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ABSTRACT  
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Marie Leslie Melanie Pittumbur 

  

Front-End Development for Building Automation Systems using JavaScript 

Frameworks  

  

Master’s Thesis  

107 pages, 20 figures, 11 tables, 2 appendices  

 Examiners: Professor Olaf Droegehorn, Professor Jari Porras  

 Keywords: Home Automation, User Interface Design, Human-Computer 

Interaction, Web Application development, Qualitative Data Analysis, JavaScript 

Framework.  

  Automation technologies are widely acclaimed to have the potential to significantly 

reduce energy consumption and energy-related costs in buildings. However, despite the 

abundance of commercially available technologies, automation in domestic environments 

keep on meeting commercial failures. The main reason for this is the development 

process that is used to build the automation applications, which tend to focus more on 

technical aspects rather than on the needs and limitations of the users. An instance of this 

problem is the complex and poorly designed home automation front-ends that deter 

customers from investing in a home automation product. On the other hand, developing a 

usable and interactive interface is a complicated task for developers due to the multi-

disciplinary challenges that need to be identified and solved. In this context, the current 

research work investigates the different design problems associated with developing a 

home automation interface as well as the existing design solutions that are applied to 

these problems. The Qualitative Data Analysis approach was used for collecting data 

from research papers and the open coding process was used to cluster the findings. From 

the analysis of the data collected, requirements for designing the interface were derived. 

A home energy management functionality for a Web-based home automation front-end 

was developed as a proof-of-concept and a user evaluation was used to assess the 

usability of the interface. The results of the evaluation showed that this holistic approach 

to designing interfaces improved its usability which increases the chances of its 

commercial success.     
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1 Introduction 

The primary purpose of building automation systems (BAS) is to achieve cost and energy 

efficiency in operating building spaces through the automatic and remote control of 

indoor environmental conditions by regulating the heating, ventilation, air-conditional 

(HVAC) and lightning systems of the building (Kastner et al. 2005) through the 

deployment of interconnected sensors and actuating devices. Home automation system 

(HAS) is a subset of BAS where the technologies involved are implemented within 

residential spaces. Besides optimising energy consumption and reducing energy-related 

cost, maintaining home inhabitants’ comfort and peace of mind are the main priorities of 

HAS. Due to the potent benefits of HAS, numerous technological breakthroughs led to an 

abundance of automation products and services on the consumer market.  

However despite the wide availability of home automation technologies for many years 

now, a significant number of repeated commercial failures have been noted and the 

reluctance of customers to invest into these technologies still remains relatively high. 

Many reasons have been proposed to explain this phenomenon and the main ones 

include: high investment cost, lack of flexibility and scalability to adapt to new 

technologies which result in rapid product obsolescence, the diverse availability of 

different products that are difficult to integrate together and last but not least, the low 

usability of HAS technologies.  

The HAS front-end is the primary gateway for end-users to interact with the underlying 

automation technologies and therefore undeniably plays a crucial role in the commercial 

success of the HAS application. However the user interface is often cited by research 

papers as one of the weakest component of the HAS due to its poor design and complex 

features resulting in users having difficulty in understanding and using the system (Brush 

et al. 2011). Thus the potential of home automation technologies remains inaccessible to 

a wide range of non-technical users.  

The poor design of front-end applications is mainly due to the development process of the 

user interface, which is often undertaken by automation engineers or enthusiasts from the 

open source community who focus primarily on achieving technical functionality and do 

not consider user, usability and Human-Computer Interaction (HCI) design requirements. 

In addition to that, the heterogeneity of HAS technologies makes the development of a 

universal front-end that can be reused for different HAS implementations or for different 

computing platforms even more complicated and time-consuming. 

The low usability of the front-end application for home automation highlights the 

importance of the current research work which aims at undertaking a holistic research 

approach so as to study the multiple concerned disciplinary fields, namely HCI, home 

and building automation, user focused product development and usability engineering, 

and to identify the design challenges and requirements that is involved in developing a 
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usable interface. The outcome of the research includes a set of design guidelines to help 

application developers build a user-friendly, interactive and responsive user interface for 

the home automation domain.   

1.1 Background 

The development process of building an application specific interface is a multi-

disciplinary task that requires basic knowledge about the main design challenges from the 

different research areas involved to be gained and understood. For the context of this 

work, the research areas involved include: HCI design, home and building automation 

technologies, user focused product development and usability engineering.  

1.1.1 High-level application development for BAS and HAS 

Most modern BAS and HAS architectures are usually distributed across a three-level 

hierarchy namely: Field Level, Automation Level and Management Level. The figure 1 

below shows the architecture and a description of the main functionalities in each level. 

 
Figure 1 shows the BAS and HAS architectures. 

Currently there are no single standard technology that covers all the three layers of BAS. 

Therefore this multi-level architecture has caused the proliferation of diverse 

technological solutions for each level. Moreover, each technology comes with its own 

data representation that is tightly coupled to the internals of the technical protocol used. 

This extreme heterogeneous nature of BAS creates a problem of integration, 

interoperability and scalability which are key design factors on which are based the 

development of management level applications such as in the case of a supervisory and 

control interface.  

The current recommended practice in BAS is that developers should implement an 

information model, which is used to abstract the specificities of the underlying 

technologies so as to populate the information elements of the front-end. Without a 

standard information model to refer to as is the case for HAS, the latter have to be 

directly bound to the raw data stored in the lower layers of the automation architecture. 

Management

Automation

Field
Data about indoor environmental collected from sensors 
and commands sent to actuators. 

Data from sensors is processed for the implementation of 
automation control schemes to achieve optimum energy 
consumption and comfortable indoor environments. 

Supervisory and user control applications aggregate entire 
system’s data for visualisation, trending, charting and 
logging of data. 



 

 

As a result, as the device and automation technology changes the interface code also has 

to change, which creates a maintainability problem for developers.  

Besides the data representation and information modelling requirements, each HAS 

network and device installation, system configuration and context of use is unique.  

Therefore, it is important to separate the concerns of the different aspects of the UI 

development and hide the underlying technological implementations. This foundation 

principle in UI development makes it possible for a universal and flexible management 

level interface to be built independent of the device technologies and the BAS physical 

implementation.  

1.1.2 Usability and user experience aspects of front-end development 

The usability aspect in interface design has been the object of many research works over 

the past years and it has given prominence to the field of usability engineering which 

focuses on design methodologies and evaluation techniques to ensure that the developed 

design is considered as usable by its targeted users. To achieve this goal HCI designers 

apply numerous design methods and techniques to get a thorough understanding of the 

explicit and implicit context of use of the interface. The context of use encompasses three 

main considerations: 1) the user group representing the set of stereotyped users expected 

to use the interface the most 2) the goals and tasks that the users want to achieve when 

interacting with the interface and 3) the external factors such as environmental or social 

factors that may affect the use of the interface by the users. 

The experience that users derive from interacting the interface is also a very important 

design factor that is considered by HCI experts in the design process. It was found that 

for users to satisfactorily use a technology it is important for them to derive meaning 

from using the product. Thus it is necessary to include quality requirements in the design 

considerations. These include incorporating additional features that makes the design of 

the interface intuitive, which in other words mean making it easier for users to learn how 

to use or configure the application to adapt to their needs and wishes. The usability of a 

product can provide a measure of the user experience. Heuristic evaluation, usability 

testing or user-evaluation are a few of the evaluation techniques that are employed to test 

the usability of the interface. Usability is determined by four factors, which include: 

efficiency, effectiveness, satisfaction and adaptability of the interface.  

1.1.3 Web application development using JavaScript 

With the advent of mobile technologies and the proliferation of computing and 

interacting devices using different software and hardware resources, application 

development is increasingly becoming web-based. This is because all mobile and 

computing devices feature an Internet browser which uses open technologies such as 

HTML, CSS and JavaScript to render and run front-ends. As a result, the popularity of 
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JavaScript-based application development is on the rise and it is even regarded as the 

next-generation web standard for developing cross-platform applications. 

JavaScript has evolved from being a simple scripting language that was used on Web 

pages to add small interactive features such as time and moving text to becoming one of 

the most popular Web standard tool for developing rich and interactive interfaces.  This 

evolution is mostly attributed to the advent of AJAX features which allowed interactive 

applications with notification, scrolling banners, live tiles or the ability for the browser to 

access the system’s hardware to be developed. In addition, JavaScript frameworks and 

libraries have been built to make it easier for developers to program cross-platform 

applications. It is very common for the framework to also include many in-built UX and 

UI features that allow user-experience enhanced and highly interactive applications to be 

built by developers.  

1.2 Motivation of Research Work 

In recent years, reducing energy consumption in buildings has gained increased interest 

amongst researchers in the field of BAS and this is mainly due to the significant 

economic savings that can be realised by optimising the operation of HVAC systems in 

buildings. Moreover after many incentives by national governments, the European 

Commission and international committees trying to reduce CO2 emissions in order to 

combat climate change, a growing global awareness about the need to achieve long-term 

environmental sustainability by reducing energy consumption is starting to emerge 

amongst the general population. One of the most acknowledged way of achieving long-

term sustainability is to reduce the negative impacts of technological progress by for 

instance cutting down the energy consumption of electrical and electronic appliances.   

According to European Commission buildings accounts for 40% of energy consumption 

and 36% of CO2 emissions in the EU (European Commission 2016). Improving the 

energy efficiency of buildings, the total EU energy consumption can be brought down by 

5% to 6% and CO2 emissions can be lowered by about 5%. The United Nations Energy 

Programme (UNEP) estimates that, buildings use about 30% to 40% of the global energy 

and contributes to a third of the total Green House Gases (GHG) emissions. The UNEP 

also claims that by using proven and commercially available products, the field of 

building automation has the most potential to reduce the GHG emissions by 30% to 80%.  

In the case of the European Union, two major national legislation that tries to cut down 

the carbon footprint have been approved by the EU member states (European 

Commission 2016). These include the:  

1. The 2010 Energy Performance of Building Directives (EPBD) and 

2. The 2012 Energy Efficiency Directives (EED) 



 

 

The aim is to make buildings have a zero carbon footprint by 31 December 2020 

(European Commission 2016).  

(De Paola et al. 2014) and (Banerjee, Rollins & Moran 2011) identified the following 

main energy efficiency policies that can be implemented in BAS to reduce energy 

consumption: 

 Creating energy consumption awareness by providing meaningful information to 

the users about their energy consumption patterns.  

 Automatic control of electrical appliances to turn off electrical appliances that 

have been left on stand-by mode which consumes nearly as much power as in 

active operation mode.  

 Smart scheduling of automation tasks during low energy tariffs hours for the 

operation of energy-hungry tasks that do not require user intervention. 

 Adaptive control of electrical appliances that can operate in reduced energy 

consumption states without affecting their functionality or compromising the 

safety and comfort of building occupants.  

Therefore, as part of this initiative to reduce the carbon footprint of buildings, this 

research work has the motivation to investigate the potential contribution of ICT, 

specifically automation technology in this case, to help in reducing energy consumption 

in buildings, especially in the home environment.   

1.3 Statement of Problem 

As mentioned earlier on, automation developers, especially from the open source 

community, do not put much emphasis on the front-end design in the development 

process of the BAS or HAS system, which results in interfaces having a poor design and 

a low usability factor for the end-users of the application. Besides the usability aspect of 

front-end applications, developers for BAS and HAS have to solve the problems of 

developing a generic, universal and responsive interface that is technology-independent 

and can be deployed on multiple end-target devices such as mobile phones and tablets, 

without the need for them to program another interface or to make modifications to the 

existing one.   

Notwithstanding the multi-target and domain-specific design issues of the UI, developers 

first need to gain a thorough understanding of the context of use of the interface which 

requires them to employ structured design methodologies and techniques to collect 

requirements about the users’ needs, wishes and limitations, the tasks they want to 

achieve through the interface and finally any other external factors that may affect the 

users’ interaction with it. This user study is the key design step that will enable 

developers to develop more usable and successful solutions for their customers. In order 

to achieve this goal, it is important for practitioners to be aware of the design methods 



 

13 

 

and techniques that will allow them to include user and usability requirements into their 

development process.  

However, this user-focused product development method requires a holistic design 

approach which is a difficult task for open source developers to carry out as they may not 

have the required knowledge and resources at hand. In addition, there are currently no 

authoritative source of design guidelines or recommendations derived from the diverse 

requirements set collected from the multiple research fields involved like HCI, usability 

engineering fields or web application development.  

Therefore, developing a good, usable and responsive interface remains a difficult task for 

automation developers to achieve. 

1.4 Delimitations of research 

This section elaborates on the scope of the research work for which the outcomes can be 

replicated.  

The research work focuses primarily on the front-end development for HAS and does not 

cover the design requirements for a BAS. However, the BAS field was still studied to 

identify the overlapping challenges faced by HAS. Also it has been found out that 

building on the insights of proven design solutions and principles for BAS can increase 

the successful development of a good interface.  

For a successful user study to be undertaken, it is important to work in close collaboration 

with the users who share the same characteristics as the typical user for whom the 

application is designed. At each design step, from the requirements collection process, to 

the prototyping stage and finally to the evaluation of the final user interface, user 

feedback is very important in order to validate the current design stage. However, due to 

the practical constraints when conducting the research work, it was not possible to 

involve a set of home automation users into the study.  To compensate for this lack of 

user input, a thorough literature study on existing research works that primarily focused 

on user needs and expectations for a home automation application has been done.  

The web development technology considered for the implementation of the proof of 

concept is JavaScript Framework. Therefore, the UI development focused mostly on how 

JavaScript and related libraries is used in existing interface designs.  

1.5 Research Objectives 

This research work aims at achieving the following objectives: 



 

 

 Proposing and evaluating an appropriate design methodology that will enable 

developers to include user, usability and system requirements into their 

development process so as to produce a good and usable interface. 

 Proposing a list of design guidelines and recommendations that will help 

application developers of HAS to build a usable, interactive and responsive 

interface. 

 Investigating how JavaScript is used to help developers build a UX-enhanced, 

highly interactive and responsive interface. 

The goals of this research work aims to attempt to answer the following research 

questions: 

 What are the general and domain specific issues in UI development for BAS 

and HAS? 

 Which requirements and solutions can be derived from these design issues? 

 How does JavaScript support the development of usable, interactive and 

responsive web application?  
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2 Literature Review 

This chapter aims at presenting the existing body of knowledge surrounding the design 

and development of user interfaces for BAS and HAS. The focus will be to investigate 

the documented design challenges, the design principles and development methodologies 

proposed by the related studies in this type of research work. However while conducting 

the literature review it was observed that the related studies in UI development for HAS 

were conducted in a very fragmented way and each perspective on the matter was 

specialised towards a specific problem. It is also noted that this research topic is also 

investigated under the keyword of smart home where the distinction is that home 

environments are made intelligent and autonomous by the pervasive and sentient 

implementation of HAS. The basic implications for the UI development still remain the 

same.  

Building on the insights provided by (Saizmaa, Kim 2008), a holistic approach was taken 

to review the current state of art for front-end development for HAS. In the context of 

smart homes, the paper demonstrated that the body of knowledge relied on three main 

dimensions namely: 1) Home 2) Technology and 3) Human. Therefore this section is 

divided so as to demonstrate the relationship between these dimensions in the front-end 

development and research process. Additionally a section is added for the technology that 

is used, JavaScript Framework, to develop the proof-of-concept in Chapter 5. 

The literature review will also attempt to expose the gaps in the existing body of 

knowledge and will thereby support the relevancy of the current research work. 

2.1 Home/Technology  

The Home/Technology perspective when developing a user interface for a home 

automation system is mainly concerned with the technical and engineering aspects of 

automation technologies. This perspective is usually adopted by engineers and specialists 

from the BAS field who take a bottom-up approach when designing a high level 

application. The key aspects of undertaking a user interface development from this angle 

involves laying down specifications that focus on the implementation and control features 

of the automation process, the level of intelligence that is delegated to the automation 

system and the reliability and maintainability of the application (Saizmaa, Kim 2008).  

It is noticed from the analysis of the results of the literature review from the 

Home/Technology perspective that engineers tend to concentrate mostly on the 

technology implications of the automation process while neglecting the other 

aforementioned aspects of UI development: user and usability aspects. It was however 

demonstrated that these factors are critical for the acceptability factor of the technology 

in the domestic environment. In fact, an application developed entirely from the 

home/technology perspective has been found to provide very little satisfaction to users 



 

 

who are required to adapt to the technology to be able to use it instead of the latter 

attending to their needs, wishes and limitations (Nelson, Metaxatos 2016).  

2.1.1 Heterogeneity of data representation 

Modern automation architectures are organised in a three level structure: field, 

automation and management levels for which there currently exists no predominant 

technology that can solve all the requirements specific to each level. Instead a multitude 

of device technologies and communication protocols have been designed to solve a 

focused set of requirements. According to (Granzer, Kastner 2012), these diverse 

technologies and protocols have caused a problem of integration due the lack of 

interoperability between the services and data models that make use of them.  

This lack of interoperability among the BAS technologies and protocols have created a 

major challenge for developers when attempting to build a management-level application 

such as a supervisory and control interface. This is because the data generated by the 

dedicated device technologies and protocols is represented by non-standard and 

proprietary description mechanisms that are tightly coupled to the underlying technical 

specifications.  Therefore, this affects the modelling of data at the information level of a 

management application. Thus it is important to integrate data sources using a generic 

representation mechanism so as to develop an information model that is technology 

independent and is able to provide a global view of the entire BAS for management 

applications such as visualization, monitoring, trending, and alarm handling systems 

(Granzer, Kastner 2012).  

In addition, (Granzer, Kastner 2012) demonstrates the importance of integrating data 

sources for the development of a management-level application three cases. The first one 

is the processing and visualisation of meaningful and complex information that are 

computed from different data sent by various devices. Fusing of sensor data is crucial to 

provide an overall status of the indoor environmental condition. Secondly integrating data 

sources makes application development modular and reusable as it requires loose 

coupling from the dependencies of specific technical implementation. Finally having a 

generic and technology independent information model is a key factor for the design of a 

universal user interface that can be modified and used for different contexts. For 

industrial BAS two popular standards exists for creating an information model: Building 

Automation and Control networks (BACnet) and Open Platform Communications - 

Unified Architecture (OPC-UA). 

As a result, the need to make management-level applications loosely coupled and to 

abstract the underlying technologies and protocols, high level approaches to 

programming have been adopted by several research works (Kastner et al. 2005), 

(Bischoff, Sundramoorthy & Kortuem 2007), (Weng, Nwokafor & Agarwal 2013), (R. J. 

C. Nunes, J. C. M. Delgado 2000) and (Granzer, Kastner 2012). Object-oriented 
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programming or object-oriented concepts in the form of templates or ruled-based 

paradigms were the most commonly used programming approaches. 

For (Weng, Nwokafor & Agarwal 2013), the main problem when developing building 

automation applications is for developers to be able to reuse, manage and aggregate 

useful information from the large amount of data that is generated by devices 

independent of the technology they use. The paper approached this challenge by 

implementing a template system that defines a common language for data representation 

and storage for both devices and buildings. Using standardised templates, it becomes 

easier to write applications, as the representation of data is predictable and not dependent 

on any specific device technology or building implementation. For example, a typical 

energy meter sensor template consists of several data points such as watts, voltage and 

current while a building template consists of attributes such as floors and rooms to 

represent and store data in a generic format.   

2.1.2 Energy management 

Energy management is a strong motivation for people to invest in automation 

technologies for the home environment but very often this feature is not made available 

to users through the interface (Brush et al. 2011). Therefore, there is a need for the 

developers to relate the information and control features of the interface with the 

functionality of an energy management system.  Recommendation engines or consumer 

controlled automation have been proposed by (Banerjee, Rollins & Moran 2011) and 

(Guibourdenche et al. 2007) respectively for the eco-friendly usage of electrical 

appliances through the home automation system. Without an energy management system 

the user has to manually collect power readings, aggregate and analyse the readings in 

order to take decisions about how to reduce energy consumption.  

Implementing an energy management system through the interface is a powerful mean to 

help users apply to achieve energy and economic savings. (Banerjee, Rollins & Moran 

2011) identifies three ways in which this can be achieved. The first one is having a 

notification system that will alert users about their excessive energy consumption if it 

should exceed predefined target. Secondly, a task scheduler can propose to users, 

optimum times of the day at which certain power-hungry tasks can be performed. Finally 

integrating an energy management functionality in the interface can help users in 

identifying the exact sources of energy wastes in the home and apply the recommended 

energy-saving strategies.  

(Guibourdenche et al. 2007) reinforces the concept of an energy management 

functionality in the interface by allowing the users to configure the behaviour of the 

automation system according to their daily routines and habits so as to schedule or 

delegate tasks for low energy rate hours or to automatically switch off devices when the 

home inhabitants are sleeping at night.  Also, by making use of external services such as 



 

 

weather services, it is possible for users to configure more energy-saving modes of 

operation of electrical devices according to predefined scenarios.  The paper concludes 

that consumer controlled automation has a great potential to provide peace of mind to the 

users to keep their energy consumption within their expectations and to help them 

improve on their daily habits by adopting energy efficient practices.   

2.1.3 Interoperability and remote access 

Integration and interoperability of existing home automation services is becoming an 

increases concern as the number of device technologies on the market is proliferating at 

an alarming rate. According to (J. Bai et al. 2008) building management applications are 

now being built as Web applications to allow the integration of existing device and 

automation and other type of services. This is because Web applications because they 

allow the use of open and standard Internet communication technologies such as HTTP, 

JavaScript, REST and AJAX. This paves the way for future HAS to be implemented 

using a service-oriented architecture where functionalities can be encapsulated into 

software services that expose their data and allow access to the control functions of the 

automation system within the home.  

The need to allow the mobility of users inside and outside the home when interacting 

with the HAS is acknowledged by (K. Baraka et al. 2013) which implemented a home 

automation interface as a client web application on a tablet. This was done in order to 

achieve the goal of remote control and remote monitoring of the home environment when 

the user is away from home. The paper briefly presented the design of a tablet interface 

and identified the need to organise the information architecture so as to structure the view 

of devices in the home automation system according to either their functionality or their 

physical location. As the authors of the paper considered mostly a Home/Technology 

approach to developing the interface many important design issues regarding usability 

and multi-target application development were missed.   

2.2 Human/Technology 

According to (Saizmaa, Kim 2008), the interaction between human and technology is the 

most researched topic that HCI developers focus on when designing interfaces. The 

Human/Technology aspect of UI development is mostly concerned with concepts that 

involve usability and acceptability of the interface from the user point of view and the 

social consequences that may arise from this interaction. The results of the literature 

review done from the Human/Technology perspective emphasises on the existing general 

challenges, as well as the application domain specific issues for HAS, faced by HCI 

developers when building a modern user interface. 
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2.2.1 Usability  

The international standard ISO 9241-11 (Guidance on usability, ISO/IEC 1998) defines 

the usability of a product as “the extent to which it can be used by specified users to 

achieve specified goals with effectiveness, efficiency and satisfaction in a specified 

context of use”, (Usabilitynet 2006). As per this definition of usability, a good interface is 

thus evaluated by four main factors:  

1. The effectiveness with which users were to access information and perform a task 

through the interface,  

2. The efficiency with which the required task was performed in terms of resources,  

3. The satisfaction, for instance through the ease of learn and use, derived by the 

users when interacting with the interface to perform the task and  

4. The ability of the interface to adapt to the given context of use for which it was 

designed for.  

On the other hand, the acceptability aspect of the interface design is associated with 

additional quality factors that may be included in the design process so as to encourage 

the users to go beyond its basic functionality to discover advanced features (Ceccacci, 

Germani & Mengoni 2013). Finally the social consequences of the interaction between 

the human and the interface may, amongst many other factors, consider how well the use 

of the technology integrated into the daily lives of the users without being too intrusive 

(Saizmaa, Kim 2008).  

Considering the Human/Technology perspective in the user interface development is a 

very relevant research topic as there remain significant obstacles to the wide adoption of 

HAS.  Recurrent problems reported by the literature review show that the low usability 

and acceptability issues are mainly due to: 

 The heterogeneous technologies in HAS result in users having to manage 

different visualisation and control interfaces. 

 The poor design of the interface and interaction system that do not easily allow 

control, modification and customisation of the automation system.  

 The inflexible automation scenarios or complex end-user configuration of the 

automation system that do easily not adapt to users’ wishes and needs. 

 The lack of consideration for the need of the interface to adapt to devices of 

different hardware specifications which affect the way in which the UI is 

developed, information is accessed and tasks are performed. 

 The features offered do not meet the needs and expectations of the users.  

The research work carried out by (Penner, Steinmetz 2002) summarized the main BAS 

domain specific challenges for the UI development and also acknowledged that the 

usability of the interface determined the ability of the users to use the entire automation 



 

 

system. The main problems that arise for the interface development stem from the fact 

that automation systems are very heterogeneous in nature whether in terms of 

technologies or physical structure of buildings, which caused many visualisation and 

control interfaces to be built for each dedicated technology. Different interfaces for each 

technology means that interface styles and interaction designs may also differ from 

product to product making it difficult for the users to learn how to use and manage (Brush 

et al. 2011) also made the observation from their interviews with users that having device 

and control interfaces was quite a challenge for them and adds to the cost of ownership of 

a HAS thus encouraging the negative perception that people have about this technology.  

According to (Chien, Mahdavi 2008), the poor and complex design of user interfaces for 

BAS was attributed to the lack of authoritative requirements to design and evaluate the 

HCI systems in a systematic manner. Seven criteria, out of which four were relevant to 

the design of the user interface, were proposed by the authors of the paper to evaluate 

some existing interfaces: functional coverage, representation of meaningful information, 

intuitiveness and adaptability. The results of their evaluation showed that the following 

requirements should be considered to improve the design of the interface: 

1. It is important to aggregate different sources of data and provide a generic 

interaction system so as to provide a high-level operation and visualization of the 

BAS instead of focusing on the individual representation and control of devices.  

2. Visualisation of individual sensor data is not useful for users. It is more important 

to fuse these sensor data into meaningful information. For instance, users are 

more interested to have total energy consumption of each room or the entire home 

instead of that of individual devices.  

3. The intuitiveness of an interface is characterised by how easy it is for the user to 

learn how to use the product. Existing interfaces have been found to lack a clear 

hierarchy and organisation of the information architecture. A clear information 

architecture increases the effectiveness with which users achieve tasks, thereby 

increasing its usability.  

4. Last but not least, the user interface should be easy to maintain and modify so as 

to incorporate future changes and requirements. This is a crucial factor in the 

design of the interface as due to the rapid obsolescence of devices.  

2.2.2 End-User Configurability of HAS 

Besides most of the design issues revealed by the above list, (Mennicken et al. 2014) also 

identified the ability for users to easily administer customized automation solutions that 

meet their needs as a major usability design requirement. This is because this feature 

enables users to derive benefits from automation technologies in their home by for 

instance configuring automatic scheduling of tasks at low-fare hours so as to optimise 

their energy consumption.  
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From other related studies, it became increasingly apparent that providing a flexible and 

simple end-user configurability of HAS should be one of the main goals of the UI design 

process. (Brush et al. 2011) stated that end-user configuration of automation tasks could 

be implemented in two ways: user-control and rule-based configuration. In user-

controlled automation, the user explicitly performs an action through the interface to 

instantly control devices while in rule-based automation, users have to enter a number of 

rules and commands to define events and conditions to automate tasks.  

(R. J. C. Nunes, J. C. M. Delgado 2000) demonstrated the implementation of end-user 

configuration through the use of simple or complex scenario scripts that could be easily 

programmed by both technical and non-technical users. However, this configuration 

might not be achieved efficiently on mobile devices as users expressed the wish to keep 

interaction as simple as possible when using these devices (Koskela, Väänänen-Vainio-

Mattila & Lehti 2004).  

In a different approach, (Mennicken et al. 2014) proposed the use of temporal metaphors 

to simplify the representation of past, current and future automation events and to 

implement user-friendly configuration of HAS. Using temporal metaphors to program the 

behaviour of the HAS is an interesting concept as (Koskela, Väänänen-Vainio-Mattila & 

Lehti 2004) claimed that integrating home automation technology into the daily lives of 

the users could be achieved by synchronising the automation tasks with their daily 

routines which is easier to implement using temporal metaphors. Indeed (Mennicken et 

al. 2014) further supported this end-user configuration method by highlighting the fact 

that people are very familiar with the use of calendar and clock applications to organize 

their lives and, therefore, constitutes a proven and successful interaction technique.  

2.2.3 Multi-target and responsive interface design 

With the advent of modern computing devices ranging from mobile phones to laptops 

people now interact with a wide variety of devices to access information and perform 

tasks. These new information access technologies bring along new challenges and 

requirements for the design of UIs. These include the need for developers to implement a 

responsive user interface that is able to detect and adapt to multiple end-target while 

maintaining a good user experience. In order to tackle these challenges, (Calvary et al. 

2003) introduces the concepts of multi-target and plastic user interfaces. While multi-

target user interfaces are able to adapt to different contexts of use, plastic interfaces also 

maintain usability requirements in the adaptation process.  

Adapting to a new context of use for a multi-target interface involves implementing a 

process that detects a change in the context and makes adjustments in the layout and 

interaction features of the interface. (Lestari, Hardianto & Hidayanto 2014) supported 

this requirement for responsive design when building a multi-target interface. They 

demonstrated that, because content on an interface might not be optimised to organise its 



 

 

information architecture and content to adapt to changing screen resolutions, which can 

affect their experience of using the interface by increasing the interaction steps needed to 

perform a task. Therefore, responsive designing was demonstrated to be important to 

maintain user experience when developing a multi-target interface.  

Several research works reviewed in this section adopted a user-focused research approach 

where the needs and expectations of the users were focused on to optimise the design of 

the UI. As an example, (Ceccacci, Germani & Mengoni 2013) presented the empirical-

based User-Centered Design (UCD) approach to develop a usable home automation 

interface. This design approach involved user participation in the development process of 

the solution. The UCD design approach involved the participation of a set of stereotyped 

users to evaluate different design solutions and validate the decisions taken by the 

developers at each stage of the process. The UCD design favours an iterative design 

process where several intermediate prototypes are built before the final interface. The 

paper demonstrated that this design process resulted in more successful and satisfying 

designs. To evaluate the usability of the interface, heuristic tests were carried out by HCI 

experts in the early stages on the prototypes and a user evaluation was done on the final 

user interface.  

2.3 Home/Human 

With the convergence of automation technologies and Software-as-a-Service business 

models, home automation has evolved from being an industrial application retrofitted for 

domestic environments to a highly consumer-focused Internet of Things application. As a 

result increasing interest for Home/Human aspect of UI development is observed as the 

number of research works in this field is starting to increase. This research perspective 

seeks to understand the human activities and habits, emotional attachment, experiences 

and expectations in the home environment. 

In (Nelson, Metaxatos 2016), the authors defined the first generation of home automation 

technologies as IoT 1.0 where the focus of the design and development of HAS were 

towards providing basic machine-to-machine connectivity and enabling remote control of 

the machine. Thus the evaluation of the product was based mostly on its functional, 

operational and reliable abilities as well as cost-efficiency. Little consideration was given 

to the usability and experience provided to the end-user. In addition, the targeted users of 

IoT1.0 were innovators and early adopters of new technologies. As most of the time, this 

user group possessed a technical background they were not deterred by the complexity of 

the interface or the difficulty of using the product. This phenomenon is called the 

technology push (Nelson, Metaxatos 2016) as the customers are required to adapt to the 

technology.  

However, technology push no longer works for a customer-focused Internet of Things 

product, also referred to as IoT 2.0 by (Nelson, Metaxatos 2016), as embodied by many 
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failed home automation solutions. It can be argued that the main reason for these 

commercial failures is the broader customer base that this second generation of home 

automation technologies is targeting. Assumptions about the skills and familiarity of 

prospective users are no longer valid.  Thus, instead of pushing new technologies onto 

users, developers of home automation applications are now called towards the pull of 

addressing the needs and expectations of this broader user group in their design and 

development processes.  

(Takayama et al. 2012) employed the product design method of “need finding” in order 

to uncover the sources of satisfaction and frustration for HAS users in order to learn 

lessons for future research work in this field. The authors summarised the sources of user 

satisfaction in HAS as being: 

 Peace of mind by allowing remote access the home at any time,  

 Convenience by maintaining comfortable indoor environments and by 

automating some repetitive household chores,  

 Energy management by being able to identify sources of energy wastes and to 

optimize consumption of resources and personalisation of the home by the 

configuration of the system.  

Thus according to (Takayama et al. 2012) good product design for home automation 

systems should satisfy users in three main ways. The first design factor was ensuring the 

overall usefulness the product for the users. The second way users consider a product 

acceptable is by its usability, which entails how easy and effective it proved to be to solve 

their problems in a given context of use. Finally a good product design helps users derive 

meaning and positive emotional significance from its use and thereby was effortlessly 

integrated into their everyday lives. 

(Takayama et al. 2012) also highlighted the causes and consequences of failures in home 

automation by finding and examining the sources of frustration. The main cause of failure 

was acknowledged to be the complex user interfaces that come with HAS and could only 

be used by innovators and early adopters. As a result, this gave rise to situations where 

only the technology guru knew how to use and configure the system, which led other 

members of the home to be frustrated, as they did not feel in control of their homes. 

Therefore, users were discouraged from using the HAS as it led to humiliating situations, 

increase in anxiety and lower self-confidence in their cognitive abilities due to the 

inability to make the system work according to their wishes. The consequences of such 

frustrations are not trivial and should be understood as these bad experiences with the 

interface can affect the overall perception of the users about the entire HAS.  

 



 

 

3 Research Method 

The method that was utilised in this research work was the analytical-based Qualitative 

Data Analysis approach. By analysing existing research works and existing interfaces to 

produce meaningful design requirements and design guidelines this could lead to more 

usable, acceptable and satisfying designs. The aim of undertaking a QDA research 

approach for the context of this project was to gain useful insights and draw out patterns 

about the existing recurring design problems that UI developers face as well as the 

existing solutions and best practices that they apply to build good and usable interface for 

home automation applications.  

3.1 Qualitative Data Analysis approach 

In the development of the home automation interface, the five main stages of the design 

process included: 

1. Data Collection. 

2. Qualitative Analysis of Data. 

3. Requirements Specification. 

4. Design and Evaluation of Prototypes. 

5. Development and Evaluation of Final Interface. 

An overview of the different design tools and techniques employed at each stage of the 

UI design is shown in the Figure 2 below.  

 
Figure 2 shows the design stages for the user interface using the QDA approach. 

1. Data Collection: Document Review, Literature 
study and Analysis of existing interfaces

2. Qualitative Analysis: Open Coding with 
QDAMiner

3. Requirements Specification: Home Energy 
Management Scenario

4. Prototyping: Low Fidelity Prototype + Heuristics 
Evaluation

5. Final Interface: Front-end JavaScript Framework 
BootStrap + User Evaluation for Usability
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3.1.1 Data Collection  

The data collection process was carried by using the investigative methods of literature 

study, document review and analysis of existing interfaces so as to examine what had 

already been found out in previous works. The document review and the literature study 

focused primarily on research works that were user-centered or directly involved users in 

their research and investigated the challenges and implications of deploying and using 

automation technologies in the domestic environment. Research works that also 

investigated domain-specific system challenges and solutions as well as usability 

concepts were included in the data collection process.  

According to ISO 9241-11 in order to produce a usable interface, the design solutions 

should demonstrate an explicit understanding of its context of use. The ISO 9241-11 

standard (Guidance on usability, ISO/IEC 1998), defines the context of use as the “users, 

tasks, equipment and the physical and social environmental factors in which a product is 

used”. Therefore the data collection process sought to answer questions about these three 

main dimensions and a set of questions to address these concerns were used as guidelines 

in order to systematically collect data from the existing research papers and to avoid 

subjective interpretation.  

The data collection process was broken down into six main parts: 

1) The first part was to define the users of the application which consisted in finding 

out the characteristics of the typical or stereotype user group for which the 

application is intended to. Table 1 below shows the questions used to find data 

about the user group. 

Reference Questions regarding the targeted user group of the home automation 

interface 

Q1 Who are the users of the application? 

Q2 What are the general cognitive abilities, education and skill level of the 

users? 

Q3 Are the user familiar or experienced in dealing with similar applications? 

Q4 Why do the users need the application or why did they install the home 

automation system? 

Q5 What are the main barriers to easy adoption of home automation systems? 

Table 1 shows the questions used to guide the requirements collection from the literature study for defining 

the user group of the interface.  

2) The second part was to define the user tasks which should cover requirements 

concerning mainly the tasks the users need and wish to achieve, the user goals 

behind the task carried out, the frequency of the tasks, the results users expect 

from executing the task and the importance of the task to the users. The questions 

shown in table 2 were used to find answers to these concerns.  



 

 

Reference Questions regarding the user tasks that should be available on the 

home automation interface 

Q6 What are the necessary tasks that the users are expecting to be able to 

achieve through the interface? 

Q7 What are the advanced features users would like to be able to do 

through the interface? 

Q8 How does the user feel about the tasks offered on existing home 

automation interfaces? 

Q9 What is the motivation behind the task being carried out by the user or 

what problem is the user trying to solve? 

Q10 How often does the user need to carry out that particular task? 

Q11 What conditions or circumstances prompted the use of the 

application? 

Q12 Which tasks did the users perceived to be necessary and which ones 

were considered as optional?  

Table 2 shows the questions used to guide the requirements collection from the literature study for defining 

the user tasks of the interface. 

3) The definition of the physical and social environmental factors was the third 

part which tried to define the additional resources such as hardware and software 

resources in which the interface is expected to work in the real world. The 

questions used for these design aspects are shown in Table 3 below: 

Reference Questions about the physical and social environmental factors 

affecting the use of the home automation interface 

Q13 What are the typical devices used for the use of the application? 

Q14 What are the hardware characteristics of these typical devices? 

Q15 On which computing platform was the interface running? 

Q16 Which device does the user prefer to use to carry out a specific type of 

task? 

Q17 Which input method did the device require for the interaction? 

Table 3 shows the questions used to define the physical and social environmental factors in which the 

interface is used. 

4) In addition to the above set of requirements, since the aim of this work is to 

improve the user experience when interacting with a product, it was also 

important to cover usability and other quality design aspects in the data 

collection and this was covered using the follow investigative questions shown in 

Table 4: 

Reference Questions regarding the usability and other quality aspects of the 

home automation interface 

Q18 Which usability problem was identified or investigated?  
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Q19 Which solution, if any, was proposed to solve the problem? 

Q20 Which usability problems were responsive design, if relevant, 

attempting to solve? 

Q21 Which design aspect made learning of how to use interface easier? 

Q22 Which design aspect made application more acceptable? 

Q23 Which design aspect motivated users to carry out some tasks? 

Table 4 shows the questions used to collect the usability issues and other quality design aspects from the 

literature study. 

5) Additional literature study was carried out to capture the functional 

requirements specific to the domain of home and building automation 

systems for the development of high-level applications that include automation 

and supervisory interfaces. Table 5 shows the questions used to the domain-

specific design aspects of the home automation application. 

Reference Questions regarding the functional design issues for the 

development of high level applications of home and building 

automation systems 

Q24 What are the design challenges encountered when building 

applications, especially user interfaces, for automation systems? 

Q25 How were the design challenges solved? 

Q26 What were the basic and advanced functionalities offered through the 

interface? 

Q27 What were the main objectives that the automation system were to 

achieve? 

Table 5 shows the questions used to collect the functional requirements when conducting the literature 

study on home and building automation systems. 

6) For the analysis of the existing products, successful designs of other products 

were analysed so as to draw out best practices that can be reapplied for the 

context of this work. The key features of the interface found to be relevant for the 

prototype design are noted down and a set of lessons learnt are derived to further 

help in the later stages of the development and also to contribute to the list of 

design guidelines for the UI development of the HAS application. 

3.1.2 Qualitative Analysis of Data  

The qualitative analysis of the data collection consisted in deriving useful and meaningful 

information out of the set of data collected so as to derive requirements for the design of 

the home automation interface as well as to formulate a set of design guidelines to help 

developers build future similar application development without going through the data 

collection again. 



 

 

The qualitative analysis was done using an inductive approach and an open coding 

technique whereby recurring topics in the research papers and documents were identified 

and used to cluster data of similar nature under a common theme. In the context of this 

current research, the documented design problems and existing design solutions were 

grouped under common themes which related to a specific design aspect of the home 

automation user interface.  

Grouping problems of similar nature made it easier to find patterns and recurring design 

challenges for which a common design requirement could be formulated in order to 

provide a solution to the latter. Also, clustering design solutions and best practices 

proposed by the literature and existing designs of interfaces under a common theme made 

it possible to extrapolate the same solution to other design problems of similar nature and 

to thereby formulate a design guideline that can be reused for future HAS UI 

development work.  

The analysis of the data collected was done using the free version of QDAMiner. In 

QDAMiner, a code group category clustered data related to a particular design aspect of 

the interface. The group category is referred to as a theme. A group category could 

consist of several more detailed coloured codes that related to a more specific design 

aspect of the interface. An individual coloured code is referred to as a subtheme. 

Therefore, a group category or a theme had a set of codes or subthemes. A subtheme in 

turn grouped together a set of design problems. A subtheme was also associated with a 

set of design solutions. Furthermore, for each subtheme a set of requirements were 

derived.  

The following Figure 3 shows the different relationships between the themes, subthemes, 

design problems, design solutions and citations of sources. The direction of reading is 

from the flat to the pointed end of the arrow. For instance, a theme consists of a subtheme 

but a set of design problems was grouped under a subtheme.  

 
Figure 3 gives an overview of the coding and clustering process used in the analysis stage. 
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3.1.3 Requirements Specification 

Due to the wide scope of the user needs and tasks, system and usability functionalities 

expected to be collected from the requirements elicitation process, it is necessary to 

define a scenario that focuses only a subset of the requirements to see to completion this 

research work. The scenario will be defined so as to show the relevance of the motivation 

behind this work, being the use of ICT for sustainable development, and thereby to 

demonstrate a case where the home automation application is used by the user for this 

goal.   

3.1.3.1 Home Energy Management Scenario 

The scenario chosen for the implementation of the proof-of-concept is defined to 

highlight the motivation behind this research, which is as mentioned in Chapter 1, 

making use of automation technologies in the home environment so as to reduce the 

carbon footprint and energy consumption of the building.  

The scenario selected is to incorporate a home energy management feature in the HAS 

front-end so as to help users become aware of their energy consumption habits and 

motivate them to decrease their power consumption by making use of the automation 

features of the HAS and by displaying the resulting economic savings and the increased 

sustainability effect of their initiatives.  

Definition of the scenario: 

 The user is at works and picks up her phone to connect to the HAS server as she 

wishes to check the current energy consumption of the home to make sure that she 

has not left any energy-hungry electrical appliance ON when leaving the house in the 

morning. The goals that the user wish to achieve in this context of use are:  

o She wants to effortlessly gain an understanding of the global status of the 

energy consumption within the home. 

o She wants to reassure herself that current energy consumption is within the 

target limit for the day or week. 

o She wants to know whether she is making any cost savings on the energy bills 

or not and whether the home is currently “green” in terms of CO2 emissions.  

o She wants to see at a glance which device is consuming the most energy at the 

moment. 

o In the case that the device is consuming too much energy, she wants to be able 

to turn it OFF immediately. 

o She wants to be able to configure the HAS to automatically turn OFF this 

device whenever she leaves the home at 9am. 



 

 

The selection criteria for the requirements to be considered for the implementation of the 

proof-of-concept to be built later are laid out as follows. The requirement was selected if 

it matched either of the following criteria: 

 Criteria 1 was a HAS specific requirement that focused on user experience, 

usability, interactivity and/or responsiveness  

 Criteria 2 was a requirement that focused on user experience, usability 

 Criteria 3 was a requirement that focused on the needs, expectations or limitations 

of the users.  

 Criteria 4 was a requirement that was related to managing the energy consumption 

in the home using the HAS.  

3.1.4 Prototyping 

The purpose of the low fidelity prototype is to decide on how the design requirements 

related to the presentation of the interface will be solved, apply the design principles 

learnt from the research process to create several mock-ups of how the interface can look 

like, and assess the different design layouts for the interface.  

According to (Nielsen, Molich 1990), in order to evaluate the usability and acceptability 

of interface prototypes, heuristic evaluation is efficient because it is a fast method to 

gather feedback and improve the prototype’s design. The following heuristics as 

proposed by (Nielsen 1995), also applicable to Web applications, are usually used to 

evaluate the prototypes: 

1. Visibility of system status: Providing appropriate feedback and timely use of 

interactive UI features such as the display of progress bars or status indication 

messages.  

2. Match between system and the real world: Avoiding the use of technical 

language and using metaphors that are understood by users.  

3. User control and freedom: Using simple interaction steps to facilitate navigation 

throughout the interface. 

4. Consistency and standards: Ensuring that the layout, UI components, metaphors 

and look-and-feel of the interface are consistent and standard. 

5. Recognition rather than recall: Helping the user to build a mental map of the 

interface by using familiar metaphors in order to minimise their need to memorise 

details.  

6. Flexibility and efficiency of use: Adapting layout of interface and using 

interaction techniques that help users to efficiently carry out tasks. 

7. Aesthetic and minimalist design: Minimising superfluous details and excessive 

text content.  
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(Nielsen, Molich 1990) recommended 3-5 participants to be used to carry out the 

evaluation as for this range of testers between 80%-90% of usability problems can be 

efficiently be uncovered. For the selection criteria for the participant who carried out the 

heuristic evaluation are: 1) Have knowledge in UI or HCI design and 2) Have no 

technical or programming knowledge but are familiar with web and mobile applications.  

For the context of the research, the number of participants was kept to three. A 

walkthrough of the interface was done partly on Skype and partly during open-ended 

interviews.  

3.1.5 Development of Final User Interface and User Evaluation 

The final stage of the UI development consisted in selecting an appropriate JavaScript 

Framework for implementing the interface which involved developing the code for the 

visual layout of the UI, the interactive components and for incorporating the application 

domain code.  

The scope of the implementation of the proof-of-concept only covered the 

implementation of the visual layout of the interface. For this process one of the most 

popular front-end web development framework, Bootstrap was used. The main reasons 

for this choice were due to availability of templates and in-built responsive and 

interactive CSS and JavaScript libraries which were found to greatly support the 

development of the enhanced user experience interface.  

3.1.5.1 User Evaluation 

In order to carry out a user evaluation of the final HAS interface, a set of tasks was 

selected in order to evaluate the different usability aspects of the final HAS interface. The 

experimental procedure for the usability tests is based on the ISO 9241-11 standard for 

Usability as introduced in Chapter 2 of this thesis.  

The usability tests involve users filling a questionnaire in order to evaluate their 

perceived experience out of interacting with the interface in order to carry out the tasks. 

The satisfaction level experienced by the users will be evaluated against a 5-points Likert 

scale ranging from ‘highly satisfied’ to ‘not at all satisfied’. 

Usability aspect 

under test 

Evaluation metrics for usability aspect Investigation 

technique used 

Effectiveness Did you succeed in completing the task? Questionnaire 

 Efficiency  Was the time taken to complete the task 

acceptable for you? 

Satisfaction  Assess the interface's ease of use in order to 

achieve this task 



 

 

Assess the interface's learnability, that is, how 

easy it was the first time to learn how to achieve 

the task. 

Assess your understanding of how the task could 

be achieved.  

Assess the organisation of information and menu  

Assess the usefulness of information displayed 

Assess the usefulness of the features available 

Readability of contents on mobile device 

Navigability of interface on mobile device 

Maintainability of experience when interface 

adapts to different screen resolutions 

Satisfaction about knowing what is going on in 

the home automation system 

Satisfaction about the usefulness of the energy 

management system to reduce power 

consumption 

Table 6 shows the experimental procedure used for the usability tests of the HAS interface. Table was 

adapted from (Ceccacci, Germani & Mengoni 2013). 

The usability tests involve one user group consisting of 8 people. The users are aged 

between 18 and 60 years old and are all familiar with using web browsers and web 

applications on the PC as well as on mobile devices. Out of the 8 people, 4 people have 

technical background and programming knowledge for the case of high-skilled users and 

the remaining 4 users are selected on the criteria of having no technical or programming 

background but who are familiar with using PCs and mobile phones for the case of low 

skilled users.  
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4 Implementation 

The following section details the steps taken in the implementation of the proof-of-

concept for home automation interface which was built to meet the functional, usability 

and user requirements as was highlighted in the research objectives. The ultimate aim 

was to assess the validity of the derived requirements for building a good, usable and 

responsive home automation interface.  

4.1 Data Collection  

In order to collect data about the existing design problems that are associated with 

building an interface for a home automation application, the techniques of document 

review and literature study were employed. A number of fourteen research papers (see 

Appendix I) were reviewed and studied to systematically collect data using the questions 

Q1-Q27 laid out in the previous chapter.  

The keywords used to select the research papers were a combination of the following: 

(“interface design” OR “front-end” OR “application development”) AND (“home 

automation” OR “smart home” OR “building automation”). A further selection was made 

to assess the relevancy of the paper collected with the topics related to the functionality 

of a HAS related to the application development, the usability aspect of the home 

automation interface or in case the research papers were user-focused or directly involved 

the study of users in a home automation environment.  

The results of the data collection process were gathered in different Excel sheets. The 

following screenshots Figure 4 to 9 show a sample of the raw data collected from the 

document review and literature study.  

The Figure 4 below show the data collected in order to define the different cognitive 

abilities, technical experience and other personal attributes of the users of a home 

automation user. The data collection also tried to cover the personal motivation for 

buying and the perceived barriers to adoption of home automation technologies by users.  

 
Figure 4 shows a sample of the data collection for the characteristics of home automation users. 



 

 

A sample of the data collected for the definition of the user tasks is shown the table 

below. As can be seen from Figure 5, the expectations of the users in terms of the basic 

and advanced functionalities of the home automation interface and other factors 

specifically associated with the tasks to be achieved through the interface were included 

in the data collection process.  

 
Figure 5 shows a screenshot of the data collected for the user tasks that a home automation interface should 

implement. 

The Figure 6 below shows a sample of the data collected for the definition of the physical 

and social environmental factors such as hardware and software resources that could 

affect the interaction between the user and the interface or the home automation system.  

Figure 6 shows some the data collected to define the external factors that could affect the interaction of the 

user with the interface. 

A sample of usability and quality design considerations given to the design of home 

automation interfaces that was collected in this process is shown in Figure 7. For the 

quality design aspects, the main factors that were considered were the ease of use, the 

acceptability, the learnability and the responsiveness of the interface.   
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Figure 7 show a sample of the usability and quality design consideration for a good and usable user home 

automation interface. 

The domain specific design considerations for home and building automation systems 

were collected in the Figure 8 shown below. In the data collection process, the design 

challenges documented in the research papers were examined and noted down in the 

table. Also, the solutions developed and applied to the problems were tabulated as well. 

A sample of the data collected is shown in the table below.  

 
Figure 8 show the data collected for the application-specific design consideration for home automation 

applications. 

For the analysis of the existing interfaces, seven interfaces developed specifically for 

building automation systems were analysed in order to learn lessons from the design 

decisions of existing automation products. The interfaces were selected in order of 

popularity and recommendation by the OPC foundation website for interfaces that follow 

the OPC-UA interoperability standard. Additionally three more interfaces implementing 

similar features as a home automation interface were examined. The Figure 9 below show 

a sample of the data collected.  



 

 

 
Figure 9 shows the screenshot of the analysis of existing interfaces that was done in the data collection 

process. 

4.2 Qualitative Analysis of Data 

From the data collection, it was identified that there were currently two distinct and main 

groups of home automation users. The first group consisted of early technology adopters 

who had extensive knowledge and experience in using automation applications. The 

second group consisted of users who did not have a technical background and had to 

interact with the HAS mainly because of living together with the early adopters. A 

summary of the information derived from the data collected about the characteristics of 

the users of the home automation application is shown in the table below.  

Description 

Description of Persona 1: 

Young to middle aged. 

Leader of the family. 

Considered to be a technology guru or specialist who is responsible for HAS management, 
configuration and troubleshooting.  

Has deep technical expertise in engineering-related or IT-related profession and thus is able to 
tinker with home automation 

Primary user of the HAS 

Wants peace of mind by connecting to HAS to check on the status of the home. 

Wants to show off the capabilities of the HAS to guests 

Wants to implement complex automation scenarios. 

Gets tired of using the HAS after many years of tinkering and fixing the HAS and thus wants an 
easier way to manage system.  

Description of Persona 2: 

Young to middle aged. 

No or little technical or programming background. 

Passive user of technology who does not actively engage in using or configuring or managing the 
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HAS. 

However is able to use web-based interfaces and modern applications on mobile devices. 

Wants convenience by automating boring and complex tasks. 

Wants peace of mind by connecting to HAS to check on the status of the home. 

Wants to achieve cost and energy savings. 

Be able to view useful and non-technical information on the interface. 

Wants to efficiently carry out tasks that do not involve typing in commands. 

Does not like to feel humiliated by not being able to understand how to carry out a task. 

Does not like to feel humiliated by feeling like not having any control over the HAS.  
Table 7 shows the results of the qualitative analysis done on the data collected for defining user groups of 

the home automation interface.  

As mentioned in the previous chapter, the analysis of the data collected was done using 

the free version of QDAMiner. After analysing the data collected, it was found out that 

the data could be gathered under eight main categories or themes. For each main theme a 

number of subthemes were broken down when the data collected referred to a more 

detailed design aspect of that theme. The table below shows the themes selected and 

subthemes derived in order to cluster data of similar nature.  

Theme/Subtheme Description 

Device 
 device_management  : Configuration of home automation device into the system 

group_functions : Access and control of multiple devices at the same time  

advanced_device_control 

: Making use of the advanced features offered by a particular 
device device_representation: How the device and the data it 
generates are represented internally in the application 
software  

device_services 
: Integration of third party or of manufacturers' existing 
device services  

device_control 
: Anything related to how the status of the device can be 
changed. 

System 
 

system_management 

: System refers to the entire home automation system which 
usually consists of several devices of possibly different 
brands and technologies. This code relates to the access and 
management of the entire system. 

system_view 
: View of the system in the presentation model into different 
granularity levels or into different categories.  

user_configuration 

: Allowing users to customise the behaviour of the system 
automation. Anything related to the configuration and 
execution of automation tasks in the home automation 
system  

cost 
: Factors affecting the cost of buying a home automation 
system. 

Information 
 

Analytics 
: Computation of information, making queries on data, 
viewing time-based data logged data_aggregation: Data from 
different sources are processed together to compute more 



 

 

complex information  

information_view : The visualisation and presentation of data and information 

Notifications  
 event_alerts : Inform users when a monitored event occurs  

user_notifications : Allowing users to create their own notifications 

Interface 
 

interface_reusability 

: Using the same interface for different home automation 
systems interface_interoperability: How the interface works 
with different underlying technologies, data sets or data 
sources. 

web_services 
: Provide data from external web services to the user from 
the interface. 

basic_features : What are the basic tasks that the interface should offer.  

interface_view : The visualisation and presentation aspects of the interface  

data_representation 
: how data from different types of devices and about 
different building layouts or home automation systems are 
represented. 

interface_adaptibility 
: The ability of the interface to adapt to different contexts of 
use. 

interface_learnability 
: The intuitiveness of the interface to allow users to easily 
learn how to use the interface.  

desired_features 
: Tasks that users wished to be able to perform on the 
interface. 

advanced_features : More complex tasks that can be performed on the interface 

Interaction 
 

interaction_acceptability 
: Techniques used to make the interaction more acceptable 
from the user of point of view  

interaction_ease_of_use  
: Techniques used to make the interaction easy for the user 
to use the application  

interaction_generic 
: Using same interaction techniques and abstractions to 
interact with devices using different technologies. 

multi_tasking 
: Techniques to allow users to switch from one task to 
another. 

Multi_target  
 

responsive_design 
: Responsive design techniques to develop a multi-target 
interface. 

mobility_tasks 
: Which tasks are more efficiently achieved on which type of 
device: mobile, tablet or PC. 

Buildings  
 

building_representation 
: How buildings are programmed internally and on the 
interface 

Table 8 shows the themes and subthemes for the coding and clustering the data collected about the design 

of the home automation interface. 

Once the coding process of the data collected was done, it was possible to make useful 

analytics using the QDAMiner in-built tools. For instance, by computing the frequency at 

which the themes and subthemes were reported in the research works it was possible to 

draw a chart of the most discussed design challenges for a user interface design of a home 
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automation application. From the figure below it could be observed that the four most 

reported design challenges were about: 

1) The user configurability of the home automation system through the interface  

2) The ease of use of the interface from the users’ perspectives independent of their 

technical or programming skills 

3) Some desired features such as an energy management system that were not 

available in existing interfaces and required users to separate computation of 

requirement information (total energy consumption of the home) manually. 

4) Some advanced features employed the home automation interface to motivate 

users to actively make use of their automation system and to seamlessly integrate 

this technology into their daily lives.  

The frequency of the other themes are shown in the Figure 10 below: 

 
Figure 10 shows the frequency of the most recurring subthemes associated with different 

design aspects of the interface. 

The results of the coding process of the qualitative analysis of data, fully available in 

Appendix I, were organised into four main sections namely:  

1) Design Problems clustered the data of the different subthemes that related to the 

user-focused, usability and functional challenges that developers have to solve in 

order a user interface for a home automation application.  

2) Design Solutions gathered data concerning the existing and proposed solutions 

applied as reported by the research works reviewed in order to solve the different 

design problems.  

3) Analysis of existing interfaces clustered the key features and lessons learnt from 

the design of existing home and building automation interfaces.  



 

 

4) Requirements tabulated the entire set of requirements identified and derived from 

the reported design problems that could be reused to guide developers in the 

design process of a home automation application in the future.    

For each of the section, the data were clustered according to the themes and 

subthemes presented in this section. Please see Appendix I for the full documentation 

of the coded and analysed data.  
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4.3 Requirements Specifications 

From the wide set of user, usability and functional requirements that were derived from the data collected in the document 

review process, the following requirements shown in table were selected for the implementation of the home energy 

management scenario of the home automation interface.  

ITEM_NO Requirements Design decisions 

70 The solution should provide a 
visualization of the past, present 
and future automation events. 

A table component was used to display past, current and upcoming automation 
tasks.  

75 The solution should allow a 
centralized access to the home 
automation system while 
allowing several target end-
devices to communicate with it 

The interface was implemented as a web-based client application. Using open 
web technologies the data from the automation server was provided to the 
interface application to request and display status and readings monitored by 
HAS devices. 

19 The solution should ensure that 
the interface employs user-
friendly metaphors to describe 
the behaviour and state of the 
home so that users who don't 
have technical or programming 
background can understand the 
system. 

Graphics such as mimics and charts as well as animations and other UX display 
elements were used to display information about the HAS status.  
Changing the color of labels or text field to convey the perceived state of the 
value being displayed, whether a rather high or rather low value was done.  

4 The solution should accept 
queries and display analysis of 
power and energy consumption. 

Trend charts were used to display energy consumption over a period of time: 
daily, weekly or monthly display. Bar charts and Pie charts were used to compare 
energy consumption by different devices and by different functionality systems. 
Gauges are used to indicate normal or excessive energy consumption to users 

9 The solution should aggregate 
data into useful information 

Data from different sensors was aggregated, processed and displayed in a single 
interface. For instance, the total building power consumption has been calculated 
from the power consumption values sent by the individual energy meters. Users 
were motivated to reduce energy consumption by displaying both energy and 
cost savings. Using gauges to visualise the carbon footprint and sustainability of 
the energy consumption and other meaningful information relevant to the user. 

149 The solution should notify users 
of automation tasks scheduled 

A table component was used to display upcoming automation events with the 
possibility for the user to cancel it.  



 

 

for the day, for the next 6 hours 
or 1 hour or happening now. 

7 The solution should generate 
notifications for alerts. 

A table component was used to display current and past alerts. Different colors 
can be used to convey importance of the alert to the user.  

113 The solution should show make 
suggestions about energy-saving 
and energy-efficient operation of 
electrical devices in the house. 

Suggestions were made to the user about the best low-utility rate at which 
power-hungry automation tasks can be configured for.  

91 To provide a single website user 
interface that is compliant and 
adapts to different screen size 
without the need for any 
configuration. 

Bootstrap responsive grid layout was used to design the interface so that the UI 
automatically resized depending on the resolution of the device being used.  

94 To maintain the same user 
experience in terms of home 
functionality (main menu 
functionality), content readability 
and enjoyment while using the 
website interface on different 
devices. 

Media queries and media content of different resolution were used to change the 
appearance of the UI so as to maintain its readability, ease of use and good user 
experience.  

Table 9 shows the requirements selected for the implementation of the home energy management proof-of-concept. 



 

 

4.4 Prototyping 

The template layout of a dashboard was used for the design of the energy 

management for the current home automation interface as it was found in the previous 

stages of the development cycle that it was efficient and user-friendly way of 

conveying and analysing a large amount of numerical and statistical information to 

users of an interface application. The low-fidelity prototype was implemented using a 

simple drawing application, draw.io, that provided in-built “Bootstrap” UI elements to 

facilitate the creation of mock-ups for this front-end framework.   

Two mock-ups were created so as to decide on the general layout of the interface for 

two different sets of devices, that is, for screen resolutions greater than 992px usually 

used by media-sized and large laptops and desktops and for screen resolutions smaller 

than 768px which is used usually employed by mobile phones and tablets of up to 9 

inches. 

The initial mock-ups were evaluated using the set of heuristics principles introduced 

in the previous chapter with a group of three users. The mock-ups were improved 

shown in Figure 11 below and validated by the users before proceeding to 

development of the final interface in Bootstrap. The initial mock-ups created are 

available in Appendix II.  

From the evaluation of the users, the following changes were made to the intial 

prototypes: 

1) The use of pie charts to display the devices that contribute the most to the 

carbon dioxide emissions and to the energy-related costs in the home 

automation system were not useful for the users. A general indication of 

whether the carbon dioxide emissions had increased or decreased compared to 

the last month and whether any cost savings or expenses were achieved were 

reported by the users to be more meaningful. 

2) Besides the display of the total home energy consumption on the trend chart, 

the users would have liked to have that information displayed as well as an 

indication of whether the energy consumption value was within an eco-

friendly range as opposed to an excesive usage. 

3) The users expressed their interests in having a separate table that explicitly 

gave some tips and advices on how and which devices to automate in order to 

improve their energy consumption habits. 

4) The bar chart for the functional systems should be put together with other 

charts as they related to the same type of information. Also the users preferred 

the trend charts to be displayed on the full width of the device as when viewed 

on a mobile phone the chart was too small. 



 

 

5) Each section of the information was organised according to the UI 

components used to display information. A heading for each section had to be 

added to clearly indicate the type of information provided by each section. 

6) For small screen resolutions, users did not like to have the navigation side bar 

to be present on the screen as it made the rest of the more important part of the 

inteface smaller. They preferred to have a drop-down button to make the menu 

appear and disappear.  

(a) (b) 
Figure 11 (a) and (b) shows the version of the low fidelity prototype after evaluation of the intial mock-

up by users 
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4.5 Final User Interface 

Due to its popularity for building responsive front-end applications Bootstrap was 

selected for developing the home automation interface. Besides Bootstrap the Harp.js 

workflow was used to make the development process even more easy as it included 

some advanced development tools for instance for the automatic preprocessing of 

scripting languages such as Embedded JavaSscript and Less which were compiled 

into HTML, CSS and JavaScript and fed to the web browser to display the interface. 

This makes the use of template files for the general layouts of several web pages 

easier, faster, more maintainable and reusable for other applications. 

In-built Bootstrap and user-defined CSS files were used to customise the appearance 

of each UI component as well as the general layout of the application page. Besides 

Bootstrap’s library of components, additional libraries were imported and included 

into the main CSS file so as to include special UI components for the pie, donut, bar 

and line charts. Additionally the corresponding JavaScript file for the external 

librairies were used to feed in input data to the charts and optionally some dynamic 

animations to the components.  

Figure 12(a) below shows the implementation of the Charts section using interactive 

and UX enhanced components in order to convey meaningful information to the user 

while minimising the use of text content. Figure 12(b) shows result of using 

responsive web designing through the implementation of media queries so as to 

optimise the layout of the interface to the current screen resolution of the device being 

used. For instance shown in Figure 12(a) and 12(b) is the sidebar which was made 

available for screen resolution larger than 768px and replaced by a navigation pill of 

list of links for resolutions smaller than 768px.  

 

(a) (b) 

Figure 12 (a) & (b) show the implementation of the Charts section to show the energy consumption of 

the home, different devices and functional systems of the HAS.  

For the analytics section that displayed aggregated information to the user, Bootstrap 

panel widgets were used. To further convey additional information about the value 

being displayed on the screen special classes of the panel components: .panel-success 



 

 

and .panel-danger were employed to inform the user of whether the value is an 

improvement or a decrease in terms of performance metrics. Figure 13(a) shows the 

implementation of the widget section and 13(b) shows how the display was optimised 

for mobile devices by stacking up the elements vertically.  

(a) (b) 

Figure 13 (a) and (b) shows the implementation of the widget section for the display of aggregated 

information to the user.  

For the implementation of notifications and alerts, other useful features of the 

Bootstrap framework were used to make the design of the interface user-friendly. 

Contextual classes which makes the customisation of the table rows and cells possible 

were used. In this case, the importance of the alert or notification was shown by using 

different colors with red for danger and blue for neutral information. For the display 

of events and tasks, the user had the option of canceling an upcoming automation task 

which was one of the desired featured identified in the data collection process. Figure 

14(a) shows the implemetation of the table components for large screen resolutions 

whereas Figure 14(b) shows the application of responsive web designing of the 

notifications and alerts section.  
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(a)  (b) 

Figure 14 (a) and (b) shows the implementation of the notifications and alerts for large and small 

screen resolutions respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5 Results 

The success rate of the four tasks (T1 - T4) assigned to the users for the home 

automation interface developed in this design process was 100% which showed that 

the interface proved to be usable for users to successfully perform their required tasks 

and access information about the energy consumption of devices or of the home.  

The satisfaction level to measure the quality of experience of the users when 

interacting with the interface was used to assess other aspects of its usability when 

performing tasks, T1 - T4. To help users answer the questionnaire, an explanation of 

the Likert scale was given to them: 

 Very Satisfied - The feature met your expectations and made you derive 

positive feelings from the interaction with the interface to achieve the task at 

hand. 

 Satisfied - The feature could be further improved to meet your expectations 

but it was satisfactory enough for you to easily achieve your task.  

 Not so satisfied - The feature has to be improved in order to make it easier and 

more acceptable to use. Some satisfaction was derived from being somewhat 

able to achieve the desired task. 

 Not Satisfied - The feature did not meet your expectations, was not easy to use 

and you could not achieve your task without help or not at all. 

 Very Unsatisfied - Besides not meeting your expectations and its lack of 

usability, the UI feature made you derive strong negative feelings such as 

frustration, anger or lack of interest and motivation to figure out how to 

achieve the task at hand.  

From Figure 15 it can be seen that the majority of the users responded positively 

(Very Satisfied and Satisfied) for the use of the gauge chart to display the total energy 

consumption of the home. From the results obtained it can be claimed that the 

majority of them felt the use of the chart improved the ease of use and learnability of 

the interface while making the access to the information very fast. However a number 

of 3 users, all of them belonging to the high skilled user group, felt that the gauge 

chart UI element had to be improved in order to make users understand the 

functionality of this feature better.  
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Figure 15 shows the evaluation results of the first task which consisted in finding out the total energy 

consumption of the home. 

From the results obtained for the second task shown in Figure 16, it can be seen that 

users reported back a relatively good experience when reading the current energy 

consumption of the lightning systems from the bar chart. However when interacting 

with the interface for the first time, the users expressed less positive response in terms 

of understanding the purpose of the bar chart and in learning how to use it for the first 

time. They felt a legend had to be included in order to make it more understandable. 

However, once they learnt how to read the bar chart they reported very good positive 

feedback on using the bar chart for accessing this type of information.  

 
Figure 16 shows the results for evaluating the use of a bar chart for reading the energy consumption of 

the lightning systems in the home. 

0 1 2 3 4 5 6

time taken

ease of use

learnability

understandability of task achievement

T1 - Find out the current total energy 
consumption of your home and whether it is 

within normal values

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied

0 1 2 3 4 5 6 7

time taken

ease of use

learnability

understandability of task achievement

T2 - Find out the current energy consumption of 
all the lightning systems in the home and 

whether or not you are within your targeted 
limit.

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied



 

 

The Figure 17 shows the results of the user evaluation when using a pie chart to 

display the devices that are consuming the most energy in the home. For the different 

design aspects that were evaluated, almost all the users reported that using a pie chart 

for this task was very good in terms of learnability, ease of use and understandability 

of how to achieve the task. Using a pie chart also contributed to users accessing 

information about the devices consuming the most energy very efficiently.  

 
Figure 17 shows the results of the design aspects evaluated for the task of finding out which devices in 

the home automation systems are consuming the most energy. 

The Figure 18 shows the results of the user evaluation when using a panel widget to 

display the economic savings being currently incurred by the users. Similarly to the 

use of the pie chart, almost all the users reported a positive feedback when assessing 

the different design aspects of the interface when achieving the task at hand.  

 
Figure 18 shows the results of the design aspects evaluated for the task of finding out which whether 

economic savings were being achieved or not. 

0 1 2 3 4 5 6 7

time taken

ease of use

learnability

understandability of task achievement

T3 - Which is the device in the home that is 
consuming the most energy at the moment?

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied

0 1 2 3 4 5 6 7

time taken

ease of use

learnability

understandability of task achievement

T4 - How much cost savings or additional 
expenses are you incurring at the moment? 

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied
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The results of the evaluation of the satisfaction derived by the users when using the 

dashboard themed interface for the home energy management functionality are shown 

in the Figure 19 below. It shows that the majority of the participants felt that the 

current interface designed was usable enough and provided meaningful and useful 

features to them. Some design aspects concerning the experience of using the 

interface on different devices, the readability of the interface content on mobile 

devices and the organisation of the information and UI components could be 

improved to further enhance the user experience.  

 
Figure 19 shows the results of the satisfaction level of different aspects of the new home automation 

interface implemented using a dashboard theme.  

In order to benchmark the results of the user experience, an additional user evaluation 

was done with an existing FHEM interface, andFHEM. Due to the required technical 

knowledge in order to actually use the interface to perform tasks, a task evaluation of 

the interface could not be done as it was anticipated that most of the users would not 

be able to successfully achieve them as this required specific knowledge about FHEM 

commands. Instead, the participants were asked to evaluate the overall design of the 

interface from the visual and layout point of view.  

The Figure 20 below shows the results of the evaluation of the existing FHEM 

interface. All of the users expressed strong negative feedback from the need to install 

a different user interface for every different device that is used to interact with the 

home automation server. For the other design aspects of the interface, the majority of 

the users expressed negative feelings (Very Unsatisfied, Unsatisfied and Not so 

Satisfied) due to the need to possess specific technical knowledge about the system 

and the general lack of consideration to usability and user expectations in its design.  

0 1 2 3 4 5 6 7 8

Organisation

Usefulness of information

Usefulness of features

Readability on mobile device

Experience on different screen resolutions

Awareness of HAS status

Usefulness of the energy management

New Home Automation Interface

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied



 

 

 
Figure 20 shows the results of the satisfaction level of the different aspects of an existing FHEM 

interface designed for mobile devices. 
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Usefulness of features

Readability on mobile device

Experience on different screen resolutions

Awareness of HAS status

Usefulness of the energy management

Existing FHEM mobile interface, andFHEM

Very Unsatisfied Not Satisfied Not so Satisfied Satisfied Very Satisfied
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6 Discussion  

From the outcome of the research undertaken in order to understand the context of use 

of the HAS interface, it was confirmed that the UI development for a home 

automation application was a multi-disciplinary task and required a holistic 

understanding of the main design issues that were associated with each of the field 

involved.  

As an example, in the case where the front-end is developed entirely from a 

Home/Technology perspective where the developers will focus their work on solving 

design issues related to the heterogeneity of HAS technologies, they might miss 

requirements related to usability problems such as responsive designing or related to 

the limitations of the targeted users of the application as is the case when requiring 

users to type in command to control the devices. In a similar way if the UI 

development is regarded as being only a Human/Technology problem, HCI designers 

and developers are likely to not be aware of the need of the software to be highly 

abstracted from the underlying technologies of the HAS and this could result in tight 

coupling between the interface code and the interaction software modules that are 

directly referencing to device specific technologies in order to achieve device access 

and control functionalities. As a result of this tight-coupling, the UI becomes difficult 

to maintain and change to accommodate new devices and technologies.  

The QDA approach in order to collect data from the multiple disciplines involved in 

the development of a home automation application and in order to derive 

requirements for the design of the interface proved to be suitable. This claim was 

supported by the results of the evaluation of the final interface developed which 

showed that applying a holistic approach to this design task produced a good, usable, 

responsive and interactive interface from the users’ perspectives. In comparison, the 

evaluation of an existing FHEM interface that was developed with no consideration to 

the multi-disciplinary requirements showed a mostly negative feedback concerning its 

usability. 

In addition to the design method, the technology used for the UI development, that is 

JavaScript-based development framework, can be further investigated to determine 

the suitability of this language for application development of a HAS. As 

demonstrated by the literature review and the requirement elicitation process sections, 

the software implemented to develop the interface needs to be able to accommodate 

future changes, to be scalable and allow the use of new technologies at all the levels 

of the HAS architecture. The question of whether JavaScript is flexible and structured 

enough for these requirements still needs to be determined.   

  



 

 

7 Conclusion 

This paper presented the Qualitative Data Analysis design approach to design a user-

friendly, interactive and responsive user interface for a home automation system. The 

outcome of the document review and literature study done at the data collection stage 

of the QDA confirmed the idea that developing a UI for a HAS is a multi-disciplinary 

task that involves the automation field which focuses on the technologies, the human-

computer interaction field which focuses on the usability aspects of the interface 

design and on the social-psychological field which attempts to understand what 

characterises a good user experience for a HAS application. Therefore applying a 

design methodology that incorporates the design challenges and requirements from all 

these research areas was important to achieve the design goal of building a usable and 

multi-target interface.  

Developing intermediate design solutions that were evaluated through heuristics 

analysis tests ensured that usability problems could be caught during the early stages 

of the development process and that the design of the final interface was already 

improved and validated at an early stage by the users directly.  Finally the experience 

that users can derive from using the interface can be evaluated by measuring the 

success rate and satisfaction level when conducting a set of tasks on the final 

interface. The higher the success rates and satisfaction level, the more usable the 

interface was perceived to be usable which certainly would play a significant role in 

the prospective commercial success of the HAS.  

The choice of the home energy scenario exemplified the contribution that home 

automation technologies could bring to increase awareness amongst people about 

their energy consumption habits. It was argued that the more usable the home 

automation interface was, the more users were going to be motivated to use it into 

their everyday lives to achieve cost and energy savings.  

  



 

 

Appendix I 

1 Device 

1.1. Problems  
Theme Subtheme Case Problems ITEM_NO SOURCE 

Device device_management  Home/Technology To be able to add, delete and modify appliances in the 

automation system. 

1 (X. Zhao, C. Zhou & W. Huang 2013) 

Device device_management  Home/Technology Adding devices should be either manual or automatic. 2 (X. Zhao, C. Zhou & W. Huang 2013) 

Device group_functions  Home/Technology To allow different operations on multiple appliances and to 

be able to save this type of operation 

5 (X. Zhao, C. Zhou & W. Huang 2013) 

Device device_control  Home/Technology To allow control of equipment based on time, model of 

specific device, capabilities of specific device 

6 (X. Zhao, C. Zhou & W. Huang 2013) 

Device device_services  Home/Technology developing solutions that will suit and benefit such diverse 

households and be flexible enough to deal with constantly 

changing needs 

17 (Mennicken, Vermeulen & Huang 

2014) 

Device device_management  Home/Technology Configuration of the system by creating new instances of 

device types, possible device states, the types of argument 

sensed or accepted by the device, and its physical location. 

30 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Device device_control  Human/Technology Different sources of data, information components and 

control functions are not yet integrated together. For each 

function or component a different interface and/or 

interaction design is available. 

47 (Penner, Steinmetz 2002) 

Device device_management  Human/Technology extensibility after addition of new devices, thanks to proper 

abstractions; 

55 (De Paola et al. 2014) 

Device device_representation  Human/Technology interoperability, both with respect to physical devices and 59 (De Paola et al. 2014) 



 

 

with respect to other software systems 

Device device_representation  Human/Home inflexibility, 118 (Takayama et al. 2012) 

Device device_management  Human/Home To control appliances 124 (X. Zhao, C. Zhou & W. Huang 2013) 

Device group_functions  Human/Home To add, delete and modify devices 125 (X. Zhao, C. Zhou & W. Huang 2013) 

Device group_functions  Human/Home to create scenes or scenarios to control multiple devices 

according to their wishes 

129 (X. Zhao, C. Zhou & W. Huang 2013) 

Device group_functions  Human/Home Lightning systems: intelligent mood settings, all-lights off 

feature 

136 (Takayama et al. 2012) 

Device group_functions  Human/Home Centralized control of devices: To be able to control a 

group of devices at one go 

159 (Koskela, Väänänen-Vainio-Mattila 

2004) 

 

1.2. Solutions 

 

Theme Subtheme Case Solution ITEM_NO SOURCE 

Device device_control  Home/Technology control of equipment with special function control modes 

depending on the functional capabilities of the device being 

controlled 

6 (X. Zhao, C. Zhou & W. Huang 

2013) 

Device device_management  Home/Technology device management function 1 (X. Zhao, C. Zhou & W. Huang 

2013) 

Device device_management  Home/Technology automatically add new devices 2 (X. Zhao, C. Zhou & W. Huang 

2013) 

Device device_management  Human/Technology ensure that the home automation system is scalable and 

make addition of new devices possible. 

55 (De Paola et al. 2014) 



 

57 

 

Device device_representation  Home/Technology a common language to describe both sensors and buildings 10 (Weng, Nwokafor & Agarwal 2013) 

Device device_representation  Human/Technology a generic device description or abstraction to make addition 

of new devices easy and automatic 

55 (De Paola et al. 2014) 

Device device_representation  Human/Technology An object-oriented philosophy was used to represent the 

home automation into the physical/space layout of the home 

and its devices, and the latter's functional organization and 

location within the home. 

61 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Device device_services  Home/Technology the connections of plug-and-play services and device 

interfaces 

17 (Mennicken, Vermeulen & Huang 

2014) 

Device group_functions  Home/Technology create scenarios that will control multiple devices 5 (X. Zhao, C. Zhou & W. Huang 

2013) 

 

1.3. Requirements 
Theme Subtheme Requirement ITEM

_NO 

Device device_control The solution should allow equipment control with special function control modes if the device comes with advanced functional 

capabilities. 

6 

Device device_control The solution should offer a generic way of interacting with different device control technologies. 14 

Device device_control The solution should have a device control function to control the state of the device operation. 124 

Device device_management The solution should have a device management function to view, add, delete and modify devices. 1 

Device device_management The solution should automatically or manually add new devices that are installed in the home through the device management. 2 

Device device_representation The solution should use a generic data representation or a common language to describe both devices and buildings independent of 

underlying technology or structure. 

10 



 

 

Device device_representation The solution should ensure that the generic data representation of the home automation system components can support new device 

technologies. 

56 

Device device_services The solution should allow the connections of plug-and-play services and device interfaces 17 

Device group_functions The solution should allow users to create device groups so that several devices can be controlled simultaneously. 5 

1.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Device device_control 22 There is a slider bar to adjust 

some parameter 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Device device_control 41 Device Level Control:  the user 

can toggle on/off the various 

devices and observe the effects 

of their actions on the system 

as a whole 

KEY_FEATUR OPCWEB http://www.opcweb.com 

Device device_control 53 To implement the use of 

gauges by changing the 

position, size or scale of a 

vertical or horizontal slider 

component 

JAVASCRIPT OPCWEB http://www.opcweb.com 

Device device_control 70 Simple control input elements 

are used to control the devices 

and change their status. 

JAVASCRIPT GROOV http://groov.com/ 

Device device_representation 25 Using radial gauges to display 

analog values 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Device device_representation 26 A simple mimic of “on” and 

“off” light indicator to show if 

device state is on or off 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Device device_representation 27 An advanced light indicator 

has different glowing intensity 

based on the state of the 

current device. The devices has 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 



 

59 

 

a finite number of states. 

Device device_representation 28 Have two different mimics, 

usually either green or red in 

color, to show on or off state. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Device device_representation 29 Changing the color of labels or 

text field to convey the 

perceived state of the device, 

whether a rather high or rather 

low value. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Device device_representation 35 Universal Visualization: 

Choose from variety of pre-

configured device templates 

that include resolution, aspect 

ratio and a faceplate to mimic 

the look and feel of the 

selected device. 

KEY_FEATUR IONICS 

MOBILE 

HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 

Device device_representation 60 A scale element was used to 

show the progression of the 

power consumption of the 

device. 

JAVASCRIPT GROOV http://groov.com/ 

Device device_representation 69 Simple geometry UI elements 

are used to report back the 

actual status of some 

individual devices or locations 

within the system. 

JAVASCRIPT GROOV http://groov.com/ 

2. System 

2.1. Problems 
Theme Subtheme Case Problems ITEM_NO SOURCE 

System automation  Human/Technology Providing a usable application yet flexible enough to have complex 45 (Rietzler et al. 



 

 

control capabilities. 2013) 

System automation  Human/Technology Users feel satisfaction derived from a feeling of being in control and 

trusting the system when they can specify the causalities (in terms of 

time or events or information) of the automation behaviour 

79 (Koskela, 

Väänänen-Vainio-

Mattila & Lehti 

2004) 

System automation  Human/Home For instant control on mobile UI, interactions steps should be kept 

simple and to a minimum. 

165 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System automation  Human/Technology Seamless interaction between users and home automation system is 

still unreachable: autonomous technologies often leave users feeling 

out of control, without the possibility to adjust the level of autonomy 

of their home according to their needs 

43 (De Russis, Corno 

2015) 

System automation  Human/Home lightning systems: to be flexible to unexpected schedules for e.g if 

the all lights off feature is supposed to trigger at a specific time it 

should consider if everyone is asleep first. 

156 (Takayama et al. 

2012) 

System automation  Human/Home On the other hand, they would like to have functions for impulsive 

and unexpected tasks. 

153 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System automation  Human/Home On one hand, users need functions to handle familiar and recurrent 

activity patterns. 

152 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System automation  Human/Home Intelligent temperature monitoring and automation systems for 

reducing energy consumption 

134 (Takayama et al. 

2012) 

System cost  Human/Home high cost of ownership, 116 (Takayama et al. 

2012) 

System system_management  Human/Home and difficulty achieving security 122 (Takayama et al. 

2012) 

System system_management  Human/Home To view and change system configuration 127 (X. Zhao, C. Zhou 



 

61 

 

& W. Huang 2013) 

System system_management  Home/Technology To be able to make queries and different analysis on power and 

energy consumption 

4 (X. Zhao, C. Zhou 

& W. Huang 2013) 

System system_management  Home/Technology To be able to view and modify system information such as system 

time, IP or device addresses 

3 (X. Zhao, C. Zhou 

& W. Huang 2013) 

System system_management  Human/Technology Local and remote access to the home; 64 (R. J. C. Nunes, J. 

C. M. Delgado 

2000) 

System system_view  Home/Technology Monitoring the system, offering two views: physical, in which the 

location of the devices is displayed, and functional, in which objects 

are organized according to their functional category 

32 (R. J. C. Nunes, J. 

C. M. Delgado 

2000) 

System system_view  Human/Technology home inhabitants, particularly those who do not have any technical 

knowledge, have problems understanding, administering and 

troubleshooting smart home technologies 

41 (De Russis, Corno 

2015) 

System system_view  Human/Technology Satisfaction from ease of use and learning 82 (Mennicken et al. 

2014) 

System user_configuration  Human/Home Lightning systems: intelligent mood settings, all-lights off feature 137 (Takayama et al. 

2012) 

System user_configuration  Human/Home to create scenes or scenarios to control multiple devices according to 

their wishes 

129 (X. Zhao, C. Zhou 

& W. Huang 2013) 

System user_configuration  Human/Technology o allow users to identify automation opportunities and to customize 

behaviour of the automation system 

67 (Mennicken, 

Vermeulen & 

Huang 2014) 

System user_configuration  Human/Home For pattern control, input of timings, repeated tasks and planning of 

tasks should be easy to enter and visualize 

164 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 



 

 

System user_configuration  Human/Technology To overcome passive users’ reluctance to use novel interfaces and 

lack of confidence in them 

73 (Mennicken et al. 

2014) 

System user_configuration  Human/Home customize the home according to the users' moods. 115 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System user_configuration  Human/Home Complex yet easy end-user configuration through usable and 

flexible interfaces 

123 (Rietzler et al. 

2013) 

System user_configuration  Human/Home To make rooms express the users' moods by adjusting light intensity 

and volume level of music players or television set 

145 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System user_configuration  Human/Home Additional features allow other user-controlled automation features 

such as controlling of lights and curtains. The UI offered the 

possibility for the users to define timings at which curtains and lights 

should behave in a certain way. It was possible for users to select 

previously configured user-controlled automation tasks. 

146 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 

System user_configuration  Human/Home Personalize the home 103 (Takayama et al. 

2012) 

System user_configuration  Human/Technology To make smart home configuration usable for end-user 46 (Rietzler et al. 

2013) 

System user_configuration  Human/Technology Allow the user to configure the system accordingly to his house and 

his specific needs 

62 (R. J. C. Nunes, J. 

C. M. Delgado 

2000) 

System user_configuration  Human/Technology inhabitants, especially those who do not have technical knowledge, 

have problems administering, troubleshooting and ultimately 

deriving benefits from smart home technologies 

71 (Mennicken et al. 

2014) 

System user_configuration  Human/Technology Users feel satisfaction derived from a feeling of being in control and 

trusting the system when they can specify the causalities (in terms of 

time or events or information) of the automation behaviour. 

79 (Koskela, 

Väänänen-Vainio-

Mattila 2004) 
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System user_configuration  Human/Technology Overreaching ones abilities in technology or to program. 40 (Takayama et al. 

2012) 

System user_configuration  Human/Technology A situation in which only one person knows how to use the interface 

to control the home automation system 

38 (Takayama et al. 

2012) 

System user_configuration  Human/Home Create customized scenarios for getting up: ring alarm, turn on lights 

and radio and coming home: turn on heater, turn on oven 

142 (Rietzler et al. 

2013) 

System user_configuration  Home/Technology Program the behaviour of the system by create customized scripts 

and scenarios 

31 (R. J. C. Nunes, J. 

C. M. Delgado 

2000) 

System user_configuration  Home/Technology to allow users to identify automation opportunities and to customize 

behaviour of the automation system 

20 (Mennicken, 

Vermeulen & 

Huang 2014) 

System user_configuration  Human/Home lightning systems: to make the house appear occupied even when the 

family was out of town 

168 (Takayama et al. 

2012) 

System user_configuration  Human/Home For customized scenarios: prevent the cat from jumping onto the 

kitchen table by activating the blender when it does. 

170 (Takayama et al. 

2012) 

2.2. Solutions 
Theme Subtheme Case Solution ITEM_NO SOURCE 

System automation  Human/Technology The solution should request which level of automation that the user 

wishes to achieve. The highest level of automation does not require 

user permission for any automated task whereas the lowest level 

requires user confirmation for every task before being executed. 

43 (De Russis, 

Corno 2015) 

System automation  Human/Technology A process-driven home automation was proposed as an approach to 

reduce the difficulty of specifying automation tasks without 

restricting users in terms of customizability and complexity of 

supported scenarios. Processes were used to model human activities 

as sequences of events and actions. An Android-based tablet app 

provides the (Rietzler et al. 2013) user interface to create and manage 

automation sequences. In the sequence editor, the user creates 

44 (Rietzler et al. 

2013) 



 

 

sequences by dragging available devices, represented as block icons 

(called blox), from the top tool bar onto the canvas and drawing 

connections between them. 

System automation  Human/Technology facilitating control of automated home technologies by offering more 

means to easily modify existing events and create new ones 

71 (Mennicken et al. 

2014) 

System automation  Human/Technology Home activities were classified based on their immediate necessity 

and on the frequency at which they need to be done. 

74 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

System cost  Human/Technology A unique and global interface was used and based on a web browser 

and using Internet standard technologies; 

64 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System system_management  Home/Technology show current system settings and allow modification of setting when 

appropriate: time, IP or device addresses 

3 (X. Zhao, C. 

Zhou & W. 

Huang 2013) 

System system_management  Home/Technology local or remote control to the home automation server 15 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System system_management  Human/Technology For efficiency and performance reasons, remote access to the 

automation system should be possible and centralized control should 

be supported 

75 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

System system_management  Human/Technology Making the user interface accessible by multiple mobile devices, as 

opposed to having a single access to the system. 

87 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

System system_management  Human/Technology To increase the interest and to encourage all inhabitants to be 

involved the solution should provide means to facilitate 

configurations of the automation behaviour according to their needs. 

88 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 
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System system_view  Human/Technology Keep the system design simple enough for early adopters and early 

majorities, not only innovators 

39 (Takayama et al. 

2012) 

System system_view  Human/Technology An object-oriented philosophy was used to represent the home 

automation into the physical/space layout of the home and its 

devices, and the latter's functional organization and location within 

the home. 

61 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System user_configuration  Home/Technology create scenarios that will control multiple devices 5 (X. Zhao, C. 

Zhou & W. 

Huang 2013) 

System user_configuration  Home/Technology customize the behaviour of the automation system. 13 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System user_configuration  Home/Technology a user-friendly way for the user to program or customize the 

behaviour of the automation system 

20 (Mennicken, 

Vermeulen & 

Huang 2014) 

System user_configuration  Human/Technology Design end-user interfaces, not just early adopter ones 37 (Takayama et al. 

2012) 

System user_configuration  Human/Technology End-user configurability was ensured by allowing users to define 

rules, without the need to write code, to delegate boring or repetitive 

tasks to the home automation system. 

41 (De Russis, 

Corno 2015) 

System user_configuration  Human/Technology The home was represented using an object-orieted approach. The 

behaviour of the system could be programmed at two levels 

scenarios (simpler level) and scripts (full flexibility); 

62 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System user_configuration  Human/Technology simple programming model to define the behavior of the home was 

used so that home dwellers with little knowledge of computers can 

use it 

65 (R. J. C. Nunes, 

J. C. M. Delgado 

2000) 

System user_configuration  Human/Technology Making use of a user-friendly way for the user to program or 

customize the behaviour of the automation system 

67 (Mennicken, 

Vermeulen & 



 

 

Huang 2014) 

System user_configuration  Human/Technology The interface should require explicit user input to configure the 

automation system. The solution should enable end-user 

configurability of the automation behaviour. 

79 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

System user_configuration  Human/Technology Provide a simple and clear visualization of existing rules. With a 

simple and clear visualization of rules, home inhabitants accept and 

use better their smart home 

85 (De Russis, 

Corno 2015) 

2.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

System automation The solution should request which level of automation that the user wishes to achieve. The highest level of automation does not 

require user permission for any automated task whereas the lowest level requires user confirmation for every task before being 

executed. 

43 

System automation The solution should define the triggering events of the automation behaviour using user-friendly metaphors. For e.g: human actions, 

time of the day, hardware event, environmental change or information event. 

45 

System automation The solution should provide a visualization of the past, present and future automation events. 70 

System automation The solution should notify users of automation tasks scheduled for the day, for the next 6 hours or 1 hour or happening now. 149 

System automation The solution should provide automation control functions that follow users' natural activity patterns in the home. For e.g: Pattern 

control should be available for tasks that are predictable and are recurrent. Instant control should be possible for tasks that are 

unpredictable and impulsive. 

152 

System cost The solution should avoid proprietary protocols and use open standards. 116 

System system_management The solution should show current system settings and allow modification of setting when appropriate: time, IP or device addresses. 3 

System system_management The solution should allow local or remote control and access to the home automation server 15 

System system_management The solution should allow a centralized access to the home automation system while allowing several target end-devices to 

communicate with it. 

75 
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System system_view The solution should ensure that the interface employs user-friendly metaphors to describe the behaviour and state of the home so that 

users who don't have technical or programming background can understand the system. 

19 

System system_view The interface should organise device view according to their location or functionality 32 

System user_configuration The solution should enable end-user configurability of the home automation behaviour. 13 

System user_configuration The solution should make end-user configurability user-friendly and independent of whether the user has a programming or technical 

background. 

20 

System user_configuration The solution should ensure that end-user configurability supports both simple and complex user-defined scenarios. 44 

System user_configuration The end-user configurability should include the features of easily modifying an existing automation task. 72 

System user_configuration The solution should give visualization feedback when the user performs an automation task or configuration or about automation 

tasks already configured. 

82 

2.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

System automation 16 Process automation: 

Customised control loops and 

scenarios, configuration of time 

& event based triggers, 

Automatic notification 

KEY_FEATUR BAX 

ENERGY 

http://www.baxenergy.com/ 

System system_management 46 Updating the server values 

when a user clicks/taps to 

change the value or state 

represented by a UI element 

JAVASCRIPT OPCWEB http://www.opcweb.com 

System system_management 48 Values acquired by the 

automation server can be 

displayed dynamically on 

HTML elements using AJAX 

for two-way date binding 

without having to reload the 

page and change the look and 

JAVASCRIPT OPCWEB http://www.opcweb.com 



 

 

feel of the interface. 

System system_management 55 The Javascript library requests 

data points from the automation 

server through the information 

model and provides them to the 

client application 

JAVASCRIPT OPCWEB http://www.opcweb.com 

System system_management 57 REST APIs: The data from the 

automation server can be 

exposed and provided to client 

application using REST API 

interfaces to create, modify and 

remove HTTPs secured requests 

to access devices' data and 

functionalities. 

JAVASCRIPT OPCWEB http://www.opcweb.com 

System system_view 19 View of system in terms of 

multi-levels/hierarchy interface 

depending on functionality or 

location or level in the system 

hierarchy. 

KEY_FEATUR COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

System system_view 39 Information architecture 

organises menu according to 

functional areas of the 

automation system: boiling 

systems, lightning systems, 

heating systems 

KEY_FEATUR IONICS 

MOBILE 

HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 

System system_view 58 Organisation of devices 

according to their 

functionalities and location: 

hvac, lights, studio etc... 

KEY_FEATUR GROOV http://groov.com/ 

System system_view 68 The automation system is 

organised into different 

functional areas. A global 

representation of each 

functional area are displayed in 

JAVASCRIPT GROOV http://groov.com/ 
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different interfaces. 

System user_configuration 6 Making use of an information 

model allows powerful 

automation workflows to be 

configured by users. 

LESSON_LEA B-SCADA http://scada.com/Verticals/BuildingAutomation 

System user_configuration 71 Rule-based configuration for 

automating tasks 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 72 Creating an automation profile KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 73 Users can create and customize 

their own automation profiles. 

A name and description are 

given to each profile for easy 

identification in a list. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 75 Easy navigation for the user to 

go to the next screen or cancel 

the profile creation. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 76 The user can choose between 

basic and advanced 

configuration of the automation 

profile. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 77 A time metaphor can be used to 

specific a time-based event for 

selecting a specific automation 

profile. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 78 A summary of automation 

profiles for each day is 

displayed on a “earliest first” 

basis so that the user can better 

understand the automation 

behaviour that was configured. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 



 

 

System user_configuration 79 The user can specific recurrent 

automation tasks for several 

days of the week. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 80 An “add” UI element is 

included in the event 

configuration interface so that 

the user can select several 

automation profiles for a single 

day. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 81 Selectable UI elements that 

represent days of the week 

allow users to specify recurrent 

automation tasks for several 

days of the week 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 82 Condition metaphors can be 

used by users to specify 

triggering events to activate a 

specific profile. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 83 a slider input element was used 

to allow users to specific a 

boundary value to represent the 

level of the data being 

monitored (battery level in this 

case) at which the required 

automation tasks, configured in 

the profile, should be started. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

System user_configuration 84 Rule-based automation of tasks KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

System user_configuration 85 makes use of trigger, action and 

filter (exceptional conditions 

during which action is not 

performed) conditions to create 

rules that specify the conditions 

that will automate the execution 

of a task as specified by the 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 
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selected action. 

System user_configuration 86 Specification of multiple 

conditions 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

System user_configuration 87 More complex automation tasks 

can be defined as users can 

specific multiple input 

triggering conditions and 

filtering conditions  to perform 

multiple actions as well. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

System user_configuration 89 Interactive “add” UI elements 

are used on the interface to 

quickly add another condition. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

3.  Information  

3.1. Problems 
Theme Subtheme Case Problems ITEM_NO SOURCE 

Information analytics  Home/Technology To be able to make queries and different analysis on power and 

energy consumption 

4 (X. Zhao, C. Zhou & W. Huang 

2013) 

Information analytics  Home/Technology To query CO2 emissions 7 (X. Zhao, C. Zhou & W. Huang 

2013) 

Information analytics  Home/Technology Data analysis 23 (Weng, Nwokafor & Agarwal 

2013) 

Information analytics  Home/Technology Display measured the environmental conditions (e.g., 

temperature, light intensity); 

25 (De Paola et al. 2014) 

Information analytics  Home/Technology monitoring energy consumption; 26 (De Paola et al. 2014) 

Information analytics  Human/Home To make queries and analyses about power consumption 126 (X. Zhao, C. Zhou & W. Huang 



 

 

2013) 

Information analytics  Human/Home Intelligent temperature monitoring and automation systems for 

reducing energy consumption 

133 (Takayama et al. 2012) 

Information analytics  Human/Home Energy systems:  monitoring power consumption 138 (Takayama et al. 2012) 

Information data_aggregation  Home/Technology To manage and make sense out of the large amount of data 

generated by smart devices in the home automation system. 

9 (Weng, Nwokafor & Agarwal 

2013) 

Information data_aggregation  Home/Technology to process huge amount of data generated by sensors and other 

devices and make useful and meaningful visualizations of this 

data 

19 (Mennicken, Vermeulen & Huang 

2014) 

Information data_aggregation  Home/Technology Integrating information from heterogeneous sources and 

technologies 

21 (Kastner et al. 2005) 

Information information_view  Human/Technology Different sources of data, information components and control 

functions are not yet integrated together. For each function or 

component a different interface and/or interaction design is 

available. 

49 (Penner, Steinmetz 2002) 

Information information_view  Human/Technology software modularity; 58 (De Paola et al. 2014) 

Information information_view  Human/Technology To have an interface that offers an integrated view of the home 

and has a common feel and look and support different sensing 

and actuating methods despite all the different device 

technologies used. 

61 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Information information_view  Human/Technology To provide inhabitants who are not actively involved in the 

configuration process of their home automation system, with 

better means to understand their home, as well as to increase 

their motivation to actively engage with its configuration 

68 (Mennicken et al. 2014) 

Information information_view  Human/Technology Satisfaction from ease of use and learning 84 (Koskela, Väänänen-Vainio-

Mattila 2004) 
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Information information_view  Human/Home strong interest in understanding the patterns of their own 

activities and their effects on energy and other resources (water, 

food) so to optimize their usage. 

108 (Mennicken, Vermeulen & Huang 

2014) 

Information information_view  Human/Home inflexibility, 119 (Takayama et al. 2012) 

Information information_view  Human/Home reveal family disagreements about correct settings 151 (Takayama et al. 2012) 

3.2. Solutions 
Theme Subtheme Case Solution ITEm_NO SOURCE 

Information analytics  Home/Technology queries and display analysis of power and energy consumption 4 (X. Zhao, C. Zhou & W. Huang 

2013) 

Information data_aggregation  Home/Technology aggregate data according to predefined sensor groups or location 9 (Weng, Nwokafor & Agarwal 

2013) 

Information information_view  Home/Technology user-friendly metaphors to describe the behaviour and state of 

the home 

19 (Mennicken, Vermeulen & Huang 

2014) 

Information information_view  Human/Technology Facilitating better understanding of automated home 

functionalities by visualizing aggregated events in the home 

(past, present and future) in a single interface; 

69 (Mennicken et al. 2014) 

3.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

Information analytics The solution should accept queries and display analysis of power and energy consumption. 4 

Information data_aggregation The solution should aggregate data into useful information according to predefined sensor groups or location. For e.g: Total energy 

consumption by lightning systems, Total energy consumption per room. 

9 

Information information_view The solution should ensure that the interface employs user-friendly metaphors to describe the behaviour and state of the home so 

that users who don't have technical or programming background can understand the system. 

19 

Information information_view The solution should aggregate and provide visualizations about past data stored and information processed using user-friendly 69 



 

 

temporal metaphors or trending charts. For e.g: Total energy consumption per room for the past week. 

Information information_view The solution should provide a visualization of the past, present and future automation events. 70 

3.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Information analytics 21 Having additional 

display of information (a 

trend chart) to allow 

users to better 

understand the state of 

the system or the part of 

the system being 

monitored. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Information analytics 31 Using trend chart to 

display monitored value 

against time 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Information analytics 33 Implement mathematical 

equations or logical 

operations to generate 

charts. For instance, 

power of a device can be 

calculated from the 

current and voltage 

values. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Information analytics 55 Generating real-time and 

historical trend charts: It 

is possible to add real 

time charting 

capabilities into the web-

based interface. The 

Javascript library 

requests data points from 

the automation server 

through the information 

model and provides 

them to the client 

JAVASCRIPT OPCWEB http://www.opcweb.com 



 

75 

 

application 

Information analytics 105 Pie charts are used to 

compare energy 

consumption by 

different devices 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information analytics 107 A trending chart that 

shows both calculated 

electricity cost and 

energy consumption 

over a period of time is 

used to give the user an 

idea about his overall 

energy-related expenses 

and energy usage. 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information analytics 111 Bar charts and line 

charts can be used to 

display targeted energy 

consumption against 

actual energy 

consumption to give 

users an idea of whether 

they are meeting their 

targets. 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information data_aggregation 5 Besides raw data, 

additional information 

can be associated with 

devices when an 

information model is 

used. For instance, 

mathematical formulas 

and ratios can be stored 

with sensor data so that 

it becomes easier to 

compute more relevant 

and intelligent 

information such as cost 

LESSON_LEA B-SCADA http://scada.com/Verticals/BuildingAutomation 



 

 

and efficiency. 

Information data_aggregation 14 Aggregated or calculated 

information: Target 

Energy Consumption/ 

Actual Energy 

consumption 

KEY_FEATUR BAX ENERGY http://www.baxenergy.com/ 

Information data_aggregation 66 Data from different 

sensors is aggregated, 

processed and displayed 

in a single interface. For 

instance, the total 

building power 

consumption has been 

calculated from the 

power consumption 

values sent by the  

individual energy 

meters. 

JAVASCRIPT GROOV http://groov.com/ 

Information information_view 15 Data analytics: View 

historical weekly, 

monthly, daily data 

stored, Comparison of 

data stored, Statistical 

analysis 

KEY_FEATUR BAX ENERGY http://www.baxenergy.com/ 

Information information_view 22 It might be possible to 

directly view the effects 

of adjusting the slider 

bar parameter on the 

values being monitored 

on the chart. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Information information_view 34 Instant Access and 

Analytics: See Energy, 

Production and other 

critical information, 

Real-time and historical 

data, KPIs, Alarms, 

KEY_FEATUR IONICS 

MOBILE HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 
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Trends, Scorecards 

Information information_view 39 Information architecture 

organises menu 

according to functional 

areas of the automation 

system: boiling systems, 

lightning systems, 

heating systems 

KEY_FEATUR IONICS 

MOBILE HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 

Information information_view 104 Gauges are used to 

indicate normal or 

excessive energy 

consumption to users 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information information_view 106 An interactive UI 

element to represent a 

clock is used to indicate 

to users the times of the 

day for the low utility 

fare. A red color on the 

clock is used to indicate 

most expensive fare, 

yellow color is used to 

show less expensive fare 

and no color is used to 

show low fare. 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information information_view 108 Using gauges to 

visualise the carbon 

footprint and 

sustainability of the 

energy consumption and 

other meaningful 

information relevant to 

the user. 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Information information_view 109 Motivating users to 

reduce energy 

consumption by 

displaying both energy 

KEY_FEATUR HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 



 

 

and cost savings 

4. Notifications  

4.1. Problems 
Theme Subthemes Case Problems ITEM_NO SOURCE 

Notifications event_alerts  Home/Technology To query CO2 emissions and be alerted on certain conditions 7 (X. Zhao, C. Zhou & W. Huang 

2013) 

Notifications event_alerts  Human/Home To have instant and customized notifications 130 (X. Zhao, C. Zhou & W. Huang 

2013) 

Notifications user_notifications  Home/Technology interacting with users to send them notifications and to gather 

feedbacks and commands from them 

28 (De Paola et al. 2014) 

Notifications user_notifications  Human/Home To create alarms 128 (X. Zhao, C. Zhou & W. Huang 

2013) 

Notifications user_notifications  Human/Home When a user-defined control is done, a notification should be sent 

to all users/devices of the home automation system to avoid 

undesirable surprises. 

158 (Koskela, Väänänen-Vainio-

Mattila 2004) 

4.2. Solutions 
Theme Subtheme Case Solution ITEM_NO SOURCE 

Notifications event_alerts  Home/Technology notifications about user-defined alerts 7 (X. Zhao, C. Zhou & W. Huang 

2013) 

Notifications user_notifications  Home/Technology allow users to define their own monitoring alerts. 8 (X. Zhao, C. Zhou & W. Huang 

2013) 

4.3. Requirements 
Theme Subtheme Requirement ITEM_NO 



 

79 

 

Notifications event_alerts The solution should generate notifications for alerts. 7 

Notifications event_alerts The solution should notify users of automation tasks scheduled for the day, for the next 6 hours or 1 hour or happening now. 149 

Notifications user_notifications The solution should allow users to define their own monitoring alerts. 8 

Notifications user_notifications The solution should provide instant notifications on user-defined conditions. 130 

4.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Notifications event_alerts 56 With some JavaScript, CSS and HTML code, an active real time 

Alarm Control can be embedded into the web application. Some 

interactivity features of the Alarm Control include: Configuring the 

number and labelling of columns in the alarm table. Configuring 

pagination and sorting of the alarm table Enabling client application 

to request for filetered searches 

JAVASCRIPT OPCWEB http://www.opcweb.com 

5. Interface 

5.1. Problems 
Theme Subtheme Case Problems ITEM_NO SOURCE 

Interface advanced_features  Human/Home power management 100 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface advanced_features  Human/Home to enhance residential living comfort by interconnecting 

household devices 

104 (Rietzler et al. 2013) 

Interface advanced_features  Human/Home security 111 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface advanced_features  Human/Home energy savings 113 (Koskela, Väänänen-Vainio-

Mattila 2004) 



 

 

Interface advanced_features  Human/Home Security systems: to detect break-ins, notify police and home 

owners and help police identify the intruder 

135 (Takayama et al. 2012) 

Interface advanced_features  Human/Home Automatic irrigation systems that take into account predicted 

weather conditions 

140 (Takayama et al. 2012) 

Interface advanced_features  Human/Home Entertainment systems: Control of media being played and 

playback settings. 

141 (Takayama et al. 2012) 

Interface advanced_features  Human/Home convenience: the possibility to access the home automation 

functions when the users are not at home: for example, to 

monitor moisture, temperature, and lighting of the plants at 

home 

144 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface basic_features  Human/Home monitoring air quality, water use and electricity usage 131 (Takayama et al. 2012) 

Interface basic_features  Home/Technology High level management and supervisory control 24 (Weng, Nwokafor & Agarwal 

2013) 

Interface basic_features  Human/Home Automated climate control systems: monitored local climates 

around many parts of the house so that the home automation 

system could autonomously take actions based on measurements 

taken. 

139 (Takayama et al. 2012) 

Interface basic_features  Home/Technology modifying the environmental conditions; 27 (De Paola et al. 2014) 

Interface basic_features  Home/Technology the automation of heating, ventilation and air-conditioning 

systems 

33 (Kastner et al. 2005) 

Interface basic_features  Home/Technology automation of lighting, and shading 34 (Kastner et al. 2005) 

Interface basic_features  Human/Home Comfortable living environment 98 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface basic_features  Human/Home Controlling of appliances - to make indoor condition more 

comfortable 

166 (X. Zhao, C. Zhou & W. Huang 

2013) 
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Interface data_representation  Home/Technology To build reusable building automation applications 12 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Interface data_representation  Human/Technology To design interfaces that allow inhabitants to navigate, 

understand, and interact with a potentially overwhelming 

amount of information and controls 

69 (Mennicken et al. 2014) 

Interface desired_features  Home/Technology monitoring energy consumption; 26 (De Paola et al. 2014) 

Interface desired_features  Human/Home Intelligent temperature monitoring and automation systems for 

reducing energy consumption 

132 (Takayama et al. 2012) 

Interface desired_features  Human/Home customize the home according to the users' moods. 115 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface desired_features  Human/Home convenience: free from household and remote access to home 

automation functions 

114 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface desired_features  Human/Home Security systems: to know was the location of the intruder 155 (Takayama et al. 2012) 

Interface desired_features  Human/Home Security systems: To prevent thefts and robberies when nobody 

is at home 

167 (Takayama et al. 2012) 

Interface desired_features  Human/Home Energy systems: monitoring power generated from solar power 

systems 

157 (Takayama et al. 2012) 

Interface desired_features  Human/Home interest in achieving peace of mind or an interest in feeling 

connected to one’s home, ie, security 

110 (Mennicken, Vermeulen & 

Huang 2014) 

Interface desired_features  Human/Home technology physically embodied in the home might support 

lifestyles such as green living, slow living, or spirituality 

109 (Mennicken, Vermeulen & 

Huang 2014) 

Interface desired_features  Human/Home strong interest in understanding the patterns of their own 

activities and their effects on energy and other resources (water, 

food) so to optimize their usage. 

107 (Mennicken, Vermeulen & 

Huang 2014) 

Interface desired_features  Human/Home enables functionalities that were not possible before through the 106 (Mennicken, Vermeulen & 



 

 

use of computing technologies Huang 2014) 

Interface desired_features  Human/Home increases the comfort of the inhabitants 105 (Mennicken, Vermeulen & 

Huang 2014) 

Interface desired_features  Human/Home Energy systems: Power monitoring should include minute-by-

minute energy usage of individual appliances so as to detect 

abnormal usage. 

162 (Takayama et al. 2012) 

Interface desired_features  Human/Home lightning systems: to make the house appear occupied even 

when the family was out of town 

168 (Takayama et al. 2012) 

Interface desired_features  Human/Home To remotely monitor and control vacation home 169 (Takayama et al. 2012) 

Interface desired_features  Human/Home home automation can provide important support for lifestyle 

choices (e.g., green living, slow living, and spirituality) 

101 (Takayama et al. 2012) 

Interface desired_features  Human/Home Peace of mind: Home automation that allows people to see what 

is going on in their home while they are away can provide a 

form of reassurance 

102 (Takayama et al. 2012) 

Interface desired_features  Human/Home Personalize the home 103 (Takayama et al. 2012) 

Interface desired_features  Human/Home easy control of appliances 99 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface desired_features  Human/Home security: the possibility to monitor the state of the home’s 

electrical appliances and to turn off appliances that have been 

left on 

143 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface desired_features  Home/Technology scheduling of tasks 35 (Kastner et al. 2005) 

Interface interface_adaptibility  Human/Technology Very often some individual functions in the automation systems 

are hard-coded and thus the overall interface is hard to maintain 

to accommodate future changes. 

51 (Penner, Steinmetz 2002) 

Interface interface_adaptibility  Human/Technology The fact that each building is unique in nature makes it difficult 

to attempt to create a uniform user interface. Buildings have 

52 (Penner, Steinmetz 2002) 
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different physical layouts, which means that the number of 

floors or rooms differ for each one. Also each building has a 

different set of users with different roles, different system and 

control configuration and different sets of devices installed in 

different rooms. 

Interface interface_adaptibility  Human/Technology extensibility after addition of new devices, thanks to proper 

abstractions; 

56 (De Paola et al. 2014) 

Interface interface_interoperability  Home/Technology Integrating information from heterogeneous sources and 

technologies 

21 (Kastner et al. 2005) 

Interface interface_interoperability  Human/Home inflexibility, 120 (Takayama et al. 2012) 

Interface interface_interoperability  Home/Technology The data sources are closed off and data description is arbitrary 

and not interoperable. 

10 (Weng, Nwokafor & Agarwal 

2013) 

Interface interface_interoperability  Human/Technology interoperability, both with respect to physical devices and with 

respect to other software systems 

60 (De Paola et al. 2014) 

Interface interface_interoperability  Home/Technology to consider interoperability with other devices or services, but 

also how end-users can identify and configure meaningful 

connections between them 

18 (Mennicken, Vermeulen & 

Huang 2014) 

Interface interface_interoperability  Home/Technology There exists a wide variety of informtion models for BAS that 

are based on proprietary communication interfaces and data 

representations and thus are not interoperable with other existing 

models. 

22 (Kastner et al. 2005) 

Interface interface_learnability  Human/Home reveal family disagreements about correct settings 150 (Takayama et al. 2012) 

Interface interface_learnability  Human/Home they do not attempt to change or control the quantity being 

measured for fear of doing something wrong 

148 (Takayama et al. 2012) 

Interface interface_learnability  Human/Technology inhabitants, especially those who do not have technical 

knowledge, have problems administering, troubleshooting and 

ultimately deriving benefits from smart home technologies 

71 (Mennicken et al. 2014) 



 

 

Interface interface_learnability  Human/Home the interface should be simple intuitive but not inflexible 160 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface interface_learnability  Human/Technology Consistent activity patterns: Users show satisfaction (due to a 

feeling of being in control of the situation) and perform 

efficiently when they can carry out different tasks in a 

systematic and familiar way 

78 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface interface_learnability  Human/Technology Satisfaction from ease of use and learning 85 (De Russis, Corno 2015) 

Interface interface_learnability  Human/Home poor manageability, 121 (Takayama et al. 2012) 

Interface interface_learnability  Human/Technology Satisfaction from motivation to use and learn 89 (Koskela, Väänänen-Vainio-

Mattila 2004) 

Interface interface_reusability  Human/Technology To provide a single website user interface that is compliant and 

adapts to different screen size without the need for any 

configuration. 

92 (Lestari, Hardianto & Hidayanto 

2014) 

Interface interface_reusability  Human/Technology software modularity; 57 (De Paola et al. 2014) 

Interface interface_view  Home/Technology to process huge amount of data generated by sensors and other 

devices and make useful and meaningful visualizations of this 

data 

19 (Mennicken, Vermeulen & 

Huang 2014) 

Interface interface_view  Human/Home reveal the difficulties for the given control schemes to adapt to 

unexpected family schedules 

149 (Takayama et al. 2012) 

Interface interface_view  Human/Technology Different sources of data, information components and control 

functions are not yet integrated together. For each function or 

component a different interface and/or interaction design is 

available. 

50 (Penner, Steinmetz 2002) 

Interface interface_view  Human/Technology To have an interface that offers an integrated view of the home 

and has a common feel and look and support different sensing 

and actuating methods despite all the different device 

technologies used. 

61 (R. J. C. Nunes, J. C. M. Delgado 

2000) 
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Interface interface_view  Human/Technology To provide inhabitants who are not actively involved in the 

configuration process of their home automation system, with 

better means to understand their home, as well as to increase 

their motivation to actively engage with its configuration 

68 (Mennicken et al. 2014) 

5.2. Solutions 
Theme Subtheme Case Solution NO SOURCE 

Interface advanced_features  Human/Home make it possible for the user to be able to configure the main 

functionalities and information to be displayed on the main menus. 

101 (Takayama et al. 2012) 

Interface basic_features  Human/Technology All smart home events include two pictograms. One displays the 

cause of a triggered rule (such as a certain level of brightness or 

time of the day) and another pictogram shows the corresponding 

effect (such as shades going down or the heat turning on). The 

event can also be clicked to access an additional textual 

description 

82 (Mennicken et al. 2014) 

Interface basic_features  Human/Home keeping indoor environment comfortable for the home inhabitants. 98 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface desired_features  Human/Home offer the functionality of viewing power consumption to the user 

and display useful recommendations to manage power 

consumption. 

100 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface desired_features  Human/Home allow users to remotely monitor the house. 102 (Takayama et al. 2012) 

Interface interface_adaptibility  Human/Technology Automatic generation of a user interface of uniform layout based 

on three different models: Application, Presentation and 

Interaction which construct different aspects of the interface 

47 (Penner, Steinmetz 2002) 

Interface interface_adaptibility  Human/Technology The design of the user interface should not depend on the 

application domain logic or the implementation of the code 

51 (Penner, Steinmetz 2002) 

Interface interface_adaptibility  Human/Technology The application domain model does not change. The interaction 

and presentation model is customized for each set of users, tasks 

and environments. 

52 (Penner, Steinmetz 2002) 



 

 

Interface interface_interoperability  Home/Technology For integration of a particular information model for one 

application with other ones, a generic and interoperable data 

model is needed. 

21 (Kastner et al. 2005) 

Interface interface_interoperability  Home/Technology The data model should use an object-oriented programming 

approach. 

22 (Kastner et al. 2005) 

Interface interface_interoperability  Human/Technology interoperable to allow different physical devices and software 

systems to be used. 

59 (De Paola et al. 2014) 

Interface interface_learnability  Human/Technology Design end-user interfaces, not just early adopter ones 37 (Takayama et al. 2012) 

Interface interface_learnability  Human/Technology Provide a step-by-step creation mechanism for first-time users. 

Novice users can largely benefit from a step-by-step rule creation 

mechanism 

81 (De Russis, Corno 2015) 

Interface interface_learnability  Human/Technology The interface should guide users with executing a task by giving 

clear visualization and information about available tasks and clear 

feedback on users' actions. 

84 (Koskela, Väänänen-Vainio-Mattila 

2004) 

Interface interface_learnability  Human/Technology when a functionality of the home was well understood, inhabitants 

were better able to generate ideas for beneficial ways to adapt the 

technologies to their home routines 

90 (Koskela, Väänänen-Vainio-Mattila 

2004) 

Interface interface_reusability  Home/Technology a common language to describe both sensors and buildings 11 (Weng, Nwokafor & Agarwal 

2013) 

Interface interface_reusability  Home/Technology a generic way of representing the home, devices and their different 

functionalities independent of manufacturers' technologies. The 

solution should offer a generic interaction system to control the 

different devices. An object-oriented philosophy was used to 

represent the home automation into the physical/space layout of 

the home and its devices, and the latter's functional organization 

and location within the home. 

12 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Interface interface_reusability  Human/Technology ensure that the design of the user interface is modular to enable 

reusability of the software functions. 

58 (De Paola et al. 2014) 
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Interface interface_reusability  Human/Technology A unique and global interface was used and based on a web 

browser and using Internet standard technologies; 

64 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Interface interface_view  Home/Technology user-friendly metaphors to describe the behaviour and state of the 

home 

19 (Mennicken, Vermeulen & Huang 

2014) 

Interface interface_view  Human/Technology Keeping the menu settings to 3 levels 36 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface interface_view  Human/Technology Organize different home control systems according to their 

functionality (lighting, air-conditioning, heating…) 

63 (R. J. C. Nunes, J. C. M. Delgado 

2000) 

Interface interface_view  Human/Technology Using user-friendly metaphors to describe the behaviour and state 

of the home 

66 (Mennicken, Vermeulen & Huang 

2014) 

Interface interface_view  Human/Technology A visualization that uses temporal metaphors was proposed to 

integrate the status of smart home technologies into the familiar 

interface of a calendar. 

68 (Mennicken et al. 2014) 

Interface interface_view  Human/Technology Facilitating better understanding of automated home 

functionalities by visualizing aggregated events in the home (past, 

present and future) in a single interface; 

69 (Mennicken et al. 2014) 

Interface interface_view  Human/Technology familiar temporal metaphors were used (i.e., a clock and a 

calendar) to display information about a smart home’s state and 

provide means to interact with the system 

73 (Mennicken et al. 2014) 

Interface interface_view  Human/Technology Interaction with the user interface and the visualization of tasks on 

the interface should be consistent 

77 (Koskela, Väänänen-Vainio-Mattila 

2004) 

Interface interface_view  Human/Technology Each level in the menu settings were oganized according to 

functionality. 

80 (X. Zhao, C. Zhou & W. Huang 

2013) 

Interface web_services  Home/Technology the connections of plug-and-play services and device interfaces 17 (Mennicken, Vermeulen & Huang 

2014) 

Interface web_services  Home/Technology identify services or interfaces and to compose services that would 18 (Mennicken, Vermeulen & Huang 



 

 

suit their needs 2014) 

 

5.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

Interface advanced_features The solution should allow the user to customize UI components and main functionalities on the main menus. 101 

Interface advanced_features The solution should allow users to remotely have access to the current telemetry data about the house. 102 

Interface advanced_features The solution should show make suggestions about energy-saving and energy-efficient operation of electrical devices in the 

house. 

113 

Interface advanced_features The solution should monitor resource consumption for e.g: energy, water. 131 

Interface advanced_features The solution should offer automatic configuration of automated tasks shown by the energy-saving and energy-efficient 

suggestions. 

134 

Interface advanced_features The solution should enable users to save previous system and device configurations. 150 

Interface advanced_features The solution should propose some conventional default settings for devices and automation tasks. 151 

Interface advanced_features The solution should a multimedia component to display video feedback from surveillance systems or alert user if unusual 

motion is detected. 

155 

Interface advanced_features The solution should consider the use case of homes having power generation systems and should offer the possibility to 

view energy produced and available at various time of the day. 

157 

Interface advanced_features The solution should implement regular interval power monitoring so that it is easy for users to detect abnormal energy 

consumption. 

162 

Interface basic_features The solution should aim at keeping indoor environment comfortable for the home inhabitants by controlling environmental 

conditions that affect comfort. 

98 

Interface data_representation The solution should have a generic way of representing information about the home, devices and their functionalities on 12 
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the interface. 

Interface data_representation The solution should ensure that the generic data representation of the home automation system components can support 

new device technologies. 

56 

Interface desired_features The solution should offer automation features that the user cannot easily do manually. 106 

Interface desired_features The solution should implement a universal remote controller feature for multimedia systems. 141 

Interface desired_features The solution should store users' favourite configuration automation scenarios. 147 

Interface interface_adaptibility The solution should ensure that the design of the user interface should not depend on the application domain logic or the 

implementation of the code. 

51 

Interface interface_adaptibility The solution should make the presentation and interaction of the user interface can adapt to the context of use without the 

need to change the application logic or code implemetation. For e.g presentation layouts can change for different target 

devices or physical layouts or devices installed in the home. Interaction model can change for different user groups. 

52 

Interface interface_adaptibility The solution should ensure that the application logic can support different contexts of use specified for the design of the 

interface. For e.g different contexts of use consists of different presentation models and different interaction models to be 

used for different scenarios. 

53 

Interface interface_adaptibility The solution should ensure that the home automation system is scalable. 55 

Interface interface_interoperability The solution should ensure that the information model is interoperable with different sources of data and information. For 

e.g: It should be interoperable with the main standard information models such as BACnet, OPC-UA etc… 

21 

Interface interface_interoperability The solution should use an object-oriented programming concept for the design of the user interface. For e.g the 

application logic including the data and information models, the interaction and presentation models as well so that code 

can be reused. 

22 

Interface interface_learnability The user interaction should be simple, short and keep menu settings down to 3 levels. 16 

Interface interface_learnability The solution should have an interface layout structure that is easy to learn and use. 80 

Interface interface_learnability The solution should make it easy for users to learn and use the automation scenario configuration. 81 



 

 

Interface interface_reusability The solution should use a generic data representation or a common language to describe both devices and buildings 

independent of underlying technology or structure. 

10 

Interface interface_reusability The solution should make the software components reusable. 57 

Interface interface_reusability The solution should avoid proprietary protocols and use open standards. 116 

Interface interface_view The solution should ensure that the layout, UI components and look-and-feel of the interface is consistent for menus of the 

same functionality and purpose independent of different device technologies. 

50 

Interface interface_view The solution should aggregate and provide visualizations about past data stored and information processed using user-

friendly temporal metaphors or trending charts. For e.g: Total energy consumption per room for the past week. 

69 

Interface interface_view The solution should ensure that the interface employs user-friendly metaphors to program the behaviour and state of the 

home so that users who don't have technical or programming background can configure the system. 

164 

Interface web_services The solution should allow users to identify services or interfaces and to compose services that would suit their needs 18 

5.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Interface advanced_features 86 Specification of 

multiple conditions 

JAVASCRIPT ZAPIER https://zapier.com/blog/workflow-automation/ 

Interface advanced_features 87 More complex 

automation tasks can 

be defined as users 

can specific multiple 

input triggering 

conditions and 

filtering conditions  

to perform multiple 

actions as well. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

Interface advanced_features 5 Besides raw data, 

additional 

information can be 

associated with 

devices when an 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 
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information model is 

used. For instance, 

mathematical 

formulas and ratios 

can be stored with 

sensor data so that it 

becomes easier to 

compute more 

relevant and 

intelligent 

information such as 

cost and efficiency. 

Interface basic_features 30 Input controls used: 

simple checkboxes, 

advanced 

checkboxes relating 

to other options in 

the interface, radio 

buttons, text field, 

simple slider, three 

point slider, combo 

box, list box 

KEY_FEATUR COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Interface basic_features 74 Simple input 

elements for 

efficient user input: 

Text element, check 

boxes, command 

buttons 

JAVASCRIPT SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interface basic_features 88 Simple input UI 

elements are used: 

combo box, drop-

down list, text field. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

Interface data_representation 67 Colors of text 

elements are 

changed to indicate 

a normal or 

KEY_FEATUR GROOV http://groov.com/ 



 

 

abnormal value. 

Interface data_representation 63 The linear gauge 

element also makes 

use of CSS styling 

to indicate a normal 

or abnormal range of 

values with the red 

and green colors for 

different segments 

of the gauge. 

LESSON_LEA GROOV http://groov.com/ 

Interface data_representation 62 Circular and linear 

gauges are used to 

display analog 

values. 

LESSON_LEA GROOV http://groov.com/ 

Interface data_representation 61 The color of the text 

element displaying 

the values monitored 

by the device is 

selected according to 

whether it is within 

normal range or not. 

Blue is used to 

indicate a normal 

value and red is used 

to show an abnormal 

value. 

LESSON_LEA GROOV http://groov.com/ 

Interface data_representation 52 Adjusting the 

opacity and/or 

visibility of UI 

elements to display 

relative status, such 

as towards low 

intensity or towards 

high intensity 

LESSON_LEA OPCWEB http://www.opcweb.com 

Interface data_representation 49 Using text tags to 

format display 

values according to 

KEY_FEATUR OPCWEB http://www.opcweb.com 
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the format tag 

associated with the 

text UI element. 

Interface data_representation 47 Displaying 

formatted values 

such as limiting 

decimal places in a 

value, changing a 

boolean value to a 

more perceptive 

representation: 

changing true or 

false to ON or OFF, 

to derive other 

relevant information 

from the raw data 

like power 

calculated from 

voltage and current. 

KEY_FEATUR OPCWEB http://www.opcweb.com 

Interface data_representation 45 Resizing an element 

to reflect a current 

value (to intuitively 

display quantitative 

measures such as air 

quality levels) 

KEY_FEATUR OPCWEB http://www.opcweb.com 

Interface data_representation 44 Altering text 

style/color (device 

labels depending on 

device state) 

KEY_FEATUR OPCWEB http://www.opcweb.com 

Interface data_representation 43 Changing text 

(device and button 

labels depending on 

device state) 

JAVASCRIPT OPCWEB http://www.opcweb.com 

Interface data_representation 42 Changing images 

(device mimic 

colors depending on 

KEY_FEATUR OPCWEB http://www.opcweb.com 



 

 

device state) 

Interface desired_features 13 Real-time 

monitoring: 

Location-based 

telemetry, custom 

alarm overview, 

JAVASCRIPT BAX ENERGY http://www.baxenergy.com/ 

Interface desired_features 101 Each notification in 

the list can further 

be expanded into 

sub-menu to display 

notification options. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-Smart-Home-

Automation-UI 

Interface interface_adaptibility 94 Interface is made to 

adapt to the current 

context of use: 

adapting to different 

screen resolution 

and to device 

orientation: 

portrait/landscape. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-Smart-Home-

Automation-UI 

Interface interface_interoperability 54 Using external 

libraries to include 

customised UI 

elements: interactive 

gauges 

LESSON_LEA OPCWEB http://www.opcweb.com 

Interface interface_interoperability 37 Universal Data 

Access: Built on 

industry open 

standards, such as 

OPC Classic, OPC 

Unified 

Architecture, 

BACnet, SNMP, 

Modbus, Web 

Services 

KEY_FEATUR IONICS 

MOBILE HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 



 

95 

 

Interface interface_interoperability 11 Interoperability with 

different information 

models and device 

technologies 

JAVASCRIPT BAX ENERGY http://www.baxenergy.com/ 

Interface interface_learnability 78 A summary of 

automation profiles 

for each day is 

displayed on a 

“earliest first” basis 

so that the user can 

better understand the 

automation 

behaviour that was 

configured. 

JAVASCRIPT SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interface interface_learnability 79 The user can 

specific recurrent 

automation tasks for 

several days of the 

week. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interface interface_reusability 1 An information 

model is used to 

abstract the 

underlying details of 

the automation 

installation and thus 

facilitate the 

development of high 

level interface 

applications. 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 

Interface interface_reusability 3 It is better to create 

an information 

model that abstracts 

the underlying 

automation details 

from the high level 

application. It 

becomes easier to 

organise and change 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 



 

 

the information 

architecture of the 

interface as UI 

elements do not 

depend on the 

elements of the 

automation layer. 

Interface interface_reusability 4 It also allows UI 

developers and 

designers to 

participate in the 

design and 

development of the 

interface without 

having to learn 

about the software 

architecture of the 

automation layer. 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 

Interface interface_reusability 2 The UI elements of 

the interface should 

not be bound 

directly to the raw 

sensor data or to the 

variables or artefacts 

used by the HAS 

server to 

communicate with 

the actual devices. It 

is hard to maintain 

the software as 

device technologies 

and configurations 

change. 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 

Interface interface_view 51 Flash Background, 

Foreground and 

Border style and/or 

color to effectively 

attract user's 

LESSON_LEA OPCWEB http://www.opcweb.com 
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attention 

Interface interface_view 50 Change the 

background, 

foreground and/or 

border style and/or 

color to indicate 

varying states 

KEY_FEATUR OPCWEB http://www.opcweb.com 

Interface interface_view 36 Smart and Live 

Tiles: view instant 

KPIs and alerts, 

provide drill-down 

navigation, create 

elegant menus, 

provide a consistent 

user experience and 

real-time feedback 

for changes on any 

device 

JAVASCRIPT IONICS 

MOBILE HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 

Interface interface_view 40 To indicate that 

immediate attention 

is required from the 

user, a text label can 

flash red 

intermittently. 

JAVASCRIPT IONICS 

MOBILE HMI 

http://www.iconics.com/Home/Products/HMI-

SCADA/GENESIS64.aspx#.Vzoyo3V97VM 

Interface interface_view 77 A time metaphor can 

be used to specific a 

time-based event 

JAVASCRIPT SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interface interface_view 18 Using mimics to 

gain a whole 

understanding of the 

system 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Interface interface_view 103 Energy dashboard JAVASCRIPT HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 



 

 

Interface interface_view 12 Having a dashboard 

to access important 

information in one 

place. 

JAVASCRIPT BAX ENERGY http://www.baxenergy.com/ 

Interface interface_view 110 Interactive UI 

elements are used to 

display calculated 

cost and energy 

saving values. 

JAVASCRIPT HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Interface interface_view 106 An interactive UI 

element to represent 

a clock is used to 

indicate to users the 

times of the day for 

the low utility fare. 

A red color on the 

clock is used to 

indicate most 

expensive fare, 

yellow color is used 

to show less 

expensive fare and 

no color is used to 

show low fare. 

JAVASCRIPT HOME 

ENERGY 

MANAGEMENT 

http://tecinv.com/portfolio/energy-management-concepts/ 

Interface interface_view 8 dashboard is very 

effective technique 

to allow users of the 

interface to gain a 

global understanding 

of the current status 

of the automation 

system 

LESSON_LEA BAX ENERGY http://www.baxenergy.com/ 

Interface web_services 17 Forecasting: Receive 

weather data for the 

next following days, 

Receive power 

forecast and utility 

price at the current 

JAVASCRIPT BAX ENERGY http://www.baxenergy.com/ 



 

99 

 

moment or for the 

following 

hours/days 

6. Interaction  

6.1. Problems 
Theme Subtheme Case Problems ITEM_NO SOURCE 

Interaction interaction_acceptability  Human/Technology Overreaching ones abilities in technology or to program. 39 (Takayama et al. 2012) 

Interaction interaction_acceptability  Human/Technology home inhabitants, particularly those who do not have any 

technical knowledge, have problems understanding, 

administering and troubleshooting smart home technologies 

41 (De Russis, Corno 2015) 

Interaction interaction_acceptability  Human/Technology Seamless interaction between users and home automation system 

is still unreachable: autonomous technologies often leave users 

feeling out of control, without the possibility to adjust the level of 

autonomy of their home according to their needs 

43 (De Russis, Corno 2015) 

Interaction interaction_acceptability  Human/Technology Different sources of data, information components and control 

functions are not yet integrated together. For each function or 

component a different interface and/or interaction design is 

available. 

47 (Penner, Steinmetz 

2002) 

Interaction interaction_acceptability  Human/Technology inhabitants, especially those who do not have technical 

knowledge, have problems administering, troubleshooting and 

ultimately deriving benefits from smart home technologies 

72 (Mennicken et al. 2014) 

Interaction interaction_acceptability  Human/Technology To overcome passive users’ reluctance to use novel interfaces and 

lack of confidence in them 

73 (Mennicken et al. 2014) 

Interaction interaction_acceptability  Human/Technology Satisfaction from ease of use and learning 80 (X. Zhao, C. Zhou & W. 

Huang 2013) 

Interaction interaction_acceptability  Human/Technology Satisfaction from acceptability 86 (De Russis, Corno 2015) 



 

 

Interaction interaction_acceptability  Human/Technology Satisfaction from motivation to use and learn 90 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_acceptability  Human/Technology To maintain the same user experience in terms of home 

functionality (main menu functionality), content readability and 

enjoyment while using the website interface on different devices. 

95 (Lestari, Hardianto & 

Hidayanto 2014) 

Interaction interaction_acceptability  Human/Home and difficulty achieving security 122 (Takayama et al. 2012) 

Interaction interaction_acceptability  Human/Home they do not attempt to change or control the quantity being 

measured for fear of doing something wrong 

148 (Takayama et al. 2012) 

Interaction interaction_ease_of_use  Home/Technology Simplicity of the user interaction 16 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_ease_of_use  Human/Technology Satisfaction from ease of use 36 (X. Zhao, C. Zhou & W. 

Huang 2013) 

Interaction interaction_ease_of_use  Human/Technology low intrusiveness of the interaction with the user; 54 (De Paola et al. 2014) 

Interaction interaction_ease_of_use  Human/Home When these means of control should follow the natural activity 

patterns in the home. 

154 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_ease_of_use  Human/Home input method should not involve too much writing 161 (X. Zhao, C. Zhou & W. 

Huang 2013) 

Interaction interaction_ease_of_use  Human/Home Input commands should be short and curt. 163 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_ease_of_use  Human/Home For instant control on mobile UI, interactions steps should be kept 

simple and to a minimum. 

165 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_generic  Home/Technology Transparent interaction with one or more home control systems 14 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_generic  Human/Technology To design interfaces that allow inhabitants to navigate, 

understand, and interact with a potentially overwhelming amount 

70 (Mennicken et al. 2014) 
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of information and controls 

Interaction interaction_generic  Human/Technology Consistent activity patterns: Users show satisfaction (due to a 

feeling of being in control of the situation) and perform 

efficiently when they can carry out different tasks in a systematic 

and familiar way 

77 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction multi_tasking  Human/Technology For efficiency and satisfaction (from good performance) reasons, 

different users usually carry out various tasks in different rooms 

of the home 

75 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction multi_tasking  Human/Technology Activity patterns show that users require multi-tasking to be 

possible 

76 (Koskela, Väänänen-

Vainio-Mattila 2004) 

6.2. Solutions 
Theme Subtheme Case Solution ITEM_NO SOURCE 

Interaction interaction_acceptability  Human/Technology The interaction method provided by the solution should not be 

intrusive. 

54 (De Paola et al. 2014) 

Interaction interaction_ease_of_use  Home/Technology The user interaction should be simple. 16 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_ease_of_use  Human/Technology Keep the system design simple enough for early adopters and 

early majorities, not only innovators 

39 (Takayama et al. 2012) 

Interaction interaction_ease_of_use  Human/Technology A simple programming model to define the behavior of the home 

was used so that home dwellers with little knowledge of 

computers can use it 

65 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_ease_of_use  Human/Technology familiar temporal metaphors were used (i.e., a clock and a 

calendar) to display information about a smart home’s state and 

provide means to interact with the system 

73 (Mennicken et al. 2014) 

Interaction interaction_ease_of_use  Human/Technology All smart home events include two pictograms. One displays the 

cause of a triggered rule (such as a certain level of brightness or 

time of the day) and another pictogram shows the corresponding 

effect (such as shades going down or the heat turning on). The 

82 (Mennicken et al. 2014) 



 

 

event can also be clicked to access an additional textual 

description 

Interaction interaction_ease_of_use  Human/Technology Keeping the interaction with the automation system as simple as 

possible by using 2-3 buttons to control a device 

83 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_ease_of_use  Human/Technology The interface should guide users with executing a task by giving 

clear visualization and information about available tasks and clear 

feedback on users' actions. 

84 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction interaction_ease_of_use  Human/Home a simple way of interacting with the system to control the devices. 99 (X. Zhao, C. Zhou & 

W. Huang 2013) 

Interaction interaction_generic  Home/Technology a generic way of interacting with different home control systems 14 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_generic  Human/Technology system was designed to be generic independent of manufacturers' 

technology. 

63 (R. J. C. Nunes, J. C. M. 

Delgado 2000) 

Interaction interaction_generic  Human/Technology Interaction with the user interface and the visualization of tasks on 

the interface should be consistent. 

77 (Koskela, Väänänen-

Vainio-Mattila 2004) 

Interaction multi_tasking  Human/Technology The user interface should be able to switch from one window or 

application to another without losing previous data. 

76 (Koskela, Väänänen-

Vainio-Mattila 2004) 

 

6.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

Interaction interaction_acceptability The solution should give visualization feedback when the user performs an automation task or configuration or 

about automation tasks already configured. 

82 

Interaction interaction_ease_of_use The user interaction should be simple, short and keep menu settings down to 3 levels. 16 

Interaction interaction_ease_of_use The solution should ensure that the interface employs user-friendly metaphors to describe the behaviour and 

state of the home so that users who don't have technical or programming background can understand the 

19 
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system. 

Interaction interaction_ease_of_use User input should be short, effective and not involve too much typing and need to remember commands. 28 

Interaction interaction_ease_of_use The solution should use interaction methods that the typical user is most familiar with when interacting with the 

targeted end-devices. 

54 

Interaction interaction_ease_of_use The solution should have an interface layout structure that is easy to learn and use. 80 

Interaction interaction_ease_of_use The solution should ensure that the interface is intuitive and is easy to learn how to use independent of whether 

user has a technical or programming background. 

160 

Interaction interaction_ease_of_use The solution should ensure that the input of commands does not require a lot of typing or a knowledge in 

programming. 

161 

Interaction interaction_generic The solution should offer a generic way of interacting with different device control technologies. 14 

Interaction multi_tasking The solution should allowing switching from one window or application to another without losing previous data 

or state. 

76 

6.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Interaction interaction_generic 1 An information model 

is used to abstract the 

underlying details of the 

automation installation 

and thus facilitate the 

development of high 

level interface 

applications. 

KEY_FEATUR B-SCADA http://scada.com/Verticals/BuildingAutomation 

Interaction interaction_acceptability 20 There is a button to go 

back to the main page. 

KEY_FEATUR COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Interaction interaction_ease_of_use 23 Use of “need help” 

button to help users 

learn how to use the 

KEY_FEATUR COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 



 

 

feature offered by the 

interface. 

Interaction interaction_acceptability 24 Pop up menu in case 

parameter entered by 

user is outside the 

normal range. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Interaction interaction_ease_of_use 32 Control UI elements: 

multi-stage selection by 

displaying the same 

control element in 

sequential order with an 

arrow to indicate first or 

later stage, rotating 

shape to control the 

angle of rotation, right 

or left arrow to select 

direction, changing the 

opacity of a UI element 

through a slider to 

change the intensity of a 

control feature. 

JAVASCRIPT COGENT http://cloud.cogentdatahub.com/Silverlight/DataHubWebViewDemo.asp 

Interaction interaction_ease_of_use 59 Weak point: the 

displayed names of the 

UI elements require the 

users to be familiar with 

the technical terms in 

the automation system. 

The labelling of 

elements is not user-

friendly. 

LESSON_LEA GROOV http://groov.com/ 

Interaction interaction_ease_of_use 65 Some text elements are 

loaded with default 

values that are provided 

by the server. 

JAVASCRIPT GROOV http://groov.com/ 

Interaction interaction_ease_of_use 77 A time metaphor can be 

used to specific a time-

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 
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based even 

Interaction interaction_ease_of_use 78 A summary of 

automation profiles for 

each day is displayed on 

a “earliest first” basis so 

that the user can better 

understand the 

automation behaviour 

that was configured. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interaction interaction_ease_of_use 82 Condition metaphors 

can be used by users to 

specify triggering 

events to activate a 

specific profile. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interaction interaction_ease_of_use 83 a slider input element 

was used to allow users 

to specific a boundary 

value to represent the 

level of the data being 

monitored (battery level 

in this case) at which 

the required automation 

tasks, configured in the 

profile, should be 

started. 

KEY_FEATUR SMART 

SETTINGS 

http://www.addictivetips.com/android/smart-settings-rule-based-

automated-profile-switching-on-android/ 

Interaction interaction_ease_of_use 85 makes use of trigger, 

action and filter 

(exceptional conditions 

during which action is 

not performed) 

conditions to create 

rules that specify the 

conditions that will 

automate the execution 

of a task as specified by 

the selected action. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 



 

 

Interaction interaction_ease_of_use 89 Interactive “add” UI 

elements are used on 

the interface to quickly 

add another condition. 

KEY_FEATUR ZAPIER https://zapier.com/blog/workflow-automation/ 

Interaction interaction_ease_of_use 101 Each notification in the 

list can further be 

expanded into sub-

menu to display 

notification options. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-Smart-Home-

Automation-UI 

7. Multi-Target 

7.1. Problems 
Theme Subtheme Case Problems ITEM_NO SOURCE 

Multi_target mobility_tasks  Human/Technology Mobility of home automation functions (which automation tasks were 

considered as mobile) was evaluated through a mobile user interface. In other 

words, what type of automation tasks within the home is considered to be 

easily, efficiently and satisfactorily feasible on a mobile UI. 

74 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

Multi_target mobility_tasks  Human/Technology For efficiency and satisfaction (from good performance) reasons, different 

users usually carry out various tasks in different rooms of the home 

87 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

Multi_target mobility_tasks  Human/Home For pattern control, input of timings, repeated tasks and planning of tasks 

should be easy to enter and visualize 

164 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

Multi_target mobility_tasks  Human/Home Programming of pattern control was done on the PC 171 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

Multi_target mobility_tasks  Human/Home Immediate control actions were done on the mobile phone 172 (Koskela, 

Väänänen-
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Vainio-Mattila 

2004) 

Multi_target responsive_design  Human/Technology To provide a single website user interface that is compliant and adapts to 

different screen size without the need for any configuration. 

91 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology To maintain the information architecture quality in terms of navigability when 

using the website interface on different devices. 

93 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology To maintain the same user experience in terms of home functionality (main 

menu functionality), content readability and enjoyment while using the website 

interface on different devices. 

94 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Home For instant control on mobile UI, interactions steps should be kept simple and 

to a minimum. 

165 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

7.2. Solutions 
Theme Subtheme Case Solution ITEM_NO SOURCE 

Multi_target mobility_tasks  Human/Technology It was then determined which activity patterns are suitable to be achieved 

through a mobile UI.  It was found that instant control activity patterns are best 

suitable to be executed through a mobile UI. 

74 (Koskela, 

Väänänen-

Vainio-Mattila 

2004) 

Multi_target responsive_design  Human/Technology To apply responsive design principle of using a flexible grid layout for 

designing the interface 

91 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology To apply second responsive design principle of using flexible images and other 

media contents, ie, media content of different sizes for different screen 

resolutions. 

93 (Lestari, 

Hardianto & 

Hidayanto 2014) 



 

 

Multi_target responsive_design  Human/Technology To apply third responsive design principle of using media queries to define 

breakpoints which are conditions that define which CSS definition files should 

be used for which ranges of screen resolutions. 

94 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology To maintain the main menu functionality, a similar structure in the different 

design layouts should be maintained. It was proposed to put the most important 

and most frequently used items or functionalities on the top and least important 

and frequently used ones at the bottom. 

95 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology It was proposed that in order to maintain the readability of the web page 

content when using responsive designing, the most important factor is to keep 

the text content still be clearly visible but not too big so as not to increase the 

need to perform horizontal scrolls. Thus the whole web page content should be 

readable without requiring horizontal scrolls. 

96 (Lestari, 

Hardianto & 

Hidayanto 2014) 

Multi_target responsive_design  Human/Technology To maintain information architecture quality in terms of its navigability it is 

important to reduce the time and effors required by the user to gain an overall 

understanding of the website. A proposed method to achieve this is to reduce 

the text contents as the resolution decreases so as to reduce the time and effort 

users to understand and naviagte through the interface 

97 (Lestari, 

Hardianto & 

Hidayanto 2014) 

7.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

Multi_target mobility_tasks The solution should consider the mobility of home automation functions. For e.g: pattern 

control is achieved more easily on a PC UI while instant control is best achieved on a mobile 

UI. 

74 

Multi_target mobility_tasks The solution should consider the suitability of the end-target UI for carrying out automation 

control and configuration. 

171 

Multi_target responsive_design The solution should adapt and remain user-friendly to different screen sizes without the need 

for any configuration. 

91 
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Multi_target responsive_design The solution should make use of the same interface design independent on the computing 

platform used by the end-target device. 

92 

Multi_target responsive_design The solution should maintain the information architecture quality in terms of navigability when 

using the interface on different screen sizes. 

93 

Multi_target responsive_design The solution should maintain the same user experience in terms of home functionality (main 

menu functionality), content readability and enjoyment while using the website interface on 

different devices. 

94 

 

7.4. Analysis of existing products 
Theme Subtheme ITEM_NO Text Case PRODUCT SOURCE 

Multi_target mobility_design 64 The mobile UI to configure the device uses a 

form with several input control elements such as 

toggle buttons and check boxes to make user 

input easier. The amount of typing to be done by 

the user is kept to a minimum 

JAVASCRIPT GROOV http://groov.com/ 

Multi_target responsive_design 90 Interaction with the interface is optimised for 

mobile devices 

LESSON_LEA HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 92 It supports touch and swipe gestures. KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 93 Some UI elements are scrollable: banners, 

carousels can be used to display clusters of 

information in the same interface. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 94 Interface is made to adapt to the current context 

of use: adapting to different screen resolution and 

to device orientation: portrait/landscape. 

LESSON_LEA HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 95 Organization of elements on the interface is 

organised according to the context of use: for 

horizontal orientation or big screen size 

resolution, elements are arranged horizontally and 

LESSON_LEA HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 



 

 

for portrait orientation or small screen resolution 

elements are arranged vertically 

Multi_target responsive_design 96 The size of image components are resized to fit 

the screen resolution. 

LESSON_LEA HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 97 Vertical and horizontal scrolling are enabled to 

allow easy navigation from one menu to another. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 98 Vertical scrolling is used to display a list of 

option menus 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

Multi_target responsive_design 99 Horizontal scrolling is used to navigate from an 

existing menu to the next one without going back 

to the previous option menu. 

KEY_FEATUR HEIMA – 

Concept UI 

https://www.behance.net/gallery/9080423/HEIMA-

Smart-Home-Automation-UI 

 

8. Buildings  
8.1. Problems 

Theme Subtheme Case Problems ITEM_NO SOURCE 

Buildings building_representation  Human/Technology Different sources of data, information components and control functions are not 

yet integrated together. For each function or component a different interface 

and/or interaction design is available. 

48 (Penner, 

Steinmetz 2002) 

Buildings building_representation  Human/Technology interoperability, both with respect to physical devices and with respect to other 

software systems 

59 (De Paola et al. 

2014) 

Buildings building_representation  Human/Home inflexibility, 118 (Takayama et al. 

2012) 

8.2. Solutions 
Theme Subtheme Case Solution ITEM_NO SOURCE 

Buildings building_representation  Home/Technology a common language to describe both sensors and buildings 10 (Weng, 

Nwokafor & 



 

111 

 

Agarwal 2013) 

Buildings building_representation  

Human/Technology 

An object-oriented philosophy was used to represent the home automation into 

the physical/space layout of the home and its devices, and the latter's functional 

organization and location within the home. 

61 (R. J. C. Nunes, 

J. C. M. 

Delgado 2000) 

8.3. Requirements 
Theme Subtheme Requirement ITEM_NO 

Buildings building_representation The solution should use a generic data representation or a common language to describe both devices and buildings 

independent of underlying technology or structure. 

10 

 

 

 



 

 

Appendix II 

 The initial mockup of the low-fidelity prototype is as follows: 

   

 The full source code for the final home automation interface is available at: 

https://github.com/mlanypitts/HomeAutomationDashboard.git  

https://github.com/mlanypitts/HomeAutomationDashboard.git
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