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Abstract

In recent years, the world is moving toward green technologies, the technologies
which can alleviate global warming. A smart home with advanced energy manage-
ment is one of those technologies. Smart home systems are being controlled by a
home gateway on which HEMS (home energy management systems) is operating.
HEMS can be perceived as a centralized system which connects to every home
appliance and sensor in the house to monitor and control appliances to achieve
home energy efficiency. In this project, we have developed multiple user interfaces
to connect augmented reality (Microsoft Hololens) device to HEMS. The first in-
terface we have developed was a web application which runs on a web browser on
the Microsoft Hololens. The web application provides users with an interface to
control and monitor smart home devices. However, using the web interface is not
a natural way to interact with a smart home. So, we then developed an augmented
reality application, where we can interact with a virtual object as if we interacted
with the real one. Therefore, we have made an AR application using C# and
Unity as a 3D engine. The AR application is location-aware using sensor infor-
mation from Microsoft Hololens. We use location awareness to display appliance’s
control panel next to the appliance. Both AR and web applications enable users
to use speech command to interact with HEMS. The speech is translated into text
using an API and then send to APL.AI platform for processing user’s intention.
After we can identify user’s intention, we then process what we have to do and
which appliance the user wants to take action on with HEMS. Both AR and web

can also update appliances data in a real-time manner using WebSocket.
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Chapter 1

Introduction

1.1 Motivation

Over past few years, Internet of things(IoT) was also made known and became
widely popular. The concept of Internet of things has emerged according to a
convergence of different technologies incorporated in together. All appliances are
Internet-connected. Furthermore, they are installed with electronics, software,
sensors, actuator, and network connectivity that permit these devices to gather
and exchange data to the main system. This concept of IoT can lead to another ef-
fective concept by applying the concept IoT with home, which led to ’Smart Home’
concept. There was a concept of smart home or home automation introduced for
a couple of years. The concept of smart home became worldwide and well-known.
Its purpose is to provide comforts with ease-of-use features to home’s inhabitants.
The home is controlled by a centralized computer to control a building’s lighting,
air-conditioning, and other home appliances via the building management system.
Each appliance has its mechanical task to deal with events. However, the most
essential part of a smart home is Home Energy Management System (HEMS) [2].
HEMS is kind of a software that operates the smart home by monitoring and
controlling all electrical appliances in such a way to control the electricity usage
in an efficient way. For example, arranging electricity usage during periods of low

demand to pay cheaper rates [1].



Last year, there was an announcement of the launch of a new product from
Microsoft. It was called Microsoft Hololens; a fully self-contained holographic
computer running on Windows 10. It comes with the technology of augmented
reality that can display holograms in your environment and provide a new experi-
ence - the experience of virtual reality and augmented reality holding together [4].
Your new world on Microsoft Hololens will be overlaid by augmented reality which
makes you feel like they are part of your world. Figure 1-1 is an example of what
user’s eyes see when they look through Hololens. With an advent of Microsoft
HoloLens, we would like to explore the possibilities on how this new paradigni of
a computing device can replace the In-Home-Display to use with HEMS in the

future.

Figure 1-1: A new world of augmented reality with hololens [3]

In this thesis, we shall propose a use of Microsoft Hololens as a device of virtual
interface to HEMS. This is an extension to the PEA Smart Home Project which
was funded by Provincial Electricity Authority, shortly call PEA. The PEA Smart
Home is managed by a home energy management system (HEMS) which aims at
the energy consumption of the home. HEMS can also be accessed by using a
mobile application on a mobile device, or so-called "In-Home-Display". In this
thesis, we want to go beyond that by providing augmented reality interfaces to

HEMS using Microsoft Hololens.



1.2 Problem Statement

Generally, in order to control and interact with a smart home, many solutions
were proposed, e.g., smartphone application or web-based application. Users will
have to open up the application from his device and monitor appliances from the
device’s screen.

However, accessing a smart home through a mobile application or web ap-
plication may not be a natural way to interact with the home. If someone had
difficulty in using such devices, they would not be able to manage a smart home.
Also, user’s experience would not be great.

The augmented reality in a smart home system is proposed. It is truly expected
to serve better user’s experiences with ease-of-use in the interaction between users
and the smart home via the system.

We believe the easiest way to operate a smart home is by using an AR headset.

1.3 Objective

This project intends to develop an alternative approach of user interface by using
Microsoft Hololens to let any smart home’s users be able access, visualize and
control the smart home in such a way that it is more natural and responsive than
using a mobile application. Therefore, in order to indicate the completeness of the
project, several goals have been set. The following list presents all the goals which

are needed to be accomplished:
e To use Microsoft Hololens for home energy management system (HEMS).

e To review the performance and possibility on how Microsoft Hololens can be

used as an interface device for HEMS.

* To present all required functionalities from HEMS to the Microsoft Hololens,

for example, detailed information of appliances, real-time pricing data.



1.4 Scope of work

In this project, we focus on implementing augmented reality smart home appli-
cation for Microsoft Hololens. Moreover, there will also be a smart home web
application to interface with HEMS. The scope of this project can be listed as

follows:
e To study a smart home system and home energy management system (HEMS).
e To develop a real-time Microsoft Hololens application to interface with HEMS.

e To develop smart home web application as an alternative way to interface

with HEMS.

1.5 Thesis structure
This thesis contains eight chapters which are organized as follows.

e Chapter 1 Introduction - refers to the introduction, problem statement, ob-

jective, scope of work of the project, and structure of this thesis.

e Chapter 2 Related Works - describes the literature review and also shows

concepts that are significantly relevant to this project.

e Chapter 3. Smart Home and Augmented Reality - which will explain the

theory and other knowledge relevant to the project.

e Chapter 4 Requirement Analysis - Explains the requirements (functional
requirements/non-functional requirements) of the system and includes use
case diagrams with explanation, relevant system analysis diagrams (such as

activity diagrams).

o Chapter 5 System Design - Explain overall architecture/structure of the

software including relevant diagram i.e. class diagrams, sequence diagram.



o Chapter 6 System Development - Explain the development process, tech-

niques, tools to be used in the project, and algorithms.

e Chapter 7 Experiment and Results contents are about an experimental setup,

analysis, or results.

e Chapter 8 Conclusion- is the final chapter that talks about the conclusion,

some suggestion, any further development, or Improvements to the project.



Chapter 2

Related Works

There are many approaches for smart home with different kinds of interface, tech-
niques and technologies. Some approaches that are relevant to our project are

discussed as follows.

2.1 3D Web Interfaces for Smart Home

Wenshan Hu [9] proposed web-based 3D uses flash 3D engine to create virtual
home in user’s web browser. See Figure 2-1. Users are able to remotely control
and monitor any appliances in their virtual home by clicking mouse or keyboard

and control panel will appear.

Figure 2-1: 3D room Displayed in web-based interface [9]

In our project, we also have Smart Home 3D model in our website but it can
not control directly using 3D model like this approach. User needs to control in

appliances page. However, When something changes, it will appear in real-time.

6



In the Table 2.1, we compare previous research that has 3D web interface with

our project.

Project Remote Con- | Our Project
trol System
Of Web-Based

Smart Home
Tools for 3D web flash 3D engine WebVR,/WebGL
Render in web yes yes
Room generated from | 3D model Json file
Hardware for user Smart phone or | Smart phone or

anything  that anything that can
can access web access web
ontrol appliance I Yes ’ No j

from 3D model
See real time changes | Yes Yes
when control appli-
ance

Import or export 3D
model

No Yes

Table 2.1: Comparison of research paper in 3D Web Interfaces

2.2 Augmented Realities for Smart Home

Snehal Nargundi [7] proposed the mobile application that allows user to control
on/off of the appliances. This application works when user hold mobile camera
up to real appliance then virtual switch will pop up to mobile screen and user can
control this switch.

In our project we also use AR technology but the different is we use AR in
Hololens, and when we look at the real object you will see the panel for control
and information instead of the virtual object.

In the Table 2.2, we compare previous research about augmented reality with

our project. It is obvious that our project is more interactive and natural.



Mobile Device

A Review on Home Automa-
tion using Augmented Rea]-
ity
Control appliances b
tual switch

Our project

Control appliances by
using virtual panel or
voice commands

Y using vir-

Set on/off, brightness,
temperature, color

Mobile device
Techuology e O S Y e [ ———

Table 2.2: Comparison of research paper in VR

2.3 Smart Hom'e Control

In the Table 2.3, we draw 2 comparison between oy Project and Pieter

Simoens’ works.



Project Smart Home Control | Our project
with Head-Mounted
Sensors for Vision and
Brain Activity

Idea control appliances through | Control appliances by using
user’s gaze and brain activ- | virtual panels or voice com-
ity mands

Ease-of-use No, since it requires user’s Yes, wuser just wears the

concentration for brain ac-
tivity and hardware setup
prior to using its system,
e.g., hydrating the Emotiv
EEG sensors with a saline

solution

Hololens headset, open the

system, then prepare to use

Controlling features

user’s gaze with brain activ-

ity

Voice command, gesture

Support User Inter-

face

No

Yes

Table 2.3: Comparison between research paper in controlling a smart home




Chapter 3

Smart Home and Augmented

Reality

In this chapter, we will explain theories and other knowledges that have been used
in this project for development of Microsoft Hololens for home energy management
system (HEMS) which mainly are smart home concept, Home Energy Management

System (HEMS), and augmented reality on Microsoft Hololens.

3.1 Smart Home

Smart home, also known as an automation home, is a future home equipped with a
convergence of different technologies incorporated in together and connected wire-
lessly to a centralized computer called "Home Gateway" as shown in F igure 3-1.
Moreover, the home automation aims to facilitate inhabitants with comfort, con-
venience, and high security. A smart home is managed by an intelligent software,
such as HEMS, running on a home gateway. The software operates a smart home
to achieve some purpose, such as home energy efliciency, security, and well-living.
Also, the software aims to keep an eye on hardware components in the house [2].
However, a home cnergy management system or HEMS will be elaborated in the
next section. The way how user controls the smart home is various, for example,

web application, mobile application, or even voice command. However, with the

10



debut of Hololens, we would like to explore more possibility on how we can utilize

this wearable smart glass with HEMS, which will be detailed in next section.

Smart
Devices
& Smart
) Plugs

‘
~ I

i il

: v Energy
% Storage
IR Blaster Air-conditioner

Figure 3-1: A smart home equipped with smart devices that are connected to
home gateway.

3.2 Home Energy Management System

Home Energy Management System, or HEMS, is a software system to support
green technology like home automation (smart home). Its concept is that it mon-
itors and controls all its electrical devices in the smart home in such a way to
optimize the electricity usage. To give a better understanding, here is an example
scenario. A television is turned on automatically, as well as an air-conditioner
is automatically turned on with the appropriate temperature to suit the outside
weather and efficiency when a house’s owner is coming to the home. When the
house’s owner gets in, he/she is able to contro] any appliance using a mobile ap-
plication. However, no matter how beautiful the smart home feature providing to
the users is, an energy consumption of the house, i.e. electricity consumption, is
also concerned. Luckily, there is a concept of real-time pricing presented in the
smart home. The real-time pricing, in plain text, is an information that gives to

customers about the actual cost of electricity usage at any point of time. All real-

1



time data is from a smart meter, which takes care of sending and receiving info
about electricity usage. Electricity prices change from hour-to-hour. The benefits
users would get from real-time pricing is that users can adjust their electricity

usage in an appropriate manner [1].

3.3 Augmented Reality for Microsoft Hololens

Microsoft Hololens is well known as a smart-glasses headset for displaying holo-
graphic scene. And it is run on Windows 10 operating system which could be said
to be one of the first devices running on the Windows Holographic platform[5]. As
for Microsoft Hololens features, it comes with 3 ways to enable users to interact

with the content naturally: gaze, gesture, and voice [3].

Gaze Gesture Voice

Figure 3-2: Microsoft Hololens with 3 main features enabling user to interact with
content and information in the most natural ways possible [3].

Gaze — Allows user to select holograms and to move the hologram. Whenever
user his/her head, the cursor on the Hololens screen will follow and track

relative position.

Gesture — Allows user to select and resize any items in the screen and drag and

drop holograms in his /her world.

Voice command - Allows user to navigate, select, open, command, and control

your application. It also provides a speech-to-text feature.

12



You can think of scenario like user tries to visualize a 3D home model user just
designs and adjust the rotation by gesture, or user is on video call with his/her
friend through Skype, or even user can see the updated news and to-do list from

a wall by gazing at the wall as shown in the Figure 3-3.

Maui

Wed
Mon Toe .
o & O

Figure 3-3: An example of how user sees when heads on Hololens [§].

This smart-glasses headset is composed of a number of sensors, high technol-
ogy visual perception, and custom holographic processing unit which make it go

remarkably beyond than a screen. The F igure 3-4 illustrates on some Important

sensors on the Hololens.

Noise cancelling speaker

microphone

RGB Camera

Display

4 depth cameras

Figure 3-4: Some important sensors on the Hololens.

A description of the sensors in Figure 3-4 is explained below.

RGB Camera - To provide the three basic colors which are red, green, and blue.

13



Display - To display holographic scene on the Hololens screen.

4 Depth cameras —These cameras help in user’s hand tracking and perform sur-
face reconstruction for the displayed screen, where there are 2 cameras on

the left and another 2 on the right.
Noise cancelling microphone — To receive a voice command from a user.

Speaker — To provide stereo sound to user.

14



Chapter 4

Requirement Analysis

4.1 Requirement for the application

4.1.1 Augmented Reality Interface for HEMS

Functional requirement

e User shall be able to view appliance information and contro] appliances from

panels.

e Panel will stays at the same place nearby its appliances even after restarting

the application.
e User shall be able to control appliances by using voice command

e When using voice command, current room and nearby appliances will also

be sent to HEMS to process the action.
e Hololens send event to HEMS when user enter or leave some room.
e Virtual assistant will follow you wherever you go.
* When using every voice command, there will be a speech response.

e User shall be able to hear speech response from the direction of virtual

assistant.

15



e User shall be able to hide or show panels and virtual assistant.

Non-Functional requirement
e The system recognizes the object using Vuforia.

The system is implemented using unity, c#, Vuforia and API.A]

The system can run on Hololens.
® Voice commands supports only English language.

e Datas are updated real-time.

4.1.2  Electricity Company Server
Functional requirement
e User shall be able to change DR mode.

User shall be able to broadcast price in real time.

User shall be able to update flat rate price.

User shall be able to update TOU price.

User shall be able to view and set rule for each house.

User shall be able to view list of household and can view house information.

e User shall be able to create news.

Non-Functional requirement

e The system is implemented using HTML, CSS, JS, Django, WebSocket and
PostgreSQL.

e The web can be run on Microsoft Edge, Google Chrome, Apple Safari and

Mozilla Firefox.
e The web is responsive.

16
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4.1.3 Smart Home Web Application

Functional requirement

User shall be able to view daily, weekly, monthly, yearly usage histories as

charts.

User shall be able to view date, time, temperature in Celsius and humidity

iIn percentage.

User shall be able to view voltage, battery, price per unit and energy mode

of smart home.

User shall be able to view daily, weekly, monthly, yearly saving histories as

charts.
User shall be able to view all appliances and can control each appliance.

User shall be able to view smart home 3d model and can export or import

in JSON format.

User shall be able to view total KWH, power factor, total kvar, current and
voltage histories as charts and user be able to download as excel, PDF and

text file.

User shall be able to view news from Electricity Company server.
User shall be able to view rule simulation of smart home.

User shall be able to view, add, edit or delete rule.

User shall be able to view and select options to saving energy.
User shall be able to view prediction of energy consumption.
User shall be able to view, add, edit or delete preference.

User shall be able to login or logout.

17
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Non-Functional requirement

e The system is implemented using HTML, CSS, JS, React, Django, Web-
Socket and WebGL.

e The web can be run on Microsoft Edge, Google Chrome, Apple Safari and

Mozilla Firefox.
e The web is responsive and real-time.

e The web is easy to use.

4.2 Use Case Diagram

This section will show user’s functionalities in use-case diagrams, where there are
3 diagrams: Hololens application, electricity company server, and smart home web

application. As for use case descriptions, readers can see more in Appendix A.
4.2.1 Electricity Company Server

Update flat Broadcast real

rate price time price
Change DR
mode

Update TOU
price
//’ View and set
rule for each
Electricity Company~Staff house

View
Create news

uc EA Server J

household list

View house
information

Figure 4-1: Electricity Company Server use case diagram
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4.2.2 Hololens Application

uc Hololens Application J
View appliance
information
Control appliance
% from panels
e

User

Control appliance
using voice
command

Hide or show
panels

Hide or show
virtual assistant

Set up panel
location

ok

Figure 4-2: Hololens application use case diagram

4.2.3 Smart Home Web Application

uc Smart Home Web J

@ View saving View appliance
¢
iew usage charts
histories as
charts £e -
O View smart
home 3d model

i Export or impont
3d model

!ered b3e @

Delete rule
Set rule
simulation
View rule
Simulation

G
. View prediction of
it

View saving
energy options

Select saving
energy options

Delete
preference

Add preference

Figure 4-3: Smart home web application use case diagram
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Chapter 5

System Design

This chapter provides an overview of Hololens for Home Energy Management
System system design which is designed according to the requirements specification
in the Chapter 4. The design depicts the system in a detailed manner ranged from
the basis for implementation to the low of system functions along with components

that are used to construct the system.

9.1 System Architecture

The Figure 5-1 illustrates an overview of our system of the project to make readers
clearly understand how the project works, and how each component in this system
collaborate with one another. As the Figure 5-1 depicted, the system mainly
consists of three components: a list of front-end applications as in the dashed-line
box, HEMS as in centered-box , and a group of appliances. Basically, HEMS is
an existing software which we utilize its essential features. Also, the list of red
boxes in the dashed-line box is the application implemented by us. This is to make
visually clear in each component. In this thesis, Home Energy Management System
(HEMS) plays a key role in the whole system to make every other component
achieves its own task. HEMS acts as the home gateway to receive necessary data
from other front-end applications by communicating via RESTful protocol and

WebSocket, while ZigBee, WiFi and Bluetooth are used for communication with
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household appliances. And it responds those received data by displaying via front-

end applications such as a smart home website or Hololens application. Moreover,

HEMS can control and monitor those devices by,

for example, turning on a light

or setting rules for specific device what to do when it is timely night. However, all

the above components as shown in the Figure 5-1 have their own system design,

and we will go into details in the next section.

HEMS

Muti-threading

Service, ZigBee ——

{—D| Event-respon R 74 ) \

se Rules, Ob ﬁ ' Appliances {

’ Bluetooth [ e Smart meter |

ser
ggl?ls, <D i d:i> PREe e Air-conditioner |
oy CoAP % e HuelightBulb |
<:> <::> e Television

I e Zmote /
bil ‘J II ﬁ a
e Protocols 1 s = b
I | Sensor I
Wab Setver ! e  Temperature L
1 b 1
| e Humidity J 1
Web services 1 1
[REST, WebSocket]| ! -
maibee. €3 Bbalty 7374 o St 0 il IF S w\i !
SN 7y VA ( Hololens :
(5 1 . 1
; A Y \ Application J 1
1 1 P A AGACIREST P 1
[REST, WebSockat]| ebSocket] . ! T :
H SRl ! | |[[REST] -
pusiy ] 1 ’ 1
|m———————— R T,y T - J X
: L A 1
1
! REST; Speech 1
, | Etectricity Company R \Y [ 17 P B, !
1 | Server (Real-time < : ;
1 Pncmg & DR) Appllcatlon Handler )
! 1
! 1

1

Figure 5-1: The system overview of the project

9.2  System Components

As Figure 5-1 shown in previous section, there are mainly six items in the system

which will be elaborated in details in this section.
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5.2.1 Home Energy Management System (HEMS)

Web Framework
[Django]
PEA to HEMS J [ HEMS to PEA

Figure 5-2: The system overview of the HEMS

According to the system'’s design overview in Figure 5-2, it refers to how inside
HEMS is constructed. HEMS is a server-side that handles requests and response
of other software. So, web framework and database are much required to achieve
the server-side. Regarding the web framework, we use Django to implement as
back-end, because it is one of the most common framework and its supportability
for other technologies, such as REST API, web service, which are used to access
resources on the server. Another part in HEMS is the SQLite. This relational
database is used to store relevant data securely and to deal with workloads from
other software applications’ requests and responses. EA_Snooper or electricity
company snooper is a module that sends home data to electricity company server.

EA_Receiver is a module that listens for updates from electricity company server.

5.2.2 Hololens Application

The Figure 5-3 depicts a design of the Hololens application system design. In ad-
dition, this client-side application comprises of mainly four components included
in the design to make the whole application run completely: Hololens application,
APLAI HEMS, and a group of devices. The augmented reality, speech recogni-
tion, location service and gesture control embedded in the Hololens are used to
serve a better experience to users to feel and have fun with it. API.AI is an-

other platform to perform the natural language processing. API.AI also provides
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natural language voice web service for developers to easily build and test their con-
versation scenarios. So, we choose API.AI platform to support natural language
understanding which helps our system to understand an intent of user’s speech.
By designing conversational scenario and corresponding action in API. AT for the
smart home, it helps us to manage and analyze interactions with users easily. As
for HEMS, it is a medium to receive a command from Hololens and data from
appliance to send the command to home appliance or to respond back to Hololens

application.

[REST, WebSocket]

Hololens

[REST Request] | [REST Request]

APLAI

[REST Response] . | [REST Response]

Figure 5-3: The system overview of the Hololens application

5.2.3 Smart Home Web Application

[REST, WebSocket]

A X

Home Energy
Management System
[HEMS]

Smart home
Web Application

Electricity Company
Server

Figure 5-4: The system overview of the smart home web application

The smart home web application design, as shown in Figure 9-4, has almost the
same design as Hololens application, except that this web application is no need
additional instance in between itself and HEMS. So, it can communicate directly

to HEMS by using REST and WebSocket protocol. Moreover, when there is any
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news updates or notification from electricity company, i.e. new electricity rate,
users can instantly receive the notification. In this front-end website, it contains
several technology being employed, such as, real-time web technology, responsive-
ness, which will be described in detail how they are used in the application in
the Chapter 6. Note that, basically, the site was created to serve as web-based
application an also an alternative mode for Hololens’ user interface depending on

circumstances.

5.2.4 Electricity Company Server

Web Framework
[Django]

y

Relational Database
[PostgreSQL]

Figure 5-5: The system overview of the Electricity Company Server

The Electricity Company Server design, as depicted in Figure 9-9, has resem-
blance to HEMS design. It used PostgreSQL Object-relational database as to cope
with numerous requests and responses. However, its task is different from HEMS.
This server is under controlled of electricity company admins to keep updating all

news and updates and send those information to HEMS.

9.3 Component Diagram

In this section, it shows all required components to create the whole system. The
blue box color refers to a software system, while the sky-blue boxes in the dashed

box correspond to a number of components to make up another software system.
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Chapter 6

System Development

This chapter amplifies the development processes of the project. Also, it includes
techniques to be implemented for each component in the system including tools
and resources that involve in the development process. However, This chapter
is divided into four parts: Home Energy Management System (HEMS) Develop-
ment, Smart Home Web Application Development, Electricity Company Server

Development and Microsoft Hololens Application Development

6.1 Home Energy Management System (HEMS)
Development

As said earlier in the Chapter 3, Home Energy Management System or HEMS is
responsible for monitoring and controlling all electrical devices in a smart home
in such a way to optimise the electricity usage. Also, HEMS, as mentioned in
Section 5.2 in Chapter 5, characterizes itself as an server-side. With respect to
HEMS in the development process, HEMS has undergone several changes in the
web application because of new discovered obstacles and limitations. This section

contains the detail of each implementation and development.
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6.1.1 Real-time Web Application

HEMS real-time update allows user to receive up-to-date information of home
appliances from the smart home application which helps users to follow all changes
happened in their house or in Electricity Company, such as news or electricity
rate. In order to carry out the real-time web application, WebSocket technology
is taken to serve the application’s requirement. In addition, there is a 3D house
model created in the site via WebVR technology to support user’s experience in
real-time house appliances’ status. For example, if an air-conditioner is turned
on, user will see the air-conditioner with softly wind signifying the AC status, or
a light-bulb with some color implying the bulb is turned on. However, the result
of the house model will be drawn in next Chapter.

During the implementation, WebSocket protocol is installed on HEMS to run
WebSocket service which make HEMS able to serve data in real-time. The process
starts with a client sending a regular HTTP request to HEMS, where there is a
specific header included in the request. This specific header will inform HEMS
that the client wants to create a WebSocket connection. HEMS then agree on the
header and will communicate this through the header in the response. This makes
the initial HTTP connection get replaced by WebSocket connection Hence, when
there is a new data in HEMS, WebSocket service will push the new data to clients

whose a connection’s header stays the same as initialized.

Client s Internet
) 3. HEMS Server
action, re cipientlD B A e
Client \\.‘ A e *
e SIS R ol WAl T - 2t e ' 1
IR ?PE'_GP_‘_r_e_C_’Q '_“irlt_'?_______:;. E WehSockets E
o ! protocol !
- I 1
] action, recipientiD Rl NS, ;
Client ;

Figure 6-1: How WebSocket works with HEMS-connected clients
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However, WebSocket only provides us a way to communicate via, a socket, the
use of WebSocket can be in many ways. We use Django Channel as a WebSocket
handler, and it provides us a concept of groups or rooms. Groups or rooms is
similar to publish and subscribe pattern. In Django Channel, you have to execute
a code to subscribe or unsubscribe user to groups. After that, we can publish
message to preferred group. We have implemented that if user sends a message
to join or leave group, we will execute the code to do so. Certain changes inside
the system will trigger the code that publish messages to a certain group. The
Table 6.4, Table 6.1, Table 6.2 and Table 6.3 shows the JSON data format of
WebSocket message used in HEMS system for each group.

Name Type
appliances vy -
consumption | float "appliances: {
- - consumption: 3.5,
id int id: 12,
name string : name: "air"
current float current: 1.2,
sys_kVarf: 1.5,
sys_kVarf float :;z:ﬁ\,zm 1;
sys_ kVarr float sys kWE 1,
sys_ kWt float :ﬁ;kz\;; 4
sys__kWr float }
volt float
Figure 6-2: Example Group
Table 6.1: Group : meter.info meter.info
{
body: "Light is on"
u\fame Type*] }
lﬂ)dy string
Figure 6-3: Example Group :
Table 6.2: Group : alert alert
V{
ieter: "status",
Name Type f:;zg'; s
parameter | string }
value int
Figure 6-4: Example Group: ap-
Table 6.3: Group : appliance.status pliance.status
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Name Type
alt _inputs v
current float alt_inputs: {
- current: 1.5,
kW mnt kW: 12334,
volt int volt: 220
%
battery " battery: {
current float current: 1.5,
: kW: 12334,
kW nt volt: 220
volt int %
2 : Vline_input: {
hne_lnput current: 1.5,
current float k\‘;‘: ;2;]34.
A volit:
kW int y,
volt int output: {
current: 1.5,
output kW: 12334,
current float } volt: 220
kW int b 0
volt int kW: 12334
}?
solar use mode: 1,
kW int wind turbine: {
kW: 0
use mode }
wind turbine }
kW int

Figure 6-5: Example Group iin-
Table 6.4: Group : inverter verter

6.1.2 HEMS Database Model

Overview

1 class Floor (models . Model ) :

2 name = models. TextField ()

1 class ApplianceTypes(models.Model):
name = models. TextField ()
6 commands = models. TextField ()

7 on_read = models. TextField ()

v class Appliance(models.Model):
name = models. TextField ()

3 app_type = models. IntegerField ()
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12 status = models. IntegerField ()
13 room_id = models. IntegerField ()
o current consumption = models.IntegerField()
15 current state = models. IntegerField ()
states = models. TextField ()
17 data = models. TextField ()
type = models. ForeignKey(ApplianceType)

2 class Room(models. Model) :

2 name = models. TextField ()

22 floor id = models. IntegerField ()

23 appliances = models.ManyToManyField(Appliance)

. class Rule (models . Model) :
conditions = models. TextField ()

o7 action = models. TextField ()

20 class Preference(models.Model):
conditions = models . TextField ()

3 prefer = models. TextField ()

Listing 6.1: Implementation of HEMS ER Diagram in Python

Rule

+ conditons : TextField m
+ prefer : TextField ApplianceTypes

+ name : int

+ commands : int
+ on_read : int

Appliance

+ name : TextField

+ app_type : IntegerField
+ status : IntegerField

+ current_consumption : IntegerField + name : TextField
+ current_state : IntegerField

+ states : TextField
+ data : TextField

T Room

Preference + name : TextField

+ conditions : TextField
+ action : TextField

Floor

Figure 6-6: Database Model Class Diagram
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Commands in appliance type stores list of attributes that an appliance type
may have. It is represented in json format. The data consist of value, name
and cmd for each attribute, if cmd is null, it means that that attribute is a read
only attribute. The example of read-only attribute is consumption as you can not
change the consumption of appliance directly. If the attribute is not read-only,
it will contain more information such as minimum value, maximum value and
value step. It also tells which type of control should be displayed in the UI such
as toogle, slider, color picker or step. There is also data that tells which voice
commands are mapped with which attribute and value to be changed to, when

the voice command are matched.

[

"emd": 4
"control type™":" toggle ",
"description":"Turn on or off {name}"
"function":
Vi Jsg et Ny
self .setData ( "last_command result’ ; self.emitZmote (
self§detTaLh-{¢ setting.zmote name’), self. getData (’setting .
zmote_action_power_on’)))
else:
self.setData ( "last_command result ’ self .emitZmote (
self.getData (’ setting -zmote_name’) , self. getData (’setting .
zmote_actiom \powes, off "1oPf DGR/ T8I To oY (f7)
"name": "set,0n_ Off",
"parameters ": |
{
"name":"setTo ",

"type":"integer"

I

"voice_commands " : |

{

"emd":" smarthome. device . switch.on",
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"Value ll:Hlll

s
{
"emd":"smarthome. device . switch.off ",
"value ":"Q"
}
|
B
"max_value":1,
"min_value":0,
"name ;" status ",
"value":" value[’status o

"value step":1

Listing 6.2: Command’s mapping

6.1.3 HEMS API

HEMS APl is a RESTful web-service inside HEMS, and it is implemented to be the
resources of other software to request. This resources are accessed by a common
interface using HTTP Protocol for data communication.

As for the development of HEMS API, it needs to ensure that all required
appliances have their own medium to communicate between them and HEMS, so
that HEMS can request and respond to the appliances correctly, such as Bluetooth,
WiFi, or ZigBee. So, whenever there is & request from other software, HEMS will
receive the request and map the request with its methods. Then HEMS will call
that methods to get data from the target appliance. Later on, the received data,
will be sent back as a response message to the caller.

However, before user can request HEMS to get data from the target, there
should be a list of methods provided by RESTful web-service in order to function

the request. There are several services available on the server for the application
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to utilize. By using RESTful API, the request may vary by URL, HTTP Verb

and data. The list of the services and their description are described in Table 6.5

Table 6.5: HEMS REST API

URL HTTP Verb Description

api/preferences/ GET Return the current prefer-
ences

api/preferences/{id} / U Update preference that
has id={id}

api/preferences/ POST Create new preferences

api/preferences/{id}/ DELETE Delete the preference that
has id={id}

api/rules/ GET Return all rules

api/rules/{id}// PLTR Update rules that has
id={id}/

api/rules/ POST Create new rules

api/rules/{id}/ DELETE Delete rule that has
id={id}/

api/appliances/ GET Get a list of appliances

api/appliances/{id}/ DlaP Update appliance that has
id = {id}

api/appliances/ \ZIN e Create a new appliance

api/appliances/{id}/ DELETE Delete appliance that has
id = {id}

api/appliances/{id} /info/ GET Get appliance more de-
tailed info that has id =
{id}

api/appliances/{id} /command | POST Command appliance that
has id = {id}
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6.2 Smart Home Web Application Development

6.2.1 Responsive Web Interface

The web application is implemented to provide an alternative choice for users to
access. Since users are capable of accessing the web application through many
ways, i.e. personal computer, tablet, or mobile phone. So, creating responsive
web interface for all kinds of devices should be also become aware of. In order to
make the web interface become responsive, several web development frameworks
are taken up with. In this process, we chose the popular web design framework
which was Bootstrap. Not only is it free, but it is also open-source with numerous
themes for the beauty of components. In order to make screen responsive, grid
system should be exploited. The grid system is a structure that helps in organizing
and arranging page layout in a series of rows and columns. By applying the grid
classes (e.g. .row, .col) with properly specific size of number (e.g. .col-xs-4 is
set to 4 columns when screen is extra-small) in the web page, we can have all
responsive web page which support all various screen size. For example, Figure
6-9 and Figure 6-7 depict different types of home page from two devices accessing
the smart home web application, where the first and second F igure are personal

computer screen and iPhone, respectively. While the Figure 6-8 is navigation bar

ATy
# \/“ 10:11:26 PM

@ sa dune 3id 2017
P

of the website in iPhone.

27.5°C

52.5% Humidity

Figure 6-7: Home page from iPhone
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6.3 Electricity Company Server Development

Electricity Company Server acts as the main server to keep notifying any updates
towards other smart homes. In the development of Electricity Company Server,

we have also created services for the server to let other servers, e.g., HEMS, use.

The list of the services and their description are described in Table 6.6
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Table 6.6: Electricity Company Server REST API

URL HTTP Verb | Description

api/news/ GET Return all news

api/news/{id}/ PUT Update news that has
id={id}

api/news/ POST Create new news

api/news/{id}/ DELETE Delete news that has
id={id}

api/households/ GET Get a list of households

api/households/{id} / LT Update household that has
id = {id}

api/households/ POST Create a new household

api/households/{id} / DELETE Delete household that has
i— YO

api/settings/ GET Get all settings

api/settings/{id}/ BN Update setting that has id
= {id}

api/settings/ POST Create a new setting

api/settings/{id}/ DELETE Delete setting that has id
= {id}

api/settingsKv/ GET Get all settings as JSON
class

There is also a web page for Electricity Company to let admin set new infor-
mation, and monitor current setting, such as current electricity price rate. The
Figure 6-10, Figure 6-11, and Figure 6-12 show a home page, a home’s list page,

and news’ page of the site, respectively.
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Change DR Mode

Broadcast Realtime Price

Date  05/14/2017, 08:00 AM Newprice 15 Submit

Unit Price

Update TOU Price

Price

Peak Off Peak Monthly Fee

Update

Figure 6-10: The home page of virtual-cities.net for Electricity Company Server

Api Root . Household List

Household List [ Format- |

d Name Package Mode Dr allowed Last updated

1 A false 06 Apr 2017 05:44 PM >

2 B false 06 Apr 2017 05:44 PM >

Figure 6-11: The households page of virtual-cities.net for Electricity Company
Server

6.4 Microsoft Hololens Application Development

The Microsoft Hololens application is proposed to help residents who live in a
smart home to have an access to the home as natural as possible by using their
voice command to control or monitor home’s appliances. It is important to let
the Hololens get relevant data from home’s appliances via HEMS, so that user is
able to view those information. The development of the application utilizes a set
of functions provided by HEMS to display on the Hololens’ screen. During the
application development, the app had undergone several problems and limitations

regards to the Hololens’ capability. In this section, it shows the detail of each
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ApiReot © Naws List

News List

Figure 6-12: The news page of virtual-cities.net for Electricity Company Server

implementation to resolve the problems and limitations.

6.4.1 3D Modelling

The model of personal assistant is designed in Blender software and then exported
to Unity. The Figure 6-13 is an example of designing 3D model in Unity.

2 Unity 5.6.013 Personal - Vuforia-2- Hololens.unity - SmartHome2 - Windows Store Apps <DX11>

b Aoply Root Motien
Update Mode
© Culling Mode

Figure 6-13: An example of designing 3D model in Unity

6.4.2 User Interface Design and Visualization

The design of appliance panels and other panels are designed in Adobe Illustrator

and are exported as multiple images which are used to render in Unity.
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6.4.3 Voice Interface

As for the implementation of voice command for the application, firstly we take in
voice input from user’s speech from Hololens or web application. For Hololens, we
use Windows SDK to get text representation of user’s speech. For web application,
we use Webkit speech API to get text representation of user’s speech. However,
the user’s speech cannot be understood easily by software and is difficult to grab
the user’s intent. So we use APL.AI cloud platform to help in natural language
processing. The API.AT offers combination of rule based matching and machine
learning which we can take an advantage of. The text representation of user’s
speech will be sent to API.AI to be analyzed and identified the user’s intent from
the speech. In the APLAI, there will be a list of entities which extract parameter
values from natural language inputs, and intents of user’s voice command that will
map between what the user says and what action should be taken. In the Figure
6-14 is a sample list of device entities that we created for appliance where the
rectangle is the main entity of the appliance while the ovals are entity’s synonyms.
This allows user to speak the specific device with more than one type. For example,
user can speak AC, air-con, or air-conditioner (in the oval shape) to refer to air-
conditioner in user’s home which can be justified as the AC device’s entity in the
rectangle. The interface we use to define device entities is shown in the Figure
6-15. The intent is like a set of rules defining what user can says to do certain

things. Defining intent in APL.AI is done in a web interface shown in Figure 6-16.

AC Air-conditioner TV v Light Light

Air-con
Television

AC Light-bulb

Figure 6-14: Example of device entities of home’s appliances

39



§ api.ai air

Smart-Home -
Define synonyms @ | Allow automated expansion

=1 Intents

air air conditoner, air con, air condition, airconditioner

Figure 6-15: Defining device entities of home’s appliances
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Figure 6-16: Defining user intents

When voice command is sent to API.AI as depicted in Figure 6-17, it will be
parsed by machine learning by API.AI web service to query users’ intents that
is likely to be corresponded with the input. Once APL.AI gets the user’s intent,
it will send the result to HEMS as JSON format as shown in the Figure 6-18.
Later on, HEMS will extract the result into JSON format into its understandable
result. Once HEMS knows the intent from the JSON file after extracting, it will

prompt the target to behave in accordance with the user’s intention. Note that if
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the system could not recognize any device from user’s speech, for example, user
said only "turn on’, the system will automatically apply the user’s intent command

with the user’s closest device by checking position of each appliance in a room.

Input

Turn on light in the office

Figure 6-17: Example of input to API.AI

Output

{
“query”: "Turn on light in the
office”,
"action":
"smarthome.device.switch.on",
"parameters": {
"device™: “light”,
"room": "office"
g
}

Figure 6-18: Example of output from API.AI

APLAI platform

Y

Home Energy
Intent Management System
(HEMS)

Hololens

Figure 6-19: The overview of voice command in Hololens application for HEMS

In the Figure 6-19, it shows how the voice interface works where Hololens gets
an input, then send the input to APL.AI to query the user’s intent. Later on, once
the intent is identified, it is sent in JSON format to HEMS to have the target

complied with the user’s intent.
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6.4.4 Location Mapping

As for the location mapping, we used VuMark- a new kind of bar code that is
free for a customized design while encoding data and acting as an AR target at
the same time- as a reference point of any appliances. The Figure 6-20 is some
example of VuMark bar code. The reason we use VuMark is because we can
design our own logo, and it can store various type of data. Basically, We use this
bar code to map an appliance to identify the targeted object from user’s gazing.
Hence, every HEMS-connected device will have its own unique VuMark bar code
ID with encoded data. Some example of VuMark in our project is represented in
the Figure 6-21 and example of applying VuMark with home appliance is shown
in Figure 6-22b. The data stored in VuMark is an array of characters. The first
letter will specify wether the VuMark represent a wall or appliance’s control panel.

The following characters will represent the ID of the object.

Figure 6-20: Examples of VuMark bar code

Figure 6-21: Examples of some VuMark designed for home appliance
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(a) Examples of applying VuMark with a
light

samsons

(b) Examples of applying VuMark with a
television.

After we get the targeted object from user’s gazing, we will save the position
of the object with its coordinate, metadata from spatial mapping for further cal-
culation, such as calculating the nearest object from user’s position in a room.

Then we can show appliance control panel where the VuMark are recognized.
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Chapter 7

Experiments and Results

In this chapter, we go through our project experimentation of each functionality

of the software we developed and display its result with some explanation.

7.1 Web Application

The web application works well on every function according to our requirement.
Moreover, real-time request and response can be seen instantly when user issues
a command to the web. Setting up a rule for a specific appliance also works.
However, user-interface may not be easy enough for the user to use.

Figure 7-1 shows some screenshots of home page of the web application. The
main page will be displayed once users has logged into the web. The main purpose
of this page is to show all basic barameters concerning energy usage which users
should firstly know. For example, it displays electricity usage in daily mode.
Also, users can select other modes of electricity usage to display; such as weekly,

monthly, or annually. See figure 7-1 for more details.

1. Electricity usage and its graph representation
2. Current local time, temperature and humidity in the house

3. Current load
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Figure 7-1: Home page

4. Current voltage

5. Current battery remaining
6. Current price rate per unit
7. Current DR mode

8. Current energy mode

9. Current total price and rate type

The web site also supports a voice command to let a user control house appli-
ances using his /her voice command instead of controlling directly on the appliance
itself. User will be prompted to speak a command after clicking voice command
button as depicted in Figure 77.

For more screenshots on web application, see in Appendix B.
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(a) User speaks a voice command to (b) The system responds the user’s
the web action in both text and voice

Moreover, the smart home web application can be supplementary to Hololens
in terms of control panel. This allows user to be able to control his/her smart

home as an alternative. In F igure 7-3 is an example on how the web site can be

used as a control panel on Hololens.

Figure 7-3: A smart home web application as control panel on Hololens
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7.2 Microsoft Hololens

7.2.1 Voice Commands

Voice command is one of the main features to make a home become smart. Basi-
cally, user just speaks a command to let HEMS-connected device work, so that the
target device behaves accordingly to the command. Some basic of voice commands
are to turn-on and turn-off a specific light bulb. Or user can say change specific
light color to yellow. After saying the command, the system will respond back
whether or not the command is successfully completed, as illustrated in Figure

7-4.

blue light color

X Changing Living Room Light color to bl e

Figure 7-4: An interaction between what user said and system response

7.2.2 3D Interface

3D interface has a goal to display another step of user interface by relying on
the technology of augmented reality. Since the Hololens is the main tool in this
project which supports the AR technology. Hence, we merged the 3D modelling
of objects into the screen of Hololens. This will give users another aspect of user
interface sight. After applying the 3D modelling into the Hololens’ screen, users

shall be able to see the virtual object as if they were real. In this project, when
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user gazes the HEMS-connected ob ject, there will be a 3D setting panel to let user

control the object directly by gesture or voice command as shown in Figure 7-6.

Air Cond.

Status

Temp

Figure 7-5: A panel is displ

ayed at a VuMark position when user looks at the
VuMark.

Figure 7-6: A 3D model from a smart home web application on Hololens
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Chapter 8

Conclusion

8.1 Summary

In this project, we aim to create an application using Microsoft Hololens as a 3D
user-interface for Home Energy Management System (HEMS), but we do not com-
plete developing all the function due to the requirements. Some goals were refined
to suit the time constraint and user’s requirement with acceptable results. The
application can provide some features to user for trials. For example, users shall
be able to control HEMS-connected appliances using both their voice command
or gesture. On the other hands, the application has some parts missing. That is
users do not be able to view data in chart mode, for example.

As we have experimented Hololens for smart home system, we believe that
augmented reality for smart home system can make our life easier because we
can do things more natural. There are many parts that can be further Improved

including hardware and software aspect.

8.2 Problems and Obstacles

Since team members are new to almost all the field in this project, we have un-
dergone several problems and obstacles due to new field of this project. A few of

them are:
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Hardware Limitation — Although Microsoft Hololens provides gestures input
to interact with your holograms naturally, they are not significantly support-
ive for this project. Just only a few of gesture styles were given. Therefore,

the development is limited to have users use their gesture naturally.

Software Limitation — Even though Microsoft Hololens has an augmented re-
ality technology to display holographic scene, they do not support some kinds
of user-interface rendering. At first, our team tried several ways to render

web user-interface to Hololens, however, it can not due to its restriction.

Natural Language Processing — Specific type of voice commands are needed
when users are about to command using their speech. Users are not able
to speak any desired sentence if they want to access home appliances using
voice command. Because, currently, the project does not support a variety
of voice command to be the input, so some user might not be satisfied with

the system requirements.

8.3 Lessons Learned

After all that we have been through in this project, there have been numerous

lessons we have learned during the period of the project. Some of them are:

Implementation on Augmented-Reality — Not only did the holographic scene
on Hololens we learned to apply with smart home, but also voice command

provided by the Hololens that we had to go through.

Technology on web-based application — there are several technologies that
support web application, for example, real-time web protocol that allows
user to have an up-to-date information. Moreover, 3D modelling in web
application is an incredible technology that allows user to experience a 3D

object in 2D screen.
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Experience from project-based learning — At the very beginning of this
project, we had an opportunity working the real project where there were
user’s requirements given to you with time constraint, and you had to put
your effort to reach the user’s needs. That was a very challenging experience,

because we could integrate our knowledge to apply with the real work.

Do not expect what you planned — During the process of working on the
project, everything did not g0 as my team planed and expected to be. Many
things has been changed because of some technical problems. So, Readiness

and adaptability is what we needed.

8.4 Future Work

To improve an experience of using augmented reality technology in company with
smart home system, there might need more study to support and reduce some
limitation. For instance, user shall be able to use free-style gesture to control the
hologram in natural manner, or user shall be able to view real-time data in graph
mode. Additionally, personal assistant like JARVIS in the Iron Man Movie who
will help you and notify you any events happen in your home, may become real in
the project. Additionally, when user gazes at such device, the system should be
able to identify the object type and show up related device information instantly
on Hololens’ screen. However, in the future, there will be more study which can
be used to support the free-style gesture and lessen constraints that currently are

problematic in this project.
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Appendix A

Use Case Diagram

A.1 Hololens Application

uc Hololens Application)

View appliance

information

Control appliance
from panels

User \ Control appliance
using voice
command

anel

Hide or show
Setup p panels
location
Hide or show
virtual assistant

A

L

Figure A-1: Hololens application use case diagram



A.2  Electricity Company Server

uc EA Server

Update flat
rate price

Broadcast real
time price
Change DR
mode
Update TOU
price

View and set

rule for each
house

Electricity Com taff

View
household list

View house
Create news information

Figure A-2: Electricity Company Server use case diagram

A.3 Smart Home Web Application

uc Smart Home Web

@ View saving View appliance
o —
liew usage charts
histories as
charts i -
O View smart
home 3d model

Export orimport
3d model

Add rule

View rule
simulation
E=p
E View prediction of
Edit preference energy consumption

Add preference

Figure A-3: Smart home web application use case diagram
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A.4 Use Case Description

This section describes about actions between an actor and the system of this
application. Each use case will represent a primary actor, pre-condition and post-
condition. Moreover, it presents a flow of the events for each action for more

clearly understanding.

Hololens Application

Use Case Set up panel location

Primary Actor | User

Brief Descrip- | Set up panel location by looking at VuMark.

tion

Pre-condition -

Post-condition | Panel are shown where 1t is set up.

Flow of events | 1) User looks at the VuMark.

L 2) System will remember the location.

Table A.1: Set up panel location

Use Case View appliance information j

Primary Actor | User

Brief Descrip- | View appliance information such as status and usage.

tion

Pre-condition Set up panel location.

Post-condition | Panel are shown where it is set up.

Flow of events | 1) User looks at the panel.

2) System shows the necessary info.; such as status and

usage.

L 3) User sees the detail of the appliance.

Table A.2: View appliance informationn
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Use Case

Control appliance from panels

Primary Actor

User

Brief Descrip-

tion

Control appliance by click adjustable feature at the panel.

Pre-condition

Set up panel location.

Post-condition

Appliance change its state according to what user con-

trols.

Flow of events

1) User looks at the panel.

2) System shows the necessary info.; such as status and

usage.

3) User clicks adjustable feature provided by the appli-

alnce.

4) User changes the status of the appliance.

5) System checks validation of the change.

)
6) System applies the change to that appliance.
)

7) System responds the user’s change back to user.

Table A.3: Control appliance from panels
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Use Case

Control appliance using voice command

Primary Actor

User

Brief Descrip-

tion

Control appliance by using voice command.

Pre-condition

Set up panel location.

Post-condition

Appliance change it’s state according to what user control
and the system should reply the result of recognizing the

voice command.

Flow of events

1) User speaks some command to the Hololens.

2) System recognizes the voice message and does analysis.

3) System applies the voice command by doing Adjust

Appliance Status feature.

4) System responds back to the user by voice message.

Table A.4: Control appliance using voice command

Use Case

Hide or show panel

Primary Actor

User

Brief Descrip-

tion

Hide or show panel.

Pre-condition

Set up panel location.

Post-condition

Panel will be hidden or shown according to what user

control.

Flow of events

1) User looks at the panel.

2) User chooses to hide or show panel.

i

3) System applies change to panel.

Table A.5: Hide or show panel
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Use Case

Hide or show virtual assistant T

Primary Actor

User

Brief Descrip-

tion

Hide or show virtual assistant.

Pre-condition

Post-condition

Virtual assistant will be hidden or shown according to

what user control.

Flow of events

1) User looks at the virtual assistant.

2) User chooses to hide or show virtual assistant.

e

3) System applies change to virtual assistant.

Table A.6: Hide or show virtual assistant

Electricity Company Server

Use Case

Update flat rate price

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

Update flat rate price to every household.

Pre-condition

Post-condition

Flat rate price is updated by Electricity Company staff,

Flow of events

1) User keys the price for each range.

2) User clicks update button.

3) System gets price and updates price in real time.

Table A.7: Update flat rate price
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Use Case

Broadcast real time price j

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

Send real time price to every household.

Pre-condition

Post-condition

Price is updated in every household.

Flow of events

1) User chooses date.

2) User selects new price.

4) System gets date and new price.

)

3) User clicks submit.
)
)

5) System updates price in real time.

Table A.8: Broadcast real time price

Use Case

Update TOU price

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

Update TOU price to every household.

Pre-condition

Post-condition

TOU price is updated by Electricity Company staff .

Flow of events

1) User keys the price for peak and off peak.

2) User keys the monthly fee.

3) User clicks update button.

4) System gets price and monthly fee then updates price

in real time.

Table A.9: Update TOU price
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Use Case

Change DR mode

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

Change DR mode from specific house.

Pre-condition

Post-condition

DR mode is changed.

Flow of events

1) User chooses house from id.

2) User selects DR mode.

Table A.10: Change DR mode

Use Case

View and set rule for each house

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

View and set rules from specific house.

Pre-condition

Post-condition

Rules are changed.

Flow of events

1) User chooses house from id.

2) User clicks add button.

3) System shows add rule dialog.

4) User fills in all information then clicks add button.

5) System shows rule.

Table A.11: View and set rule for each house
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Use Case

View household list

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

View all household.

Pre-condition

Post-condition

Household list is shown.

Flow of events

1) User chooses households menu.

2) System shows household list.

Table A.12: View household list

Use Case

View house information

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

View specific household information.

Pre-condition

View household list.

Post-condition

Household information is shown.

Flow of events

1) User chooses specific household.

2) System shows all information.

Table A.13: View house information
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Use Case

Create news

Primary Actor

Electricity Company Staff

Brief Descrip-

tion

Create news for every household.

Pre-condition

Post-condition

News is created.

Flow of events

1) User chooses news menu.

2) User clicks create button.

)
3) System shows create dialog.
)

4) User fills in all information then click save.

Table A.14: Create news

Smart Home Web Application

Use Case

Log in T

Primary Actor

User

Brief Descrip-

tion

Log in to smart home web.

Pre-condition

Post-condition

User become registered user.

Flow of events

1) User enters username and password.

2) User clicks login button.

3) System shows home page.

Alternative

Flow

Condition : Username or password is invalid.

3a) System shows error message and asks user to log in

again.

4) Go to step 1.

Table A.15: Log in
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Use Case

View usage histories as charts

Primary Actor

Registered user

Brief Descrip-

tion

View usage information daily, weekly, monthly or yearly.

Pre-condition

Post-condition

Usage information is shown.

Flow of events

1) User clicks home page.

2) System shows usage information.

Table A.16: View usage histories as charts

Use Case

View saving histories as charts

Primary Actor

Registered user

Brief Descrip-

tion

View saving information daily, weekly, monthly or yearly.

Pre-condition

Post-condition

Saving information is shown.

Flow of events

1) User clicks inverter page.

2) System shows saving information.

Table A.17: View saving histories as charts
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Use Case

View appliances 7

Primary Actor

Registered user

Brief Descrip-

tion

Viewing appliance list.

Pre-condition

Post-condition

Appliance list is shown.

Flow of events

1) User clicks appliances page.

2) System shows appliance list.

3) User chooses specific appliance to view more informa-

tion.

4) System shows appliance information.

Table A.18: View appliances

mse Case

Control appliances T

Primary Actor

Registered user

Brief Descrip-

tion

Control appliance by clicking adjustable feature.

Pre-condition

View appliances

Post-condition

Appliance changes its state according to what user con-

trols.

Flow of events

1) User chooses appliance from the list.

2) System shows adjustable feature.

3) User clicks adjustable feature provided by the appli-

alnce.

4) User changes the status of the appliance.

5) User System checks validation of the change.

6) System applies the change to that appliance.

Table A.19: Control appliances
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Use Case View smart home 3D model

Primary Actor Registered user

Brief Descrip- | Control appliance by click adjustable feature.

tion

Pre-condition Web browser should support webVR

Bost—condition Smart home 3D mode] is shown.

’ Flow of events 1) User clicks map page.

L 2) System shows smart home 3D model.

sl

Table A.20: View smart home 3D model

’ljse Case Export or import smart home 3D model *’

’ Primary Actor Registered user

Brief Descrip- Export or import smart home 3D model in json file.

tion

Pre-condition =

Post-condition | Smart home 3D model file is downloaded or imported.

Flow of events 1) User clicks map page.

L 2) User clicks export button. ’

2a) User clicks import button.

3) System shows dialog where to save file.

e

3a) System shows dialog what file do you want to open.

B

4) User clicks save

button.

4a) User clicks

open button.

Table A.21: Export or import smart home 3D model
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Use Case

View rules

Primary Actor

Registered user

Brief Descrip-

tion

View all rules in smart home.

Pre-condition

Post-condition

Rules are shown.

Flow of events

1) User clicks rule page.

2) System shows rules.

Table A.22: View rules

Use Case

Add rule

Primary Actor

Registered user

Brief Descrip-

tion

Add rule to smart home.

Pre-condition

Post-condition

Rule is added.

Flow of events

1) User clicks rule page.

2) User clicks add button.

3) System shows add dialog.

)
4) User enters do rule and if rule then clicks add.
)

5) System shows added rule.

Table A.23: Add rule
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E se Case

Edit rule

Brimary Actor

Registered user

Brief Descrip-

tion

Edit rule in smart home.

Pre-condition

Post-condition

Rule is edited.

Flow of events

1) User clicks rule page.

)
2) User chooses rule from list.
3) User clicks edit button.

4) System shows edit dialog.

d

User edits rule then clicks update.

)
6) System shows edited rule.

Table A.24: Edit rule

Use Case

Delete rule

Primary Actor

Registered user

Brief Descrip-

tion

Delete rule in smart home.

Bre-condition

lﬂost—condition

Rule is deleted.

Flow of events

1) User clicks rule page.

2) User chooses rule from list.

i

1 3) User clicks delete button.
4)

System deletes rule.

Eele e o

Table A.25: Delete rule
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Use Case

View rule simulation

Primary Actor

Registered user

Brief Descrip-

tion

View rule simulation.

Pre-condition

Post-condition

Rule simulation is shown.

Flow of events

1) User clicks rule page.

2) User clicks simulation result button.

3) System shows rule simulation.

Table A.26: View rule simulation

Use Case

Set rule simulation

Primary Actor

Registered user

Brief Descrip-

tion

Setting rule simulation.

Pre-condition

Post-condition

Rule simulation is set.

Flow of events

1) User clicks rule page.

2) User set simulation speed.

i

3) System applies the change.

Table A.27: Set rule simulation
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Use Case

View news

Primary Actor

Registered user

Brief Descrip-

tion

View news from Electricity Company server.

Pre-condition

Post-condition

News are shown.

Flow of events

1) User clicks news page.

2) System shows all news.

Table A.28: View news

Use Case

View prediction of energy consumption

Primary Actor

Registered user

Brief Descrip-

tion

View prediction of énergy consumption in smart home.

Pre-condition

Post-condition

Prediction of energy consumption is shown.

Flow of events

1) User clicks prediction page.

L

2) System shows prediction of energy consumption.

Table A.29: View prediction of energy consumption

Use Case

View saving energy options

Primary Actor

Registered user

Brief Descrip-

tion

View saving energy options for each appliance.

Pre-condition

Post-condition

Saving energy options are shown.

Flow of events

1) User clicks saving page.

2) System shows list of saving energy options.

Table A.30: View saving energy options
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Use Case

Select saving energy options

Primary Actor

Registered user

Brief Descrip-

tion

Select saving energy options for smart home.

Pre-condition

Post-condition

Saving energy options are selected

Flow of events

1) User clicks saving page.

2) System shows list of saving energy options for each

appliance.

3) User selects option.

Table A.31: Select saving energy options

Use Case

View preferences 7

Primary Actor

Registered user

Brief Descrip-

tion

View all preference in smart home.

Pre-condition

Post-condition

Preferences are shown

Flow of events

1) User clicks preference page.

2) System shows preferences.

Table A.32: View preference
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Use Case

Add preference

Primary Actor

Registered user

Brief Descrip-

tion

Add preference to smart home.

Pre-condition

Post-condition

Preference is added.

Flow of events

1) User clicks preference page.

2) User clicks add button.

3) System shows add dialog.

)
4) User enters preference information then clicks add.
)

5) System shows added preference.

Table A.33: Add preference

Use Case

Edit preference

Primary Actor

Registered user

Brief Descrip-

tion

Edit preference in smart home.

Pre-condition

Post-condition

Preference is added.

Flow of events

1) User clicks preference page.

)
2) User chooses preference from list.
)

3) User clicks edit button.

4) System shows edit dialog.

5) User edits preference then clicks update.

)
6) System shows edited preference.

Table A.34: Edit preference
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Use Case

Delete preference

Primary Actor

Registered user

Brief Descrip-

tion

Delete preference in smart home.

Pre-condition

Post-condition

Preference is deleted.

Flow of events

1) User clicks preference page.

2) User chooses preference from list.

)
3) User clicks delete.
)

4) System deletes preference.

Table A.35: Delete preference

Use Case

Log out

Primary Actor

Registered user

Brief Descrip-

tion

Log out from smart home web.

Pre-condition

Post-condition

Registered user become user.

Flow of events

1) User clicks logout button.

2) System log user out.

Table A.36: Log out
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Appendix B

Screenshots of Web Application

B.1 Inverter page

This page depicts an amount of electricity saving on that day, this week, this
month, or this year. See Figure B-1.

INVERTER  APPLIANCES

MAP  USAGE  NEWS SAVINGS = PREDICTION  PREFERENCE

Consumption @

1491 W
.3 ¥
Grid @ Home
T PR T e i
Load @ 2538w |
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125 %wn
1w
0.75 kivn
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LTI
v
@

L 40% |
lllllllllllllll' - = =
| l l 1 '6' Working Mode
ST PP PP AP E LS S d e e el | O Fulload (D
Today Savings = Working State
& BN ‘W o M e
‘ Wi s R i
Solar @ 013w ' Battery @ oo« @ B

Figure B-1: Inverter page

1. Amount of electricity and graph saving
2. Current consumption

3. Current load
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4. A list of working modes of inverter
5. Current working mode status

6. Current working state

7. Total saving on today

8. Solar energy generation

9. Current battery remaining

B.2 Rules Page

This page acts like a house’s controller by letting user simulate a rule to the house
via this site, then all things in the rule will be run accordingly. For example of
the rule, user prompts the system to turn a HUE-light on and off when these
three condition hold: 1. If status of the HUE-light is 0, 2. The time should be in
between 12.31 to 14.13, and 3. Mode is Normal,as shown in Figure B-2.

&) HOME  INVEFTER  APPLUNGES  MAP  USAGE  NEWS RULES  SAVINGS  PREDICTION  PREFERENCE

<> Time

6:43:46 PM

May 14th 2017 1] Do
|

+ Execute set_On_Off on Office Light 1o 1

<> Simulation Speed

- Office Light's stalus = 0
« Time is betw
* Mode s

Do

+ Execute set_On_Off on Office Light 10 0

<> Simulation Time

6:43:47 PM i + Mode s Savings

+ DR Mode is Extreme Savings

May 14th 2017

SIMULATION RESULT

I |

Figure B-2: Rule page
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B.3 Appliances page

This page shows a list of appliances connected to home gateway. Users can select
any device to adjust parameters of the device. Figure B-3 shows a list of all
devices separated by their location. For example, there is an air-conditioner and a
bulb in a bedroom. When users click on the device icon, as shown in Figure B-4,

the page will pop up the device details which allows users to adjust the value.

HOME  INVERTER  APPLANCES MAP  usaAGe NEWS  RULES  SAVINGS  PREDICTION  PREFERENGE ADMIN ~

| Living Room

O Living Room Light

D Living Room TV
on

Living Room Air
Conditioner

Or

Py o N
| Office

T T T e e

Figure B-3: Appliance page

INVERTER _ APPLIANGES  MAP  USAGE  NEWs  nuLes SAVINGS  PREDICTION  PREFERENCE

S ...

Status: On

D Living Room Tv
Or

Brightness: 50%
Living Room Air

Conditioner § 50%
or

Figure B-4: Appliance page with device details
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B.4 Map page

This page illustrates a 3D house model. Moreover, each device in the model can
show its status when that device status is triggered. For instance, as Figure B-5
shown, is a house model. When user changes light color, that light model will
turn into another color and appears in the 3D house model in real-time as shown

in Figure B-6

2)  HOME  INVEATER  APPLANCES MAP  USAGE NEWS  RULES  SAVINGS  PREDICTION  PREFERENCE

£ EXPOAT 2 IMPORT

Figure B-6: Map Page
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B.5 Savings Page

This page shows total consumption, Max savings and saving options for each
appliance. For example, current option of office light is dimming light to 100 % if
user wants to save 15W, user needs to turn off the office light, as shown in Figure

B-7.

2)  HOME INVERTER  APPLANCES MAP  USAGE NEWS  RULES  SAVINGS  PREDICTION  PREFERENCE

Total consumption @

9830W

O maxsavings  [EEWERRETE o

O Office Light

- Current 't consumption: 15W

Q) Living Room Light - PPN <aves 15w
= Current consumption 15W

Figure B-7: Savings page

B.6 Preference Page

This page user can add, edit or delete preference. For example when user sets an
office light on between 8:00 to 10:00. In savings page between 8:00 to 10:00 office
light will not shows option to turn off light because user set preference,as shown

in Figure B-8.
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HOME  INVERTER  APPLANCES  MAP  USAGE NEWS  RULES  SAVINGS  PREDICTION

<> Preference

Guard Conditions

- Time is between 08:00 - 1000

Prefers

« Oftice Light's status = 1

Figure B-8: Preference page
B.7 News Page

When user comes to this page, user will see news and notification from Electricity

Company.

2)  HOME  INVERTER  APPUANCES MAP  USAGE NEWS  RULES  SAVINGS PREDICTION  PREFERENCE

| Power outage announcement in Bangkok 23 May 2017 09.28 PM
Provincial Electricity Authority plans to maintain and improve the electricit

y distribution system: So, it wil have to temporarily cut off the pawer for security on operation process in the
following areas: Thursday.

February 9. 2017 Bangxox - The power outage arcas are; 09.00 - 15.30 - Soi Chokchal 4-73 (Throughout the Soi). - Soi Chokchai 4-76 (Throughout the
Soi)

Figure B-9: News page
news
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