters. Interaction with
photographs is an activity that addresses deep human needs in terms of human
expressions, the need to preserve memories, and to build personal relationships with
others. As photographs content increases the ease with which context (whether it is
public or private) can be added to any picture. A photo can be attributed different
meanings by different viewers.
Grosvenor (2007) looked into the aspect of creating a storyboard by the use of a cast
to generate person-biased photo-albums. He suggested that the underlying “story” of
most events is about people, or at least a people-oriented slant produces satisfactory
results. Most events photographed are about people. His work provides photo-album
variations that are understandable and controllable by a user. It gives a simple and
intuitive means of controlling the photo-album generated. It provides a
psychologically important step for a user to establish ownership over the generated
presentation. Singla et al (2008) identify social relationships between people in
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consumer photos. Their goal was to automatically detect social relationships in
consumer photo collections. For example, given two faces appearing in an image, we
would like to infer if the two people are spouses or merely friends. In recent years,
there has been an increased focus on extracting semantically more complex
information such as scene detection and activity recognition Tao and Wang (2007). If
these research ideas could incorporate the emotional attribute of the photo sharing
experience, it will provide the user with a rich collection of photos which could be
used as narrative or personal browsing.
People should be allowed to associate these differences in context with the pictures
and preserve them digitally. As an important part of this research, the survey results
summarised in chapter 7, show how people interact with photos and would like to
store their interaction in digital format, thus creating a more emotionally satisfying
experience. People relate to photos in terms of the memories and emotions that it
evokes. The attachment of any form of metadata should be cohesive and flow with the
natural environment of the amateur or professional photographer.
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Chapter 5
Emotions
5.1 Human Emotions
In everyday life, humans experience a rich variety of emotional situations.
Human emotions are a very complex set of reaction patterns which are evoked
through observed, behavioural, and physiological elements in our brains. Emotions
allow us to deal with events which are of significance to us and could form the basic
core on which humans build their relationships in a social environment. Many
definitions for emotion have been proposed, including:
“Emotions are complex reactions that engage both our minds and our bodies. These
reactions include: a subjective mental state, such as the feeling of anger, anxiety, or
love; an impulse to act, such as fleeing or attacking, whether or not it is expressed
overtly; and profound changes in the body, such as increased heart rate or blood
pressure.” (Lazarus, 1996)
“Emotion is a process, a particular kind of automatic appraisal influenced by our
evolutionary and personal past, in which we sense that something important to our
welfare is occurring, and a set of physiological changes and emotional behaviours
begins to deal with the situation.” (Ekman, 2004)
There must be a goal at stake for an emotion to be aroused. The more important the
goal, stronger the resulting emotions. Most emotions are simultaneously accompanied
by stress which results from progress either toward or away from the goal. Ekman
(2004) proposes that emotions have the following defining characteristics: •

Emotions contain feelings that we experience and are often aware of.

•

It can range from a brief moment in time to sometimes longer.

•

Emotions activate widespread physiological adjustments.

•

Emotions are about what matters to a person.
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•

Humans experience emotions as happening to them, not chosen by them.

•

Humans are not conscious of their emotions and they occur automatically.

•

Humans become aware of being emotional once the emotion has begun.

•

The desire to experience or not experience an emotion motivates much of our
behaviour.

•

Emotions provide us with the energy to respond to features of the
environment.

•

An efficient signal—clear, rapid, and universal—informs others of how the
emotional person is feeling

Scherer's (2004) definition of emotion encapsulates appropriately the emotional
characteristics and proposes that: "Emotions are – "episodes of massive, synchronized
recruitment of mental and somatic resources allowing it to adapt to or cope with a
stimulus event subjectively appraised as being highly pertinent to the needs, goals,
and values of the individuals".
Human emotions are also categorised according to the affect they have on an
individual. An interesting point comes from Darwin (1965) who states that an
individual’s emotions were based on “hereditary, biological and psychological
equipment”, at least the first two of those coming from evolution. His conclusion was
that, much like body mutations, emotions appeared to better respond to environmental
stimulus during the evolutionary process. “Emotional responses were acquired and
ultimately became innate genetic characteristics”. However According to Picard
(1995), an American neurologist, we are programmed at the beginning of our life to
have an emotional reaction to some external, environmental stimuli, and to internal,
bodily stimuli. Those are automatic reactions inherited from evolution. They
participate in survival. The reaction can be split into three steps which are perception
of the stimulus, body reaction to perceived stimulus, and feeling of emotions in
relation with the stimulus. Emotions are also categorised by the impact they have on
an individual and could either be positive or negative. Positive emotions express an
intention to include and are fuelled by an underlying desire for enjoyment and unity.
This could relate to the inclusion of more viewpoints, interaction with others, and
enjoyment in social groups. Examples of positive emotions include interest,
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enthusiasm, boredom, laughter, empathy, action, curiosity etc. Negative emotions
express an attempt to exclude and are fuelled by an underlying fear of the unknown.
Negative emotions relate to selfishness, keeping bad stuff away, and destroying what
is perceived as threat. This allows an individual to contemplate the actions of others
and creates a need to control them or stop them in order to avoid being harmed.
Examples of negative emotions include apathy, grief, fear, hatred, shame, blame,
regret, resentment, anger, hostility etc. Emotions are also classified as primary and
secondary emotions. Primary emotions are natural emotions such as fear, happiness,
etc. Secondary emotions are feelings that people attach to objects, events, and
situations through constant interaction with them. Secondary emotions require
additional input based largely on memory.
Emotions are designed to deal with encounters between people or between people and
other animals. However as Ekman (1999) suggests that it is important to note that
emotions can and do occur when humans are not in the presence of others, and are not
imagining other people. Humans have emotional reaction to thunder, music, loss of
physical support, and individual activity to name a few. Yet the primary function of
emotions is to mobilize the human being to deal quickly with important interpersonal
encounters, prepared to do so by what types of activity have been adopted in the past.
Ekman (1999) mentions the concept of emotion families, which may help to clear
away some of the confusion and argument regarding the number of emotions there
are. Each emotion is not a single affective state but a family of related states. Each
member of an emotion family shares different characteristics. These shared
characteristics within a family differ between emotion families, distinguishing one
family from another. Put in other terms, each emotion family can be considered to
constitute a theme and variation. The theme is composed of the characteristics unique
to that family; the variations on that theme are the product of individual differences,
and differences in the specific occasion in which an emotion occurs.
The themes are the product of evolution, while the variations reflect learning. Based
on his understanding and research, Ekman (1999) proposes that the following list of
emotions will be found to share the characteristics listed in Fig 5.1, and to be
distinguishable one from another: amusement, anger, contempt, contentment, disgust,
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embarrassment, excitement, fear, guilt, pride in achievement, relief, sadness/distress,
satisfaction, sensory pleasure, and shame.

Fig 5.1 – Characteristics which distinguish basic emotions. (Ekman 1999)
When it is remembered that each of these words denotes a family of related emotions,
then this list of emotions is quite expanded (Fig 5.2)

Fig 5.2 – Vocabulary of Emotions by Tom Drummond
(www.sba.pdx.edu/faculty/mblake/448/FeelingsList.pdf)
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Emotions are also related to memories of our friends/family/events and as our survey
results in chapter 7 suggest, photos arouse memories and are emotionally engaging.
Memories are aroused by real-life events and emotions heighten the feeling of
remembering, without necessarily enhancing the objective accuracy of the memories.
People often remember clearly, and with great detail the highly emotional events that
they have witnessed (either in person or through media) during their lifetime. Once
these events are absorbed, emotions trigger a mechanism that conserves what
occurred at that instant allowing the user memory to stay true to the original event
(Brown & Kulick 1977). How this conservation of emotional attachment to a
particular event changes over a period of time is an aspect of research that cannot be
covered in this thesis. Talarico et al (2003) & Winograd et al (1992) from their
research indicate that the feeling of remembering is heightened with emotion, so that
the memory feels as if it has left “a scar upon the cerebral tissues” even if it’s far from
the exact picture of the actual event.
Emotions are of increasing interest to the ubiquitous computing community as it aims
to reduce the cognitive workload and hence reducing the learning process of the user
needed to use a machine. Ubiquitous computing environments within a smart home
will have to achieve a level of emotional attachment with the users that will allow the
technology to become invisible, so that the user is directly interfaced to the
information. Within the last decade, research into how emotions affect human
interaction within a ubiquitous technology environment has grown from an eccentric
hobby of some visionary scientists to a widely accepted field of research. This
research focuses on how people interact with their photos and how they would like to
associate particular emotion with their photos. Emotions regulate the way in which we
think, and it is these emotions that are evident in creating memories, imagery and
expectations. Photos tell their own stories and hence we become emotionally attached
to them as we do with any other object within our environment which we deem
significant to our life. However this research only focuses on the relationships people
have with their photos and their emotional relevance. Before emotions are associated
with a picture, they need to be captured and this alone throws up a variety of
techniques through which emotions are captured. There are various techniques and
resources available through which emotions are shared, and they range from simple
text based description of personal feelings, to electronically controlled and artificially
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intelligent agents who study different patterns and physiological aspects of a human
body to represent current emotions detected.
5.2 Capturing emotions – Past, Present and Future
Emotions are a very personal attribute of an individual. Emotions and affective
responses are central parts of our experience and frequently shape and colour the
kinds of experience we have (Stelmaszewska & Fields 2005). Although people are
happy to share their positive emotions (laughter, happiness, enthusiasm etc), sharing
negative emotions (grief, fear, hatred etc) can be seen as a vulnerable representation
of an individual. Emotions vary in intensity and, depending on the subject’s
personality; they are more or less visible. Emotions like joy, sadness, desperation,
fear, etc transfigure the faces of people and if well represented and captured could be
associated with photos. Sometimes it’s all about being at the right time in the right
place. Hence user experience and emotions are very much dependent on the time and
context of use, especially when we consider a ubiquitous photo sharing environment
in a smart home where sharing photos with friends and families is a common
behaviour.
Capturing emotions through photographs is more about spontaneity than it is about an
individual playing a role. If the subject is asked to play a certain emotion, it does not
have the same impact as spontaneous natural feelings captured in the reality of the
environment will have. It has been shown that user experience and emotions are an
integral part of a design and can be influenced by many factors as detailed by Jordan
(2000). Technological artefacts like digital photo frames can play a vital role in social
interaction, beyond simply being a medium of communication. The photo frames can
incorporate the display of emotions that the user has attached to a particular picture
allowing the communication to take place not through the technology, but alongside
it. Capturing emotions with digital cameras allows the user to take immediate photos
that can be viewed by the subject, engendering a rather different and more interactive
and engaged form of experience than that involving remote communication
(Johansson and Larsson, 2004). All of these activities evoke emotions, which are a
central part of user experience. They shape interaction between the user and a product
and change when social context is concerned.
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When designing interactive systems that can be used for social interaction, it is
important to understand what creates a particular experience and which emotional
outcomes are related to it. Technology changes people’s experience and emotions
when used for a social interaction within diverse social settings. Furthermore,
technology can be used not only as a communication medium but more interestingly
as a catalyst to support a non-technological communication. It is these interaction and
emotional communications that needs to be captured when sharing digital photos in a
smart home environment. Graphical representation has been used previously to
express emotions to subjects that people interact with though the internet. In the field
of embodied conversational agents for example, systems have been developed to
allow avatar’s to show different emotions or to speak with a certain tone.
A number of applications have attempted to exploit the interpersonal function of
emotion. Klesen (2005) models the communicative function of emotion, using
stylized animations of body language and facial expression to convey a character’s
emotions and intentions with the goal of helping students understand and reflect on
the role these constructs play in improvisational theatre. Nakanishi et al. (2005) and
Cowell and Stanney (2003) each evaluated how certain non-verbal behaviours could
communicate a character’s trustworthiness for training and marketing applications,
respectively. Interpersonal skills are more relevant when it comes to designing
educational systems. Some applications have also tried to manipulate a student’s
motivations through emotional behaviours e.g. Lester et al (2000) utilized praising
and sympathetic emotional displays to provide feedback and increase student
motivation in a tutoring application.
It has been demonstrated that affect can be represented by means of colour (Liu et al,
2003), expressive text (Neviarouskaya et al 2007), static or animated emoticons,
cartoon-like characters or human-like avatars, and images of human faces. An
example of this is using abbreviated text to represent emotions when using the various
instant messaging services [: ) = , : ( =  , lol = laugh out loud etc]. These forms of
affects allow us to associate each emotion with a particular pattern of expressive
reaction. The term given to such expressive patterns is an “Avatar” which the users
think best represents their outlook in the context. Neviarouskaya et al (2007)
developed an “Affect Analysis Model” which is capable of recognizing and
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interpreting the conveyed emotions and communicative behaviour from not only
correctly written text, but also informal messages written in abbreviated or expressive
manner. The model worked through determining the dominant emotion and detecting
the communicative functions in a sentence. The relevant parameters were then sent to
an animation engine, which decides the sequence of animations and their duration
depending on the length of the sentence, intensity of dominant emotions, personality
type of a user, and overall mood of the conversation. Emotional states of avatar’s
were designed conformably to the relevant expressive means. An example of what the
animation engine was able to produce depending on the above mentioned
characteristics is shown in fig 5.3 below. Although the research is based on
recognising emotional patterns through the text input, users may not necessarily want
to write their emotions down every time. In such a case use of auditory signals
becomes vital, so that the user is able to record their feelings just by talking to a
picture.

Fig 5.3 – Examples of emotions displayed by an avatar. (Neviarouskaya et al., 2007)
People emotionally judge different options when interacting within an environment,
and prefer the outcomes and behaviour which reduces negative emotions and offer the
most pleasant experience. Rademacher et al (2006) asked participants to associate
particular emotions to so called emoticons. These emoticons were illustrated by two
artists who created visual representation of limited emotions through body posture
and gesture in terms of cartoons (fig 5.4). The advantage of having such an emotion
based attachment is that emoticons can be used as a stimulus to trigger emotional
reactions or to measure emotions as it is easy to associate an audible story with the
picture. Emoticons are also preferable when people want to display emotions without
actually speaking about it. As Rademacher suggests that some people are better able
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to communicate non-verbally while some feelings and thoughts are best expressed
visually.

Fig 5.4 – Emotional representation using body posture and gesture. (Rademacher et
al., 2006)
When we communicate in a face-to-face environment, we try to recognize a person’s
emotion through various audible and visual clues. These clues include body positions
and gestures which allows representation of one’s affective state in initiating an
emotional interaction. As Clay, Couture and Nigay (2006) suggest that people still
don’t agree on a general theory about where emotions come from, but the effects are
pretty much defined. First, there are expressive manifestations. This is what can be
perceived from the outside, and regroups facial expressions, body language, voice...
etc. The physiological expressions cannot, or with much difficulty, be repressed: those
are blushing, increased heart rate, etc. And secondly there are of course some
subjective manifestations that involve cognitive processes. Research by Clark et al
(2008) identifies that other people’s emotion from quickly presented stimuli,
including facial expressions, is fundamental to many social processes, including rapid
mimicry and empathy.
Jordan (2008) provides a detailed description of the four key learning that emotions
provide us with. They are
1. Emotions determine thoughts upon which actions can be based.
2. Emotions are contagious and are inversely proportional to thinking.
3. Emotions are not what they seem and could be positive or negative.
4. Emotions are variable depending on the situation, physiological state,
psychological state and personal triggers.
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As well as providing cognitive influence on people’s decisions, emotion displays play
a vital role in mediating communication and other forms of social interaction.
Emotional displays communicate information and are a powerful tool for shaping
interpersonal behaviour. Our research looks at these issues when looking at how
emotions are affected when sharing photos with friend and family.
5.3 Challenges in digital representation of emotions.
Introduction of digital technology has brought its own sets of challenges. This
is even more evident when designing technology for the home where people’s
personal space is being transformed. This introduction has to be as simple and
unobtrusive as possible so as to not make the user feel overwhelmed by the
technology. One of the aspects of human nature that we have to take into
consideration when designing Ubiquitous technology for home is their emotions and
if we could come up with design specifications which will cater for the digital capture
and representation of personal emotions. There are many theories on emotions that are
debatable but what psychologists have managed to figure out is that an emotion is a
response to a stimulus. Issues like emotions being a physiological response to the
environment people are in, emotions coming from a cognitive process where people
remember their response to a particular event and adapt accordingly, or are emotions
learnt through social interaction with others.
There is a close relationship between emotions and technology. As Stelmaszewska et
al (2005) suggests that a highly significant element of users’ experience of technology
is related to the social context of use. Emotions and affective responses are central
parts of our experience and frequently shape and colour the kinds of experience we
have. When we share photos with friends and families we traverse through different
emotional states. To perceive different emotional states are one of the main reasons
why we view and share photos. Photo sharing not only influences our emotions, but it
also effects our social interaction with the people we share them with. People share
photos to draw/display/remember/elicit emotions.
Researchers (Stelmaszewska et al & Wright et al 2004) reported that factors such as
pleasure, enjoyment, and fun are an important part of the overall experience and
interaction with a product. Studies within Human-Computer Interaction explored
users’ enjoyment when working with technology (Brandtzeg et al 2003), or focused
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on positive user experience with personal computers (Ghani 1991 & Webster et al
1993). For instance, Kashdan (2004) reported users experiencing pleasure when
absorbed in specific novel activities using technology. Jordan (2000) defines pleasure
with products as the “emotional, hedonic and practical benefits of product use”. He
distinguishes four categories of pleasure: physio-pleasure, psycho-pleasure, ideapleasure and socio-pleasure. The latter will interest us most here and arises from
interaction with others or from a product that represents a social grouping. The time
and context of use has a big effect on users experience with the technology and how
they become emotionally attached to people, place, or event in a particular photo. One
of the focuses within the area of HCI and Technology that has recently received
attention is user experience in social interaction (Forlizzi 2000, 2004). Forlizzi and
Battarbee (2004) argue that “social situations greatly influence co-experience”
(p.263), where co-experience is about user experience in a social context.
Photo sharing induces emotions which are associated with photos and more often than
not could emphasise a positive user experience in social context. The challenges
regarding the capture of emotions and then their digital representation largely depend
upon how the user behaves or feels, and their experience. Gratch and Marsella (2005)
compare the problem of conveying emotion as analogous to the problem of
transmitting a message over some medium. In their comparison, the message is some
emotional or other expressive content which must be encoded into some signal, in this
case verbal or non-verbal behaviour. An observer must then decode this signal to
recover the original content. The question in designing artificial agents is whether to
be faithful to how people actually encode emotional messages into their behaviour, or
whether to make it easy for users to decode the intended message, even if this means
using unrealistic or stylized signals. The question that we need to address is “How do
we capture Emotions that are induced when sharing photos?”
•

As emotions are spontaneous to the environment, do you wait for it while
pointing the camera at the person, which could be time consuming.

•

Does having access to a camera all the time allow you to capture emotions as
and when necessary (party or family gathering). It is even more easily
achieved with the invention of mobile phone cameras.
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•

Can the emotions be induced artificially (laughter or sadness) through a joke
or by telling a narrative.

•

Capturing emotions becomes even more complicated if the subject is a
stranger.

The project 80 Days “Around an inspiring virtual learning world in eighty days” (FP7
2009) which has been funded by the European union looks to integrate models of
adaptive personalized learning and adaptive interactive storytelling in gaming
environments. The specific goals of the framework to be developed are: to interpret
and assess the learner's progress and her/his motivational/emotional state within the
game environment in a non-invasive way, hence allowing the user to get on with the
task. xDELIA (Xcellence in Decision-making through Enhanced Learning in
Immersive Applications, FP7 2009) is another project funded by the European union
to explore novel technology-supported approaches to training and support for nonformal and informal learning tested in the domain of financial decision making. This
research will increase the understanding of emotional states in decision making
processes and help handling biases. The project aims to exploit the role of emotion in
people’s decisions.
Inducing emotions from the subject depends a lot on the individual’s personality. Our
survey results which are detailed later in this thesis summarised that people would
like their photos to represent their personal feelings and emotions. Attachments like
text, audio, video would be a welcome feature when sharing photos as it could then
capture the conversation in a social context. This could be the starting point for
providing design specifications to develop emotionally aware technologies. As it
comes to capturing emotions when sharing photos, emotional displays could be
formalised as having some impact on the information contained within that photo.
Ideally, emotion driven approaches should have the means to comprehend the
emotional displays of the user. Such displays will invite the user to reciprocate and
can contain valuable information about the current state of the interaction as well as
provide feedback about the efficacy of the system’s communicative behaviour. If a
system is going to display emotions to a human observer, for whatever function, the
designers must make certain decisions on how to realize this display in some medium.

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

65

Evaluation of a Domestic Photo Sharing Environment.
5.4 Summary.
This chapter focussed on emotions and how they are characterised and what
affect they have on an individual. A brief introduction to the family of related
emotions is presented and how emotions are related to memories allows us to use the
findings to incorporate photos as a mean of arousing emotions. The chapter presents
capturing emotions as a challenge, which it can be considering the vast array of
experiences that can arouse a particular emotion. We also look at how emotions may
be represented in a digital format which can give an accurate representation of what
the user is feeling at the time of interaction. The survey carried out in chapter 7 uses
some of the key questions from this chapter to identify how people interact with their
photo and if they want to store their emotions digitally.
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Chapter 6
Ubiquitous photo sharing and smart home systems
6.1 Digital Photo display in Smart Homes
It has been widely recognised that the space within out homes is very private
to us (Allan and Crow, 1989). It is this aspect of privacy that presents a difficult array
of challenges for innovative design for the home. With the invention of the ubiquitous
paradigm of computing, this space can become more informative and interactive,
giving the habitants a unique experience. One of the most important projections of
space within a home is related to the display of photos. People like to display photos
in places that can give them constant reminders of events and relationships. They are
displayed in photo frames, over fireplaces, bookshelves, coffee tables, kitchen, living
room walls etc. As Kim et al (2006) suggest, people display photos in their homes to
share narratives and stimulate social interactions. It is vitally important to understand
the affects of displaying photos within ones home and provide a design specification
that will enable us to capture the interaction with the photo and create a sense of
family history.

Fig 6.1 – Displaying photos in a home environment.
The display of photos within ones home can take various forms (Fig 6.1) and so far
there is not one definitive specification regarding photo display. It depends on the
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coordination of activities that can occur in the preparation of photos for display
around the house. The activity can involve a single person, or family members and
relatives. Due to our emotional relationships and social interaction with other people
who we think are important in our life, people might feel obligated to display photos
of their loved ones to create a social bond. Drazin and Frohlich (2007), for example,
write of the deeply expressive qualities associated with conventional framed photos in
family homes and detail how established ‘framing activities’ serve to materialize
memories and intentions.

Fig 6.2 – Wi-Fi enabled digital photo frame.
(http://www.urbanjunkie.co.uk/product.php/1055/0/wifi-digital-photo-frame)
Another invention that contributes immensely in the way we display photo, comes
from the use of the digital photo frame (Fig 6.2). These allow the user to store not one
but multiple pictures, so that the display does not become stagnant and monotonous.
With the technology improving a great deal from the time they were first invented,
users can now create slideshows, attach background music, play mp3, and even get
photo frames which are Wi-Fi enabled. All this creates a perfect scenario for social
interaction and spontaneous response from the user. An example of this could be a
representation of space with a digital photo frame which can update the displayed
photo when it senses people near its vicinity. If the frame is designed to be intelligent
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enough so that it can recognise the people around it and display photos where those
people are part of the photo, it might make the users more actively involved in the
interaction with the event. It will lead to social conversations and story telling, which
if the user wants can be recorded as audible comments attached to the photo in
conversation. What we need is a network of these digital photo frames in the home,
which can be controlled by a central device. This will allow the user to change
pictures on display mediums accordingly with ease. It also allows people to quickly
change the display if they perceive that a particular family member’s visit might
become more enjoyable by watching a particular photo. The smart home will be able
to absorb this display technology into its surroundings, and provide for an interactive
photo sharing environment, where people can manage conversations regarding a
photo without it being prominent. The interaction with photos should provide the user
with something new and engaging every time they interact with it.
The role of space within our homes needs further interrogation on how it presents a
difficult set of challenges for innovative design. These challenges are in stark contrast
to the problems that we face in designing technology for the work place. The primary
reason for this difference is that the home incorporates many different motivations
and practices that cannot be simply optimized through technological support. Indeed,
in setting an agenda for systems design in the home, emphasis needs to be given to
how one sees their home, as in the words of O’Brien and Rodden (1997):
“The home is at different times a place of escape, a place of work, a place of privacy and a place of
public exhibition of the tastes and values of the householders living there.”

The coordination of activities in the home is not merely about getting somewhere,
finishing a task, or sharing something. It is about making a house feel like a home.
Even the simplest of activities like photo-sharing (reception/viewing/distribution)
within a smart home, are closely entwined with a persons sense of family and his
social organisation. Looking at photos, in this context, is an act that mediates social
relations, whether between family and friends, perusing a paper-based photo album or
online communities navigating large electronic collections (Kapoor, Konstan and
Terveen, 2005). Frohlich et al. (2002) have closely studied the ways in which people
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talk about photos when looking at them, both remotely and when co-located, and in
doing so describe different forms of what they refer to as “photo-talk”.
6.2 Digital Photography and Emotions
Photography can be an expressive communication medium and the crafting of
emotion(s) in your images makes for a much more effective and communicative
image, than one that is merely ambivalent. If we think back to the images that have
moved us, it is their emotive qualities that got our attention (Gann & Barlow 1999).
Photo sharing is more persuasive if it is done in a face-to-face environment and we
aim to reproduce this environment with our prototype. What this project has tried to
achieve is technology that will create an environment of interaction within our homes
to cater for the emotional needs of individuals, in relation to their pictures. Emotions,
as defined by Vronay et al (2000), are physical expressions, often involuntary, related
to feelings, perceptions or beliefs about elements, objects or relations between them,
in reality or in the imagination. When you regroup, with each person presenting his or
her images, it can be interesting to observe what people associate visually, with each
idea. Experiences and emotional responses to the designed world are dynamic. They
occur in time and space, through the flow of people’s actions as they engage in
activities. Photographs are a very effective and efficient way of connecting people
with each other. The activity of sharing photographs provides a platform via which
people can communicate and share emotions.
Much has been done already in relation to digital photographs on the computer. Most
of this work has focussed on the organisation, search and retrieval of libraries of
digital photos, such as the PhotoFinder project by Shneiderman, et al (2000). Much of
Vronay, et al (2000) work revolved around preserving feelings and emotions in lists
of contacts. However, the end user may not find representation of contacts with
emotions as persuasive as emotions associated with digital photographs. We should
not disregard the social role that photographs play. They provide an affective
communication link between friends and families. The increasing popularity of digital
photography, combined with global networking, is likely to emphasize this link as
sharing photographs will become cheaper, faster and easier (Liechti 1999).

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

70

Evaluation of a Domestic Photo Sharing Environment.
Van House et al (2004) projects the future imaging applications and how they
associate with our social relationships. They explain how the meaning of photos that
we take is dependent on their being a part of a narrative. We look at pictures as a
timeline of our lives that takes us through the evolutionary process across which we
have been. Pictures where distinguishing physical characteristics of people involved
are noticeable, allow us to attach particular emotion to that picture. We may look at a
group picture taken few years back and compare it to another one taken recently and
comment on the changes we have undergone within those years. As per Van House
(2005), when photos are organized into a sequence, such as an album or a weblog,
they are organized to tell a story (Fig 6.3). It is also evident that people often display
photos in their homes as a sequence of events to create a narrative of one’s life.

Fig 6.3 – Display of photos to create a narrative.
Our photographs reflect our social relationships and help in maintaining those
relationships with people involved in those pictures, especially if they are not amongst
us or are geographically separated. Photo sharing with friends and family is in itself
an important factor in reinforcing relationships, as it allows people to share the
experience and tell different stories as perceived by them in relation to the picture.
Research at Microsoft by Vronay et al (2001) revealed that photo sharing over the
internet is not as compelling as sharing photos in a face-to-face environment. We
should also mention the tremendous success of print clubs (pronounced "puricura"),
which are located on every street corner in Japan. These machines are used by high
school students to take their own photographs, later decorated with cute drawings and
printed on small stickers. These stickers are then exchanged among friends and
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organized in large collections. What is interesting about print clubs is that they are
computing devices that stress the social function of photographs. The various
"socialware" products tremendously popular in Japan are a good illustrator of how
entertainment could also be affected by the emerging ubiquitous computing
environment (Davenport et al, 1998).
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Chapter 7
User Survey
7.1 Research Methodology
Compared to work environments, where there is an almost embarrassing
choice of methods of study, how and in what ways domestic environments may be
best investigated for the purpose of design is largely an unknown quantity (Cheverst
et al., 2003). The nature of home and the character of everyday home life are
undergoing constant change in definition and as such are required to become
responsive to the changing needs of people throughout their lifetime. This research
allowed us to understand how people interact with their collection of photos
(Digital/Paper based), and if this interaction brings out the emotional significance
people associate with pictures. The photo sharing prototype was tested by users who
were monitored in a laboratory setting, using prototypes based on current high-end
computing devices and other technologies. The testing allowed us to assess the
viability of the system under conditions that simulated everyday use of photo sharing
technologies.
In contrast to traditional evaluation techniques where independent and objective user
groups are involved, it was felt that following a living lab research method will be
most suitable for the rapid implementation of the concept. Building a large number of
prototypes is not often feasible in early stages of the research. The prototype is
improved according to the feedback received in a user involved design process. The
ultimate goal when designing a photo sharing system for a ubiquitous smart home as
in most cases is to have devices and environments which are usable without manuals
and training i.e. are naturally coherent with the everyday working of humans. In
addition to experimental collection of data, attitudes to home technology, motivation
towards its use, and the emotional association with photos were measured using
custom survey tools and a limited-ethnographic approach. The research combines the
technical aspects of home information system design with the cognitive ergonomics
of devices aimed at the home market.
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The project involved carrying out a scenario-based survey regarding the concept of
the photo sharing software for the smart home. The questionnaire helped in measuring
attitudes towards the proposed features of the HIS, and its future developments. Upon
receiving feedback from the survey, the project followed a top down approach to the
system. This allowed us to start with a top-level description of the system and then
refine this view step by step. With each refinement, the system was decomposed into
lower-level and smaller modules. The major higher-level system requirements and
functions were identified, and broken down in successive steps until function-specific
modules could be designed. The rapid prototyping and testing helped in collecting
feedback from the users who contributed at various stages of the development.
The methodological approach allowed us to evaluate the interface, and the results of
the evaluation provided insight into how users cope with the technology when sharing
photos and their emotional significance. What might be required is technology that
will create a calm and comforting environment to share pictures within our homes.
The research answers some of the questions about the adoption of ubiquitous
technology in the home by people. The more you can do by intuition the smarter you
are and the computer should extend your subconscious (Gann et al, 1999).
Ethnographic evaluation was used to compose a description of a group or culture, by
focusing on the more predictable patterns of thought and behavior when using the
system for photo sharing and attaching emotions to pictures.
As the system is going to be used by the general public in their home, it was necessary
that they tested the interface. The testing of the interface by the users helped in
providing feedback, which helped the iterative development of the application. The
development of interface consists of close consideration of its various aspects
including a combination of different Human Computer Interaction (HCI) evaluation
techniques (Dix et al., 2004). The project involved a combination of methods for
evaluating usability (Cognitive walkthrough, Heuristic Evaluation, Model-based, and
User-based evaluation (Nielsen 1993) and collecting relevant data from the user. A
retrospective comparative study of other applications and their uses was carried out to
provide a picture of developments in the field of ubiquitous computing and photo
sharing, which may help determine the influences that affect the inclusion of home
technology into the daily fabric of the home and how it becomes a daily routine for
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the people at home. The research helps in finding those factors, which influence the
performance of the user and their interaction with the interface, both positively and
negatively. The research methodology and evaluation techniques used in the research
undertaken are manifold. In particular prototyping was used to explore reception,
interaction, emotional significance, and distribution of photos by users in a smart
home environment. To evaluate the system and the rapid prototyping platform, users
were probed during informal studies that have been conducted.
7.2 Feasibility Study
Major achievements in computing science and related fields (Internet, Digital
media, Communication technologies etc) have allowed for immediate connectivity
between people who live around the world. When this global connectivity is
incorporated within our homes, it provides us with a ubiquitous computing
environment where information is available anywhere and anytime. Photo sharing has
become a part of our social interaction and allows us to structure relationships of
varying degrees. Annotation of photos has long been an area of research and has come
a long way from the days of writing text on paper printed photos. However it is still
perceived as a time-consuming, tedious and boring data entry task rather than an
activity that provides for an interactive and emotionally significant environment. It is
important to keep the user involved in the process of photo sharing, as most of us
individuals are amateur photographers who rarely annotate photographs. Photo
annotation is becoming more common though with the advent of digital media, and
people are using more common computer based approaches like database programs
that offer fill-in options allowing the user to store information regarding the photo in a
database. What is required is a Home Information System (HIS) that will allow users
to store, process, and access information regarding the data coming into the house in a
convenient manner, which will allow for the limitations in diversity that is apparent in
home systems at present (Sondhi & Sloane, 2005). The need for industry-wide
standards that will allow the exchange of information and commands between various
interactive technologies will need to be achieved (Harper 2003). Currently there are
various proprietary protocols that are being used in home technology, which makes
using the technology harder for the inexperienced. However the research will be
looking at one aspect of the incoming data i.e. Digital Photographs, and how a photo
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sharing environment with emotional characteristics can be implemented within a
smart home.
Annotation of photos is a variation on previously explored problems of placing
annotation on pictures to describe a city, state, holiday, or people. This was done by
placing labels close to the feature. (Imhof 1975, Doerschler 1992, and Christensen et
al 1995) have all focused on photo annotation by placing labels on the photo. While
many systems allow notes and text to be placed/attached on a document or object, the
demand of annotating personal photos with emotional tags (Text or Audio) could
provide for an interactive and enriching experience. What we require is to allow the
user to easily put text on photos so that the emotional context of that text is no lost.
Using voice as annotation is advantageous as it allows capture of any audible
emotional out put from the user instantaneously, which is not the case when adding
text. Although adding text as we will see from the feedback we got from the first
stage of the iterative prototype design proved to be very acceptable as well because of
its ability to give a photo a more personal touch. If user gestures and physical
movements (as in Nintendo Wii) can somehow be captured to represent some aspects
of the users emotional interaction, it would have been widely be accepted as a form of
interaction with photos and display mediums. As digital cameras become widespread,
users have had to improvise organization strategies using hierarchical directory
structures, and typing in descriptive file and directory names to replace the
automatically generated photo file numbers. Web sites such as Kodak’s PhotoNet.com
enable users to store collections of photos and have discussion groups about the
collections, but annotation is limited to typing into a caption field.
The research found suitable interactive solutions for a photo sharing environment
which will provide digital representation of our emotions associated with a picture. To
help us design photo-sharing software which supports digital representation of our
emotions, we needed to get some idea as to what people like to do with photos and
how they relate themselves to it. A user based survey was carried out to measure the
attitude of people towards photo sharing and realise the relationship between people
and photos at an emotional level. People’s use of photographs and how photo sharing
could be made fun and easy was queried. The survey dealt with questions regarding
the usage or cameras, the living environment, preference for digital or paper storage,
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medium for photo sharing, significance of a picture, emotional attachment, intimacy,
indexing, internet usage, reception, storage, distribution of pictures and how the
system could be integrated into an ubiquitous environment. Digital photography is
growing rapidly, and with it the need to organize, manage, annotate, browse and
search growing libraries of photos. While numerous tools offer collection or album
management, we believe that the addition of emotional annotation and enjoyable
annotation techniques is an important contribution. After the first survey, most users
understood emotional annotation and were eager to see it implemented.
7.3 A Conceptual Model: User based Design and Development
Digital data coming into the home today includes music in CD-format, video
in DVD, digital photos, and there is already digital radio and TV-channels.
Multimedia Entertainment is becoming readily available which is allowing the users
more augmented experience especially with the details to which the information can
be displayed with the new generation HD displays.. In order to make it as easy as
possible for the occupants of the smart house to interact with the various smart
appliances, the medium of communication must be as natural as possible (Diegel et
al., 2005). Sloane (2000) summarise the range of information used in the home and
outlines the movement of information and the actors involved in its use. It also shows
the diversity of information usage in the home. Involving the users in the initial
development allowed us to gain valuable insight as to what attributes users favour in a
photo sharing environment when attaching emotions to pictures.
With the advent of digital photography there seems to be endless stream of pictures
that people want to share with their friends and loved ones. Digital images have
allowed us to capture our emotions and build a kind of time travel machine that we
can look at. The research looks at how digital photos can be imported into the home,
stored by the user, and then distributed across different viewable platforms in the
home. The proposed HIS also supports information coming from paper based sources
like pictures which are in digital format from a digital camera or a paper printed photo
which is scanned and stored. Once the user has decided which photos they want, the
images are stored in the central storage system. The user can then view them on the
HIS or on a TV or a projection system as a slide show. The research looks at
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exploring ways in which we can represent the emotional factors related with pictures
and how we can share it with our friends and family.
The most immediately apparent difference between looking at static images on a web
page and sitting down with your friend and a stack of photos is the absence of voice.
Speaking while sharing photos is not only natural, but is also socially expected
(Chalfen 1987). Our survey revealed that adding text and audio to the pictures will
help in elaborating the memories associated with photos and help attaching emotions
to the pictures. The users could add text by using a standard keypad, writing by hand
to give it a more personal feel, or by making use of the audio technology. This could
be used to annotate picture by the user and could be used for search and retrieval of
pictures form the database using the comments as a search criteria.
Digital cameras equipped with wireless connection are available in the market, and
allow us to send the picture directly form the camera to the central server or view
them on handheld devices. An option would be cameras with a built in GPS receiver
in the camera, which would allow the photo to store the location as the picture is
taken. Marc Et al (Davis et al., 2005) have developed device called the MMM2
(Mobile Metadata for Media Sharing), which records spatial context (through CellID,
Bluetooth-enabled GPS devices, and a fixed location Bluetooth objects such as PCs).
As far as distribution of images is concerned, users should be able to send their photos
to various display mediums or devices through the HIS. This has become achievable
since wireless digital photo frames have become available allowing the users to
remotely change the photos that are stored in the frame. The detailed working of the
prototype is illustrated in Chapter 8.

7.4 Measuring the attitudes of people towards digital photo sharing and emotions
As digital cameras become widespread, users have had to improvise
organization strategies using hierarchical directory structures, and typing in
descriptive file and directory names to replace the automatically generated photo file
numbers. According to Kuchinsky (1999) and based on user needs assessment and
later from the data collected through the survey, the indications are that people often
want to find photos of a friend or relative at some event that occurred recently or
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years ago. Photos are sometimes in neat albums, but more often put in a drawer or a
shoebox. Personal photo libraries may have from hundreds to tens of thousands of
photos, and organization is, to be generous, haphazard. While recent photos are often
on top, shuffling through the photos often leaves them disorganized. Some users will
keep photos in the envelopes they got from the photo store, and more organized types
will label and order them. Some software packages (PhotoSuite, PhotoEasy, etc.)
enable users to organize photos into albums and create web pages with photos, but
annotation is often impossible or made difficult.
Digitisation of media has allowed us to share photos more easily. People can create
storyboards using photographs and make the photos very rich with emotional content.
We wanted to know how we could use emotions associated with a particular picture to
annotate it for storage and how this annotation could be used for search and retrieval
of photos from a database. Our target groups were people who actively used the
digital technology to take and share photos. The survey did not though rule out people
who still used paper format for printing and sharing photos as it might allow them the
opportunity to look at how digital representation of their emotions can enrich their
interaction with the photos. The survey to measure and gather information regarding
the photo sharing aspects and digital representation of emotion was distributed around
the university via e-mail. We had 16 responses ranging from people with families,
people living alone, and students living in student accommodation to give us a wide
enough spectrum to analyse the data. It was important to find out how people interact
with photos and what innovations they anticipate that will enable them to share photos
and associated emotions more easily.

7.5 Survey Result Analysis
The survey started with questions, which allowed us to recognise suitable
respondents for the survey. They included age group, gender, marital status, if they
have a family, how many members, and living environment.
We wanted to know how many pictures our respondents take on average per month.
The scales were from 0-20 up to 100+. As the figure below shows that most of our
respondents fell in the 0-20 bracket which is still a lot of pictures taken even if we are
looking at the lower end of that scale.
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The first major response regarding photography and emotions we looked at is the
preference of respondents in storing their photographs. Fig 7.5 shows that a majority
of people found the digital format more attractive than paper format for storing
photographs, which is a likely response with digital cameras becoming more and
more advanced in terms of pixel resolutions, storage capacities, image resolution, and
communication capabilities.
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Fig.7.5. Format People Like to Store
Photos in.
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Figure 1. Format people like to
One respondent
commented
“I in.
have old pictures in paper format, but I store new
store photos

photos digitally”, which may suggest that the people have become more adept with
digital technologies.
However the problem we face is the fact that there is still a vast majority of photos,
which are in paper format. In coming years, if we do move to a completely digital
format, these paper-based photos will need to be converted. At the moment there is no
easy solution to this problem apart from scanning each photo individually and saving
them in digital format. Previous research (Wilhelm et al., 2004) has brought this
problem to light and has come up with the term “Funnel Effect”. It describes a funnel
effect in digital photo taking, sharing, and printing. It means that people take many
pictures, keep some of them, shared a selected group of those, and printed and even
smaller subset. It might predict the trend for the future where people might just not
bother with paper format. But at this moment this is just conjecture. Research at
University of California, Berkeley by Wilhelm (2004) proposed that digital imaging is
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a key factor for many in the large volume of “throwaway” pictures, since, unlike
regular photos, the cost of throwing away each digital photo is zero.
Next query in the survey looked at the social aspect of photo sharing. Fig 7.6 shows
that most people like to share photos in an environment where they feel a narrative
can be created to share with friends and family. Photos are about people and their
stories (William et al., 1999). People tend to tell different stories, highlighting
different aspects of the photos in different environments (Friends/Family). The
contents of photos could illustrate the relationship between people. Photos are often
given as gifts, which reinforces social connections. Van House et al (2005) points out
that sending photos to distant others is a way of keeping up on one another’s lives and
telling stories about photos helps in nurturing relationships.
100.0%
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Fig.7.6. Photo Sharing in a domestic
Environment.
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survey was to find out if digital photography
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Photo sharing
a 7.7 shows the result from the survey. With the
has made Figure
photo 2.sharing
easier. inFig
sociable environment.

advent of Internet and it becoming a part of more and more people’s lives, sharing
photos with friends and families has become easier. Digitisation has played a huge
role in the fostering relationships with distant others.
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Figure 3. Has Digital Photohraphy
made photo sharing easier?

However we also wanted to see if
sharing photos on display mediums (TV,

Projection system, Digital Frames) would make photo sharing more fun and
enjoyable. Fig 7.8 shows that most people think that sharing photos on a display
medium is a much-preferred option as it allows instant construction of a conversation
between various people. This could allow various narratives to be constructed
depending on the number of groups that are formed to interact with the photo.
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Some of Figure
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respondents
whoonpreferred a display medium commented that
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sharing more fun and enjoyable

“Viewing photos on a display medium allows more people to view the pictures rather
than coming together in a confined viewing space”. Display mediums also allow
zooming into the pictures to get more details from the photo. People also find it
cheaper, convenient, and viewing on display mediums makes it easier to put photos
into different environments. In terms of photos being a representation of life’s
timeline, the response was very impressive as all the respondents accepted that photos
are a representation of life’s timeline and create a sense of family history to be
narrated at any time. A respondent commented, “I think your photos are your most
valuable assets, many other things are replaceable”.
The response for the emotional attachment with pictures was interesting as
respondents were aware that viewing pictures brings out emotions in them. We also
asked the subjects if they would like digital photos to represent personal emotions
when viewing them. (Fig 7.9):

Percent

80.0%
60.0%
40.0%

Fig.7.9 Respondents who would like
Digital Photos to Represent Personal
Emotions.

80.0%

20.0%
20.0%

0.0%
Yes

No

Figure 5. Respondents who would
like digital photos to represent
personal emotions.

Van House et al (2005) has suggested that the major use of photos is as a record
reminder of individual and collective experiences, and to share experiences with
others, such as using a family photo to give children a sense of family history. These
uses are often heavily loaded with emotional significances. The respondents were
aware that emotions are a part of photo sharing and would like digital technology to
integrate their emotional interaction into the picture.
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What was fascinating about the relationship between photographs and intimacy is that
more respondents found photos to be intimate (Fig 7.10) in terms of who was in the
picture and how they felt about that person. The respondents suggested that personal
or private photos are more suitable for presentation in personal spaces and that social
space is represented through pictures which illustrate lifestyle. Most respondents also
found photos a representation of one’s social lifestyle (Fig 7.11) as the photo may be
of an events, social gatherings, holidays etc.
80.0%

100.0%

Percent

Percent

80.0%
60.0%
86.7%

40.0%

60.0%
40.0%

80.0%

20.0%

20.0%
13.3%

0.0%
Yes

No

20.0%

0.0%
Yes

No

Fig.7.10 Figure
Photographs
6. Photographs
and Intimacy.
and

Figure 7.
Are pictures
a
Fig.7.11
Are
Pictures
a
representation of ones social
Intimacy
Representation
of one’s Social
lifestyle?
Lifestyle?
The research wanted to know if emotions associated with a particular photo change

over a period of time. Majority of respondents thought that emotions did change over
a period of time (Fig 7.12) however evaluating it during this research is not the focal
point. This may become one of the dimensions on which importance is endorsed to a
particular picture, but that will not be part of this research either.
70.0%

Percent

60.0%
50.0%

Fig.7.12. Do Emotions Related to a
Picture Change over a Period of Time?

40.0%
66.7%

30.0%
20.0%

33.3%

10.0%
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Yes

No

Figure 8. Do emotions related to a
picture change over a period of
time?

The survey revealed that adding audio to photos will help in elaborating memories
associated with photographs (Fig 7.13). The audio is not only limited to predefined
audio files, but allow the user to actually store the conversation associated with a
picture. Those who liked the idea of adding audio to digital photos commented:
“Sound could provide for strong memories so I might not want to attach a single
sound”
“Overall, having a variety of sounds associated with the time would be most
appropriate”
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Figure 9. Addition of Audio will help
text to memories
a particular
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associated
with
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One respondent explained that if a picture

contains a group of people then the user could click on any part of the picture or the
individual in that picture, which would open a dialogue box where the user can write a
short description about that person or add a short audio description.
We wanted to know what people thought was the most important factor when sharing
photos. As shown in Fig 7.14 most respondents thought involvement with the pictures
of some sort was the most important aspect. However all the respondents selected the
“Ease of use” option as well, which meant that the survey result for this question were
divided into two parts. The attachment of text, audio, and search algorithms based on
emotional context helps user involvement in the task of photo sharing.
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Fig.7.14 Important Aspects when
Sharing Photos.
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Figure 10. Important aspects with sharing
photos.

sometimes restricted by lack of communication between different devices (Fig 7.15).
However all the respondents were very positive about having a central device in the
home which could handle the reception, storage, and distribution of photos.
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Fig.7.15 Photo Sharing Restricted by
the Lack of Communication Between
Different Devices.
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Figure 11. Photo sharing restricted
by the lack of communication
between different devices.
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Photo uploading is often tedious, and there is no easy way of attaching voice or text
annotations to the photos. One cannot highlight the relative importance of one photo
against another, nor can one point out specific elements of a single photo. In the
physical world, our stories are usually targeted to a specific audience. Given the same
stack of photos, we tend to tell a different story, emphasizing different aspects, when
we are showing the photos to our grandmother versus to an old college buddy.
Current photo-sharing sites have no way to do this easily, and the general difficulty
with providing any annotation makes the prospect of doing it multiple times
unappealing. As a result, online photos tend to have more generic, less emotional,
one-size-fits-all description. Even with some annotation, clicking through still photos
on a computer screen does not have the same visceral feel that an in-person photo
sharing session has. The viewer has no information as to which photos are most
interesting and thus makes their own qualification of interest – often based on the
content and quality of the photos. The feedback from the survey gave us a starting
point and contributed immensely to the ideas that are incorporated into the photo
sharing prototype.
7.6 Summary and Conclusion
The descriptive part of the questionnaire allowed respondents to describe some
aspects concerning digital photography and how photo sharing can be improved.
Advances in graphics and Internet have revolutionized the viewing and sharing of
pictures. Pictures can be distributed through the Internet and viewed, however those
pictures are a very basic representation of the message the photo is trying to convey.
The intimacy, representation of one’s social lifestyle and the personal emotions
associated with the picture are hidden form the viewer at the other end of the network.
A set of social uses of personal photography has been identified in (Van House et al.,
2005). They are constructing and maintaining social relationships; constructing
personal and group memory; self-presentation; and self-expression.
Regarding the emotional aspects of pictures, respondents have suggested that
allowing a brief description of the folders about how, when or on what specific
occasion the pictures were taken, would help in reviving emotions associated with
that particular photo or event. Photos should act like a storyboard and be easy to read.
Respondents have suggested support for audio as well as embedded sounds in
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reviving emotions as well as more meaningful naming conventions while storing the
photos. The photos should be able to depict different moods. The ability of adding
comments within the photo rather than just naming them with a “.jpeg” extension is
also one way images could be stored, which could allow the users to search a picture
in reference to the comment they remember form the occasion. The prototype will
allow the naming of pictures while they are being downloaded instead of them being
stored as some random number with a .jpeg extension and being renamed later by the
user.
The response regarding the naming of pictures to allow for better retrieval methods
was very encouraging. They ranged from storing pictures in directory structures,
allowing for retrieval through dates, business trips, holidays, family and friends etc.
Convergence was also a major focus point as all the respondents agreed that they
would like a central device to handle the reception, storage and distribution of photos
as well as connection to a central media server which can connect to various
distribution mediums within the home like TV, Projection Systems, smart boards,
Digital photo frames PDA, Phones, etc. It will incorporate the sender/receiver
medium built into it. The device will allow for easier and economic means of printing
photos. One respondent suggested combining photographs with virtual reality would
make photo sharing more fun and enjoyable. Making the pictures more immediate for
viewing can support the emotions and intimacy associated with photos.
The survey gave us a sound understanding of the requirements for a photo sharing
prototype which will take into consideration all the innovative ideas from the
respondents. The prototype upon completion went through a user based evaluation
and questionnaire survey which provided for the usability significance for the system.

Chapter 8

Prototype Design
8.1 Proposed Design
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Prototyping and iterative development help us develop an understanding of the
design issues in ubiquitous computing which were fundamental to the pioneering
work of Weiser at PARC (Weiser 1993). Since then this method has been adopted as a
principal research approach by many researchers in the ubiquitous computing
community. As ubiquitous computing engages with new device concepts, with new
interactions between devices and their physical environment, and embedding of
devices in everyday objects and structures, this commonly involves prototyping of
physical system components alongside the development of communication, system
and user interaction software.
The development of this prototype served multiple purposes. First it illustrates that
implementing emotionally aware photo sharing environments is feasible in
environments with constrained resources. Secondly they provide evidence for a proof
of concept of the conceptual and implementation model of emotionally interactive
photo sharing environments, based on a user centred design methodology. In this
chapter the photo sharing interface, the emotional attachment with photos and the
photo sharing environment will be described in more detail. The development and
implementation of these prototypes exemplify the approach. The approach to
prototyping was similar for most of the entities. First determine relevant contexts for
the entity by observing how the photos are used or deployed by the user. Then the
main constraints for the artefact are identified and used to define the requirements that
the design had to conform with. This research has tried to focus on the emotional
interaction people have with their digital photos, and how these emotional entities
could supplement our photo sharing activities. The proposed model incorporates the
four basic scenarios involved in photo sharing i.e.
•

Reception of photos through various communication devices into the HIS.

•

Sharing the received or stored photos on the HIS or other viewable platforms

•

Distribute photos to other storage mediums.

Although the above points take care of distributing the photos within smart home and
have been implemented to provide a descent level of interactivity, it does not cater for
the emotional significance of that media in association with the user. To incorporate
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emotional attachment with photos, the prototype allows user to create emotional links
through colour, text and audio. The prototype included text and voice input to
represent emotion through the capture of user narrative of the photo.

Fig.8.1. Interaction Scenario for the photo-sharing environment
The scenario in Fig 8.1 shows the required interaction with various communication
mediums. What the HIS provides is a simpler way to interact with these devices for
the home user i.e. if the user wants to transfer data from one device to another which
are located in different location in the home without actually having to physically
interact with the devices, the HIS will allow for this facility. The project also looked
at the problems with storage of digital data in the home, as there are diverse devices
for storage, which are generally incompatible. The storage requirements of data could
vary from one person to another and the scenario needs to be incorporated in the
design of the HIS with options for future expansion regarding storage requirements.
The scenario incorporates wired as well as wireless network primarily because
wireless network has the advantage of being an unguided system, which also provides
flexibility, ease of installation and modification, is expandable, mobile, and provides
interconnectivity with other devices. Wireless networks can also be set up in older
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residential homes, which make them more suitable for smart homes. The product
should be able to deliver the fun and creativity that comes from taking and sharing
well-taken images (William 1999).
8.2 Hardware/Software
The hardware architecture included in this research included a PC which acted
as the central server (HIS) for storage and manipulation of digital data. The server is
connected to various communication mediums, which provided for universal
connectivity. It included local and networked drives, USB components and PnP
peripherals. They were listed for the user to see where they were going to get their
pictures from into the central storage if required. Once the pictures were on the central
server (HIS), the user could view, manipulate and attach emotions to them. The third
option for the user allowed them to distribute the pictures to various platforms for
either storage or display which in this case was a Dell Inspiron PDA.
The interface for the HIS was implemented using VisualBasic.Net in a windows
environment. It allowed for rapid prototyping of modular components and usage of
predefined libraries, which were highly beneficial for interface implementation as it
saved time. The interface connected to a Microsoft’s Access database for storage of
data regarding the users and the photographs. The communication medium consisted
of wired network of devices connected to the server which had the HIS on it.

8.3 Communication Technologies
Until recently, local networking was confined to connecting computers in a
technical or commercial environment. Its application in a private environment, in
smart homes for example, is relatively new. Nevertheless, some systems exist for
home environment application, but there is still a lot of space for improvements.
The complexity of setting up a home network is also putting off users who are not
aware of the technology or are not from a technological background. There are other
problems associated with a home network infrastructure if it is to handle all the digital
data, which is being imported into the home. These include: network bandwidth,
network contention, resource allocation, security and Quality of Service (QOS). These
factors become more important considering the home of the future when the
deployment of next generation wireless networks or wireless communication systems
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will require rapid and easy deployment by the users and need to provide a survivable,
efficient, and dynamic network. In the scenario of providing an ad-hoc network
environment for the home where the wireless hosts can communicate with each other
in the absence of a fixed infrastructure, these networks typically consist of equal
nodes that communicate over wireless links without central control. Some ad-hoc
networks are linked to a fixed infrastructure via access points. The problem faced with
ad-hoc networks is of providing QoS guarantees especially with providing QoS
guarantees for real time multimedia applications, even though ad-hoc networks are a
key factor in the evolution of wireless communications. These networks inherit the
traditional problems of wireless and mobile communications, such as bandwidth
optimisation, power control, and transmission quality enhancement. In addition, their
multi-hop nature and the possible lack of a fixed infrastructure introduce new research
problems such as network configuration, device discovery, and topology maintenance,
as well as ad-hoc addressing and self-routing. Various approaches and protocols have
been proposed to address ad-hoc networking problems, and multiple standardization
efforts are under way within the Internet Engineering Task Force (IETF), as well as
academic and industrial research projects.
Ad-hoc environments can consist of self-configuring networks of mobile routers (and
associated hosts) connected by wireless links, the union of which forms an arbitrary
topology. This means that the nodes are free to move randomly within the
environment and organize themselves randomly; thus, the network's wireless topology
may change rapidly and unpredictably.
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Fig 8.3 Ad-hoc environment showing personal area network (PAN) being
established through Bluetooth connections.
(http://www.acm.org/crossroads/xrds9-4/blue.html)
These characteristics and constraints of ad-hoc networks, such as dynamically
changing network topologies, limited link bandwidth and quality, variation in link and
node capabilities, etc, considerably affect the typical network QoS metrics, such as
throughput, packet loss, delay, jitter, error rate, and so on. In general, multimedia
support is a complex issue. In particular, in the area of ad-hoc networks, the study of
techniques to support differentiated services concerns studying various topics, such as
adaptive coding, transmission power trade-offs, scheduling, priority based MAC
schemes, QoS routing, resource reservation signalling, end-to-end control algorithms
which are beyond the scope of this project. As Berlo et al (1999) points out that one
bottleneck is the bandwidth of existing systems if the network is used for the
transmission of multimedia information. What is needed are solutions to problems
such as unpredictable network topology, scarce radio bandwidth, limited battery
power of mobile nodes, synchronisation, and security to make ad-hoc networks more
suitable for home environments. In earlier work by Arora et al (2002), it has been
shown that the capacity of the network and the utilization of its resources change with
the speed of the nodes. This implies that if the parameters of a QoS model within the
nodes of the network are tuned to operate at a particular speed, the model might fail to
provide assurances if the nodes start to move faster. Then the parameters must either
be re-tuned, or the nodes must be made aware of the average speed of movement of
the network nodes, so that the parameters can be adjusted dynamically. Another
factor, which will become important when having a centralised system like the one
proposed in this paper, is “Network Contention”. It has also been shown by Arora
(2002) that at very high speeds, the network capacity degrades exponentially due to
excessive link breaks. Hence this project supports Bluetooth devices; Wi-Fi enabled
devices, and wired network components. If ubiquitous computing is to achieve the
same level of integration achieved by the Internet, it will have to take into account the
issues discussed above.

8.4 Implementation model - Home Information System (Photo Sharing)
As mentioned earlier (8.1) the implementation model was based around three
basic functions essential for a photo sharing environment. The most important aspect
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of the photo sharing prototype was its ability to store emotional interaction between a
user and his/her photographs through text, colour, tags, and audio. The fig 8.4 below
illustrates the data flow model for the photo sharing prototype. Each subsystem in the
prototype is illustrated later in this chapter with its relevant windows form. The
implementation model allowed us to identify the restrictions that would be applied to
processes to reduce duplication of data.
The data flow starts when the user logs into the system and is presented with the
option of selecting Reception, Viewing or distribution of photos. Upon selecting
reception, the user can select the device he/she want to download photos from and
either accept the photos into the database or reject them accordingly. Viewing photos
on the central device incorporates the major activities associated with a photo sharing
environment. It includes viewing photos either from devices that the HIS is connected
to physically or remotely, creating slideshow, and maximising them for full
interaction. However the user can only edit the photos that have been stored on the
database. It allows the user to create and attach emotion types, attach and play audio
files associated with the pictures, view and edit text attached to pictures to create a
narrative, and search the database for pictures based on emotional tags attributed to
them. The distribution was kept very basic where the user can select the move
pictures between different viewable platforms and storage devices.
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Fig.8.4 – Data Flow of the Implemented Model.
It was essential to have a good data flow model allowing for easier rapid prototyping
as it allowed the system to be broken down into smaller and manageable subsystems.
The prototype was developed using Windows Forms in VB.net and the data was
stored using an Access database. The model takes into account the user interaction
with photos that was earlier illustrated in Fig 8.1 as well as the emotional aspect of
photo sharing.
8.5 Phase 1 – Prototyping Central Storage
The central storage for the photo sharing environment was based around a
Windows 2000 server running an Access database for storage of information
regarding photos. The database contained four parts:
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1. Users – Contained information about the users who logged onto the system.
2. Photos – Contained information regarding various aspects of photo sharing eg
Photo name, text written, emotion attached, background colour of the photo
frame and the location of the picture.
3. Emotions – Allowed user to create new emotion types for attaching to
pictures.
4. Events – Allowed user to save pictures according to event type and later help
with search and retrieval of photos.

Fig.8.5 Table view of the data stored.
Once the user logs into the system, they can start storing information about the photo
into the database. The fig 8.5 above shows what information can potentially be stored
into the database by the user. The central database was implemented to simulate a
storage device hidden from the user’s view and could be accessed using the central
HIS device through a remote connection. How the database was accessed for retrieval
and input of data is discussed later in this chapter.
8.6 Phase 2 – Prototyping a photo sharing environment (1st iteration)
With current wireless technologies available the user can access the images on
his camera without having to physically connect it to his display or storage medium.
The HIS allows the user to access all the connected devices and access photos from it
either into the central database or just for viewing on the central device. The reception
of photos into the database looked at how a user might access the devices that might
have photos on them, and how those photos might be stored and edited by the user in
central storage or display mediums. As this research followed a rapid prototyping
methodology in an iterative manner, there were two iterations that were completed by
the users. The first iteration provided the user with some basic functionality for photo
sharing. It also provided us information regarding the flow of the software so that the
users get consistent interaction with the prototype. Once the application was launched,
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the users were presented with a logon screen. This was the first step of getting into the
system.

Fig.8.6 – Logon screen.
Most of the feedback regarding the login screen was positive. However users did
comment about the aesthetics of it. The response was“It’s a basic login screen, but I would like some help notes or the ability to change
my login credentials.”
“The fields don’t stand out from the background and the exit button looks out of place
in the same line as Enter and Clear.”
Once the user has logged on successfully they were presented with the screen in
Figure 8.7. The system was designed in a tabular format so that the
Reception\Storage\Distribution appear as tabs on the top of the display screen. This is
where the users selected a device or drive fro which they wanted to receive the photos
from to display in the photo box. Once the photo was displayed, the user was able to
change the name if the photo and add text to the photo before accepting it into the
central database. The interface was simple to interact with. However the functionality
of changing the name of the photo from a random number to something they prefer
while downloading and adding text was recognised by the users as a better option.
They commented
“The idea of being able to change the name of the photo while downloading will be
good as it will make it easier for me to categories the photos with names rather than
some random numbers that get downloaded from the camera.”
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Fig.8.7 – Reception of photos.
The users also mentioned how the screen could incorporate more options to make the
interaction to last longer. Developments like the ability to change the photo’s border
colour and to navigate through the photos were mentioned.
“All the photos have the same black border around them. It will be nice to be able to
change the colour which will make the picture stand out more.”
“Once I am in the folder of my photos, I have to click on each photo to preview it in
the box. Some navigation through the buttons would be a good idea.”
“Selecting photos individually by clicking on them slows the process down. It should
display the nest image when you have accepted or rejected a display photo.”
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Once the users had received the photos on the central device, they were able to view
them and interact with them. Figure 8.8 illustrates how the user would view the
photos on the prototype.

Fig.8.8 – Viewing photos and Interaction.
The viewing of photos and interaction with them was going to form the core of this
research so it was important that the user spends most of their time on this screen. As
illustrated in Figure 8.8 the users had the option of viewing the photos that were on a
device or stored on the database. The users were provided with basic navigation
buttons and the ability to add emotional attributes as well as maximise the photos. As
well ac accepting this as the first iteration of the prototype, the users were happy to
work on the interface and provided positive feedback which helped us in improving
the interface in the second phase. Users commented –
“When selecting clicking on the options of ‘View photos from device’ or ‘View photos
from database’ the list fields are always there which makes it confusing. If I select to
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view photos from the database, then I would like to see only the photos in the
database.”
“I can view text that is attached to the photo but could not add audio. I would prefer
them to be in the same place.”
“Once we have added the emotions to a photo, it is hard to remember what emotion
types were added. I would like the ability to search photos by the emotional tag I
attribute to the photos.”
“Ability to create a collection of photos as a slideshow would be great. I can then
view the slideshow before I transfer those pictures on a display medium like a photo
frame.”
Although some of the feedback was related to the how the interface was displayed,
the previous two comments with regards to searching of photos by their emotional
tags and the ability to create a slideshow for transfer to display mediums were of great
interest. It showed that the users are thinking about how best to capture their emotions
and categories their photos accordingly.
When the users wanted to add emotions to the photos they were presented with the
following screen. This allowed the user to not only attach emotional tags when
looking at the photos, it allowed them to create and delete these emotional categories
as well. The emotional tags that the users created allowed us to provide an
improvement to the interface in the way that they could search for the photos based on
the emotional tags they have attached to the photos. As it is illustrated in Figure 8.9
the user has tried to create an emotional tag under the node of Historical and felt as he
said nostalgic. He commented
“Brandenburg gate is one of the most historical places and it reminds me of the
divide and as I was there when it came down, it allows me to be emotional when
looking at this picture.”
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Fig.8.9 – Add emotional tags to photos.
It was interesting to see users interacting with their photos at an emotional level which
allowed us to get some feedback as to how this interaction could be improved. The
next action for the users to perform was to be able to distribute the photos that they
have interacted with to other networked devices.

Fig.8.10 – Distribute photos to devices.
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When the user selects to distribute photos to other networked devices, they were
presented with the screen in Figure 8.10. In this case the user select they want to
distribute the images from the device to the database. The user then selects the photo
and clicks distribute which moves the image to the database. The users were
complimentary about the interface as it was simple to use, but were confused
regarding the aspect of moving or copying the image. They wanted to have the option
to be able to select if they want to move or just copy an image to various locations.
When asked to elaborate, one user commented –
“Although moving the image is fine, it moved it from the original location. What if I
want to display one photo on two locations? Having an option to select if want to
move or duplicate would be nice”
While working on the prototype nearly all the users agreed that the tabular format of
representation has made the application confusing as they can switch between jobs
and lose track of what they were doing. The application should allow you to work on
one aspect of photo sharing and should only change when you close the current
interaction and decide to do something else with the application. Figure 8.11
illustrates the tabular representation of receiving, viewing and distribution of photos.
This meant that the users were effectively working on one screen which changed
when they clicked on another tab. We have identified the issue and will look to
accommodate the resolution in Phase 2.
Tabular Format

Fig.8.11 – Tabular representation of the prototype.
The first iteration of the prototype and the user evaluation provided us with the user
feedback that was very beneficial and was incorporated in the second iteration of the
prototype development. It allowed us to realise how the users become more
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emotionally engaging when interacting with photos. Phase 2 illustrates how the
required modification allows the user to gain an even more enriching experience when
interacting with photos.
8.6 Phase 3 – Modifying the Photo sharing prototype (2nd Iteration)
Phase 3 incorporates the improvements in the interface that were highlighted
during the user feedback from phase 2. More scenarios for user interaction were
provided. A possible scenario is where a user wants to access/view photos that are on
some storage device or digital camera somewhere in the home.
Interaction begins as before when the user logs into the system using the logon screen
and is then presented by the option of either receiving/storing, viewing/editing and
distribution of photos across different platforms. Figure 8.12 and Figure 8.13 show
how the user might log in and click on one of the provided options. The login screen
was updated so that the options were clearer and allowed the user to change their
credentials.

Fig.8.12 – User login snapshot

Fig.8.13 – Change Password
As can be seen from Figure 8.12 and Figure 8.13 the feedback from the users in Phase
2 have allowed us to make slight modification to the way the logon screen works and
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helps the user by providing him with help, information about logging into the system,
and allowing them to change their passwords.

Fig.8.14 – User selects an option for photo sharing
Once the user has decided to receive and store pictures from any device, digital
photos can be imported from the devices into the central server. There are various
communication mediums available (USB, Bluetooth, IR, Wi-Fi etc), which will be
able to communicate with the central storage. Figure 8.15 below shows one of the
possible interactions between a pc which is Wi-Fi enabled and the HIS, which will
allow us to download images form the pc without actually being near it. The reception
of photos into the central database begins by the user selecting a drive or device from
which it wants to download photos. When the user selects a drive from the drop down
menu, they are presented with all the folders that are residing on that drive.

Fig.8.15 – Displaying photos from selected drive and folder.
In fig 8.15 the user can select a drive (C :\) and get a list of all the folders on the drive.
They can then select the folder which contains pictures that they want to download
into the central database. Once the folder is selected the prototype lists the photos that
reside on that folder. The scenario that the research wanted to look at was the fact that
photos coming from a camera are provided with a random number with a .jpeg
extension which the user has to edit at times to give the photo a meaningful name
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reminding him/her of the occasion. The HIS solves this issue by allowing the user to
rename the pictures before they are accepted into the database. The user is allowed to
create new folders, delete existing folders, and navigate through the list of photos. Fig
8.16 shows how the files and folders are manipulated by the user i.e. the user can
create new folders or delete existing file or folders.

Fig.8.16 – Display list of photos and manipulate folders.
Once the user selects the photo they want to store in the database, they can if they
wish change the border of the photo display area on the interface. This was
implemented in accordance with the user requirements which were generated from the
survey carried out. The respondents felt that allowing the attachment of colour helps
in reflecting emotional attributes of the picture. The background of the photo frame is
changed using the colour panel provided (Fig 8.17), which uses a combination of Red,
Green, and Blue colours to give the desired effect.
Colour combination for photo panel
Private Sub tbarRed_Scroll(ByVal
sender As System.Object, ByVal e
As System.EventArgs) Handles
tbarRed.Scroll
txtRed.Text = tbarRed.Value
mRed = tbarRed.Value
pnlPhoto.BackColor =
System.Drawing.Color.FromArgb(mRe
d, mGreen, mBlue)
txtRGB.BackColor =
System.Drawing.Color.FromArgb(mRe
d, mGreen, mBlue)
txtRGB.Text = "RGB(" & mRed & ",
" & mGreen & ", " & mBlue & ")"
End Sub

Fig.8.17 – Photo panel background colour and implementation code.
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Another option that users wanted was the possibility of annotating their images while
being downloaded. Instead of downloading pictures as some random number with a
.JPEG extension, the users were given the option of naming each picture before it is
downloaded into the database. The prototype gives them an option of either accepting
the pictures that they like or rejecting a photo when downloading it from the source.
This will allow deleting the pictures later from the server, as sometimes we take
pictures which don’t come out well or are not worth keeping. Fig 8.18 shows how the
reception of photos is actually implemented and how the user can change the name of
the photo and attach some form of text description/annotation to the photo to remind
them of the emotional attachment in some form. Once the user is happy with the name
and description attached, they can accept the photo into the database on the HIS by
clicking the “Accept” button.

Fig.8.18 – Accepting photos from a device by editing the name.
The reception of photos into the HIS was based around the requirement of the users to
access photos that can be on various devices around the house. The HIS will allow for
central management and control of those photos as required. It caters to the ubiquitous
nature of smart homes as the physical connection between devices will no longer be
required.
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8.7 Phase 3 – Prototyping Viewing of Photos on Central Device
The next stage of the implementation process was developing the HIS to
incorporate viewing of photos by the user either from devices connected to the HIS or
photos that are stored in the database. The directory structure for the stored photos on
devices was kept very simple, whereby the user can select what device they want to
view the pictures from and get a list of photos stored on it. The user also has the
option of viewing photos that have been accepted into the database which can be
modified and emotionally tagged with text or audio. As before (Figure 8.14) when the
user selects the option to “View Pictures and Add Emotions” he is presented with the
screen in fig 8.19.

Fig.8.19 – View Photos and attach emotions to pictures.
As proposed the viewing of photos give user the option of selecting the source of their
photo collection. The users wanted the option of selecting their photos either from the
devices directly or the photos stored into the database (fig 8.20). As for clarity
purpose, when the user clicked on “View Photos From Device” button, the details of
pictures in the database were not visible and when the user clicked on “View Photos
From Database” the details of photos on the devices were not presented. This
allowed the users to easily navigate through the photos and view them on the console
of the HIS.
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Fig.8.20 Accessing photos from preferred device or the database.
Once the user is satisfied with the source of their pictures, various options are
presented to them for interaction. The user can navigate through the pictures using the
“Next” and “Previous” buttons or by simply clicking the name of the picture on the
list. The interface retrieves the pictures from the location that is stored in the database
and displays it on the central console. Depending on the source of the picture (i.e.
Database/Device) information like the Photo Name, Emotion Attached and various
editing options become available.
Maximise Photo and Add Emotions
View/Edit Text
Navigation

Add Audio

Search
Database
Create
Slideshow
Photo Panel

Fig.8.21 Viewing photo from database on central console.
As shown in Fig 8.21, apart from basic navigation provided, the user can maximise
the photo to get a better view, can add emotional attributes to the picture based on
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textual tags, add an audio description to the photo to give it a more personal touch,
play attached audio, view attached text description, search the database for pictures
based on emotional tags and create a slideshow of selected photos. These actions were
derived from the user feedback during survey carried out to measure the attitude of
people towards photo sharing.
Photo Viewing Options
Coloured Border

Fig.8.22 Maximising photo for full impact.
When the user maximises the photo (Fig 8.22), the interface provides various options
for displaying the picture. The user can stretch the image as required to fit the screen,
rotate the image, and zoom in and out of the photo. The photo that is maximised is
surrounded with a coloured border that the user attached to it when downloading from
the source into the database. This aspect of attaching a coloured border to the picture
was in conjunction with user feedback that attributed colour to representing emotional
characteristics of the photo.
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Fig.8.23 Slideshow of selected Photos.
Viewing the photos on the console also allows the user to create slide shows by
creating a list either from the photos on devices or photos that are in the database or a
combination of both. Fig 8.23 shows how the user can create a slideshow list which
then displays the photos on the whole display area. An option of displaying attached
text was not found to be favourable amongst the users of the prototype and hence was
not introduced.

Fig.8.24 Search and Retrieval of Photos based on emotional Tags.
As well as creating and viewing the photos, the users are able to search and retrieve
photos based on emotional tags (i.e. emotions type or event type) that they might have
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associated with those pictures. The user can select the tag (Fig 8.24) according to
which they want to search the photos and then type the emotion in the search string.
Once the user clicks “Search” the prototype will list all the photos in the database
with that particular search string.
8.8 Phase 4 – Prototyping Distribution of Photos to Viewable Platforms
Display of photos around the house is seen as a way of representing one’s
social and cultural lifestyle. In order to incorporate the digital display mediums
around the house, the prototype allowed the user to distribute photos from the central
console to the display mediums or other storage devices. The users were allowed to
view the photos that they wanted to distribute to other display or storage devices and
when satisfied the photo was either copied to the destination or moved from its
original source to the destination. Figures below show how the user carried out this
process. Once the user has selected distribution of photos (Fig 8.25), they were
presented with the “Photo Distribution” interface.

Fig.8.25 Distribute Pictures to other Devices.
The distribution of photos to various display and storage mediums involved
interaction with devices and central database. The users wanted the interface to allow
them to both create duplicates and also move files between different locations. Fig
8.26 shows how the distribution of photos allows the user to select either photos on
devices or stored in the database. Once the user has selected and viewed the photo
they want to distribute from the source, the “Distribute Photo” button will present
them with the destination panel.
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Fig.8.26 Selecting photos for distribution.
The distribution panel (Fig 8.27) gives the user two options of either to move the
original file into the destination folder or simply make another copy of the original
file into the destination folder. Once the user is happy with their selection they click
on the “Copy” or “Move” button and appropriate action is taken providing the user
with immediate feedback telling them that the file has been copied.

Fig.8.27 Photo copied into destination folder.
The distribution was kept very simple where the user selects the source and the
destination for transfer of images. Distributing the emotional attribute with the
pictures allows us to display photos according to physical spaces within our
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environment. Prototyping personalisation of photos and addition of emotional
attributes are explained in detail next.
8.9 Phase 5 – Prototyping Emotional Attachment to Photos
The most important aspect of this research was to investigate how people
associate emotions with photos and if an interface could be developed that will allow
people to easily and effectively attach emotional attributes to their pictures. The
conclusion from the user survey was that users were very favourable towards using
text and audio for photo descriptions and emotional tagging, but would also like
predefined emotional tags that they can attribute to their photos and use it for search
and retrieval.
Emotions are attached to photos that the user has stored in the database. The user has
to select “View Photos From Database”, upon which the “Add Emotion” button will
become enabled allowing the user to create and attach emotions to photos. The
interface informs the user that he/she is viewing the photos from the database and not
from a folder on any other device. Fig 8.28 shows how the user is able to view the
name of the photos and the emotional attribute they have attached to it.
Photo Name/Emotion Attached
Add/Edit Emotions

Photos in the database

Fig.8.28 Emotional significance of a photo.
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To create and attach emotions to a photo the user clicks on “Add Emotion” button
which will present the screenshot in fig 8.29. The user can create various emotional
tags to attach to photos and can delete the tags not required. Once the user is happy to
attach a particular tag, they can select it and click on “Attach To Photo” button.

Fig.8.29 Attaching/Editing emotional attribute of a photo.
This stores the information in the database regarding the photo to which it was
attached. When the user selects to view the photos in the database again, the
information is updated (Fig 8.30). Another aspect of interacting with photos that the
users wanted was using text to create a narrative of the picture. To help successfully
achieve this, the interface allowed the users to write text to a photo when receiving
them from a source and could also edit the text when viewing them on the central
console.
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New emotional attribute

View/Edit text

Fig.8.30 Creating a narrative for a photos using text.
Once the user clicks on “View Text” they are presented with the screenshot in fig 8.31
where they can edit the original text or create a new narrative for the picture. Once the
user is satisfied they can save the text and the information will be stored in the
database.

Fig.8.31 Creating a narrative using Text.
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Apart from attaching predefined emotional tags and writing a narrative to a photo, the
respondents of the survey were found to be in favour of capturing and attaching an
audio conversation to a picture. To cater this requirement, an audio player with
recording facility was developed as shown in fig 8.32. It allowed the user to speak
into a microphone and record their conversation or individual messages according to
the photo present.

Fig.8.32 Attaching audible attributes to photos.
The user would select the name of the file they want the audio description to be stored
as and click on “Rec” button. The audio narrative is then stored into the database and
the user can hear it again when they view the photo.
8.10 Design steps and Decisions
This aim of this research was to evaluate the role of emotions in photographs
and how people might want to associate those emotions through the use of text and
audio. To achieve the parameters devised through the feedback from the user survey,
various design models and rapid prototyping was carried out. Constant feedback on
usability allowed us to improve the interface at various stages in incorporate new
interaction techniques allowing the users to easily share digital photographs and
attach personal emotions through audio and text. Incorporating colour to provoke
emotions was proposed as a valuable input by the users at which point the photo being
viewed is allowed to have a border of chosen colour by the user (Fig 8.33).

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

114

Evaluation of a Domestic Photo Sharing Environment.

Fig.8.33 Attaching colour to photo border.
A basic colour panel was developed where the user can use a combination of mixing
RED, GREEN, and BLUE to achieve the desired border colour for the photo. Future
work can include a simpler and more visual rather than number oriented colour
attaching interface. The reception of photos from various devices into the central
storage required more understanding into how this transaction could be simplified, so
that it appeals to even the novice users of technology. The respondents from the
survey summarised that if they could select a device to interact with from a list of
available devices, and then select the photos that they want in the database and reject
the photos that they do not want, it would allow easier transfer of photos. A simple
files explorer was developed as shown in fig 8.34 allowing users to select device,
browse files and view photos in them.

Fig.8.34 Exploring folders and files for photos.
Apart from providing a simple navigational interface, the users were allowed to
change the name of the photo from containing a random number with a “.JPEG”
extension to a more meaningful name before it is stored into the database. This need
to change the name was derives through the feedback from the user survey.

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

115

Evaluation of a Domestic Photo Sharing Environment.

Fig.8.35 Renaming photos with “.JPEG” extension.
The interface model was developed around the interaction scenario in fig 8.1 and the
feedback gathered from the user survey. As the interface development was an iterative
process, it allowed us to experiment various improvements in the lifecycle. Aspects of
the photo sharing environment such as connecting to various devices and listing them
were made ubiquitous, where the users are not concerned with how the devices are
connected, but rather how they can access the information on those devices. Use of
text and audio for attaching emotional attributes to the photo was conceived from the
fact that respondents agreed that conversation is coherent when sharing photos with
friends and families and they would like to capture audio for story narration.

Fig.8.36 Emotional attribution of photos.
The most immediately apparent difference between looking at static images on a web
page and sitting down with your friend and a stack of photos is the absence of voice.
Speaking while sharing photos is not only natural, but is also socially expected
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(Chalfen 1987). Our survey revealed that adding text and audio to the pictures helps
in elaborating the memories associated with photos.
8.11 Summary and Conclusion
The aim of this research was to provide the users with an interface which
allows them to simulate a photo sharing environment while catering to the emotional
aspects of such interaction. Gathering sufficient feedback from our survey helped
enormously in the development of the interface, which allows photo sharing a more
fun and emotionally enjoyable experience. The working prototype was evaluated and
tested by the users, results of which are detailed through chapter 9. To conclude, this
chapter had detailed how the interface was developed from the initially proposed
interaction scenario. It describes the various aspects of the photo sharing prototype
and how users can have an emotionally engaging interaction with their photos in a
smart home environment. The likely feature developments complement existing
features of various home information systems, and likely feature developments in an
integrated and ubiquitous system. It is envisaged that these data will be invaluable in
informing the future production of home informatics.
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Chapter 9

Evaluation and Usability

9.1 Shared Experiences when Photo Sharing
This research discusses the influence of photo sharing, the emotional
significance associated with photos and the social aspects concerned with a photo
sharing environment in a smart home. Photo sharing provides us with a sense of
community and a centralized photo sharing system which can help us interact at an
emotional level with our pictures is an appropriate way for the development of
collaborative learning environment through narratives. Through our research into how
people use photographs and the activities surrounding photo sharing (Organizing,
Searching, Retrieval, Receiving, Annotating etc), we suggest that emotional concerns
must be catered to and lack of integration with existing communication channels have
the potential to prevent photo sharing from fully integrating in our household
communications. This was evident from the feedback received from our users of the
prototype who described their experience of emotional attachment to photos as very
engaging. The users described the functionality to attach more emotional categories
and the ability to search for photos through the emotional characteristics very
important. This is detailed in fig 9.1 which shows how new emotional categories were
created by the users.
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Fig.9.1 Emotional engagement while photo sharing.
Previous research (Chalfen 1987, Crabtree 2004, Frohlich 2002, and Grinter 2005)
has explored how people collaborate around physical photos, however there has been
no major effort toward exploring the possibilities of a digital photo sharing
environment in a smart home which caters to the emotional needs (Emotional
attachment of pictures) of the user. With the increased availability of advanced
electronics, computer systems and the internet as a communication medium, the
potential to increase both the opportunities and the audience for photo sharing is
immense.
During the user trials of the prototype in two phases it was concluded that the users
were happy with having their emotions attached to photos and stored digitally as
evident by the result in fig 7.9. Although the level of technology used to capture those
emotions is up to the development community. Comments as below by the users were
helpful in understanding how further improvements to the system and technology will
impact their interaction with photos in a domestic environment.
“The HIS allowed us to easily navigate through our photos either on the devices we
brought with us or when we stored the images on the central system. I have never
thought about the prospect of adding my emotions to a photo before and believe I
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provided me with a more enriching environment and more involved environment to
interact with.”
“I would like the technology to go a bit further and be able to detect my emotions
when looking at a photo through touch or facial recognition.”
What the user means here is that they want the application to give them the list of
available emotions by recognizing the physical feature of the user. This could include
the physical state of the user, his location within the environment, his touch responses,
and the number of people around the device who might have an impact on the
emotions displayed.
Chalfen (1987) was among the first to study consumer photography. Chalfen’s ‘home
mode’ of communication showed that consumers typically share images/photographs/
video footage, of traditional subjects such as birthdays and family holidays. He
explains “The narrative remains in the heads of the picture makers and on-camera
participants for verbal telling the story does not appear in the album or on the screen;
it is not ‘told’ by the images.” It is the narrative which the use has to physically create
when sharing photos in a group and we think our prototype photo sharing
environment allows the user to attach an audio story to a photo, hence creating an
environment where socially interactive and storytelling activities can be increased.
Users commented “The ability of adding audio is good for creating a story about a photo which has
more than one subject in it.”
“I think audio and text is very good starting points to allow us to add our emotional
attributes to the photo. The text gives the photo a more personal feel, while the audio
capture can be used to capture the conversation I might have with a fried about the
photo.”
This research looks at the digital aspect of photo sharing and assumes that in the
future, people will be more and more inclined toward the digital representation of
their social construct through the use of digital photos and smart photo displays.
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The task of photo sharing consists of the following tasks –
1. Someone has to take the photo.
2. Organize them.
3. Decide as to who as access to them
4. Decide the medium of display of photos.
This research also explored how photo sharing fits into the user’s ecology of digital
photo management. The research allowed us to ask users regarding the broader
context in which photographs were consumed, shared and emotionally tagged.
Through the survey we were able to ask the participants regarding their photo sharing
practices and find out about how they organized, searched, shared, received photos
and how the issues surrounding the privacy of photos is addressed. People use photos
to tell stories and as Van House et al (2005) identified a variety of communicative
uses of camera phone photos, including self expression and self presentation, these
uses can be easily extended to home use of digital photo display. The work of
(Frohlich et al., 2002 & Crabtree et al., 2004) echo the earlier findings of Chalfen,
emphasizing the continued importance of gathering around a presenter who narrates
the photo story (an activity that Chalfen labeled “exhibition events”). This was
agreeable to the users who tested the system and agreed to the fact that having a
centralized system to view the photos before they put them on displays around the
house allowed them to carry out a group conversation and attach emotional tags based
on that conversation as evident by results in fig 7.8. Study of consumer digital
photography has also described new processes for working with digital images —
some of which present challenges for consumers. Much of the process discussion has
centered on photo-work (“the activities people perform with their digital photos after
capture but prior to end use such as sharing” Kirk (2005) and the photo-ware intended
to support that work (specialized software offerings that “bite into further stages of
the conventional photo life cycle, especially to support the storage, sending, and
sharing of photos on-line” Frohlich (2002)). This research looked into the activities
once the photos are taken and stored. Activities surrounding sharing were analyzed
and how emotional association with photos is carried out.
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9.2 Motivational interaction
In order to achieve a photo sharing environment, that users can be motivated
to use or interact with on a regular basis, a completely sound network environment
needs to be achieved. The user should be able to easily record and retrieve a complete
life of digital memories and interact with photos at an emotional level, which might
change over a period of time. Photo sharing allows the user to relive experiences of
lost loved ones, create family history which helps improve communication between
family and friends, and help share everyday events which might prove significant
when recalling them at a later point in life. It is fascinating to speculate about
significant patterns that can be mined from digital memories. People can recollect a
wealth of information regarding personal health, relationships, social awareness,
social interaction and family bonds. The users commented
“The idea of a photo sharing environment proved me to look at photos and see how
others have responded to the information contained in it. I can find out what people
liked or disliked in my photos.”
“Sometimes you might miss the shared experience of a photo sharing session if you
are not around. If the information or conversations or the narrative are stored,
although it’s not as real as being in the conversation, it still provides you the sense of
satisfaction and emotional engagement”
Storing information in photos also serves as possible anchor for future events. With
digital photos sharing the information within a photo can be indexed, marked,
annotated for recollecting a particular event, and emotionally tagged through text and
audio. A user can attend a birthday party or a wedding, annotate the photos taken
through various means available in the prototype, and recollect information regarding
the event at a later date, allowing the user to remember a particular date or event and
maintaining a presence in the lives of friends and family. The captured digital
memories in this scenario can be a valuable source of information for aiding
prospective remembering hence improving prospective social bonds. With so much
information surrounding the user in a networked smart home, the information from
the photos must be abstracted and displayed in useful and attractive visualizations if
people are to be able to interpret and use it appropriately. One of the challenges that
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people find when sharing photos of events, is the inability to search for a particular
event or place or type of photo. This research allows the users to tag photos according
to particular emotional category or event type or a user defined category. The answer
may also lie in the interconnection of the different types of data associated with a
particular photo, in which one data source acts as an index to another. How the user
interface to such an interconnected browsing mechanism works and how to make it
accessible to the population in general is a research challenge for the future.
Allowing the users to tag photos helps user with retrieval and recollection of
information regarding an event. Tagging of photos also helps serve both social and
personal purposes. Some amount of annotation can significantly improve the
usefulness of such photo collections as they grow into the thousands; the most
commonly-cited benefits are to help recall and support search (Marlow 2006). This
research introduces tagging of photos through the use of text and audio.
Moreover, there were often multiple motivations (i.e. search, retrieval, social,
organization, communication etc) involved even in the use of a specific tag for a
specific photo. These tags could be event based, action based, or simply emotional
based. Still, we found that most of our participants generally had one or two primary
motivations for tagging. For instance, one participant visited a cultural show and
tagged his photos with tags that both intended to help others find his photos, and
conveyed information and opinions about the photo itself, such as his view of the
weather that day or how much he enjoyed the event or “good food.” Another
participant added tags to allow her to find photos later, as well as to provide
contextual information for friends and family viewing her photos.
9.3 Cohesiveness with the Environment
Photo sharing in a smart home should provide a comforting environment for
the users to share and display their pictures in. It needs to blend in with the
infrastructure of the home and become part of the user’s lifestyle. The respondents in
our survey agreed that social bonds are created through a combination of online
messages, tagging, commenting, and through audio attachments to a picture. People
display photos in their homes to document their shared and individual experiences.
With the advent of advanced wireless technologies, home media servers, and
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advanced digital cameras, the home environment can provide for self performing
services like uploading of new images to the server from source or updating displays
according to some predefined routine. Large displays have always been central to
ubiquitous computing paradigm, and their use has attracted considerably more interest
in recent years, given the pervasive presence of plasma screens, projectors and smaller
TFTs, and the emergence of new enabling technologies such as steerable projection
(Pingali et al., 2003). The respondents from our survey agreed that display mediums
allow a greater sense of sharing when it comes to photos (fig 7.8).
The use of situated displays for photo distribution around the home serves as a multipurpose and strongly situated information artifact that acts as gateway to a virtual and
physical environment. It allows the user to place information in that environment, but
also allows the viewer to manipulate that environment. The action of the display
environment can be either pro-actively or as a reaction to events in environment, and
it is the function of situated displays to manage those requests and arbitrate display
resources. Interaction with the environment at this level in one way allows the user to
program the space they live in. Photo display’s could include applications which
update photos based on their time of taking, or context sensing as to displaying photo
relevant to particular users around the display.
The social aspect of photo sharing is associated with enhancing social presence
through storytelling as photos contain rich history, and much research has focused on
the role of storytelling with digital photos in people’s lives (Akeret 2000) and on
hardware and software prototypes for shared viewings. However with all these studies
the emotional aspect of photo sharing has not been incorporated into the environment.
9.4 Application Areas for Photo Sharing Systems
Home as a space is very personal to us. People use this space in various ways
to represent their social and personal lifestyle. Photos are regarded as the most
important aspect when it comes to personalisation of any physical space, be it an
office desk or an empty wall in your living room. Photos are usually taken with
sharing in mind and with digital display technologies can be incorporated within our
home environment. The environment could easily incorporate automatic updates of
photos that might be uploaded into the server. These photos can be from a camera,
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mobile phone, or internet, whereby the server searches for new photos based on the
aspect of time. Photo sharing within a smart home environment should provide the
user with same level of interaction and spontaneous informal sharing experience that
printed photographs do.
The photo sharing environment needs to provide for ad-hoc update and interaction
within the system. Wireless Ad-Hoc networking could employ a discovery service to
find other devices when they come within the range of the network, thus allowing the
user to share photos easily and in an informal and social setting. The users can decide
what photographs are to be displayed in public spaces of their homes and what photos
are meant for more private spaces like bedrooms etc. another application area of photo
sharing within the smart home is that the users can use smart display devices to build
a narrative representing their life as a representation of time or even a history of the
family in the form of a family tree.
Allowing the users to attach information to photos while they are being taken or
stored helps in creating a narrative which increases social interaction. Photographs
can be automatically tagged as they are shot with information about when it was
taken, who took the picture, and who else was present at that time. Although
automatically incorporating all this information might force the user to feel
disconnected with the photo sharing process. The prototype developed in this research
addresses the issue by allowing the user to attach some of the information by
themselves through the use of text and audio, either when the photo is being
downloaded or when it is being viewed and edited.
Other projects have looked at mobile photo sharing. Davis et al (2005). in MM2 uses
the notion of co-presence to simplify the decision of with whom to share. Photos are
then uploaded automatically to a central web server where the sharing recipients can
access the photos. Kohno and Rekimoto (2005) instead use GPS information and time
stamps to decide if pictures are from the same event or not. The prototype in this
research allows the user to easily browse through photos based on event types,
emotional factors or any other category that the user might perceive to store images
by. Smart photo displays allow the user to share photos when standing in a group to
serve as a topic of discussion. The research aimed to look into how photo sharing can
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be simplified by allowing seamless sharing, and using emotional tagging to
automatically find interesting and relevant photographs.
Hori et al (2003) at the University of Tokyo have developed a system that
continuously captures video, along with sensors that include GPS, gyroscope,
accelerometer, and a brain wave sensor. Rank Xerox EuroParc had a number of
projects related to digital memories, with work that used information from Active
Badges and automatic photo-taking to automatically generate user diaries (Lamming
1992). Storage for digital memories has been explored by groups like MIT’s Haystack
(Adar 1999) and Microsoft’s Stuff I’ve Seen (Dumais 2003).
9.5 People and Ubiquitous Computing
The development and availability of new computing and communication
devices, and the increased connectivity between these devices, thanks to wired and
wireless networks, are enabling new opportunities for people to perform their
operations anywhere and anytime. Furthermore, due to the high acceptance rate of
such devices by the users, it is expected that these devices will become so pervasive
that it will become natural to use. The vision of Ubiquitous Computing is to push
computational services out of conventional desktop interfaces into environments
characterized by transparent forms of interactivity i.e. anywhere and anytime.
Ubiquitous computing environments therefore must respond dynamically to a
combination of user needs, the policies of resource owners and service providers, the
current usage context and the capabilities of available services and resources. This can
be achieved through a high level of adaptivity in the collective behaviour exhibited by
ubiquitous computing systems and the networks that connect them.
For ubiquitous computing to be successful is for it to be adaptive in nature so that it
can adjust to different situations. An adaptive system may change its own behaviour
to the goals, tasks, interests, and other features of individual users and the
environment. Our photo sharing environment provides the user with the capability to
change the pictorial view of the personal space within their homes. As well as
ubiquitous availability of computing infrastructure, ubiquitous computing requires a
whole new concept of user interaction inspired by constant access to information and
computational capabilities in their surrounding infrastructure to a point where
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ubiquitous computing becomes a companion rather than a technological tool. The
interfaces need to facilitate a richer variety of communication capabilities between
humans and computational devices. This research looks into how these natural
interfaces can support common forms of human expression and influence more of our
inherent actions. Context awareness is another aspect of ubiquitous computing that
needs addressing, allowing the environment to change its behaviour based on
information sensed from the physical and computational environment.
As ubiquitous computing is concerned with applications and computation which is off
the desktop, the physical interaction between humans and computation will not be like
the earlier desktop paradigm where the users had a keyboard and mouse for
interaction, it will be more like the way we interact with out physical world through
the use of speech, gestures, and writing, hence increasing the learnability and ease of
use of the system. As this paradigm of computing becomes more available to the
users, it is important to ensure that the tools offered reflect their role in long-term
activities or activities associated with time factor. In mobile scenarios users shift
between activities while the computing resources available to then also vary between
different environments, allowing interruptions to sneak in. these interruptions need to
be absorbed by the computational environment so that the user can continue from
where he left off hence providing for a continuously available environment.
Even though ubiquitous computing has come a long way since the concept was first
proposed, it still faces a number of challenges. The primary challenge is to design and
interact with a continuously available user interface that continues to operate in the
background, perhaps learning as it goes along. Information can be presented at
different levels of peripheral awareness. The traditional HCI methods need to be
modified to support the informal and opportunistic behaviour users will have with
their ubiquitous environment. As there is no one methodology to evaluate the role of
computers in our daily lives, ubiquitous computing can be evaluated using a
combination of methods ranging from laboratory experiments to ethnographic
observations. Providing tools for annotation of media is therefore an active field of
research in human-computer interaction (Girgensohn 2003, Kuchinsky 1999, and
Shneiderman 2000).
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9.6 How people perceive photo sharing
A user’s personal preference for photo sharing and depending on the context,
the attendance can be more individualized, and a notion of community is allowed to
exist. Besides, since there is a variety of communication tools (email, chat, bulletin
boards), incorporating these communication tools into the smart home to provide for
an interactive photo sharing environment seems to be a very appropriate way for the
development of collaborative sharing environments.
Face-to-face conversation in a photo sharing environment has several modalities that
facilitate transmitting information to our partners. Some of those modalities include
spoken words, intonation of the speech, hands gestures, body posture, orientation, eye
gaze and facial expression (Vilhjálmsson et al., 1998). In a "real world" sharing
environment, tasks involve photo acquisition, shared communication and the
interaction/collaboration between the individuals who might or might not be the
subject of the photo. In that environment, the participants use face-to-face
communication that supplies many visual clues as eye glance, gestures and body
posture. With these clues it is possible to perceive, for instance, if a person is willing
to talk about a certain event in the photo, collaborate, discuss or work in group. Those
visual clues while sharing personal photos help to generate the feeling of trust among
people, which is fundamental for relationship. When individuals are able to
communicate, cooperation can increase significantly. This research has looked into
how photo sharing environments involve social and affective aspects that are
important to build communities.
One of the most important results of Sociology is the noted effect of communication
in cooperation and trust. When the people are able to communicate in an appropriate
way, cooperation between them can increase meaningfully.

Considering this

statement, we can question how the choice of a communication modality affects that
finding and how significant are the differences between different forms of
communication. Jensen et al (1999), point that this question is very important to
develop cooperative environments. The photo sharing environments within personal
spaces (i.e. home environment) allows the user to develop these cooperative
environments by deciding what photos they want to share and in what space. One
would show general photos in public spaces of the home to people with whom the
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personal relationship might not be that strong, however sharing photos in personal
space (bedroom etc) allows people to forge closer ties with the sharer.
People have a need to communicate and keep in touch with their families, relatives,
friends, and their peers. The most favored method to achieve this as suggested by our
users is by creating and sharing media in the form of photographs, photo albums, and
family histories. These methods are complimented well by the use of annotation,
however we found that even though users said that they would like to annotate more
and more photos, most users do not bother with annotation of their photos but wished
they did it much more. This research introduced audio annotation of photos in
supplement to the textual and emotional tagging and was well received by the users as
it gave them a multiple selection through which they could create a narrative.
Keeping in touch and socializing with other people is one of the main issues in taking
care of personal relationships, and we see photo sharing services as one way of
facilitating this. One of the key findings in our studies is that photo sharing is a very
social activity: sharing experiences, reminiscing shared events, or just discussing
whatever comes into mind in viewing the media. Another key finding from this
research included the emotional association with our personal photos and how users
would like to store them digitally. Organizing old photos and annotating them with
text and audio is also something people have started to value. Our users suggested that
a photo sharing environment could allow them to write family histories, taking and
organizing photos, and creating photo albums allowing users to be more mentally
active, and therefore, have a healthy living dimension into it.
We found that users wanted to tag their pictures either to facilitate later organization
and retrieval or to communicate some additional context to viewers of the image
(whether themselves or others). The comments received from our users had a
common idea of wanting to tag their pictures (even the ones on paper format). Some
of the comments were
“I write all the information on the back of printed photos so that anyone viewing
them can get all the information and don’t constantly ask me.”
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“I use tags on photos primarily to categories them by events, which allows me to
search them easily”
This feedback from the users was incorporated into the photo sharing prototype after
the first iteration of the development process. The social dimension of photo sharing
is where tagging incentives of traditional personal media management come into play.
These social motivations are actually by far the most common motivation for tagging
that our participants reported. As more people use digital technology to capture and
upload their images, we expect that these social motivations will continue to grow.
Sometimes participants enter tags to add context to a photograph, such as the names
of the people that appear in it or the name of the place it was taken, in order to aid
future recall of the situation it depicts
As Kindberg et al (2005) point out photos are often captured to enrich or document
mutual experience, or to share experiences with remote friends and family. Our photo
sharing prototype allows the user to share photos within their home environment
where our emotional senses are heightened. The emotional tagging that follow ensures
that the photos can be easily found by specific people a user might want to share with
(such as friends of family), or discovered by anyone who may be interested in the
photo. Marlow et al (2006) discusses in more detail how people tag photos in order to
communicate contextual information to others about the image and consequently
about themselves as photographers. The working definition of social presence used in
this research is focused on the presence of oneself into the lives of friends and family
through the use of photo sharing and emotional annotation. It allows the users to feel
connected and cohesive due to the fact that people like to share their life events with
people who are close to them.
9.7 Summary and Conclusion
According to José et al (2006) the evaluation of a domestic environment
incorporating ubiquitous technology infrastructure is very challenging given the lack
of widely accepted metrics and the lack of benchmarks for display infrastructures.
Furthermore as Edwards (2003) proposes, the fact that it must be evaluated indirectly
through applications built on top of it raises the risk of getting distracted by the
demands of application development and to lose sight of the real purpose of the effort,
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which is purely to evaluate an infrastructure. In this research we focused on how
people would like to share their photos in a domestic setting while being emotionally
involved to enrich their interaction experience with the photos.
The desire to share media can be seen on the web in blogs and photo sharing web sites
such as Flickr. We would like to explore how user emotions can be incorporated with
photo sharing and help can create new practices around the use of digital photographs.
With the prototype we see how it is possible to make sharing photos in social settings
as easy as passing around old-fashioned photographs, but with the added advantage of
digital storage and emotional attachment to photos. Furthermore, by having access to
audible narratives for a photo, it helps creates local community through social
interaction.
It is easy to record, create, receive, store, and accumulate digital photos, but it is
difficult to manage and use them in a sensible way, especially as time passes and their
immediacy has faded. These are some of the challenges that could be addressed in the
future especially how our emotional association with a particular picture or event
captured, change over a period of time and context. Digital memories are becoming a
very active research topic. It is clear that the growing availability of low-cost storage,
coupled with improved technology for recording multimedia data and the ubiquitous
use of sensors has stirred researchers’ (and the public’s) imaginations about possible
research directions in the field of digital photo sharing and emotional characteristics
of photos.
Cheap and plentiful digital storage is encouraging people to keep more and more of
their memories as digital forms. Genres and interactions that were formerly transient
have become relatively permanent simply because it is now possible to keep them in
digital form which can help create socially interactive environments more pertinent.
Through this research we found that emotional tagging of photos can play a vital role
in creating a motivational environment. Our research also helped us realize that the
most of our respondents were motivated to tag their photos not only for the general
public they will share them with but for themselves and their family members benefit
as well. Tagging also found support with our participants as they mentioned
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“Adding text to represent emotional characteristics of my relation to the photo is
great as, for instance when these photos are viewed years from now, the tags can
provide additional information and jog memories much the same way that captions
and descriptions written on the backs of prints do today and then they can add
something on to it.”
“Having the capability to store our narrative of the photo in a digital format, it
becomes readily available for others to add their experience to the same picture. I
can have a group photo and each individual can add their thought to the photo
through text and audio which you cannot do with a printed photo as the space runs
out.”
Through this research the experience gained suggests that questioning ordinary people
about their photo sharing abilities and experiences has provided us with some new
ideas when developing the photo sharing prototype and could also help new
applications emerge.
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Chapter 10
Research Findings and Evaluation
10.1 Summary of Research
This thesis presents a research in ubiquitous computing while focusing on the
particular area of photo sharing in a domestic environment. The research touches on
various subjects within ubiquitous computing like context awareness, modeling, smart
homes, Human computer interaction, methodology and evaluation techniques, human
emotions, data reception/storage/distribution, digital photo technology, photo sharing,
development of prototype, and evaluation.
The aim of this research was two fold and it contributed towards better understanding
of how people share photos in the domestic environment. Firstly it introduces the
concept of digital photo sharing within the smart home of the future where most if not
all communication and multimedia devices are interconnected. This will allow the
photo sharing environment to be easily available anywhere within the home space.
Secondly and more importantly it focuses on the emotional aspects of photo sharing
and how people could associate their personal emotions to photos and store them
digitally to share with friends and families. In order to retrieve these emotions from
the user, we carried out a survey, the details of which have been summarised earlier.
The response allowed us to concentrate on two of the most demanded ways in which
the users would have liked to attach emotional context to the pictures, which were text
and audio while the third option was emoticons.
The concept of a home photo sharing environment was based on the assumption that
home is a place where we experience most of our emotions, whether it be towards our
family members or friends. Home is also a place where physical spaces can be viewed
as personal reflection of an individual and his relations to the outside community.
Towards this end an initial survey was carried out to measure the attitude of people
towards digital photo sharing and if/how we would like to associate our personal
emotions to photos which could help us create a more detailed narrative for our

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

133

Evaluation of a Domestic Photo Sharing Environment.
friends and families. The response from the survey helped us realise some of the
design goals for the prototype photo sharing interface. This research was based on a
user centred design methodology, upon which the interface was modified at key
stages incorporating the feedback from the users. The feedback not only allowed us to
improve the interface, but it also reinforced the initial concept of providing a photo
sharing environment for smart homes which can cater to the emotional needs of its
users through their interaction with their photos. Once this iterative process of
interface development achieved a fairly extensive level of competency, the users were
asked to introduce their own photos and data sources in the form of media devices.
The users found the interface easy to use and suggested that their interaction levels
were definitely higher as they could use not only text but audio to attach emotional
attributes to a particular picture. The interface also allowed them to transfer pictures
to a particular display device depending on the relation of the physical space in the
home. The functionality for distribution of digital photos around the home was very
well received and reviewed, with participants suggesting that it will allow them to
constantly change the perception of a physical space with ever changing photo
contents.
The research showed that users found photo sharing easier and fun to use when
emotional attributes were incorporated in the process. They commented
“The second phase of the prototype is much better as it allows me to use coloured
borders around the photo to represent my emotional attachment.”
“Although adding text is useful, I believe that having your emotions stored as audio is
a more enriching of the experience.” The user also mentioned that “My audio
narrative were very concise, especially for my group photos, but I guess some people
would like to have longer narratives which is ok for the user, but for me having to
listen will bore me”. This could well form part of future research if we were to look at
the length of audible emotional content associated with a photo. For the moment this
does not form part of our research.
“Having the ability to search the photos through their emotional content is very good.
I wanted to search pictures but did not know the name so I entered some text which I
PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

134

Evaluation of a Domestic Photo Sharing Environment.
might have added to those photos and it searched all the photos which contained the
word holiday which was excellent.”
The research summarised that the users shared more photos and had an enhanced
sense of social presence when sharing with our photo sharing prototype. The goal of
this research was to test the impact of photo sharing system in a smart home
environment which allows the users to express their emotions digitally. The research
studied the impact of digital photo sharing on personal behaviour, on social presence
as well as evaluated the design guidelines that motivated the system. Different ways
to evaluate ubiquitous computing systems and in particular photo sharing software for
smart home were explored and a conclusion was drawn that evaluation of ubiquitous
computing environments is not simple or straightforward in most cases especially
when we incorporate personal emotions in the form of photos. Therefore it is
important that evaluation methods that bring together user’s emotional input into the
ubiquitous environment are developed further.

10.2 Evaluation and future work
Majority of the research time was dedicated to the development of the
prototype photo sharing interface which allowed user for easy navigation and
annotating personal photos through emotional tags using text and audio. The design
goals for the photo sharing prototype in this research was based around providing the
users with a simple to use, user centred and emotionally engaging photo sharing
software. The prototype provides a minimal set of features for annotating photos
through the use of text and audio expressions while maintaining the focus on photo
content. The prototype was evaluated based on the behaviour of the users prior and
after their use of the prototype and was instrumental in providing us with the
feedback. The users suggested that the prototype helped them share and annotate
more of their picture than they would actually do with their printed or normal digital
photos. The results of how photo sharing impacted social presence among group
members were collected through user survey and face to face interviews. Participants
rated how connected they felt to the photo sharing activity when emotional interaction
was incorporated either in the form of text or audio. Participants also commented how

PhD Thesis. Copyright Gaurav Sondhi, University of Wolverhampton 07/2010.

135

Evaluation of a Domestic Photo Sharing Environment.
easy and fun the photo sharing prototype was and how it allowed them easily create a
slideshow and a narrative through audio.
The system was designed to be as simple as possible with the options of allowing the
user to download the photos they like into the database, annotate them using text and
audio as well as distribute them to various display devices around the smart home
environment. However users did mention that the future application could incorporate
image recognition and emotional tags through the use of touch. A better organisation
of photos based on the number of times an image was viewed while photos not
viewed for a period of time start to fade into the background. These features were
nominated as possible additions, although users made it clear that these features
should not interfere with the simplicity of the primary interface. The photo sharing
prototype was successful in increasing the number of photos shared and in enhancing
people’s sense of social presence.
The investigation of context and especially context in relation to communication and
distribution is an area with many open questions. Initial investigations suggest that
using photo sharing to address communication partners can be a powerful concept.
Ubiquitous computing aims to provide for a calm and comforting environment and in
order to do so should have a strong focus on how the users within that environment
are going to experience new technologies. This research from the start has focused on
the user’s perception of its environment and actions and hence was based around a
user centred methodology where the user is always in the loop.
Experimenting with the photo sharing environment and information gathered from
users using the prototype in our lab environment made us aware that privacy is a very
hard problem to address in Ubiquitous Computing especially when your photos might
be available to view by others on the internet or when you home environment is
intruded. Building privacy into devices and architectures at a low system level seems
challenging but could offer a high degree of efficiency and could be a future research
initiative.
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10.3 Research directions
Photo sharing is fast becoming a heavily used medium for sharing life’s events
with friends and families. Introduction of the photo sharing scenario in the ubiquitous
computing paradigm and smart home environments, we could provide the users with
an interactive environment where our photo stories can represent the social status of
an individual. In the future, ubiquitous computing seeks to embed computers in our
daily lives where they become so cohesive with our environment that they become
unnoticeable, and for a photo sharing environment to provide such invisible
interfaces, it will need to embrace ubiquitous computing and the users will have to be
given time to accommodate these changes in their interaction techniques.
Another area where photo sharing environment could improve is in them being more
contextually aware. This will bring together user interaction into a new dimension
where the user’s environment could be changed just by their mere presence. The
computer environments could be perceptive, interpretive and reactive based on the
context information they receive. The communication and information infrastructure
must be able to recognise its contents in terms of user’s physical location and identity
and respond with the relevant information in the context of use through delivery
mechanisms which could be smart display devices. Introduction of GPS technology
into photo capture mediums is now a familiar location-awareness technology as well
as integration of RFID for context awareness. Integrating these technologies into the
home environment could provide for a completely ubiquitous photo sharing
experience.
Investigation into reception, storage and distribution of data within the smart home is
an area where further research should be carried out especially when the interface
interaction could involve a multitude of human emotions. Initial investigations
suggest that using personal emotions to annotate digital photos can be a powerful
concept and one which was endorsed by the users of this research. Further research is
needed in the area of privacy within a ubiquitous environment and is becoming a very
hard problem to address in an open society where information is available anywhere
and anytime. Although immense progress has been made in the field of ubiquitous
computing since the term was introduced by Weiser 1993, it is now that a common
understanding of its practises and its effects have been realised. Rapid advances in
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technologies is seen as a key point in realizing the goals of Ubiquitous Computing,
particularly in the field of wireless networks, image processing, microprocessors,
speech recognition, and sensing capabilities. For many ubiquitous computing and
smart home applications the maximum usability could only be achieved when
integrated in the environment with other systems working in harmony with each
other.
In the end we as end users will have to be given some time to come to terms with any
new technology, especially the ones with which we will be living with. The
technology will have to integrate into the fabric of everyday life until it become
indistinguishable from our regular tasks. More importantly photo sharing as an
activity is becoming more and more marketable. It truly is changing the way people
interact with photography and how photography is perceived. Digital cameras and
photo sharing has enabled the rise of many kind of photographers (amateurs to
professionals) and this rise bodes well for the future of the photo sharing
environments.
Despite Ubiquitous Computing coming a long way since its introduction in the late
80s, it is still a field in its infancy. It appears that slowly a common and shared
understanding of what “good practice” in Ubiquitous Computing means is evolving.
Advances in technologies (more power but smaller size), seen as enabling
technologies for Ubiquitous Computing, are taking place. In particular significant
progress can be observed in the areas of wireless networks, processing, and sensing,.
However many of the research demonstrators and prototypes have still a long way to
go before they will be found in the “real world”. For many Ubiquitous applications it
becomes apparent that they are most useful when integrated within the environment
and communicate cohesively with other systems. In Weiser’s article he characterises
Ubiquitous Computing technologies that disappear as follows:
“They weave themselves into the fabric of everyday life until they are
indistinguishable from it.” (Weiser 1991)
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In order to be successful we need to reach a level of comfort with technology that
allows it to be integrated/interwoven within our environment, or fabric of everyday
life until they are indistinguishable from it.
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Abstract:
Ubiquitous computing describes the aspirations of including information systems
into the fabric of our daily lives. The emphasis of the user should be on what task
needs to be achieved rather than how the system will do it. To achieve this the most
important aspect of any information system is the Human Computer Interface (HCI)
through which the user is going to interact with the system. The interface of
applications that are integrated into the home fabric needs to be delicate in the sense
that it should give the feeling of being a part of the home rather than a piece of
technology. The aim of this research is to design and develop a generic Home
Information System (HIS) prototype for the home, which will allow for the
distribution of data coming into the house. The data could incorporate Audio/Video,
Telephone, Images/Photos, and user input etc. The initial part of the research will
look at one aspect of the project, which are digital photos coming into the home. The
research will also help us understand various aspects of how people interact with
Digital Photos, what they would like to do, how can storing photos be made simpler,
how can sharing photo’s made simpler, and how we can design an application which
would easily achieve this. This paper introduces the current trends in the field of
Ubiquitous computing and the challenges the field is processing in order to convince
the users to adopt the technology.
Keywords. Ubiquitous Computing, Smart Homes, HCI, Data Distribution, and
System Integration.

1. Introduction
The term Ubiquitous computing was first introduced by Mark Weiser in 1988 [6] and
it called for bringing together the physical world of human beings and the digital
world of computers to help us with our daily tasks. Ubiquitous computing will allow
us to have access to information anywhere and anytime we want. This paradigm of
computer science is centred on providing technology to users that integrates
effortlessly into their lives and becomes like second nature when using it. Ubiquitous
computing involves many applications from Multimedia, Telephones, Games, and
Networks, to complex applications like Security systems, home monitoring, people
monitoring etc. Other applications include wearable computers, and devices, which
allow people-to-people interaction.
“But, very much like the second phase of the industrialization a
hundred years ago, when energy became Ubiquitous, we can today
observe a distinct move towards decentralizing information
technology” [1].
In today’s world where we have computers, which are networked, mobile, and
embedded into our daily lives. The interaction with them has become a major factor
to be looked at especially with the level of interactivity the users have come to
expect. This can be achieved by designing applications and interfaces, which are
convenient and easy to use. With so much processing power readily available these
days, it is necessary to design interfaces, which are simple to use, which can hide the
complexities of the computing environment from the user so they can concentrate on
the task at hand.

2. Ubiquitous Computing and Smart Homes
The smart home of the future will allow separate entities (devices) of the house to be
interconnected and affect more than one aspect of the house. It will allow using the
latest information and communication technology to link all the mechanical and
digital devices that will be available to create a completely interactive home.
Therefore the ideas that were science fiction a decade ago will become a reality by
bringing together some relatively simple technologies. There are virtually no limits
to this kind of thinking. However careful consideration should be given regarding
the level to which we want the digital interaction to control our environment. A
number of projects have been carried out towards improving our lives by
constructing smart homes [2,3,4,5]. With the arrival of technologies to construct
smart homes a number of fundamental issues regarding the acceptance of this
technology need to be addressed. Issues like user needs, how homeowners view
these changes and the potential benefits the technology offers, the HCI for such
technology, and the main challenges of the everyday home environment.

The integration of different systems is driven by attempts to provide new and
better services to users, and to reduce cost [5]. The drift towards convergence of
technologies has become so strong that the concept of traditionally independent
systems can no longer be regarded as separate. As today we have a combination of
devices in the home which include PC’s, Notebooks, PDA’s, TV’s (Interactive and
Normal), Projectors, VCR, DVD Players, Laser Discs, Tapes, CD, Camera’s
(Analogue/Digital/Camcorder/Mobile Phone), Hi-Fi, Telephones, Internet etc. These
devices use a multiple interaction medium to communicate with each other. They
include analogue and digital communication, IRDA, Bluetooth, USB, Firewire,
Serial/Parallel communications etc. So for example if we want to transfer data from a
camera to a pc, we have a number of possible connection mediums (Bluetooth
adaptor, IR adaptor, USB etc). One of the scenarios might involve wanting to look at
the pictures displayed on the TV, but which are stored on the PC. This diversity has
confused the inexperienced users, as they want simpler ways in which they can
access their information and interact with multiple devices without having to carry
out connection between these devices. The separation between the boundaries of
different systems is becoming more and more blurred. Since the technical
requirements vary considerably depending on the type of property and individual
circumstances, we need a central management device, which will allow the users to
distribute data coming into the house as required. This will address the problem of
diversity in human behaviour and will allow users to behave independently while
not being restricted by the technology.
According to Weiser, ubiquitous computing will be the age when technology
recedes into the background of our lives. “The technology will be invisible and will
not live on a personal device of any sort, but is in the woodwork everywhere” [6] i.e.
is embedded in our environment. For the technology to be successful in homes, it
needs to dissolve into the daily routines of the user in their home environment.
Development and adaptation of networking technologies as well as an increasing
number of intelligent home appliances are opening new possibilities for residential
communications [7]. This has allowed home appliances to be networked and
interconnected, which has allowed the user to remotely monitor and control their
homes and appliances. Lucenius et al points out the challenges faced when
interacting with home appliances. They include the heterogeneous nature of the
devices and the support of mobility of both the user and terminal by the
communication infrastructure.
The research carried out by TEAHA [8] on the current status and trends of
Connected homes has summed up the vision of the future as providing convergence
of applications, integration of appliances into systems, an in-home communication
infrastructure, and the possibility of providing new services based on the
infrastructure.
We as human beings are unique and every individual has different needs. People
have a powerful desire for their places of living to reflect individual needs [9]. The

current housing development process is not able to efficiently cater for the unique
requirements of individual occupants. Responding to unique requirements of
individuals in the home should be the main focus of future home technology
developers. The problem has been addressed to some extent by projects such as
ACHE (Adaptive Control of Home Environment) [4]. The concept is of a neural
networked home that allows the technological environment to adapt to its
inhabitants. We can say that the environment evolves as it learns more about the
daily activities of the people living in the house.
A number of research institutions and manufacturers are jointly working on
projects to improve our domestic experience [10, 11, 12]. Their understanding of the
term home is based on a combination of complex set of activities, values, and
motivations. The aim of the Equator domestic experience [11] is to develop
innovative technologies for the home. It takes three complementary research
perspectives on the home i.e. Computer scientists, Ethnographers, and Designers. All
three perspectives stress the fact that homes evolve and therefore domestic IT
systems should not be ‘complete’, rather their conclusion is that domestic technology
should be suggestively incomplete. This will allow the home user to appropriate the
technology, thereby creating their own representation of the ‘Smart Home’. The aim
is not to liberate people but to help people liberate themselves by using the
technology as naturally as possible.
As well as cater for the uniqueness of individual house we need to consider the
diversity of individual behaviour in the house. This could be achieved by allowing
the users to control or add functionalities to a system, which were not anticipated by
system designers. In creating Smart Homes for the future, we should not automate
everything just for the sake of it. As different people have different needs, we need to
build up a specification that responds to the real needs of those people. Also, the
perceived facts about the environment have to be represented in such a way that the
information can easily be processed and made available to other smart things. This
can be achieved by providing a supportive infrastructure, which resides in the
environment and allows information to be exchanged between other smart things.
We need to look at changing or improving the interactivity in the homes that are
not new as well, as this will present the major part of the market. The technology
should be affordable by everyone and not just by the rich. When building new
houses or people carrying out extensive refurbishment work, the infrastructure
provided should enable connectivity to new Information and Communication
Technologies both inside and outside of the house. The standard infrastructure for
the home should provide the facility to accommodate context-specific systems,
which are designed to serve a broad range of users in different homes as well as
personalised systems, which are tailored to the needs of specific individuals and
households.

3. Human Computer Interaction (HCI) and UbiComp
Humans are social creatures finding human presence and communications essential
for the enjoyment of life [13]. The users should be placed at the centre of any design
process, as they are the ones who are going to use the system [14]. It also suggests
that when a system is being designed for a group, we should be sensitive to the
individual needs of the person rather than the categorization of the person.
The concept of HCI becomes more important when the applications are going to
be used in the home. Petersen [15] discusses how the move of interactive technology
into our everyday lives challenges existing HCI theories and practices. It pushes
ahead a number of questions, such as our understanding of human actions. [15] Also
discusses the report on TV use in the homes. It analyses the use of domestic
technology to reveal more general challenges and opportunities for HCI posed by
everyday artefacts. A good HCI will allow the product to be pleasurable, fun and
enjoyable.
HCI plays an important part in developing technology, which will affect users in
their home. A combination of HCI evaluation techniques might be used to develop
an interface for home technology, which will give more options for user interaction.
As we are aware that any system design for home technology should be user centred,
this will allow systems to be produced which are natural and transparent to use as
the users will prefer one system over another because of its perceived relative ease.
One of many projects being researched towards making our lives more enjoyable
in the home is the Smart Home Project by the Personal Electronics Group [10]. The
idea behind this project is to design and develop electronic devices to be used in
home technology. They will be devices that a user could not perceive, until he would
actually use them. The project included technologies like plant watering monitor,
motorised curtains, intelligent locks, controllable lights, GUI, centralized equipment
control, identification of inhabitants, air quality measurements, floor sensors etc. The
home of the future will need to provide an environment where so many technologies
can interact with the user and with each other without causing interference to the
user’s natural instincts. The home user needs secure, cheap, and easy to use
communication systems to give them more convenience. The applications used in the
home should have as little learning as possible for the home user [17]. This will allow
the user to use the system more and more because of its relative ease.
Research shows that human interaction with home technology is important, as
there is an increasing amount of interest being shown by manufacturers and
researchers towards this field. [19] investigates the needs and wants of people with
respect to technology in the home. It conducts a study of technology in the
household. One must make sure when designing systems for home use, that the user
should always be in control of the situation at all times. However in circumstances,
which do not allow us to give the user complete control, we need to evaluate as to
when a home system failure would affect the health and safety of the users.

4. The Project – Data Distribution
The use of technology in the home has grown rapidly in recent years with the
introduction of television with the capability of interactive data sources from digital
terrestrial and satellite systems. Technology like audio and video recording has
improved, with a multiplicity of devices and formats available to home users. Sloane
[18] has summarised different forms of information being used in the home as well
as the media type that is used to access that information. With so much diversity in
the types of applications being used in the house, what is proposed is a centralized
system capable of distributing data to these separate devices as required. This will
collate and synthesise the various information sources (e.g. Photographs, Audio,
television, telephone, user input, fax etc) and provide a range of user interface
devices that will allow convenient and timely access to the information.
The central aim of the proposed study is to design, develop and evaluate a
prototype for a generic HIS device, which will allow for the distribution of data
coming into the house in various forms (e.g. Audio/Video, Telephone,
Images/Photos, user input etc). The HIS will allow users to store, process, and access
information regarding the data coming into the house in a convenient manner. This
will allow for the limitation of diversity of storage that is apparent in home systems
at present [18]. Harper [20] suggests the need for industry-wide standards that will
allow the exchange of information and commands between various interactive
technologies. Currently there are various proprietary protocols that are being used in
home technology, which makes using the technology harder for the inexperienced.
However the research will initially be looking at one aspect of the incoming data i.e.
Digital Photographs. With the advent of digital photography there seems to be
endless stream of pictures that we want to share with our friends and loved ones.
Digital images have allowed us to capture our emotions and build a kind of time
travel machine that we can use for a variety of domestic purposes.
The project is concerned with extending/improving the quality of life for the
people in their home in the future. However, consideration will also be given to the
features provided by such a system, and the user’s motivation to employ those
features. There is a tendency amongst contemporary software and hardware
products to provide features that the majority of users will not interact with. This
process typically increases system complexity and exacerbates the mismatch between
mental model and function. Simplicity of function, as well as aiding cognitive
compatibility and memorability, will enhance the user’s motivation to use (and
purchase) the system. There is also a need to ensure that there is interoperability
between different, but supposedly compatible components [10]. This does not deny
the possibility of system designers providing new beneficial features. However, such
developments should be informed through research into people’s attitudes towards
proposed additional functionality.

It is envisaged that there will be a large number of influencing factors affecting
the adoption of home technology by home users. The research will help in finding
the factors, which influence the performance of the user and their interaction with
the interface, both positively and negatively.

5. Conclusion and Future work
As initial development costs decrease, devices become extremely cheap to
manufacture, as scaling factors continue to grow, and as the physical size of the
devices match their low prices, we could look beyond the age of ubiquitous
computer to the age of a global computational and information network. It is vital to
have a global communication network as the user will not be stationary most of the
time and should be able to interact with the information whenever and wherever he
wants.
The home of the future will not just be about devices in the home or embedded in
the fabric. It will bring together other aspects of technology like wearable computing,
smart clothing, multimedia systems, positioning systems, and entertainment
computing etc. Sloane [18] also points out problem with large scale of legacy
information, which could be in different formats. The legacy data needs to be
brought together into the standard format. This digitisation will require time and
effort, which may ultimately determine the initial take-up of HIS in the market.
The next step of the project will be the design for the Generic HIS, which will be
starting in March 2005. Once the prototype has been developed, it will go through
rigorous user evaluation, which will give us feedback regarding the usability of the
system and its embracing features. We will also be looking at controlling devices in
the home with the aid of the centralised prototype. This will allow us to search for
devices, which we can interact with, and being able to control it with the aid of a
standard interface developed for that application.
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Abstract
Ubiquitous Computing is a multidisciplinary field of research that explores computing
technology as it moves beyond the desktop environment and becomes increasingly interwoven
into the fabric of our lives [2]. It is this idea of interweaving technology into our daily lives,
which will be looked at in this research. This paper presents the development of a generic
Home Information System (HIS), which will allow us to support everyday activities in
domestic settings. A typical domestic setting has a vast variety of data coming into the
environment, some of which is in different formats (Digital/Analogue) and use different
proprietary protocols to interact with relevant devices and applications. The aim of the
prototype will be to allow for the distribution of data coming into the house to various devices.
The data could incorporate Audio/Video, Telecom, Images/Photos, and user input etc.
Keywords : - Ubiquitous Computing, Smart Homes, Centralised Control, Data Distribution,
Standardisation, System Integration, User Centred Technology, and Home Information System.
1. Ubiquitous Computing and Users in Smart Homes
It is widely recognised that Mark Weiser is the father of Ubiquitous Computing as he
introduced the concept in 1988 [3]. Weiser has put forward some ideas as to how the future of
computing should allow the users to interact more freely. The technology should allow the user
to do multiple tasks simultaneously and should be a quiet and an invisible servant [4]. The
prediction about the future by Weiser has to some extent been realized and extended to other
domain of daily lives by system designers, however unless this technology is at a very low
price, the consumer market will not be tempted into such an expense. An important factor for
the future of ubiquitous computing will be the comfort with which the users and technology
can co-exist.
Ubiquitous computing will allow automation of routine physical tasks, which will liberate
us from all the hard work in the home and help us live more independently. This is achieved by
introducing the technology in the home at three levels, which are external infrastructure, basic
utilities, and domestic appliances [4]. The use of these technologies tends to change our
traditional perceptions of space and time, breaking away from the limits imposed by physical
limitations of the home. Smart Home systems could simply offer additional convenience in
everyday activities adding to the benefits provided by the mechanical and electrical
technologies. One of the many projects [4,6,7,8,10] that have been researched towards making
our lives more enjoyable in the home is the Smart Home Project by the Personal Electronics
Group [5]. The idea behind this project is to design and develop electronic devices to be used
in home technology. They will be devices that a user could not perceive, until he would
actually use them. The project included technologies like a plant watering monitor, motorised
curtains, intelligent locks, controllable lights, centralized equipment control, identification of
inhabitants, air quality measurements, floor sensors etc. the home of the future will need to
provide an environment where so many technologies can interact with the user and with each
other without causing interference to the user’s natural instincts and to each other.

In doing so, it is important to construct electronic devices which are small in size, use
wireless communications, have low power consumption and visually difficult to detect i.e.
embedded into the fabric of the home and should not restrict the natural movement of the user
within the home environment. The Smart Home project [5] points out that the control of the
devices could be a PC, Laptop, or a smaller handheld device. This means that the control of
these devices should be centralized. The project brings us one step closer to controlling the
home technology by voice and remote controls. A truly ubiquitous technology will allow the
focus to be completely shifted from the enabling technology to the application and delivered
services, for example the computer system built inside a MP3 player is natural to use. However
no one cares if there is Java inside it or how the TCP/IP stack is implemented [4].
One of the challenges of making technology ubiquitous in the home is the variety of
proprietary protocols that different devices use to interact with the user. This multiplicity of
devices is obscuring the convergence of the technologies and a multi-purpose home
information and communication system is a clear alternative to the many and varied formats in
operation at present. What we need is a way by which we can accommodate all these different
protocols into a single system and use it to interact with all the other devices and applications
in the house. The aim is not only to converge the different protocols but also the data that is
coming into the house. The design guidelines for smart homes of the future have been
mentioned in [9] and show a multitude of technologies required to achieve this. For smart
homes to be successful the different control and communication functions need to converge in
order to avoid compatibility problems.
2. The Project – Data Distribution
The use of technology in the home has grown rapidly in recent years with the introduction
of television with the capability of interactive data sources from digital terrestrial and satellite
systems. Technology like audio and video recording has improved, with a multiplicity of
devices and formats available to home users. Different forms of information being used in the
home as well as the media type that is used to access that information has been summarised in
[11]. With so much diversity in the types of applications being used in the house, what we need
is a centralized system capable of distributing data to these separate devices as required, this
will collate and synthesise the various information sources (e.g. Photographs, Audio,
television, telephone, user input, fax etc) and provide a range of user interface devices that will
allow convenient and timely access to the information.
The central aim of the proposed study is to design, develop and evaluate a prototype for a
generic HIS device, which will allow for the distribution of data coming into the house. This
need is driven by the prospect of data in various forms (e.g. Audio/Video, Telecom,
Images/Photos, user input etc) coming into the home from a combination of devices which
include PC’s, Notebooks, PDA’s, TV’s (Interactive and Normal), Projectors, VCR, DVD
Players, Laser Discs, Tapes, CD, Camera’s (Analogue/Digital/Camcorder/Mobile Phone), HiFi, Telephones etc. These devices use a multiple interaction medium to communicate with the
user. The HIS will allow users to store, process, and access information regarding the data
coming into the house in a convenient manner, this will allow for the limitations in diversity
that is apparent in home systems at present [11]. The need for industry-wide standards that will
allow the exchange of information and commands between various interactive technologies
will need to be achieved [12]. Currently there are various proprietary protocols that are being
used in home technology, which makes using the technology harder for the inexperienced.
However the research will be looking at one aspect of the incoming data i.e. Digital
Photographs. With the advent of digital photography there seems to be endless stream of
pictures that we want to share with our friends and loved ones. Digital images have allowed us
to capture our emotions and build a kind of time travel machine that we can look at.
The project will initially involve carrying out a scenario-based survey regarding the
concept of the data Distribution device. The questionnaire will help in measuring attitudes
towards the proposed features of the HIS, and its future developments. Upon receiving
feedback from the survey, the project will use a top down approach to the system. This will

allow us to start with a top-level description of a system and then refine this view step by step.
With each refinement, the system will be decomposed into lower-level and smaller modules.
The major higher-level system requirements and functions will be identified, and will be
broken down in successive steps until function-specific modules can be designed. The
prototyping will help in collecting feedback from the users who have used the system. This
will be an iterative process, which will allow us to implement a usable interface for the system.
Novel developments are expected in the methodological approach used, the devices developed
and the results of the evaluation of these interfaces will provide insight to how users cope with
the technology and the ubiquitous paradigm.
The project is concerned with extending/improving the quality of life for the people in their
home in the future. However, consideration will also be given to the features provided by such
a system, and the user’s motivation to employ those features. It is envisaged that there will be a
large number of influencing factors affecting the adoption of home technology by home users.
The research will help in finding the factors, which influence the performance of the user and
their interaction with the interface, both positively and negatively. What will be required is
technology that will create a calm and comforting environment within our homes. The research
aims at answering some of the questions about the adoption of ubiquitous technology in the
home by people and how this change is going to affect the social interaction between home
occupants. The research will address the factors, which will affect the design of interfaces to
interact with the technology, and what are the best ways in which people can interact with this
ubiquitous technology. The more you can do by intuition the smarter you are and the computer
should extend your subconscious [4].
The prototype will be tested in a laboratory setting, which will simulate the home
environment. It will then assess the feasibility of the system under conditions that equate to
everyday use. In addition to experimental collection of data, attitudes to home technology and
motivation towards its use will be measured using custom survey tools and a limitedethnographic approach. Ethnographic evaluation will be used to compose a description of a
group or culture, by focusing on the more predictable patterns of thought and behaviour when
using the technology. As the system is going to be used by the general public in their home, it
is necessary that they test the interface. The testing of the interface by the users will help in
providing feedback, which will help the development of the application. The development of
interface will consist of close consideration of its various aspects including a combination of
different Human Computer Interaction (HCI) evaluation techniques [13]. The project will
involve a combination of methods for evaluating usability (Cognitive walkthrough, Heuristic
Evaluation, Model-based, and User-based evaluation [14]) and collecting relevant data from
the user. The interviews and questionnaires will allow us to collect information regarding
interface styles, what influences people to use the system, HCI, and the future trends of home
technology. This will provide the essentials needed for technology adoption and their affect on
human living. The proposed research will concentrate on the utilisation of information systems
in the home by people. A retrospective comparative study of other applications and their uses
will be included to provide a picture of developments in the field of ubiquitous computing,
which may help determine the influences, that affect the inclusion of home technology into the
daily fabric of the home and becomes a daily routine for the people at home. It is envisaged
that there will be a large number of influencing factors affecting the adoption of home
technology by home users. The research will help in finding the factors, which influence the
performance of the user and their interaction with the interface, both positively and negatively.
3. Conclusion and Future work
The rapid growth in ownership of home-based leisure goods including PC’s, videorecorders, fitness equipment, gardening, DIY etc. suggests that people’s lifestyles have become
increasingly home-centred. Involving real users in the design of smart homes projects and in
the evaluation process is critical to the development of new technologies. Failure to involve
users can lead to products and services which are poorly matched to their requirements, and
which seriously under-perform from a users perspective. In the long run this is likely to result

in persistent disappointment with new technologies and financial costs arising from poor
market take-up.
The future implementations of technologies for smart home systems will largely depend on
the extent to which they offer improvements in the quality of life, solutions to actual household
problems and reductions in cost. The technology will have to prove its benefits and not prove a
burden by their installation. The use of smart home technologies offers prospects of removing
some of the more mundane daily tasks of carers by facilitating new combinations of home care;
medical support and remote care delivery. The problem with large scale of legacy information,
which could be in different formats, needs to be overcome [11]. The legacy data needs to be
brought together into the standard format. This digitisation will require time and effort, which
may ultimately determine the initial take-up of HIS in the market. There needs to be more
research into understanding the benefits and potential problems of using smart homes. We also
need to explore issues regarding human adaptation to these technologies and need to convince
general users about the technology, and its benefits, as they are sceptical about adopting any
new technology. We also need to build technologies that will take into consideration the
natural ageing process of human beings and the home environment.
The research will provide the link between users and the interface, spatial, and sequential
aspects of actions required to fully understand the tasks. The benefits from this research work
will be wide-ranging, as it has the potential to be used by many companies, which produce, are
involved in home technology. It will contribute to creating a living environment in the home of
the future and in realizing the ethical issues as well as answer some health and safety problems
that might be faced with this type of technology. The next step of the project will be coming up
with a design for the Generic HIS, which will be starting in March 2005. Once the prototype
has been developed, it will go through rigorous user evaluation, which will give us feedback
regarding the usability of the system and its embracing features.
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Ubiquitous Computing – Distribution and storage of digitised data within the
networked smart home
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Abstract—A “smart home” can be defined as a residence
equipped with computing and information technology, which
anticipates and responds to the needs of the occupants, working
to promote their comfort, convenience, security and
entertainment through the management of technology within the
home and connections to the world beyond [1]. This can be
achieved by making the technology as ubiquitous and pervasive
as possible. Looking at the aspects of entertainment within the
home, there are several consumer electronic devices that provide
multiple interaction mediums to communicate with each other.
They include devices such as PC’s, Notebooks, PDA’s, TV’s,
Projectors, DVD, and Cameras etc. These multiple interaction
mediums could confuse the user and put them off using
technology. To facilitate a better interaction this paper proposes
a convergence of these technologies and interaction mediums, by
providing an In-Home Communication Infrastructure, which
can interact with all these devices and provide the comfort and
convenience that the user expects. This paper introduces the
idea of distributing digital data coming into the home, being
stored by the user, and then distributed across various
platforms within the home through the Home Information
System (HIS).
Index Terms—Ubiquitous computing, Smart homes, User-centred
technology, Home Information System.

I. INTRODUCTION
It is widely recognised that Mark Weiser is the father of
Ubiquitous Computing as he introduced the concept in 1988
[2]. Weiser has put forward some ideas as to how the future of
computing should allow the users to interact more freely.
Ubiquitous computing in the home is about the automation of
routine physical tasks (or tasks which require some sort of
mechanical action for their successful completion), which will
liberate us from all the hard work in the home and help us
live more independently. These tasks could include, but are
not limited to, activities such as plant watering monitor,
motorised curtains, intelligent locks, controllable lights,
centralized equipment control, identification of inhabitants,
air quality measurements, floor sensors etc. This is achieved
by introducing the technology in the home at three levels:
external infrastructure, basic utilities, and domestic
appliances [3]. The use of these technologies tends to change
our traditional perceptions of space and time, breaking away
from the limits imposed by physical limitations of the home.
Smart Home systems could simply offer additional
convenience in everyday activities adding to the benefits
provided by the mechanical and electrical technologies.

Ubiquitous Computing is also concerned with allowing
the users timely and efficient access to information that is
around us in our daily lives. One of the ways in which this
can be achieved is by embedding the information systems into
the fabric of our home environment. The technology has to
fuse in with the decor of the home so that it can provide
constant access to information while being hidden from the
user for most of the time. A truly ubiquitous technology is
one, which allows the user to ignore its presence, and the user
only becomes aware of the system when they interact with it.
Information and Communication Technology (ICT) based
artefacts and computers would fade into the background while
people would be surrounded by intelligent and intuitive
interfaces embedded in all kinds of objects [4].
Whereas home computers in the 1980s were used primarily
for word processing, telework and children’s games, home
computers in the 1990s were being used for a wide variety of
household functions such as child and adult education, family
communication, family recreation and travel, shopping, and
domestic finances [1]. As the usage of computers has
increased for more household functions, there has also been a
gradual shift in the ways in which information is being
received, stored, and distributed around the home. With
technological advancements being made, a delicate balance is
needed in order for these technologies to become more
socially accepted. The attributes of reliability and
controllability are especially important when we look at the
data, which is being imported into the home and is crucial to
maintain the integrity of data. These issues also need to be
addressed when looking at the wireless network capabilities
and the support for multimedia components within the home
and the bandwidth requirements to accommodate such a
scenario of digital data reception, storage and distribution
through the HIS.
The most important aspect of making technology in home
successful will be the hiding of intricate technological details
from the user. The user should be made aware that the task
was achieved, but not how it was achieved. The technology
should be practical to use and should allow family and friends
to interact with each other freely. Friedewald et al [4] point
out the following, which should be kept in mind when
developing smart homes:  It helps its inhabitants live a healthy, happy and safe life.
 It performs many tasks automatically to relieve the stress
of managing the house.

 It integrates home, work, learning and leisure activities.
 It does not annoy people with the technological details of
how it actually works.
The above points to some extent have been realised by
researchers of technologies who are now working with many
developers to achieve these in the home environment. As
Sloane et al [5] have recognised, a HIS, which is an
integrated computing system for the home will allow the
users to store, process and access information in a convenient
manner without the diversity of storage that is apparent in
home systems at present.
II. THE PROJECT
Since the early 1980s, there has been a gradual shift from
using analogue technologies for transmission and storage of
information towards digital technologies. This was first
manifested in telephony with fixed lines and then later on
with mobile transmission and TV transmission. More recently
this trend has extended to consumer electronics products,
such as digital audio/video systems, and cameras. With
regard to media transmitted to the home, the transition from
analogue to digital technology has broken the distinction
between voice, data, and image, making it possible to
converge distribution methods around the home [1]. These
trends make it necessary to introduce appropriate systems for
importing data from outside the home, storing it securely, and
distributing it around the home. Such a system will provide
the user with convenient and timely access to the information
while also making interaction with technology fun and
enjoyable to use.
This move towards digital forms of information had led to
the question as to what the users in the home will want to do
with this information when it is received [5]. Technology
such as audio and video recording has improved, with a
multiplicity of devices and formats available to home users.
Different forms of information being used in the home as well
as the media type that is used to access that information has
been summarised in [5]. With so much diversity in the types
of applications being used in the house, what is needed is a
centralized system capable of distributing data to these
separate devices as required. This will collate and synthesise
the various information sources (e.g. Photographs, Audio,
television, telephone, user input, fax etc) and provide a range
of user interface devices that will allow convenient and timely
access to the information [6]. Until recently, local networking
was confined to connecting computers in a technical or
commercial environment. The application in a private
environment, in smart homes for example, is relatively new.
Nevertheless, some systems exist for home environment
application, but there is still a lot of space for improvements.
One bottleneck is, the bandwidth of existing systems if the
network is used for the transmission of multimedia
information [7]. Berlo et al [7] also point out the advantages
and disadvantages of various types of media available for use

in a home network that can communicate with smart devices.
The complexity of setting up a home network is also
putting off users who are not aware of the technology or are
not from a technological background. There are other
problems associated with a home network infrastructure if it
is to handle all the digital data, which is being imported into
the home. These include: network bandwidth, network
contention, resource allocation, security and Quality of
Service (QOS). These factors become more important
considering the home of the future when the deployment of
next generation wireless networks or wireless communication
systems will require rapid and easy deployment by the users
and need to provide a survivable, efficient, and dynamic
network. In the scenario of providing an ad-hoc network
environment for the home where the wireless hosts can
communicate with each other in the absence of a fixed
infrastructure, these networks typically consist of equal nodes
that communicate over wireless links without central control.
Some ad-hoc networks are linked to a fixed infrastructure via
access points. The problem faced with ad-hoc networks is of
providing QoS guarantees especially with providing QoS
guarantees for real time multimedia applications, even though
ad-hoc networks are a key factor in the evolution of wireless
communications. These networks inherit the traditional
problems of wireless and mobile communications, such as
bandwidth optimisation, power control, and transmission
quality enhancement. In addition, their multi-hop nature and
the possible lack of a fixed infrastructure introduce new
research problems such as network configuration, device
discovery, and topology maintenance, as well as ad-hoc
addressing and self-routing. Various approaches and
protocols have been proposed to address ad-hoc networking
problems, and multiple standardization efforts are under way
within the Internet Engineering Task Force (IETF), as well as
academic and industrial research projects.
Ad-hoc environments can consist of self-configuring
networks of mobile routers (and associated hosts) connected
by wireless links, the union of which forms an arbitrary
topology. This means that the nodes are free to move
randomly within the environment and organize themselves
randomly; thus, the network's wireless topology may change

Fig. 1. Ad-hoc environment showing personal area network (PAN)
being established through Bluetooth connections [16]

rapidly and unpredictably. These characteristics and
constraints of ad-hoc networks, such as dynamically changing
network topologies, limited link bandwidth and quality,
variation in link and node capabilities, etc, considerably affect
the typical network QoS metrics, such as throughput, packet
loss, delay, jitter, error rate, and so on. In general, multimedia
support is a complex issue. In particular, in the area of ad-hoc
networks, the study of techniques to support differentiated
services concerns studying various topics, such as adaptive
coding, transmission power trade-offs, scheduling, prioritybased MAC schemes, QoS routing, resource reservation
signaling, end-to-end control algorithms which are beyond
the scope of this project. What is needed are solutions to
problems such as unpredictable network topology, scarce
radio bandwidth, limited battery power of mobile nodes,
synchronisation, and security to make ad-hoc networks more
suitable for home environments. In earlier work by H. Arora
et al [8], it has been shown that the capacity of the network
and the utilization of its resources change with the speed of
the nodes. This implies that if the parameters of a QoS model
within the nodes of the network are tuned to operate at a
particular speed, the model might fail to provide assurances if
the nodes start to move faster. Then the parameters must
either be re-tuned, or the nodes must be made aware of the
average speed of movement of the network nodes, so that the
parameters can be adjusted dynamically. Another factor,
which will become important when having a centralised
system like the one proposed in this paper, is “Network
Contention”. It has also been shown [8] that at very high
speeds, the network capacity degrades exponentially due to
excessive link breaks. Hence this project will be deploying a
wireless network, which will support Bluetooth devices, WiFi enabled devices, and wired network components.
III. DATA DISTRIBUTION WITHIN T HE HOME

Digital data coming into the home today includes music in
CD-format, video in DVD, digital photos, and there is already
digital radio and TV-channels. Multimedia Entertainment is
slowly becoming more and more readily available which is
allowing the users to experience more augmented experience.
In order to make it as easy as possible for the occupants of the
smart house to interact with the various smart appliances, the
medium of communication must be as natural as possible [9].
Sloane et al [5] summarise the range of information used in
the home and outlines the movement of information and the
actors involved in its use. It also shows the diversity of
information usage in the home.
The central aim of the proposed study is to design, develop
and evaluate a prototype for a HIS device, which will allow
for the distribution of data coming into the house. This need
is driven by the prospect of data in various forms (e.g.
Audio/Video, Telecom, Images/Photos, user input etc)
coming into the home from a combination of devices which
include PC’s, Notebooks, PDA’s, TV’s (Interactive and

Normal), Projectors, VCR, DVD Players, Laser Discs, Tapes,
CD, Camera’s (Analogue/Digital/Camcorder/Mobile Phone),
Hi-Fi, Telephones etc. These devices use a multiple
interaction medium to communicate with the user. The HIS

Fig. 2. Interaction of Home Information System.

will allow users to store, process, and access information
regarding the data coming into the house in a convenient
manner, this will allow for the limitations in diversity that is
apparent in home systems at present [5]. The need for
industry-wide standards that will allow the exchange of
information and commands between various interactive
technologies will need to be achieved [10]. Currently there
are various proprietary protocols being used in home
technology, which makes using the technology harder for the
inexperienced. However the research will initially be looking
at one aspect of the incoming data i.e. Digital Photographs.
With the advent of digital photography there seems to be
endless stream of pictures to share with our friends and loved
ones. Digital images have allowed us to capture our emotions
and build a kind of time travel machine that we can look at.
The initial phase of the project will look at how digital
photos can be imported into the home, stored by the user, and
then distributed across different viewable platforms in the
home. The proposed HIS will also support information
coming from paper based sources like pictures which are in
digital format from a digital camera or a paper printed photo
which is scanned and stored. The research will also look at
exploring ways in which we can represent the emotional
factors related with pictures and how we can share it with our
friends and family. We will be looking at using voice input
and voice-to-text technology to represent emotions and also
get user feedback as to how emotions change over a period of
time. Fig. 2 illustrates how digital photos can be imported
from various devices into the HIS. It is proposed that there
will be various communication mediums available (USB,
Bluetooth, IR, Wi-Fi etc) on the HIS, which will allow these
devices to communicate with the central storage through the
HIS. Once the user has decided which photos they want, the
images will be stored in the central storage system. The user
can then view them on the HIS or on a TV or a projection
system as a slide show.
Sloane et al [5] also points out the problem with the large

scale of legacy information, which could be in different
formats. If we take an example for this project, we can see
that in a typical home there are a number of paper based
photos which will need to be scanned and then stored in
digital format. However if we can provide a mechanism
where the user has options as to how they want to store the
information, it will help with the usage of the HIS as while
trying to achieve the solution to reception, storage, and
distribution of data in the home, we should also look at ways
in which we can make this interaction with the HIS more fun
and enjoyable.
The above scenario will require interaction with various
communication/networking mediums. What the HIS will
provide is a simpler way to interact with these devices for the
home user i.e. if the user wants to transfer data from one
device to another which are located in different location in
the home without actually having to physically interact with
the devices, the HIS will allow for this facility. For example,
as is shown in Fig. 2, if the PC is located in the bedroom and
is Wi-Fi enabled, the user can use the HIS (in the living
room) to communicate with it and transfer data from the PC
to the central storage and then view it on the TV as a slide
show. The project will also be looking at the problems with
storage of digital data in the home, as there are diverse
devices for storage, which are generally incompatible [5]. The
storage requirements of data could vary from one person to
another and the scenario needs to be incorporated in the
design of the HIS with options for future expansion regarding
storage requirements. We will be setting up the experiment as
a wireless network primarily because wireless network has the
advantage of being an unguided system, which also provides
flexibility, ease of installation and modification, is
expandable, mobile, and provides interconnectivity with other
devices. Wireless networks can also be set up in older
residential homes which make them more suitable for smart
homes.
However there are also some disadvantages with wireless
networks. They can become expensive and more complex.
They can be bugged or disturbed and therefore efficient
security mechanisms have to be provided [11]. The error rate
in wireless systems is about two to five times higher than in
wired systems [12]. It is important when designing wireless
networks for the home that we select appropriate error
detection and correction protocols as well as transmission
codes for the network environment. Another point of security
with wireless networks is its use of air medium for transfer of
data. The waves that are transmitted in the air can easily
penetrate walls and ceilings in the apartment. This will allow
for the management of data by unauthorised users, which
could be extremely dangerous when control signals are
transmitted in the air. Some of these problems could be
overcome by the use of appropriate encryption of data and
other techniques.
The project is concerned with extending/improving the

quality of life for the people in their home in the future.
However, consideration will also be given to the features
provided by such a system, and the user’s motivation to
employ those features. It is envisaged that there will be a
large number of influencing factors affecting the adoption of
home technology by home users. This research will help in
finding the factors, which influence the performance of the
user and their interaction with the interface, both positively
and negatively. What will be required is technology that will
create a calm and comforting environment within our homes.
The research aims at answering some of the questions about
the adoption of ubiquitous technology in the home by people
and how this change is going to affect the social interaction
between home occupants. The research will address the
factors, which will affect the design of interfaces to interact
with the technology, and what are the best ways in which
people can interact with this ubiquitous technology.
IV METHODOLOGY
Compared to work environments, where there is an almost
embarrassing choice of methods of study, how and in what
ways domestic environments may be best investigated for the
purpose of design is largely an unknown quantity [18]. The
project will initially involve carrying out a scenario-based
survey regarding the concept of the data distribution device.
The questionnaire will help in measuring attitudes towards
the proposed features of the HIS, and its future developments.
Upon receiving feedback from the survey, the project will use
a top down approach to the system. This will allow a top-level
description of a system and then refinements of this view step
by step. With each refinement, the system will be decomposed
into lower-level and smaller modules. The major higher-level
system requirements and functions will be identified, and will
be broken down in successive steps until function-specific
modules can be designed. The prototyping will help in
collecting feedback from the users who have used the system.
This will be an iterative process, which will allow us to
implement a usable interface for the system. Novel
developments are expected in the methodological approach
used, the devices developed and the results of the evaluation
of these interfaces will provide insight to how users cope with
the technology and the ubiquitous paradigm.
The nature of the home, and the character of everyday
home life is undergoing constant change in definition and as
such is required to become responsive to the changing needs
of people throughout their lifetime. Any design process
requires the designer to consider the home from a proactive
and lifetime perspective [18]. This project will seek to
simulate the home environment in a laboratory setting, using
prototypes based on current high-end computing devices and
other technologies. It will then assess the viability of the
systems under conditions that equate to everyday use. In
addition to experimental collection of data, attitudes to home
technology and motivation towards its use will be measured

using custom survey tools and a limited-ethnographic
approach. The project will combine the technical aspects of
home information system design with the cognitive
ergonomics of devices aimed at the home market. The
prototyping will help in collecting feedback from the users
who have used the system. This will be an iterative process,
which will allow us to implement a usable interface for the
prototype. Before we begin the development, a pilot study will
be carried out, which will give us an initial feel of the user
attitudes toward devices which will allow them to distribute
their photographs across multiple platforms.
As the system is going to be used by the people in their
home, it is necessary that they are involved in the design of
the system. The user interface is the single most important
component in such systems, upon which everything else will
be judged. If the interface is confusing and badly designed,
the user will reject the system. We are aware that the user will
prefer one system to another because of its relative ease of
use. The testing of the interface by the users will help in
providing feedback, which will help the development of the
application. The development of the HCI will consist of the
close consideration of its various aspects including a
combination of different evaluation techniques [13]. To this
end, a questionnaire will be designed to measure attitudes
towards existing features of home information systems, and
likely feature developments in an integrated and ubiquitous
system. The proposed research will include experimental
manipulations of the interface to an integrated home
information system, as discussed above. These studies will
collect both performance data on the accuracy and speed of
use, as well as subjective measures of the participant’s ease of
use. This research will also evaluate user interfaces, which
will help in development of better applications for home use.
The research will also extend the understanding of human
interaction with home information systems.
V. CONCLUSIONS AND FUTURE

Such assessments should consider how the person is to
interact with the technology from a psychological, emotional,
physical and social perspective. Clearly technology should not
be seen as a panacea and while viewing technology as
enabling and empowering is essential to the design process, it
is important to recognise that inappropriate design is
disabling, debilitating and disempowering [18]. Hence we
will be using the users from the first stage of the design
process to determine the user needs and how they would like
to interact with the digital data being imported into the home.
The aim of this project is to come up with design
specifications for a home information system, which allows
for the integration of digital media technologies into a
seamless, cohesive environment. The home user needs secure,
cheap, and easy to use communication systems to give them
more convenience [15]. Once there is sufficient user feedback
on the usability of the HIS regarding digital photographs,
other digital home data (audio, video, telecomm etc), will be
incorporated. Further improvements to be investigated
include: providing the user with the freedom of movement in
the home and a fun and enjoyable environment to live in. The
next stage of the project regarding design specification is
already underway and initial screens are being prepared for
user evaluation and to gain feedback.
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Abstract. Emotion is a very private part of our personal life and how one
displays it reflects one’s lifestyle. Our photographs form an important part of this
emotional experience in our life. In recent years increasing efforts have been put
into preserving emotions in photos particularly with the advent of digital
cameras. Now photographs have become an important part of our lives and have
significant social role as they provide an affective communication link between
friends and families. The project will look at digital photos and how can we
capture emotions associated with pictures to store them in a way that is
representative of their feelings towards the picture.

Keywords: Photo sharing, emotions, social interaction, digital photography.

1 Introduction
Photographs are a very affective and efficient ways of connecting people to each other.
The increasing popularity of digital photography, combined with global networking, is
likely to emphasize this link as sharing photographs will become cheaper, faster and
easier. What might be required is technology that will create an environment of
interaction within our homes to cater for emotional needs of individuals in relation to
their pictures. We will be looking at finding a way of preserving the emotions
associated with pictures and making photo sharing a fun and more enjoyable
experience for the user. Vronay et al [2] has previously done work on preserving
feelings and emotions in lists of contacts. However, the end user may not find
representation of contacts with emotions as persuasive as emotions associated with
digital photographs. As our survey revealed that photos serve as memory triggers,
which allow emotions and memories to be conjured up by the picture, hence we are
trying to design a photo sharing software, which will allow users to preserve the
emotions in digital photos. Photography can be an expressive communication medium
and the crafting of emotions in your images makes a much more effective, more
communicative image than one that is merely ambivalent [2]. Photo sharing is more
persuasive if it’s done in a face-to-face environment and we will be trying to reproduce
the environment with our prototype. We will be looking at how we could use emotions
associated with a particular picture to annotate it for storage. We will also look at how
this annotation could be used for search and retrieval of the picture. Emotions are
physical expressions, often involuntary, related to feelings, perceptions or beliefs about
elements, objects or relations between them, in reality or in the imagination [1].

2 Survey

We carried out a survey to measure the attitude of people towards digital photos and
photo sharing. The survey was distributed around the university via e-mail. We had 16
responses ranging from people with families, people living alone, and students living in
student accommodation. The first thing we looked at is the preference of respondents in
storing their photographs. We found that a majority of respondents (80% yes, 20% No)
preferred to store their photographs in digital format. In coming years, if we move to a
completely digital format, these paper-based photos will need to be converted. At the
moment there is no easy solution to this problem apart from scanning each photo and
saving them digitally. Previous research [4] has brought this problem to light with the
term “Funnel Effect”. It means that people take many pictures, keep some of them,
shared a selected group of those, and printed an even smaller subset. It might predict
the trend for the future where people might just not bother with paper format. Wilhelm
et al [4] proposed that digital imaging is a key factor for many in the large volume of
“throwaway” pictures, since the cost of throwing away digital photo is zero.
Most respondents feel that sharing photos on a display medium is a much-preferred
option as it makes photo sharing and viewing more fun and enjoyable because it allows
more people to view the pictures rather than coming together in a confined viewing
space. This is even more evident with the invention of digital frames, which allow the
storage of many pictures and allow the display of a slide show. Once the frames are
connected to the central server the user can select which photos they want to be
displayed on the frames depending on the mood they are in. Photos have a natural way
of showing the evolution through which people go through from being born to when
they are no more and leave memories behind for friends and families to enjoy. The
response for the emotional attachment with pictures was interesting as respondents
thought that viewing pictures brings out emotions in them and they would like pictures
to represent these personal emotions in form of text, audio, video, or even facial
expressions (Figure 1). Van House et al [3] has suggested that the major use of photos is
as a record of individual and collective experiences, and to share experiences with
others, such as using a family photos to give children a sense of family history.
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Fig. 1. Respondents who would like digital photos to represent personal emotions.

Emotions are generated when there is a dialogue with the natural, cultural, and social
environment. These can be very random for example a smile can reflect different
emotions in functionally different situations where the person wants to communicate
something without actually speaking a word. If these expressions were captured using,
for example, a camera, it will allow us to associate a particular mood or emotion with
the picture we are seeing. Expressions reflect different emotions depending upon the
context and are related to the environment one is in. Most photographs are intimate to

us and this relationship was even more important to our respondents who agreed that
they found a strong relationship between photographs and intimacy and how pictures
represent one’s social lifestyle (Figure 2).
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Fig. 2. Are pictures a representation of ones social lifestyle?

We found that adding audio to photos will help in elaborating memories associated
with photographs (Figure 3). Another option people liked was the idea of adding text to
a particular picture in the form of hand written text which gives it a more personal feel
or using a keyboard to type a message regarding a particular memory that a picture
invokes. One respondent explained that if a picture contains a group of people then the
user could click on any part of the picture or the individual in that picture, which would
open a dialogue box where the user can write a short description about that person or
add a short audio description. It was revealed that users want to feel more involved
with the pictures when sharing them with friends and families as well as ease of use
being the most important factor when using any software for photo sharing. Those who
liked the idea of adding audio to digital photos commented: “Sound could provide for
strong memories so I might not want to attach a single sound” and “Overall, having a
variety of sounds associated with the time would be most appropriate”.
100.0%

Percent

80.0%
60.0%
40.0%

86.7%

20.0%
13.3%

0.0%
Yes

No

Fig. 3. Addition of audio will help elaborate memories associated with pictures.

The intimacy, representation of one’s social lifestyle and the personal emotions
associated with the picture are hidden from the viewer at the other end of the network
when sharing across the Internet. A set of social uses of personal photography has been
identified in [3]. They are constructing and maintaining social relationships;
constructing personal and group memory; self-presentation; and self-expression.
Regarding the emotional aspects of pictures, respondents have suggested that allowing
a brief description of the folders about how, when or on what specific occasion the
pictures were taken, would help in reviving emotions associated with that particular
photo or event. Respondents have suggested support for audio as well as embedded
sounds in reviving emotions. The ability of adding comments within the photo rather
than just naming them with a “.jpeg” extension is also one way images could be stored,

which could allow the users to search a picture in reference to the comment they
remember form the occasion. Convergence was also a major focus point as all the
respondents agreed that they would like a central device to handle the reception,
storage and distribution of photos as well as connection to a central media server which
can connect to various distribution mediums within the smart home.

3 Proposed Design
What we will be looking at initially is how digital photos can be imported into the
home, stored by the user, and then distributed across different viewable platforms in the
home. The research will also look at exploring ways in which we can represent the
emotional factors related with pictures and how we can share it with our friends and
family. We will be looking at using voice input and voice-to-text technology to
represent emotions and also get user feedback as to how emotions change over a period
of time. We will look at how we could get users to bring out their emotions associated
with a particular picture and store it. We hope that in the future, digital cameras will be
equipped with some form of wireless connection, which will allow us to send the
picture directly form the camera to the central server or view them on the handheld
device without actually having the camera with us in the home. It will also allow
photos to be displayed on display mediums directly from the camera as long as they are
connected by a network connection. We propose that the facial expressions of the
viewer might be captured to represent the emotions of the viewer without their
intervention and map it to an image like avatars are created in computer games.

4 Conclusion
We carried out this survey to measure the attitude of people towards digital
photography, photo sharing and how we could design a prototype, which would help
them in making this experience more fun and enjoyable. We wanted to know about
what people want from photo sharing, what they enjoy, how specific design attributes
will make them feel, what will delight them and how through this design process their
experience might be enhanced. We want to design a system, which would provide a
relaxed atmosphere to view the photos in and take the passivity out of photo sharing.
We will look at how we could allow people to attach emotions to a picture and use this
aspect in search and retrieval of pictures from databases as a better way of annotation.
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Abstract
Experiences and emotional responses to the designed world are dynamic. They occur in time and space, through
the flow of people’s actions as they engage in activities [4]. Photographs are a very affective and efficient way of
connecting people to each other. The activity of sharing photographs provides a support for people to
communicate and share emotions [8]. Much has been done already in relation to digital photographs on the
computer. Most of this work has focussed on the organisation, search and retrieval of libraries of digital photos,
such as the PhotoFinder project by Shneiderman et al [5,6]. What we will be looking at is preserving the
emotions associated with pictures and making photo sharing a fun and more enjoyable experience for the user.
Preliminary findings from our survey to measure attitudes towards digital photo sharing have revealed that most
people believe that photos are representations of life’s timeline, which bring out our emotions when we view
them. The survey has revealed that people find photos to be intimate and representation of ones social lifestyle.
We will be looking at how people relate themselves to pictures and if we could capture their emotions and
expressions to store them in a way that is representative of their feelings towards the picture. As emotions can be
associated with pictures of family, friends, places, holidays, social gatherings or travel to mention some of the
aspects, we will also be looking at how emotions change over a period of time and how these emotions aid the
user in decision making. This will allow us to look into the factors, which can make digital photo sharing fun and
enjoyable. This can be achieved by capturing the facial expression of the users when he sees a particular picture,
by allowing the user to write a message on the picture as he/she is viewing it on the central device or on a
display medium, by allowing the user to attach sounds or record conversation regarding the picture. This will
allow the user to elaborate the memories associated with photographs. This paper introduces the design
guidelines for a generic home information system, which will allow us to receive, store and distribute digital
information that is coming into the networked smart home. The project will look at digital photos and how can
we attach emotions to pictures.

Introduction
Over the last few decades we have seen a massive increase not only in the power of
microprocessors but also in some other technological parameters such as storage capacity and
communication bandwidth [1]. This technological evolution has allowed the PC to become a
personal communication tool and is being used in a variety of roles from spreadsheets, word
processors, internet browsing, online shopping, photo sharing to email clients, instant
messengers etc. Digital photography in combination with the Internet has enabled people to
share photos with friends and families who are geographically separated. Despite these
successes, web-based photo albums have yet to match the experience of sitting down with
someone and sharing a stack of photos [2]. As our survey revealed that photos serve as
memory triggers, which allow emotions and memories to be conjured up by the picture, hence
we are trying to design a photo sharing software, which will allow users to preserve the
emotions in digital photos. Photo uploading is often tedious, and there is no easy way of
attaching voice or text annotations to the photos. One cannot highlight the relative importance
of one photo against another, nor can one point out specific elements of a single photo [2].
Photography can be an expressive communication medium and because the crafting of
emotion in your images makes a much more effective, more communicative image than one
that is merely ambivalent. If we think back to the images that have moved us, it is their
emotive qualities that got our attention [2]. Photo sharing is more persuasive if it’s done in a
face-to-face environment and we will be trying to reproduce the environment with our
prototype. When you regroup and each person presents his or her images, it can be interesting
to observe what people associate visually with each idea.
We should also mention the tremendous success of print clubs (pronounced "puricura"),
which are located on every street corner in Japan. These machines are used by high school
students to take their own photographs, later decorated with cute drawings and printed on
small stickers. These stickers are then exchanged among friends and organized in large
collections. What is interesting about print clubs is that they are computing devices that stress
the social function of photographs. The various "socialware" products tremendously popular
in Japan are a good illustration that entertainment and fun will also be affected by the
emerging ubiquitous computing environment [9].

Emotions are mental states that arise spontaneously, rather than through conscious effort.
Emotions are physical expressions, often involuntary, related to feelings, perceptions or
beliefs about elements, objects or relations between them, in reality or in the imagination [1].
One problem with existing technologies is that they often require too much time and effort
and are not designed to support lightweight, spontaneous interactions [8], which might occur
while sharing photos. By making photo sharing less demanding and more engaging for the
user, we can provide better support for people to people interactions. Emotions are very
volatile and can be easily dispersed by a badly designed user interface. Emotions are also
highly personal and subjective, which makes it difficult to test in a controlled fashion as they
vary widely form one individual to another.
We feel that the three most important things to look at when designing products for a smart
home are Functionality, Simplicity, and Aesthetics. The product should be able to carry out
the tasks that the user wants. It should be simple to use and appealing enough to go with the
decor of the home. When we design products for smart homes we should look at the quality of
experience that people will have with that product and how it will be enjoyable. It is critical
that designers strive to understand as much as possible about personal, social and cultural
influences and interpretation of design elements and their expressions [4]. Only then we will
be able to design quality products that will support people’s experiences in an intended and
pleasing way. The design should allow for prompting automatic reactive behavior from the
user to carry out the task. The technological details of any product design should be hidden
from the user, so that they can concentrate more on the task at hand. We need to know for
example, not just whether people prefer a central device which can handle digital data
distribution around their home, but also what attributes of the device will ensure that they
keep enjoying the experience everytime they use it and want to identify with it.
Methodology
The project initially involved carrying out a survey regarding the concept of the data
distribution device and how it will help with photo sharing in a smart home. The
questionnaire helped in measuring attitudes towards the proposed features of the HIS, and its
future developments. The feedback from the survey allowed us to use a top down approach to
the system. This will allow us to start with a top-level description of a system and then refine
this view step by step. With each refinement, the system will be decomposed into lower-level

and smaller modules. The major higher-level system requirements and functions will be
identified, and will be broken down in successive steps until function-specific modules can be
designed. The prototyping will help in collecting feedback from the users who have used the
system and will be an iterative process where the system can be improved after every
feedback from users.
Compared to work environments, where there is an almost embarrassing choice of methods of
study, how and in what ways domestic environments may be best investigated for the purpose
of design is largely an unknown quantity [13]. The nature of the home and the character of
everyday home life is undergoing constant change in definition and as such is required to
become responsive to the changing needs of people throughout their lifetime. This project will
seek to simulate the home environment in a laboratory setting, using prototypes based on
current high-end computing devices and other technologies. It will then assess the viability of
the systems under conditions that equate to everyday use. In addition to experimental
collection of data, attitudes to home technology and motivation towards its use will be
measured using custom survey tools and a limited-ethnographic approach. The project will
combine the technical aspects of home information system design with the cognitive
ergonomics of devices aimed at the home market.
Our methodology is based on involving the users in the design process. We want to see the
social interaction people have with their photographs and what role photos play in our lives.
The focus of this research is on human emotions, its relationship with pictures and how
people would like to attach them to pictures, which will allow them to express their feelings
towards a particular picture. We will also look at making photo sharing in the home as
ubiquitous as possible by hiding the technological details from the user.
Results
To help us design photo-sharing software, we needed to get some idea as to what people like
to do with photos and how they relate themselves to it. We carried out a survey to measure the
attitude of people towards photo sharing. We looked at how people use photographs and how
we can make photo sharing easy and fun. The survey dealt with questions regarding the usage
or cameras, the living environment, preference for digital or paper storage, medium for photo
sharing, significance of a picture, emotional attachment, intimacy, indexing, usage of internet,

reception, storage, and distribution. The survey allowed us to carry out a longitudinal study of
changes in our emotions regarding pictures which will help us understand how people interact
with photos and as to how they would like to capture these emotions associated with the
pictures. The survey was distributed around the university via e-mail. We had 15 responses
ranging from people with families, people living alone, and students living in student
accommodation. There were 8 female respondents and 7 male respondents. Figure 1 shows
the categorisation of respondents according to their age groups.
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Figure 1. Number of respondents according to age
group.
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The first thing we looked at is the preference of
respondents in storing their photographs. Figure 2
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that a majority
of people found the digital format more attractive than paper format for

storing photographs.
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Figure 2. Format people like to store photos in.
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Figure 1. Format people like to
store photos in.

However the problem we face is the fact that there is still a vast majority of photos, which are
in paper format. In coming years, if we do move to a completely digital format, these paperbased photos will need to be converted. At the moment there is no easy solution to this
problem apart from scanning each photo individually and saving them in digital format.
Previous research [11] has brought this problem to light and has come up with the term
“Funnel Effect”. It describes a funnel effect in digital photo taking, sharing, and printing. It
means that people took many pictures, keep some of them, shared a selected group of those,
and printed and even smaller subset. It might predict the trend for the future where people
might just not bother with paper format. But at this moment this is just conjecture. Research at
Berkeley [11] proposed that digital imaging is a key factor for many in the large volume of

“throwaway” pictures, since, unlike regular photos, the cost of throwing away each digital
photo is zero.
Next we looked at the social aspect of photo sharing. Figure 3 shows that most people like to
share photos in a sociable environment. Photos are about people and their stories [3]. People
tend to tell different stories, highlighting different aspects of the photos in different
environments (Friends/Family). The contents of photos could illustrate the relationship
between people. Photos are often given as gifts, which reinforces social connections. Nancy
Et al [10] points out that sending photos to distant others is a way of keeping up on one
another’s lives and telling stories about photos helps in nurturing relationships.
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people think that sharing photos on a display medium is a much-preferred option.
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Some of those who preferred a display medium commented that viewing photos on a display
medium allows more people to view the pictures rather than coming together in a confined
viewing space. Display mediums also allow zooming into the pictures to get more details
from the photo. People also find it cheaper, convenient, and viewing on display mediums
makes it easier to put photos into different environments.
In terms of photos being a representation of life’s timeline, the response was very impressive
as all the respondents accepted that photos are a representation of life’s timeline. A
respondent commented, “I think your photos are your most valuable assets, many other things
are replaceable”.
The response for the emotional attachment with pictures was interesting as respondents
thought that viewing pictures brings out emotions in them. We also asked the subjects if they
would like digital photos to represent personal emotions when viewing them. (Figure 6):

Percent

80.0%

Figure 6. Respondents who would like digital
photos to represent personal emotions.

60.0%
40.0%

80.0%

20.0%
20.0%

0.0%
Yes

Nancy

No

Figure 5. Respondents who would
to represent
etlike
al digital
[10] photos
has suggested
that
personal emotions.

the major use of photos is as a record reminder of

individual and collective experiences, and to share experiences with others, such as using a
family photos to give children a sense of family history. These uses are often heavily loaded
with emotional significances.
We as human beings are social creatures who like to establish relationships. One of the most
important ingredients of any relationship is the intimacy or the feeling we have towards other
people. Photographs capture intimacy more as shared moments of closeness among the people
in the picture and the person who is viewing them and may eventually help in building social
relationships. It allows people to identify many different aspects of a person and could help in
determining how people respond in different situations, because of the experiences you have
had with them. What was fascinating about the relationship between photographs and

intimacy is that a majority of respondents found photos to be intimate (Figure 7). Most

100.0%

80.0%

80.0%

60.0%

Percent

Percent

respondents also found photos a representation of one’s social lifestyle (Figure 8).

60.0%
86.7%

40.0%

40.0%

80.0%

20.0%

20.0%

20.0%
13.3%

0.0%
Yes

0.0%
Yes

No

Figure 6. Photographs and
Intimacy

Figure

No

7.

Figure
7. Are picturesand
a
Photographs
representation
social
Figure of8.onesPictures
lifestyle?

intimacy.
are a
representation of one’s social lifestyle?

We wanted to know if emotions associated with a particular photo change over a period of
time. Majority of respondents thought that emotions did change over a period of time (Figure
9). This may become one of the dimensions on which importance is endorsed to a particular
picture, but that will not be part of this research.
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Another option people liked was the idea of adding text to a particular picture. One
respondent explained that if a picture contains a group of people then the user could click on
any part of the picture or the individual in that picture, which would open a dialogue box
where the user can write a short description about that person or add a short audio description.
We wanted to know what people thought was the most important factor when sharing photos.
As shown in Figure 11 most respondents thought involvement with the pictures of some sort
was the most important aspect. However all the respondents selected the “Ease of use” option
as well which meant that the survey result for this question were divided into two parts.
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of communication between different devices
(Figure 12). However all the respondents were

very positive about having a central device in the home which could handle the reception,
storage, and distribution of photos.
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The results from the survey were very positive
a proposed design scenario for a home information

system, which will allow photo sharing within the home and allow the user to attach emotions
to pictures. The second part of the survey involved questions, which required descriptive
answers. The questions asked: 1. How can digital technology support the intimacy normally found in photo sharing?
2. What aspect of a photograph will help in reviving the emotions (intimacy) associated
with the particular memory?

3. What aspect of naming the pictures can be improved?
4. What single development will increase your usage of photos and photography and
make photo sharing more fun and enjoyable?
5. Is randomisation and duplication of photo’s (photo’s stored on paper, pc, camera’s etc)
a problem?
The answers from the questions above helped us focus on some of the important aspects of
photo sharing and its relationship with emotions. The results from the descriptive questions
have been summarized later in this paper.
Proposed Design
With the advent of digital photography there seems to be endless stream of pictures that we
want to share with our friends and loved ones. Digital images have allowed us to capture our
emotions and build a kind of time travel machine that we can look at. What we will be
looking at initially is how digital photos can be imported into the home, stored by the user,
and then distributed across different viewable platforms in the home. The research will also
look at exploring ways in which we can represent the emotional factors related with pictures
and how we can share it with our friends and family. We will be looking at using voice input
and voice-to-text technology to represent emotions and also get user feedback as to how
emotions change over a period of time. We will also be testing hand written messages over
digital pictures, which will give them a personal feel when sharing with friends and families
over the Internet. The figure below illustrates how digital photos can be imported from
various devices into the central server. It is proposed that there will be various communication
mediums available (USB, Bluetooth, IR, Wi-Fi etc), which will allow these devices to
communicate with the central storage. Once the user has decided which photos they want, the
images will be stored in the central storage system. The user can then view them on the
handheld device or on a TV or a projection system as a slide show.

Figure 13. Home usage scenario
The product should be able to deliver the fun and creativity that comes from taking and
sharing well-taken images [3]. Figure 13 shows the proposed interaction scenario for the
home.
Looking at the aspects of entertainment within the home, there are several consumer
electronics that provide multiple interaction mediums to communicate with each other. They
include devices like PC’s, Notebooks, PDA’s, TV’s, Projectors, DVD, and Cameras etc. This
multiple interaction medium could confuse the user and put them off using technology. What
is needed is convergence of these technologies and interaction mediums, which could be
achieved by providing an In-Home Communication Infrastructure, which can interact will all
these devices and provide the comfort and convenience that the user expects. High-speed
Internet connections are becoming a reality for home users now. We will be evaluating how
these systems can be used to seamlessly connect dispersed families and friends through photo
sharing.
We hope that in the future digital cameras will be equipped with some form of wireless
connection, which will allow us to send the picture directly form the camera to the central

server or view them on the handheld device. It will also allow photos to be displayed on
display mediums directly from the camera as long as they are connected by a network
connection. This might allow us to even capture the emotions of the viewer without their
intervention. An example of this would be like having a camera installed in a display medium,
which could capture the facial expression or audible emotions. Another option would be
cameras with a built in GPS receiver in the camera, which would allow the photo to store the
location as the picture is taken. Marc Et al [12] have developed device called the MMM2
(Mobile Metadata for Media Sharing), which records spatial context (through CellID,
Bluetooth-enabled GPS devices, and a fixed location Bluetooth objects such as PCs).
Summarization of Survey
The descriptive part of the questionnaire allowed respondents to describe some aspects
concerning digital photography and how photo sharing can be improved. Advances in
graphics and Internet have revolutionized the viewing and sharing of pictures. Pictures can be
distributed through the Internet and viewed, however those pictures are a very basic
representation of the message the photo is trying to convey. The intimacy, representation of
one’s social lifestyle and the personal emotions associated with the picture are hidden form
the viewer at the other end of the network. Nancy et al [10] has identified a set of social uses
of personal photography. They are constructing and maintaining social relationships,
constructing personal and group memory, self-presentation, and self-expression.
Regarding the emotional aspects of pictures, respondents have suggested that allowing a brief
description of the folders about how, when or on what specific occasion the pictures were
taken, would help in reviving emotions associated with that particular photo or event. Photos
should act like a storyboard and be easy to read. Respondents have suggested support for
audio as well as embedded sounds in reviving emotions as well as more meaningful naming
conventions while storing the photos. Allowing pictures to represent age of the people
involved was also one of the suggestions to put photos in a more historical perspective and
hence revive memories. The photos should be able to depict different moods. The ability of
adding comments within the photo rather than just naming them with a “.jpeg” extension is
also one way images could be stored, which could allow the users to search a picture in
reference to the comment they remember form the occasion. We will implement the naming

of pictures while they are being downloaded instead of them being stored as some random
number with a .jpeg extension and being renamed later by the user.
The response regarding the naming of pictures to allow for better retrieval methods was very
encouraging. They ranged from storing pictures in directory structures, allowing for retrieval
through dates, business trips, holidays, family and friends etc. Convergence was also a major
focus point as all the respondents agreed that they would like a central device to handle the
reception, storage and distribution of photos as well as connection to a central media server
which can connect to various distribution mediums within the home like TV, Projection
Systems, smart boards, Digital photo frames PDA, Phones, etc. The device should also allow
for photo editing to accommodate the changes the users want to make to the pictures. It
should incorporate the sender/receiver medium built into it. The device should allow for
easier and economic means of printing photos. One respondent suggested combining
photographs with virtual reality would make photo sharing more fun and enjoyable. Making
the pictures more immediate for viewing can support the emotions and intimacy associated
with photos.
The only drawback of digital photography has been that it has increased randomisation and
duplication of photos, as we tend to take multiple pictures sometimes and store them in
random places, hence having multiple copies of a single event, which makes indexing and
retrieval of photos harder.

Implications
Novel developments are expected in the methodological approach used, the devices
developed and the results of the evaluation of these interfaces will provide insight to how
users cope with the technology and the ubiquitous paradigm when sharing photos. What will
be required is technology that will create a calm and comforting environment to share pictures
within our homes. The research aims at answering some of the questions about people and
their relationship with pictures as well as the adoption of ubiquitous technology in the home.
The more you can do by intuition the smarter you are and the computer should extend your
subconscious [2].

We will look at the social implications of this type of technology, which is characterised by
our dependence on technology, control over the information to which everyday objects are
linked and the protection of privacy [1] especially if the central server is connected to the
Internet and the information is available for others to see. Sharing digital photos on computer
networks has been proposed as a new way for people to maintain social relationships [8]. We
have discussed this idea and illustrated it with a framework supporting the reception, storage,
distribution and emotional implications of digital photographs.
We want to find out what aspects of a particular picture allows the user to conjure up personal
thoughts and how they can affectively attach those thoughts to the pictures. Even though there
are a few photo sharing sites on the Internet, they do not allow the person at the other end of
the network to see what you are thinking. Our photo-sharing prototype will allow people to
experience the emotional attachment with pictures, which is so important in maintaining
social relationships. Projects like ConFoto and Flickr [14,15] have made photo sharing easier
through semantic annotation of photos through the web. However they still lack when it
comes to attaching emotions to pictures in the form of audio, voice to text, or video
representation of the viewer’s facial expressions.
Conclusion
Digital photography is growing rapidly, especially with the fall in prices of digital cameras
and other accessories like Mobile phones and PDA’s coming with ever more powerful digital
cameras built into them. This has forced us to find better ways to organize, manage, browse,
view and share libraries of photos. We carried out this survey to measure the attitude of
people towards digital photography, photo sharing and how we could design a prototype,
which would help them in making this experience more fun and enjoyable. We wanted to
know about what people want from photo sharing, what they enjoy, how specific design
attributes will make them feel, what will delight them and how through this design process
their experience might be enhanced. The research will help in finding the factors, which
influence the performance of the user and their interaction with the interface, both positively
and negatively. We want to design a system, which would provide a relaxed atmosphere to
view the photos in and take the passivity out of photo sharing. We want to provide the users
with a photo sharing software where the users can attach emotions to the digital pictures, use

personal annotations to store and retrieve pictures from a database, and view then on different
viewable platforms.
Our next step in the development process is to use the data collected form this survey and
implement some of the features in the prototype. We will look at how we could make people
attach emotions to a picture and use this aspect in search and retrieval of pictures from photo
albums and find a better way of annotating pictures.
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Abstract
Ubiquitous computing has come a long way since Weiser introduced the concept in
1988 where he put forward some ideas as to how the future of computing would allow
us to interact more freely. Today this paradigm of computing is affecting us in more
than one way from homes, to offices, to travel, to even the way we are presenting
ourselves, with smart clothes embedded with technology. When it comes to the home
environment we look at objects as personal attributes and form a close relationship
with them. Today the PC has become a personal communication tool, which is being
used for variety of purposes like Internet browsing, shopping, photo sharing. The
combination of Internet and digital photography has allowed people to share photos
with friends and families who are geographically separated. And when we look at
smart homes of the future we expect networking and the Internet to form the central
hub for information for the homeowners, hence providing an environment for anytime
anywhere computing.
We aim to provide a ubiquitous photo sharing environment for the smart home of the
future which will allow the users to receive, store, and distribute images between
various devices and allow them to attach emotions and personal feelings to pictures in
a convenient and enjoyable way, as home is a place where we express most of our
emotions. This paper provides the design scenario of how the photo-sharing
environment will be built and evaluates how social relationships can be enhanced by
the use of digital data related to emotions and photographs. We will look at the
factors, which govern the use of digital image technology to provide the level of
social interaction and entertainment expected within the smart home to support
positive ways of living. We believe that a photo-sharing environment for a smart
home could help people in providing important reminders and alerts during critical
family events.
Keywords: Ubiquitous Computing, Emotions, Photo Sharing, Digital Photography,
Digital photo display, Smart Homes.

Introduction
Ubiquitous Computing is concerned with allowing the users timely and efficient
access to information that is around us in our daily lives. One of the ways in which
this can be achieved is by embedding the information systems into the fabric of our
home environment. The technology has to fuse in with the decor of the home so that it
can provide constant access to information while being hidden from the user for most
of the time. A truly ubiquitous technology is one, which allows the user to ignore its
presence, and the user only becomes aware of the system when they interact with it.
Information and Communication Technology (ICT) based artifacts and computers
would fade into the background while people would be surrounded by intelligent and
intuitive interfaces embedded in all kinds of objects [1].
The advent of the Internet has brought this idea of anytime/anywhere access to
information a step close within the smart home environment. A “smart home” can be
defined as a residence equipped with computing and information technology, which
anticipates and responds to the needs of the occupants, working to promote their
comfort, convenience, security and entertainment through the management of
technology within the home and connections to the world beyond [2]. Smart Home
systems could simply offer additional convenience in everyday activities adding to the
benefits provided by the mechanical and electrical technologies. Ubiquitous
computing is a technology shift where technology becomes virtually invisible in our
lives. Instead of having a desktop or notebook machine, ubiquitous computing will
allow technology to become hidden in our lives, built into the things we use,
embedded in our environment.
Photographs are a very effective way of connecting people socially. Especially with
the invention of digital photography, photo sharing has allowed people to
communicate and share emotion through pictures when in a face-to-face environment.
Photos provide social interaction with the people we share them with and can form the
basis for social relationships as they serve as memory triggers, which allow emotions
and memories associated with the pictures to be conjured up. If these personal
emotions and memories can be captured by the user and stored with the associated
picture hence allowing a digital representation of our emotions, it could make a
worthwhile addition to the photo-sharing environment in a smart home. As existing
technologies are not designed to support lightweight spontaneous interactions
between users especially if they are using the Internet as the communication medium,
we think that this approach will make the photo sharing more engaging and less
demanding for the user.
The invention of digital cameras has had a profound affect on the way in which we
take photographs and share them with friend and families, hence constructing social
relationships on the way. Digital photography has allowed us to capture the entire
moment of our lives into one photographic image. Photos allow people to share
experience and events even if they were not physically there. Today photos are used
for a variety of purposes ranging from sharing, decorating homes, albums, as gifts on
mugs and photo frames. All these forms of usage shows how people relate themselves
to their pictures and how it represents their social lifestyle.

Advancing technology continues to support families and their endeavours to use
photography as a means to support social interaction. The introduction of digital
photography, and its rapid acceptance has created a paradigm shift in the way people
record and review images of everyday life. Digital cameras have allowed people to
capture, reproduce, and share visual narratives more easily [3]. It has allowed people
to instantly review the picture taken with easier duplication and sharing, as well as
easier disposal of pictures they don’t want. This is both economical and eco-friendly
as the cost of throwing away digital images is virtually zero.
The home computer has become a digital archive, taking on storage, retrieval and
display duties; however, its location in the home and its aesthetic appearance limit the
type of sharing and social interactions that happen. For presentation most people still
print out physical photos for display and interaction in the home. People do not often
change the photos because of the effort involved. Somehow, the digital photos haven’t
made the full transition to support existing behaviours of people when sharing the
photos. Furthermore, current digital photo frames have not yet addressed these needs
in the home. The increase in the number of digital photos people are acquiring makes
digital display in the home desirable [3].
To help us design photo-sharing environment for a smart home, we needed to get
some idea as to what people like to do with photos and how they relate themselves to
it. We therefore carried out a survey to measure the attitude of people towards photo
sharing. We looked at how people use photographs and how we can make photo
sharing easy and fun. The survey dealt with questions regarding the usage of cameras,
the living environment, preference for digital or paper storage, medium for photo
sharing, significance of a picture, emotional attachment, intimacy, indexing, usage of
internet, reception, storage, and distribution. However one of the main objectives of
the survey was to see the influence of digital cameras on photo sharing. The findings
of the survey can be found in [9].
Aim/Purpose
Photo sharing provides great opportunities for creating and maintaining social
relationships within the home. This is due to the fact that we as human beings are
social creatures who find human presence and communications essential for the
enjoyment of life and since home is a place where we express and share most of our
emotions; photo sharing is one way in which these emotions are expressed when we
are with friends and family. As proposed by Miller [4] well-being can be supported by
encouraging and enabling effective action, prediction and control, satisfying social
interaction, and mindfulness, physical involvement and enjoyment. When we look at
the home environment most if not all of the factors proposed my Miller could be
addressed by providing a photo-sharing environment to address these issues. A central
device to handle the reception, storage and distribution would encourage effective
action from users as they will be able to access information without being in sight of
the source and hence will have control over the information.
The aspect of satisfying social interaction and physical involvement could be resolved
by allowing users to attach emotions to pictures associated with them. This would
help not only the users in being more involved with pictures but also help pictures to
act as storyboards and help in creating social relationships. Miller [4] also suggests

that an important way of designing for well-being is to design the space that enables
people to “do Well-being” for themselves. When we look at the home environment
we see the physical space where people spend most of their time and if we could
provide an environment where people could relate themselves to some of the
attributes of that space, we think it will be a good addition to the smart home.
Looking at the aspects of entertainment within the home, there are several consumer
electronic devices that provide multiple interaction mediums to communicate with
each other. They include devices such as PC’s, Notebooks, PDA’s, TV’s, Projectors,
DVD, and Cameras etc. These multiple interaction mediums form the basis of our
space in the home, which we interact with on regular basis and if we bring photo
sharing into this space then we need to use these devices. To facilitate a better
interaction, we propose a convergence of these technologies and interaction mediums,
by providing an In-Home Communication Infrastructure, which can interact with all
these devices and provide the comfort and convenience that the user expects.
Although there are digital photo frames which allow users to display images in digital
format through the home, what they still lack is in providing ease of use as the user
will not always want to use it with friend and families for photo sharing and would
prefer a display medium of some other kind like the TV or projector system. If we
provide a ubiquitous environment for the user, we cannot simply use one aspect of
technology in digital frames, we need to incorporate all the aspects, which the user
can associate them with. The home environment should support the same level of rich
social interactions and experiences that are associated with traditionally printed
photos.
Methodology
The project follows a human-centered design approach in the sense that we carried
out a survey to measure the attitude of people towards incorporating digital photo
sharing within the home environment. The nature of the home, and the character of
everyday home life is undergoing constant change in definition and as such is
required to become responsive to the changing needs of people throughout their
lifetime. Since our emotions relating to an event or object change over a period of
time, a photo-sharing environment, which could capture this change, will allow the
user to be constantly involved with photo sharing and will make the technology more
fun and enjoyable. Using digital photos for display in the home allows for rich
interaction possibilities such as ease of selecting and displaying, annotation and
sharing [3]. Although the Cherish framework [3] looks at the social aspect of digital
photo frames within the home, it comes short on emotional aspect of pictures and how
we can capture emotions of the user in relation to the picture and preserve it digitally.
To help us design photo-sharing software, we needed to get some idea as to what
people like to do with photos and how they relate themselves to them. We carried out
a survey to measure the attitude of people towards photo sharing. We looked at how
people use photographs and how we can make photo sharing easy and fun. The survey
dealt with questions regarding the usage of cameras, the living environment,
preference for digital or paper storage, medium for photo sharing, significance of a
picture, emotional attachment, intimacy, indexing, usage of internet, reception,
storage, distribution of pictures and how we could integrate the system in an

ubiquitous environment. Our research revealed two main opportunities for a photosharing environment in a smart home which would play an important role in the lives
of the people living in those homes: 1. Having a photo-sharing environment to support various devices and media
types.
2. To attach and preserve emotions digitally in association with the pictures.
We wanted to know how we could use emotions associated with a particular picture to
annotate it for storage and how this annotation could be used for search and retrieval
of photos from a database. Our research explores the needs, goals, and desires of
families and includes concepts based on the needs discovered, and a concept
validation that evaluates if our proposed solution meets the needs of the home owners,
as well as if our understanding identifies real needs. The survey results will allow us
to generate a smart home concept application that addresses the needs we identified in
our fieldwork. Our aim was to validate if the needs we observed matched the needs as
families/home owners perceived them. We also aim to probe the receptivity of our
proposed solution by users.
Photography and social relationships
Photographs are a good representation of the social status we enjoy in society. They
show our social networking with people. Photos allow presentation of oneself as kind
of person one would like to be taken as, and allow other people to go along with that
pretence gracefully (Goffman [7]). The photo sharing environment should allow
people to feel connected to other people by the way emotions may be expressed in
response to their pictures. The social interaction within the home can be increased by
providing a photo-sharing environment where the user can attach emotions as well as
capture the audio conversation they have when they share pictures with friends and
families. This could allow the picture to act as a storyboard for people to see/read/hear
who were not present at a particular moment.
Even though there are plenty of photo sharing services available like e-mail, Flickr
[16], CONFOTO [15] etc, they are primarily web-based services and are more
suitable for people who would take large volumes of pictures of anything and
everything. It is also not something people associate with their home, as when you are
at home its more about possession of items and things you can physically relate to.
This is however dependent on an individual’s idea of the home and could vary from
person to person. People are less attached to something on the web as compared to
physical artefacts that they can see in their home. However as Wise [18] puts it, space
(home in this case) can be marked and shaped through physical objects. When it
comes to photographs Wise has put forward the idea that photographs glow with
memories of experience, of history, of family/friends etc, and what creates this glow
is the articulation of subject to object, caught up in a mutual becoming home. People
are very aware of how their surroundings are viewed by other people and try to
express themselves through various objects and possessions. The home environment
brings a more personal feel to objects (e.g. a photo frame) for someone who spends
most of their time at home. However this could be different for someone whose time
is spent in an environment which is not their home but the individual has tried to
make space resemble a more homely and friendlier environment (e.g. by putting up

photos, posters, objects of interest etc). Wise has forwarded the concept of home as a
territory or space to which an individual can add identity through expressions of
objects.
A digital photo sharing environment for the smart home will provide friends and
families the opportunity to exchange photos as gifts with personal feelings hence
supporting the construction of family identity and other social constructs. It could
make family members feel better about themselves and the roles they play, and
potentially increase the emotional connection between family members.
It could also form part of a communicative technology that might be of use in smart
homes. Our research has revealed the following opportunities for this smart home
technology to play a role in transforming the lives of the people:
1. By having a photo-sharing environment to support interaction with various
devices and media types.
2. To attach and preserve emotions digitally in reference to the picture and
allowing the user to capture spontaneous interaction.
3. An evaluation how the use of different data can be used to signal emotions
with photographs.
4. Increasing social interactions between people by allowing people who were
not present at a particular event to enjoy the experience.
At one time or another we all experience strong feelings that accompany positive or
negative emotions. We usually have no problem identifying the emotion that we are
experiencing at a given time. Human Beings feel a range of emotions when they view
photos. To name a few emotion types of Joy, Distress, Happiness, Sadness, Love,
Hate, Envy, Jealousy, Hope, Fear, Satisfaction, Shame, Disappointment etc could be a
reasonable addition to pictures. One of the options for users could be providing them
with a range of known emotions types and allowing them to select the appropriate
emotion to attach to the picture. Event types like seasons, holidays, birthdays, etc
could also be used to save pictures.
Another options for users could be saving pictures by relationships with individuals in
the picture hence allowing for another retrieval method. People don’t want to go
through a search structure to get to their photos which can be time consuming and
tedious. They want to get to their pictures as quickly as possible. Our emotions can be
put into groups, which contain various emotion types experienced, by people on a
day-to-day basis. These groups can be categorised as Well-Being, Fortunes-of-Others,
Prospect-Based, Confirmation, Attribution, Attraction, Well-Being/Attribution, and
Attraction/Attribution. The category labels and emotion types corresponding to each
group have been summarised in [14]. We need to map this grouping of emotions with
the mental model of the user so that it’s easy for them to recognise the particular
emotion they are feeling when looking at a picture and affectively attach it. Our
picture could sometimes invoke multiple emotions at the same time e.g. feeling of
fear and excitement (Could be at various levels) at the same time when doing some
extreme sport.
Our photos allow us to reflect back on the past, cater for present and to some extent
plan for the future regarding our family/friends, hence looking forward to creating

new memories to be shared. Storytelling and reminiscing using photographs are one
way of keeping and sharing memories and building family legacy [12]. The
respondents from our earlier survey [9] favoured our concept of a photo-sharing
environment in a smart home, which could provide reminders about the change in
emotions in association with pictures over a period of time as well as changes in our
daily routines.
The invention of wireless digital camera’s and wireless photo frames will allow for
the environment to become ubiquitous as then the user can manage the images
through the central device. This will allow the user to, for example display images,
which are stored in his camera directly to the photo frame or on any other display
medium.
Photo sharing In Smart Homes
Home is a place associated very closely with human beings. It’s a place where we
spend most of our time and interact closely with our friends and family. Previous
research has focused on how smart homes can improve human experiences, however
those researches have focussed mainly on controlling devices and less on allowing
people more control over their lives. One of the things people value the most in their
homes is their collection of photos as it represents their social contacts and life events.
As revealed from our earlier survey [9], photos bring out emotions in people and they
would like digital technology to represent personal emotions on pictures and get
emotional satisfaction from the thing they value most.
Digital data coming into the home today includes music in CD-format, video in DVD,
digital photos, and there is already digital radio and TV-channels. Multimedia
Entertainment is slowly becoming more and more readily available which is allowing
the users to experience a more augmented experience. In order to make it as easy as
possible for the occupants of the smart house to interact with the various smart
appliances, the medium of communication must be as natural as possible [9]. Sloane
et al [5] summarize the range of information used in the home and outlines the
movement of information and the actors involved in its use. It also shows the diversity
of information usage in the home. Our survey revealed that digital technology has had
a great impact on digital photography and has allowed more people to become
involved with photo sharing Fig 1. With the advent of the Internet and with it
becoming a part of more and more people’s lives, sharing photos with friends and
families has become easier.
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Fig 1. Digital Technology has made Photo sharing easier.
We need to understand the roles of the smart home as well as what part presentation
of digital photos have to play in our surroundings. In the future where the
communication between various devices will be ubiquitous, it will become easier for
the user to interact with the data on devices, which are not in their line of sight. When
it comes to photo sharing our central device will allow the user to receive, store,
distribute and view the pictures without having to interact with the actual device on
which the pictures were originally stored. We hope that our research will help us in
providing a framework for a smart home environment where photo sharing and
emotional attachment to the pictures can be represented in a digital format.
The survey [9] helped in finding out the expectations, needs and desires of the users
and will help us in creating a sense of desirability for the application. Our photosharing environment will allow them to achieve the sense of who they are and how
they would like to be represented. By providing the users with a compelling and
entertaining environment to share pictures in, we could create a sense of comfort and
familiarity with the user that we hope fosters increased usage of the application and
further enjoyment of their pictures and memories. This could be achieved by
providing a high degree of on screen activity for the users to engage themselves in.

Fig 2. Home automation solutions provided by ConvergeX
When we bring together the technologies involved in smart home of the future and a
photo-sharing environment, there should be clear guidelines as to what this kind of
technology should provide the users with. Friedewald et al [7] points out what we
need to keep in mind when developing smart homes: •
•
•
•

It helps its inhabitants live a healthy, happy and safe life.
It performs many tasks automatically to relieve the stress of managing the
house.
It integrates home, work, learning and leisure activities.
It does not annoy people with the technological details of how it actually
works.

The above points to some extent have been realised by researchers of technologies
who are now working with many developers to achieve these in the home
environment. An example of this is the ConvergeX [20] home automation platform in

the UK (Figure 2), which provides home automation services for new properties being
developed as well as the old properties where owners want their technology platforms
to adapt to their specific requirements. However Friedewald’s suggestions are mainly
technical and cover the technological aspects of the technology. They fall short on the
emotional domain when it comes to building technology in the smart homes, which
could assist with our emotional attachment to objects/space. Our research extends the
above technical details to incorporate the following features:
•
•

To support the affective well being of the inhabitants, and
To support building/maintaining of interpersonal relationships.

If the photo sharing system could absorb some of these guidelines for providing the
user with a ubiquitous environment to share photos with friends/family and allow
them to attach emotions to pictures digitally, it should provide for a fun and enjoyable
experience. The key for a successful photo-sharing environment lies with designing a
product that is both entertaining and emotionally engaging. This could be achieved by
making the picture a central feature of the application with which the user can interact
with hence allowing the user to experience the sharing environment and the memories
that the pictures often facilitate.

Fig 3. Digital Photo sharing in a networked smart home.
The scenario in Fig 3 will require interaction with various communication/networking
mediums. What the HIS will provide is a simpler way to interact with these devices
for the home user i.e. if the user wants to transfer data from one device to another
which are located in different location in the home without actually having to
physically interact with the devices, the HIS will allow for this facility. For example,
if the PC is located in the bedroom and is Wi-Fi enabled, the user can use the HIS (in
the living room) to communicate with it and transfer data from the PC to the central
storage and then view it on the TV as a slide show. The storage requirements of data
could vary from one person to another and the scenario needs to be incorporated in

the design of the HIS with options for future expansion regarding storage
requirements.
The most immediately apparent difference between looking at static images on a web
page and sitting down with your friend and a stack of photos is the absence of voice.
Speaking while sharing photos is not only natural, but is also socially expected [11].
Our survey [9] revealed that adding text and audio to the pictures will help in
elaborating the memories associated with photos. It will help attaching emotions to
the pictures. The users could add text by using a standard keypad, writing by hand to
give it a more personal feel, or by making use of the voice-to-text technology. This
could be used to annotate picture by the user and could be used for search and
retrieval of pictures from the database using the comments as a search criteria.
The scenario in Fig 4 shows how a user might receive photos for storage from another
device in the house. This could involve a user trying to download pictures from a
digital camera, which might be in the one of the rooms in the house to the central
server using Wi-Fi as the communicating medium. The user will have option of
creating a new folder or saving in an existing folder on the server database. Once this
is completed, the user can decide if they want to download the whole collection from
the camera at one go or view and download each picture individually. This will give
them the option of only storing the pictures they want and rejecting other pictures. It
will also allow the users to name the pictures while they are being downloaded
individually rather than the pictures being saved with some random number with a
“.JPEG” extension. This was evident from our survey results in [9] where respondents
were very positive about the scenario of providing them the option of downloading
individual pictures and naming them at the same time from the source storage.
Although there are other options apart from the name, which could be added to the
picture while its being downloaded, e.g. place, event, relationship etc, we thought we
would provide these options to the user when they view these pictures or want to
make changes to them, or attach emotions. However if the users suggest that they
would like to attach some more information to the pictures while they are being
downloaded, the interface could be changed to accommodate that requirement.

Fig 4. Receiving photos from a device for storage on the central server
Viewing of pictures and adding emotions through different options available to users
will allow them to feel more connected with the pictures and the task they aim to
achieve i.e. of photo sharing in a home environment. The user will be able to select
the directory in which the pictures are stored to view them and have access to various
options like maximising the photo, deleting, editing, adding emotions, e-mailing and
saving the changes. The picture will also represent the emotions, audio, or the text
that the user has attached to it, although the best way to represent these is still
undergoing changes and will form the basis for our next survey when the users test it.
Fig 5 shows the “View Photo” screenshot where the user can select the source where
the pictures are saved, select the folder they want to view, and read the text associated
with that picture.

Fig 5. Viewing the photos stored on the central server.
Recognising that a picture is a memory also implies that pictures can be a nexus of
communal bonds. Because of this, it is critical that the application address the basic
human need to connect with one another in a compelling way [10]. Digital photo
sharing in a smart home will allow family members and friends to forge a bond with
each other that reinforces and leverages the unique connection between memories and
important moments in their lives. It will provide users with a central point from which
memories can be relived and shared with others as well as record their emotional
attachment with the picture digitally.
Attaching emotions or creating a storyboard with a picture depends on the type of
picture the user/viewers are looking at. The picture could be to do with a place
visited, an event, family photo, moments in life, work, pleasure etc. Although there
are some pictures, which will have the same emotional response from people, some
pictures can generate different types of emotions in different people. To cater for this

variation we are trying to give the user the option of attaching emotions based not
only on different emotional categories, but also based on relationship types and the
other attributes mentioned earlier that could be associated with the picture to elicit
emotions. The user will also have the option of attaching an audio story with the
picture, which will help build social relationships or strengthen an existing
relationship. Audio will also help people describe an event in a way, which might not
be available through the standard emotional categories. Fig 6 tries to demonstrate
some of the options available to users for attaching emotions to photos.

Fig 6. Attaching emotions to pictures.
We now have digital cameras, which are equipped with some form of wireless
connection. This will allow us to send the picture directly form the camera to the
central server or view them on the handheld device. It will also allow photos to be
displayed on display mediums directly from the camera as long as they are connected
by a network connection. The figure below illustrates how such distribution of photos
within the networked home might occur where the user might select a source device,
which holds the pictures, and then view those pictures on a viewable platform as a
slide show or send them to be saved on another device.

Fig 7. Distributing images to other platforms for viewing.
Emotions are mental states that arise spontaneously, rather than through conscious
effort. Emotions are physical expressions, often involuntary, related to feelings,
perceptions or beliefs about elements, objects or relations between them, in reality or
in the imagination [5]. One problem with existing technologies is that they often
require too much time and effort and are not designed to support lightweight,
spontaneous interactions [6], which might occur while sharing photos. By making
photo sharing less demanding and more engaging for the user, we can provide better
support for people to people interactions. Emotions are very volatile and can be easily
dispersed by a badly designed user interface. Emotions are also highly personal and
subjective, which makes it difficult to test in a controlled fashion as they vary widely
from one individual to another.
Emotional bonds tie family members together. These emotional bonds are reinforced
by “family activities”, such as Sunday dinner or vacations together [17]. Our photosharing environment within a smart home could enable easy creation and retrieval of
memories (in the form of Pictures). This could ultimately reinforce the emotional
bonds among family members. Kim et al [3] suggests that women are the primary
organisers of photos for storage and display in the home and males share in taking
photos with women. Once the photos were taken, it is mostly the women who spent
more time preparing and sharing photos with friends and families. Their suggestion is
valid as in most societies women are seen as the homemaker and may want to present
her lifestyle through pictures.
Conclusion
The home of the future will not just be about devices in the home or embedded in the
fabric. It will bring together other aspects of technology like wearable computing,
smart clothing, multimedia systems, positioning systems, and entertainment
computing etc. Sloane [13] also points out problem with large scale of legacy
information, which could be in different formats. The legacy data needs to be brought
together into the standard format. This digitisation will require time and effort, which
may ultimately determine the initial take-up of HIS in the market.
The photo-sharing environment would provide a long-term engagement and
satisfaction for the user, as people get bored very quickly of performing the same task
over and over again. This could be achieved by involving the user with tasks and
activities which are ever changing, and when we look at the relationship between
emotions and digital photos it becomes clear that since our emotions change over a
period of time, it could be just the factor which will allow the user to be involved with
the environment for longer. Miller [4] suggests that products, which give, clear
guidance about how they can be used, and allow a sense of control and predictability,
will support satisfying interaction.
The aim of this project is to come up with design specifications for a home
information system, which allows for the integration of digital media technologies
into a seamless, cohesive environment. The research has gone according to the goals
set at the beginning. The respondents in the survey have reinforced our initial thought
that people want to attach emotions to pictures. We wanted to know about what

people want from photo sharing, what they enjoy, how specific design attributes will
make them feel, what will delight them and how through this design process their
experience might be enhanced. We are now into the development phase of the system,
in which we will provide a relaxed atmosphere to view the photos in. We aim to
provide the users with photo sharing software where the users can attach emotions to
the digital pictures, use personal annotations to store and retrieve pictures from a
database, and view then on different viewable platforms.
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Survey on Attitudes Towards Digital Photographs
United Kingdom – Wolverhampton
(Period - October 2005 to January 2006)
Good Morning/Good Afternoon Sir/Madam
I am carrying out this survey to determine the attitudes of people towards
photographs, its usage and how we can make photo sharing easy and fun. I have
a series of questions that I would like to ask you if you have 10 minutes to spare.
All data will be kept confidential.
Thank you very much.
Name: E-mail: - ________________________________________
1. Are you 18 or above?
• Yes
• No (Terminate)
2. What age group do you belong to?
• 18 – 24
• 25 – 34
• 35 – 49
• 50 – 64
• 65+
3. Are you?
• Male
• Female
4. Are you a Student?
• Yes
• No
5. Are you
• Single
• Married
• Divorced
6. Do you have a family?
• Yes
• No
7. What kind of environment do you live in?
• With Family
• Friends
• Student Accommodation
• Alone
• Others (Please specify)
8. How many members do you have in the family (Including you)?
• 2
• 3
• 4
• 5
• 6 or more

Code

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

9. Do you or anyone else in your household own a digital camera?
• Yes
• No
10. What sort of cameras do you have in your household?
SLR
Digital
Video Camcorder
Phone Camera
Handheld (PDA etc)
Other (Please Specify) ____________________
11. What environment do you mostly share your pictures in?
Family Environment
Friends Environment
Office Environment
Others (Please Specify)
12. How many pictures do you take in a month on average?
0 – 20
21 – 40
41 – 60
61 – 80
81 – 100
100 +
13. What Format do you like to store your photos in?
Paper
Digital
14. Are you someone who likes to share pictures in a sociable environment?
Yes
No
15. What medium do you prefer for sharing photos with friends and family?
Paper
Computer Monitor
TV
Projection System
Other (Please specify)
16. Do digital photographs make photo sharing easier?
Yes
No
17. Will sharing digital pictures on Display mediums make photo sharing fun and
enjoyable? If your answer is “Yes” please specify why?
Yes
No
18. Do you think that photos are a representation of life’s timeline?
Yes
No
19. Does viewing of pictures bring out emotions?
Yes
No
20. Would you like digital pictures to represent personal emotions?
Yes
No

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

21. Do you find photo’s to be intimate?
Yes
No
22. Are pictures a representation of ones social lifestyle?
Yes
No
23. Does your emotion related to a picture change over a period of time?
Yes
No
24. Would addition of audio with photos help in elaborating memories associated
with photographs?
Yes
No
25. Would you like to attach multiple types of sounds to a picture to cater for
emotional change over time?
Yes
No
26. Do you find indexing (Naming/Storing) of photos as problematic and why?
Yes
No
27. Do you often send pictures via the Internet to friends and families who are
geographically separated?
Yes
No
28. Do you find reception and distribution of digital images as restrictive as there
are multiple mediums to cope with?
Yes
No
29. Which of the following do you consider important when receiving,
distributing or storing photos: Ease of use
Satisfaction with experience
Makes photo sharing fun
Involvement with the pictures
30. Would you like to capture the conversation you have when viewing a
particular picture?
Yes
No
31. Do you find reception and distribution of digital images restrictive by the lack
of communication between different devices?
• Yes
• No
32. Would a central device be more appropriate to handle the reception, storage
and distribution of photos to other applications?
• Yes
• No

The questions below require descriptive answers. I would be grateful if you could
answer the following questions as descriptively as possible.
1. How can digital technology support the intimacy normally found in photo
sharing?
2. What aspect of a photograph will help in reviving the emotions (intimacy)
associated with the particular memory?
3. What aspect of naming the pictures can be improved?
4. What single development will increase your usage of photos and photography
and make photo sharing more fun and enjoyable?
5. Is randomisation and duplication of photo’s (photo’s stored on paper, pc,
camera’s etc) a problem?

Thank you for you time

