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Abstract 

Today, technological achievements are integrated into our daily life in many 

areas – making our lives more comfortable. One of these areas, which is 

becoming more and more popular, is based on Smart House solutions. 

This dissertation focuses on Smart House solutions that make the daily lives of 

elderly and disabled people easier. 

The thorough examination of the topic presented in this dissertation resulted in: 

first, the review of the latest research and governmental reports with statistical 

data, second, the requirement analysis (based on a set of interviews), third, the 

development of a prototype, and, finally, the evaluation (using a focus group) of 

the novel solution proposed in this dissertation. 

The interviews with elderly and disabled people were conducted as part of the 

requirements analysis stage and enabled identification of certain problems and 

difficulties that elderly and disabled people face in their everyday life. The 

results of the interviews led to identifying possible solutions, which are captured 

in the mini case studies summarised in this dissertation. 

The proposed real-life solutions were integrated into a custom-built Smart 

House prototype, which has been developed and presented as part of this 

dissertation. These developments have been captured and presented here in 

graphical and video formats. 

Lastly, the evaluation of the proposed Smart House solutions have been 

evaluated using a focus group with nine elderly and disabled people. The 

results of the evaluation suggest that the proposed Smart House can 

significantly improve the life of the target group and can be considered for wider 

adoption by the public or the National Health Service. 
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Chapter 1 - Introduction 

1.1 Introduction 

Mankind has been contemplating the concept of Smart House for decades 

(Girling, 2013). The potential of a smart house stirred the imagination of sci-fi 

writers too. It is interesting however, how the semantic content behind the 

concept has changed. What Gene Roddenberry, creator of Star Trek, dreamt of 

in the late 1960s has now become a reality for most of the households. It is no 

longer science fiction that people can communicate with each other living 

across the country through a remote controlled Smart TV or can set the 

temperature of the room with the help of a remote controlled air conditioner. 

"A smart home, or smart house, is a home that incorporates advanced 

automation systems to provide the inhabitants with sophisticated monitoring 

and control over the building's functions" (Smart Home Energy, 2014). 

 

Figure 1: Smart House Solution 
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1.2 Rationale 

In United Kingdom, aging society is becoming a serious problem. Especially the 

rate of people over 80s increased significantly in the last couple of years 

(AgeUK, 2014). Elderly persons or people with disabilities require special 

treatment. New solutions that make possible for them to live independently in 

their own homes for longer are currently needed (Lansley, 2001). 

Mapping the offers of the companies that are currently dealing with Smart 

House technology, it can be seen that their solutions focus on different 

elements of the concept. Based on the implemented survey four focal points 

can be discovered: 

 security (Smart Home Protection Inc, 2013); 

 energy saving (Smart Home Energy, 2014); 

 comfort level (Cyberhomes Inc, 2014); 

 serving elderly persons or people with disabilities (Ashville Inc, 2014). 

This application of the smart house concept is probably the most useful and at 

the same time the most difficult to implement. For people with disabilities even 

a simple task, for example picking up a dropped object, can turn into an 

unsolvable problem.  In the case of such solutions the concept of smart house 

is interwoven with the achievements of robotics research, so with joint forces 

they can improve the quality of life for people in need. 

This dissertation, will focus on the solutions for serving elderly or disabled 

people. 

In the selection of the topic of this dissertation, the concept of robot aided smart 

house, decades long personal interest played a role. Improving the quality of 

life of elderly and disabled people has occurred because of personal 

involvement. 
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1.3 Research Question 

How can the quality of life of elderly or disabled people be improved through 

the development of smart houses and the advancement of robotics? 

1.4 Research Aims and Objectives 

This dissertation is intended to achieve a theoretical and a practical aim. 

The primary aims of this dissertation are: 

Aim 1 (theoretical part): Explore the concept of a Smart House. By analysing 

the currently available applications, obtain a realistic picture about their 

efficiency for improving the quality of life. 

Aim 2 (practical part): Building an operational Smart House model (including 

programming). 

The objectives of the project are: 

Objective 1 (relating to Aim1): Analysing the currently available Smart House 

applications, their strengths and weaknesses. 

Objective 2 (relating to Aim1): Recommendations for the potential future 

developments of the smart house concept. 

Objective 3 (relating to Aim2): Installing and integrating the hardware elements 

of the Smart House model.  

Objective 4 (relating to Aim2): Explore the possibilities of integrating the 

hardware through software interfaces. 

Objective 5 (relating to Aim2): Proposing recommendations for future 

development of the Smart House model. 
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1.5 Scope and Definition 

The theoretical part of the dissertation presents the concept of a Smart House 

from the perspective of improving the quality of life of elderly and disabled 

people. Other aspects, such as security, energy saving, comfort level, as 

mentioned in the Introduction section, and the full analysis of the topic remain 

beyond the scope of this dissertation. 

During the practical part, the on/off switching of the devices in the Smart House 

will be represented by the on/off switching of a LED. Actions implemented by 

robots will be analysed only in the model, a task performed by a robot arm 

representing their operations. The financial sources available for building the 

model do not make it possible to create even a simple self-propelled robot. The 

price of the servomotors and other necessary components are beyond the 

budget limit even for a model-sized robot. 

The data gathered by the sensors, which are built into the model, will be 

analysed and the user can see them. However, to provide the model with 

artificial intelligence (AI) or to design a complex Decision Matrix that is 

necessary for describing a Multi-Criteria Decision Analysis (MCDA) problem 

exceeds the scope of this dissertation. 
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1.6 Approach 

After selecting the main research area for this dissertation, the dissertation 

work focused on the literature review and data collection to help answer the 

research question. 

1.6.1 Internet and Scientific Literature 

In this phase, extensive information gathering took place, with the help of the 

Internet and library. The research question has been approached from the 

market, social, technical and ethical aspects. During a comprehensive data 

collection process, the local companies, which offer Smart House solutions, 

have been selected. The selection was made on the basis of whether they offer 

special solutions for disabled people. 

1.6.2 Interview Planning 

Considering the target group, which is in the focus of the research area of the 

dissertation, the LSBM’s Disability Coordinator was contacted. The personal or 

phone interviews with people registered with the organisation were considered. 

Other sources of interviews were also fully explored. The interviews are to be 

fully anonymous, in strict compliance with the ethical rules and guidelines of the 

University of Northampton. 

The target numbers included 9 people, preferably over 65 and/or disabled 

people. Most of the information for the problem formulated in the research 

question is anticipated to come from this group. The questions of the interview 

are to relate to such activities that cause difficulties for the given interviewee 

due to his/her disability. 

The planned duration of each interview is 25-30 minutes.  The conversations 

are not planned be recorded, only notes are to be taken based on the received 

information, which do not contain any personal data. These notes are to be 

destroyed after completing the dissertation. 
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1.6.3 Hardware and Software 

Choosing the hardware background used for building the model, as well as the 

software environment, were the result of a thorough research too. A Raspberry 

PI computer has been chosen to control the smart house model. Raspberry Pi 

is a credit card sized computer with a GPIO port (General Purpose 

Input/Output), which has been developed for controlling electric devices, 

sensors and robots (Monk, 2013). Each pin of the GPIO port can be 

programmed separately, which offers great liberty for the designers (Girling, 

2013). The Smart House model, which will be created as the practical part of 

the dissertation will be controlled with the help of a Raspberry PI. 

 

Figure 2: The Raspberry Pi B 

The user interface serving as the controller for the Smart House model will be 

programmed in Python 3 language. Python 3 is the most supported 

programming language by the Rasbian operating system (Summerfield, 2009). 

Rasbian was developed specifically for Raspberry Pi. 
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As an alternative, the use of an Android-based Android-Mini PC and the Java 

language has took place as well. But the flexibility and open design, which is 

offered by the GPIO port of the Raspberry Pi as well as the wild range and the 

low price of sensors that are compatible with it, largely affected the decision. 

1.7 Ethics 

During data collection, personal interviews are to take place. The elderly and 

disabled people, are anticipated to participate in these interviews, and will be 

selected partly from personal acquaintances and through the contacts of the 

LSBM’s Disability Coordinator. An information sheet and a consent form will be 

given to them about the objectives and process of the research. The 

participants are to receive the documents at least three days before being 

asked to fill out a consent form (Appendix A). Being part of the interviews will 

take place anonymously and with the agreement of the participants. Only the 

participants, those data, ideas, expectations that are related to the concept of 

smart house will be recorded without any personal details.  After the completion 

of the dissertation, the collected data will be destroyed.  

The participants are to be aware of the fact that they may choose to opt out 

from the study whenever they want during the research without providing any 

reason and the records of their participation will be destroyed. The interviewees 

will be provided with information points to help them obtain additional 

information. 

The interviews, and the resulted processing of the data, strictly follow the 

recommendations of the University of Northampton’s ethical rules and 

guidelines (Appendix B). 

1.8 Conclusion 

In this chapter the main research area of the dissertation and the necessary 

tools that make the achievement of the specified aim - to improve the quality of 

life of elderly and disabled people through the help of Smart House solutions -  

have been described. 
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Chapter 2 - Literature Review 

2.1 Introduction 

The Literature Review chapter will give an overview of the latest achievements 

of Smart House research, which are developed specifically for elderly and 

disabled people. It will elaborate on the necessity and raison d'être of these 

developments and highlight major gaps in the literature. The ethical issues, 

privacy rights and security concerns arising during the data collection and data 

storage based on sensor technique will be presented as well. 

Section 4 of the Literature Review provides guidance to the design guidelines 

that will be developed in the practical part of the dissertation. These guidelines 

were defined to present a solution for the problems and flaws of the current 

Smart House concepts. 

To get to know the Smart House topic, mainly those companies are explored 

via the internet that offer such solutions. The first 50 elements of the search 

result list, found by Google search for the "smart house UK" keywords, were 

examined. The topic was narrowed down by using the "smart house for elderly 

UK" keywords and 5 companies were selected from the search results. These 

companies were contacted for the purpose of further data collection.  

Table 1: The Companies That Were Contacted 

Company name: Email address: 

Ashville Inc Ltd info@ashvilleinc.com 

Harmonized Systems Ltd contact@harmonizedsystems.co.uk 

Imaginise Ltd info@imaginiseltd.com 

iSmart Ltd info@ismarthomecontrol.com 

James & Giles Ltd info@jamesandgiles.com 
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The newest research results were identified by using Google Scholar and the 

above mentioned keywords. In this case too, the first 50 search results were 

reviewed then the list was narrowed down to search results after 2009. The 

outcome is 27 papers, reports, and articles. 

The background paper, necessary for the practical part of the dissertation, was 

selected based on the search result list of Google Books for the keywords 

"home automation", "smart house", "sensor technology",  and "raspberry pi". 

The first 20 books on the list were looked through based on their table of 

contents then four of them were selected and purchased. 

2.2 The Newest Advances in Smart House Research for Elderly or 

Disabled People 

The Smart House or Home Automation systems that are available on the 

market almost without exception advertise themselves as solutions for making 

elderly or disabled people’s life easier. This is partly true, since a self-regulating 

heating system, a door opening mechanism with motion sensors or a smart 

phone controlled lighting can really increase the comfort of these people. 

However, it has to be noted that the actual needs of these people pose new 

challenges to the designers of Smart House solutions (Chan, et al., 2009). 

2.2.1 The Sensor Technology 

Kari Farsund Norwegian engineer faced the insufficiencies of existing solutions 

when his wife’s Alzheimer’s disease became more severe. He realised that the 

smart house has to take care not only of itself or the received commands but its 

inhabitants as well. For example if in the often -25 degree Celsius Norwegian 

winters the sensors installed on the doors and windows detect that a window is 

open, the temperature sensors detect temperature decrease and the motion 

sensors have not got any signal for three minutes, the Smart House considers it 

as an anomaly and sends an alarm to Mr Farsund’s mobile phone (Wakefield, 

2013).  

Dr Jim Briggs, a researcher from the University of Portsmouth, came to the 

same conclusion. A Smart House has to the take care of the health conditions 
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of its inhabitants and have to be able to notice events that differ from the daily 

routine. Dr Briggs’s team won a £128,000 funding to develop special sensors 

and computer technology (Versel, 2010). 

The sensors developed by Dr Briggs are following and analysing every activity 

of the resident of the house. It does not mean that the rooms of the house are 

full of CCTVs. These sensors are constantly gathering data about the person 

they are entrusted to take care. For example, pressure sensors are placed in 

the furniture, the operation of household appliances are also recorded by the 

system. Motion sensors follow the inhabitant through the rooms and all these 

information is logged in a database. The worried family member can check the 

database anytime and from the log file it can be seen that the resident of the 

house was in the kitchen ten minutes ago, used the kettle and a few minutes 

later has gone into the living room and now is sitting on the couch so possibly 

everything is fine (Briggs, 2010). 

Researchers of the University of Sussex led by Dr Robert Prance developed a 

so called EPS (Electric Potential Sensors) system that is able to detect 

precisely the electric activity of the heart, from a distance of one meter, without 

touching the body. According to Dr Prance, EPS opens up new perspectives in 

the world of Smart House technology (Clune, 2014). 

2.2.2 Magic Carpet 

In 2012 the scientists of the University of Manchester developed a 'Magic 

Carpet' that signals immediately if someone falls on it. The lower part of the 

carpet is equipped with plastic optical fibres, which are able to follow in real 

time if someone is walking on it. After it explored the routine walking pattern of 

the inhabitant of the Smart House, it signals every anomaly right away. The 

analysing software is even capable of detecting an Alzheimer’s disease in its 

early stages based on the small changes in the movement pattern (Scully, 

2012). 

The interdisciplinary team used an innovative tomographic technology, similar 

to the hospital scanners. Dr Patricia Scully, as a member of the research team 

said that with the use of this technology 'Magic Carpet' can collect a range of 
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data on the resident of the Smart House and even can perform a biochemical 

analysis on the body fluids getting on the carpet (Ozanyan, 2013). 

2.2.3 GPS Tags 

In 2010 MindMe Ltd. developed a tiny personal GPS transmitter that can be 

worn around the neck or as a keyholder (MindMe Ltd., 2010). This device can 

be connected to the sensors of the Smart House, which this way can tell the 

exact location of the wearer. This device can be very useful in the case of 

Smart Houses with garden, since this way the house can follow its inhabitant 

where its inner sensors can no longer be used. The Smart House software can 

also analyse the received data. For example if the resident, who suffers from 

age related dementia or Alzheimer’s disease, is getting away from the house 

and based on data he/she is already outside of the garden, the software 

immediately sends a notification. After the alarm is sent the house is 

continuously following and logging the movement of the person entrusted on it, 

which can be checked anytime through a smart phone (Wakefield, 2013). 
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2.2.4 The AMaRob Project 

In 2012 the researchers from the University of Bremen developed a wheelchair 

as part of the AMaRob project that offers a fuller life for people with multiple 

disabilities. The prototype, christened with the name Robot FRIEND (Figure 3), 

is in a wireless connection with the main computer of the Smart House and 

every function of the house is available even with the help of a chin-joystick 

(Qureshi, 2012). 

 

Figure 3: The "Robot FRIEND" Wheelchair Prototype 

 

Robot FRIEND is equipped with a robotic arm capable of fine motor functions. 

With the help of this, the person using the chair is able for example, to fill a 

glass with water and raise it to his/her mouth only by using small finger 

movements (RobotX world, 2012). Figure 4 illustrates the operation of the 

robotic arm. 
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Figure 4: Example for the Operation of the Robotic Arm 

There are people who unfortunately are unable to move the joystick. The so 

called “eye-blinks interface” was developed for them. The interface converts 

eye movements to commands for the main computer (Krolak & Strumillo, 

2012). 
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2.3 Social Necessity of the Smart House Researches 

“Smart homes can be useful; enhancing the quality of life for people whose life 

is limited by their domestic environment. The design process is something that 

requires needs to be considered within a framework of barrier free design. 

However, technology for technology’s sake like inappropriate design can be 

debilitating and dis-empowering” (Dewsburry, et al., 2010). 

That part of the Smart House researches focusing on the improvement of 

elderly and disabled people’s quality of life, goes much further than introducing 

new convenience solutions with the use of new technologies. 

It is a statistical fact that the population of the United Kingdom is aging. The 

average life span is increasing and people would like to live in their own homes, 

in good circumstances as long as possible. Hereafter, based on the AgeUK’s 

newest (November of 2014) report, it is proven by statistical data how 

significantly important that part of the Smart House research is, which focuses 

on the improvement of elderly and disabled people’s quality of life. Those 

statistical data of the report suggest the usefulness of the research results 

described in the previous chapter (AgeUK, 2014). 

It is the first time in the history of UK that the population over 65 exceeds 11 

million. Within this total the number of people aged 80 and over is more the 

three million. Currently every fifth people living in the UK lives to see his/her 

100th birthday. In the next years the aging of the society will worsen further, 

since currently the number of those over 60 is higher the number of those 

under 60. On current trends, the rate of population over 65 will increase by 

48.7% by 2030. 

From the 65+ population 24% of the men and 26% of women reported that their 

health status is BAD or VERY BAD. More than 4 million 65+ people suffer from 

chronic diseases in the UK. 69% of the 85+ people live with disability or chronic 

diseases. 
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If the current trends continue, the health related costs are expected to increase 

by £5 billion by 2018. At present, the average cost of a hospital bed is £260 per 

day. 

Every third person aged over 65 falls once a year. This means more than 3 

million falls. From this total more than 3.200 cases are resulted in death. The 

most costly consequence of these falls is the osteoporosis fracture, which has a 

healing cost of £30.000 per patient. 

The most severe disability among the 65+ population is dementia. There are 

several known dementia types, but the most common one is the Alzheimer's 

disease (62%). In 2014, in the UK alone 850.000 people suffered of some type 

of dementia, of which 773.502 were aged over 65. It is estimated that the 

number of people suffering from dementia will rise to 1.140.000 by 2025. 

Appendix C contains a dashboard, which was created to illustrate these data in 

more detail (Kurtosi, 2015). 

The Figure 5 shows the percentage of people in the United Kingdom (UK) who 

have a long-term health problem or disability that limits their day to day 

activities, in 2011, split by country. 

 

Figure 5: Level of Disability in the UK 
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To conclude, the raison d'être of Smart House researches for elderly and 

disabled people is bigger than ever. It is also proven by statistical data that 

research spending quickly pays off via reduced health care costs if elderly and 

disabled people can live their life in their own homes. 

2.4 Ethical and Security Questions Generated by the Smart House 

Concept 

The developments, described in section one, can raise ethical concerns about 

the development of Smart House technologies. Does the stored data collected 

by the sensors of the Smart House, the wearing of the GPS transmitter or the 

biochemical analysis of the 'Magic Carpet' violate personal rights, or are all 

these technologies only in the individual’s interest (Stip & Rialle, 2005)? 

Those who have elderly or disabled relatives would use any new technology to 

improve their quality of life or to ensure their safety. Additionally, these new 

technologies can be used only with the knowledge and consent of the persons 

concerned. 

The opponents, however, argue that every small detail of the given persons’ life 

is available without their knowledge for a third party, since the sensors of the 

Smart House log its inhabitant’s each and every small movement, which are 

available in a database. Another problem is that in the case of person with 

advance Alzheimer’s disease what the term “with the knowledge and consent” 

means. Furthermore, when guests are received, their actions are also 

monitored by the sensors of the Smart House and this can happen without their 

knowledge. 

The only aspect both parties agree is that as the Smart House database is 

web-based, and the date transfers mainly happen using wireless technologies, 

it generates significant security risk. If someone hacks the systems of the Smart 

House, its inhabitant becomes vulnerable (Hill, 2013). 

Reviewing these arguments it can be established that the opinion on both sides 

is understandable. Probably the best solution would be if every single case 

received individual treatment by examining their special circumstances and 

making decisions, which are acceptable to all, based on them. 
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2.5 Design Guidelines of the Developed Model 

During the research carried out for this dissertation, some problems and flaws 

of the current Smart House concept has been highlighted:  

 High cost of the solutions described in section one. Although statistics 

prove that such investments pay off (AgeUK, 2014), the high initial costs 

prevent the widespread use of the technology (Loxone, 2014). 

 The constant data collection and data storage of the sensor technology 

that raises ethical issues described in section three. 

 The user-interface of the Smart House solutions that are currently on the 

market is complicated. In 2010 more than 6 million people aged over 65 

have never used internet (AGEConcern, 2010). For them accessing the 

web interface via a mobile device, which is already too complicated to 

handle, is an almost unsolvable problem. 

In summary, the goal of the practical part of the dissertation is to design such a 

Smart House solution that is widely available due to its low cost, its handling is 

as simple as possible and the used sensor-technology should store the 

collected data only until the required operation is implemented. 

It is obvious that the Smart House solution, which is designed based on these 

guidelines, in many aspects cannot rival the previously described latest 

developments. At the same time there is a chance that this solution becomes 

widely spread due to its simplicity and low cost and hopefully reaches elderly or 

disabled people to make their lives easier in the future. 

2.6 Conclusion 

In the first section of the Literature Review highlights the latest achievements, 

which were developed specially for elderly or disabled people, by Smart House 

researches. 

Although the development and application of these technologies requires big 

investments, statistics described in the second chapter proved the raison d'être 

and the need for developing these. 

The third section discussed the ethical and security concerns and dilemmas 

that arise with the use of technology. The evaluation of the data collected by 
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the sensor-technology is implemented by using algorithms developed in the 

field of Artificial Intelligence. It means that a wrong decision of the AI can lead 

to the loss of a person’s life. This raises such ethical and even philosophical 

questions, the review of which extends beyond the boundaries of this 

dissertation.  

Section four highlights the problems and flaws of the current Smart House 

concepts thereby leading the way to the design guidelines of the model that is 

developed in the practical part of the dissertation. 
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Chapter 3 - Methodology 

3.1 Introduction 

The previous chapter highlights the latest research related to the area of Smart 

House development which focuses improving the quality of life of elderly and 

disabled people. The analysis of previous research shows that their high price, 

complexity and the ethical concerns related to these limit their widespread use. 

The aim of this dissertation is to offer such real, user friendly solutions for 

elderly and disabled people, which are available for anyone. The research 

methodology that helped to identify the problems of these target groups is 

presented in this  chapter. 

3.2 Research Design Strategy 

The research design strategy was developed with the aim of collecting and 

analysing information to identify the existing needs and support the 

development of the solutions. 

The aim of the research: 

Identifying the problems, solutions of which could dramatically improve the 

quality of life of elderly and disabled people, and identify complete (not partial) 

solutions which could be integrated into a development of a Smart House. 

3.2.1 Selecting the Appropriate Research Methodology 

The primary task was to identify the most suitable research approach. Since 

this dissertation aimed at finding solutions for real problems, of which there was 

no information before research has commenced, an inductive and qualitative 

research approach has been chosen (Feeney & Heit, 2007). The research was 

focusing on the problems of a well-defined target group and immediate 

reflections were necessary for finding the complete solutions. Therefore, the 

semi-structured face-to-face interview was identified as the most suitable form 

of information gathering. 
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3.2.2 Selecting the Appropriate Focus Group 

After the suitable research methodology was selected the next task was to 

identify the focus group. The dilemma was whether the participants must 

exclusively independent. According to Morgan, it is a false belief that a focus 

group must solely contain independent individuals (Morgan, 1997). Liamputtong 

claimed that if the subject of the research requires information on participants’ 

personal experiences, the use of former acquaintances may help the 

researcher that the participants open up more easily due to their acquaintances 

(Liamputtong, 2011).  

Another factor that affects the selection of the participators is that in the case of 

old age dementia and its most severe form, Alzheimer disease, the subject of 

the interview at times cannot be the person affected by this condition. In this 

case, only the patient’s guardians can give information about the arising 

problems. 

Taking the above into consideration, 9 people were asked to participate in an 

interview. Criteria of the selection was age 65+ and/or some type of disability.  

The participants are the members of a community centre where I have been 

working as a volunteer since January of 2014.  Table 2 details the composition 

of the focus group. 

Table 2: Composition of the Focus Group 

Nr. Age 

Disability 

Guardian Familiar 
Disabled Dementia / 

Alzheimer 

1 68 X   X 

2 77 X   X 

3 78  X X  

4 78 X   X 

5 80 X   X 

6 80 X X X  

7 82  X X  

8 87  X X  

9 94    X 
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Table 2 indicates whether the interviewed person was a member of the target 

group or the guardian. 

3.2.3 Preparing the Interviews 

The potential members of the focus group were given verbal description of the 

aims of the research and the use of the data given by them, when they were 

asked to participate in project. The 9 persons involved in the research were 

also given a written short summary when the date of the interview was agreed 

upon. Appendix A contains this document. 

Table 3: Date and Period of the Interviews  

Date From To Nr. 

15-12-2014 10:00 am 10:30 am 1 

15-12-2014 02:30 pm 03:00 pm 5 

18-12-2014 10:00 am 10:30 am 3 

18-12-2014 12:30 pm 01:00 pm 4 

18-12-2014 03:00 pm 03:30 pm 6 

19-12-2014 10:00 am 10:30 am 2 

19-12-2014 11:00 am 11:30 am 9 

19-12-2014 03:00 pm 03:30 pm 7 

06-01-2015 11:00 am 11:30 am 8 
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3.3 Methods for Data Collection 

The data collection for the research was implemented by 9 semi-structured 

interviews. Each interview was focusing on the problematic situations, 

described by the participant, and their possible solutions. To ensure that the 

interview questions were relevant a pilot interview was held. This section 

presents the description of the Pilot Interview. 

- Greetings and I would like to thank you for your help in my research. 

- Answer… 

- While you were selected in the focus group you were given a number, to 

which only the disabled person’s age and type of disability (Disabled or 

Dementia/Alzheimer) is allocated. If you allow me to write these down. There 

will not be any other personal data recorded. 

- Answer… 

- Could you please tell me what kind of difficulties you face in your home during 

your everyday life because of your or the person’s disability who is in your care. 

- Answer… 

- Are you familiar with any such existing Smart House solutions that can handle 

your problem?  

- Answer… 

- If YES: What is the reason for not applying this solution in your home?  

- If NO: Would the following be a good solution for you...?  

The rest of the interview, depending on the received answers, focuses on the 

development of a possible solution. It can be the identification of the 

incompleteness of an already existing Smart House solution or finding a new 

direction to partially or wholly solve the problem raised. 

- Thank you for sharing your experiences with me. Good bye. 

 

The result of each interview is the description of one or more difficult life 

situation and/or the revealing of the flaw in an existing Smart House solution. 
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3.4 Ethics 

During the research the ethical rules and guidelines of the University of 

Northampton was strictly followed. 

The participation in the focus group was on a voluntary basis after verbal 

invitation. The individuals, who were involved in the research, got a written 

guide at least three days before the interview about the aim of the research and 

the use of the data provided by them (Appendix A). 

The participant could have cancelled their involvement in the research before, 

during or after the interview. In these cases the data that have already been 

provided by them would have been destroyed.  

As the interviews were focusing on exploring the difficult life situations related 

to disability, thus the participants’ personal data (except their age and type of 

disability) are irrelevant in terms of the research, therefore they were not 

recorded.  

There were no voice records made of the interviews, only anonym notes about 

the problems identified. After the analysis of data these notes were destroyed.  

The Ethics Form, issued by the University of Northampton, provides guidance 

according to every additional ethical question that was not covered here.  

 

  



35 | P a g e  
 

3.5 Methodology for Analysis 

The aim of this dissertation is to develop such Smart House solutions that 

improve elderly and disabled people’s quality of life.  During the interviews 

those difficult life situations were identified, for which the currently available 

Smart House designs do not offer satisfactory solutions. 

The identified problems were grouped based on similarities and a set of mini 

case studies were conducted on each group. In the practical part of the 

dissertation several Smart House solutions were developed based on these 

case studies and they were demonstrated with the help of a prototype model. 

3.6 Evaluation Focus Group 

Following the interview process and the development of the prototype model, a 

focus group was organised with nine participants. The aim of the focus group 

was to evaluate the developed prototype and identify the benefits, limitations 

and future research aims. The process of organising the interview and the 

selection of the participants was very similar to the process of organising the 

semi-structured interviews. 

As part of the evaluation, the participants were demonstrated with the 

developed model and were open to discuss and share their views on solutions 

provided. 

3.7 Conclusion 

The methodology chapter provided a detailed overview of the various steps of 

the research design. The appropriate research approach and a focus group 

were identified. Prior to the data collection process a pilot interview was 

organised to adjust the interview script and ensure that the necessary details 

were not omitted. The ethical questions that were raised during the data 

gathering stage were dealt with special attention to comply with the ethical 

recommendations of the University of Northampton. The last section of the 

chapter introduces the methodology that was applied to analyse the data 

gathered during the research. 
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Chapter 4 - Results and Analysis 

4.1 Introduction 

In this chapter the materials gathered through the interviews are analysed. 

During the analysing process the identified problems are sorted into three 

groups based on similarities. Each of these groups is presented in a mini case-

study (Table 4). 

Table 4: Source Interviews Used by the Case Studies 

Case Study ID. Interview IDs 

Case Study 1 3,6,7,8 

Case Study 2 3,9 

Case Study 3 1,2,4,5,6 

The cases described in the case studies introduce the problems that were 

identified during the interviews. All characters appearing in them are given 

fictional names and any resemblance to real life person is purely coincidental. 

4.2 Case Study 1 

The inhabitants of the house are a middle aged couple. The wife has just 

entered into the second phase of Alzheimer (Incipient Dementia). In this phase 

memory impairment becomes more frequent, sometimes the patient does not 

recognise even her closest relatives and can be lost in her own home 

environment (Sun, 2007).  

The husband has a part time job. Their financial situation does not make it 

possible to for them to hire a carer for the time the husband is away. In addition 

to that the wife’s memory losses are temporary and they would love to maintain 

their normal lifestyle as long as possible. 

Currently applied Smart House solution: there is a door open sensor on the 

entrance of the house that sends a text message to the husband’s phone when 

activated. 

Review: not satisfactory.  

Reason: the information provided by the system is not sufficient and there are 

too many false alarms. 
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4.3 Case Study 2 

The resident of the house is a single gentleman who suffers from an old age 

dementia. The main symptoms of old age dementia are the impaired 

judgement, memory loss and high level of passivity (Jorm, 1997). The house 

has a top-up type heating system and he often wrongly estimates for how long 

the available amount is enough for the heating or he simply forgets to top-up 

the gas meter. He often finds himself without heating for a night or even for a 

full weekend. If the heating of the house stops in the middle of the night, due to  

his frail condition, the gentleman is in danger of hypothermia.   

Currently applied Smart House solution: none. 

Review: -  

Reason: he has already had a top-up gas meter because of his financial 

situation. 

4.4 Case Study 3 

The inhabitant of the house is a single old lady in a wheel chair. The house has 

a well-equipped Home Automation System. She does not have any computer 

knowledge. 

Currently applied Smart House solution: Home Automation System. 

Review: not satisfactory.  

Reason: The used system is an excellent example of what Dewsburry referred 

to as "Technology for the sake of technology" (Dewsburry, et al., 2010). 

The user interface of the system has an icon type design, it is too complex and 

highly miniaturised. For the old lady the icons are difficult to understand and to 

see. There are several such functions on the control screen that are 

unnecessary for her. 

4.5 Conclusion 

With the help of the three mini case-studies that were introduced in this 

chapter, the demands on the Smart House that were raised during the 

interviews were clearly identified. 
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Chapter 5 - The Smart House Model 

5.1 Introduction 

In this chapter those Smart House solutions will be presented that give a 

possible answer to the problems that were identified during the earlier stages of 

this research. Additionally, this section describes the development of a Smart 

House prototype, which that demonstrates how these solutions could work in 

practice (Figure 6). 

 

Figure 6: The Smart House Model 

A short video was made about the Smart House model that shows its various 

functions during operation. The video can be watched at the following link: 

https://www.youtube.com/watch?v=5ERNPlTEYmc 

https://www.youtube.com/watch?v=5ERNPlTEYmc
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5.2 The "Alzheimer Carpet" 

5.2.1 Introduction 

This section presents the Smart House solution that was developed based on 

Case Study 1. For the solution, it was necessary to design a new product and 

create a prototype that could be tested. The product was named Alzheimer 

Carpet (Figure 7). Naturally, more research and experimentation is required in 

order to create a marketable product based on the prototype. It is, therefore, 

beyond the budget intended for the building of the model and the time limit that 

is available for completing the dissertation. Despite this, the implemented 

prototype in the model is suitable for demonstrating the operation of the 

system. 

 

Figure 7: The "Alzheimer Carpet" 
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5.2.2 Operation of the Alzheimer Carpet System 

The key to effective operation of the system is the determination of the place of 

places of the Alzheimer Carpet. The installation of the system is different in 

every location and depends on the characteristics of the flat/house. The main 

directive is that the patient should move freely in his/her home, but the system 

has to activate immediately when she/he wanders into “dangerous” 

(undesirable) areas. To this end, the given home has to be surveyed and, while 

doing so, it has to be divided into safe – GREEN ZONE and dangerous – RED 

ZONE areas. Of course, any number of systems can be installed depending on 

the specificities of the house.  

In the discussed case of the model, the patient can move freely in the entire 

house and in a significant part of the garden. These areas are of green zone 

type. However, the part of the garden that leads to the street is separated and 

classified as category red zone. In order to minimise the number of false 

alarms, entering the red zone has to be made difficult. In the case of the model, 

a garden gate represents the border of the zones. The Alzheimer Carpet was 

installed between the gate opening on the street and the border gate of the red 

and green zones. The carpet itself contains pressure switches that are 

calibrated for the weight of the patient.  If she/he steps on the carpet it sends a 

signal to the computer equipped with a camera, which takes a picture of the 

area and sends the photo immediately to the smart phone of the patient’s 

guardian. This operation is repeated after every step she/he takes on the 

carpet. If the patient goes deeper into the red zone or ventures into the street, 

the computer takes another picture of him/her at the moment when he/she 

leaves the zone. But if she/he turns back and leaves the dangerous area 

towards the green zone, it also can be seen on the pictures sent and there is no 

reason for alarm. If that is the case, the system enters into standby mode again 

and this way it does not cause an ethical problem by checking the patient 

unnecessarily or continuously. The photos sent by the computer are numbered 

thereby the patient’s movement can be traced. In the case of the model, entry 

into the red zone from the street is prevented by a gate as well, which means 

that not even the postman can enter there. Nevertheless, if an alarm is sent 
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because, for example, a big dog wanders into the area somehow and activates 

the Alzheimer Carpet, based on the photo sent by the system it can be decided 

whether there is any need for immediate action. When the patient’s guardian 

arrives home, he/she can deactivate the system with a PIN code controlled 

switch and by doing so the system will not take pictures for example, of the 

invited guests. 

5.2.3 The Hardware Components of the Alzheimer Carpet System 

The created prototype contains the following hardware components: 

 Alzheimer Carpet: containing two pressure switches; 

 micro-switch as replacement for the PIN code switch; 

 Raspberry Pi B computer-panel; 

 5MP camera set for Raspberry Pi; 

 USB 2.0 WiFi dongle; 

 Cables. 

Adjusting the size of the Alzheimer Carpet to the size of a real flat the created 

prototype would be perfectly operational in real life as well. 

 

Figure 8: Schematic Diagram of the Alzheimer Carpet System 
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It can be seen in Figure 8 that the pressure switches of the Alzheimer Carpet 

are wired in parallel and either of them is activated the GPIO17 port receives a 

pulse. The signals coming from the carpet can be enabled or disabled with the 

help of the PIN Switch. It also means that the computer panel is constantly in 

standby mode, but when the carpet is deactivated the impulse cannot reach to 

the GPIO17 port.    

Figure 9 and Figure 10 shows two phases of the installation of the Alzheimer 

Carpet System during the building of the model. 

 

Figure 9: Installing the Pressure Switches in the Model 

 

Figure 10: Setting up the Carpet in the Model 
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The Alzheimer Carpet System is running continuously (7/24), as human life 

could depend on its operation, so the uninterruptable power supply is a very 

important factor.  In the model, this task is carried out by a 20.000 mAh 

capacity power bank, which is able to provide the system with sufficient energy, 

without recharge, for 36 hours. The power bank can be charged in two different 

ways. On the one hand from the 220V electricity network of the house, on the 

other hand, in the event of a power failure a solar-panel on the roof ensures the 

charging. 

5.2.4 The Software Component of the Alzheimer Carpet System 

The control program of the Alzheimer Carpet System was developed in Python 

2.7 language. The installed operating system is the Rasbian - Linux 3.10.5-v7+ 

version. 

The software of the control computer panel was set up in such way that in the 

event of an unexpected reboot the system should arm itself and wait for the 

signals from the Alzheimer Carpet. It is ensured by the Linux shell script called 

start.sh that is automatically executed through the .bashrc, which immediately 

executes the picamproject.py program. Appendix D contains the source code of 

the start.sh and the picamproject.py programs. 

The Raspberry Pi B controlling the system does not require display, keyboard 

or mouse. However, communication can be necessary for example, when there 

is a change in the contact details of the patient’s guardian. For this reason an 

SSH Server Software was installed, that makes it possible to control the 

Raspberry Pi B with terminal emulation even with the help of a smart phone. 

5.2.5 The Operation of the Control Program of the Alzheimer Carpet System 

It can be seen from the source code of the picamproject.py program (Appendix 

B) that the software monitors exclusively the impulse received by the GPIO17 

port in an infinite loop. When a signal is received from the Alzheimer Carpet it 

shoots the camera and saves the photo in JPEG format. The picture saved this 

way is sent instantly to the addressee through the Gmail SMTP server. The 
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size of the created photo file is small, so it appears on the receiving end right 

away, there is no need for additional download (Figure 11). 

 

Figure 11: Screenshot of the Received Alarms 

It can easily be read from Figure 11 that in the case of this test, the patient took 

three steps on the Alzheimer Carpet. The impulse of all the three steps was 

received by the control program, it took the photos and sent them immediately 

to the guardian’s smart phone. It is clearly visible in Figure 12 that the headers 

of the three emails are numbered. The names of the JPEG files contain the 

same number as well. 

 

Figure 12: The Three Alarms Have Arrived  
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The software of the model contains a 5 seconds freeze frame and the sending 

of the frozen picture to a monitor. This modification was only placed into the 

program to better illustrate the operation of the system. In the case of a real-life 

system these functions would be completely unnecessary and even harmful 

because of the delay. In Figure 13 – 16 the Alzheimer Carpet System can be 

seen in various phases of testing.  

 

Figure 13: The System is Taking the Photo 

 

Figure 14: Alarm is Received on the Guardian’s Smart Phone  
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Figure 15: The Picture Is Well-Detailed and High Quality 

 

Figure 16: The JPEG File Made by the System 
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5.2.6 Recommendations for Future Development of the Alzheimer Carpet System 

1. Dividing the Alzheimer Carpet in zones: By dividing the Alzheimer 

Carpet in more zones and using more GPIO ports (Figure 17) it can be 

achieved that the carpet should not only send notification about whether 

someone stepped on it, but at which part of the carpet that person is and 

in which direction he/she is going. In doing so, the program that 

evaluates the information received from the carpet can be further 

refined. For example, if the patient has just stepped into the red zone, 

but stepped back immediately and no more impulses are received from 

the carpet within 1-2 seconds, then it will not send the alarm to the 

guardian. However, if the next zone sends the impulse as well, it sends 

both alarms without a delay. 

 

Figure 17: Schematic Diagram of the Multiple Zone Alzheimer Carpet 

2. Establishing monitoring services within the NHS: In 2014, in the UK 

alone 850.000 people suffered from some type of dementia, of which 

773.502 were aged over 65. It is estimated that the number of people 

suffering from dementia will rise to 1.140.000 by 2025. At present, the 
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average cost of a hospital bed is £260 per day (AgeUK, 2014). It can be 

seen from these data that significant savings can be achieved if the 

patients who suffer from some form of dementia can live in their own 

home as long as possible. A possible development of the Alzheimer 

Carpet System is, for example, if NHS sets up regional centres where 

the alarms are received from those homes that are equipped with the 

Alzheimer Carpet System. It would be particularly useful for single 

patients. In this case, the email sent as an alarm would contain, among 

other things, the GPS coordinates of the location of the alarm. Based on 

this, a patrol car could go immediately to the scene. Naturally, the centre 

can cancel the alarm anytime if, according to the data received from the 

carpet, the patient returned to the green zone. If the alarm is real, the 

centre can send the photo that was taken last to the patrol, which shows 

the clothes the patient is wearing and the direction where he/she is 

heading. 

5.2.7 Conclusion 

The Alzheimer Carpet System is a Smart House solution available for anyone.  

Even the built prototype would be suitable to solve a life situation described in 

Case Study 1 with minimal cost. Implementing, however, the recommended 

future developments the time that Alzheimer patients can spend at their own 

home could be expanded significantly. This way not only the patients’ quality of 

life would improve, but it would mean considerable savings for the NHS. 
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5.3 Independent, Automated Heating System  

5.3.1 Introduction 

This section presents the Smart House solution that was developed based on 

Case Study 2. When drawing up this solution, achieving the lowest possible 

budget was a priority. The aim was to develop an automated heating system, 

which is independent from the gas supplies. Although it was demonstrated 

through the Peter's Smart House model, the implemented solution is still fully 

operational and is able to run a 220V heater. The presented automated heating 

system can be installed into the patient’s home instantly. 

 

Figure 18: Control Electronics of the Automated Heating System 

  



50 | P a g e  
 

5.3.2 Operation of the Independent, Automated Heating System 

The built system is independent from the gas supplies. A thermistor is placed 

near to the patient’s bed, which constantly (24/7) measures the temperature of 

the room and transmits the data to the Raspberry Pi A+ computer. In this case 

a Raspberry Pi A+ was used because it is significantly cheaper than the B 

model, which was used for the Alzheimer Carpet System (Table 5). 

Table 5: Current Raspberry Pi Prices 

Model: Price (05/03/2015): 

Raspberry Pi A+ £ 18.25 (Amazon.com, 2015) 

Raspberry Pi B £ 25.89 (Amazon.com, 2015) 

The program developed for the system evaluates the data and switches on and 

off the 220V electric heater between the preset temperature ranges with the 

help of a relay. In the case of the model the thermistor was placed on the top of 

the display for easier handling (Figure 19). 

 

Figure 19: The Thermistor 

Naturally, this heating system in this form can only be used in case of 

emergency, when the gas supply is interrupted since its use is more costly. The 
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benefit is that it protects the inhabitant of the Smart House from hypothermia 

and that it requires a small budget for installation (the cost of its installation is 

approximately £30). 

5.3.3 The Hardware Components of the Independent, Automated Heating System 

The created prototype contains the following hardware components: 

 10kΩ 3% NTC Thermistor; 

 1 channel 5V Relay module; 

 Raspberry Pi A+ computer-panel; 

 2 x 1 kΩ Resistor; 

 330nF Capacitor; 

 Cables. 

 

Figure 20: Schematic Diagram of the Automated Heating System 

It can be seen from Figure 20 that the implemented prototype can handle any 

high voltage heater through a 5V relay module. All that is has to be done is to 

wire the main switch of the heater parallel to the high voltage output of the 

relay. 

Figure 21 illustrates the above switching as it is incorporated into the Peter’s 

Smart House model. 
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Figure 21: The Implemented Automated Heating System 

In the case of the model the Automated Heating System controls a 220V mains 

extension, to which any 220V device can be connected (Figure 22). 

 

Figure 22: The UK Mains Extension 
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5.3.4 The Software Component of the Independent, Automated Heating System 

The control program of the Automated Heating System was developed in 

Python 2.7 language. The installed operating system is the Rasbian - Linux 

3.10.5-v7+ version. 

The software of the control computer panel was set up in such way that if an 

unexpected reboot occurs, the system should restart itself and wait for the 

signals from the thermistor. It is ensured by the Linux shell script called 

heating.sh, which is automatically executed through the .bashrc, that the 

heating.py program is executed immediately. Appendix E contains the source 

code of the heating.sh and the heating.py programs. 

Display, keyboard or mouse is not required for the Raspberry Pi A+ to control 

the system. However, communication can be necessary for example, to change 

the switch on and switch off temperature values of the system. For this reason 

an SSH Server Software was installed, which makes the control of the 

Raspberry Pi A+ possible with terminal emulation even with the help of a smart 

phone. 

5.3.5 The Operation of the Control Program of the Independent, Automated Heating 

System 

The control program, developed for the Peter's Smart House model, contains 

several components that are unnecessary and/or require different coding in a 

real application. This version of the program runs under a GUI and it displays 

the temperature in Celsius (Figure 23) in a separate window. The temperature 

is measured by the thermistor with a 5 second sampling period. The GUI and 

the temperature display only serve as an illustration of the operation of the 

model. The software, which would be installed in the house of the patient would 

not contain these elements. It is also unnecessary to carry out sampling so 

frequently. In the event of a practical application, it would be sufficient to check 

the temperature every 5-10 minutes. 
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Figure 23: The heating.py Program While Running 

It can be seen from the source code of the heating.py program (Appendix E) 

that the software uses 3 GPIO ports to control Automated Heating System. It 

reaches the charging and discharging process, necessary for the sampling, by 

using the GPIO18 and the GPIO23 ports in opposite phases. After this, it 

converts the data provided by the thermistor into Celsius and displays it on the 

screen. For testing purposes a minimal (18 Celsius) and a maximal (20 Celsius) 

temperature value is defined. This small temperature interval was defined only 

to facilitate the presentation of the model. When the temperature drops below 

the minimal value, the program sends an impulse to the GPIO24 port, which 

activates the relay and by doing so it switches on the high voltage heater that is 

wired to the model. When, as the result of heating, the temperature reaches 20 

Celsius the program deactivates the GPIO24 port. As an effect of this the relay 

switches off the heater. 

The use of standby power of the system is negligible. When the primary (gas 

based) heating system of the house is in operation operates, the program does 

not activate the electric heater, but carries out continuous temperature 

sampling only. 
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5.3.6 Recommendations for Future Development of the Independent, Automated 

Heating System 

In the case of this Smart House solution, one of the key issues was the cost 

efficiency. In long term it could be optimised by making the Automated Heating 

System independent from the electric network of the house. This improvement 

requires some initial investment, but if it is possible the rate of return is very 

high. 

The price of solar panels shows a decreasing trend. Currently (08/03/2015) the 

price of a 200W and 12V panel is £143 (Amazon.com, 2015). Using this panel 

for the charging of a high capacity battery, it could provide energy for a 12/24V 

heater that is perfectly suitable to heat a room of 20-25nm. With this 

development, the full installation cost of the Automated Heating System still 

would not reach £250-t, but significant savings can be achieved by replacing 

the gas based heating partially or even fully. The modified schematic diagram is 

illustrated in Figure 24. 

 

Figure 24: Automated Heating System with Solar Panel 

The relay used for the building of the prototype is suitable for controlling the 

improved system. A low capacity solar panel was built into the model as well, 

but it is only capable to provide the control computer and the connected relay 

with energy (Figure 25). 
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Figure 25: The Solar Energy Solution Applied on the Model  

5.3.7 Conclusion 

The developed Automated Heating System offers an efficient solution for the 

problem expressed in Case Study 2. The installing cost of the system is 

affordable and can be made available even for people with low incomes. It is 

necessary to make some calculations before describing the installation of the 

system, that taking the size of the given home into consideration it may be 

necessary to use the developed, solar energy operated version in the first 

place, since in the case of a small living area even the full heating system can 

be replaced. 
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5.4 User Friendly Automated Home 

5.4.1 Introduction 

This section presents the Smart House solution that was developed based on 

Case Study 3. Although in the model the developed control software only 

switches LEDs through the GPIO ports, it can be seen from the example of the 

previously presented Automated Heating System that it is capable of controlling 

real devices with the help of relays. 

5.4.2 Operation of the User Friendly Automated Home 

This project focuses on the design of a user friendly interface, therefore the 

created model indicates the control of the given device with switching a LED 

on/off. Unfortunately, the budget of the project did not make the building of 

moving solutions possible, not even at a model level. For example, if the 

wheelchair user resident of the house wants to take out something from the 

wall-mounted kitchen cabinet, in the real life he/she pushes the button that 

opens the appropriate cabinet door. After this a mechanical arm lowers the 

contents of the cabinet where the wheelchair user person can reach it. In the 

case of the model only a photo substitutes the mechanical arm and an LED 

indicates its operation (Figure 26). 

 

Figure 26: Indicating the Operation of the Mechanical Arm in the Model 
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5.4.3 The Hardware Components of the User Friendly Automated Home 

The created model contains the following hardware components: 

 5 x 100 Ω Resistor; 

 5 x LED; 

 Raspberry Pi B computer-panel; 

 USB 2.0 WiFi dongle; 

 Cables. 

The schematic diagram of the User Friendly Automated Home System model is 

illustrated in Figure 27. 

 

Figure 27: Schematic Diagram of the Automated Home Model 

The control electronics integrated into the Peter's Smart House model are 

illustrated in Figure 28. 
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Figure 28: The Control Electronics of the Automated Home in the Model 

5.4.4 The Software Component of the User Friendly Automated Home 

The control program of the Automated Home was developed in HTML5 and 

CSS3 languages.  The software runs on the WebIOPI 7.1 platform. The 

installed operating system is the Rasbian - Linux 3.10.5-v7+ version.  

During booting the start.sh script is responsible for the automated execution of 

the WebIOPI platform. The index.html file was setup in the configuration file of 

the WebIOPI as a default start page, so the user interface of the developed 

Automated Home can immediately be used. Appendix F contains the source 

code of start.sh and index.html programs. 

The Raspberry Pi B controlling the system does not require display, keyboard 

or mouse. However, communication can be necessary for example, to add a 

function to or remove a function from the interface. For this reason an SSH 

Server Software was installed, that makes it possible to control the Raspberry 

Pi B with terminal emulation even with the help of a smart phone. 
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5.4.5 The Operation of the Control Program of the User Friendly Automated Home 

The control program, developed for the Peter's Smart House model, controls 5 

LEDs through 5 GPIO ports. The controlled ports are the GPIO 7-11. The 

designed interface carries out the controlling of the GPIO ports with the help of 

big, clearly legible buttons (Figure 29). 

 

Figure 29: Default State of the Control Screen of the Automated Home 

This version of the software was optimised for Samsung Galaxy Tab 3 mobile 

device, which is perfectly readable because of its size and the big control 

buttons facilitate the easier handling as well. 

The buttons indicate that the LEDs are in switched on state by colour change, 

so the actual state of the controlled units (in the case of the model LEDs) can 

instantly be read from the display (Figure 30). 

The program runs on a local network that is protected with a strong password, 

hence it is protected from external attacks. 

The WebIOPI platform works as a local network web server, therefore, if 

needed, the control program can also be accessed from another computer or a 

smart phone. For example, if the house has several inhabitants, each of them 
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can have access to the control program from his/her own computer, after 

connecting to the local network. 

 

Figure 30: The Control Buttons Indicate with a Change in Their Colour the State of the 

LEDs 

After connection, an internet browser has to be launched on the given device 

and by typing in the IP address of the WebIOPI server, the control interface of 

the Automated Home becomes accessible through the 8080 port. Figure 31 

presents the connection of an iPhone 4. In this event, the previously used 

Samsung Galaxy Tab 3 and the later connected iPhone 4 became equivalent 

control units of the system. 

 

Figure 31: Execution of the Control Program from an iPhone 4 
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Figure 32 demonstrates the operation of the Automated Home as a part of the 

Peter's Smart House model. 

 

Figure 32: The Automated Home Model During Operation 

5.4.6 Recommendations for Future Development of the User Friendly Automated 

Home 

The control of the Automated Home could be made simpler if the required 

function were accessed by sound control. The Samsung Galaxy Tab 3 has the 

necessary resources required for the execution of this development. 

5.4.7 Conclusion 

In this project, the primary goal was to make the control of the Automated 

Home as simple as possible. Because of the simplicity of the control program 

the system can easily be handled even by individuals who do not have 

advanced computer skills. A further advantage of the developed control system 

is that it can be executed on any computer (or even with a smart phone) that is 

capable of connecting to a network. 
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Chapter 6 - Evaluations and Conclusions 

6.1 Introduction 

This chapter summarises the work carried out during the research, and 

evaluates the achieved results. It presents the limitations of the solutions, which 

were developed for the problems that arose during the initial data collection. It 

provides recommendations on the possible directions of the continuation of the 

research and, finally, it summarises the personal experiences gained while 

working on the prototype and conducting the research. 

6.2 Evaluating the Results Achieved During the Research 

The problematic life situations of elderly and disabled people gathered in the 

course of research were presented in this dissertation with the help of the three 

case studies. However, the following evaluation identified some of the 

limitations of the data collection. Since during my volunteer work I have stayed 

in contact with the members of the focus group, I have noticed the following 

problems in connection with the data collecting method. 

1. Many life situations became the norm for the interviewee, so in the 

course of the interviews it did not occur to them to mention these 

situations as problems. 

2. Since the members of the focus group are the members of a community 

at the same time, after the interviews they discussed their problems with 

each other as well. Several life situations were identified only at this 

time. 

3. Two or even three weeks after the interviews, the members of the focus-

group approached me again, that in the meantime they had new ideas, 

which can take the research forward. 

Analysing the above experiences, the research methodology should be 

changed the following way.  
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1. At least two, but rather three rounds of interview series should be made.  

2. It would be expedient to arrange at least one of the interviews as a group 

interview. 

3. The interviews should be conducted in two stages with a couple days of 

break between them, so that the participants have time to consciously 

observe their own everyday life from the perspective of the actual 

research. 

Naturally, these changes require much more resources, coordination and 

organization, which goes far beyond the capacity of this dissertation.  

Despite the limits of the research carried out, the data gathering and resulted 

three mini case studies successfully present real problems. The solutions 

developed for these were demonstrated with the help of the Peter's Smart 

House model. However, the built model has some serious limitations as well, 

which require further developments. 

The Alzheimer Carpet: The created prototype operates perfectly in the model, 

but its real life use requires further technological development. For example, in 

the case of the model the danger zone of the house is in an area outside of the 

building. In the case of real use, the pressure switches and the electronics 

should have a resistance to water and freezing. The next problem to be 

resolved would be to custom design the size and the shape of the carpet in 

accordance with the characteristics of the place. On this issue, it would be 

worth to consider the development of a cellular structured product, which could 

be installed like “building blocks”. 

The Automated Heating System: Even the use of the implemented prototype 

would require caution concerning protection against electric shock. In the case 

of real life use, the full control electronics should be placed in a box designed 

for this purpose. This problem could have been solved during the prototype 

development stage, however, there has been no access to a 3D printer. 

The Automated Home System: The main requirement of the control software 

was to be simple and understandable. In the case of the model, the program is 

prepared to control 5 devices. In real life use, a multitude of these could be 

necessary and simplicity could be lost in the process. More development is 
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required to solve this problem. One possible solution is that in the first step the 

resident of the house can select which room control panel he/she would like to 

see and the interface displayed would contain only the control buttons of the 

devices of that room. Further development possibility is that each room would 

contain a unique transmitter. The control panel would pick up its signal and 

automatically display the control buttons of the corresponding room. If the 

inhabitant of the house still wants to control the device of another room, he/she 

can switch to the panel of the required room manually. 

It can be seen from the above that the prototypes integrated into the Peter's 

Smart House model have some serious limitations. The main reason for this is 

the available budget and time limit. Despite the limitations, the developed 

solutions this dissertation demonstrate that the smart solutions are achievable. 

6.3 A Possible Direction of the Continuation of the Research 

It would certainly be desirable to continue research related to the Smart House 

topic, and the personal plans for the near future, include additional work in this 

direction. As a first step, it would be good to equip the Peter's Smart House 

model with an artificial intelligence that are included in personal plans. 

The initial steps have already been initiated by me by developing a theory the 

feasibility of which could be tested with another model. The AI envisioned for 

this task would be placed on a network of Cluster Computers. As a first step, a 

4 Nodes Cluster Computer would be built (and the necessary equipment and 

components have already been purchased). In the case of the model each 

Node will be a Raspberry Pi computer panel. The 4 Nodes would operate 

based on Herrmann’s four quadrant brain model (Table 6) (Herrmann, 1989). 

Table 6: The Four Quadrant Model of the Brain by Ned Herrmann  

 Left side Right side 

Cerebral 
logical, analytical creative, intuitive 

Limbic 
inspecting, 

administrative 

emotional, 

communicative 
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Each Node would be involved only in its own particular area. Of course, a 

Cluster Computer that contains this 4 Nodes could cover only a very limited 

area. As a second step, each Node would get a Cluster Computer that contains 

another four Nodes, which would also deal with only one well defined problem. 

Naturally, the size of the model and this way its knowledge can significantly be 

increased. 

The following short example could demonstrate the point. The above discussed 

AI prototype would be installed as the central brain of a Smart House. The left 

side – limbic Node would constantly receive the signals of the sensors placed in 

the house, it would evaluate them and react to them. Meanwhile, the left side – 

cerebral Node would play a chess game with the person living in the house, 

while the right side – limbic Node would chat with him/her about the weather. If 

the right size – limbic Node has already been expanded with its own "Sub 

Cluster Computer", the database of the various conversation topics would be 

divided between its Nodes. 

A Smart House controlled by a similar AI could improve the quality of life of 

those people who are describe feeling lonely and isolated being their main 

problem. The results of this evaluation indicate that many elderly and disabled 

people have nobody to talk to, and this could be lasting for many days. 

6.4 Conclusion 

The making of this dissertation required extensive knowledge base. It was 

indispensable to have the knowledge of programming languages and to learn a 

basic knowledge of microelectronics. Additionally, the Linux operating system 

and open-hardware systems had to be mastered for accomplishing these goals. 

This dissertation enabled applying the knowledge acquired in the last three 

years very broadly. 

It represented a particular challenge that specific knowledge had to be acquired 

during the background research, such as the behavioural patterns of dementia 

patients. Intense knowledge had to be gained about the decision process of the 

human brain, which could have been useful in the research. 
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Adding this knowledge to the understanding of informatics, which was obtained 

during the academic years opened up new horizons. The continuation of this 

research can be a very exciting journey and the integration of the anticipated AI 

system into the Peter’s Smart House would be a fruitful direction to take. 
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Appendices 

Appendix A 

Consent Form of Interview 

Dear Sir/Madam 

Nr.: …. 

As a student of the University of Northampton I am carrying out a research that 

would be the base of my dissertation. 

The aim of my research: 

Identifying those problems, with the solution of which elderly and disabled 

people’s quality of life can be improved, and for which the currently available 

Smart-House developments offer no or partial solution. 

The planned length of the interview is approximately 25-30 minutes. There will 

not be any voice recording made of the conversation. The notes made during 

the interview will not contain any personal data except the age and the type of 

disability (Disabled or Dementia/Alzheimer) of you or the person in your care 

and the short description of the problems provided by you. 

The date of your interview will be:   …………………………………………………. 

The location of your interview will be: 

…………………………………………………………………………………………… 

Naturally, you can cancel or interrupt the interview anytime without any reason. 

Thank you, for helping my research by sharing your experiences with me. If you 

have any further questions, please do not hesitate to contact me. 

Peter Kurtosi - Mobile: 07445502354 - Email: peter.kurtosi@gmail.com 

Yours Sincerely, 

…………………………… 

        Peter Kurtosi 
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Appendix C 

The link of the working dashboard: 

https://public.tableau.com/views/AlzheimersDementia/SocialandEconomicImpa

ctofDementia?:embed=y&:showTabs=y&:display_count=yes 

The above link opens the interactive dashboard that can be seen in figure 

below. 

 

https://public.tableau.com/views/AlzheimersDementia/SocialandEconomicImpactofDementia?:embed=y&:showTabs=y&:display_count=yes
https://public.tableau.com/views/AlzheimersDementia/SocialandEconomicImpactofDementia?:embed=y&:showTabs=y&:display_count=yes
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Appendix D 

The source code of start.sh: 

#!/bin/bash 

sudo python picamproject.py 

The source code of picamproject.py 

#!/usr/bin/env python 

#import the necessary libraries 

import RPi.GPIO as GPIO 

import time 

import picamera 

import smtplib 

import mimetypes 

import email 

import email.mime.application 

import sys 

 

#set up pin 17 as an input 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(17, GPIO.IN, GPIO.PUD_UP) 

 

with picamera.PiCamera() as camera: 

    frame = 1 

    while True: 

        GPIO.wait_for_edge(17, GPIO.FALLING) 

        camera.start_preview() 

        time.sleep(5) 

        camera.capture('/home/pi/frame%03d.jpg' % frame) 

        camera.stop_preview() 

         

        msg = email.mime.Multipart.MIMEMultipart() 

        msg['Subject'] = 'SOS from Raspberry Pi - %03d' % frame 

        msg['From'] = 'peter.kurtosi@gmail.com' 

        msg['To'] = 'peter.kurtosi@gmail.com' 

  

        body = email.mime.Text.MIMEText("""S.O.S. from Raspberry Pi!""") 

        msg.attach(body) 

  

        directory='frame%03d.jpg' % frame 

  

        spl_dir=directory.split('/') 

        filename=spl_dir[len(spl_dir)-1] 

        spl_type=directory.split('.') 

        type=spl_type[len(spl_type)-1] 

         

        fp=open(directory,'rb') 

        att = email.mime.application.MIMEApplication(fp.read(),_subtype=type) 

        fp.close() 
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        att.add_header('Content-Disposition','attachment',filename=filename) 

        msg.attach(att) 

 

        s = smtplib.SMTP('smtp.gmail.com:587') 

        s.starttls() 

        s.login('peter.kurtosi@gmail.com','********') 

        s.sendmail('peter.kurtosi@gmail.com',['peter.kurtosi@gmail.com'], msg.as_string()) 

        s.quit() 

 

        frame += 1 
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Appendix E 

The source code of start.sh: 

#!/bin/bash 

sudo python heating.py 

The source code of heating.py 

from Tkinter import * 

import RPi.GPIO as GPIO 

import time, math 

 

GPIO.setmode(GPIO.BOARD) 

 

GPIO.setup(18, GPIO.OUT) 

 

temp_in = 18 

temp_out = 20 

 

def discharge(): 

    GPIO.setup(12, GPIO.IN) 

    GPIO.setup(16, GPIO.OUT) 

    GPIO.output(16, False) 

    time.sleep(0.05) 

 

def charge_time(): 

    GPIO.setup(16, GPIO.IN) 

    GPIO.setup(12, GPIO.OUT) 

    GPIO.output(12, True) 

    t1 = time.time() 

    while not GPIO.input(16): 

        pass 

    t2 = time.time() 

    return (t2 - t1) * 1000000 

 

def analog_read(): 

    discharge() 

    return charge_time() 

 

def read_resistance(): 

    n = 100 

    total = 0; 

    for i in range(1, n): 

        total = total + analog_read() 

    reading = total / float(n) 

    resistance = reading * 6.05 - 939 

    return resistance 

 

def temp_from_r(R): 

    B = 3800.0 
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    R0 = 1000.0 

    t0 = 273.15 

    t25 = t0 + 25.0 

    inv_T = 1/t25 + 1/B * math.log(R/R0) 

    T = 1/inv_T - t0 

    return T 

 

class App: 

 

    def __init__(self, master): 

        self.master = master 

        frame = Frame(master) 

        frame.pack() 

        label = Label(frame, text='Celsius', font=("Helvetica", 32)) 

        label.grid(row=0) 

        self.reading_label = Label(frame, text='12.34', font=("Helvetica", 110)) 

        self.reading_label.grid(row=1) 

        self.update_reading() 

 

    def update_reading(self): 

        temp_c = temp_from_r(read_resistance()) 

        if temp_c < temp_in : 

            GPIO.output(18, False) 

        if temp_c > temp_out : 

            GPIO.output(18, True) 

        reading_str = "{:.2f}".format(temp_c) 

        self.reading_label.configure(text=reading_str) 

        self.master.after(500, self.update_reading) 

 

root = Tk() 

root.wm_title('Peter`s Smart-House') 

app = App(root) 

root.geometry("400x250+0+0") 

root.mainloop() 
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Appendix F 

The source code of start.sh: 

#!/bin/bash 

hostname -I 

sudo /etc/init.d/webiopi start 

sudo /etc/init.d/webiopi status 

The source code of index.html 

<html> 

<head> 

        <meta http-equiv="Content-Type" content="text/html; charset=UTF-8"> 

        <meta name="viewport" content = "height = device-height, width = 420, user-scalable = 

no" />  

        <title>Peter's Smart-House</title> 

        <script type="text/javascript" src="/webiopi.js"></script> 

        <script type="text/javascript"> 

   

        webiopi().ready(function() { 

                webiopi().setFunction(11,"out"); 

  webiopi().setFunction(10,"out"); 

  webiopi().setFunction(9,"out"); 

  webiopi().setFunction(8,"out"); 

  webiopi().setFunction(7,"out"); 

   

  var content, button; 

  content = $("#content"); 

 

  button = webiopi().createGPIOButton(11,"Lighting"); 

  content.append(button); 

 

  button = webiopi().createGPIOButton(10,"Venetian Blind"); 

  content.append(button); 

 

  button = webiopi().createGPIOButton(9,"Coffee Machine"); 

  content.append(button); 

 

  button = webiopi().createGPIOButton(8,"Upper Shelf"); 

  content.append(button); 

 

  button = webiopi().createGPIOButton(7,"Lower Shelf"); 

  content.append(button); 

   

        }); 

                 

        </script> 

        <style type="text/css"> 

                button { 

                        display: block; 
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                        margin: 5px 5px 5px 5px; 

                        width: 230px; 

                        height: 40px; 

                        font-size: 22pt; 

                        font-weight: bold; 

                        color: black; 

                } 

                 

                input[type="range"] { 

                        display: block; 

                        width: 225px; 

                        height: 35px; 

                } 

                 

                #gpio11.LOW { 

                        background-color: #CCDAE7; 

                } 

                 

                #gpio11.HIGH { 

                        background-color: #244674; 

                } 

 

                #gpio10.LOW { 

                        background-color: #CCDAE7; 

                } 

                 

                #gpio10.HIGH { 

                        background-color: #4873A8; 

                } 

     

                #gpio9.LOW { 

                        background-color: #CCDAE7; 

                } 

                 

                #gpio9.HIGH { 

                        background-color: #9FB9D0; 

                } 

 

                #gpio8.LOW { 

                        background-color: #CCDAE7; 

                } 

                 

                #gpio8.HIGH { 

                        background-color: #7CA3CC; 

                } 

 

                #gpio7.LOW { 

                        background-color: #CCDAE7; 

                } 

                 

                #gpio7.HIGH { 

                        background-color: #7CA3CC; 
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                } 

     

        </style> 

</head> 

<body> 

        <div id="content" align="center"></div> 

</body> 

</html> 

 

 


