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ABSTRACT  
 

Smart Grid research is growing around the world due to the need to replace the ageing old 

electricity grid with an intelligent, reliable electricity network. The smart grid aims at 

creating a reliable power distribution and efficient power usage in homes.  One of the key 

issues focused in this project is providing real time energy feedback to users, which is 

minimal or non-existent in the current grid system.  

This thesis investigates about using smart TVs to provide real time energy feedback 

in homes.  Since its introduction in 2009 smart TVs are growing in popularity in European 

market. To provide real time energy feedback on smart TVs three features are identified 

Smart TV application, ambilighting and push notification.  The Human-centered design 

process is used for designing the Smart TV interface system using the identified features. A 

literature study is conducted to gather the user requirements for the smart TV interface. The 

information gathered during the study is used for the design and implementation of the 

interface prototype. As an example platform the Philips smart TV 2013 is chosen to 

demonstrate the various features that can be used to provide energy feedback. The usability 

of the Smart TV interface is evaluated with users and the results are recorded.  

The smart TV application, ambient lighting and push notification system in Smart 

TVs is demonstrated for providing real-time energy feedback. The interface is evaluated with 

users and results are discussed. The result suggests that Smart TVs can serve as an 

informational display in homes. The Smart TV interface should be interlinked with Smart 

Phone and Tablet applications to be effective, further the users prefer the Smart Phone over 

the Smart TV application to control the household devices.  

 

Keywords: Smart TV applications, Smart Grid interfaces, Human Centered Design, Energy 

Feedback, ambient visualization and feedback. 
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1 INTRODUCTION  
The average household energy consumption has increased drastically in recent years due to 

the introduction of new products in the consumer market, thus adding to the overall load on 

the current electricity grid.  The current grid structure fails to meet the customers demand in 

certain cases such as peak loads, sub-station failures, and natural disasters. The growing 

electricity demand, the necessity to reduce CO2 emission and to improve the reliability of 

the current grid introduces the need for a smarter electricity grid. Apart from improving the 

energy efficiency the smart grid will also aim to improve the energy feedback and control in 

the smart grid homes. The smart grid infrastructure enables us to track the detailed energy 

distributed to homes; one of the challenges faced in the project is how to present the 

information to user and what devices to use for presenting energy information. I will start 

with a short introduction about smart grids and the Energy to Smart Grid (E2SG) Project. 

 Smart Grid 1.1
“Smart Gird” [1] is the term used for referring a smarter electricity grid.  A smart grid is an 

intelligent network of electricity station and smart meters, which can provide better energy 

distribution and manage both demand and generation[2]. In the traditional electricity grid 

energy is generated by a small number of power stations and distributed via a distribution 

network. The current electricity grid has a centralized energy generation and distribution 

network. The current system lacks the infrastructure for sharing and storing locally generated 

energy, automatic load balancing, predicting failures and rerouting power in case of 

substation failures.   

The Smart Grid moves from the traditional centralized energy distribution network 

to distributed generation and energy sharing. A Smart grid is a self-aware electricity network 

that can balance energy requirements on the grid using micro generated electricity from the 

customers. The smart grid is based on the concept that the customers of the electricity grid 

can be both producers and consumers of electricity at the same time. The customers need to 

have awareness and control over their energy generation and consumption; this raises the 

need to develop better energy feedback and control interfaces for homes.  

The smart gird delivers electricity efficiently and reliably by,  

 Automatic power rerouting, load balancing and controlling local generation to 

manage the power outages and constraints.  

 Monitoring the power generation and distribution nodes to predict failures and 

energy requirements thus avoiding downtime and maintenance cost.  

 A self-healing intelligent network that can route power through alternate node links 

in case of a node failure or utilizing locally generated electricity.  

 

The Smart Grid will provide the infrastructure for supporting the following technologies. 

 

Electric and Hybrid Vehicles (EV)  

The use of electric vehicles is estimated to increase 20 to 30 % by 2015 [1] in Europe, which 

is estimated to increase the load on the grid by 20%. The electric and hybrid vehicles use 

electricity from the grid to charge the batteries. The electric vehicles in use now can only 

charge the batteries from the grid but cannot discharge energy back to the grid.  The electric 

vehicle in the smart grid will serve 2 purpose, transportation and energy storage device.  The 

electric vehicles battery will be used as a remote storage device charging when the power 

demand is low and discharging energy to grid when the demand is high.  

 
Micro Generation  

Micro generation refers to energy generated using renewable energy sources such as 

integrated solar panels, micro wind turbines, fuel cells and community level generation 

facilities. The smart grid will allow the customers to decide what to do with excess power, 
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and in certain cases the users can be provided incentives to encourage energy sharing. These 

micro generations play a key role in islanding and reducing the load on the grid.  

“Islanding” is the term used for referring to homes that are disconnected from the 

electricity grid due to a natural disaster or substation failure. In Islanding mode the home 

will be supported by in-home storage and locally generated electricity. The excess energy 

from the micro generation can be fed back into the local grid or stored based on user’s needs. 

Further the use of local generation reduces the transmission loss caused by transporting 

power from long distance.  

 
Internet of Things (IoT) 

CISCO estimates that there will be 20 billion devices connected to internet by 2020[3].  

Internet of things is a network of identifiable objects such as computers, household 

electronics and sensors such as weather, humidity, light, motion trackers, etc. that forms a 

network of devices that can intercommunicate with each other.   

The smart grid will enable the connecting of household devices to internet through a 

home gateway system, using the existing power lines in the homes. The smart grid gateways 

can be used to support IoT infrastructure through the gateways deployed in the consumers’ 

homes.   

 
Figure 1: Smart Grid Architecture from E2SG [1] 

 E2SG Project Summary 1.2
The target of the Energy to Smart Grid (E2SG) project is to devise and design mechanisms 

and policies to assemble, monitor and control smart grids, i.e. a set of interconnected nodes 

whose primary goal is to generate, exchange and consume electrical energy in the most 

efficient and reliable way by exploiting distributed information that is sensed, transmitted 

and processed over the same set of nodes and links. 

The goals of the E2SG project [1] are 

1. Reduce the CO2 emission and improve energy efficiency in homes through 

monitoring electricity flow in the grid, load balancing, energy feedback, automation 

and remote control.  

2. Micro Grids that can operate independently in case of substation failure or natural 

disasters and redirect excess energy to the grid during peak loads.  

3. Improve customer participation in the energy generation and sharing by providing 

energy feedback and incentives for performing energy saving actions.  
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The project is split in four work packages WP1 to WP4, The thesis project in part of WP1, 

development of intelligent interface solution for smart grids. I will be working on developing 

the interface for smart TVs to provide energy feedback. 
The Smart TVs are newest generation of televisions that have ability to connect to 

internet and run web based applications. The thesis will investigate the use of web based 

application and ambient lighting system in smart TVs to provide energy feedback. The wide 

display area and the central presence of the Smart TVs in homes make them an interesting 

choice to provide information about energy consumption in homes. The lack of previous 

research on Smart TVs makes it an interesting choice to demonstrate how smart TVs can be 

used to provide energy feedback in homes.  
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2 BACKGROUND 
The smart grid enables measurement of energy consumption of individual devices through 

smart plugs and integrated Nano sensors.  Energy consumption in homes is mostly invisible 

to users, with an exception of few percent of users with access to In Home Displays and web 

applications. Research shows that real-time energy feedback reduces energy consumption by 

20%, in homes with access to energy feedback interfaces[4].  

The main function of the smart grid interface is to make energy visible through 

visual feedback to users.  

 Energy Feedback in homes  2.1
The different energy feedback methods used in the current grid is discussed to understand 

the basics on energy feedback. 

 Energy Bills and audits 2.1.1
Energy bills have been used for a very long time by energy providers to provide energy 

feedback to customers. The energy bills mostly provide the energy consumption in terms of 

numbers which the users find hard to understand. Some energy providers provide energy 

audits analyzing the user’s power consumption over months and provide them with power 

saving suggestions and incentives when the customer adopts the suggestions [4]. The 

disadvantage of paper bills is, detailed power consumption cannot be provided in the bills 

and users find it hard to understand power when it is presented in numbers. Energy audits 

have helped in reducing power consumption, but only for the period the incentives are 

provided to customers. 

 In Home Displays (IHD) 2.1.2
In Home Displays are used by utility companies to provide real time energy feedback to 

users. The In Home Displays provide both real time and cost based feedback related to the 

power consumption [4]. The IHD is a portable LCD display device that provides the users 

with the overall energy consumption of the building by connecting to the smart meters in the 

house. The IHDs are used in different pilot projects around the world to determine the 

effectiveness of real-time feedback on energy consumption[4].  The outcome of the projects 

showed that, IHDs provide better energy visibility and they are proved to save between 5 to 

10% in Energy Consumption [4].  The advantage of In-home displays is simple design, 

mobility and real time energy information. Due to limited interaction, complex visual 

representation cannot be used to visualize multiple parameters using IHDs. To complement 

the information provided through IHDs, other mediums such as web and PC applications are 

used to provide more detailed energy information. Most in home displays provide simple 

numeric values of the energy consumption, which users find difficult to comprehend. The 

simplistic design of the IHDs and real time energy information system can be adapted for 

designing the Smart TV application.  

 Ambient Displays 2.1.3
Ambient displays use the visual perception of the users to provide energy feedback. For 

example the Energy Orb [5] uses different color lighting to indicate the peak load and change 

in energy prices and Wattson [5] uses ambient blue and red color lighting to indicate the 

power consumption in the house. The information delivered by the ambient interfaces is very 

limited and the user can relate it to energy consumption but they can’t get the detailed power 

consumption through ambient interfaces. Ambient feedback is not only used for energy 

feedback they are also used for motivating water conservation[6]. Ambient displays provide 

less information than other mediums, Wattson overcomes this drawback by providing a web 

based interface to view detailed energy consumption. Ambient interfaces add aesthetic value 

to the home by illuminating the area with the colorful lights or art [7], which users  identify 

as an important factor while using a product.  
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Figure 2 : (Left )Energy Orb  & (Right)Wattson using ambient lighting to notify 

power consumption[5] 

 Smart Phone & Tablet applications  2.1.4
The growing popularity of the smart phone and tablets has motivated different utility 

companies to move from desktop applications to mobile applications to provide energy 

feedback.  The smart phone application is tested in Smart Homes to provide quick access to 

devices and mobility to users.  The smart phones and tablets are mobile and can be used to 

detect the location and preferences for providing better control of household devices. The 

smart plugs developed in the project will help us to remotely control the devices connected 

to the smart plugs through a home gateway and gather detailed power consumption of the 

devices.  

The smart phones and tablets are equipped with cameras which can be used to 

provide users with augmented information about the device they are pointing to. The ubilens 

project [8] uses the camera of the smart phone to provide the real time energy consumption 

of the device the user is pointing toward. The system uses an image processing system and 

an image recognition server that is used to identify the device and overlay the appropriate 

information on the screen.  The advantage of the smart phone interface is its wireless 

connectivity, GPS, processing power and access to energy information from anywhere using 

the mobile applications. The future smart phone systems will have high speed data 

connectivity and M2M communication protocols inbuilt in the operating system thus 

allowing them to communicate with multiple devices irrespective of the manufacturers [9] 

without the need for a middleware technologies.  

 Informative art 2.1.5
Informative art uses artistic projections and animations to convey information to users.  

Informative art is used to improve awareness about energy consumption in public, 

commercial and office buildings. Some notable research projects that use informative art are 

7000 oaks and Jetsam. The 7000 oaks project [10] uses a virtual forest of oak trees to 

symbolize the power consumption in the building, when more power is consumed the 

number of oak trees in forest reduces and when less power is consumed the number of oak 

trees in the forest increases.  

Jetsam: ambient display for trash [11], projects the amount of garbage in the can on 

the floor so people are conscious about their waste generation.  The energy curtain [10] uses 

the sunlight in the morning to charge it and glows at night using the energy generated in the 

morning. Though informative art is used in public displays to improve awareness, the idea 

can be adopted for the smart grid application system to provide energy feedback in homes.   

 Control in Smart Grid  2.2
The energy feedback to users is of little use when the users lack the means to act on the 

received feedback. The devices in the smart gird will be able to transmit and receive data to a 

central home gateway. This allows us to control the devices wirelessly by sending control 
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signals to the home gateway. Building the ability to control the devices through the smart 

grid application will enable the users to act on the received feedback. This will also avoid the 

need to build multiple remote controls for controlling the devices thus avoiding cluttering of 

remotes in the homes. The growing popularity and the wireless capability of the smart phone 

& tablets make them the primary choice for providing control in smart grid home.  

 Smart Phone as a Universal remote  2.2.1
There are multiple researches done on making a universal remote to control household 

device[12], [13, p. 4]. Device from multiple manufacturers use their own remotes and APIs, 

for example we use multiple remotes to control the television, Xbox, Blue ray players this 

leads to cluttering of remotes in the living room. The user has to keep track of all the remotes 

in the homes. The smart phone has evolved to a stage where they can have multiple screens, 

multimodal interactions and better processing power than computers. The smart phones have 

capability to connect to multiple devices using Wi-Fi or Bluetooth connectivity; this gives us 

an opportunity to send remote commands to the devices via smart phone applications. There 

are several products that provide mobile applications to connect remotely to devices; some 

notable products are Samsung Refrigerator [14], Philips hue lamps [15] and Philips Smart 

TVs. Each device have their own mobile application which are disconnected from each 

other, this will lead to multiple applications in users mobile device. The challenge faced here 

is how to provide access to the devices through a single mobile application without needing 

to switch between applications for controlling devices in the home. One possible solution for 

this problem is to build mobile application with plug and play modules for each device 

connected to the gateway. 

 
Figure 3 : Mockup of the Smart phone control interface 

 Tablet Application 2.2.2
The tablets have a wide screen allowing us to present more information and complex control 

features for the users. The user can be allowed to control multiple devices simultaneously 

through the tablet interface. Some activities in homes can be combined with multiple 

devices, for example while watching TV the user might need to dim the light for better 

viewing experience and control the stereo setting to improve sound setting. The tablet 

interface will allow the user to control multiple devices that are interdependent on each other 

to provide better comfort for the users at home. A simple mockup of the tablet interface 

design for the project is presented below.  
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Figure 4 : Mockup of the control interface for tablets. 

 

There are multiple studies done on smart phones[13], tablets and In home 

displays[12], [16] to provide energy feedback and control in homes. Smart TVs are not used 

in energy feedback research, so I decided to investigate using Smart TVs as a feedback 

medium in homes.  

Smart TVs are the next generation of the entertainment devices that replaces the 

traditional television system. The Smart TVs have advanced features such as web application 

deployment, wireless connectivity, and gesture & pointer based interactions. The smart TVs 

are a growing market with multiple manufacturers like Samsung, Philips, LG, Sony, etc. 

Little work is done on using smart TVs to provide energy feedback in homes, so an 

investigation on using Smart TVs for providing energy feedback in homes will be an added 

value for smart TVs. 

 Context Awareness in Smart Grid   2.3
“Context Awareness” is the ability of the system to understand the user’s intention and 

perform activities based on the location, environment data and devices around the user.  The 

context awareness in the smart grid will be implemented based the data generated from the 

user smart phone such as location, connectivity, calendar and the activities performed by the 

users in the home. The devices in the future homes will interconnect with each other using 

M2M communication protocols, which will allow us to develop context aware services for 

the home users. The devices will send and receive their status continuously to a central 

gateway system allowing the intelligence system to determine what the user is doing and 

user intention. The data from the devices can be used to create an activity map for the users 

which in turn can be used to predict the load on the grid. The context awareness can be used 

to reduce power consumption and improve users living by using activity mapping and 

location based data. When the user exits the house the heating system can be turned down to 

save money. The system can also provide users with alternate schedule for non-essential 

activates (such as dishwashing and cleaning) in the house to time when the power price is 

low.   
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 Gesture based interaction in Homes  2.4
Interacting with the device in the home is physical in the current grid. The trend of consumer 

market is changing rapidly, enabling users to connect to devices wirelessly in home thus 

adding value to the products.  This leads to a new way of interacting with devices, there are 

products such as Samsung smart TV, Microsoft Kinect and leap motion[17] allowing the 

users to control the devices using simple hand gestures.  The use of gesture allows more 

natural and easy way of interacting with the interfaces and products.  These sensing 

technologies can cover only a small part of the room up to 10 meters thus requiring multiple 

sensors to cover the entire building.  

There are new research projects that aim at using wearable sensors to interact with 

interfaces. The MYO wireless bracelet [18] can detect the user’s finger and body movement 

and convert them into meaningful actions.  The MYO wireless bracelet can track user’s 

finger movement by registering the muscle movement in the hand thus allowing us to 

accurately predict the user’s hand movement. The future smart grid homes will employ 

multimodal interactions such as voice, gesture, touch and pointer interactions to interact with 

the devices in the home. A simple voice command “lights” will turn on the light in the room 

or the user waves his hand in front of the window the curtains to open or close it. The users 

can record the gestures pattern and assign to individual actions in home such as waving the 

hand in front of the device will turn it ON or OFF. The leap motion sensor provides natural 

way of interacting with the interface by using 3 dimensional finger tracking. Combining the 

leap motion sensor with the smart TV interface will improve user’s interaction with the 

Smart TV interface. Though these technologies are not available commercially, but the 

features demonstrated in the project is promising and provide a natural way of interacting in 

homes.  
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3 PROBLEM DESCRIPTION  

 Motivation   3.1
The smart meter infrastructure will enable us to provide real time energy feedback to users 

about their energy consumption. The current grid system lacks the technology needed to 

provide real time energy feedback to users. The smart grid systems will generate a lot of data 

that can used to provide better services to the users; presenting the data to user in an 

understandable format plays a key role in reducing the energy consumption in homes. 

Mark Weiser in his paper the computer for 21st century [19] quoted “The most 

profound technologies are those that disappear,” he wrote. “They weave themselves into the 

fabric of everyday life until they are indistinguishable from it.”  The idea is to present 

information in the smart grid interface in an unobtrusive and natural way to users without 

affecting the users living environment. The Smart TVs, Smart Phone and Tablets have 

become an integral part of people’s daily life. These technologies have grown very much in 

the recent years in processing power and wireless capability to communicate with multiple 

devices. The smart grid project will leverage the feature available on these three devices to 

provide energy consumption in homes in a natural way. Existing research on using smart 

phones as control devices in homes have shown people adapt easily to using mobiles to 

control devices [12], [13]. Little research is done on using smart TVs to provide energy 

feedback and control in homes.   

The lack of existing research on using Smart TVs to provide energy feedback and 

interest of TP Vision in Smart TVs motivated me to investigate using smart TVs to provide 

energy feedback in homes. The smart TVs have multiple features that can be used to provide 

energy feedback, the problem is the integration of these feature into the smart grid interface 

system to provide better energy feedback.  The limited interaction and processing capacity of 

smart TVs poses a unique challenge while designing the smart TV application. 

 Aim & objective 3.2
The thesis aims to create a smart TV application prototype to demonstrate how smart TVs 

can be used to provide energy feedback in homes.  

The objectives of the thesis project are 

 Research exiting smart home and smart grid systems to gather the domain 

knowledge and user requirements for the smart grid interface system.  

 Design and develop the smart TV interface for the demonstration.  

 Evaluate the smart TV prototype to gather the user feedback about the smart TV 

interface. 

 Research Questions 3.3
The following research questions will be answered in this thesis 

1. What is the information users are interested in an energy interface? 

a. What is the unit of energy (Cost, KWh, CO2, green house) understood by the 

users? 

b. How can power generation and consumption information presented to user, what 

type visualization can be used for presenting the information? 

2. How can smart TVs used to provide energy feedback in homes? How can 

ambilighting and push notification in smart TVs used to provide energy feedback?  

 Expected Outcome 3.4
Demonstrate the smart TV interface with various features in Smart TVs that can be used to 

provide energy feedback in homes.  A simple demonstration of the context aware features 

using the Smart TV, Hue lamp and smart phones as part of future work.  
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 Contribution 3.5
The thesis investigates the uses of Smart TV as a medium to provide energy feedback in 

homes.  The thesis will contribute to the knowledge of how smart TVs can be used in home 

environment to provide energy feedback and what is the users experience with the smart TV 

application.  

The architecture of the smart grid interface system for connecting and controlling 

devices in the home will be provided. The thesis will also contribute to the implementation 

of context awareness in the smart grid homes through user scenarios and a simple 

demonstration.  

 Scope of the Project 3.6
The prototype is designed to work with home sensor network designed for the demonstration 

of smart grid inside E2SG project. The project requires a Philips smart TV with pointer 

support and a local server running on the home network to control the ambilighting of the 

television.  Since the project is in specification phase the prototype will be based on data 

from a home network simulation. The evaluation of the interface is done on the design, 

usability and visualization of the interface due to the lack of accurate data from the home 

network system. An evaluation plan is created to evaluate the energy saving potential of the 

interface once the complete interface system is developed for the smart grid.  
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4 METHODOLOGY 
The Human Centered design approach is used for the prototype development. The human 

centered design (HCD) is “an approach to systems design and development that aims to 

make interactive systems more usable by focusing on the use of the system and applying 

human factors/ergonomics and usability knowledge and techniques” [20].  The HCD is an 

iterative development cycle where the user requirements, organizational requirements and 

context of the product are considered during the application development process.  There are 

no predefined solutions available for designing energy interfaces; the human centered design 

process provides the guidelines to gathering requirements, design and evaluate the interface, 

with user as the center of the design process.  

The other methodology that fit for the project profile is participatory design, which 

involves different stakeholders in the development process and contextual design, using 

ethnographic study to gather user requirements from the field. The time needed for 

conducting participatory meetings and setting up the ethnographic study needed a longer 

time period and resources. The Human centered design helps to gather user requirements 

based on existing work and quick iteration of the interface design in various stages of the 

project. The figure 5 shows the various activities of the HCD. 

 

 

 
Figure 5 : Key human centered design activities[20] 

 

The human centered design approach uses three main approaches, engagement with users, 

frequent iteration and interdisciplinary collaboration.  This methodology allows us to create 

an interface that meets user’s requirements through repeated refining in the design and 

development phase. Using the above methodology will provide me with opportunity to refine 

my interface design before developing the application avoiding implementation changes in 

the later part of the project, thus resulting in an application that closely meets user’s 

requirements. The key principals of HCD are 

 Active involvement of users and clear understanding of user and task requirements 

[20]. 

 An appropriate allocation of function between user and system. 
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 Iteration of design solutions. 

 Multi-disciplinary design teams. 

 

The Smart TV prototype development is split into four phases based on human-centered 

design principles set with standard ISO 13407[12].  

1. The requirement gathering phase during which the user requirements for the 

interface was gathered through the literature study.  The requirements gathered will 

serve as the input for the design phase.  

2. The design phase during which the mockup and wireframe of interface is created 

and refined by evaluating with usability experts. 

3. The implementation phase during which the prototype in developed and tested. 

4. The evaluation phase during which the prototype in evaluated and evaluation plan is 

prepared. 

 

During the requirement gathering phase the user requirements of the smart grid interface is 

gathered through literature study on Smart Home interfaces [7], [12], [13], [21], In-home 

displays [4], [16] and ambient interfaces [5], [10], [11].  The literature study is done on papers 

published in CHI, Ubicomp conferences, Interaction journal, ACM and IEEE database and the 
IEEE smart grid working group. The research in smart grid systems focus in creating standard 

protocols for grid communication, reliable power distribution network, smart grid 

infrastructure and independent grids, while little work is done on providing energy feedback in 
homes. To understand how to provide energy feedback in smart grid homes several smart home 

projects and in home display systems are studied. The literature study focuses on smart home 

interfaces, how people interact with device in homes, different mediums used to provide 

feedback and how the information is presented to the users.  Some smart home projects 

implement context awareness in the applications for supporting healthy living and 

automation of activities in homes[22].  The context awareness systems can be adapted inside 

smart grid homes to improve energy efficiency in homes; the scenarios are discussed in 

section 10.2. The literature study was used to gather the UI requirements and various 

systems involved in a smart grid system. The requirements gathered in this phase serves as 

input for the design phase.  

In the design phase the mockup and wireframe of the interface is created and 

evaluated through heuristic evaluation.  Heuristic evaluation is an informal method for 

usability analysis where the interface is presented to evaluators and asked to comment on it 

[23].  Heuristic evaluation covers only 50% of the usability and design flaws in the design, 

aggregation of results from multiple evaluators and continuous iteration of the interface 

design will help cover most of the usability issues. The heuristic evaluation is used to find 

the usability problems in the initial design and clear the interface flaws. The heuristic 

evaluation is done by usability experts at TP Vision during the design phase of the interface. 

The advantage of heuristic evaluation is 

1. It is cost effective. 

2. Requires little or no advanced planning.  

3. Usability errors can be found early in the development process.  

 

During the implementation phase the design is converted into a high fidelity working 

prototype.  The application framework was carefully selected by analyzing various open 

source frameworks and the development features offered by the frameworks. During the 

implementation phase different frameworks were evaluated.  The framework is chosen in a 

way the application developers, can extend it to build the smart grid application for smart 

phone and tablets by using the common database connectivity and device profiles. Using a 

framework to develop the prototype has the following advantages 

1. Reuse the code developed for other modules.  

2. Focus on the interface design and cut time spent on logic coding. 

3. Standardized documentation allows other developers to work on the prototype with 

ease.  



  
 

  16 

4. Additional functions can be added without affecting existing functions. 

 

In the evaluation phase the prototype interface is presented to colleagues and interns in my 

office and the various features of the interface is evaluated. The evaluation was done in 

sessions of 20 minutes each where the interface is demonstrated to users and asked to 

accomplish different tasks using the interface and provide their feedback. The evaluation will 

be done on various aspects of the interface such as user experience, usability and design of 

the smart TV interface. The effectiveness of the ambilighting and push notification feature to 

make energy visible is also evaluated.  The feedback of the users is collected and suggestions 

will be provided to improve the prototype. An evaluation plan will be developed to evaluate 

the potential of the smart TV, smart phones and tablet interface in reducing power 

consumption in homes.  
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5 LITERATURE STUDY  
Through the literature study, the reader is able to understand the existing work done on smart 

grids and energy feedback in homes. The traditional literature review is conducted to 

summarize the literatures related to the area of interest. The literature study was done to 

gather the user requirements for the smart TV interface and understand how the information 

is presented to users in existing smart homes; this will give me an idea about what 

information to present on smart TV and how to present it. The documentation of the joint 

space and the application design guidelines for the Smart TV is referred, to gather the 

capability of smart TV system and the internal APIs for controlling smart TV remotely. 

The literature study covers the following area 

1. Existing smart home projects and smart home interfaces.  

2. Home energy displays.  

3. Ambient interfaces.  

 Literature gathering process 5.1
Creswell [24] guideline is used in reviewing literatures according to following steps 

 

1. Related keywords, their synonyms and terminologies to the research area were identified 

through electronic thesaurus and encyclopedias such as: 

 Merriam-Webster ( http://www.merriam-webster.com/ ) 

 Thesaurus ( http://thesaurus.com/ ) 

 

2. Different terms and synonyms are combined using AND/OR Boolean operators to form 

search strings. The following terms and synonyms are used in the search. 

 Smart Grid:  smart grid interfaces, smart grid, smart grid infrastructure, smart 

meters. 

 Smart homes: smart home interfaces, smart home systems, context awareness, 

ambient living.  

 Energy feedback: Energy interfaces, ambient feedback, power management, 

energy displays, in home displays, eco feedback. 

The articles are chosen based on the related content and the search is iterated by refining 

the search terms until suitable papers are found.  

 

3. The following electronic journals are used to gather the articles for literature study 

 IEEE Xplore 

 IEEE Smart Grid workgroup 

 ACM Digital Library 

 Springer 

 Google Scholar 

 Interaction journals 

 CHI & UBICOMP  conference 

These databases are good resources for capturing published journals in Interfaces, 

computer science, Smart grids, Smart homes, Human Computer Interaction, user 

experience and user interaction. These databases also cover books, journals, and 

conference proceeding and peer-review journal. Google Internet search is used to gather 

industrial reports and products available on the current market.  

 

4. Potential primary studies were selected based on inclusion criteria. Both industrial and 

academic studies are chosen the literature study. The title and the abstract are used in the 

selection of the articles. If the title and abstract matches the research area then the article 

is selected for further review. The inclusion criteria used are presented below. 
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 The article is written in only in English. 

 Full-text is available and accessible. 

 The article discuss about energy feedback and energy interface design.  

 The article discuss about smart grid interfaces and smart gird systems.  

 The article discuss about smart homes and smart home systems.  

 The article discuss about ambient interface and eco feedback.  

The literature study is presented below. 

 Smart Home Interfaces 5.2
The literature on smart grid interfaces is very limited so the literature was gathered from 

smart home interface, since smart grid and smart home environments are related to each 

other. The smart home technologies can be transferred to smart grids for certain scenarios. 

The smart home environment is one of the highly researched areas in ubiquitous computing. 

The Smart homes are tailored specifically to accomplish specific tasks such as supporting 

elderly people, healthy living or provide better living experience. The homes in the smart 

grid can be compared to smart home environments tailored for improving energy efficiency 

in homes. The smart homes have multiple interfaces and multimodal interactions to control 

devices in the home environment. Some notable multimodal interactions in smart home 

environments are voice, gesture, touch, home displays and wearable devices[7], [12], [21].  

The voice interaction uses simple spoken commands to control the device, the 

gesture based interaction uses multiple cameras to track user’s movements and converting 

them to actions example Kinect sensors. The touch interactions are used in mobile devices 

and in home display panels, the mobile devices are capable of multi touch sensing allowing 

the users to perform multiple touch operations simultaneously.  Wearable sensors such as 

MYO wristband[18] allows the users to control devices by performing finger and hand 

movements, these movements are recognized and converted into appropriate actions.  

The Aware Living  interface system(ALIS) [7] uses three different interfaces a built 

in home display panel, tablet and smart phone application and an ambient canvas to provide 

energy feedback in homes.  The smart phone and the home display in the ALIS project is 

designed to show the users the current performance of the building and their progress 

towards their goal. The interface also allows the users to control the lighting and heating 

devices through the dashboard[7]. The ambient canvas in the ALIS project uses LED and 

filters to produce light patterns based on the current water and electricity use in the building. 

The mobile interface was designed to be the subset of the PC interface providing individual 

control while the PC interface allows the users to control multiple devices through the 

interface. The interface also contained various modes such as sleep, media, home and work 

allowing the users to control group of devices simultaneously [7].   The users can customize 

the modes using the PC interface according to their preference and needs. The ALIS 

interface system uses informative art for ambient visualization of the energy events in the 

building.  

The visualization of the energy use in the building plays a key role in changing the 

user behavior towards energy use. The energy feedback will help the user’s understand and 

manage their energy use [21].  The energy visualizations usually falls in 2 categories the 

highly technical displays and the simplified home dashboards providing aggregated data easy 

to understand by users.  The negawatt interface [21] discusses about the complexity of the 

energy visualization and how to address the issue by adapting the information for different 

metal models. The home displays usually provide numerical data of the energy consumption 

associated with kW or cost. The alternate to graphics based visualizations is providing 

information via ambient visualizations.   

The interface system for the smart grid homes should be considered as ecosystem of 

interfaces, instead of having multiple disconnected interfaces. The smart grid interface 

ecosystem will contain multiple computing devices such as mobile, tablets and smart TVs to 

provide graphic based visualization, ambient visualizations and touch interactions. The ALIS 
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is distributed system of interfaces and visualization tools that helps the residents to be aware 

of their energy consumption.  

Koskela et.al [12] performed an empirical analysis of three different user interfaces 

for controlling smart home environments. The paper discusses about the process to gather 

user requirements, design and evaluation of the interfaces in smart homes. The three medium 

evaluated include a media terminal, smart phone and PC interface. The experiment was 

performed with young adults by introducing them different interface at different time period 

of the evaluation. The result showed that users are interested in a single application that can 

be used to control the home environment.  The media terminal interface needed the user’s 

presence within the visual range of the television and has to be operated by remote control. 

The mobile interface had the most hit rate by users since they carry it personally with them 

and it can be accessed from everywhere in the house. The evaluation showed that the mobile 

terminal was the most preferred by the users, the users valued mobility and remote access. 

The interaction with the media terminal proved to be difficult for the user due to the limited 

interaction capability of the remote.   

The existing research on smart home interface provided the input for designing the 

architecture of the smart grid interface system and defining the ecosystem of smart grid 

interfaces. The existing research [7], [12], [21], [25] focuses on smart phones, embedded 

displays, PCs and tablets. Little work is done on using the smart TVs to provide energy 

feedback. Thus focusing my work towards using smart TVs as an energy feedback medium 

in home will provide a valuable addition to the smart grid interface system.  

 Ambient Interfaces 5.3
Ambient interface are unobtrusive interface that use the visual perception of the users to grab 

their attention towards an event occurring around them. The ambient display can also use 

sound, touch and other senses of the users to grab their attention. The primary ambient 

interface focused in this project is using visualization. The goal of the ambient interfaces is 

to present the information to the users without distracting the users from their task. 

Ambient interface have been studied in different pilot studies [16] and research 

projects [5], [11] to provide energy feedback in homes. Some commercially available 

ambient feedback products are discussed below 

 Static[26]  - The static is a power aware chord that contains LED lights twisted with 

the normal wire. The static makes the electricity that flowing through the wires visible by 

glowing. The users were able to understand energy is flowing through the wires when they 

used the static. The Static indicates electricity flow through glowing pulses and intensity of 

light. 

Water Bot [6]- The water bot project was designed to motivate water conservation in 

users. The water bot project uses different colors to indicate the flow of water in the sink. 

The blue color indicates the flow of cold water through the faucet and red color indicates the 

flow of hot water. This system has motivated users to save water using constant visual 

reminder.  

Wattson [5] - The Wattson uses ambient blue and red auras to indicate the power 

consumption in building. The Wattson is commercial product that has been tested with 

multiple users. The users of wattson responded that the glowing lights capture their attention 

towards energy consumption and they were able to link the color change to the related event.  

Ambient Canvas[21] - The ALIS smart home system has an ambient canvas 

visualization integrated into the interface system. The ambient canvas is linked directly to 

the real time energy information enabling the users to receive the real time feedback through 

information patterns. The users were able related to their actions (such as turning on a 

device) to the feedback received through the ambient canvas[27]. The aesthetics and 

simplicity of the ambient interface played an important role in the user’s choice for using the 

system.   

Based on the discussion[27], about the ambient interfaces I decided to implement 

ambient visualization into the smart TV application. After initial review of smart TV 
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features, the ambilighting in smart TVs and Philips hue lamp is selected to provide ambient 

feedback in smart grid.  

 Consumer Preferences 5.4
Energy and resource management are important topics while developing the smart grid 

interface. Reduction in energy consumption requires not only energy efficient buildings but 

also change in user’s behavior towards energy[21]. Energy Visualization plays a key role in 

enabling users to understand and mange energy use. The current applications for energy 

visualization require too much effort and management from users. This creates the need to 

create simple and effective energy visualization system for users with limited technical 

knowledge. The products like  Kill a Watt and Watson[11] have a simple display indicating 

the current energy consumption, the users are able to link these values towards energy 

consumption. Typical home users find it hard to understand the different power units such as 

watts, watts hour, etc. Bartram.et.al [21] discusses about expressing energy information in 

terms that suit variety of mental models.  

Anderson.et.al [16] performed a study on energy displays to define the core 

specifications for real time energy displays based on consumer experience of energy displays 

available on the market. The core specifications gathered from the study will be used in the 

development of the smart TV interface.  The study was conducted with 38 participants split 

into 3 different user groups, the users were asked to draw their idea about the energy display 

which served as the input for the interface requirements. The outcome of the study is used to 

define the core requirements and the initial design of the smart TV interface. The paper gave 

me clear idea of what the user is interested in an energy display and how the users 

understand energy consumption in homes.  The paper summarizes the following about real 

time energy displays 

1. Changing values are poorly represented by numeric displays 

2. Everyone understands money. 

3. Different users have similar needs. 

4. Mobility is valued but only for limited period.  

I borrowed the Wood and Newborough (2003)[16] framework for the factors influencing 

energy information displays.  They consider factors such as location, frequency, Display 

units used (Co2, Kwh, cost), display methods that has to be considered while designing 

energy interfaces. The chart in figure 5 will be used to discuss the various factors that are 

considered while designing the smart TV interface.  

The display format of the information plays a major role in users understanding 

about energy. When power is represented in changing numerical values, it is hard to 

understand for the users[16]. The power values are best represented in graphical format like 

Line, Bar and Pie Charts.  Bar Graphs are useful in providing energy information over the 

period of time while line graphs were useful to provide comparison about quick changing 

values such as generations and consumption. 
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Figure 6 : Factors influencing design of energy display [16]. 

 

The consumer preference gathered through the study is used in the requirement gathering 

phase to define the UI requirements.  
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6 KEY POINTS FROM LITERATURE STUDY 
The following section is the summary of the key points from the literature study that are 

adapted for the smart TV and smart grid application. 

 Feedback mediums for Smart Gird homes 6.1
Based on the study on smart homes interfaces the following devices are identified to provide 

energy feedback in homes. The use of smart phone, tablets and smart TVs will avoid 

spending additional investment in hardware and the users are already familiar with using 

these devices for day to day activities.  

Smart Phones and Tablets are mobile and carried by most users personally. The 

smart phone and tablet exceed the processing power of the Smart TVs and have multi-touch 

support. The smart phone and tablets are equipped with GPS and wireless sensors this makes 

them a better option to provide context aware services to the users. The smart phones can be 

used to provide access to resources based on the user’s location in the building and his 

activity pattern. The smart phone have been built and tested in number of smart home 

projects making them the primary choice of interaction for the homes. Experiments show 

that people adapt to using smart phone to controlling home environment. 

Smart TVs – The smart TVs are latest generation of TVs that support deployment of 

web based applications and connectivity to wide range of services in homes. The energy 

feedback in the smart TVs can be provided through the smart TV applications and 

ambilighting system. The latest generation of smart TVs supports collaborative operation of 

multiple users through their smart phones and tablets applications. The latest generations of 

TVs can use pointing and gesture recognition to interact with the interface. The development 

of the energy interface for smart TVs has unique challenges due to the limited processing 

and interaction capability with the remote. 

These Smart TV, Smart phone and tablet will together constitute the smart grid 

interface ecosystem. The smart grid application for smart TVs will be implemented and 

tested first due to limited time period and lack of previous research on smart TVs. The smart 

phone and the tablet application are developed in the later part of the project. The overall 

application architecture is defined based on the study on smart home system before starting 

development of the smart TV application.  

 Design of energy interfaces 6.2
The design of the energy interface must consider the device used for presentation, what and 

how the information is presented to the user.  The interface is designed specifically for smart 

TVs; the smart TV has limited interaction capability that can be compared to in home display 

which has limited buttons to change options. Anderson et.al[16] in his study has discussed 

the core specifications for devices with limited interaction capability, based on the study he 

following design suggestions is considered for designing the energy interface.  

 Changing values are poorly represented by numeric values; the numeric scale does 

not provide the relative scale of values. 

 The display should be kept simple as possible, focus on providing one type of 

information at a time.  

 Everyone understands money; most users feel co2, carbon footprint, KWh to be 

incomprehensible.  

The final goal the interface is aimed at achieving plays a key role in the design, the smart 

grid interface aims at reducing power consumption in homes. The are two main goals for the 

smart grid interfaces 

1. Long term goals – Achieving reduction in power consumption in homes through real 

time feedback.  

2. Short term goals – Providing real time feedback about energy consumption and 

prompt for action.  
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There is no off the shelf design solutions that are available for building energy interfaces. 

Based on ergonomics research[16] the application design should be consistent, clear and task 

appropriate to support energy efficient behavior in home. The information can be qualitative 

using numeric and graphical representation or quantitative messages such as “power 

consumption is high considered tuning OFF the devices”. The interface design will present 

both qualitative data and quantitative data in the smart TV interface. The quantitative data 

will be used for the notification messages “your power consumption is high, consider turning 

off the light in storage room”. The qualitative data will be used to provide power generated 

and consumed information along with indication of the levels such as High, Medium and 

Low. 

Wood and Newborough (2003)[16] framework will be used for identifying the 

factors influencing  the energy interface design. The factors such as frequency, measurement 

unit, presentation medium, location, recommending actions and comparison are considered 

while designing the interface for the smart TV. The factors influencing the smart TV 

application design are discussed in detail in section 7.1.4.  

 Point of Use Feedback 6.3
Providing feedback through multiple devices is not enough to change user’s behavior 

towards energy. Certain activities benefit better by providing feedback at the point of use. 

Point of use feedback involves providing power saving information at the point of use of the 

device using the LCD display on the device. Some examples are providing water usage 

information at the shower head and sink can benefit better than presenting the information 

via a display[5]. Similarly providing correct setting for the washing machine at the LCD 

display panel is better than presenting the data at the remote display. The interface for 

controlling the devices is developed by understanding what the devices that benefit by 

providing remote access are and which devices don’t. The waterbot [6] project proved that 

providing information at point of use  changes users behavior towards using water.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Though smart grid allows the users to operate the devices through remote 

applications, not all devices can benefit from remote operation since it needs users to 

perform actions such as moving things in and out of the device. The study showed that 

performance of devices such as washing machines, dish washers and thermostat can be 

enhanced when appropriate settings are selected. For example while using washing 

machines, the user has to move the clothes in and out the machine when the washing starts 

and completes. The user have to select the setting for washing such as the duration and the 

temperature for the wash, but in most cases we wash clothes with default settings or wrong 

settings, in such cases a notification in the LCD display directing the user towards the correct 

settings will help the user using the machine efficiently. 

Kill a Watt [16] uses the point of use feedback, the kill a watt plug has a small LCD 

display attached to it displaying the amount of energy consumed at the outlet. When the user 

turns on a device he gets instant feedback about the power consumed by the device.  The kill 

a watt allows the users to remotely control the outlet using smart phone application. The 

simplest way to provide point of use feedback is to embed LEDs in the switches to indicate 

the status of the device. The LED glow will serve as visual reminder that the device is in 

operation. Further work has to be done in developing innovative ways to provide point of use 

feedback for devices at low energy cost.  

The smart grid interface will provide remote access to devices that can benefit from 

remote access and avoid providing remote access to device that doesn’t benefit thus avoiding 

cluttering of the interface and reducing the network overhead.  

 Ambient visualization for energy feedback  6.4
The users cannot consult their smart grid application every time they need to learn about the 

energy consumption, this raises the need to provide unobtrusive energy feedback to users 

without affecting their current activity. The ambient feedback will serve as a means to help 

users make informed decision without the need to consult the smart grid applications. 
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Ambient feedback in smart gird uses visual perception of the user to get the users attention 

towards energy consumption, without requiring complete attention from the users. Ambient 

feedback alerts the users to various events in the building by using different color lighting or 

art patterns. 

The ambient visualization in the smart TV application uses the ambilighting system 

in the Philips smart TVs and Philips hue lamp to create different colored auras to indicate the 

power consumption level in the house. The green aura indicates the normal power 

consumption while the red aura indicated high power consumption. The yellow flash is used 

to show the change in power price. 
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7 SMART TV INTERFACE DEVELOPMENT  

 Requirements Gathering phase 7.1
During this phase the functional features for the smart TV interface and the architecture of 

smart grid interface system is defined based on the literature study. The UI for the smart grid 

have the following general requirements. 

1. Make the energy consumption visible and understandable to users. 

2. Provide actionable information to control energy consumption in homes.  

3. Integrate multiple devices such as smart phone, tablets and smart TVs to provide 

energy feedback. 

The smart grid interface system will use smart phones, tablets and smart phones to provide 

energy feedback to users.  I will start with overall architecture of the smart grid interface 

system followed by the requirements for the smart TV interface. The factors affecting the 

design of energy interface will be discusses later in this section.  

 Smart Grid Interface Architecture  7.1.1
The smart grid interface system is a connected ecosystem of smart phone, tablets, smart TVs 

and third party applications that work together, to improve the energy efficiency and users 

experience in homes. The interface system works in combination with different systems from 

the Smart Grid and energy providers. The home gateway system is linked to a cloud platform 

to store and backs up important customer data in order to minimize memory storage and 

processing in the home gateway. All the computing related to energy management will be 

carried out in the cloud platform and delivered to the home gateway. Figure 7 shows the 

overall architecture of the smart grid interface system. 

 

 
Figure 7 : Smart Grid interface system architecture 
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The different parts of the smart grid interface system are discussed below.  

 
In home generation 

This system will control the power generated in the house from the solar, wind or hybrid 

vehicle. When the demand is more than the generated electricity the system will 

automatically route the power from the grid to the home. When the demand is less than the 

generation the system will either store the energy in the battery or reroute the power to the 

grid. The system will be connected to the smart meter infrastructure allowing energy 

providers to control the power generated in the building, based on the sharing policies agreed 

with customers.  
 

Home Gateway 

The home gateway system will host the entire interface and the user settings for the homes. 

The home gateway will be the central point of communication with the devices in the home 

and the user. The home gateway can link with the devices in the building using multiple 

protocols zigbee, Wi-Fi, Bluetooth, x10 Power line communication. The gateway will use 

M2M communication to receive and forward events from the devices and send the 

notification to smart grid interface if any notable event occurs. The home gateway will be a 

plug and play system that can detect the device connected to the house based on the device 

profiles from different manufacturers.  
 

Cloud Services 

The home gateway will be connected to the central cloud infrastructure that stores all the 

information related to the user. It also serves as a forwarding agent when the users try to 

access the home gateway from an external network. The cloud system is connected to an 

intelligent scheduling system that collects the user’s activity pattern, location and preference 

to schedule activities in the house. The cloud system also implements a context awareness 

system that can provide automation of repeated activities by the user.  The reason for having 

a cloud based processing system is to reduce the load on the home network and processing 

requirement for the home gateway. The cloud platform will also support deployment of 

applications from 3rd party service providers. 

 
Interaction Devices  

The project uses smart phone, tablets and smart TVs to provide energy feedback in homes. 

The three devices are selected based on the growing popularity and the information gathered 

from the literature study. The smart phone, tablet and smart TVs will communicate to the 

home gateway through wired or wireless network. The smart grid application will be 

deployed on these devices and linked to a central database that tracks all the activities done 

using the applications.  The development of the smart TV interface will be discussed in the 

following sections. 

 

 User Scenarios 7.1.2
A scenario in  user interface can be defined as the “a small story with a vivid illustration of 

the work area; or a specific case of a task.”[28]. The user scenario is used to describe how 

the user will use the system and how it fits into the user’s environment. The user scenarios 

are used to describe how the smart TV interface will be used in smart grid homes. The 

scenarios are gathered through brainstorming, discussion with project partners and UX team.  

The different scenarios in which the smart TV interface can be used in the home 

environment discussed below. 

John is 30 year old guy living with his family, John leaves for work every day at 

8:00AM and reaches back home at 5:00PM on week days. He mostly follows the same 

routine activities unless he works late. He updates his calendar regularly with his working 

hours and meetings. John has 2 kids who have their own room in the house and John uses his 

electric vehicle to travel to his work place regularly and charges it every day after reaching 
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home from work. The Smart TV is located in John’s living room where it is visible to 

everyone in the home.  
 

Scenario 1: Notification using ambilighting 

John is sitting in his couch enjoying a program in his Smart TV. He notices the ambilighting 

color change for a brief moment, indicating the change in the power consumption of the 

building. He opens the smart grid interface and checks the dashboard to find the reason for 

the sudden change in power consumption. 

 
Scenario 2: Push notification 

John is watching television in his living room, the smart grid application notices a critical 

event in the house, and notifies John about the event; the system pushes the event 

notification to the top right corner of television screen in a small window showing short 

description about the event.  
 

Scenario 3: Device control  

John wants to check if he left the lights ON in his room when he is browsing through his 

Television.  John opens the Smart TV application and navigates to the control screen. He 

notices the light and his computer is running in his room. He decided to turn OFF the devices 

using the control interface.  

 
Scenario 4: Detailed power statistics 

John used to receive his electricity bill every month, the new application for the smart grid 

allows him to see the detailed analysis of his power consumption by Hours and Weeks which 

was previously not possible.  John was curious about his power consumption statistics and 

how much he has saved on his power bill compared to previous months.  He navigates to the 

Smart TV dashboard to check his detailed power statistics.  
 

Scenario 5: Context awareness 

John is watching television in his living room. He receives a call from his friend on his smart 

phone. John attends the call to talk to his friend, the television mutes automatically allowing 

John to have a clear conversation over the telephone. There are several context aware 

scenarios that are developed such as automatic diming of lights while watching movies, due 

to non-availability of the supporting technologies I decided to focus on a single scenario for 

the demonstration. Other context awareness includes using GPS data from smart phone to 

detect location and turn ON or OFF devices. 

 



  
 

  28 

 
Figure 8 : Use case diagram for the smart TV interface 

 

 Core Specifications 7.1.3
The core specification are defined based on the information gathered during  literature study, 

the study be Anderson et.al[16] is used for defining the core specification of the energy 

interface. These core specifications are used in design of the smart TV application.  

The smart TV interface implements the following features  

1. The interface will have 

a. Analogue indicators of current generation, consumption and net power used 

b. Rate of consumption per day and month.  

c. Money spent, shared and saved by the home generation.   

2. The interface should provide interactions for energy generated and consumed 

a. Last seven days, day by day  

b. Complete week, month and year 

3. The interface will display both money and power in terms of Euros and Kwh and 

Kwh/day.  

 Design Dimensions for Smart TV interface 7.1.4
The factors that affects energy interface design, borrowed from Newborough [16] is 

discussed in this section.  The following factors are considered while designing the smart 

grid interface for smart TVs. The factors will help in design and development phases to 

determine the type of visualizations to use and updating the information to the application 

dashboard. 

 
Frequency 

The energy information needs to be real time for the users to act on the feedback. The user 

interface will receive instant update from the sensors once a change occurs, the user will see 

updated energy consumption every 30 seconds on the interface. The ambient lighting and 

notification system will check for events every 60 seconds. Any change in the energy data 

will be reflected instantly in the application dashboard.  
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Measurement Unit  

The units used for displaying energy information play an important role in users 

understanding about energy use in the homes. There are different units such as Watts, Kwh, 

Co2 footprint, Greenhouse effect, etc. used in various projects. In my interface I decided to 

use Cost as primary unit of energy display and combined it the KWh value to improve the 

confidentiality of the information [29].  

 
Push/Pull  

The smart TV interface will use push based notification to the user’s i.e. the user will be 

notified automatically when a notable event occurs rather than showing the information only 

when the user requests information.  The consumption information will also be available to 

the users through a dedicated display in the house. The system will use push system to notify 

important events while pull system will be used when the user wants to control a device or 

check energy consumption in the home. 

 
Presentation Medium  

The presentation medium used in this thesis is Smart TV. The Smart TV interface utilizes the 

big LCD screen and the ambient lighting in the television to present the energy information 

to the users. We use both ambient lighting and web application to provide energy feedback 

information to the users. The smart phone and tables are the other presentation medium that 

will be used in the smart gird to provide energy feedback.  

 
Location  

The location plays a vital role while using the ambient lighting of the Smart TV to provide 

feedback. The Smart TV needs to be backed up to a wall and avoid path of direct sunlight for 

the ambient lighting from TV to be clearly visible to the users. The best location for the 

smart TV interface will be in the living room, backed up again a white wall. The best 

location for the smart TV interface is the living room where all the users in the home have 

access to the device.  

 
Visual Design 

The visual design of the interface plays vital role for the users to understand energy 

consumption. The interface will use interactive graphs and dials to provide users with current 

and detailed power consumption information. Based on the user’s modal of energy 

interfaces, meters and graphs are the most understood by users while providing energy 

information [29].  The user pays attention to the aesthetics and simplicity of the interface.  
 

Comparison  

The interface will enable the user to compare their current performance to past 

performances. The user can visualize the energy consumption over period of days, months 

and years. The system will also present a projected consumption combined with the actual 

consumption showing the user about the excess or normal consumption of energy.  

 

 Functional Requirements  7.1.5
The functional requirements for the smart TVs is defined based on the literature study, the 

literature study showed that  providing feedback without the ability to act on it will reduce 

the effectiveness of the feedback.  The interface functions are split into 4 different functions, 

the study by Anderson et.al[16] on in home displays gave me the design ideas for the 

dashboard, while the study on the smart homes  showed that remote control of the device is 

an important when users want to act on the feedback. The calendar feature was chosen to 

show the users about the scheduled activities and how rescheduling certain activities will 

help them save money.  The dashboard, control and calendar features are implemented in the 

application; the setting is dropped at this stage of the project pending partners input.  
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Dashboard 

A dashboard is information screen designed to provide an overview of the important events 

related to the task the system us used for. The dashboard in the smart TV interface will 

provide the user with the important parameters related to the performance of the building 

namely Power Generated, Power Consumed and Net Power status. The dashboard gives the 

user “at-a-glance” feedback about the current energy consumption of the building.  

The dashboard will provide the users with quick overview of the current energy 

status of the building and their performance towards their goals.  The energy information is 

presented in terms of cost because everyone understands money and it fits the mental model 

of 80% of the users. Multiple graphical visualizations are used in the dashboard and 

evaluated by presenting to users. The best choice suggested by the users is finally 

implemented in the smart TV interface.  

Control  

The feedback is less use to users when they can’t act on the information provided by the 

interface. The control screen will empower the user to remotely switch ON or OFF, change 

settings of the devices using the smart TV application.  Each device will have its own control 

system modeled based on the parameters controllable on the devices. The control interface 

will enable complete control of devices such as Stereo system, lights, computers, heaters,  

fridge and other electronic products while providing limited control and scheduling of 

washing machine, dish washers, microwave, water sprinklers which need users presence near 

the device.  

The devices will broadcast the services they provide to the gateway and the when the 

user needs control of the device the gateway will provide the control interface based on the 

supported features. The control interface will also provide power consumed by the individual 

device and cost of running the device when the device is turned on.  

Calendar 

The calendar in this project will serve the following purposes  

1. Notify the Smart grid system the users schedule so the system can turn down heating 

and other systems when the users is away  

2. Schedule events such as washing, watering plants, dish washing, drying, etc. 

3. Providing user with alternate schedules that can help them save money.  

The calendar function can access the user’s personal and work calendar and automatically 

schedule the activities in home based on user’s schedule. The calendar module will need the 

information form other subsystems like user profile and scheduling system to create a 

complete activity list for the users.  

Notifications   

To maximize the energy visibility in home, the notification will be presented on multiple 

devices based on the user’s location and preference. When the user is outside the building 

the user’s smart phone will be used to provide notification, when the user is in the living 

room the smart TV will be used to provide notifications. The smart TV push notification and 

reminder system can be used to provide quick notifications about energy to user.  

Widgets - A widget is an element of GUI that can be used to display information.  

Both PCs and Smart Phones use widgets to display weather information, memory 

information and other notifications. The users can interact directly with these widgets and 

they will be redirected to the appropriate application to handle the notifications. Multiple 

widgets for smart phone and PCs will be built to provide real time energy information to 

users when they are away from the smart TV application.  

Smart TV Push Notification - The Smart TV notification system can be used to show 

energy related messages when the user is watching television. The Smart TV push 

notification is an interactive notification window that appears in the right corner of the 
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screen when there is a message for the user. The users can interact directly with the window 

and perform actions while watching television.  

The notification is triggered when the following event occurs in the building 

1. Power consumption of the building changes  

2. A household device needs to notify a critical message to user. 

 Ambient feedback  7.1.6
The ambient visualizations use multicolored LED lamps to provide energy feedback in 

homes. The ambient feedback is an added feature that is available for users with the Philips 

smart TV or hue lighting system. The ambient feedback system will be used to get the users 

attention towards energy consumption by generating a colored aura around the television. 

The implementation of the ambient visualization is based on the literature study on ambient 

interface, this gave me the idea about how to provide ambient visualization and how other 

products provide the information to users. Based on the study I decided to make the ambient 

feedback system independent part the smart grid interface, instead of combining it with the 

smart TV application.  

The ambient feedback system uses the ambilighting in Philips smart TVs[30]  and 

Philips living colors and hue lamp[15]. The ambilighting in smart TV is an array of LEDs 

embedded in the frame of the TV to improve users experience while watching video content. 

The ambient lighting system in the Philips smart TV creates an aura of light around the 

screen allowing the user to have better viewing experience as shown in figure 9.  The Philips 

living colors is a combination of three different LED lamp red, blue and green that can glow 

in various colors and can be controlled through a remote application. The smart grid system 

utilizes these two lighting option to provide ambient feedback about energy consumption in 

the house.  

The ambilighting system uses 2 different API codes provided by Philips that allows 

the television and hue lamp[31] to receive data from other devices. The remote server in the 

network will listen for particular energy event and when the consumption value goes above a 

certain limit the server sends the control data to the hue lamps and the smart TV, creating 

different colored aura based on the energy consumption value. The detailed implementation 

of the ambient feedback is discussed in the implementation phase.  

 

 
Figure 9 : Picture showing the ambient lighting system in smart TVs [31]. 

 

 

 Interaction with the smart TV interface 7.1.7
Smart TV remote - The remote is the primary interaction device for the smart TV application; 

the smart TV remote contains additional buttons than traditional TV remotes to provide easy 

interaction with applications in smart TVs. Figure 10 shows the smart TV remote with 

pointer support in it.  
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Figure 10 : Philips Smart TV remote with uWand[33] 

 

The Smart TV Remote supports camera based direct pointing and gesture control technology 

embedded into the remote called uWand[32]. This provides user with additional interaction 

option with the Smart TV application. The smart TV can also be controlled through the 

smart phone application; the smart phone serves as alternate remote that can connect 

wirelessly to the smart TV. The users can interact with the smart TV application using two 

different methods  

1. Smart TV Remote 

2. My remote application.  

 

Smart TV remote 

The remote uses four arrow keys and an OK key to navigate inside the smart TV 

applications. There are other buttons that are reserved for performing specific actions such as 

play, pause, stop videos and navigate to previous page. To make the interaction with the 

application easier it was decided to implement quick navigation options using 4 special 

buttons.  The 4 colored buttons Red, blue, yellow and green are used to navigate the main 

menu items. The pointer will be used to interact with the UI elements inside the main menus.  
 

My remote Application 

The smart TV can also be controlled using a smart phone application designed for Philips 

smart TVs. The smart phone application allows the user to interact with the interface 

elements in the smart TV screen. This allows the user to control the smart TV interface from 

anywhere in the building as long the device is connected to the same network as the 

television. 

 Design Phase  7.2
Based on the requirements gathered via literature study a low fidelity mockup and interface 

wireframe is created using balsamiq prototyping tools. The interface elements are designed 

based on the ideas drawn by the users on the home energy display study[16]. The dashboard 

is designed with multiple dials and charts showing the power status in the building.  The 

control interface is designed as a simple table showing the devices in the building and the 

status, later added the options to control basic features such as brightness, temperature, 

playlists, volume, etc. of the household devices. The calendar was designed to provide the 

users with the schedule of various activities planned in the home and also provide with 

alternatives in case of overlapping or high energy load. The initial mockup design of the 
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interfaces is attached in Appendix A. The prototype is then presented to usability experts at 

TP Vision and their feedback is used for redesigning the interface. The evaluation uncovered 

most of the usability issues and design flaws in the mockup. 

 Heuristic Evaluation Process 7.2.1
The heuristic evaluation is an informal method to evaluate the interface design, by presenting 

it to usability experts. Heuristic evaluation is done by presenting the interface mockup to 

usability experts at TP Vision. The evaluation was done with User Experience (UX) experts 

in TP Vision and their feedback is used to refine the interface design. The purpose of the 

interface is explained to the experts and the screens were presented to them one by one. To 

evaluate the interface wireframes the following tasks were described to the experts.  

1. Check Power consumption and generation of the building and net energy status. 

2. Compare the Power generated and consumed in the previous month. 

3. Use the control interface Turn the light ON and control the brightness of the lamps.  

4. Schedule an activity in house using the calendar. 

 Heuristic Evaluation Summary 7.2.2
The feedback from UX experts are summarized below 
 

Functionality 

The main functionality of the interface is to provide energy feedback to users, later the 

control functionality is added to the interface to enable users control devices based on the 

received feedback. All the general functionalities supported by energy management 

interfaces are designed first. Link the dashboard with the control interface so the user can 

navigate to control screen by clicking on the dashboard buttons. 

Recommendation – Ensure the user is able to act on the feedback received e.g.: add 

control functionality to the application. 

 
Navigation 

The primary way to interact with the smart TV interface is the Smart TV remote. Initially the 

application has a single menu list at the top. Later the menus are grouped into main menus 

and submenus so we are able to provide better navigation options to different functionalities.  

Recommendation – Use the special function buttons in the remote to make quick 

navigation between the main menus. E.g. Use the green, yellow, red and blue button to 

switch between main functions, use the pointer support in the remote to navigate sub menus 

in the pages. Split the menus into sub menus based on the intend purpose of the screen. E.g. 

Group the screens related to feedback under dashboard, group the screens related to device 

control under control menu, group user preferences such as energy sharing and user 

information under settings.  

 
Visualization  

The first version of the dashboard was cluttered with too much information about multiple 

parameters, later the design is iterated to highlight 3 main parameters which is needed to 

make decisions about the energy consumption in homes. Instead of providing all energy 

information in a single page, focus on presenting one information in a page. Design the 

visualizations around the information most users understand and complement the data with 

the related information.  

Recommendation – Use the data that most users understand and provide alternatives 

for the data. E.g. Use the cost as the basic unit and complement the data with the Kwh data 

so the user will be able to understand the cost associated with the consumption.  

Use different graphical elements and charts rather than providing raw numerical data 

so users can manipulate the data with different visualization. E.g. provide interactive charts 

for users to zoom in to compare power consumption over days and months.  

 
 



  
 

  34 

Dashboard   

The dashboard screen is presented first to the experts, Figure 11 shows the initial design of 

the dashboard, the evaluators indicated the screen is too cluttered and shows lot of 

information for the user to track. Their advice was to have multiple screens focusing on 

single information such as generation, consumption or goals.  

 

 
Figure 11 : Initial mock up design of Dashboard 

 

 
Figure 12 : Updated version of energy dashboard for Smart TV. 

 

The Figure 12 shows the updated version of the smart TV Dashboard wireframe, after the 

initial evaluation. The Interface was again presented to the usability experts for evaluation.  

They advised to include cost based feedback in the interface besides using kW, for the users 

to understand about the money they spend on the energy.  The energy comparison screen 

was presented to the users showing the generation, consumption in the form of line and bar 

graph.  
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Figure 13 : Initial design of the detailed energy screen. 

 

The interface was designed to provide the power consumed and the estimated power 

consumption of the house initially, further ranking of the users in the community based on 

the power consumed was proposed. Since we lacked the needed information from the 

partners in the project, graphs are used to provide detailed power consumption and 

generation information to users. Further the canvas is split into multiple zones to indicate in 

which area their consumption and generation activities lie. 

 

 
Figure 14 : modified design after the experts’ feedback 

 

Different graph types were presented to the experts such as Pie charts, stacked bar chart, bar 

chart, line graphs and scatter plots to provide comparative information about power 

generation and consumption. They suggested using bar charts and line graphs to provide 

information about single consumption and generation value. To provide comparative 

feedback the stacked bar chart is suggested by the evaluators.  

 
Control  

The control interface is then presented to the evaluators initially the idea  is to provide user 

with ability to turn ON and OFF the devices, after the evaluation of the design the evaluators 

provided suggestions to include option to control advanced settings and scheduling devices. 
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The interface was modified to provide additional settings to control parameters such as heat, 

brightness and scheduling.  

 

Figure 15 : Initial wireframe of the control interface before evaluation. 

 

 
Figure 16 : Modified control interface after the evaluation 

 

A map based view for the control interface was proposed to provide access to devices in the 

building, the idea was dropped later due to the complexity of the design and limited memory 

of the smart TV. The map view is proposed for tablet application instead Figure 17 shows 

the map view of the control interface.  
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Figure 17 : Map view of the control interface 

 

Calendar 

The calendar screen is presented to the experts and they are asked to add an activity in the 

house. The implementation was straight forward and they were able to add an activity using 

the screen. They suggested adding different colors to activities based in the power consumed 

by the activity and to identify different activities.  

 
Ambient feedback  

The idea to provide ambient feedback using the smart TV ambilighting system is presented 

to the experts; the experts were interested in the idea. Since there is no exiting smart TV 

application that uses the feature they were interested in the users’ feedback about the feature.  

Based on the feedback from the experts the interface design was updated to provide 

clear energy visualization for the users. The initial design and the updated mockup design of 

the interface are attached in appendix A.  

 

 Implementation Phase 7.3
During the implementation phase different frameworks were selected and various features 

supported by the framework were tried out.  

 Application Frameworks 7.3.1
The application is implemented using PHP, HTML 5, JavaScript and CSS. The application 

has to be available over multiple platforms and the number of users can rise to a few hundred 

users during the test phase, so a light weight framework that can run both locally in home 

network and on a shared server has to be considered.  There are number of open source 

frameworks that help in rapid development and deployment of web applications. Three top 

rated frameworks are considered for the development of the prototype 

1. Yii 

2. Zend  

3. Codeigniter  

These three frameworks are highly rated by developers and have wide community support 

for development. Though these frameworks were promising the time needed for learning the 

framework and building a new application is not practical.  So I made a search on several 

open source projects in energy management and came across emoncms an open source 
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energy visualization application designed to work with open energy monitor project[33]. The 

emoncms has the following advantages over the above mentioned frameworks 

 It is designed specifically for energy visualization in homes.  

 It is based on MVC architecture that makes creation and deployment of new 

modules easy.  

 The framework can be easily adopted to deploy it on smart TVs.  

 The application already has built in modules to store and process energy data.  

The disadvantages of using emoncms for implementing the prototype is 

 The emoncms have less developer support options when compared to other 

frameworks with bigger community of developers.  

 There is not enough documentation to make advanced changes to the framework 

with more investigation new processing modules can be added.  

 Framework evaluation parameters  7.3.2
The following features were considered for the evaluation of the frameworks for selecting 

the suitable framework for prototype development.  

 (Model-View-Controller) MVC: The MVC framework system allows the developers 

to separate the database access from the front end view code; the controller will be 

the code linking the data and the view. This allows the developers to build interface 

and underlying database independent of each other and linked them using a controler 

code.  

 Multiple DB's: Indicates whether the framework supports multiple databases without 

having to change anything. 

 DB Objects: Indicates whether the framework includes other database objects, like a 

Table Gateway. 

 Templates: Indicates whether the framework has an inbuilt template engine. 

 Caching: Indicates whether the framework includes a caching object or some way 

other way of caching. 

 Validation: Indicates whether the framework has an inbuilt validation or filtering 

component. 

 Ajax: Indicates whether the framework comes with inbuilt support for Ajax. 

 Authentication Module: Indicates whether the framework has an inbuilt module for 

handling user authentication. 

 Modules: Indicates whether the framework has other modules, like an RSS feed 

parser, PDF module or anything else (useful). 

The evaluation results of the frameworks can be found in figure 18. 

 

 
Figure 18 : Evaluation result of framework features 

 

After the initial trial the emoncms was chosen to build the prototype of the smart TV 

interface since it allowed me to focus on implementing the visualization rather than focusing 

on the processing of information and underlying logic of the energy calculations.   

 Dashboard  7.3.3
The dashboard presents the following information 

 Overall power information of the building 

 Detailed power generation and consumption information 

 Comparative power generation and consumption information. 

 “At a glance” information about energy status of the building. 

MVC Multiple DBs DB objects templates caching AJAX Modules Auth Module

Yii yes yes yes yes yes yes yes yes

zend yes yes yes yes yes yes yes yes

codeigniter yes yes yes yes yes no no no

emoncms yes yes no yes yes yes yes yes
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The visualization for dashboard was built as independent interface elements so they can be 

reused in the smart phone and tablet interface. Most of the elements were designed for the 

emoncms project; they were modified to meet the Smart TV application requirements. Based 

on the results discussed in the study by Anderson [1] the user’s model of the energy 

dashboard is translated into the interface design.  The dashboard contains 3 dials showing 

power consumed, power generated and net power consumed. The dials also contain the 

corresponding money spent on power value, giving them the idea about money spent on the 

energy the current day.  

 

 
Figure 19 : Main dashboard of the Smart TV application. 

 

The dial has different color zones to indicate the performance, with green referring to 

optimal to red indicating bad performance as shown in figure 19. The zones are calculated 

based on the consumption and generation values estimated by the smart meter system. The 

values used in this prototype are based on theoretical calculation for a home with 5 rooms. 

The dashboard also contains indications on the side showing the users consumption today 

and monthly against the estimated consumption as in Figure 19. Since the users preferred to 

see monthly performance another section was added to show the monthly performance 

comparing to the projected data.  

Different versions of the dashboard were developed with different combinations of 

UI elements and graphics. The dashboard with most users’ recommendation is selected for 

the final prototype. The detailed design of the screens can be seen in appendix B.  

The different graphical elements that are used for visualization of energy 

information are  

1. Line Charts 

2. Bar Charts 

3. Stacked bar Charts 

4. Pie Charts 

These graphical visualizations are evaluated with users, based on the evaluation the bar chart 

and stacked bar chart is used to provide detailed energy information and comparative energy 

feedback. The power generated and power consumed is presented in the graphical format 

below (figure 20), the users felt it was easy for them to compare between the power 

generated and power consumed when the data is presented in graphical format.  

The users were also interested to compare their performance between months or 

days of the week, a stacked graph was created to provide the comparative feedback to users.  

The stack chart is made interactive for the users to navigate between monthly and day view.  
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Figure 20 : Comparative feedback using Stacked Bar Graph 

 

A new type of visualization using calendar view is tried, each cell in the calendar represents 

a day and the color of the cells varies from yellow to red indicating the power consumption 

or generation on the particular day. The calendar feature was based on github contribution 

calendar design. This gives the user with the overview of power consumption and generation 

for a year or month allowing the used to compare his performance compared to previous 

months. 

 

 
Figure 21 : A calendar visualization of power generated in year 2012. 

 

 Control  7.3.4
The control interface will provide the list of devices in the building with the ability to 

remotely turn ON or OFF the devices. The control interface can be found in appendix B. The 

control module will provide the user with ability to control the devices in the house. Some 

devices will have more than just turning ON and OFF; the lights can have options to control 

the brightness, while the heating will have options to control the temperature and air 

conditioning in the building. The idea is each device will broadcast the services it provides 

and parameters that can be passed to control the devices. The interface designed for 

controlling the lighting and heating can be seen in figure 22. 
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Figure 22 : control interfaces for lighting and thermostat 

 

The control interface is designed to allow the users control advanced options provided by the 

device. The future version of the control interface will allow the user to schedule events for 

the device to start up automatically.  

 

 Calendar 7.3.5
The calendar is used for 2 main functions,  

1. Presentation of scheduled activities to the user.  

2. Gathering of users schedule from user’s calendar and scheduling household activities.  

The calendar module will present the users with the schedule for house hold activities based 

on the varying energy prices and scheduling of house hold activities, the system will present 

multiple schedules based on the cheapest cost. The scheduling algorithm will be developed 

in the later part of the project and integrated with the application. The calendar module was 

not fully implemented due to lack of scheduling parameters from partners. A mockup of the 

calendar is created for the demonstration. A new design for the calendar is proposed in the 

later part of the project.  

 Ambilighting and push notification 7.3.6
The ambient lighting in smart TV is an array of LED lights embedded in the frame of the 

smart TV. The ambilighting is aimed at improving the viewing experience of the user by 

creating a colored aura that extends the viewing experience beyond the edges of the screen. 

The aura changes colors based on the intensity and brightness of the content in the television 

screen.  

A different use case for the ambilighting in tried in this project, using the varying 

colors of ambilighting to provide energy feedback. The use case can be found under user 
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scenario section.  The aura of the ambilighting is controlled by sending control signals to the 

lighting system in the television using the API developed by Philips. The different colors 

refer to a single event in the building.  

Red – High energy consumption  

Green -   Normal energy consumption 

Flashing yellow – change in energy prize 

 

 
Figure 23 : Ambilighting and Push notification architecture 

 

Push Notification is a prototype module developed by Philips to provide notifications 

generated from smart TV applications to users, when they are watching broadcasted content 

or movies.  The push notification appears as a small interactive window in the corner of the 

screen. The Push Notification serves as a non-intrusive way of providing energy feedback to 

users.  

The Push notification used in the following cases 

1. Energy consumption exceeds the predicted consumption limit.  

2. Scheduled activates such as cooking, washing and cleaning supposed to start.  

3. When a scheduled activity is complete and requires user action  

 Evaluation Phase 7.4
During the evaluation phase the usability of the smart TV application is evaluated.  

 Evaluation process 7.4.1
The evaluation is done to gather the user experience with the smart TV interface and 

feedback about the ambient feedback and push notification system. The prototype smart 

phone interface is also presented to the users and their activities are observed. Due to the 

time constraint and confidentiality of the project the initial evaluation is done with 

colleagues in my office.   

The user evaluation is carried out with the colleagues in my office who are not 

familiar with my project and limited to no expertise in using energy interfaces before.  5 

users between 20 and 35 year are chosen for the evaluation of the smart TV interface system. 

The duration of each session is 20 to 30 minutes.  The following procedure is followed for 

evaluating the smart TV interface.  

1. Introduction to users. 

2. Demonstration of the features to user.  

3. Usage scenarios  

4. Short user interview about the interface.  



  
 

  43 

 Introduction to users  7.4.2
The purpose of the smart TV interface and the features are explained to the users. The 

prototype is the first version of the interface that is aimed to provide information about 

energy status of the house.  The interface is presented to users and they are asked to use the 

interface to accomplish certain tasks. 

 Demonstration of the features 7.4.3
The various features provided by the smart TV interface is demonstrated by the evaluator, 

the demonstrated feature are  

1. Main dashboard screen. 

2. Detailed power consumption and generation visualization.  

3. Comparative power generation and consumption visualization.  

4. Simple control interface for the devices.  

5. Detailed control interface of the devices.  

6. Calendar interface to show activities and events.  

7. Calendar interface to schedule activities. 

 Usage Scenarios 7.4.4
The users are presented a set of tasks and will be asked to accomplish the tasks 

independently or with help from the evaluator. The following tasks are present to the users  

1. Check the net power consumed by the building 

2. Compare the power consumed and generated in the building for month of January.  

3. Turn ON the light in the hall and turn off the light in the bed room.  

4. Increase the brightness of the light in the living room.  

5. Decrease the temperature settings of the thermostat.  

6. Check when the Dexter show is scheduled in the calendar.  

7. Schedule a washing activity using the calendar and modify it to alternate schedule.  

 

 User interview 7.4.5
The users are presented a set of open questions and their feedback about the interface is 

recorded. The users are also presented with the questionnaire after the demo sessions to 

gather their evaluation about smart TV interface. The detailed questionnaire is attached in 

Appendix C.  The following questions are presented to the users in the interview session and 

the results are recorded 

1. Can you understand the power consumption and generation of the home from the 

dashboard? 

2. Are you able to compare the power generated and consumed from the graphical 

visualization? 

3. What is the most liked feature in the interface? What feature can be added to the 

application? 

4. Is the ambient lighting and push notification helpful to understand the energy 

consumption of the building? 

The result of the user evaluation is discussed in chapter 8.  

 

 Evaluation plan  7.4.6
The evaluation plan is created to test the power saving potential of the smart grid interface 

system and users adaption to the new interface. The evaluation plan will involve introducing 

the smart grid interfaces to users and performing an ethnographic study on the interface 

through interviews and user meetings. The Smart TV, Smart Phone and tablets will be 

introduced to the users and the evaluation will be conducted over period of 3 to 6 months.   

The user’s activity with the energy interfaces will be recorded so we will be able to 

analyses how the smart grid interfaces are used in homes. The change in power consumption 

in the home before and after introduction of the smart grid interface system will be recorded 
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and the difference will be used to prove the power saving potential of the interface.  The user 

interviews will be conducted to gather how the users feel about the interface and new 

features will added incrementally based on the user’s suggestions and feedback. The 

evaluation results will help us show the efficiency on the new smart grid system and users 

adaption to the smart grid technologies.  
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8 RESULTS AND DISCUSSION 
The research questions are answered in this chapter followed by the discussion about the 

user experience and the evaluation of the smart TV interface.  

RQ1 - What is the information the users are interested in an 

energy interface? 
The interface presents the user with three main parameters the power generated, power 

consumed and the net power consumed based on power generated and power consumed.   

The research questions is answered in 2 sections 

RQ1.a - What are the units of energy (Cost, Kwh, Co2, greenhouse) preferred by the user? 

This question is answer based on the literature study; the study by Anderson et.al[16] 

showed that most users are interested in cost based feedback, only a few fractions of user are 

interested in Co2, greenhouse gas and carbon footprint. The cost and Kwh are chosen as the 

primary units in the Smart TV interface. The evaluation results of the interface shows that 

users prefer to know cost associated with the consumption than the actual consumption 

value. The Cost is the unit of energy preferred by most users, while Co2, Kwh can be used as 

complimentary feedback units for the interface.  

RQ1.b - What are the visualizations that are preferred by the users to visualize power 

consumed and generated? 

Based on the study by Anderson et.al[16] users associate energy  interface to dials showing 

information about the energy consumption, based on this model the energy information is 

presented using graphical dial with multiple color zones showing  high, medium  and low 

power. The dials also present the current cost and the Kw value corresponding to the 

information.  

To provide comparative and historic power information different graphical styles are 

tried in the prototype. The prototype interface uses different visualization methods to provide 

information about power generated and consumed.  The following visualizations were used 

in the smart TV application prototype 

1. Bar chart 

2. Stacked bar chart 

3. Mutli-Line charts 

4. Interactive calendar  

These were presented in the initial interface to provide detailed power consumption and 

generation information to users. The bar charts were used to provide power generated and 

consumed separately and the users can switch from days, months to weeks.  The stacked bar 

chart is modified version of bar chart that shows power generated and consumed in the same 

graph stacked over each other.  Multiline chart uses multiple lines to show the power 

generated and power consumed in distinct areas overlapping each other.  Interactive calendar 

contains a small cells representing days of a year and the cells are colored from yellow to red 

based on the power consumed on each day.  

The users were asked to rate the visualizations based on how the graphs helped them 

understand the power generated and consumed.  Figure 24 shows the evaluation result from 

the users about the different visualizations. Based on results the stacked bar chart is used to 

provide comparative feedback about power generation and consumption. The bar chart is 

used to provide the generation and consumption information individually. The interactive 

calendar was the least understood visualization by the users.   
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Figure 24 : Users evaluations of the visualizations based on scale of 1 – not 

understandable to 10 – clearly understandable 

 

RQ2 - How can smart TVs be used to provide energy 

feedback in homes? Can ambilighting and push 
notification in smart TVs provide better energy 

visibility in homes?  

RQ2.a - How can smart TVs be used to provide energy feedback in homes? 

Three features in smart TV were identified to be suitable for providing energy feedback in 

homes.  

1. Smart TV application – A HTML 5 based web application.  

2. Ambient feedback – Using ambilighting in smart TVs to provide ambient 

visualizations. 

3. Push notification – Pushing notifications on TV screen when the user is watching 

television.  

These features are completely disconnected from each other, developing a smart TV 

prototype to integrate all the above feature inside a single application is an interesting 

challenge.  

RQ2.b - How can ambilighting and push notification in smart TVs used to provide energy 

feedback? 

The ambilighting system is designed to create a red or green aura based on the current 

energy consumption in the building. The push notification is used to present the user with the 

event information whenever the energy consumption changes or the notable event occurs. 

The user evaluation of the features showed that 

1. All the users noticed the change in the ambilighting color in the smart TV and were 

able to understand the message conveyed through changing the color of the 

ambilighting. A little explanation has to be provided when multiple colors are used.  

2. The Push notification is used presenting quick information about the current energy 

status of the building, without requiring the user to consult the smart TV application. 

The user felt the feature to be useful and suggested the functionality to add custom 

messages and event notifications.  
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The user evaluation results proved that the ambilighting and push notification were helpful in 

making energy visible in the house. Further work has to be done to identify what type of 

messages to push to the users and the duration to provide feedback through ambient lighting.  

 

 Users Experience with the Smart TV interface 8.1
The users were asked to interact with the application using the smart TV remote with pointer 

support.  The users found it easy to navigate between the main screens using the shortcut 

buttons in the remote.  The home screen design with the time, temperature and notification 

about payments was appreciated by the users.  

The users were presented with multiple dashboards designs to determine the best one 

understood by most users, most users preferred the simplistic design showing the money 

spent today and money spent over the month. The users were also interested in relating the 

money spent based on the current consumption. The users with more technical knowledge 

were interested in knowing the breakdown of the power consumed by activities such as 

heating, television, lighting, washing and refrigeration. The suggestion was taken into 

consideration and it will be implemented in the future versions of the interface. Only few 

users were interested in navigating further into the dashboard where detailed information 

about the power generated and consumed is presented. The hit rate for the detailed dashboard 

screen is very less compared to the main dashboard screen. Some users proposed to include 

the Electric Vehicle status in the dashboard screen to see if the vehicle is charging or idle. 

The users felt the control interface to be useful, once the user turns on the device they are 

able to get the change in energy consumption thorough the glowing borders of the 

application.  

The users disliked the calendar feature due to the limited interactivity and inability to 

add events to the calendar using the smart TV remote, some calendar feature are moved to 

the tablet interface so they users are able to add events from their device calendar. The 

calendar feature was modified to present different power plans and optimal schedule for 

activities based on varying energy prices.  

The ambilighting feature was preferred by the users, and the users noticed the 

change of colors when they are inside the application. It is unclear from the user’s feedback 

during what type of events they needed to be notified. For example do we change the colors 

when the users is watching a movie interrupting their experience, further work has to be 

done to determine when to notify the users and frequency to notify using the ambilighting 

system.  

Though the Smart TV remote offers mobility, the users are confined to the areas 

media terminal is visible to the users.  Most users felt the smart TV interface to be slow 

compared to the PC version of the interface. The limited processing capacity of the smart TV 

made rendering of the graphics content in the interface slow.  

The users felt the smart TV interface to be informative rather than to control devices 

using it. The ambilighting and push notification about the various events in the house was 

able to grab user’s attention towards power consumption. The users preferred to use the 

mobile application for controlling the devices instead of using the smart TV to control the 

devices, the reason being the slow response time of the Smart TV interface.  

 Users evaluation of the Smart TV interface 8.2
The overall usability of the smart TV interface is evaluated using the following factors. Since 

this is prototype some factors such as functionalities cannot be evaluated completely. The 

following factors in the interface are evaluated 

1. Ease of use   - Is it easy to use the application 

2. Understandability – can the user understand the information present in the interface? 

3. Aesthetic – visually pleasing and consistent. 

4. Interaction – interaction experience with the smart TV remote 

5. Responsive – the load time and operating speed of the application.  
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The graph below summarizes the usability of the application on a scale of 1 – very negative 

to 5- very positive.  

 

 
Figure 25 : Users evaluation of the smart TV interface 

 
Understandable - The users can’t understand the application initially, after demonstrating 

about the application and the features they were able understand the interface. Users prefer a 

simpler dashboard than providing complex visualization and graphs in a single interface.   

 

Interaction – The user felt the interaction with the remote complex, the use of different 

shortcut buttons to navigate between the main features made the interaction easier for the 

users. The users found interacting with the calendar hard and suggested to redesign the 

calendar. The remote with pointers aided the users in navigating inside the application easily. 
 

Aesthetic – The users liked the design of the home screen, the clock and the weather 

information were useful for the users when they are setting schedules and changing the 

heating based on the outside temperature.  The design of the dashboard and control interface 

is liked by the users; the calendar design has to be changed to fit the smart TV interface. 
 

Responsive – The users noticed the application to be slow compared to PC interface. The 

response time of the interface has to be improved if the system has to be deployed in real 

world environment.  

 
Ease of use – the users found the smart TV application easy to use after limited information 

about the system and some feature are redesigned to fit smart TVs so the users find the 

interface easy to use. 
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9 CONCLUSION 
The smart TV application and the smart TV features that are used to provide energy 

feedback in home are demonstrated to end users and project partners[34]. The smart TV 

interface is evaluated through heuristic evaluation and user evaluation to determine the 

usability and user experience with the smart TV interface.   

The evaluation results of the smart TV interface shows that smart TV can be used as 

effective energy feedback medium in home.  The smart TV application serves as an 

information point for energy consumption in home, and user felt the Smart TV application 

easy to use and understandable.  Only few users considered diving deep into the smart TV 

interface and checking the detailed power information.  The calendar module needed further 

improvement to simplify the interaction with the smart TV remote. The evaluation proved 

that users are interested in a cost based feedback than other units and they are interested in 

simple design than complex visualizations.  

The ambient feedback was easily understood by the users when the color changed 

from green to red and from red to green when the energy consumption is used. The users 

were able to link the change in colors to energy consumption in the house. The effectiveness 

of the ambient lighting is affected by the location and the lighting conditions in the room. 

When more than 3 colors are used, users find it difficult to link the colors to the events 

occurring in the house.  

The push notification was noticed by the user instantly when the message about 

energy consumption showed up, but some users preferred the message to show up only 

during commercials and not show up while watching broadcast content, some users also 

prefer to set up custom message when specific device is turned ON or an event occurs. 

Further work has to be done on the frequency of notification and the type of events that has 

to be presented using the push notification system. Based on user evaluation the following 

can be summarized about the Smart TV interface,  

1. Users are interested in simple dashboard design focusing on single information 

rather than complex visualizations.  

2. The ambilighting and push notifications are effective in getting users attention 

towards energy consumption. The frequency and the notifications should be 

controllable by the users.  

3. The smart TV interface does not fit as primary control device in the home 

environment; smart TVs can serve as an informative interface and an alternative to 

the smart phones and tablet applications.  

4. The users felt the smart TV interface to be slow and less responsive compared to the 

PC interface; unless the application speed is increased the users will lose interest in 

using the Smart TV application.  

5. Users preferred the smart phone application over the smart TV application, since the 

smart phone is carried personally with them and mostly at their hands reach. 

The energy saving potential of the smart TV interface cannot be evaluated at this stage of the 

project since the evaluation needs information about the users change in energy consumption 

after introduction of the system in user’s homes, so an evaluation plan is proposed to identify 

the energy saving potential of the smart grid interface system once the entire smart grid 

system is deployed in the test environment.  

The Future work is done on developing the interface for Smart Phones and tablets 

and introducing context awareness to the smart grid system. The Smart TV interface should 

be combined with other devices such as smart phones and tablets to provide users with 

multiple options for controlling the device in homes. The smart phone can be the primary 

control device in the home while the smart TV can serve as an information terminal and 

ambient feedback device in the house.  The future work implements a smart phone 

application to control smart TVs and hue lamps using a single application. A simple context 

awareness scenario is also built to demonstrate how context awareness can improve the user 

experience in home environment.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
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10 FUTURE WORK  
Based on the study in smart homes the following features can be implemented to improve 

energy efficiency and user experience in the smart grid.  

 Smart Phone and Tablet Interface 10.1
Mobility of the energy interface plays an important factor in energy visibility. Providing the 

interface on smart phones and tablets will increase the reach of the energy information 

towards customers. The smart phones and tablet interfaces can provide information about the 

user’s location, schedules and users preferences. The smart phones and tablets are equipped 

with cameras, Bluetooth, GPS and Wi-Fi sensors which can be used in number of scenarios.  

 When the user enters the room the Bluetooth sensor can automatically pair to 

the devices around the user. The smart phone can also be used as augmented reality 

interface, the camera can be used to detect the device it is pointed too and display the power 

consumption of the device and provide control options. There are different augmented reality 

frameworks available for mobile devices that can help to detect the type of object it is 

pointed to. An alternative is to use NFC or QR codes to identify the devices the user wants to 

interact with.  

 Context Awareness 10.2
Context aware interaction is mostly used in mobile devices, some of the notable examples 

are navigation applications and the screen rotation based on device orientation. The system 

can predict the users intention based on recognizing the users activity pattern.  

The household activities happen as chain of activities [14]. When the alarm goes on 

in the morning the user will brush the teeth, take a bath, followed by having coffee and 

breakfast. The devices in smart grid will have the ability to communicate the state of the 

household devices regularly; the smart grid system can use this data to look for specific 

activity patterns in the house.  

There are different scenarios context awareness can be used to improve the user 

experience in homes and improve the energy efficiency.  
 

Scenario 1: 

John is watching television in living room, he receives a telephone call in his mobile the 

smart grid system detects this event and turns the volume of his television down.  

 
Scenario 2:  

John sits in his couch and turns on his television the lights in the living room dims 

automatically to provide better viewing experience for John.  

 
Scenario 3: 

 John starts to home from office at 5:00 PM every day; the navigation system in his car sends 

a notification to the home gateway system the approximate time John will reach home. The 

home control system turns on the heating system and prepares the coffee machine before 

John’s arrival at home.  Alternatively the mobile GPS application can be used to get Johns 

location.  

 

Each user in the home will have their own user profiles with collection of their preferences 

and activity pattern. Multi user’s environment introduces new issues such as contradicting 

user preferences, locking of resources by multiple users.  When the user starts using the 

system will learn the user’s activities by tracking their movement in the house and the 

change in device states. Once enough data is collected the system can creates an activity map 

for the users, the issue is the users input is needed for the system to perform as the user 
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expects. Additional methods to gather users input without affecting the users comfort have to 

be designed into the system.  

Though the smart grid project focuses only on reducing the energy consumption in 

homes and support distributed generation; the smart grid infrastructure can be used to 

improve users experience in homes by utilizing the data generated from the information 

created by the smart grid.  

 Implementation of the context awareness 10.2.1
The context awareness system involves detecting the states of multiple devices and creating 

an activity map so the system can assist the user automatically when the routine occurs 

again. To demonstrate context awareness inside E2SG two scenarios are implemented using 

the Smart TV and android mobile device.  

 
Scenario 1  

Television muting and unmuting when the android device receives incoming, outgoing and 

attend a call (Assuming user is in the television room) 

 

Scenario 2  

Reducing the brightness of hue lamp automatically when the television is turned ON. 

Development of the mobile interface  

The mobile interface is developed for the android platform, based on my previous experience 

working with android devices and knowledge gained through the literature study in smart 

home interfaces.   The mobile interface will be able to control multiple devices using a single 

application, to demonstrate a smart phone application is developed, that can interact with 

Smart TVs and Hue lamp system. These 2 devices are disconnected from each other with 

separate applications to control them.  The application developed in this project allows the 

user to control multiple devices using a single application. The interface of the mobile 

application presented in figure 26. 

 

 

 
Figure 26 : Screenshot of the smart grid mobile application. 
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12 APPENDIX 

 Appendix A – Initial Interface Design 12.1

 Smart TV Interface wireframe 12.1.1

 
Figure 27 : Initial design of the home screen 

 

 
Figure 28 : Modified home screen based on experts suggestion 
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Figure 29 : Detailed energy consumption screen 

 
Figure 30 : Goal settings screen 
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Figure 31 : Control interface mockup 

 

 
Figure 32 : Detailed control interfaces for light and thermostat 
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 Smart Phone Interface mockup 12.1.2

 
Figure 33 : Smart Phone interface home screen 

 

 
Figure 34 : smart phone energy dashboard 
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Figure 35 : Control interface for light, thermostat and music system for smart phones 

 Appendix B – Proof of Concept 12.2
Demo Video link: http://www.youtube.com/watch?v=cwPbEx1q6Z4 

 Home Screen 12.2.1
 

 
Figure 36 : Home Screen 

 

http://www.youtube.com/watch?v=cwPbEx1q6Z4
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 Dashboard 12.2.2

 
Figure 37 : Dashboard screen with glowing borders 

 

 
Figure 38 : Power Calendar view showing power consumption of the individual days 
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Figure 39 : Comparative power consumption and generation feedback using stacked 

bar chart 

 

 
Figure 40 : Comparative power consumption and generation feedback using Multi 

line chart 
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 Control Interface 12.2.3

 
Figure 41 : Control screen showing list of devices 

 

 
Figure 42 : Advanced control interface for Lights 

 



  
 

  62 

 
Figure 43 : Advance Control interface for thermostat 

 

 Calendar  12.2.4

 
Figure 44 : Calendar interface displaying the scheduled activities in home 
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Figure 45 : Redesigned smart scheduling calendar based on user feedback. 
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 Appendix C – User evaluation Questionnaire  12.3
 

User Interview Questionnaire  Interviewer   ..............  

  (Also used in Alpha phase)   

                                                                                  Date.........................  

 

Name...................................................................................................................... 

Details.................................................................................................................... 

 

The following questions are presented to the users after the smart TV interface 

demonstration 

 

1. Do you like using the smart TV interface? (Aesthetic) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

2. How easy was the smart TV interface to use? (Ease of Use) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

3. Are you able to understand the information presented in the interface? 

(Understandability) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

4. How easy is it to interact with the smart TV application features? (Interactivity) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

5. How easy is it to interact with the smart TV application features? (Interactivity) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

6. How fast is the smart TV interface? (Responsive) 

5-Very Positive, 4-Positive, 3-Neutral, 2-Slightly negative, 1-Very negative  

Any comments?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

7. What features do you like in the Smart TV interface?  



  
 

  65 

............................................................................................................  

............................................................................................................  

............................................................................................................  

 

8. What things do you dislike about the smart TV interface?  

............................................................................................................  

............................................................................................................  

 

9. Are there any improvements we should make in the smart TV interface? 

Yes  

No  

Please explain:  

............................................................................................................  

............................................................................................................  

 

10. which among the following units do you understand most (Cost, Kwh, Green 

house, CO2)?  

............................................................................................................  

............................................................................................................  

............................................................................................................  

 

11. Rate the following visualization based on your experience with the Smart TV 

interface 

 

Bar chart 

       
 

Stacked Bar chart  

       
 

Multiline chart 

       
 

Interactive calendar 

       
 

12. Do you have any other comments?  

............................................................................................................  

............................................................................................................  


