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Chapter 1
Challenges and Opportunities in Designing
Smart Spaces

Yuvraj Sahni, Jiannong Cao, and Jiaxing Shen

Abstract In the past decade, research in Internet of Things and related technolo-
gies such as Ubiquitous Computing has fueled the development of Smart Spaces.
Smart space does not just mean interconnection of different devices in our sur-
roundings but an environment where the devices respond to human behavior and
needs. To achieve this vision, services that are based on user’s intents and their
high-level goals should be provided. However, existing works mostly focus on pro-
viding context-awareness based services. In past, smart space developers focused
on providing technology-centric solutions but this approach failed to achieve wider
market adoption of products as users either did not want the solutions at first place
or they just could not understand how it worked. Therefore, researchers and smart
space developers have now shifted towards the user-centric approach for develop-
ing smart spaces. It is non-trivial to develop user-centric smart spaces as developers
have to consider factors such as user requirements, behavior etc. apart from usual
technical challenges. In this work, we take a comprehensive look at the challenges
in developing user-centric smart spaces for two different smart space scenarios: S-
mart Home and Smart Shopping. We give four user-centric criteria to compare these
two smart spaces. At the end, we also provide some future research directions for
developing Smart Spaces.

Key words: Smart Spaces, User-centric, Smart Home, Smart Shopping, Internet of
Things
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1.1 Introduction

Internet of Things has become more than a marketing buzzword now. Cisco has
predicted that global market of Internet of Things will be 14.4 trillion dollars by
2022. Internet of Things envisions a future where all the objects around us will be
connected to each other. This vision is shared by many other interrelated research
paradigms such as Ubiquitous Computing, Pervasive Computing, Cyber-Physical
Systems, wireless sensor networks etc. The objective of all these research areas
is to make our lives more comfortable by using devices with communication and
computation capability that are connected to each other to sense our surroundings.

However, these areas do not focus much on the emotional and social side of con-
nectivity. This means that the solutions provided by these technologies just strive for
providing automation rather than also helping in connecting people with each oth-
er. Due to the proliferation of numerous tech gadgets such as smartphones, laptops,
smart watches etc. we are beginning to lose touch with our natural surroundings
and even alienating us from other people. Therefore, we need technologies that will
allow people to be emotionally attached to their surroundings and help in devel-
oping the social connection with other people. This implies that we not only need
to connect objects in our surroundings with each other but also people with other
people and people with other objects. Internet of Everything is based on the same
objective of extending networked connection of objects to include people, process,
and data. Cisco defines Internet of Everything as intelligent connection of people,
process, data, and things that creates new capabilities, richer experiences and un-
precedented economic opportunity for business, individuals, and countries [6] [12].
Fig. 1.1 shows the interconnection of people, data, processes and things in Internet
of Everything.

DATA

PROCESSTHINGS

PEOPLE

Internet of Everything

Fig. 1.1: Interconnection of People, Process, Data, and Things
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Instead of just focusing on technological aspects of an application, researchers
are now trying to use knowledge from multiple disciplines such as sociology, psy-
chology, philosophy, architecture etc. to design an application. Researchers want to
use the knowledge of human emotions, social connections, and interaction between
surrounding devices and humans with each other to provide improved services to
users. Smart Spaces is one such application which tries to make our surroundings s-
marter by utilizing the knowledge from multiple disciplines. Many IoT applications
such as Smart Home, Smart Building, Smart HealthCare, Smart Parking, Smart Re-
tail etc. can be classified as a type of Smart Space. All of these applications are
somehow interconnected as there is sharing of data between each other. No matter
what the approach is for designing each application, final objective of each appli-
cation is to improve user’s life by providing better services. Although the specific
details might be different but the challenges such as interoperability, scalability, se-
curity, privacy, etc. are also common for every application. Since these applications
are so closely related, it makes sense to understand them together.

In this paper, we give an overview of Smart Spaces in general and then study in
detail about two important applications i.e. Smart Home and Smart Shopping. We
look at drawbacks in current solutions and classify the reasons why these applica-
tions are not being widely accepted by users. According to our analysis, we found
that if smart space developers want to have wider market adoption of their technolo-
gies then they should shift their focus from technology-centric view to user-centric.
Smart space developers should not compromise on some essential features such as
low cost, high security, reliability, flexibility and robustness, and easy manageability
to enable wider market adoption. In coming future, all the smart spaces will be com-
bined with each so, it is important to understand the difference various smart spaces
in order to combine them. Therefore, we have also given four user-centric criteria
(type of stakeholders, number of users, dynamicity of smart space, and user’s re-
quirement) to compare smart home and smart shopping application. After analyzing
the challenges and drawbacks in smart spaces, we also provide some future research
directions for developing smart spaces.

The rest of the paper is as follows. Section 2 gives a generic overview of S-
mart spaces. Section 3 and Section 4 discuss in detail about Smart Home and Smart
Shopping application respectively. Section 5 discusses the difference between S-
mart Home and Smart Shopping. Finally, in Section 6 some research directions for
developing smart spaces are provided.

1.2 Overview of Smart Spaces

Smart Space is any surrounding environment that adapts itself to human behavior
and needs by utilizing the data obtained from the interaction between objects and
humans. The “objects” here refer to all the devices that are present in our surround-
ing which may include wearables, smartphones, laptops, or any other device capable
of sensing and/or actuation. The objects and users within a smart space can be ei-
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ther stationary or mobile. By using the data from various social networks and other
devices in the surroundings, we can analyze and obtain the contextual information
and data related to user behavior and requirements. Once we know the user require-
ments we can use it to provide personalized services and make the lives of users
more comfortable.

The development of smart spaces requires knowledge from multiple disciplines
such as computer science, psychology, sociology, architecture etc. We need to col-
lect data from sensors and other sources, analyze this data to find some useful fea-
tures related to human behavior, exchange this data with heterogeneous devices and
then configure the devices and systems accordingly. Interactive user interfaces are
also one of the most important components to be included in smart space as they
make it easier to manage the smart spaces. User-friendly interfaces are required to
display the result obtained from different sources of data and enable the interaction
with different devices and systems. These interfaces also open new opportunities for
exchanging data among users and enable better collaboration among individuals.

Technical challenges such as interoperability, resource discovery, scalability, big
data analytics, openness, robustness, security, and privacy are common for every
smart space scenario [49]. Interoperability is a major research challenge that need-
s to be resolved to allow interaction between devices or users located within and
across different smart spaces. European Research Cluster on the Internet of Things
(IERC) defines four types of interoperability i.e. technical, syntactical, semantic,
and organizational interoperability [1]. Technical interoperability is related to hard-
ware/software components and communication protocols that enable machine to
machine communication. Syntactical and semantic are related to format, syntax,
and meaning of data. Organizational interoperability is about overall ability to com-
municate and exchange data between two different organizations. Smart spaces need
to support the capability to add new devices, users to the existing system and also
allow different smart spaces to exchange data with each other. Smart Space is a dy-
namic environment that consists of a large number of devices and users interacting
with each other. Some of the scenarios that need to be handled while managing a
smart space are:

• Addition or removal of devices: Since all the devices interact with each other
to provide a comfortable environment, addition or removal of a device will at
least require informing the other devices about the change in the configuration of
network. Addition or removal of devices will lead to changes in the connectivity
and coverage of the network.There is a possibility that addition of new device
may make an old device redundant or outdated so the old device would have to be
removed. On the other hand, if any functionality was being commonly handled
by the removed device and another device, then the other device will have to
change its configuration accordingly.

• Changing the configuration of a device: A device configuration could be changed
with time. This changes could be either with hardware or software. This change
might make any some devices incompatible for data exchange which will ham-
per the functionality of the whole system. Therefore, changes in one device will
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reflect in all the network and other devices will have to configure themselves
accordingly.

• Reconfiguring the Smart Space according to the user: Nowadays, the services
being provided are usually personalized. Each user has different preferences and
therefore the user has to modify the settings of devices according to his/her re-
quirements. This problem can be resolved if the smart space can recognize the
user and remember the users’ settings. So the next time if the same user enters
the smart space, device settings are changed automatically [11].

• Handling multiple users’ requirement simultaneously: In the previous point, we
made the assumption that there is only user present in the smart space. But usual-
ly, within a home building or office, there are multiple individuals that are present
at any single time. Since each user might have different preferences, it is very d-
ifficult to adapt the smart space such that it is suitable for every user. This is an
ongoing research challenge to resolve the conflict arising due to multiple users’
requirement [40].

Although the technical issues are important in developing smart spaces but if the
researchers want their technological solutions to be widely used by everyone they
need to change their approach. Therefore, in recent years, researchers have changed
their approach from technology-centric to user-centric. Researchers are focusing
more on the requirements of users rather than just thinking about the new techno-
logical solutions they can provide. Previous method of just pushing technology into
the market did not work so well as users either did not want the solutions at first
place or they just could not understand how it worked. We have outlined some of
the non-technical issues below that need to be taken into consideration while devel-
oping smart spaces.

1. User Profile: It is important to understand whether the smart space is intended
to be used by a specific set of users or the solutions provided are applicable for
everyone [4]. For e.g.: Ambient assisted living is a smart space application that is
usually designed for elderly people and it has to be different from smart space that
is designed especially for young kids. This example illustrates the difference in
age but in fact, users could be different in terms of habits, social needs, physical
and mental health etc.

2. User’s Knowledge about Smart Space: Usually an average user has very little
understanding of what is smart space, what are the functions of different devices,
and how to configure those devices according to their requirements. In [55] and
[39], the experience of users operating smart devices in a natural home environ-
ment has been studied and it was observed that users cannot fully understand the
system behavior so they have to try some hacks to configure the system settings.
This kind of situation leads to user frustration.

3. User-Device Interaction: User interfaces for devices within smart spaces must be
interactive, simple to use, require low effort for understanding, and most impor-
tantly usable by all kinds of users [4]. [55] analyzed the use of Nest thermostat in
natural home settings, it was revealed that good interface design leads to better
engagement. Researchers have tried various types of interfaces such as gestures,
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audio-visual, brain-computer interface. Nowadays, researchers are trying to cre-
ate interfaces that enable people to interact with their natural surroundings. For
e.g. in [26] an interactive interface called “time home pub” has been designed
that uses table, whiskey glass, MP3 player as main components for interacting
with surroundings.

4. Balance between User-device control: It is important to decide how much control
should be given in the hands of users. We could either have a case where users di-
rectly control the space around them or another scenario where devices passively
monitor the users’ behavior and needs and then configure the space accordingly.
It has been found that if users feel out of control or do not understand the working
of devices while using autonomous technologies then they impose limitations on
the level of automation [40]. This means they might set the settings of a device
manually rather than depending on it. [40] suggests that it is better to consider
in terms of collaboration between users and devices rather than control. In this
case, both user and devices exchange useful information with each other in order
to make any decision.

1.3 Smart Home

Smart home is a residential area that automatically adapts itself according to resi-
dent’s requirements and allows them to access and control their surroundings that
are being monitored using various sensors and other devices. Various kinds of sen-
sors embedded in wearables, smartphones, and surrounding devices collect data re-
lated to physical environment, human behavior, and human activities. This data is
then analyzed to automatically adapt the physical environment and provide a range
of personalized services to humans that help in improving their living experience
[14]. Different individuals use smart home services for various objectives but we
can classify them into four main types as shown in Fig 1.2.

According to a study done in [36], average US citizen spends 15.6 hours inside
a home. Since this is almost 2/3rd of our daily time, it becomes essential to provide
functionalities that can enhance our comfort while staying inside a home. These
functionalities can include providing remote access and control of various appli-
ances within a home, automatically adapting HVAC systems according to physi-
cal environment and other contextual information, providing improved security by
allowing access to authorized individuals, monitoring the health conditions of in-
habitants and sending an alert in case of abnormal situation (fall detection, heart
attack etc.), or setting the entertainment systems according to your emotions [54]
[5]. In reference [43], authors provide a list of twenty-two services such as Smart
memories, smart bed, smart table, smart bathroom, smart wardrobe etc. that can be
included in a smart home. Authors in [51] use computing technologies to transform
normal surfaces inside a home such as a fridge door, kitchen walls, notice boards
into smart surfaces that can help us in efficiently organizing our home life. IEEE
has created a virtual home, IoT Home of the future, that shows the technologies
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Comfort & 
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HealthCare
Energy 

Conservation

Safety & 

Security

Fig. 1.2: Classification of Smart Home Services

and functionalities that can be included in a smart home in coming future [27].
Researchers have also created real smart homes such as Mavhome [16], Georgia
tech aware home [30], House n [50] to demonstrate the possible functionalities that
could be included in future smart homes.

Most of the services developed for smart home try to enhance our comfort level.
Even though comfort and convenience are a priority while developing smart homes,
we cannot ignore the damage that could be done to our natural surroundings by
over-utilizing the resources like energy. Therefore, there is always a debate between
comfort vs energy i.e. whether we should prefer energy-conserving environment or
use functionalities that maximize our comfort [40]. This leads to another point of
view for smart homes where the focus is on saving energy and money by utilizing
energy management systems that also help in reducing the carbon footprint [54].
The basic idea is to use smart meters and other interfaces that inform the user about
the total energy being consumed and provide possible solutions that will help in
saving the power and money for inhabitants. Energy management systems can be
used to program (either automatically or manually) the appliances inside the home
such that they are not used at the time of peak electricity price, and they get switched
off when not in use or when total power consumption exceeds a threshold. These
settings are dependent on the kind of household and their energy demands.

Out of all the smart home applications, ambient assisted living (AAL) has re-
ceived the most attention by researchers working in this area. AAL aims to make
the lives of people with special demands such as elderly, handicapped etc. more
comfortable by enabling them to live independently at home [31]. Factors such as
increasing aging population, high cost of professional health care personnel, increas-
ing burden on professional health care personnel, and increasing demand of people
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to continue living independently at their current place of residence has prompted
researchers to put more emphasis on this application [47]. It is very challenging
to provide a comfortable life for elderly as they generally face issues like the de-
cline in physical activity, vision, hearing, cognitive functionality, and even many
age-related diseases such as Alzheimer, Parkinson, Arthritis etc. [47]. Some of the
important techniques required for helping the elderly and other such individuals are
human activity recognition (to detect daily life patterns) [15], planning (to help plan
activities especially for patients suffering from dementia), anomaly detection (to de-
tect wandering patterns or hazardous behavior) [13] [18], identity detection [22] and
indoor localization (to track and provide location based services), context modeling
(to provide context based services) etc. [47].

While designing solutions for AAL, researchers should take into account the
special requirements of the specific individual and continuously monitor whether
their current situation or illness affects their capability to use provided technology
[24]. According to a study done in [24], it is seen that these individuals, especially
elderly, care about connecting and communicating with their peers and other family
members. Other important finding from studies done in [24], [31] [47] [5] is that
elderly people do not accept modern IT technologies easily. There is also a social
stigma attached to using these solutions that it makes them look dependent and in
need of professional health care [24]. So they often try to hide the wearables or
other sensory devices in their surroundings. Elderly people need technologies that
are unobtrusive and adaptable according to specific individuals and context [31].

In recent years, researchers have come up with many innovative solutions that
help in solving issues related to AAL. In [34], authors propose some guidelines
in adapting the prompting strategies (auditory, pictorial, video or light) according
to the cognitive profile of the patients suffering from Alzheimer’s Disease. Since
privacy and unobtrusiveness is an important concern for individuals [14], authors in
[2] implement a device called vital radio that uses reflection of low power wireless
signals off human body to track breathing without violating privacy or using any
contact with human body. The technology has reached a point where we can even
help in saving a life. Authors in [7] show a case study where it is revealed that life of
a patient could have been saved from heart attack by analyzing real-time data from
combination of multiple sources such as changes in activities, data from body worn
and surrounding sensors, data from medical devices etc.

Apart from AAL application, we have plethora of smart home devices emerging
in the market. Every major company including Google, Microsoft, Samsung, Ap-
ple, Amazon etc. are introducing devices that promise to automatically adapt our
surroundings and make our homes smarter. According to report by IControl Net-
works that surveyed 1600 consumers [42], 90% of consumers purchase smart home
products for increased personal and home security, 70% for saving energy and mon-
ey, and entertainment being the new emerging factor for buying smart home prod-
ucts. Another interesting trend observed is that 60% people prefer devices that can
adapt themselves automatically. It shows that people are ready for smart homes,
however, the adoption of the smart home devices is still very low. In [55], study was
done to determine problems faced by residents using intelligent systems like NEST
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thermostat. It was revealed in [55] that users face problem understanding the learn-
ing behavior of NEST and in some cases users were even annoyed by the adaptive
changes done by Nest. This issue leads to users taking over the control of devices
instead of relying on automation done by devices. We identified four major reasons
behind low acceptance of smart home products by users which are lack of consid-
eration of user profile, high cost, high complexity, and lack of trust. Each of these
issues has been explained in detail in the following subsections.

1.3.1 Lack of consideration of user profile

As mentioned before, most of the research in smart home has been focused towards
health related users and even then it is an ongoing research challenge to determine
the user attributes for designing home health care technologies [10]. As for other
types of users, a lot of research is required to obtain specific and differentiating
characteristics [54]. Users differ in terms of age, gender, profession, socio-cultural
beliefs, acceptance of technology, physical and mental health, social needs, daily
routine, social relationships etc. An individual also changes with time, so a smart
home system that works now may not work in near future due to change in user with
time [40]. Looking at these differences, it is apparent that designing a smart home
even for a single person is very challenging as it needs to be very flexible and meet
such varied demands. Usually, smart home consist of multiple individuals that share
the space and devices with each other so the chances of conflict are much higher as
each individual has its own preference. We have described four criteria below that
will help in determining the type of users and the solutions they prefer.

Diversity of users based on age
Most of the smart home services are designed for people who have been staying

in their homes for long time [5]. Even though young people have more acceptance
towards technology, they cannot take full advantage of these services because most
young people prefer to live in rented homes due to affordability factor and their
choice of living. According to PwC, 60% of population will live in rented homes in
London [44] therefore, the smart home services need to be made more flexible and
cheaper. Young people need smart home services that are modular and independent
so that they can use these services even in their new homes with worrying about in-
tegration issue. Next group of users belongs to the category of families having chil-
dren. Apart from affordability and flexibility, this group of users is also concerned
with energy savings, and security of their home and people inside it. They are inter-
ested in services that can help them in monitoring the activities of their children or to
get the energy and cost information. The third category of users is older age people
who usually live alone in their homes. One important challenge regarding elderly
people is that they do not easily accept new technology. So technological solutions
that use smartphones or new gadgets might not be the best choice for them as they
may not know how to operate that and are not very eager to learn new technologies
[5].
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Physical and Mental Health
A smart home solution that is suitable for an average individual will definitely

not work for someone who is suffering from an illness or physical disability. Users
with special needs have different types and stages of illness so they need solutions
that are suited according to their individual context [10]. Authors in [34] show how
different patients suffering from Alzheimer’s Disease need different prompting s-
trategies according to their cognitive profile. So, even though two individuals may
suffer from the same disease, their stage and experience will determine what kind
of solution is best suited for them.

Attitude towards smart home automation
Most of the users believe that automating the functionalities in the house will

lead to peace of mind and convenience for them [9]. However, everyone does not
share the same view as there are some group of users who think that automating
functionalities inside the house will make them lazy or they will lose control of
their own house [5]. Different users have different philosophical beliefs and cultural
differences which make it difficult to provide a solution that can work for everyone.
For example, affluent people who can afford the smart home solutions usually prefer
comfort while middle and lower class families want to save money and energy.
Another class of users is technophiles who have positive attitude towards adoption
of technologies. In recent years, do-it-yourself (DIY) technologies have emerged
that allow users to program the smart home solutions themselves. Such solutions
are good for technophiles but average user will not adopt them easily as they have
very minimal understanding of smart home technologies.

1.3.2 High Cost

Even if a smart home solution meets the demand of an individual, it never comes at
a low cost. Cost here is associated with both time and money. Current smart home
solutions are expensive which is the major reason behind limited market adoption.
Most smart home systems are outsourced and they are not affordable for average
households. Users can have cheaper systems by utilizing do-it-yourself (DIY) tech-
nologies that also offer more flexibility but user needs to have sufficient technical
knowledge to use them and they have to devote lot of time [52]. Another issue with
current smart home systems is that they require some structural changes in the house
which again costs money and time [9]. People who stay at rented houses cannot af-
ford to make these structural changes so they usually do not adopt them. In coming
future, more people will live in rented houses so these issues need to be resolved to
allow more adoption of smart home solutions [44].
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1.3.3 High Complexity

Users want to adopt smart home solutions to make their life more comfortable and
convenient, however, if the solutions are complex for them to understand then they
will be more annoyed than comfortable [8]. Users want solutions that can be easily
managed and controlled. Interactive interface plays a major role in allowing users
to achieve this objective. The interface should be simple enough to be understand-
able by any user irrespective of age or technical background. A study of experiences
of users using home automation technologies was done in [9] and it revealed that
users did not like that they had to explain the working of smart devices to anyone
new to the home. Authors in [32] design context based notification system that is
efficient and less disruptive than traditional notifications by smartphone. Such sys-
tems make it easier to view and control the devices. It is often observed that smart
home devices are usually managed by just one person in the house who is most like-
ly a technophile or one of the elder member. One of the main objectives of smart
home technologies is to improve social connection and emotionally connect users to
their surroundings and this is definitely not achieved in the current scenario. In [21],
authors propose a game-based collaborative system that uses gamification mecha-
nisms such as points, levels etc. to engage all members in a house to collaboratively
manage the devices [21]. Another complaint that is received by smart home users
is that they cannot customize their systems and thus they have no control over their
own houses. Although DIY technologies do help in customizing the houses but they
cannot be used by everyone [52]. Smart home users cannot understand the learning
process of devices which is frustrating for them as they think they are not in control
[55]. This situation is made worse by the fact that sometimes smart home devices
do not respond or function in an undesired manner. They always need the help of
outsider or someone with technical knowledge in the house to control these devices
[9]. Repair is another issue that creates a problem for smart home users. The sys-
tems are so complex for them that they require the help of consultants to do even
minor repair or changes in configuration [9].

1.3.4 Lack of Trust

If the users do not trust the smart home solutions then no matter how smart the so-
lutions are, they will not be adopted. Data collected by sensors in the smart home
contains a lot of personal information such as location, behavioral data, daily rou-
tines etc. which should be kept private and secure. Smart homes are designed to
provide remote access and control to individuals which is appealing to users but if
the system is not secure then people with evil motives can use it to their advan-
tage. Hackers can remotely use the system to manipulate our physical environment.
Therefore, it is important that devices in the smart home can only be used by au-
thorized individuals [14]. Another important point to consider is to keep the data
confidential so that privacy of users is maintained. The third factor that leads to lack
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of trust among smart home users is unreliability of devices. Smart home users of-
ten face situations where the devices start adapting in an undesired manner or they
become unresponsive [9] [55]. In future smart homes, devices will make autonom-
ic decisions based on learning the human behavior and sometimes this might lead
to undesired behavior. Authors in [19] use the concept of autonomic computing to
resolve misunderstanding situations that may arise in futuristic home scenarios.

1.4 Smart Shopping

Over the last decades, the advances of pervasive computing and data analytics are
increasingly transforming regular shopping malls into another smart space, where
customers’ shopping behaviors can be captured and analyzed, and thus lead to a
more user-friendly shopping environment. According the research results in [48],
smart shopping is to minimize the expenditure of time, money, or energy to gain
hedonic or utilitarian value from the shopping experience.

There are two two aspects, user-oriented and shop-oriented, in smart shopping.
Most of current works focus on users’ aspect, which can also be classified into two
categories. The first category is to understand customers’ shopping behaviors; the
other category is to enhance customers’ shopping experience. Detailed classification
is illustrated in Figure 1.3.

⁃ Learn to question
⁃ Personalised recommendation
⁃ …… 

⁃ Collect shopping data
⁃ Tracking
⁃ Gesture recognition
⁃ ……

⁃ Find optimal shop location
⁃ Profile shops
⁃ ……

User-oriented

Shop-oriented

Enhance  shopping
 experience

Understand 
shopping behavior 

Fig. 1.3: Classification of smart shopping
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1.4.1 User-oriented Smart Shopping

1.4.1.1 Enhance shopping experience

Brick and Mortar stores have been facing unrelenting competition from online re-
tailers. An enhanced shopping experience is often perceived as a decisive factor in
regaining market share. A lot of research efforts have been put into this perspective.

Wang et al. in [53] modeled retail transaction data for personalized shopping rec-
ommendation. While an integrated approach for cost-effective development of in-
novative in-shop-experience applications leveraging the Internet of Things, HTM-
L5 and Pervasive Display Networks is proposed in [38]. Mahashweta et al. [17]
proposed a novel recommender system that helps users in shopping for technical
products. And the suggestions are generated by leveraging both user preferences
and technical product attributes. weShop [33] is a mobile application which uses
social data to help customers navigate the decision process in the store. The au-
thors found that uncertainty about a product can act as a barrier to purchase for a
customer. The more confident a customer is about a product, the more likely he or
she is to purchase it. At the core of the experience is the use of social profile data
as a form of context to provide a tailor,ed experience aimed at reducing customer
uncertainty.

1.4.1.2 Understand shopping behavior

Retailers are dying to know more about their customers, have a better understanding
of customers’ shopping behaviors is critical for market adoption and product pro-
motion. Existing works mostly focus on how to collect customers’ shopping data,
tracking, and recognize their gestures.

For data collection, TagBooth [37] is an innovative system to detect commodities
motion and further discover customers’ behaviors, using COTS RFID devices. The
authors exploited the motion of tagged commodities by leveraging physical-layer
information, like phase and RSS, and then recognize customers’ actions like pick-
ing, toggling events. Another work is a real-time data collection system proposed in
[56], which is based on the following queries.

• To discover the path of a given length (defined by the number of sectors) shared
by the largest portion of buyers.

• To find out the path with as many sectors as possible, subject to a predefined
threshold of support.

• To find out sectors where buyers visit frequently but seldom purchase any prod-
ucts in these sectors.

For tracking customers, Harikrishna et al proposed a video analytics solution for
tracking customer locations in retail shopping malls [46]. In the work, they pre-
sented a computer vision based system for tracking customer locations by recog-
nizing individual shopping carts inside shopping malls in order to facilitate location
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based services. Customers’ traces offer researcher insights about their behaviors.
Toshikazu [29] proposed a concept of KANSEI modeling from the aspects of users
needs in information service. The key issue is to computationally describe human
information processing process from the following aspects; (1) intuitive perception
process, (2) subjective interpretation of their situations, (3) knowledge structure of
service domain, (4) feature of behavior pattern, and (5) decision making process.
Figure 1.4 illustrates the schematic model of KANSEI.

Fig. 1.4: Schematic model of KANSEI [29]

SangJeong Lee et al. presented a customer malling behavior modeling framework
for an urban shopping mall in [35]. The framework utilizes customers’ smartphones
to derive a holistic understanding of customer behaviors from physical movement to
service semantics and proposed a multi-level structure of customer behavior model
as shown in Figure 1.5.

Fig. 1.5: Multi-level structure of customer behavior model [35]

For recognizing customers’ gestures, some researcher used WiFi to sense cus-
tomers’ behaviors in a retail store, since video surveillance can not be used due to
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high cost and privacy concerns. Zeng et al. [57] showed that various states of a cus-
tomer such as standing near the entrance to view a promotion or walking quickly to
proceed towards the intended item can be accurately classified by profiling Channel
State Information (CSI) of WiFi. Also Meera et al. [45] demonstrated that reliably
inferring customers’ in-store interactions and behaviors by just observing their hand
and foot movement inside a store. The hand gestures and locomotive pattern of the
customer is identified by appropriately mining the sensor data from shoppers per-
sonal smartphone and wearable devices (like smart watches).

1.4.2 Shop-oriented Smart Shopping

Numerous research focus on user aspects, only a few of them try to model shops.
ShopProfiler [25] is a shop profiling system on crowdsourcing data. First, they ex-
tracted movement patterns from customer trajectories. Then localized shops through
WiFi heat map. And lastly they categorized shops by designing an SVM classifier
in shop space to support multi-label classification and infer brand name from SSID
by applying string similarity measurement.

Karamshuk et al. used a data-driven approach to find the optimal location for a
new retail store in [28]. They exploited check-in data from Foursquare and mined
two features to predict the popularity of retail stores. The two general signals are
geographic, where features are formulated according to the types and density of
nearby places, and user mobility, which includes transitions between venues or the
incoming flow of mobile users from distant areas.

1.4.3 Immature techniques

Smart shopping is not that prevalent currently, as some fundamental techniques are
immature and cannot be applied to large real scenarios. For example, accurate indoor
positioning system require specialized equipments. Cheap as WiFi-based localiza-
tion systems are, they can only derive coarse-grained location information. Another
example is CSI-based gesture recognition. CSI is utilized to recognize customers’
gestures, but it does not work when there is a lot of customers, which poses a strong
assumption against reality.

1.5 Discussion

Researchers are trying to make everything in our surroundings smart by introducing
a different variety of sensors and devices but currently different smart spaces do
not really interact with each other. Our needs and behavior are influenced by every
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small thing that we interact with in our surrounding. This includes all the devices and
people at our home, office or any other place. Therefore, if we want to implement a
true “Smart” system, then we need to use data from multiple smart spaces. Different
smart spaces not only need to share data but interact with each other. We give an
imaginary scenario below where three different smart spaces (Smart Home, Smart
Parking, and Smart Shopping) interact with each other. This scenario shows how our
life will become more comfortable if multiple smart spaces can share the data and
interact with each other. Interaction of different smart spaces will drastically change
our way of living.

Let’s say there is a scenario where you take your car and go towards Shopping
mall to buy some clothes for an upcoming party. Smart Parking application will
monitor your trajectory and calculate the time to destination. Based on your pre-
vious preference, a parking spot will be reserved for you at the shopping mall and
smart parking application will guide you to that particular spot once you reach your
destination. At the same time, sensors in your smart home monitor and predict your
future requirements. Wearable sensors and sensors on your smartphone analyze y-
our current situation and since you are at a shopping mall, you get a notification
that you might need to buy some grocery items as they are almost finished. You s-
elect this notification and you get a detailed list of items that need to be bought.
Within the shopping mall, smart shopping application will give you personalized
recommendations and guide you to make your shopping experience more efficient
and enjoyable.

In the coming future, not just these three applications but all the smart spaces that
one can imagine such as home, office, hospital, shopping mall, parking lot etc. will
interact with each other. There are three main technical challenges that need to be
tackled to develop such an integrated system. First one is interoperability to allow
sharing of data between heterogeneous systems. Second is scalability so that sys-
tem is robust enough to add and remove devices/users. Finally, security and privacy
cannot be ignored as the interaction of different smart spaces will require access to
personal information that should be kept secure.

We analyzed two important smart spaces, Smart Home and Smart Shopping, in-
dependently in section 3 and 4 respectively. However, as stated above, we need
to think in terms of whole integrated systems rather than individual smart spaces.
Even though most of the technical challenges are common for these two smart s-
paces there are many small differences that should be considered while designing
them. We have outlined four main differences below between Smart Home and S-
mart Shopping application. The four differences given below can also be utilized to
differentiate other applications.

1. Type of Stakeholder: While developing any technological solution for a smart
space, we need to consider who will use the technological solution and what
are their requirements. Users who are interested in the smart space solutions are
called stakeholders. For any smart home application, we have just one type of
stakeholder i.e. household inhabitants. However, these household inhabitants can
be further classified into many categories such as children, young people, fami-
lies, elderly, physically disabled individuals, mentally disabled individuals etc. In
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Table 1.1: Difference between Smart Home and Smart Shopping Application

Difference Criteria Smart Home Smart Shopping

Type of Stakeholders 1(Household
Inhabitants)

2 (Shop Owner and Customer)

Number of Users Less than 10 Greater than 1000 per week

Dynamicity of Smart Space Low High

User’s Requirement Personalized
Surroundings

Personalized
Recommendation

section 3, we classified objectives of smart home users into four categories which
are comfort and convenience, security, energy conservation, and healthcare. On
the other hand, for a smart shopping application, we have two type of stakehold-
ers: i.e. Shop owners and customers. Shop owners are interested in increasing
their sales so they want to know different marketing strategies and other useful
information that will help them in attracting more customers. While customers
want to get the best value for their money and a personalized experience while
shopping. Customers are also interested to know the latest update on their favorite
products that are launched into the market. Use of technology can help achieve
the objective of both the stakeholders but it is important that these solutions are
unobtrusive for customers.

2. Number of Users: Scalability is an ongoing research challenge in developing
smart spaces. The number of users in a smart home is in the order of tens at
maximum while for a smart shopping scenario this number is definitely larger.
For super stores like Walmart, this number is around 100,000,000 customers per
week [8]. According to Gartner, by the year 2022 number of devices within a
single home could be 500 [23]. Currently, we do not have an exact number of
devices for smart shopping application but if the number of customers is any
indication then the number of devices should at least be in the range of thousands
for stores like Walmart. With such huge difference in the number of users and
devices for these applications, it is clear that a solution for a smart home cannot
be directly applied for smart shopping application.

3. Dynamicity of Smart Spaces: Configuration of a smart space can be changed by
addition, removal, or change of devices or users in the system. A smart space
should be robust enough to recover from any change in its current configuration.
Difficulty in developing a smart space directly depends on how dynamic it is.
Smart home application is not as dynamic as Smart Shopping. In the case of a s-
mart home, once the systems are configured according to user’s requirement they
are seldom changed later on. Few changes are done when devices are replaced
or new user is added but these changes are minimal. However, for a smart shop-
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ping application, there is always a constant change in the number of users. The
mobility of users in smart shopping scenario is also higher as compared to smart
home scenario. There are higher chances of device damage in smart shopping
application as the number and types of users utilizing the devices is higher.

4. User’s Requirement: Smart Home users want their surroundings to adapt accord-
ing to their behavior and requirements. For example automatic adaption of light-
ing or HVAC system within a home. This is called personalized setting of smart
home environment. Now if a smart home consists of multiple inhabitants then
everyone wants to set the devices according to their own choice which leads to
conflict. In case of Smart Shopping scenario, such a conflict does not occur as
users are not interested in personalizing the surrounding environment. Customers
in smart shopping application are interested in receiving personalized recommen-
dation for shopping. Shop owners collect data related to their customers and use
it for personalized marketing of products. In both cases, users want personalized
services but the type of service required is entirely different. Smart space devel-
opers should consider type of user’s requirement while integrating multiple smart
spaces.

1.6 Future Directions for Research in Smart Spaces

Today we have tons of products in the market that are being branded as ”Smart”
devices. However, when these ”Smart” devices are used in a practical environment
they do not meet the expectations of users [40]. This is why researchers are now test-
ing their solutions in real situations instead of laboratory settings. In previous sec-
tions, we analyzed the drawbacks in Smart Home and Smart Shopping application
and even compared these two applications. This section points out some research
directions for smart space developers. As it has been mentioned earlier that smart
space development requires effort from multiple disciplines so we do not cover al-
l possible research directions. Many Issues such as policy-making, legal, ethical,
philosophical etc. have not been considered in this section.

1. Improved Sensing Technology: Sensing is the fundamental towards development
of smart spaces. We use a wide variety of sensors to monitor our physical envi-
ronments, activities, health signs, and for many other purposes. Authors in [20]
classify sensing devices being used in the smart home into three categories i.e.
Wearable devices, Direct environment components, and infrastructure mediated
system. If we want everything around us to be smarter then we need sensors
that have lesser weight, smaller size, and longer battery power and transmission
range. Energy harvesting could be a solution to low battery issue but current so-
lutions are not sufficient. Research efforts are required to develop new ways of
sensing that are more comfortable and less obtrusive [2]. Issues like absorption of
electromagnetic energy by human tissue will be an important concern in coming
future as the number of sensing devices around us will be very large [47].
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2. Beyond Human Activity Recognition: Usually the services provided to users in a
smart space are based on the current context and situation. Context and situation
awareness is done based on the recognition and prediction of human activities
from sensor data [15]. This is not sufficient though because a smart space means
the surrounding environment is adapted based on user’s behavior and require-
ments. Therefore, researchers should work towards recognition of high-level goal
or intent of users [40]. Research is required to develop new algorithms that can
predict human emotions, behavior, comfort and eventually their intent in a nat-
uralistic environment. Another area that needs attention is recognition and pre-
diction of critical events based on collected sensor data [15]. This is important
because users are more interested to know about anomalies and critical events
rather than regular events [40] [15].

3. Interactive Interfaces: Designing interfaces for human-device interaction will
continue to be an important issue in coming future. One interesting topic in this
research area is to design interfaces for elderly and physical or mentally disabled
individuals. Interfaces for these special individuals should be designed different-
ly. One of the major reason for the limited adoption of smart space solutions
especially among these individuals is the social stigma attached to using spe-
cial care facilities [47]. Therefore, they need interfaces that are not only easier
to use but also they look more natural and hence are invisible. Interfaces should
be designed such that they can be used by anyone irrespective of their techni-
cal background or any other difference. Even though devices are being made
to autonomously adapt themselves, humans will still be somehow involved in
decision-making process. Future interfaces should be designed not only to al-
low management of devices but also enable collaboration between devices and
humans.

4. Interoperability: Use of heterogeneous devices is common for developing a smart
space. There are solutions available to handle technical interoperability challenge
that occurs due to the difference in communication protocol and standard being
used. However, in coming future, we will have multiple smart spaces interacting
and sharing data with each other. This means we need interoperability solutions
not only to allow transmission of data between completely different systems but
also to understand the data being transmitted so that decision-making can be
done based on the shared data. Semantic and organizational interoperability will
continue to be major challenge at least in coming future [41] [1]. Research efforts
are required to develop a standardized architecture for developing smart spaces.

5. Robustness: A smart space is a dynamic environment where users come in or
go out, and the behavior and requirement of any particular user changes with
space and time. Even the devices in a smart space can be added, removed, or
changed based on requirement. Both devices and users could be mobile or static
at any time. Basically, the condition of both users and devices changes with time.
In coming future, the systems will become even more complex so research is
required to develop systems that are flexible and robust enough to adapt to such
dynamicity. If any system is not robust then it is not reliable for the user to use it.
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Failure of systems such as fire-alert or other safety system installed in a building
could also be life threatening for user [49].

6. Security and Privacy: Systems in coming future will support autonomous adap-
tion feature which means they will have data related to user behavior and re-
quirements. Such personal data should not be allowed to fall into the hands of
unauthorized entities. Therefore, it is important to address issues such as da-
ta authentication, data integrity, data confidentiality etc. In order to protect the
privacy of users, researchers have proposed that users should have control over
which data is being collected, who is using it and where is it being stored [3].
This solution may not work in coming future as we will have sensors everywhere
around us collecting data and since multiple smart spaces will be combined, it
will be difficult to have control over who will use it and how. New innovative so-
lutions are required that can address security and privacy issues even for complex
and scalable smart spaces that will be developed in coming future.

Acknowledgments.

The work described in this paper was partially supported by the funding for Project
of Strategic Importance provided by The Hong Kong Polytechnic University (Project
Code: 1-ZE26), and NSFC project (Project Code: 61332004).

References

[1] (2015) Iot semantic interoperability: Research challenges, best practices, rec-
ommendations and next steps. Tech. rep., IERC - European Research Cluster
on the Internet of Things

[2] Adib F, Kabelac Z, Mao H, Katabi D, Miller RC (2014) Demo: real-time breath
monitoring using wireless signals. In: Proceedings of the 20th annual interna-
tional conference on Mobile computing and networking, ACM, pp 261–262

[3] Atzori L, Iera A, Morabito G (2010) The internet of things: A survey. Com-
puter networks 54(15):2787–2805

[4] Balandin S, Waris H (2009) Key properties in the development of smart s-
paces. In: International Conference on Universal Access in Human-Computer
Interaction, Springer, pp 3–12

[5] Balta-Ozkan N, Davidson R, Bicket M, Whitmarsh L (2013) Social barriers to
the adoption of smart homes. Energy Policy 63:363–374

[6] Bojanova I, Hurlburt G, Voas J (2013) Today, the internet of things. tomorrow,
the internet of everything. beyond that, perhaps, the internet of anything?a
radically super-connected ecosystem where questions about security, trust, and
control assume entirely new dimensions. information-development p 04



1 Challenges and Opportunities in Designing Smart Spaces 21

[7] Bradford D, Zhang Q (2016) How to save a life: Could real-time sensor data
have saved mrs elle? In: Proceedings of the 2016 CHI Conference Extended
Abstracts on Human Factors in Computing Systems, ACM, pp 910–920

[8] Brain S (2012) Walmart company statistic. http://www.
statisticbrain.com/wal-mart-company-statistics/

[9] Brush A, Lee B, Mahajan R, Agarwal S, Saroiu S, Dixon C (2011) Home
automation in the wild: challenges and opportunities. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, ACM, pp
2115–2124

[10] Burrows A, Gooberman-Hill R, Coyle D (2015) Empirically derived user at-
tributes for the design of home healthcare technologies. Personal and Ubiqui-
tous Computing 19(8):1233–1245

[11] Chae S, Yang Y, Byun J, Han TD (2016) Personal smart space: Iot based user
recognition and device control. In: 2016 IEEE Tenth International Conference
on Semantic Computing (ICSC), IEEE, pp 181–182

[12] Cisco (2013) Internet of everything. http://ioeassessment.cisco.
com/

[13] Civitarese G, Belfiore S, Bettini C (2016) Let the objects tell what you are
doing. In: Proceedings of the 2016 ACM International Joint Conference on
Pervasive and Ubiquitous Computing: Adjunct, ACM, pp 773–782

[14] Cook DJ (2012) How smart is your home? Science 335(6076):1579–1581
[15] Cook DJ, Krishnan NC (2015) Activity Learning: Discovering, Recognizing,

and Predicting Human Behavior from Sensor Data. John Wiley & Sons
[16] Cook DJ, Youngblood GM, Heierman III EO, Gopalratnam K, Rao S, Litvin

A, Khawaja F (2003) Mavhome: An agent-based smart home. In: PerCom,
vol 3, pp 521–524

[17] Das M, De Francisci Morales G, Gionis A, Weber I (2013) Learning to ques-
tion: leveraging user preferences for shopping advice. In: Proceedings of the
19th ACM SIGKDD international conference on Knowledge discovery and
data mining, ACM, pp 203–211

[18] Dawadi P, Cook DJ, Schmitter-Edgecombe M (2014) Smart home-based longi-
tudinal functional assessment. In: Proceedings of the 2014 ACM International
Joint Conference on Pervasive and Ubiquitous Computing: Adjunct Publica-
tion, ACM, pp 1217–1224

[19] Despouys R, Sharrock R, Demeure I (2014) Sensemaking in the autonomic
smart-home. In: Proceedings of the 2014 ACM International Joint Conference
on Pervasive and Ubiquitous Computing: Adjunct Publication, ACM, pp 887–
894

[20] Ding D, Cooper RA, Pasquina PF, Fici-Pasquina L (2011) Sensor technology
for smart homes. Maturitas 69(2):131–136

[21] Fogli D, Lanzilotti R, Piccinno A, Tosi P (2016) Ami@ home: A game-based
collaborative system for smart home configuration. In: Proceedings of the
International Working Conference on Advanced Visual Interfaces, ACM, pp
308–309

http://www.statisticbrain.com/wal-mart-company-statistics/
http://www.statisticbrain.com/wal-mart-company-statistics/
http://ioeassessment.cisco.com/
http://ioeassessment.cisco.com/


22 Yuvraj Sahni, Jiannong Cao, and Jiaxing Shen

[22] Garnier-Moiroux D, Silveira F, Sheth A (2013) Towards user identification in
the home from appliance usage patterns. In: Proceedings of the 2013 ACM
conference on Pervasive and ubiquitous computing adjunct publication, ACM,
pp 861–868

[23] Gartner (2014) Gartner says a typical family home could contain more than
500 smart devices by 2022. http://www.gartner.com/newsroom/
id/2839717, accessed: 2016-10-30

[24] Greenhalgh T, Wherton J, Sugarhood P, Hinder S, Procter R, Stones R (2013)
What matters to older people with assisted living needs? a phenomenological
analysis of the use and non-use of telehealth and telecare. Social Science &
Medicine 93:86–94

[25] Guo X, Chan EC, Liu C, Wu K, Liu S, Ni LM (2014) Shopprofiler: Profiling
shops with crowdsourcing data. In: IEEE INFOCOM 2014-IEEE Conference
on Computer Communications, IEEE, pp 1240–1248

[26] Huang YC, Wu KY, Liu YT (2013) Future home design: an emotional commu-
nication channel approach to smart space. Personal and ubiquitous computing
17(6):1281–1293

[27] IEEE (2016) Iot home of the future. http://transmitter.ieee.org/
iot/, accessed: 2016-10-17

[28] Karamshuk D, Noulas A, Scellato S, Nicosia V, Mascolo C (2013) Geo-
spotting: mining online location-based services for optimal retail store place-
ment. In: Proceedings of the 19th ACM SIGKDD international conference on
Knowledge discovery and data mining, ACM, pp 793–801

[29] Kato T (2011) User modeling through unconscious interaction with smart
shop. In: International Conference on Universal Access in Human-Computer
Interaction, Springer, pp 61–68

[30] Kientz JA, Patel SN, Jones B, Price E, Mynatt ED, Abowd GD (2008) The
georgia tech aware home. In: CHI’08 extended abstracts on Human factors in
computing systems, ACM, pp 3675–3680

[31] Kleinberger T, Becker M, Ras E, Holzinger A, Müller P (2007) Ambient in-
telligence in assisted living: enable elderly people to handle future interfaces.
In: International Conference on Universal Access in Human-Computer Inter-
action, Springer, pp 103–112

[32] Kubitza T, Voit A, Weber D, Schmidt A (2016) An iot infrastructure for u-
biquitous notifications in intelligent living environments. In: Proceedings of
the 2016 ACM International Joint Conference on Pervasive and Ubiquitous
Computing: Adjunct, ACM, pp 1536–1541

[33] Landry BM, Dempski K (2012) weshop: using social data as context in the
retail experience. In: Proceedings of the 2012 ACM Conference on Ubiquitous
Computing, ACM, pp 663–664

[34] Lapointe J, Bouchard B, Bouchard J, Potvin A, Bouzouane A (2012) Smart
homes for people with alzheimer’s disease: adapting prompting strategies to
the patient’s cognitive profile. In: proceedings of the 5th international confer-
ence on pervasive technologies related to assistive environments, ACM, p 30

http://www.gartner.com/newsroom/id/2839717
http://www.gartner.com/newsroom/id/2839717
http://transmitter.ieee.org/iot/
http://transmitter.ieee.org/iot/


1 Challenges and Opportunities in Designing Smart Spaces 23

[35] Lee S, Min C, Yoo C, Song J (2013) Understanding customer malling behavior
in an urban shopping mall using smartphones. In: Proceedings of the 2013
ACM conference on Pervasive and ubiquitous computing adjunct publication,
ACM, pp 901–910

[36] Leech JA, Nelson WC, Burnett RT, Aaron S, Raizenne ME (2002) It’s about
time: A comparison of canadian and american time–activity patterns. Journal
of Exposure Analysis & Environmental Epidemiology 12(6)

[37] Liu T, Yang L, Li XY, Huang H, Liu Y (2015) Tagbooth: Deep shopping da-
ta acquisition powered by rfid tags. In: 2015 IEEE Conference on Computer
Communications (INFOCOM), IEEE, pp 1670–1678

[38] Longo S, Kovacs E, Franke J, Martin M (2013) Enriching shopping experi-
ences with pervasive displays and smart things. In: Proceedings of the 2013
ACM conference on Pervasive and ubiquitous computing adjunct publication,
ACM, pp 991–998

[39] Mennicken S, Huang EM (2012) Hacking the natural habitat: an in-the-wild
study of smart homes, their development, and the people who live in them. In:
International Conference on Pervasive Computing, Springer, pp 143–160

[40] Mennicken S, Vermeulen J, Huang EM (2014) From today’s augmented hous-
es to tomorrow’s smart homes: new directions for home automation research.
In: Proceedings of the 2014 ACM International Joint Conference on Pervasive
and Ubiquitous Computing, ACM, pp 105–115

[41] Miorandi D, Sicari S, De Pellegrini F, Chlamtac I (2012) Internet of things:
Vision, applications and research challenges. Ad Hoc Networks 10(7):1497–
1516

[42] Network I (2015) 2015 state of the smart home report. https:
//www.icontrol.com/wp-content/uploads/2015/06/
Smart_Home_Report_2015.pdf

[43] Park SH, Won SH, Lee JB, Kim SW (2003) Smart home–digitally engineered
domestic life. Personal and Ubiquitous Computing 7(3-4):189–196

[44] PwC (2016) London to be transformed from city of home-owners to
city of home-renters in a generation. http://pwc.blogs.com/
press_room/2016/02/london-to-be-transformed-from-
city-of-home-owners-to-city-of-home-renters-in-a-
generation.html, accessed: 2016-10-17

[45] Radhakrishnan M, Eswaran S, Sen S, Subbaraju V, Misra A, Balan RK (2016)
Demo: Smartwatch based shopping gesture recognition. In: Proceedings of the
14th Annual International Conference on Mobile Systems, Applications, and
Services Companion, ACM, pp 115–115

[46] Rai HG, Jonna K, Krishna PR (2011) Video analytics solution for tracking
customer locations in retail shopping malls. In: Proceedings of the 17th ACM
SIGKDD international conference on Knowledge discovery and data mining,
ACM, pp 773–776

[47] Rashidi P, Mihailidis A (2013) A survey on ambient-assisted living tools for
older adults. IEEE journal of biomedical and health informatics 17(3):579–590

https://www.icontrol.com/wp-content/uploads/2015/06/Smart_Home_Report_2015.pdf
https://www.icontrol.com/wp-content/uploads/2015/06/Smart_Home_Report_2015.pdf
https://www.icontrol.com/wp-content/uploads/2015/06/Smart_Home_Report_2015.pdf
http://pwc.blogs.com/press_room/2016/02/london-to-be-transformed-from-city-of-home-owners-to-city-of-home-renters-in-a-generation.html
http://pwc.blogs.com/press_room/2016/02/london-to-be-transformed-from-city-of-home-owners-to-city-of-home-renters-in-a-generation.html
http://pwc.blogs.com/press_room/2016/02/london-to-be-transformed-from-city-of-home-owners-to-city-of-home-renters-in-a-generation.html
http://pwc.blogs.com/press_room/2016/02/london-to-be-transformed-from-city-of-home-owners-to-city-of-home-renters-in-a-generation.html


24 Yuvraj Sahni, Jiannong Cao, and Jiaxing Shen

[48] Runyan RC, Foster IM, Green Atkins K, Kim YK (2012) Smart shopping: con-
ceptualization and measurement. International Journal of Retail & Distribution
Management 40(5):360–375

[49] Stankovic JA (2014) Research directions for the internet of things. IEEE Inter-
net of Things Journal 1(1):3–9

[50] Tapia EM, Intille SS, Larson K (2004) Activity recognition in the home us-
ing simple and ubiquitous sensors. In: International Conference on Pervasive
Computing, Springer, pp 158–175

[51] Taylor AS, Harper R, Swan L, Izadi S, Sellen A, Perry M (2007) Homes that
make us smart. Personal and Ubiquitous Computing 11(5):383–393

[52] Vianello A, Florack Y, Bellucci A, Jacucci G (2016) T4tags 2.0: A tangible
system for supporting users’ needs in the domestic environment. In: Proceed-
ings of the TEI’16: Tenth International Conference on Tangible, Embedded,
and Embodied Interaction, ACM, pp 38–43

[53] Wang P, Guo J, Lan Y (2014) Modeling retail transaction data for personal-
ized shopping recommendation. In: Proceedings of the 23rd ACM Internation-
al Conference on Conference on Information and Knowledge Management,
ACM, pp 1979–1982

[54] Wilson C, Hargreaves T, Hauxwell-Baldwin R (2015) Smart homes and their
users: a systematic analysis and key challenges. Personal and Ubiquitous Com-
puting 19(2):463–476

[55] Yang R, Newman MW (2013) Learning from a learning thermostat: lessons
for intelligent systems for the home. In: Proceedings of the 2013 ACM inter-
national joint conference on Pervasive and ubiquitous computing, ACM, pp
93–102

[56] Yuan B, Orlowska M, Sadiq S (2006) Real-time acquisition of buyer behaviour
data–the smart shop floor scenario. In: International Workshop on Business
Intelligence for the Real-Time Enterprise, Springer, pp 106–117

[57] Zeng Y, Pathak PH, Mohapatra P (2015) Analyzing shopper’s behavior
through wifi signals. In: Proceedings of the 2nd workshop on Workshop on
Physical Analytics, ACM, pp 13–18

View publication statsView publication stats

https://www.researchgate.net/publication/320453922

	Challenges and Opportunities in Designing Smart Spaces
	Yuvraj Sahni, Jiannong Cao, and Jiaxing Shen
	Introduction
	Overview of Smart Spaces
	Smart Home
	Lack of consideration of user profile
	High Cost
	High Complexity
	Lack of Trust

	Smart Shopping
	User-oriented Smart Shopping
	Enhance shopping experience
	Understand shopping behavior

	Shop-oriented Smart Shopping
	Immature techniques

	Discussion
	Future Directions for Research in Smart Spaces
	References



