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ABSTRACT 
 

Trends in technologies have mostly focused on the work environment, 
entertainment and communication technologies. Some developments have 
been made for the home such as microwave ovens, washing machines, 
HDTV, etc but most tasks are still manually executed. Washing machines are 
used in laundry but there hasn’t been a significant saving in time compared 
to manual laundering. The effects of misuse of the machine can be very 
destructive to clothes. This calls for proper sorting of clothes and adjustment 
of washing settings as appropriate. However, sorting has become a time 
consuming activity that requires a lot of attention on the part of the 
individual. Due to fatigue, individuals may in turn not pay much attention to 
washing instructions. 
 
In this thesis, we put together technologies into a system that would aid the 
user in planning and executing a laundry through identification of dirty 
clothes and sorting them in groups that can go into separate washes. 
 
Keywords:  

SmartWardrobe, UbiComp, RFID, Electronic Nose, middleware, laundry, 
ethnography, ambient intelligence, clothes, apparels. 
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1 INTRODUCTION 
 

Today, individuals carry mobile phones, PDAs, mp3 players, digital cameras, 
etc on them while on the move. At home, there exists in the living room, an 
array of computerised equipment in the form of DVD players, remote 
commanders, stereos, computer games, etc. The kitchen is taken care of in the 
form of refrigerators, microwave ovens, stoves, coffee makers, etc.  All these 
appliances and equipments did not just happen like the “big bang” story of 
creation. Researchers in several fields have worked hard over time to achieve 
results on them. However, there is currently not much to talk about 
appliances in the bedroom and bathroom department of the home. One 
prominent and important feature that exists in the bedroom is the wardrobe 
or closet. In fact, 100% of respondents in a survey we carried out indicated 
that they had access to a wardrobe! (We use the term ‘wardrobe’ 
interchangeably to refer to the piece of furniture or collection of clothes).  

 

The wardrobe mostly serves as storage for clothes; these clothes may be dirty 
or clean. It also serves as a storage area for various other articles such as 
jewellery, shoes, etc. Owners interact with the wardrobe as often as they 
would like in order to find something appropriate to wear for instance to go 
to work, dinner party, etc.  

 

Perhaps as people get wealthier or new clothes become cheaper, the size of 
their wardrobes get bigger and the process of finding something to wear and 
making a decision about what to wear starts to take more and more of the 
user’s time.  In addition, a lot of effort and time have to go into laundering; 
where users do their own laundry. This involves identifying dirty clothes 
and sorting the same clothes into groups that can go into separate washes. It 
doesn’t matter here whether the washing is manual or by machine. The 
process requires a lot of time and care from the individual concerned. 
Careless sorting and/or washing of clothes under conditions not 
recommended by the manufacturer can lead to damage of the fabric or 
discoloration and render the cloth un-wearable. 

 

In this thesis project, our goal is to put together a set of technologies into a 
system that could be used to aid the user in the planning of their laundry. In 
order to achieve this goal, we need to be able to identify which clothes are 
dirty, we need to make reference to the manufacturer’s washing instructions 
(as are on the manufacturer’s label), we also need to take into consideration 
other factors such as colour of the cloth, type (whether jeans, cardigan, etc) 
etc. In addition, we need to introduce some level of smartness into the 
resultant system in order that; less input may be required from the user, 
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errors that result from user input are minimized, and reduce waiting time as 
processing goes on. 

 

Smartness in this context implies among others; the ability of the system to 
automatically gather from its environment information necessary for 
processes it needs to carry out, intelligently using that information to make 
inferences and provide meaningful and useful results to the user in a timely 
manner. 

1.1 Smart – Systems 
 

By description, a smart system is a system that is capable of analyzing the 
data at hand and making a decision on what must be done based on that 
information. A typical characteristic of smart systems is that they use sensors 
to monitor the environment and use actuators to effect changes to that 
environment where necessary. We can consider a smart conference room as 
one that disables mobile phones, adjusts lighting depending on the 
proceedings, etc; a lighting system that monitors amount of light in its 
environment and lights up to keep the lighting to a desirable level; a smart 
door that opens when it detects the presence of a person, etc.  

 

In other words, a smart system has the ability to automatically gather from 
its environment data that it needs for the processes it is designed to carry out. 
They heavily rely on sensor networks that stay in constant touch with the 
environment. For instance a smart air-conditioner always monitors the 
temperature of its environment (using temperature sensors) and tunes the 
heating or cooling systems in order to maintain a pre-determined 
temperature. 

 

In addition, a smart system uses the information it has at hand to make the 
best inferences based on the prevailing circumstances in order to provide 
meaningful and useful results to its user in a timely manner. Going back to 
our previous example, the air conditioner should be able to act within limited 
time to avoid its environment from getting either too cold or too hot. 

 

In terms of interaction, a smart system minimizes the annoyances that are 
usually brought through the use of traditional systems by reducing the level 
of input that would otherwise be required of the user, pro-activity, etc. They 
are also able to learn from past experiences and use these experiences to 
inform future decisions in their quest to be more useful in their area of use. 

 

In the same light, incorporating smartness into a technologically supported 
wardrobe generates more user satisfaction by reducing the amount of effort 
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that would otherwise be expected from the user in terms of input. For 
instance, the wardrobe could on its own be able to determine that a 
particular cloth is dirty or clean. 

 

Already, some researchers have appreciated the need for designing 
technologies to support wardrobe related user requirements. Some of them 
have incorporated the features of smartness; we will do a brief survey of the 
most notable of them in section (related studies) that follows. 

 

1.2 Related Studies / Projects 

1.2.1 Magic Wardrobe: Situated shopping from your own wardrobe 

[50] 
The main objective of the project was to design a system that would make it 
possible for users to have information about their wardrobe wherever they 
were. The information included what they had in the wardrobe, where they 
purchased them, stores from which they have purchased items before etc. In 
this way, individuals who go shopping are able to use what is in the 
wardrobe as the shopping context. As a result they would be able to avoid 
buying things they already had, the system would also search for items in 
stores that matched items that the user selected from the virtual wardrobe 
e.g. finding shirts that matched a selected trouser. 

 

The system comprised four constructs: 

My Wardrobe: Database of items owned including information on the details 
of the purchase. 

My Wish List: Provided data on items that the user had showed interest 
in but not yet purchased. The system periodically suggested products it 
deemed might be of interest to the user. 

My Store: Personalized list of merchandise from various online stores that 
the system deemed as relevant to the user. 

Market: Listing of online stores that offer for sale merchandise that was 
found in the user's wardrobe. 

 

1.2.2 What am I gonna Wear: Scenario-oriented recommendation [42] 
 

This is based on common sense reasoning that matches clothes styles and 
functions with the concepts needed for the context. The system returns 
suggestions for complete outfits and the selected outfit will be recorded as 
the user's feedback to the system's recommendation for these particular 
occasions. For instance, a set of clothes that a user initially selects for 
swimming will be matched to that activity and will be suggested the next 
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time the user requires costumes for swimming. The system makes it possible 
for users to make up outfits through selection or by getting feedback from 
friends. There is even the possibility of browsing other user's items. 

 
For a functional system, all users have an online wardrobe containing all 
clothing items that are labeled by brand e.g. Nike, Levi, Gucci, etc. The type 
of clothing is also registered for instance jeans, jacket, etc together with a 
description e.g. 'this pair of jeans makes me look sexy'. Finding clothing 
items is then dependent on the scenario for instance 'I want to look sexy' or 'I 
am going to swim' to identify clothes that meet the scenarios involved. 

 

1.2.3 Smarthome: Digitally engineered domestic life [43] 
 

The purpose of the smarthome project is to devise a set of intelligent home 
appliances that can provide an awareness of the user's needs, providing them 
with a better home life experience without over-powering them with 
complex technology and intuitive user interfaces, in the process improving 
the day to day home life with smart computer technologies whilst not being 
invasive in nature. 

 
The smart home project includes a number of items including the SmartPen, 
Interactive photo album, smartPillow, etc. It also includes a SmartWardrobe 
that digitally looks up the weather forecast for the user so that they can 
comfortably and adequately co-ordinate what they wear with the outside 
environment before they leave the house. Once they return home and 
remove the clothes, the recently removed clothes can be conveniently 
deposited to go through a simple laundry function. 

 

1.2.4 Closet Buddy: Dressing the visually impaired [41] 
 

The objective of the project was to design a system that would aid visually 
handicapped people during dressing by recommending appropriate outfits. 
The system enabled users to store clothes in an electronic wardrobe; they 
were able to add information about the outfits. They were also able to change 
the status of outfits as dirty, clean or damaged and even register some as no 
longer fitting. Armed with this information, the system was able to generate 
outfit recommendations from the user's wardrobe based upon a set of 
fashion rules created by fashion experts. Recommendations from the system 
were given in voice. 

 

One common characteristic of the systems discussed above, is that they all 
seem to provide some sort of register or database that holds the user’s 
clothes. All the projects but the magic wardrobe were interested in 
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facilitating the user in making a decision on what to wear or recommending 
to the user what to wear. 

 

The closet buddy and the smart Wardrobe in the smarthome project have 
functions that enable the user to set particular clothes as dirty. But, this 
setting is done manually (the user through input to the system indicates if 
the cloth is dirty) and used only in aiding the system during future 
recommendations in which dirty clothes are excluded. 

 

Unlike most of the projects discussed above, this thesis does not focus on 
aiding the user in finding something appropriate to wear (this has already 
been done anyway) but rather focuses on an area that has largely been 
avoided by the same said projects – aiding the user in planning of laundry.  
All the projects surveyed above have in place; a database of the user’s clothes 
and as already stated, the closet buddy project and the smarthome-based 
project provide a starting point by keeping track of dirty clothes. However, 
we are not supportive of the method that has been used to capture that 
information. As students of Marc Weiser’s vision of ubiquitous computing, 
we strive to keep what can be done in the background, in the background 
thereby reducing the level of visibility of the system to the user. This means 
that, we need to establish which technologies are available that can be used 
to detect dirt on clothes without having to ask the user to. 

 

At the end of the day, we will present our design in the form of a mock-up 
system based on the technologies we will find most suitable. But before we 
get into the design, we have to understand how people carry out laundry 
related tasks through an ethnographic study.  

In the next section however, we present some of Marc Weiser’s visions of 
ubiquitous computing, a discussion of ubiquitous systems and their design. 
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2 UBIQUITOUS COMPUTING 
 
In Mark Weiser’s articulated vision of ubiquitous computing (UbiComp), he 
stated that – “we are trying to conceive a new way of thinking about 
computers in the world, one that takes into account the natural human 
environment and allows computers themselves to vanish into the 
background” [33]. He also claimed that machines that fit the human 
environment instead of forcing humans to enter theirs will make using a 
computer as refreshing as a walk in the woods – (The human experience)- 
[33]. 
 

He described an era of UbiComp where people and their environment would 
become augmented with computational resources that would merge the 
physical and virtual bits of human-computer interaction in such a way that it 
will not be distinguishable. He also stated that as technology becomes more 
imbedded and invisible, it calms our lives by removing the annoyances, for 
example time-consuming selection of what to wear and/or incomplete or 
inaccessible information where and when needed. This era of omnipresent 
but invisible computers invariably gets its specialization in the form of astute 
devices that metamorphose the computer as a universal tool. However, as 
everyday objects become smart and connected, information concepts become 
vital, then, an era of computing without computers - (as we know them 
today) would be born- Post PC era. 
 

The Post PC era or rather UbiComp vision would not have been feasible if 
not for earlier tremendous achievement in the field of microprocessor and 
some other technological related parameters like storage capacity and 
communications bandwidth that have yielded unbounded advantages and 
benefits. Gideon Moore anticipated these advancements in the field of 
information technology in the late 1960’s when he stated that “the number of 
transistors per chip and constantly the power of microprocessors double 
about every 18 months” [35]. Erstwhile, this would permit the manufacture 
of microprocessors so small and inexpensive that they can be embedded into 
just anything, not only electrical devices, but also non-electrical devices like 
tools, clothes, kid toys, pencils, wardrobes and even the human body.  
 
Taking a realistic example from the history of computers in which computers 
started out as massive machines (Mainframe Computers) in air conditioned 
rooms with dedicated administrators and later moved onto the desks 
(Desktop Computers), then under our arms (Laptop Computers) and even 
our palm (PDAs). Continuing with this trend of miniaturization coupled 
with increasing processing power and new technological developments for 
example in the field of wireless communication, would eventually make the 
computer as we know and perceive it today disappear and give way to a 
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Post PC era that would be characterized with miniature computational 
entities so small and practically invisible in their operation. 
 
A more contemporary example is that of the advancement in mobile phone 
miniaturization, packet switching network services and wireless 
technologies. Until the mid to late 1980s, most mobile phones were 
sufficiently large that they were permanently installed in vehicles as car 
phones. They were mostly used by company executives or the rich and could 
only transmit voice. With the advancement in miniaturization, currently the 
vast majority of mobile phones are handheld. In addition to the standard 
voice function of a telephone, a mobile phone can now support many 
additional services such as SMS for text messaging, email, packet switching 
for access to the Internet, and MMS for multimedia messages [47]. Nowadays 
in some countries in northern Europe, more than 70% of the population has a 
mobile phone.  Mobile phones now have embedded GPS (localization 
capability), internet access capabilities, embedded cameras, MP3 player and 
other wireless connectivity capabilities like infrared and Bluetooth.  
 
Merging these advancements with recent technological developments like 
sensors (for sensing or detecting environments), RFIDs/EPCs (remote 
identification of objects and environments) and Micro-electromechanical 
Systems (MEMS) – (technology of very small micro-electromechanical 
devices that merges at the nano-scale) will create ubiquitous environments 
that can sense what we are doing and support our daily activities. These 
kinds of devices already exist and can generally be referred to as smart 
devices. Smart devices indicate the dawn of a Post-PC era with a total 
networking of everyday objects as described by former IBM chairman Lou 
Gerstner as follows: “A billion people interacting with a million e-businesses 
with a trillion intelligent devices interconnected” [4]. 
 
A vital technology to the advancement and development of UbiComp 
systems is the Internet, which is presently undergoing a rather 
dramatic/gradual shift from present day Internet of standalone computer 
systems and servers to the Internet of everyday things. The Internet can be 
defined as the worldwide, publicly accessible network of interconnected 
computers. The 1980s witnessed the use of the internet, but mostly person-to-
person communication, which was done by e-mail clients on the computer. 
However, the 1990s witnessed the Web in which people started 
communicating with machines - (Web servers) using the browser as an 
interface. Nevertheless, when everyday objects become smart and can 
communicate with each other, a new paradigm of the internet will emerge in 
which communication will be primarily object to object or things to things.  
 
The common saying that “seeing is believing” is very true and applies to 
every human who can see as it is in most cases the first point of contact with 
objects in and around the human environment. Although other senses in the 
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human body play a part e.g. taste, touch, sound, and smell, but out of the 
five, the sight gives light to the body as a whole. In other words, what one 
sees is what one believes. Humans are visual beings and as a result, one of 
the most important senses in the human body is the sight. A single picture is 
worth more than a thousand words. The field of material science and solid-
state physics has recently come up with interesting developments. One 
example is a light-emitting polymer that allows the fabrication of flexible, 
thin and bendable plastic foils. They offer several processing advantages, 
including the possibility of making large areas of curved displays capable of 
delivering high-resolution video-rate images at low power consumption, 
visible in daylight and with wide viewing angles [3]. Examples are Organic 
Light emitting diode (OLED) displays (Next generation display) – with 
outstanding high contrast ratio, high response speed, and wide viewing 
angle [3]. An invaluable display technology is the AnchoredDisplay featured 
in- “Web on Walls” [30]. 
 
The AnchoredDisplay system offers a new metaphor for displaying 
dynamically changing information. It is natural for humans to look at 
particular places for particular information. For example, it will be wrong 
and very insane for one to look in a pot of rice for the time. The obvious place 
to look for the time is either the clock on the wall, the watch on the wrist and 
maybe other electronic device like PDAs, mobile phones or the computer. 
Based on these assumptions, the AnchoredDisplay introduces wireless 
display that can be placed anywhere and configured to display a particular 
type of dynamic information. “AnchoredDisplays make it easy to physically 
anchor and display dynamic information. For example, one 
AnchoredDisplay may be configured to always display weather conditions 
of a selected area. The user might hang this display on his wardrobe. 
Suddenly weather forecasts and conditions become easy to find; they are 
always on the wardrobe. Another display may be configured to show 
information about dress code for up coming executive meetings and also 
placed near the wardrobe.  

If we bring all these developments together, cheap tiny processors with 
integrated sensors, wireless communications, remote identification of objects, 
localization of objects, flexible/foldable displays, polymer based 
semiconductors, electronic ink/paper and context aware everyday objects, it 
becomes evident that the birth of a new, flexible and ubiquitous computing 
era is knocking - Everyday smart objects that are context aware, can 
communicate with one another and react to their environment. 

The benefits of an environment augmented with self-conscious objects will 
place ambient intelligence in every aspect of our daily living, be it in cars, 
public places, private homes, trains, airplanes, classrooms, bathrooms, shops, 
wardrobes and even in the way we conduct business.  There are several 
examples in this vein: we have the real-time-shopping where a passer by can 
get the ID of an item of clothing he or she observes on another passer by 
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using a phone or PDA-(augmented with RFID tag reading capability); 
automatically connect to the store or boutique that sells the item of clothing 
with the retrieved ID on the phone or PDA and the user can then purchase 
that item [17]. A second example is the “Perfect Price Discrimination” [2] in 
which product prices are being merged to the price a particular customer is 
ready to pay. Although this did not work as it faced a lot of criticism when 
adopted by Amazon.  

The “Pay-per-use” and “No risk, no premium” idea illustrates a situation 
where every object or service will be charged per use. These includes tables, 
chairs and any non free item as just the same way electricity and gas are 
being charged in the United Kingdom and several parts of Europe. It would 
also enable the insurance company to be able to monitor and track insured 
persons and properties in order to qualitatively append exact insurance 
premiums based on the amount of risk such an individual exposes himself to 
on a daily basis.   

Another application is in the area of “Silent Commerce” [51] implemented by 
Accenture. A well-known example is that of the “Barbie doll” [21] where 
autonomous purchasing agents can order for replacements of used or 
finishing goods or products on behalf of the user or owner. Furthermore, 
with the use of RFID tags, cars or products that have been used and need to 
be resold can keep track of their past usage, thereby increasing the trust the 
buyer will have in what he is buying.  

The journey so far has been towards a gradual movement of embedding 
computation into human life and experience. However, the computer is a lot 
more explicit and direct in its functioning than the implicit and mundane 
human day-to-day activities.  
 
 
Therefore, developing systems that can be integrated into human orientation 
and day-to-day manipulations and exceptions need a careful and well-
informed design. Anything short of this would constitute a failure. In the 
next sections, we will discuss the issues and challenges in the design of 
UbiComp systems based on our own personal experiences, UbiComp design 
approaches (ethnography and prototyping) and socio-technical gap, 
followed by general issues facing the design of UbiComp systems for the 
home.  
 

2.1 What is in a design? 
 
Designing is the act of creating or working out the form of something either 
from scratch or adding features to an already existing artifact. There are 
several types of designs: graphic design, instrumental design, schematic 
design and web design etc. The most important thing about all these design 
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types is that there was a need for something, or rather; someone observed 
that there was a need for something and a design was carried out to fulfill 
that need, so the design was informed by a pressing need. Design in the 
world outside the context of ubiquitous computing, for example in the field 
of art is all about making things beautiful to the eyes. Although there might 
not be an intentional pressing need for such design, but the designer 
definitely has a reason for creating what he designed. 
 
In designing UbiComp systems, the design has to be informed by the user’s 
need and not that of the designer, a design that does not take the need of the 
user into consideration is a design for the designer. Most people mistake 
designing for creativity. This is not a problem in fields like art and music in 
which they say every mistake can be taken for creativity, but this cannot be 
taken for granted when designing UbiComp systems. Being creative only 
informs one’s design in ways that may confuse the user. This is not to say 
that there is no room for creativity in designing UbiComp systems, but the 
designer has to be very careful in ensuring that the creativity is been directed 
towards a positive goal in actualizing a seamless design for the user, which is 
a very tricky part of designing UbiComp systems.  
 

2.2 The target of an UbiComp system design 
 
The first and main target of any UbiComp system design is the intended 
user. If there is no user then there is no demand for the design. Allowing the 
users to make their design patterns can be very advantageous. Joseph ‘Jofish’ 
Kaye and Liz Goulding largely discussed this type of strategy in their paper 
on “Intimate Objects” in which they presented a preliminary and ongoing 
study into designing for intimacy. In their definition, Intimate Objects are 
“technological devices for maintaining intimacy at a distance”.  In designing for 
intimacy, Kaye and Goulding took on the task of giving the intended users 
the opportunity to draw an assumed sketch of the kind of device that will 
best suit the type of intimacy they want to share with their loved ones. From 
the user’s sketch, the designers were able to realize a very simple and useful 
system that not only satisfied the user’s need but also gave the designer the 
feedback necessary to inform designing for such situations.  
 
A second but subtler target for a designer is the environment of the user. 
Different environments have different implications and effects on the user. 
Some environments will allow for some kind of information flow while some 
will hinder such flow of information, some environments are harsh while 
some are gentle, so the designer has to understand the environment in which 
the user exists. It becomes even more complicated when the user transverses 
several different types of environments.  
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The final target is the designer’s device. The designer has to design or make 
every device to be itself in serving its purpose for the user in a way that is 
unobtrusive to the user. A number of present day technologies separate users 
from their environment. Examples can be drawn from mobile phones, ipods 
and even personal computers. They take so much of the user’s attention that 
the user can barely attend to any other thing when using these devices.  They 
create a barrier between people. The seamless integration of technology in 
Weiser’s dream will never be attained if designers do not re-evaluate their 
process of designing. In effect, designing should be about social people, in 
their social environments, including the designer’s device. Any divergence 
from this simple logic might lead to designing systems that will never be 
used. 
 

2.3 Designing for Ubiquitous Systems for the home 
 
Designing for ubiquitous systems for the home is in no way an exclusion 
from the issues and problems associated with designing for UbiComp 
systems discussed in the earlier sections. However, it is worth pointing out 
that systems that will work well in the home calls for a design that is easy to 
use and let users live their lives as they have always done in the home. 
 
The system should be able to support the performance of home based tasks 
and tasks for which it was designed. It is important to understand that unlike 
the office, we do not expect to have administrators for home based systems; 
the overall cost of the system must also be minimal, as not many households 
tend to put so much money in this kind of technology. Furthermore, 
considering that the level of computer savvy-ness varies in the household, 
users must be able to use the systems with little or no training. UbiComp 
systems at home should be designed such that it can accommodate the rich 
and diverse nature in which people plan and organize their homes and the 
way of life in the home [1]. The system must provide the household with 
resources that will enable them to artfully re-design their systems to suit 
them rather than enforcing systems that are remotely connected with their 
own lived experiences as is the case with some office-use systems in which 
users have to adapt to the workings of the systems. 
 
As we are already aware, there are multitudes of electronic devices that are 
currently available on individuals and at or around the home. These include 
mobile phones, cameras, DVD players, electronic gates, electronic doors, 
microwave ovens, refrigerators, etc. They could each be serving a different 
purpose; sometimes the same purpose and may be under usage by different 
individuals as is the case with the mobile phone. The infrastructure for a 
ubiquitous computing environment in the home must be such that it 
provides for the assembling of these respective devices to capture, integrate, 
arrange and /or convey information between them so that an overall 
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objective can be achieved [1]. Furthermore, the infrastructure should allow 
for the addition of new devices and they should easily integrate with the 
existing system to provide additional functionality [1]. In addition, the 
removal of a device should not render the system redundant. Instead, the 
system should re-adapt itself to the new change for the sake of continuity. 
 
There is a wide range of activities within the home that could be supported 
technologically but tools have generally been scarce. Such activities include 
gardening, vacuuming, cooking, laundering, drying, security management, 
access management, etc. The few tools that are available mainly support 
male dominated activities leaving out the bulk of activities that are usually 
done by women. Laundering for instance, a task that is normally carried out 
by women is a labor intensive and time consuming task. However, with the 
increased proliferation of devices and better communication technologies, it 
is possible to design systems to support these and more activities. 
 
Unfortunately, there have been only a handful of institutions involved in 
researches leading to the design of UbiComp systems. In the United States, 
institutions such as the Xerox PARC Lab at Xerox and the Media Lab at the 
Massachusetts Institute of Technology and the Georgia Institute of 
Technology were at the forefront. Many of the systems however did not see 
the light of day and seemed to be exploratory studies - just to check on what 
could be achieved. Many resulting systems were tested mainly within the 
precincts of the institution, on the staff, designers themselves or a few 
external people. 
 
In the home, the Morphome [24] project was to use a sensor network to track 
human activities in order to pro-actively anticipate the direction of human 
activity. This would make it possible to predict the next action so that 
perhaps, a computer-based system would be notified so it could perform the 
task without taking any physical instructions from the individual whose 
actions are being tracked. 
 
Another example is the Mavhome [5] project that "focuses on the creation of 
an environment that acts as an intelligent agent perceiving the state of the 
home through sensors and acting through device controllers. The agent's 
goal is a function that maximizes comfort and productivity of its inhabitants" 
(Cook et al, 2003) 
 

2.4 Invisibility versus Ubiquity 
 
The concept of invisibility is being misconstrued in the designing of 
UbiComp systems.  The dictionary meaning of invisible implies “impossible to 
see”, “not visible”, “not accessible to view”, “not easily noticed and inconspicuous” 

[14].  For example, air is invisible. Taking this notion first hand into the 
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design for UbiComp systems would mislead a lot of designers and even 
users.   
 
It gets more confusing when one looks at Weiser’s definition in relation to 
the dictionary meaning of invisible. Mark Weiser talked about the 
“disappearing computer” and also about “calm technology”, noting that 
disappearing is closely related to being invisible, and in a later discussion, he 
mentioned “computing everywhere at the same time”-(Ubiquitous). As 
mentioned earlier, ubiquitous means omnipresent, but this is a contrasting 
term with invisibility. Seeing something often tends to decrease attention to 
it, but a new or absurd thing commands more attention.  
 
In addition, invisibility conflicts with the ability to control. How can one 
control what one cannot see? Designers have to realize that their designs 
have to be literarily visible, but effectively invisible and unobtrusive to the 
user, in order to allow the user to attend to other things. An example is in the 
paper “Coming Age of Calm Technology” by Mark Weiser and John Sealy 
Brown in which they used an analogy of a car driver on the high way. While 
driving, the driver’s attention is on the road and maybe the passengers in the 
car, but an awkward sound in the car engine is immediately brought to the 
driver’s attention.  
 
This example introduces the separation between the peripheral and central 
attention of the driver. The engine was in the periphery of the driver’s 
attention, while the road and passengers were at the center of his attention, 
but as soon he hears the awkward sound in the engine, the engine comes to 
his central attention and he is able to attend to it. This example also 
illustrates the balance in disseminating information to the user. Information 
overload creates many problems for the user. Humans fare better in a 
situation where they have access to the minimal information they need based 
on the task at hand.  
 
For example, a man traveling to a location he has never been before will 
either employ the use a map or ask his way through to his destination. 
Attempting to know the map of the world to its root or trying to memorize a 
full verbal description of how to travel by road from Europe to Africa would 
only get the driver lost in the desert. However, with a map, the driver can 
reference or even ask for additional description. The smallest bit of 
information for the user as and when needed serves a lot more use than big 
chunks of information not needed. It is this simple idea that aroused our 
interest in the design for parking which we will mention briefly later in this 
paper.  
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2.5 User versus Designer 
 
More often than not, users explore technologies even more than the designer 
envisaged while carrying out his design. An example is the electronic mail (e-
mail). The initial objective of the e-mail was a message transfer between the 
sender and receiver, but the designers did not put into consideration the use 
effect that the content and types of these messages would have on users in 
the future. Nowadays, electronic mail is being used to propagate virus 
attacks, junk mails, scams and fraud, unsolicited advertisements and much 
more. Although there is not much the designer can do about this since 
UbiComp systems live in the world of the user, but it is worth mentioning, 
and maybe it would open up research fields that will address such issues in 
the design of UbiComp systems.  
 

2.6 Socio-Technical Gap 
 
An inherent gap exists between the social context of human interaction and 
what technology can support. This is called the socio-technical gap. This gap 
is not only for the designers to know about, but should also be made visible 
to the user so that users can cooperate with designers in demanding for what 
the technology available cannot support.  
 
We will explain this using our own experience in the design for a parking 
system called Parking-at-Ease (PAE). Though it is not a fully functional 
system, our involvement in the design is worth mentioning in this paper. The 
system was designed to provide parking information for drivers in their car 
as and when needed. Due to the fact that the design was a course in the 
university, there was limited time for each design phase.  
 
Our design for PAE evolved by concentrating on the technological aspect at 
the beginning. About halfway into the design phase, we had to change our 
strategy and started from understanding the domain of use. At intervals, we 
jumped in between the technological issues and the domain of use, and each 
time we agree on a particular technology, we realize it could not be 
integrated in the design due to its obtrusiveness to the user. When we started 
from the domain of use and made our assumptions, we found out that it 
could not be supported by the technology available. This was a very tricky 
aspect of the design and a balance had to be achieved. Though the inherent 
socio-technical problem was still there, we were able to manage it by 
understanding the domain of use better and tailoring that to the technology 
available in response to the intended user’s need. 
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2.7 Ethnography in UbiComp Systems Design 
 
Ethnographic study is the study of human activities that produces a detailed 
description of how human interactions evolve and in what context. 
Ethnographic studies involve a participatory approach in which the 
ethnographer spends time observing and accessing the setting where the 
activity is taking place. This approach is more informative, and generates 
more positive results than the laboratory based study and even interviewing 
intended users. Although, this approach has several set backs, for instance 
“the process is lengthy, communicating results of ethnographic studies to the design 
process is not straight-forward, language and cultural barriers exist between 
sociologists and technologists, it is difficult to draw abstract lessons in the form of 
design principles from a technique that is concerned with the concrete detail of a 
particular situation and finally, the success of an ethnographic study is dependent 
upon the skills of the individual fieldworker” [16]. 
 
Whilst many of the above comments and criticisms are true of ethnography, 
it is still a much better approach than gathering data by intuition or from 
experience. Automatic data gathering can be valuable for building a 
statistical picture of how people use a system, but ethnographic studies add 
depth to the understanding of usage patterns found by automatic data 
gathering [16]. 
In addition, these studies can reveal how a user might use features proposed 
but not implemented; which is not possible with automatic data gathering 
[13]. 
 

2.8 Prototyping 
 
According to the Sage dictionary; “prototyping is the creation of a model and the 
simulation of all aspects of a product” [13]. In UbiComp system design, 
prototyping is very important because it provides a means by which 
intended users can try out the system before its full implementation. 
Designing early prototypes alongside the field study is a useful approach in 
getting feedback on ideas, and the final prototype will mostly represent the 
final product. 
 
However, prototyping has its own pitfalls. It is expensive and can be time 
consuming, and designers get confused about the type of prototypes 
required in an UbiComp environment. This issue can be resolved by having 
an excellent domain understanding of the situation one is designing to suit. It 
is also very important to capture potential active audiences, i.e. real users in 
real situations, to inform one’s prototypes.  
 
Conclusively, we can only learn a great deal from the current successes and 
failures that evolved in designing UbiComp systems if we decide to take on 
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the challenges for design and evaluation that these successes and failures 
present. We have highlighted a number of such challenges, issues and causes 
of failures, which will still exist in future designs if proper and effective 
design processes are not adhered to. However, the greatest challenge for 
every designer is in understanding how these human activities evolve and 
how to select technologies to circumvent these activities in order to design 
systems that can accommodate this nuance nature and everyday exceptions.  
 

2.9 Relationship between this project and Marc Weiser’s 

vision of UbiComp: 
 
Mark Weiser foresaw from the computing trend then that there would be a 
point in time during which computing would be virtually everywhere. 
Today, we already see computation in numerous devices even those devices 
or objects that were initially analogue have adopted some form of 
computation into them.  
 
There have already been developments in the wardrobe as discussed in the 
section of related projects which were not so long ago, mostly manually 
operated. But even with the technological developments, wardrobes that are 
embedded with computers are not readily available in the mass market. 
However, in some developed countries, some have been developed 
specifically for physically handicapped people and made available to them. 
  
In our design, we intend to use technology to collect information that would 
otherwise have to be provided manually by the user. Doing this, removes the 
annoyances associated with processes that require feed back from users 
while at the same time increases the level of invisibility of the system while 
in operation. 
 
In the next chapter, we carry out an investigation (ethnographic study) of 
how people perform their laundry chores taking into consideration, which 
factors affect the actions that they take whilst in the process. 
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3 ETHNOGRAPHIC STUDIES 
 
Ethnography relates to the study or observation of human activities that 
produces a detailed description of how human interaction evolves and in 
what context. Not just what the human being is doing, but also to a great 
deal what the human experience is while doing it.  It involves a participatory 
approach in which the ethnographer spends time observing and accessing 
the setting where the activity is taking place. However, largely, there exists 
an overlapping relationship between ethnography, sociology and 
anthropology. This overlap will be best discussed in order to get a better 
understanding of how ethnography emerged and In what ways it is useful in 
the design for UbiComp systems. 
 
Sociology by definition is concerned with the structure, function, 
classification and study of the human society, while anthropology is a social 
science that studies the origins and social relationships of human beings [48]. 
A very important figure in the emergence of ethnography in anthropology as 
described by Paul Dourish in his book “Where the action is” was Bronislaw 
Malinowski.  
 
Paul Dourish explained that in 1914 Malinowski joined a field trip from 
United Kingdom to Australia and New Guinea under the leadership of C.G. 
Seligman. During this time, the war between Britain and Germany was 
declared and Malinowski, as a subject of the Austro-Hungarian Empire was 
subject to confinement. Fortunately, for Malinowski, he was able to inveigle 
the authority that if they only want him kept in a safe place; they could as 
well allow him stay in some remote place out of the way instead of locking 
him up in internment. Dourish explained further that Malinowski as a result 
was allowed to live on the Trobriand Islands in which time he was able to 
study the detailed culture and practices of the native population for few 
years.  
 
The landmark attained by Malinowski’s work was greatly due to his in-
depth analytical approach and duration of time spent in studying the 
Trobrianders. He lived with them and became a part of the community. In 
other words, he lived the life of the Trobrianders and experienced what they 
experienced, how they experienced it and how they reacted to such 
experiences. It was from this work of Malinowski that modern ethnographic 
fieldwork emerged. 
 
Furthermore, to illustrate the emergence of ethnography in sociology as 
related to interactive system design, Paul Dourish explained using the work 
of Chicago sociologists; Robert Park and his successor Everett Hughes, as 
they engaged in an extensive program in which they investigated urban and 
working life in America between the 1930’s and 1960’s [37]. 
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In their investigation, they carried out detailed exploration of several modes 
of work, how they are being carried out, what ensues as they are been done 
and how the workers react to several situations while working. He stated 
examples such as Becker, Geer, Hughes and Strauss (1961), Working lives of 
nurses (Davis 1968), airline pilots (Wager 1959), Janitors (Gold 1964) and 
schoolteachers (Becker 1952). 
 
However, there are also modern day examples that characterize topics and 
investigation into several societal ills, work, leisure, crime, religion, drugs 
and politics; some of which includes work by Mitchell B. Mackinem and Paul 
Higgins: Tell me about the test (2007) - “The Construction of Truth and Lies 
in the Drug Court”[34], Jeanine Marie Minge: The stained body (2007) - “A 
fusion of embodied art on rape and love”[25], Margaret K. Nelson and 
Rebecca Schutz (2007) – “Day Care Differences and the Reproduction of 
Social Class”[31], and lastly Elizabeth A. Hoffmann: Open-Ended Interviews 
(2007) - “Power and Emotional Labour”[44].  
 
The approach, perspective, results and understandings that emerge from 
these works and that of early works done by Malinowski, Becker, Wager, etc 
have since led to the incorporation of ethnography in fields like interactive 
system design, Human Computer Interaction (HCI) and Computer 
Supported Cooperative Work (CSCW). It is also in this vein that we would be 
conducting ethnographic studies to investigate how several users manage 
their wardrobe and laundry in order to inform our design of the smart 
wardrobe. 
 

3.1 Our Approach 
 

The approach we have discussed so far falls under the participatory 
approach, which is in a great deal informative, reliable, first-hand and 
generates more positive results than laboratory based study approach, 
interviewing of users or handing out questionnaires.  
 
Our approach in this master’s thesis involved minimal participation and 
observation. In addition, we conducted interviews both verbally and through 
the use of mailed questionnaires (a copy of which is in the appendix).  
 
We did engage some colleagues in ad hoc discussion regarding laundry and 
we were able to ascertain that laundry has become a common task that into 
each life a little laundry has to be done once in a while. Whether you own 
your own machines or go to Laundromat or launderette, there is a 
mysterious dread of laundry that seems to be universal. Everybody we 
know, and talked to about it generally speaks of the same relentless and 
rush-rush-rush with limited time and unforeseen circumstances. For 
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example,  “I have 3 shirts left then I have got to do laundry, one left, and either I do 
laundry tomorrow or I have got to wear that, that is left hoping to do laundry later 
which might not happen, then it is down to; do I have to do laundry today or buy a 
new shirt?” 
 
Notwithstanding all the negatives and observed problems associated with 
doing laundry, the advantages that came along with the invention of the 
laundry machine cannot be over-emphasized. It has not only reduced hand 
washing to the minimum, but also brought about automatic washing 
machines that are programmable and hitherto can be left with infinitesimal 
or no supervision when in use. This brings us to the point that human needs 
are insatiable and the more you try to solve a problem the more problems 
evolve. But we would like to support our argument in the earlier chapters 
that if in designing a technology, the intended users are well taken into 
consideration; the issue of solving a problem to bring about more problems 
would not exist or rather be reduced to a point where the effect becomes 
negligible.  
 
For a better understanding of the statistical results presented in the next 
section, we present a background understanding as to what our approach 
entails with details of figures to give a more realistic presentation. We sent 
out questionnaires (mostly to friends) and engaged some of the respondents 
in face-to-face interviews. We captured on video four respondents as they 
prepared for laundry. 
 
We started out from when each user approached his/her wardrobe to take 
out dirty clothes up until when he sorts the clothes and put them to wash, 
asked questions about what the user was doing in order to understand the 
user experience as the activities evolve. The first user had 35 clothes to wash; 
the second had 20 while the last two had less than 40 clothes to wash.  
 
In doing laundry, people want to have the best possible results; therefore 
they tend to use detergents specifically manufactured for colored or white 
clothes, use softeners, etc. 
They also want to ensure clothes are washed in the recommended conditions 
for instance temperature and separately for the case of colorfast clothes. 
Super dirty clothes also tend to be washed separately to ensure they do not 
contaminate the not-so-dirty clothes. 
 
To sort clothes into small groups that can go into separate washes therefore 
tends to take a bit of effort and time. 
 
Out of the four users, only three of them really bothered checking 
manufacturer’s label to determine which clothes would be washed together 
and those that would, separately. But, overtime, people tend to memorize the 
manufacturer’s laundry recommendations and therefore do not make 
reference to the label every time they prepare for laundry. The fourth person; 
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said she did not really care much about sorting her clothes before putting 
them to wash. She explained that sorting of clothes for laundry depended on 
her mood and most especially how much she cherished the cloth in question.  
In fact, she packed all the dirty clothes from her laundry basket and dumped 
them in the washing machine. When asked if she regularly experienced 
mishaps like clothes being discolored, shrinking, etc, she answered in the 
affirmative and later tries to fix the problem by re-washing the discolored 
clothes. Should the results not change, the cloth is subjected to the bin. 
 
Generally, while sorting clothes, the following tips are used: 

� The manufacturer’s label 
� The color of cloth 
� The intensity of dirt 
� Attachment one has to the cloth 
� Type of cloth 

 
The actual process of sorting is affected by other factors; these include: 

� The mental and/or physical state of the person e.g. fatigue, stress, etc 
� Available time 
� Volume of clothes to be laundered 

 
When in a hurry, people tend to pick up only a few clothes; those that can go 
into one or two separate washes. 
 
We sent out questionnaires with 29 different questions by e-mail to 40 
different people from different works of life. The questions are attached at 
the end of this chapter. However, only five people sent in their response 
within the first two days. We had to send follow up mails and even call 
people to get them to fill the questionnaire over the phone. After two weeks 
of progress chasing and urging people to fill the questionnaire, we were able 
to get fifteen responses.  
 
In addition, we did engage six respondents in face-to-face interviews some of 
which we captured on video. During the face-to-face interviews, we found 
out that people were more open to the discussion than was faced with the 
questionnaires in which we had to follow up in order to get responses.   
 

3.2 Video Results 
 
From the video recordings of respondents doing laundry, a participant starts 
from one end of the wardrobe picking one cloth at a time and checks whether 
its dirty or clean by sniffing or scanning; should the cloth be deemed clean, it 
is put back into the wardrobe. 
For dirty clothes, pockets are emptied to ensure valuables do not end up in 
the wash. 
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The heap of dirty clothes is then placed into a bag and ferried to the laundry 
room where it is sorted before it is put into the washing machine. There were 
three criteria common amongst our participants during sorting; these were 
color of the cloth, information on the manufactures label and the type of 
cloth. For the case of type of cloth, the concerned participant grouped jeans, 
sheets, t-shirts, curtains, towels, and underwear separately. 
 
Older clothes seemed to be lumped together irrespective of the color, these 
were mostly clothes that are used indoors. 
 
We also observed that despite that there are recommended specifications on 
the quantities of detergent and softener per kilogram of wash, the 
participants didn’t seem to take notice of this and poured the chemicals 
directly into the machine! 

3.3 Summary of Results from the Questionnaires and 

Interviews. 

In the questionnaire and face-to-face interview conducted, we were keen to 
investigate how several people manage their clothes in preparation for the 
laundry. The questionnaire consisted of up to but not exceeding 29 different 
questions centred on how a user manages his/her wardrobe, and finally how 
that matters in doing laundry. We also used participatory approach by 
following users to do laundry; thereby obtaining results that we compared to 
the information garnered from the questionnaire in order to better inform 
our design. Please see below for a statistical representation of our results as 
obtained from the questionnaires.   

As against our initial assumption, we found out that everyone we 
interviewed or sent a questionnaire to own a wardrobe or have access to a 
shared wardrobe, but none has a computerised wardrobe. A number of them 
shared with flatmates, roommates, close friends or family members. 
However, from this we were able to ascertain that all intended users of the 
smart wardrobe either own a wardrobe or at least have access to one, and 
about 85.7% of them do laundry by themselves. The remainder either take 
their clothes to the Laundromat or have their wife, kids or housemaids do 
their laundry.  

The location of the wardrobes in use by our intended users also quantified 
our decision to situate the smart wardrobe installation in the bedroom as 
100% of our users have their wardrobes in their bedroom, except for one user 
who has a mobile wardrobe (by this we mean a wardrobe on wheels).   

It was an exciting discovery to know what things some people keep in their 
wardrobe. Clothes and shoes were more like standard for all users, but some 
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users keep food items like bread, powdered milk etc, and fruits like apple, 
pear etc, in their wardrobe.  See figures 3.1 and 3.2 below: 

Figure 3.1: What people keep in the wardrobe 
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Figure 3.2: Movable wardrobe and contents 
 

 
 
 
A particular user keeps all her sport items like tennis racket, basketball, 
football and even martial arts pads in her wardrobe. The interesting part 
about this user is that her wardrobe is so small that she has to dump her 
clothes together with all the other things she keeps in her wardrobe. This is 
just to point out how some wardrobes can be so disorganized that clothes can 
get dirty and even damaged without actually leaving the wardrobe. To 
complicate matters more, this particular user dislikes laundry so much that 
she prefers to give her dirty clothes out than doing her laundry. 
 
Another interesting discovery was that over 80% of users interviewed own 
above 100 pieces of clothing including underwear. There was a particular 
man who works as a manger for NEXT retail store in the UK who owns 
between 450-500 clothes. For him, he never repeats his cloth. Any cloth worn 
once is dirty. However, his case is on the extreme as he can continue to wear 
clothes without repeating and without doing his laundry for a whole year 
(365 days), just like the wardrobe of Oprah Winfrey shown in figure 3.3 
below.  However, Oprah as is the case with many celebrities has employed 
people that take care of the wardrobe, and do their laundry. Nevertheless, for 
a common person, it is not the same. 
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Figure 3.3: Oprah Winfrey’s Wardrobe 

 

 
Even though, we found out that 85.7% of the overall users interviewed admit 
to the fact that they do repeat their clothes before washing. Although the 
number of repetitions varies on how often the user sweat (mostly useful in 
the hot regions), personal hygiene, how dirty the clothes seem to the user. 
Only about 28.6% of users acknowledge the fact they sweat much. Many 
users were not too comfortable with disclosing such information, so we 
would not be considering it in depth, but it is at least worth mentioning.  
There was a woman we sent a questionnaire to in the US who owns exactly 
60 clothes and feels that repetition of cloth is just too disgusting and that she 
never repeats her clothes. How she achieves this is by deciding on what she 
was going to wear for the coming week over the weekend and that she does 
her laundry based on that.  
 
Nevertheless, that cannot cater for exceptions like an impromptu dinner or 
traditional celebration that she has to attend.  When asked how she would 
cater for such impromptu scenarios, she replied that she would not go if 
there were no clean cloth for her to wear. From our investigation, it became 
obvious that the greater percentage of people that repeat clothes do so 
because of their insufficiency in managing their wardrobe and doing their 
laundry. We were able to arrive at this conclusion by further investigation as 
to why some people repeat their clothes and some do not.   
 
As the woman described above, she does not repeat her clothes because of 
personal body hygiene. In her case, she does not have as much luxury of 
clothes like the NEXT manager in the UK, but in her own way, she strives to 
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keep her body hygiene by planning ahead, which can fail her when 
exceptions plunge in.  Many people do not have that many outfit, neither do 
they have that time to organize outfits for the coming week or even the next 
day. Although it is possible to have at the back of one’s mind an idea of what 
one would like to wear to work the next day, to a dinner party next Tuesday 
or to a business meeting the day after. However, that is not always the case 
as some even decide what to wear when they stand in front of their 
wardrobe after having their bath in the morning.  Even those who reason out 
what they intend to wear antecedently, do not coherently or constantly go to 
check if the clothes are clean or even available in their wardrobe. Therefore, it 
would be very disastrous to realize at the last minute that there are no clean 
clothes to wear or that the cloth one has in mind is dirty or not found in the 
wardrobe.   
 
Our results showed that 71.4% of users concede that laundry takes much of 
their time, while 64.3% perceive laundry as a stressful activity. This would in 
effect make laundry an activity that only reoccurs between long intervals, 
mostly when the user has been pushed to the wall in regards to availability 
of satisfactory (clean or not exactly dirty) clothes to wear as determined by 
the user. Furthermore, in order to buttress our point, we carried out further 
investigations to realize that 60% of our intended users admit that they have 
encountered scenarios where they arrived at their wardrobe to find out that 
the cloth they intend to wear was dirty. While 64% admit to the fact that they 
have gotten to their wardrobe before to realize that all their clothes has been 
worn and dirty, which is more prominent with users who share their 
wardrobes with friends and families who wear their clothes. 
 
When faced with the circumstance above, some users react in different ways 
to avoid repeating clothes that has been worn by another person. About 
57.1% said they have bought a piece of clothing just so they would not have 
to repeat or even wash what was dirty. However in the extreme of 
circumstances 50% declared that they try to find a cloth that is not too dirty 
and wear when all the clothes they have are dirty and they all admit to the 
fact that this did not reflect well on their personality. Some made comments 
such as below: 
 

� When I repeat my clothes more than twice, I feel like a tramp.  
� I usually feel negative and very uncomfortable. 
� Sometimes I try to give the dirty cloth a quick hand wash and the item 
might not be entirely dry, which is an unpleasant feeling at the 
beginning. 

� I get more conscious and less confident of myself. 
� I feel bad and dirty 
� I feel wrecked and try to avoid some people on my way. 
� I believe a good and clean cloth is one of the ingredients of feeling 
good about me as I approach my daily task. 
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Notwithstanding the fact that all our interviewed users admit that what is 
dirty to one user might be clean to the other. In other words, dirtiness is in 
the eyes of the wearer, just as the saying “beauty is in the eyes of the 
beholder”. Our intended users still come to a conclusive edge that the ways 
they detect or know that a cloth is dirty is one or several of the options 
below:  
 

� Smelling 
� Visible stains 
� Sweat 
� Accumulated dust 
� Number of times worn 
� Where kept 
� If worn by a friend or family member 
 

It is evident from the above discussion that a great percentage of users would 
rather prefer not to repeat their clothes. They only repeat because they do not 
have any other option apart from washing what was dirty or buying a new 
one. However, with the smart wardrobe, users would be aware of the current 
situation of their wardrobe i.e. how many clothes are clean and how many 
are dirty. 
 
As said earlier, 74.1% of the users interviewed said that laundry takes much 
of their time. When investigated further, we were able to arrive at the 
following conclusions: 
 
Almost 78.5% of the users do not find it easy to scan through their cloth in 
order to find which cloth was dirty and even to find a particular clothing 
item to wear. This also resulted in a great percentage of about 60% of users 
who do not follow manufacturer’s label instruction to separate clothes based 
on washing temperature because of the time it would take them when they 
have a huge amount of clothes to sort.  
 
Most people only wash like colors together because it is easier to sort 
according to color, and subsequently try to get an average temperature to set 
the automatic washing machine to wash with. However, they fail to ascertain 
and sort clothes that bleach, thereby resulting in clothes being damaged 
irreparably by shrinking, getting bigger and being discolored. About 71.4% 
of the intended users admit that they have experienced several laundry 
mishaps recording clothes getting shrunk, stains even when done by the 
Laundromat, missing buttons, holes in clothes, damaged wired bras, clothes 
loosing shape and getting discolored etc.  
 
We believe that it seems so unrepentant to know that these mishaps do occur 
and users still go ahead to make the same mistakes repeatedly. This made us 
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understand that even though mistakes do occur, most users cannot simply be 
bothered, because they do not want to/do not have time to go through the 
stress of having to check each clothing item’s manufacturer’s label in order to 
sort for laundry.  
 
Another interesting but somewhat subtle discovery was the unfolding truth 
about the minimal information users know or have about their clothes. A 
great number of our intended users found it so hard to tell the number of 
clothes they own. Over 80% of them could only give a range. On two 
occasions I persuaded the users to count and at the end we realized that they 
had more clothes than they thought. It was at that point that they were able 
to discover some clothes that they had not worn for a while because they had 
forgotten they had such clothes or the clothes were somewhere in their 
wardrobe where they hardly get to when searching for what to wear. The 
only person who could give us an exact figure of the number of clothes she 
own was the woman in the US who motioned that she owns exactly 60 
clothes. This is very important to our research, as the smart wardrobe would 
be able to give the user first hand up to date information of all the clothes in 
the wardrobe. Such information would include number of times worn before 
laundry, number of times cloth has been laundered, manufacturer, store 
purchased from and how long it has lasted- just to mention a few.  
All the information and representation of such information would be 
discussed in the next chapter, which is the design phase of this master’s 
thesis. 
 
Finally, we were stunned to discover from our survey that none of the 
intended users has ever thought of owning a smart wardrobe. However, 
when presented with the idea of the smart wardrobe, users could not stop 
inputting what functionalities and services they would want accompanying 
their smart wardrobe. As a closing point on this chapter, we present some of 
our intended user’s suggestions below: 
 

� Identify dirty clothes and collects them together or prompt for 
washing. 

� I want it to keep track of clothes I have worn and tell me which is 
dirty and ready for laundry 

� Put my clothes on for me 
� Identify which clothes are dirty and automatically do the laundry 
without my input 

� Dry my clothes quicker, keep them well organized and separated. 
Select the colors and temperature for my washing.  

� On turning wheel to make it easier to look through. Have the clothes 
organized by seasons, the weather forecast and the outside 
temperature. 

� Separate my dirty clothes and clean them 
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� Identify dirty clothes for me to put them together and prompt for 
washing 

� Pick my clothes and tell me how many clean or dirty clothes I have 
� Would want it to separate dirty clothes from the clean ones, so I don’t 
have to do it manually It should be able to alert me when the clothes 
are dirty and should be washed, and should also be able to alert me 
when the arrangement of things in the wardrobe is out of place. 

� To decide the cloth to wear occasionally 
� Sort and group dirty items by the number of times they have been 
worn, manufacturers recommended wash settings and the color so 
that I can wash like items together. 

� Separate clothes, i.e. shirts, trousers, winter/summer clothes, self -
cleaning, keep clothes smelling nice- no damp smells etc. 

� Sorting of dirty clothes from clean ones and arranging the order of 
appearance of the clothes in accordance to frequency of use. 

 
Conclusively, from all the discussions above, user inputs and our findings, 
we believe the smart wardrobe would play a vital role to ease the problems 
associated with laundry.  
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4 GENERAL CONCEPT 
 

From the results of the ethnographic studies, we find that some people do 
their laundry themselves while others use the services of other entities which 
includes launderettes and in some cases house-helps. 
 
It is agreed by many that the process of laundering is stressful and time 
consuming. This is so despite that machines are used to do the actual 
washing. It has been argued that the use of laundry machines does not in 
itself reduce the time spent in laundry. In fact it takes a shorter time to wash 
a few clothes than rely on the washing machine. For instance washing a shirt 
at 90 degrees will take more than 50 minutes. By hand, it would take perhaps 
10-15minutes. However, many people still prefer to use the machine as they 
have the opportunity to do other things while the washing goes on. But, they 
have to avail themselves to replace the wash and move the wet clothes into a 
dryer or hang them on a line. The designers of the machines will obviously 
argue that the machine takes a good care of the clothes as long as the correct 
instructions on both the clothes and machine are followed.  
 
From the ethnography study, we also learn that there are circumstances 
when people simply sort clothes according to color, type e.g. jeans, sheets, 
underwear, etc without any regard for the instructions that are often easily 
reachable on the cloth. They are however more careful with clothes that are 
new or those that are considered dear. This implies that whilst they may 
carelessly sort their clothes, they are full aware of what might happen to the 
clothes when they come out of the washing machine. 
 

4.1 The need for an effecting sorting process 
 
The effects of poor sorting prior to laundering include: 

� Damage to the strength of the fabric and could render the cloth un-
wearable 

� Stretching of the cloth – this is common with cotton and wool 
products such as t-shirts, cardigans 

� Clothes could loose original color – this is especially true when fast 
color clothes are put in the same wash as others. 

� Shrinking of clothes 
 
Nobody would like to get their clothes out of the machine in a state that they 
would not be able to wear them again.  
 
We gather that the majority of people do their laundry during the weekend; 
for people with busy schedules during the week, this maybe the most 
appropriate time but it could also be an indication that the exercise is time 
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consuming and therefore that the weekend is the best. There are also cases 
where one does a quick laundry during the course of the week for instance 
when one realizes that they have nothing appropriate to wear. A dependable 
sorting paradigm would go a long way in reducing the time spent in 
planning laundry. 
 

4.2 Current Scenario 
 
In many apartment blocks in Sweden, laundry equipment is shared and to be 
able to use it, one has to make a reservation and competition is stiff especially 
on week ends where most residents are working people. In some apartments, 
it really doesn’t matter that the laundry equipment is currently free; they are 
computerized and are only activated with the booking system. Having made 
a reservation, there is a limited time during which the equipment is available 
for the specific reservation. 
 
Granted that a person might have a large collection of clothes, the 
combinations of fatigue from other days’ chores, pressure as a result of time 
or access to laundry equipment, and others, make laundry an unpleasant 
exercise to many. And as a result, rush through sorting of clothes. 
 
We also noticed that in many laundry rooms, there are tips on how to use the 
equipment in relation to the nature of the clothes to ensure that users obtain 
the best possible results from their washes. The figure immediately below  
(figure 4.1) indicates instructions for a good wash.  
The labeling of the instructions (digits 1 – 9) is based on the digits found on 
the front panel of the washing machine (figure further below – figure 4.2). 
The information on the panel of the washing machine includes a digital ID 1 
through 9, temperature and the type of wash e.g. white wash, color wash, 
synthetic wash, etc. 
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Figure 4.1: Laundering Guide in a laundry room 
  

. 

 
Figure 4.2: Cross-section view of Washing Machine 
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The instructions on the wall give more detailed information on how the user 
should use the machine in order to obtain the best possible results from their 
washes. They give tips on sorting of clothes for every washing setting and 
further adds information on the general use of the machine. It also gives an 
idea of what could happen to the clothes should the wrong clothes go into an 
inappropriate program setting.  
 
The presence of these instructions further highlights the importance that 
users are expected to attach to the sorting of clothes before the 
commencement of the wash. This not only ensures that the quality of clothes 
does not depreciate during laundry but also saves on energy, water that go 
into every wash. The savings is partly due to the fact that some washes take 
longer than others and therefore use more resources. 
 
Considering the current setup of the laundry equipment and instructions, the 
user is expected to do the sorting in the laundry room. But, as said earlier, 
they (users) are constrained with time and depending on the quantity of 
clothes that have to be laundered; doing the sorting in the laundry room only 
takes away more of that user’s time allocation. 
 
Our design proposal moves the sorting activity away from the laundry room 
into the user’s house. As stated earlier, we intend to have it done at the 
wardrobe (where the clothes are stored) not manually but by providing the 
necessary automation in a bid for a more accurate and time saving sorting 
process. 
By automation, we mean technologically augmenting the otherwise manual 
sorting process that is the common practice. But, picturing out an automated 
wardrobe, we would perhaps have a display of all the user’s clothes; then the 
user would be expected to select which of them they would like to wash. 
This would obviously be a labor-intensive exercise and perhaps not many 
people would fancy using such a system.  
On the other hand, this would serve as a basis for the design of a system that 
operates (to some extent) autonomously by incorporating the features of 
‘smart systems’ as discussed in chapter 1 
 
In the next chapter we review available technologies and come up with those 
that are appropriate for the needs of the system that we seek to design. 
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5 TECHNOLOGIES 

In a previous chapter, we reviewed Marc Weiser’s vision of Ubiquitous 
Systems, and presented UbiComp design issues and challenges; in this 
chapter, we will conduct a survey of technologies that we find appropriate to 
support the system that we seek to design – a system that subscribes to the 
same said vision.  

We need to be able to uniquely identify each item of clothing; this can be 
done by tagging each item with a code and building a database of these 
codes together with other information about the apparel at hand. Building 
such a database is a simple process, which may involve accessing 
information on the tag attached to the apparel and providing additional 
information into a database table. Another task that technology must 
accomplish is facilitating the determination that the apparel at hand is dirty. 
Humans do it by looking at the collar, areas that cover sweaty parts of the 
body, or even scanning the entire cloth for stains, smelling or by assumption 
that once the cloth is worn, then, it is dirty. Further, when looking for dirt, 
the technology in use must have access to cloth at a time. 

Of all the tasks above, identification and dirt determination are the most 
challenging tasks and we will therefore focus on reviewing technologies that 
would enable us to circumvent them. 

5.1 Apparel Identification 

This is in relation to being able to tell one piece of apparel from another by 
using information on the item in comparison with that which is held in the 
system database. Identifying individual items enables us to pinpoint the 
particular apparel we are dealing with. It is not unusual for one to have 
multiple apparels of the same color, type or brand so it is important to have 
each piece uniquely identifiable.  

There are two main technologies that are available on the market at the 
moment for this purpose, namely the Bar Code and RFID. We will do an 
assessment of the two technologies in the proceeding section in order to 
identify the most suitable for our cause.  

5.1.1 Barcodes:  

Barcodes are vertically stripped tags that are affixed to various products 
mainly for identification purposes. A single barcode identifies a particular 
line of products e.g. 300ml coca-cola or 700g ABC whole wheat bread, etc and 
are commonly used in retail stores for speedy processing at the checkout 
counter though they have also been used in other areas notably in inventory 
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control. A compatible barcode reader is usually required to capture details 
about the code. 

There are basically two types of barcodes i.e. the linear barcode that is based 
on the Universal Product Code (UPC) and is widely used in stores. These use 
between nine (9) to eleven (11) decimal digits and essentially provide an 
index to an application database which is used to extract information quickly 
about the product at hand via a reader.   

Due to the increased demand for more data from the barcode, the 2 
Dimensional (2D) barcode was introduced; this stores information both in 
the horizontal and vertical dimensions. The Aztec Code for instance holds up 
to 1.9KB of data per square inch. The 2D barcode however requires a more 
sophisticated reading device than the linear barcode system.  

The development of bar coding as a means of identification has been helped 
by the fact that they are cheap and easy to implement and as a result are 
available on most manufactured items, making them convenient for use. In 
addition, devices that create barcodes are readily available off-the-shelf to 
make it possible for grocery stores that would want to generate their own 
codes for items that were not bar-coded initially. 

5.1.1.1 Bar Code Constraints:  

Bar codes are widespread and are mainly available on consumer products 
such as foodstuffs, cosmetics, etc.   A notable factor is that bar codes are 
usually printed on the packaging and not on the product itself that makes it 
difficult for tracking of objects that are used outside their original packaging 
such as clothes. 

Barcodes are limited in the amount of data that they can hold, and the 
increased need for more data makes them irrelevant in such applications as 
alternatives are sought. Currently, as stated earlier, they help to identify only 
one line of products from a particular manufacturer rather than the 
individual items. Identifying individual items would enable us to tell among 
others from which particular store the item in question was purchased.  

They do not have provision for adding descriptive data or metadata about 
the object on which they are attached. For instance one might want to know 
the item name, brand name, manufacturer, year of manufacture, etc but that 
type of information is not available.  

Barcodes require a special laser-scanning device to read and in addition 
require a direct line of sight. The device cannot read through obstructions 
such as packaging and as a result some attention has to be put in to facilitate 
their usage, further, they may not be ideal where a large number of items 
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have to be read; this would require that more time or personnel be used 
should the task be time critical. 

5.1.2 Radio Frequency Identification (RFID)  

The desire for increased information and flexibility from identifiable objects 
gave rise to the development of RFID. An RFID network is a special kind of 
sensor network designed to identify an object or a person using a radio 
frequency transmission. A typical RFID system comprises transponders 
(tags) and interrogators (readers) [35].  

Transponders (tags) are small devices in various shapes ranging in size from 
a grain of rice or smaller to 2 square inches and are attached to the object that 
needs to be identified or tracked. They hold information about themselves 
such as serial number, model number, place of assembly or other data that 
they communicate wirelessly to readers that have been tuned to listen at the 
same frequency.  A special type of RFID tag – the Electronic Product Code 
(EPC) has digits capable of identifying the manufacturer, product category 
and the individual item. 

There are two main classifications for RFID tags:  

Chip and Chip less RFID: Chip tags as the name suggests have an integrated 
circuit in them, they have an internal power source such as battery and are 
capable of performing some processing of data. Chip less tags on the other 
hand contain no integrated circuit and do not have a power source and are 
therefore dependent on external power. 
 
Active and Passive tags: Active tags have a small power source and are 
capable of transmitting a signal to a distance of over 100 feet away. In 
addition, they may periodically, transmit a beacon signal that may be 
captured by a reader. This is ideal for tracking objects that are in motion or 
locating lost objects. On the other hand, passive tags are powered by an 
electromagnetic field that is generated within the reading radius of a reader, 
which they then respond to. They are smaller, lighter and less expensive 
compared to the active tags. The transmission range of the signal of between 
5 – 10 feet is however low. Passive tags were mainly used as a replacement of 
the barcode. 
 
Just like bar codes, RFID require readers; RFID readers are devices designed 
to interrogate tags and collect the data sent by the tags and pass it on to the 
middle-aware application for processing. They are equipped with antennas 
for sending out signals and at the same time listen out in incoming signals 
from tags. Readers are equipped with transceivers that are used to encode 
and decode signals to be sent out or those that have been received. 
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The GAO700 RFID reader in the picture below is a light easily installable 
reader that operates at 13.56 MHz and can read multiple tags up to a distance 
of 50cm. 
 
Figure 5.1: RFID Reader 
 

 
 
(Source: http://www.gaorfid.com/index.php?main_page=product_info&products_id=327&cPath=97) 

5.1.2.1 Applications of RFID Systems:  

 

Since the inception of RFIDs, they have been perceived to have such a huge 
potential that Wal-Mart, the worlds leading retail store and the Department 
of Defense of the United States required that all their suppliers install tags on 
their products by January 2005 to facilitate inventory tracking. Currently 
many more businesses require their suppliers to tag their products. RFID 
makes it possible to quickly account for and manage massive volumes of 
inventory without necessarily involving human beings. This in turn reduces 
handling costs, errors and minimizes processing costs.  

RFIDs are currently used in many stores as anti-theft systems; items in store 
are tagged and a reader is placed at an exit point. When a tagged item is 
taken close to the door, the reader passes the tag number to the middleware 
application which checks if the item has been purchased and triggers an 
alarm if it hasn’t been purchased. Other stores attach tags on items that are 
removed when the items are purchased and the reader simply triggers an 
alarm should the item be close to the exit.  A portable reader can also be 
helpful in pinpointing the location of an item that may have been misplaced. 

They are also used in critical areas such as health, aircraft maintenance to 
track tools or devices just to ensure they are not left where they shouldn't be. 
Spain's Post office uses RFID to improve mail delivery by identifying 
bottlenecks in the delivery system revealed by tracking the movement of 
mail that have been tagged with RFID for the same purpose.  
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The Dutch Bookseller (Boekhandels Groep Nederland - BGN) uses RFID to 
locate books on shelves inside the store to reduce the time customers spend 
when they come to pick up books they ordered.  

Other applications of RFIDs are in animal tracking, access control for secure 
facilities, and electronic toll collection without requiring the automobile to 
stop, etc. 

5.1.2.2 General operation of an RFID system: 

The implementation of an RFID based system involves attaching a tag on 
every item that we intend to keep track of; readers are also installed in 
strategic positions. A database containing additional information about the 
respective tagged items supported by a middle-ware application is held on a 
computer. As stated earlier, the reader and tags communicate at the same 
frequency. 

Readers encode and send out signals via the antenna that will be recognized 
by all tags within the reading range of the reader and operating at that 
frequency. 

Having received the signal from the reader, they (tags) identify themselves 
by transmitting data at the same frequency 

Reader receives the information from the tag with its antenna and decodes it 
before passing it at a middle-ware application for processing. 

5.1.2.3 Constraints of RFIDs 

 

An RFID system is quite expensive to install; chip-less tags cost between 
USD0.01 TO 0.2 for orders of less than 100,000. One can either buy them off 
the shelf if one requires just a few or place orders if one require them in 
hundreds of thousands. Readers on the other hand cost about $1000. 
Further, there is also a lack of standards to which vendors are compelled to 
adhere to and these results in compatibility problems and interference 
between readers from different vendors. 

Privacy is also a big issue as tags can still be read even after the products 
have been purchased and taken out of the store, which leaves the individual 
owner under monitoring should the data fall in wrong hands. Information 
exchanged between the tag and the reader could be monitored by third 
parties and as a result, giving away private data. Besides, it is also possible to 
create a database and track associations between the tag and owners of the 
tagged items. For stalkers, tagged clothes would provide an invaluable 
source of information. 
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5.1.3 General differences between RFID and Barcodes (The RFID 

Journal) 

RFIDs: 

� Information held by the tag is specific to the individual item 
� It can be read from a distance and tags can be easily scanned 
� It can be read through paper, fabric and other material that radio 
frequency waves can go through 

� It can store hundreds or thousands of bytes 
� Dozens of tags can be read at the same time with a single reader 
� They are electronically deactivated 
� They are robust and can be used in harsh environments e.g. in snow, fog, 
ice, paint 

� They are small and do not alter the look of the objects on which they are 
affixed 

� Possibility to limit readers that can read particular tags 
 

Bar Codes:  

� Same products have the same Universal Product Code (UPC) or bar 
code number 

� Require a direct Line of sight in order to be read and tags behind other 
surfaces cannot be read 

� It can store only 13 digits or a few hundred digits in the case of 2D 
barcodes 

� Only a single barcode can be read at a time 
� Deactivation is manual and is done simply by obscuring the tag 
� Barcodes are unusable in harsh environments 
� Any reading device can read any compatible barcode; this is a privacy 
and security risk. 

In summary, the way people relate to their clothes and the conditions in 
which clothes are worn varies from person to person. Clothes will be worn in 
rain, snow, and sports such as swimming and as a result the material on 
which the bar code is printed will depreciate over time rendering the cloth 
inaccessible to a system. 

Considering that their usage requires a direct line of site between the bar 
code and the reader, it would be time consuming on the part of the user in 
locating the bar code in order to point it to the reader. This is especially true 
with bulky clothes such as jackets or jeans. 

It is not uncommon for one to have multiple pieces of a particular cloth; in 
fact there are clothes that are sold in sets of 2 or more and use one bar code. 
We need to be able to isolate individual clothes. 
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RFID technology provides the flexibility we need and the features that take 
care of the shortcomings of bar codes. We therefore propose the use of RFID 
for apparel identification in the system 

5.2 Dirt Recognition / Detection: 

Dictionary.com defines dirt as any foul or filthy substance such as mud, 
grime, dust or excrement, etc on another object -in our case apparel. 
Clearly, there are a myriad of things that could be referred to as dirt, besides, 
the level of dirtiness varies from person to person for them to consider any 
laundering for instance one person may wear a shirt just once and mark it as 
dirt while another may wear two or more times before thinking about 
laundry.  

Due to such complexities and unpredictability, we may consider, depending 
on available technology, concentrating on specific kinds of dirt and how they 
can be detected. 

5.2.1 Determining Dirt  

There are a number of factors that could be taken into consideration in 
determining whether a particular cloth has been worn and is thus dirty. 
However, each of them has their limitations, limitations that we will 
enumerate alongside. These options include: 

1. Stains 

Usually, a cloth that has been worn may contain stains; these stains may be 
in the form of sweat, food, oil, etc depending on what sort of activities the 
wearer has been involved in. The most common stain is sweat and it shows 
up irrespective of the activities that the subject would be involved. 

The human body regulates body temperature by emitting sweat; the 
excessive body temperature might be a result of the individual body setup or 
activities the person in question is engaged in. As a result, the degree of 
perspiration varies from person to person; in fact, some people hardly ever 
perspire except perhaps in extreme temperature. The chemical composition 
of sweat could be modified with the use of perfumes or anti-perspirants thus 
making it difficult to identify it. That means, a system based on sweat would 
be useful only to a cross-section of users in certain cases. 

The most appropriate time to use sweat would be when it is still fresh and 
not dry; then, chemical sensors would be used to detect the presence of 
sodium chloride that is a component of sweat. Unless someone has been out 
jogging, by the time one gets home from work, sweat will only manifest itself 
as a stain on the collar or armpit area of the apparels worn and would thus 
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be ineffective. Sweat as well as most other common stains is difficult or 
expensive to detect technologically once they have dried. 

Generally, it is not easy to anticipate what substances/stains other than the 
most common such as sweat, foods and grease, etc that someone will be 
exposed to over time. It is therefore not possible to build an exhaustive 
system based on the same.   

2. Smells and Odors 

Smells and odors could be used to determine the status of an item of 
clothing. This could either be adjudged as dirty or clean. Some people emit 
smells from their body systems as a result of excessive perspiration that may 
be a result of the physiological nature or the nature of activities that they are 
involved in. For instance someone working in a smoky kitchen will likely 
emit carbon monoxide that has a smell or emit an aroma from food. Some 
people apply fragrances to their clean clothes to maintain a nice scent while 
in the wardrobe or when worn. In addition, some people also smell their 
clothes in a bid to determine whether the cloth in question is clean or dirty. 
The nature of the smell could be used to determine whether the cloth in 
question is clean or dirty and will thus be used to inform a user whilst 
preparing for laundry.  

The smell of fresh detergent and other acceptable smells such as those that 
might result from pressing or fumigation, etc could be ideal in inferring that 
the cloth in question is not dirty. On the other hand, unpleasant smells such 
as those emitted by the body usually referred to as body odor or smells other 
than those accepted as good would suffice to infer that a particular cloth is 
dirty. A well-trained electronic nose (discussed below) would go a long way 
in facilitating the process of automatic separation of clean from dirty 
clothing.  

But, there are also issues that would have to be put into consideration in 
adopting this technology. These include: 

I. The social stigma associated with body odor may be detrimental to the 
successful implementation of a system based on the same.  

ii. Granted that people hate to be associated with it, many use deodorants to 
subdue the effect thereby altering the chemical composition of the resultant 
compound. With an altered compound introduced is a possibility that we 
would obtain wrong results from the electronic nose in use in this case.  

iii. There is a wide range of odors and smells that a user may accumulate on 
the people’s clothes, some of these may not have been anticipated during the 
design of the system and may pass off misinterpreted resulting in 
unexpected results.  
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iv. Some smells and odors disappear over time and despite that the cloth 
may be clean or dirty, it may not be possible for the system to tell. This is 
common where clothes are not put back to their respective places.  

3. User – defined 

Here, the user provides information about the status of the cloth i.e. whether 
dirty or clean. On the face of it, this looks like the manual way of doing 
things but technology could be used to support the user. If the user has a 
multitude of clothes, a system monitoring number of wears would come in 
handy as opposed to manual tracking. The system in this case could be 
enhanced by use of voice to whether a particular cloth should be assumed 
dirty.  

Alternatively, the system could quietly monitor how many times a particular 
cloth has been worn.  

Challenges: 
I. The system heavily depends on user input and therefore chances are high 
that inaccurate / unreliable information could be provided to the system. 

ii. Mark Weiser's vision of ubiquitous computing pushed for systems that 
were invisible, a system like this, heavily dependent on user input is not of 
Weiser's version. A ubiquitous system may comprise sensor systems to 
enable it work autonomously with little or no interference from humans.  

4. Image Processing 
 

This involves the use of digital pictures to compare the state of the clothes. 
With this method, cameras are installed at strategic positions within the 
wardrobe such that they are able to capture the front, back and perhaps the 
sides of the cloth. 
 
A reference point for each cloth has to be taken at the time of registration; 
this involves storing the output of the various cameras that have been 
installed. During use, similar pictures are taken of clothes as they are 
returned. The two sets of pictures are then compared to determine whether 
the cloth is dirty or clean. 
 
While the use of image processing has been successful in some applications, 
its use in the detection of dirt may not be as successful. This is true especially 
considering that dirt could be on the inside of a shirt and may not show on 
the outside; this would require that the user turns the shirt inside out as well 
and this extra effort perhaps would not be so appealing to a user who has 
just returned home after a stressful day at the office. 
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In summary, since clean clothes emit some form of smell - a result of applied 
fragrance or laundering, dirty clothes emit an unpleasant smell - a result of 
dried sweat, stains, exposure to smelly substances, we find it appropriate to 
monitor the smells / odors that emanate from clothes to enable us determine 
whether the cloth is dirty or clean.  

Technologies that detect smells make use of chemical sensors as smells are 
compositions of chemical compounds. An electronic nose is a device made of 
chemical sensors and has capabilities of sniffing out smells / odors in the 
form of vapors from objects or environments.  

Clothes come into contact with various chemical compounds during their 
use. Some of these chemicals are a result of laundering and are found mainly 
in washing powder. They include bleaches (15-30%) in the form of hypo 
chlorite, sodium per carbonate; water softeners to control the pH of water 
(20-45%) in the form of sodium carbonate, sodium bicarbonate, sodium 
phosphates, etc; Surfactants (8-18%) to allow easier spreading of water by 
lowering surface tension 

The chemical composition of perfumes is not readily available though the 
following compounds are commonly used in perfumeries: eugenol, anisole, 
menthol, vanillin, linalool, and citronellal  
 
Sweat is made up of 98% water but the remaining 2% comprises Sodium 
chloride, lactic acid, uric acid, ammonia, fatty acids, ammonia, phosphates, 
sulfates, alcohols, hydrocarbons, amino acids etc. 

Identifying the presence of some of the chemical compounds named above 
could form the basis of determining whether the cloth is clean or dirty. As 
previously stated, the electronic nose can do just that. 

5.2.2 The electronic Nose 

Also known as eNose, an electronic nose is a device that identifies specific 
components of odor and analyses its chemical composition to be able to 
identify it. Its design is to mimic one of the human senses particularly the 
sense of smell that has not been widely explored technologically but has in 
recent times gained a lot of interest especially in the food industry where it 
has been developed for use in quality control. 

An electronic nose consists of two major components; the mechanism for 
chemical detection that is composed of an array of electronic chemical 
sensors and the mechanism for pattern recognition. The chemical detection 
can comprise an array of different chemical sensors or a single sensing device 
(spectrometer) that produces an array of measurements for each chemical or 
combination of chemicals.  
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Each sensor (which is analogous to the receptor in the human nose) in the 
array is tuned towards the isolation of a particular chemical compound as 
different chemical compounds have different signatures. It is necessary to 
have at least as many sensors as the chemical compounds that are being 
monitored. This means that the number of sensors should at least be equal to 
the number of chemical compounds that the device should interrogate. 

The operation is based on that of the human nose that of course is far more 
accurate compared to the eNose. An odor / smell comprises a number of 
molecules each with a specific size and shape and each has a corresponding 
receptor in the human nose. Upon receipt of a molecule by a receptor in the 
nose, a signal is sent to the brain that identifies the smell associated with the 
molecule on the receptor.  The general process involves sniffing, reception, 
detection, recognition and cleansing - to return to the previous state. 

The human nose is said to have over 100million receptors working together 
to identify and recognize the chemicals in the smells that they encounter. On 
the other hand, an eNose often has fewer than 50 sensors to perform the 
duties for which they are designed. The human nose is therefore able to 
recognize a much wider array of smells than any electronic nose that man 
can or will perhaps ever put together. 

Despite the wide range of receptors, the human nose sometimes, may not be 
able to recognize smells all the time; this could be due to fatigue, sickness 
such as cold or just that the new smell is new to the nose. An eNose is not 
susceptible to fatigue and a fully functional eNose should be able to identify 
different compounds irrespective of their concentration. This is especially 
important where we do not have full control over the environment that is 
under monitoring. In some cases, where different actions have to be taken 
depending on the level of concentration, the device should be able to 
determine the concentration of the compound under investigation. As far as 
the smartwardrobe is concerned, knowing the concentration of the 
compounds would help to determine what is so dirty and what’s not so dirty 
for those that repeat clothes. 

Figure 5.2: Electronic Nose 

 

 (Source: http://science.nasa.gov/headlines/y2004/06oct_enose.htm) 
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In the picture above is a standalone electronic nose with a connection to a 
computer from the back. The device is equipped with a pump that sucks in 
air from its environment for analysis. 

For effective operation, the eNose has to be trained on each chemical 
compound that it is required to identify; this involves blowing a vapor 
containing the chemical compound of interest across the sensor array, the 
patterns of the sensor signals are digitized and fed into a computer as a 
signature to the chemical compound.  

Let us take an example of an eNose comprising 5 sensors s1, s2… s5 and 
blow compounds c1 and c2 in succession across the array of sensors.  

Figure 5.3: Sample compound analysis 
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As illustrated in figure 5.3 above, compounds c1 and c2 produce different 
reactions from sensors s1... s5. It is these patterns that are digitized and 
stored for future reference. Where concentration of compounds is required, 
different concentrations are best assumed as different chemical compounds. 

The training process is required to configure the recognition system to 
produce unique classifications of each chemical compound so that an 
automated identification in the future can be realized. The process enables 
the trainers to build a database of these unique classifications or signatures 
that would be used for comparison with the chemicals under investigation. 

Before any measurements can be conducted during the lifetime of the eNose, 
each sensor is driven to a known state referred to as a reference point by 
having clean, dry air or some other cleansing gas passed over its active 
elements to remove any odorant mixture from the surface and the bulk of the 
sensor's active area.  

The measurements can then be passed on to a middleware application for 
further analysis and the execution of the appropriate action. 
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5.2.2.1 Applications 

Today, electronic noses have found usage in various applications though 
they were previously used mainly in the food industry for quality control, 
they are used to monitor the fermentation process by checking out the odors 
emitted, they can also be used to check if juices are natural, monitor food 
spoilage, etc. They are used in medicine for diagnosis for instance by sniffing 
and analyzing odors emitted from wounds and are also used to detect lung 
cancer. Electronic noses are used for environmental monitoring through the 
identification of poisonous gases or pollutants in the atmosphere. At NASA’s 
space station, ammonia is used to keep the station habitable but if it leaks, it 
is dangerous to human beings; in attempt to generate awareness of a leakage, 
NASA has been developing an electronic noise to monitor the ammonia in 
the space station. Another notable application is to monitor gas leaks in 
industrial installation as a safety mechanism.                                                                                                                      

In our case, we note that when clothes are dirty, they tend to have an 
unpleasant smell, a smell that may originate from the wearer’s body as a 
result of perspiration; activities we have been involved in, environments we 
have been exposed to, or stains that may be present on the clothes. Clean 
clothes on the other hand tend to have a scent of freshness that may be a 
result of laundering, sprays or scented wardrobes. Tracking these smells 
would make it possible to determine whether the cloth in question is clean or 
dirty. However, scents are not uniform across many people, configuration or 
customization would be required so that the electronic nose is localized to 
the scents or odors associated with the wardrobe's user(s). Fortunately, many 
people tend to use the same brand of perfumes, fragrances, and detergents. 
This means that training will make use of only a handful of chemical 
compounds existent in these products. 

5.2.2.2 Limitations 

It is difficult to anticipate which smells or odors will emanate from particular 
user's wardrobes, besides, the system is not entirely foolproof. For instance a 
cloth may maintain a fragrance that is associated with cleanliness even when 
dirty. 

Electronic noses are still not so widely used and are therefore expensive and 
time consuming to train and implement for a particular purpose. 

The sensors tend to lose sensitivity to some compounds over time resulting 
in inaccurate results. This could be due to prolonged exposure to the 
chemical compounds that wear out the sensors, exposure to water or alcohol, 
etc. Further, they would require a longer recovery time thereby slowing 
down transactions. 
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Despite its limitations, we feel the eNose scores highly over other sensor 
technologies as far as autonomous detection of dirty clothes is concerned.  

5.3 Summary: 

There are not many technologies for identification purposes on the market 
other than bar code and RFID. Considering the pros and cons of both, RFID 
ranks better.  

As far as determination of dirt is concerned, odor / smell turn out to be a 
common feature of dirty or clean clothes and therefore, being able to tell that 
a particular cloth is clean or dirty enables us to reach our goal in this project. 
An electronic nose is used in many areas to sniff and report the result to a 
computer system and we propose its incorporation into the system. 

In the next chapter, based on the technologies we have survey and found 
appropriate, we put the pieces together into one system. 
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6 THE DESIGN 
 

6.1 Introduction 
 
From the statistics and argument presented in the previous chapter, we 
deduce a suitable design of the smart wardrobe in the following section. Our 
design puts together the pieces of technology that we have discussed in 
previous chapters namely an RFID system comprising readers and passive 
tags, the clothes, the electronic nose, middleware application and an interface 
screen with which the user interacts.  
 
Granted that the level of computing skills is varied in the home environment, 
we will consider designing an easy to use system that requires minimum 
input from the user, incorporates an ‘intelligent’ system that learns and 
adapts to the needs and habits of the user and at the same time allows the 
user stay in control of things. 
 
From the user’s perspective: 

� They want to be able to go to the wardrobe and pick out, with 
minimum effort, clothes that they would like to wear. From our study, 
many people seem to store both dirty and clean clothes inside their 
wardrobes; that means that the chosen clothes must as well be clean. 

� Whenever they need to change, they should easily return the clothes 
they are currently wearing to their place of storage. Handling of 
previously worn clothes depends on many factors: 
1. Whether the owner may want to consider to wear them again 
2. Tidiness of the wardrobe user 
3. Interior design of the wardrobe 

� Spend the least time possible organizing and carrying out the actual 
laundry. To be able to do laundry, one needs to first identify their 
dirty clothes and sort them. The sorting is done at three main levels: 
type of cloth i.e. whether jeans, shirt, etc, color, washing temperature. 
Other considerations during sorting include fabric type, color fastness, 
etc. 

 

6.2 Typical use–case scenario of the anticipated system 
 
A user needs to do their laundry perhaps because there isn’t anything left to 
wear or they have so many dirty clothes or some other reason(s). 
 
For those that have a laundry basket (a container in which they dump dirty 
clothes), they will usually carry the contents of or laundry basket (with 
contents) to the laundry room (this could be a special room designed for 
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laundry or the kitchen or even bathroom).  For those that haven’t a laundry 
basket, the process is more time consuming; they go through the clothes in 
the wardrobe one by one or extracting those they are aware have been worn. 
They scan the clothes for stains or sniff them for strange odors or known 
odors that indicate dirt.   
 
In summary, to identify dirty clothes, people use visible stains, odors 
emanating from clothes, their memory i.e. clothes that they can remember 
have been worn and the contents of the laundry basket. 
 
Once dirty clothes have been isolated, they are moved in a convenient bag or 
container to the laundry room. 
  
Once in the laundry, before they are put into the machine, they have to be 
sorted accordingly. Commonly, people make use of the manufacturer’s label 
to identify the washing conditions of the cloth at hand (this happens with 
newly acquired clothes. With subsequent washes, not much reference is 
made to the label as the conditions are memorized). In addition, sorting rules 
are dependent on color, material of the cloth, type of cloth i.e. whether jeans, 
t-shirt etc.   
 
Our design solution as already stated in previous sections moves all the 
mentioned tasks to the wardrobe and minimizes human effort during the 
performance of the same said tasks. 
 
Information about the clothes is initially availed to the system by the user. 
This information is solely for identification purposes; it also contains 
information from the manufacturers label – this includes information on 
laundering conditions that is crucial for the successful implementation of the 
design system.  
 
Armed with the necessary data and technologies, the system monitors 
clothes as they are returned to the wardrobe to determine whether they are 
dirty and later sorts them (the dirty clothes) in groups that can go into same 
washes at the point the user is prepared to do laundry. The sorting takes note 
of colors, color fastness, type of cloth, material etc to ensure that the quality 
of the clothes does not deteriorate (at least not) during laundering. 
 

In a nutshell, the user having decided that they need to do laundry will be 
guided by the system to quickly arrive at a set of clothes that can go into 
separate washes dependent on those that are extracted from the wardrobe. 
 

6.3 Components of the design 
 
Before we delve into the actual design, we briefly discuss the components 
that will make up the system. They include: 
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� RFID System – Identification of individual clothes. RFID reads tags 
within a fixed distance. The design has to ensure that the reader and 
tags are installed such that all clothes inside the wardrobe are in 
reading range. Further, clothes that are outside that wardrobe must be 
outside the reading range.  

� Electronic Nose – Sniffing and identifying smells and odors emanating 
from the identified clothes. Its installation must be such that it has full 
access to the cloth that has just been returned. Checking whether the 
cloth is clean or dirty is done at the time the cloth is returned to the 
wardrobe and not when it is taken out. 

� Middleware application – Has multiple roles; 
o Performs data processing 
o Receives the unique RFID tag number from the RFID system 
and extracts data related to the tag ID from the database 

o Receive data from the electronic nose and perform the 
necessary processing 

o Control the overall working of the system 
� Database – provides storage for all data that has to be re-used e.g. data 
related to clothes 

� Interface screen – This provides a medium of interaction between the 
user and the middle-ware application. The user can make choices of 
what they would like to do and at the same time the middle-ware 
application can give feedback to the user via it. 

 
We will refer to figure 3.1 in a preceding chapter - chapter 3. It represents the 
closet as is in many apartments; at least those managed by Karlskronahem – 
the housing company in Karlskrona, Sweden. Because wardrobes vary in 
size, we will work with one of specific size. Karlskronahem has 2 sizes 
namely a 2 x 6 x 7 feet that has one compartment for hanging clothes. This is 
a little too small and it already is difficult to navigate through clothes should 
one have many.  Take a look at figure 6.1 below (for the 2x6x7 wardrobe). 
The size that is installed in master bedrooms measures 2 x 7 x 7 feet and has 3 
compartments for hanging clothes. To some people, this may still be small 
but for our case, it is adequate and since we have access to it, we will use it 
for our design. 
 
We will make changes to the exterior outlook of the wardrobe and the 
interior. As far as the exterior is concerned, we automate the opening and 
closing of the wardrobe doors by introducing a button that a user presses. 
The doors could also be designed to open and close automatically based on 
information obtained from a motion detector installed above the doors. We 
replace the traditional doors i.e. doors that open outwards with those that 
slide sideways and disappear into the sides of the wardrobe. 
For the interior, we will make minor changes to incorporate the gadgets; the 
shelves will remain intact 
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As far as the clothes are concerned, there are lots of them to be considered for 
instance socks, underwear, shirts, trousers, skirts, jackets, etc. We would like 
to deal with anything tagged and that is stored within range in the wardrobe. 
For the case of underwear, we presume the user may not need the services of 
the smart wardrobe to be told whether they are dirty or not. Nonetheless, we 
will provide for everything! 
 
To realize our goal, we have a number of considerations that will guide us to 
ensure we design a system that meets user expectations. 
 
Figure 6.1: Sample Karlskronahem Wardrobe 
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6.4 Design Considerations 
 

1. System Database 
2. RFID Specifics and Tag reading 
3. Electronic nose  
4. Interface Screen 
5. Interaction 
6. Design of middleware application 
 

 

6.4.1 System Database 
 

Before we are able to identify clothes uniquely, we need to build a database 
of all the individual clothes where data about the cloth is stored and tied to a 
unique key, which is in turn linked to a serial number of particular RFID tag.  
The serial number of the tags is read from the clothes. This unique key is 
used to query the database in order to extract information about the cloth.  
 
In addition to the serial number of the tag and any information that may be 
held on the tag, we will build a database capturing data as shown in the table 
below:  
 
Figure 6.2: Data dictionary for clothes 
 
Data name Description 
Color of cloth For similar color washing 
Washing temperature Important to avoid damaging of fabric 
Is Colorfast Can loose color during laundering 
Cleaning Type Dry or wet cleaning 
Ironing Instructions To store ironing temperature (For future use) 
Cloth Type Shirt, skirt, jeans, etc 
Purchase Time Stamp Date and time of purchase for durability checks 
Dealer Name From which store was item purchased 
Dress Type Whether formal, dinner or casual 
  
 
 
The data in the details table above; is developed by the user through the 
registration of individual items. During the initial setup, the system reads 
and saves all read RFID tags. The tags that do not contain related data are 
later retrieved from the database so the user can provide the relevant data as 
new clothes. 
  
To add or remove a cloth, the user goes through the options on the user-
interface screen (described later). 
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Currently not many clothes available to people or even in the stores are 
already RFID tagged but we are hoping that in the future not so distant, 
many designers will incorporate RFID. However, it is possible to assign 
numbers to tags and attach the same tags to clothes that are already in the 
possession of people.  
 
We need to keep a record of the status of clothes during subsequent 
interactions between the user and the wardrobe. It is the status that is of 
interest to us while planning laundry. This data is obtained and stored 
automatically by the system as clothes are returned to the wardrobe. 
 
Figure 6.3: Cloth status information 
 
Data Name Description 
Tag Serial Serial number of tag attached to cloth 
Status This holds a Boolean value of clean or dirty 
  
 
 

6.4.2 RFID reading and Tag reading 
 

We obviously do not have a say in the type of tags that designers use but for 
our design, the passive tag is good enough. They are cheap, and are powered 
by the reader implying that we would read them only when in need.  
 
In selecting an RFID system, what is most important is that it can read 
through shelves and can cover a good proportion of the area inside the 
wardrobe.  
For a 2 x 7 x 7 feet wardrobe, we need a high frequency reader that can read a 
distance 3 – 3,5feet. 
 
We are interested only in clothes that are inside the wardrobe and not 
outside; having access to that information is adequate to establish which 
clothes are not in the wardrobe. To find clothes that are outside the 
wardrobe, we will compare those inside the wardrobe and what the database 
holds. 
  
Referring back to the dimensions of our wardrobe, we need to install the 
reader such that it has good reach of all directions. Installing it at the inner 
top wouldn’t be of much use, as the device wouldn’t read much into the 
shelves towards the lower end of the wardrobe.  
 
It is obvious from figure 6.4 below, installing the reader at the center back 
gives us more reading area as we can read 3.5ft up, left, right, downwards 
and forward and backwards. But since reading backwards might involve 
reading clothes that are outside the wardrobe for instance those worn by 
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people passing behind, we recommend a metal plate be installed at the back 
of the wardrobe to bounce back any RFID signals. 
 
The circle in figure 6.4 indicates the reading area against the wall of the 
wardrobe, as you move away from the reader towards the left hand or right 
hand corner closer to the door, the distance outside the range gets higher 
 
Figure 6.4: Illustration of the reach of a 3,5ft reader 
 

RFID Reader

3.5 ft
7  ft

2 ft
 

 
But, depending on where the tags are fixed on the clothes, we may have 
nothing to worry about. For instance if they are attached to areas around the 
hem, they may well be within range. 
 
For those areas that are completely out of range, we could always use 
additional readers in the top left and top right ends of the wardrobe. 
 
Since the width of the wardrobe is 2ft, there is a 1,5ft in the front direction 
that is out of range. If a user is interacting with the wardrobe, we expect 
them to be standing at a distance of at least 0,5ft.  If they want to get a good 
view of a cloth, they may need to move further behind; at this point it is still 
okay if the cloth is within range but we expect that if the user puts the cloth 
away, it could easily fall out of range, which is also fine and it is at this point 
that we register it as not in the wardrobe. 
 

6.4.3 The Electronic Nose 
 
The electronic nose is only thrust into action when a user returns clothes to 
the wardrobe. Since it is dependent on smells / odors that emanate from the 
clothes, it is crucial that it be placed at a position that gives it full access to 
the newly returned cloth. We find it more appropriate that we remove any 
demarcation between the compartments and introduce a mechanism that 
moves the hanger (with the cloth) left or right depending on the status of the 
cloth. This also means that the clothes being returned will have to be placed 
on hanger before put back inside the wardrobe.  
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The hanger containing the cloth being returned has to be put at a particular 
point on the rail above which the eNose is installed with its pump in good 
position. Once the system has detected the presence of a cloth, the eNose 
then sniffs it for any smells or odors. 
 
To compel the user to return clothes to a particular point, the doors slide just 
a little when the system is in ‘return mode’ giving the user access to the 
‘return zone’. After sniffing, the rail mechanism moves the cloth away and at 
the same time updates the status of the cloth in the database.  
 

6.4.4 User Interface Screen 
 
There are two main issues to be considered in the design as far as the user 
interface screen is concerned:  

� Mode of interaction i.e. whether touch or buttons 
� Placement on the wardrobe infrastructure 

 
The most appropriate mode of interaction is the touch screen where choices 
are displaced to the user on the display and selected through touch contact.  
 
While installing the interface screen, it must be done such that the user has 
good view and reach of the design. Fixing it at the back of the wardrobe for 
instance would be at least 2 ft away from the user depending on their height 
and would be a little strenuous to the eyes. In addition, the user may not 
even be tall enough to reach it. 
 
We will therefore build a little vertical frame to hold the interface screen 
inside the wardrobe just few inches behind the door. It will be done such that 
as the door slides open, the screen is clearly visible, close to the user and can 
therefore be interacted with without any difficulty. 
 
The user interface screen displays four menu items namely: 

� Return 
� Pick Clothes 
� Plan Laundry 
� Setup – has a sub menu that enable the user to add or remove clothes 
� Open doors completely – to allow the user return clothes after 
laundering without making use of the eNose. 

 
The default action is return and when the user pushes the open button in 
front of the wardrobe door, the doors open and the system will always be 
waiting for returning clothes. 
 

6.4.5 User – System Interaction 
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The interactions that take place between the smart wardrobe and the user are 
no different from the interactions between a user and the manual wardrobe. 
The major difference is that there is a two-way communication between the 
smart wardrobe and the user. However, in the case of the manual wardrobe, 
the interaction is one way from the user to the wardrobe because the manual 
wardrobe is just a piece of furniture standing there providing just one service 
– storage space; therefore, it cannot respond to inputs from the user, neither 
can the user make any inputs because the interface does not exist. The only 
interaction as we mentioned earlier is to manually open the door of the 
wardrobe and close it when done - (which is not a guaranteed action). In a 
nonprofessional language, we would say that the manual wardrobe is dumb.  
 
In as much as we view the smart wardrobe to be context aware and that it 
engages in a two-way interaction with the user, how this interaction evolves 
has to be carefully governed in order to realize a seamless user/system 
interaction that is unobtrusive to the user. This implies that every aspect of 
this interaction has to be sufficiently taken care of in our design in order for 
the user to fully benefit from the advantages that the smart wardrobe offers. 
In our design, we also attempt to give the user as much control over the 
system as possible.  
For the user to do anything with the wardrobe, the system must be initiated 
by pressing the button to open the doors. By default, the doors open a little to 
allow for returning of clothes but also to reveal the display screen. At this 
point, the system is ready for action and is waiting on the user. 
 
Let us look at how the interaction is like depending on the task at hand. 
 

6.4.5.1 Adding or removing a cloth  

 

Users will overtime buy new cloths or there will be clothes that they will not 
want to wear perhaps because they are damaged or no longer fit. We must 
provide for the capturing of the clothes affected. 
 
To add a new cloth, a user selects the ‘Setup’ option on the main menu on the 
screen. This reveals two other options that enable the user to add a new cloth 
or remove a cloth that will no longer be available. 
 
The system then searches within the database to search RFID tags that do not 
contain the relevant data and displays the missing corresponding fields on 
the screen. A wireless keyboard can then be used to provide the necessary 
data.  
 

For the case of a removal, the user scrolls to the cloth of interest and confirms 
whether it should be deleted. 
 



  61

Note:  This feature was not initially taken care of and is therefore not 
available on the display screen of the mockup. 

6.4.5.2 Returning clothes 

 

The user presses the button to slide the doors and picks a hanger from a shelf 
for the cloth and places the cloth on the hanger. He / She then puts it in the 
returning area and the system takes over from there. This is repeated until 
there is no more clothes to be returned whereupon the system will take note 
of idle time and close the doors should they still be open (The user can also 
press the open button to close the doors). 
 

6.4.5.3 Picking clothes 

 
If the doors are not already open, the user presses the button to open the 
doors and from the menu, selects the ‘Pick Clothes’ option. This will slide the 
doors completely into the sides of the wardrobe giving the user a full view of 
his / her clothes. 
 
The user can then pick whichever clothes they would like to wear. If any 
clothes were taken out and are not worn they can be returned right back 
without having to switch back into return mode. This is based on the 
assumption that since they have not been worn, their status remains 
unchanged. 
 

6.4.5.4 Planning Laundry 

 

The core function of this system is to aid users in planning laundry. From our 
ethnographic study, it is one of the most time consuming tasks for those that 
are keen on ensuring they get the best results out of their wash. This means 
that they have to pay keen interest on: 

� Recommended washing temperature of each cloth 
� The color of the cloth 
� Whether the cloth looses color during laundering 
� Other clothes to go in the same wash 
� Etc 

 
The user pushes the button to open the door and selects ‘Plan Laundry’ from 
the menu on the display. The doors slide completely open and the display is 
refreshed with a list of dirty clothes in groups that can go into the same 
wash. 
 
But of course we do not have information before hand how the user would 
like to do their laundry. Perhaps he needs to wash only a few shirts; perhaps 
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he needs to do an entire wash. In this respect, we have to watch out for what 
the user picks from the wardrobe. 
From the very first pick, we refresh the screen with only dirty clothes that 
can go into the same wash as the one that was just picked. We would then 
expect the user to pick the remaining clothes in the group. Should the user 
however, pick a cloth outside the list, we sound an alarm just to remind 
him/her that the selected clothes should not go into one wash. The final 
decision, however rests with the user, after all it is their clothes! We can’t 
stop them if they wish to put a white shirt in the same wash with colorfast 
blue jeans. 
 
We assume the user takes clothes that go into a single wash, one wash at a 
time. After the user has done their laundry, they go through the returning 
procedure and in this case all clothes will be pushed to the same side. 
However this can be overridden so that the user places clothes as they would 
like.  
 

6.5 Behind the Scenes 
 
Here we provide a step-by-step description of what goes on in the entire 
system; how the different pieces work together to realize the design goal of 
the project. We will describe this based on the transactions carried out at the 
wardrobe. 
 

6.5.1 Returning clothes 
 

� Button press turns on the RFID system and display screen and 
mechanism slides the door open a fraction 

� RFID system updates the middleware application with what is 
currently inside the wardrobe. 

� RFID system updates the middleware with the new reading 
� Middleware activates the eNose 
� The eNose updates the middle-ware of the status of the cloth and 
slides the cloth to the left or right based on status. 

� The eNose refreshes itself and goes to sleep 
� The middle-ware updates the database. 

 

6.5.2 Picking clothes 
 

� Button press turns on the RFID system and display screen and 
mechanism slides the door open completely 

� RFID system updates the middleware application with what is 
currently inside the wardrobe. 
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� RFID reads the entire collection at intervals of say 30 seconds to 
identify any changes to what is currently in the wardrobe and updates 
the middle-ware. 

� The middle-ware updates the database as the doors close. 
 

6.5.3 Planning Laundry 
 

� Button press turns on the RFID system and display screen and 
mechanism slides door completely 

� RFID system updates the middleware application with what is 
currently inside the wardrobe. 

� Middle-ware refreshes display with dirty clothes grouped according 
to washes. 

� RFID reads the entire collection at intervals of say 30 seconds to 
identify any changes to what is currently in the wardrobe and updates 
the middle-ware. 

� For any cloth that is picked out of the wardrobe, the middle-ware 
checks against the current display and sounds an alarm and/or 
refreshes the display 

� The middle-ware updates the database as the doors close. 
 

One assumption that has to be made is that clothes that are detected to be 
inside the wardrobe yet their status is not known will be assumed to be clean 
and the status will be updated thus. This is necessary to speed up the 
arrangement of clothes after laundering.  
 
We also include a menu option that enables the user to slide the doors 
completely; this enables him/her to pick out other items from the wardrobe 
such as shoes. It also gives the user the opportunity to clean and re-arrange 
the items inside their wardrobe amongst other tasks. 
 

6.6 The Mockup 
 

As stated previously, the system that we design would be presented in the 
form of a mockup. Here we present snapshots and brief descriptions of why 
the design is the way it is. 
 
For purposes of illustration, the mockup wardrobe was made of used 
paperboards, paper, wires, glue, cello tape and pins. 
 
Figure 6.5 below shows the interior of the wardrobe – the doors were not 
made to slide in this version of the system but we proposed sliding doors in 
the actual design. The doors have also removed so we can have a good view 
of the interior of the wardrobe; it reveals though not so clearly the position of 
the RFID reader (in the center of the back of the wardrobe).   
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In the top center is the electronic nose; its mode of application requires that it 
be positioned where it will have easy access to the object of examination.  As 
already mentioned, the doors slide a little to leave room adequate for the 
returning of clothes. This area is just below the position of the eNose and it 
therefore has reach of returned clothes.  
 

Figure 6.5: The interior of the mockup wardrobe 
 

 
 

Towards the bottom of the wardrobe is an area reserved for shelves, we did 
not fix the shelves but we can have as many as required. But, for clothes 
whose status must be monitored, design of the shelves must be in tandem 
with the RFID position. 
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Figure 6.6: The Menu options on the display 
 

 
 
 

For the user to be able to obtain feedback from the system or provide some 
form of instructions to the system, we designed a little touch screen (see 
above picture) with the indicated options to enable the user pick clothes to 
wear, return clothes, plan laundry or just open the doors completely. 
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7 CONCLUSIONS 
 
The SmartWardrobe is a fairly new area of research and literature on the 
subject is not readily available or accessible, whatever that exists is mainly 
conference proceedings or reports on projects most of which have not been 
progressively developed or didn’t get to be marketed commercially. 
 
To be able to understand the domain and make a contribution to available 
knowledge in the area, we did carry out ethnographic studies. This, we did 
by sending out questionnaires to respondents from different walks of life, 
conducted direct interviews and in some cases made observations in the way 
activities in the domain are carried out. 
 
We did a survey of current technologies on the market and at the end of the 
day; we made a selection of the most appropriate ones. These included an 
RFID system and electronic nose assisted by a middleware application 
working together to give the user a new experience on how they interact 
with their wardrobe and at the same time enable the wardrobe to support the 
user in organizing their laundry thereby saving them time they would have 
spent in the manual organization and at the same time reducing on the stress 
associated with the activity.  We chose to have this done at the wardrobe 
since it is the one place where the clothes are stored. 
 
As is, the system may require quite some changes to realize a user experience 
that would be acceptable but at least we have provided a basis for future 
research. We have identified challenges, weaknesses and possible areas of 
improvement in the sections below. 
 
Challenges in the development of this system mainly lie in the chosen 
supporting technologies and the current state of wardrobes and clothes. For 
instance we would require that all clothes be tagged before they can be 
useful in the system. Unfortunately, most clothes available in the market 
today are devoid of any tagging system except as antitheft mechanisms. 
  
RFID tags are not readily available off the shelf and most suppliers only take 
orders in hundreds of thousands.  This makes implementation of an RFID 
based system expensive and perhaps out of reach of many would be users. 
 
Socially, there is the privacy issue. The fear is that people would have to 
move around in tagged clothes. Entities with readers operating at the same 
frequency as the tag would easily read the data that may in turn be put into 
un-authorized and inappropriate use. 
  
Electronic noses are used in specialist environments such as environmental 
monitoring, food monitoring, etc and are therefore quite expensive. Just like 
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RFID, they are not readily available. In addition, they have to be tuned for 
each use environment. 
 
For effective use of the electronic nose, there is need for training to enable the 
device to recognize new smells. The problem is that it is not possible to 
anticipate all smells so that they can be built into the system during design. 
As a result, implementation of the system can be a little challenging. 
 

7.1 Weaknesses 
 
The behavior of the door despite that it was designed to look a little fancy 
introduces a restriction on the part of the user. It initially opens a little in an 
effort to compel the user to return a cloth in a specific area that is accessible 
to the electronic nose. This restriction in its bid to make the electronic nose 
more effective may not be appealing to many users. 
 
The system as is does not learn from the user i.e. learn those exceptional 
actions that are a characteristic of human behavior. That is, the user may 
break away from the usual tread or modus operandi to do the same task 
differently. 
 
For the determination of dirt, there are not many technologies that we found 
appropriate. We considered designing a system that would check whether 
clothes had been worn to determine that they were dirty. Unfortunately, we 
found designing such a system that also takes into consideration Marc 
Weiser’s vision of UbiComp invisible. We considered setting up sensors 
around the house to check out clothes that were leaving the house. These 
were assumed to be worn. This type of scenario left gaping holes for 
instance, clothes could just have been taken out of the wardrobe for instance 
for laundry. 
 
The system, for its effectiveness, requires that both clean and dirty clothes be 
put in the wardrobe. From our study, we found out that some people keep 
their dirty clothes in the wardrobe while others store dirty clothes in a 
separate container – a laundry basket. This requirement by the system might 
not be very welcomed by the lot that use laundry basket. 
 
The system does not select the temperature level on the washing machine 
and there isn’t any action that the system will take in the likelihood that the 
user (perhaps) inadvertently selects the wrong temperature. The effects of 
washing woolen clothes at 90 degrees would not be very exciting to the user. 
  
The design of the interior of the wardrobe has been changed into an open 
area and shelves confined to the lower area. This is contrary to the design of 
the traditional wardrobe where we have 2 or more compartments that enable 
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the user to hang their clothes as they would like. This change has been partly 
been a result of the restrictions of the electronic nose. We were concerned 
with the inconveniences of having the user to hold the cloth below the eNose 
for sniffing and then putting it in the compartment of their choice. With this 
change, the system moves the cloth after sniffing to the left or right 
depending on the cloth’s status. One very unpleasant effect of the change of 
this wardrobe may be contamination of clean clothes by very stuffy clothes.  
 
Results from the electronic nose are based on a database of registered 
digitized patterns generated during the training process. The digitized 
patterns are in turn based on known compounds that are passed through the 
sensor array. It is true that different people use different fragrances and work 
in different environments; this means that there will be a wide range of 
fragrances and odors. It is not easy to anticipate these early on for training 
purposes and we fear the system may not be very useful across a wide array 
of users. 
 
Size of the physical wardrobe in relation to the number of user’s clothes is 
another important factor in the effectiveness of the smartwardrobe. Many 
clothes in a small wardrobe imply that clothes will be compacted together 
and this leaves little room for the electronic nose that requires access to just 
one piece of cloth at a time. In the final analysis, the results in this case may 
be inaccurate. 
 
The operation of the wardrobe is restrictive in the sense that all clothes need 
to be placed on the hanger so they can be checked for dirt. There are many 
clothes that are not necessarily hanged; these include underwear, socks, 
sheets, etc. This limitation reduces the user base of the system to only those 
that hang their stuff. 
 
The system is not helpful in facilitating the user to find the position of the 
cloth and this may mean that the user would have to spend time in finding 
particular clothes. This can be a big problem in laundry planning; if a user 
has many similar clothes and only a few of them are dirty, it would be 
difficult to identify the dirty ones manually. It would be great if the user had 
access to tips on where in the wardrobe the clothes are. 
A solution could be to design a special hanger that illuminates to attract 
attention of the user. 
 
There is the possibility of the speed of processing especially when returning 
multiple clothes. This is also coupled with the possibility of behavioral 
change during the placement of clothes to the wardrobe. Some people may 
fix hangers to their clothes and put all of them into the wardrobe in one go. 
Now, they have to do it one by one and wait for the system to move away 
the cloth. 
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7.2 Possible Improvements: 
 
As said earlier, the smart wardrobe is a new phase in fashion and will 
definitely open up several research opportunities. Clothing designed around 
functionality have been around for years, for example, wrinkle free shirts 
that do not need pressing, Teflon coated fabrics that resist greasy stains, 
elastic fabric that can expand or contract to fit various body sizes, and 
trainers that supports better and stable jumps for basketball players. 
However, the smart wardrobe that contains smart or clever cloths will take 
the world of fashion beyond human expectation. 
 

In addition, over the years there have not been major changes in the design 
of the washing machine. Many things are still manual, for instance on many 
common machines, the user still has to add detergent and perhaps softener 
whose quantity is dependent on the weight of the wash. Not many people 
weigh or are conscious enough to estimate the weight in order to add the 
detergent or softener and as a result, they simply look at the clothes and 
estimate how much of the chemicals to add. The washing temperature too, is 
set by the user. With a shared database and some design changes on the 
washing machine, it is possible to have a machine that takes over from the 
user all the tasks indicated above.  
 
The problem associated with finding a particular cloth in a packed wardrobe 
could be solved by the design and implementation of ‘smart’ hangers. The 
hangers could be RFID tagged as well and equipped with LED lights that 
illuminate at the search of a particular cloth making it easier for the user to 
locate and extract it from the wardrobe. 
 
Having RFID tagged clothes; it would be possible for the user to easily know 
which clothes are not in the wardrobe and perhaps have been misplaced. 
Also the use of a handheld RFID reader would make it possible to pinpoint 
the location of these clothes.  
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9 APPENDIX 
 

9.1 Questionnaire: 
 

Questionnaire on personal wardrobe use and how it influences laundry 

Confidentiality Statement 

 
This questionnaire is designed to collect information for academic purposes  
to aid the design of a smart wardrobe. 
 
All information provided would be treated as confidential and would not 
be made available to any third parties. 
 
Note 
To select your options, double-click on the inserted box.  
This opens the Check Box Forms Field Options menu.  
Select "Checked", if you want a checked box - this inserts a check mark in the box. 
 
 
 
1. Do you have access to a wardrobe?    Yes        No  
2. Is your wardrobe computerized?        Yes        No 
If yes, give details of what is does 
 
 

3. Where within your house is your wardrobe located? Bedroom 
Bathroom Under bed  Mobile wardrobe 

4. Do you share a wardrobe?                  Yes        No                                                                                                  
5. What things do you keep in your wardrobe?      

 Clothes 
 Shoes   
Jewelry  
Others (Please Specify)   
�  
�  
�  
�  
�  

  
6. How many clothes do you have? 
Note: only shirts, pants, skirts, gown, suits is required for our 
research.    
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7. Do you find it easy to go through your clothes to get a particular shirt 
you want to wear?                                  Yes          No   

8. Do you do your laundry by yourself? Yes          No 
9. How often do you do laundry? 
10. Do you hand wash any of your clothes? Yes  No 
11. Do you feel you sweat much? Yes No 
12. How many times do you repeat a cloth before you declare it dirty if it 
is not exposed to or in contact with any stains? 

13. Do you follow the laundry instructions on your clothes label? Yes 
No 

14. Do you put your dirty clothes in a laundry basket or hamper? Yes 
No 

15. Have you ever bought a piece of clothing just so you do not have to 
wash what was dirty? Yes No 

16. How much time does your laundry take? less than 2hr  5 hrs     
 8 hrs  24hrs 

17. Do you perceive laundry as a stressful activity? Yes No, If yes, 
give some reasons. 

 
�  
�  
�  
�  
�  

18. Does your laundry take much of your time? Yes No If yes, give 
some reasons why it is time consuming for you and if no, can you give 
some tips on how you handle your laundry to minimize time spent. 

�  
�  
�  
�  
�  
�  

 
19. How do you know what is dirty? 
Smelling 
Visible stains 
Number of times worn 
Dust 
Others (Please specify) 

20. Do you separate dirty clothes from clean ones? Yes No 
21. Do you put dirty clothes in the wardrobe? Yes No 
22. Have you ever got to your wardrobe to find out that all the clothes 
you intended to wear are dirty? Yes No 

23. In that case, do you pick the ones that are not too dirty? Yes No  
24. How did this reflect on your personality and plan for the day? 
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25. How long does your cloth last for on the average from time of 
purchase up until when you throw it away? 

26. Have you witnessed any laundry mishaps that destroy your clothes? 
Yes   No, if yes, can you give one or more scenarios 

 
 
daft 
27. How often do you shop for clothes? 
Weekly 
Monthly 
Quarterly 
More than 4 months 

28. Have you ever thought of having a computerized wardrobe? Yes 
No 

29. What would you like your computerized wardrobe to do as regards 
doing your laundry? Just give a brief description. 

 
 


