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Chapter 1

Introduction

1.1 Home network system

A new network era is here, devices, which have connectivity function grown rapidly and
become a very good and useful source of communication among the people and all the
technologies of present time. There is time when most families could not afford to have
more than one computer, but then, laptop, smart phone, tablet appeared sequentially.
These network devices give birth to home network as a simply method to allow them to
communicate with each other. After that, the home network has continuously evolved
beyond connection and communication between the computational devices to connection
and communication between all appliances, devices, and systems in a home. Through the
integration of network functionality with the home appliances, nowadays home network
system allows smart home to be more real than ever.

At the moment, the home network has abilities to assist all of our activities in the home
include: working, entertaining, appliances controlling, communicating, etc. Moreover,
many researchers in the world have given, and are giving their efforts to improve the
life quality of people through the home network. Therefore, it will become a thing that
cannot be missed in every family in a near future.

1.2 Human interface

A user interface is the system by which people (users) interact with machines. Human -
machine interactions as well as the user interface involves such disciplines as ergonomics
and psychology. The user interface is of paramount importance to a system: whereas a
badly designed UI will complicate and hinder the use of a perfectly capable underlying
system and negatively impact the user experience, a well-designed UI can help the user
control and operate devices effectively. Furthermore, it provides feedback necessary in
making operational decisions, thus simplifying the control of devices and improving user
experience. In case of the home network system, the user interface can referrer as the
graphical user interface (GUI) when it is used on a computer, a smart phone or a tablet
PC. And for this case, the GUI has to be considered more carefully than ever because it



relates to the Uls of different control systems of home appliances.

1.3 Research objective

In our research, we discuss requirements for the Graphical User Interface for the control of
a home network system. What we considered is how the GUI of the home network system
should be when it aims to provide centralized control of the devices, connection manage-
ment, be user-friendly and intuitive as well as provide support for scripting/programming
device behaviour (e.g. timers). More precisely, we proposed required user interface func-
tions which the home network should have after doing survey on different smart home
solutions. Then we examine each of these functions and proposed the required GUI com-
ponents.

Our approach is included considering physical forms of home appliances, categorize
them according to their functionality. Next, we proposed required GUI components for
each Ul function and each type of home device functions. Based on this insight, we
designed and implemented an application which satisfied all the required UI functions on
an iPad. The implemented application was employed in experiments to evaluate efficient
of the proposed Ul functions. In the end, conclusions for requirements of GUI for home
network system were given base on experiment results.



Chapter 2

Background

2.1 Purposes of home network GUI

2.1.1 Existed smart home solutions

Currently, there are many smart home applications on the market. They cover every
aspects of people’s life at their home which are: security, entertainment, communication,
controlling home environment, doing housework, etc. We decided to choose five famous
solutions which each of them concentrated on different aspects of the home network system
to do a survey about their functions in order to find out what are common purposes of

them.
The first application is Lutron Home Control 1| which is on the home environment
controlling aspect. It has these following functions:

e light, shade, temperature, ventilation remote controlling.
e saving energy

e device scheduling.

Figure 2.1: The GUI of Lutron Home Control



The second application is iControlAV2 [2] which focus on the entertaining aspect and
has functions that include:

e Home theatre components controlling.

e Input source selection (include Blu-ray Disc player, DVD player, Video deck, TV /SAT.
Home Media Gallery, iPod and USB)

e Listen modes selection

e Detail system information displaying

Figure 2.2: The GUI of iControlAV2

Next we considered Samsung WF457 Wi-Fi washer and dryer [3] which related to doing
houseworks. It has the following functions:

e Allow users to stay connected to the washer without having to manually control it
at the machine.

e monitor cycle selections, remaining time and finishing alerts
e remotely start or pause the washer.

The fourth application is FrontPoint Security [4] in home security field. It can support
user to:

e Arm and disarm security system.

View system status.

Control thermostat, door locks and lights.

Wireless video surveillance.

Immediately send panic signal to a police or medical
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Figure 2.4: The GUI of FrontPoint Security

e Notify user with instant security alerts (by text message and emails)

The last one is HAI OmniTouch [5] which is used for in-house communication. This
solution support user by the following functions:

e Display live video feeds to see the guest at front door.

e Manual accept/reject incoming messages

e Auto-answer, do-not-disturb modes

e Control intercom volume levels (voice and ring)

e The display shows where the message originated (front door, guest bedroom, etc.)

After considering the abilities and functions of the above mentioned elegant GUIs, we
conceived that their purposes comprise:

e To help user easily select and get information of them
e To support user control through the GUI

e To reduce user effort when they control multi devices



Figure 2.5: The GUI of HAT OmniTouch

For these above purposes, the required functions of the home network GUI system can
be described generally as:

Table 2.1: Required UI functions for the purposes
Required UI functions Purposes
Centralized visualization of home devices | To help user easily select and get
information of them

Device remote controlling To support user control through
the GUI
Device scripting/programming To reduce user’s effort when they

control multiple devices

To proceed further, we investigated deeper into the presented general required Ul func-
tions for more details requirements which are:

o Centralized visualization of home devices

— Show device location
— Show device type

— Show device current status
e Device remote controlling

— Show “appropriate” UI functions for practical functions of the devices
e Device scripting/programming

— Create a script
— Edit an existed script
— Execute a script
As it can be seen from the fancy detail requirement of “Device remote controlling”
function, we suggested a survey on conventional physical control user interfaces to clarify

what type of practical functions can appear in the GUI of home network system in next
section .

10



2.2 Physical control user interfaces

In this section, we will discuss about classifying physical control user interfaces of elec-
tronic devices which are familiar to every one of us. The examined devices encompassed

a wide range of home appliances as the following table 2.2:

Table 2.2: Home appliances and their functions

Home device Functions
Light e Turn On/Off
e Set light intensity
e Turn On/Off
Refrigerator

Set cooling temperature

Kitchen stove

Turn On/Off

Set heating temperature

Microwave oven

Turn On/Off
Set heating mode

Set heating time

Washing machine

Turn On/Off

Set washing modes

Clothes dryer

Turn On/Off

Set drying modes

Water heater

Turn On/Off

Set desired water temperature

Telephones

Make a call
End a call

Set up phone number for calling

11




Electric shutter, curtains e Open/Close

e Turn On/Off
Air conditioner e Set desired temperature

e Set operation mode

e Turn On/Off

e Set channel number

Television
e Change TV channel

e Set volume number

As can be seen from the table 2.2 above, we can categorize the functions of home devices
into three categories:

e Command functions: these functions are used by the users to initiate an immediate
action. For example: turn a device on/off, open/close an electric door/curtain/window,
make a call, stop a call, play a song/movie, etc.

e Setting continuous values functions: this category includes setting desired temper-
ature, setting light intensity, setting sound volume, etc. They are functions that
allow user to set defined and contiguous values.

e Setting discrete values functions: The inputs of these functions are not contiguous
values, they are functional specific values such as: air conditioner’s operation modes,
washing modes, etc. Users use them to set up the device by choosing one option
from a set of mutually exclusive choices.

Now, the requirements of the GUI for the home network system can be described in
details as the followings:

e Centralized visualization of home devices

— Show device location
— Show device type

— Show device current status
e Device remote controlling

— Show “appropriate” Ul components for practical command functions of the
devices

12



— Show “appropriate” Ul components for practical setting continuous values
functions of the devices

— Show “appropriate” Ul components for practical setting discrete values func-
tions of the devices

e Device scripting/programming

— Create a script
— Edit an existed script

— Execute a script

2.3 Proposed Ul components

In order to design an effective GUI, we proposed what user interface components are
suitable for each identified required Ul function base on these following Human Interface
design guidelines from iOS developer library:

e Minimize the effort required for user input because it takes time and attention for
user to input information.

e Use metaphors: Virtual objects should be metaphors for real world objects to help
users quickly understand how to use the function.

Followed the above guidelines, we proposed that a useful GUI of home network system
should have GUI components as in table 2.3 below:

Table 2.3: Proposed UI components for required Ul func-
tions and

UI functions ‘ UI components

Centralized visualization of home devices

e Show device location _
e A map for each floor in the house

e Icons represent physical devices at ex-
actly the same location on the floor
maps

e Show device type e Different appropriate icons for different
types of device

13




e Show device current status

Different icon for different operation
statuses of device

Device remote controlling

e command functions

e setting continuous values functions

e setting discrete values functions

a GUI button or a GUI switch

a a slider, a stepper

segmented control, list, combo box

Device scripting/programming

e Create a script

e Edit a script

e Execute a script

a record button to create scripts by
recording users’ controlling activities
on the GUI

A script view to modify recorded
scripts and assign scripts to script but-
tons

Customizable script buttons for
quickly executing scripts on the main
view

14




Chapter 3

System Architecture and
Implementation

3.1 HomeControl GUI Design

Based on available devices in the experimental environment, we propose the following
operation status icons as in table 3.1 for each type of device in order to help user quickly
get the current information of devices

Table 3.1: Home device and operation status icons

’ Device type | Operation status icons ‘
Light On @ Off @
A .
Door Opened x\[/ Closed \\!/J

Air conditioner On [f Off
Electric Window/Curtain/Awning | Opened @ Closed f@i

In order to support all required user interface functions, the HomeControl GUI is com-
posed of three Ul views which are: a main view is the first showed up view when the
application was started.

15



Figure 3.1: HomeControl main view

The main view in the figure 3.1 above included a map of the current house floor and
icons present for devices at the same locations on the map. On the left side of the view,
there are “REC” button for recording user activities to create device script and four
coloured buttons to execute assigned script.

The second view of the application is detail view of a device that user can access by
double tap the device icon.

Figure 3.2: HomeControl - light’s detail view

16



1F-LivingRoom-MitsubishiArCond

t; Temperature: 24 °C
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Figure 3.3: HomeControl - air conditioner’s detail view

The last view of HomeControl application is scripts view which can be accessed from
the main view by “Script view” button.

Script 2 1F-OutdoorEntrance-LEDLighting Turn off © Script2

IScliptS I 1F-Entrance-LEDDownLight Turn off © script3 =

1F-Toilet-LEDDOwnLight Turn off
1F-Lavatory-LEDLighting Turn off
1F-JapaneseStyleRoom-LEDLighting Turn off
1F-Kitchen-LEDDownLight Turn off
1F-KitchenSink-LEDDownLight Turn off
1F-Hall-LEDDownLight Turn off
1F-LivingRoomAround-LEDDownLight Turn off
1F-LivingRoomWestSide-LEDDownLight Turn off

1F-LivingRoom-LEDLighting Turn off

sz R p———
Script 3 © 1F-Entrance-LEDDownLight Turn off

© 1F-Toilet-LEDDOWnLight Turn off

© 1F-Lavatory-LEDLighting Turn off

© 1F-JapaneseStyleRoom-LEDLighting Turn off =
© 1F-Kitchen-LEDDownLight Turn off

© 1F-KitchenSink-LEDDownLight Turn off

© 1F-Hall-LEDDownLight Turn off

© 1F-LivingRoomAround-LEDDownLight Turn off

© 1F-LivingRoomWestSide-LEDDownLight Turn off

© 1F-LivingRoom-LEDLighting Turn off

Figure 3.4: HomeControl’s scripts view

In the scripts view as we can see in figure 3.4, user can enter editing mode by long touch
(touch and hold) to edit a recorded script by select and delete the unwanted command
on a device. Also in this view, user can assign scripts to the four coloured buttons.

17



3.2 Application architecture

HomeControl

iOS Cocoa
Touch

Ethernet

= e U N

({a - Protocols

[ A
N

Figure 3.5: HomeControl architecture

3.2.1 Modal View Controller (MVC) [6]

MVC is the central design pattern of iOS Cocoa Touch platform. Therefore, there are
three types of objects which create the GUI of HomeControl application. Not only the
roles of the objects but also the way they communicated with each other are defined by
the pattern.

Update

—— User action—w{ _Controller )

.

([ View  )e—— Update ? Notify Model

—

Figure 3.6: Model View Controller design pattern of iOS Cocoa Touch 6]

Model objects The data specific to the application and the logic and computation that
manipulate and process that data are encapsulated in the model objects.

View objects Display data from the application’s model object is the main purpose of
view objects. They are what user can see and interact with on the application.

Controllers objects A controller object has role as an intermediary between the appli-
cation’s model objects and view objects. View objects know about changes of model
objects through controller objects and on the contrary.

18



3.2.2 UPnP architecture

Universal Plug and Play (UPnP) is a set of networking protocol that defines an architec-
ture for peer-to-peer network connectivity of smart appliances, wireless devices, and PCs.
These protocols are depicted in the following figure 3.7:

UPnP vendar [purple-italic]

UPnP Forum [red-italic]

UPnP Device Architecture [green-bold]

I SOAP [blue] I GENA [navy-bold]

SSDP [blue Multicast events [navy-bold]

I HTTP [black]l HTTP [black]
UDP [black] I TCP [black]
IP [black]

Figure 3.7: UPnP protocol stack [7]

Begin from the highest layer, only UPnP vendor-specific information about their devices
is contained in messages. Going to lower layers, information defined by UPnP Forum
working committees complement vendor content attached in the messages. At the fourth
layer, they are hosted in UPnP-specific protocols such as the Simple Service Discovery
Protocol (SSDP), General Event Notification Architecture (GENA) and multicast event
protocol. SSDP is delivered via either multicast or unicast UDP. Multicast events are
delivered via multicast UDP. GENA is delivered via HTTP. In the end, all messages
above are sent over IP.

The core idea of UPnP is two universal categorizations of devices are given definitions
as: controlled devices (or merely “devices”), and control points. A controlled device takes
the role of a server, responding to requests from control points. Both control points
and controlled devices can be implemented on a variety of platforms including personal
computers and embedded systems. Multiple devices, control points, or both may be
operational on the same network endpoint simultaneously.

There are six steps in a UPnP networking session:

Step 0 - Addressing Each device has to get an IP address from DHCP server or by
assigning itself an address.

Step 1 - Discovery After given an IP address, the UPnP discovery protocol known as
SSDP allows the device to broadcast its service to control points on the network.
Correspondingly, the discovery protocol supports a control point to search for inter-
esting devices on the network when it join the network.

Step 2 - Description UPnP specifications: “For the control point to learn more about
the device and its capabilities, or to interact with the device, the control point MUST
retrieve a description of the device and its capabilities from the URL provided by
the device in the discovery message.”

19



Step 3 - Control UPnP specifications: " Through control, control points invoke actions
on devices and poll for values.”

Step 4 - Eventing or event notification, this protocol in UPnP Device architecture is
defined as General Event Notification (GENA). A UPnP description for a service
includes a list of actions the service responds to and a list of variables that model the
state of the service at run time. Update events are published when these variables
change, and a control point may subscribe to receive this information. At first, the
service publishes updates by sending event messages which contain the names of one
or more state variables and the current value of those variables. These messages are
also expressed in XML. A special initial event message is sent when a control point
first subscribes; this event message contains the names and values for all evented
variables and allows the subscriber to initialize its model of the state of the service.

Step 5 - Presentation This is the final step in UPnP architecture. If there is a URL
for presentation of a UPnP device then a control point can retrieve a web page from
this URL then use a web browser to show the page and allow users to control the
device or view device status base on the capabilities of the page.

20



Chapter 4

Experiments and results

We evaluated the proposed required UI functions implemented in HomeControl applica-
tion by setting up practical use cases and inviting users to use this application to control
home devices in the home network system.

The environment where the experiments have taken place was the first floor of an
experimental house. We have 15 lights, 1 electronic curtain, 4 electronic awnings/windows
and an air conditioner that accompanied with the test cases.

4.1 Test cases

4.1.1 Single device controlling

In this scenario, we assumed user doing discrete tasks which control only single device at
a time when staying in a room and this is the first time he use the application.

Scenario instructions

e Task 1: Turn on only the big light in the center of the living room
e Task 2: Set the center light’s intensity to the highest

e Task 3: Open curtain in the living room

Task 4: Turn on the air conditioner in the living room

Task 5: Set the air condition in the living room to “Auto” operation mode

Purposes

e Compute learning time of user when using 3 types of device functions for the first
time and later:

— Command function: task 1, task 3, task 4

21



— Setting continuous value function: task 2

— Setting discrete value function: task 5

e Calculate how long it takes a user to select devices to control in order to evaluate
how the visualization of devices’ information affect the user

4.1.2 Multi devices controlling

For this test cases, it is assumed that user got used with the HomeControl application
and he wanted to control multiple devices in the home with the least effort as possible.
There are many realistic situations correlated to this scenario such as: user wants to turn
off any lights in the house before he goes to bed, turn on air conditioner and close every
windows in the room in the shortest time as possible, etc.

Scenario instructions

e Sequence 1: Turn on all the lights at the 1st floor

e Sequence 2: Turn off all the lights at the 1st floor while using recording function to
create a script which will turn off all lights at the 1st floor.

e Sequence 3: Turn on all the lights at the 1st floor without using the tablet

e Sequence 4: Turn off all the lights at the 1st floor by using the recorded script on
the tablet.

Purposes

To compare multiple devices controlling in various ways:
e by selecting the devices one by one
e by not using the application

e by using the script function

4.2 Data collection methods

Control activities of the participants in the experiments and operation statuses of home
devices were logged through the experiments. After they finish 2 scenarios above, the
participants were asked to answer a survey.

22



4.2.1 User activity and device operation status logging

4.2.2 Questionnaire

The Google Form service was used to create the online questionnaire, which is shown in
Appendix A.

Format

It takes users from 5 to 10 minutes to answer the designed questionnaire. The short time
required for completing this survey is an encouragement for participants to fill in more
carefully, but meant that the questions had to be condensed and kept to a minimum
without jeopardising the quality and range of information which was required. There
were 3 sections in the survey for the respondent.

Demographic questions

The first two questions were to obtain basic demographic information of the respondent
about their experiments with touch devices and smart home solutions. This information
helped us ensure to get further understanding of differences between users with different
technical backgrounds.

UI functional questions

They are the core questions of the survey, most of them were based on the Likert scale
with possible answers: ‘Definitely’, ‘Probaly’, ‘Not sure’, ‘Probaly not’ and ‘Definitely
not’. The other questions were established on the time scale of events and open-ended
question type which ask the respondent to explicate his own answer.

Overview questions

After filling the demographic and UI functional questions, respondent was asked about his
overall feelings after using the HomeControl application. With 2 Linker scale questions
and 3 open-ended questions, we focused on the ideas of the participants in order to achieve
the users’ viewpoints about the solution.

4.3 Evaluation characteristics

Based on the collected data from the logged files and the survey results, these following
characteristics were considered as the metrics to evaluate the usability of required UI
functions in the application:

e Learning curve How much time it takes user to recognize how to use the GUI

e Operation time The time a task requires

23



— Time for user to execute a task on a single device

— Total time for user to control multi devices

e Success rate percentage of tasks that users complete correctly.

e User’s subjective satisfaction

4.4 Experiment results

4.4.1

Analysis from logged data
Table 4.1: Results of the single device controlling scenario 4.1.1
Task 1 Task 2 Task 3 Task 4 Task 5
S C S C S C S C S C
User 1 | 0:01 | 0:02 | 0:22 | 0:07 | fail | fail | 0:06 | 0:02 | 0:31 | 0:03
User 2 | 0:13 | 0:01 | 0:05 | 0:02 | 0:05 | 0:01 | 0:08 | 0:02 | 0:17 | 0:02
User 3 | 1:36 | 0:02 | 2:11 | 0:03 | 0:14 | 0:02 | 1:03 | 0:03 | 0:11 | 0:02
User 4 | 0:02 | 0:01 | 0:19 | 0:04 | 1:00 | 0:01 | 0:42 | 0:02 | 0:08 | 0:03
User 5 | 0:04 | 0:01 | 0:12 | 0:03 | 2:01 | 0:01 | 0:50 | 0:01 | 0:14 | 0:05
User 6 | 0:12 | 0:01 | 0:04 | 0:02 | 0:41 | 0:01 | 0:28 | 0:03 | 0:05 | 0:06
User 7 | 0:36 | 0:01 | 0:55 | 0:09 | 0:49 | 0:01 | 1:16 | 0:03 | 0:23 | 0:06
User 8 | 1:34 | 0:04 | 1:12 | 0:05 | 3:37 | 0:01 | 2:23 | 0:03 | 1:02 | 0:02
Avg. | 0:21 | 0:01 | 0:40 | 0:04 | 1:12 | 0:01 | 0:52 | 0:02 | 0:21 | 0:04
Min | 0:01 | 0:01 | 0:04 | 0:02 | 0:05 | 0:01 | 0:06 | 0:01 | 0:05 | 0:02
Max | 1:36 | 0:04 | 2:11 | 0:09 | 3:37 | 0:02 | 2:23 | 0:03 | 1:02 | 0:06
Max | i I i i I i |J
Min | | | | Taskl select
Average | 1 | ] | ! | | 1 B M Taszkl command
| ‘ ‘ ‘ ‘ Task2 select
User 8 i 1 | 1 | | | | | B Task? command
User? | | .| I| | ! i Task3 select
User6 N ] [ ]
Users fummpe) l N - i Tasks command
eera I8 .I | |I | - Taskd select
Users | : I : : N : 1 W Task4 cammand
User2 | i | B | |- | : Task5 select
Userl |H [ | | i | M TaskS command
0% ZDI% :ml% EUI% BUI% 1UIU‘.”6

Figure 4.1: Result chart of Scenario 1.
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In the table 4.1, for each single task, we examined device selection time and device
controlling time which are signed sequentially as S and C

Comments The results from table 4.1 immediately clear that the learning curve of
the user greatly depend on the device selection time, when the GUI components of the
required functionality are showed up, users quickly figured it out how to control the device.
For more details, what we can say from the table 4.1 are:

e Task 1: Turn on only the big light in the center of the living room

— It took average 21 seconds for a user to select a light device when the time for
user to turn on the light is only 1-2 seconds.

Task 2: Set the center light’s intensity to the highest

— It took average 32 seconds to figure out how to enter detail view of the light
when the time for user to set the light’s intensity is only 2-7 seconds.

Task 3: Open curtain in the living room

— There are users who cannot recognize the icon for the curtain and they fail to
complete this task.

Task 4: Turn on the air conditioner in the living room

— It took average 33 seconds for a user to recognize an air conditioner icon. The
simple turn on function only took users 1-3 seconds to execute.

Task 5: Set the air condition in the living room to “Auto” operation mode

— After knowing that they can access the detail view of a device by double tap
the device icon, the average time for a user to select and enter detail view of a
device is reduced to 14 seconds.

In the second scenario, purposes of the experiments are comparing multiple devices
controlling in various ways:

e Control by selecting the devices one by one.
e Control by not using the application.

e Control by using the script function.
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Table 4.2: Results of the multiple devices controlling scenario 4.1.1
Task 1 | Task 2 | Task 3 | Task 4
User 1 | 0:48 0:38 0:25 0:25
User 2 | 0:22 0:28 0:52 0:29
User 3| 0:44 0:47 1:14 0:39
User 4 | 1:08 0:54 0:24 0:48
User 5| 1:08 2:32 1:28 0:41
User 6 | 0:47 0:27 0:44 0:57
User 7 | 0:22 1:12 0:56 1:24
Avg. 0:46 1:00 0:52 0:46
Min 0:22 0:27 0:24 0:25
Max 1:08 2:32 1:28 1:24

Max
Min
Average
User? W Taskl
Users W Task2
Users W Task3
Userd W Tackd
User3
User2
Userl
1 1 T 1 T 1
0% 20% 40% 60% BO% 100%

Figure 4.2: Result chart of Scenario 2.
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Chapter 5

Conclusion

In this work, firstly we proposed the requirements as necessary Ul functions of GUI for
the home network system after doing survey on current smart home solutions and phys-
ical control interface of home devices. Then, the implemented HomeControl application
which covered all the proposed requirements has been used in the realistic experimental
environment. At the end, from the logged events and survey results, we can see that in
the GUI for home network system, the visualization of device information has a greater
effect on the user than the controlling of devices.

For controlling single device, it took users more time and effort to select devices than
to control them by graphical functions for the first time. We can see that the proposed
UI components that represent physical functions really helped users quickly understand
the functions of devices. Moreover, from the results, we can say that recognizability of
device icons decides the success of the task. If users cannot recognize the device icon,
some of them will not be able to distinguish the icon with the map. On the other hand, in
practical contexts, the nearest devices to the user are the most required targets to control
because of their limited areas of effect. This leads to another approach for home device
controlling where the target device is automatic selected by the home network system and
whether the GUI still be appropriate for this situation needs more researches.

Next, controlling multiple devices by selecting device icons one by one on the house map
has no significant improvement compared to not using the application. On the other hand,
the time for user to create a script is greater than the time of the other two controlling
methods. In general, it takes more time for users to use the script functions to control
multiple devices at the first time when they create a script.

In conclusion, we believe the proposed Ul functions and components are required for
a friendly UI for the home network system. The positive feedbacks of the users in the
questionnaire’s results also guarantee for acceptances of users of a home network UI
which followed the requirements. Comparing to the original controllers, we achieve those
following improvements:

e User doesn’t need to point the controller to the device.

e User doesn’t need to hold many different controllers.
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e User can recognize operation status of the devices to control even they couldn’t see
them in their view.

e User can just stay at one place to control the devices and didn’t need to move
around the house.
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Appendix A

Screenshots of the survey

HomeControl Application Survey

The main purpose of this survey is to determine how do you feel after using HomeControl application.

*= Required

Have you ever used any device has touchscreen before? *

£.g. tablet (iPad, Galaxy tab, etc), smart phones (iPhone, Sharp AQUOS, eic), et
71 Yes

) No

Have you ever had any experiences in controlling home devices by smart home solutions before? *

e.g. Lutron, iContralAV2, HAI OmniTouch, FrontPoint Security, tc
(71 No experience

£ Few

(0} Many times

Questions about the visualization of devices in the
application

Is it convenient for you to select devices in the house map to control? *
() Definitely

(7) Probaly

=) Nat sure

(7} Probaly not

) Definitely not
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Is it easy for you to find devices that you want control in the house map of the application? *
) Definitely

) Probaly

) Mot sure

() Probaly not

() Definitely not

How important do you think the following types of information are for helping you to control home devices? *

Definitely Probaly Notsure  Probaly not Definitely not
Device location 3] @) (@] ] (@]
Current devics status (] (@] (5] @ ©
Diavice name (@] @] 3] @) @]

With the house map and device icons, could you locate the physical devices in the room?
(&) Definitely

) Probaly

) Not sure

) Probaly not

(=) Definitely not

Questions about device controlling by the application

How long it took you to figure out how to turn on/off a light by yourself?
() Before seeing the function

(7) After seeing the function

() After trying to use the function

(7) | couldn't, | need assistance

Do you think that you would like to use this application to turn on/off Llights in your house frequently? =
3 Definitety

71 Probaly
() Mot sure
® Probaly noe

() Definitely not

How long it take you to figure out how to set light intensity by yourself?
() Before seeing the function

(71 After seeing the function

(D) After trying to use the function

) | couldn', | need assistance

Do you think that you would like to use this application to set Light intensity in your house frequently? ~
) Definitely

i7) Probaly not

() Definitely not
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How long it take you to figure out how to change Air conditioner operation mode (Auto, Heating, Cooling, etc) by
yourself? *

7} Before seeing the function

T After trying to use the function

{73 | couldn't, | need assistance

‘What do you prefer to use for setting up operation modes of an air conditioner? this application or a remote
controller? *

) HomeControl application

(71 Remate controtler

Questions about the scripting function

How long it take you to figure out how to record a new script or use script buttons? =
(1 After seeing the buttons

() After trying to use the buttons and reading warning messages

C) After having a dema

@ | couldn't

Do you think the script function will help you a lot to control home appliances? =
(&) Definitely

&) Probaly

&) Not sure

) Probaly not

@) Definitely not

Do you think that you would Llike to use the script function frequently? ~
(Z) Definitely
& Probaly

N\

=) Not sure
) Probaly not
() Definitely not

If you have any comments/ideas/suggestions about the script function, please leave them here:

AN
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Overall

How did you feel about the response time of the home appliances when you control them? *
Questions for visualization

@ Fast

(7] Normal

() Acceptable slow
() Unacceptable slow

) Not sure

Did the application reduce your effort to control devices in the house? *
() Definitely

) Probaly

() Not sure

1 Probaly not

) Definitely not

What do you like about controlling home appliances by the application?

What do you dislike about controlling home appliances by the application?

32



Overall

How did you feel about the response time of the home appliances when you control them? *
Questions for visualization

) Fast

) Normal

) Acceptable slow

) Unacceptable slow

) Notsure

Did the application reduce your effort to control devices in the house? *
) Definitely

©) Probaly

) Mot sure

) Probaly not

©) Definitely not

What do you like about controlling home appliances by the application?

What do you dislike about controlling home appliances by the application?

If you have any comments/suggestions/ideas for the application please leave them here:
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Appendix B

Survey results

Have you ever used any device has touchscreen before?
Yes 2
No 0
Have you ever had any experiences in controlling home devices by smart home solutions before?
Mo experience 6
——Fow[2 Few 2
Many times 0 0%
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Is it convenient for you to select devices in the house map to control?

Definitely 3 8%
ooy [ - ‘ o
Probably not ] 0%
Not sure _ Definitely nat 1 3%
Probably not
—
o 1 2 3
Is it easy for you to find devices that you want control in the house map of the application?
Definitely 2 25%
Definitely Probably 5 B3%
Probasly Not sure 0 0%
Probably not ] 0%
Mot sure Definitely not 1 2%
Probably not
Definitely not
o 1 2 3 4 5
How important do you think the following types of information are for helping you to control home devices? - Device location
Definitely 6 75%
oerricy [N Focaon 0 .
Probably | Not sure 2 25%
Probably not 0 0%
Not surer _ Definitely not 0 0%
Probably not|
Definitely not{
0 1 i 4 5 6
How important do you think the following types of information are for helping you to control home devices? - Current device status
Definitely 7 88%
— Not sure 0 0%
Probably not 0 0%
Mot sure- Definitely not 0 0%
Probably not |

Definitely not

=3
na
23
a
t
@
-
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How important do you think the following types of information are for helping you to control home devices? - Device name

Definitely 2 25%
Probably not 1 13%
Not sure _ Definitely not 1 13%
perntetynot S
0 1 2
With the house map and device icons, could you locate the physical devices in the room?
Definitely 0 0%
Definitely Probably 6 75%
Probably Mot sure 2 25%
Probably not 0 0%
Not sure Definitely nat 0 0%
Probably nat
Definitely nat
0 2 4
How long it took you to figure out how to turn onioff a light by yourself?
—— After trying to use t Before seeing the function 1 13%
After seeing the function 4 50%
| couldn't, | need a: After trying to use the function 2 25%
| couldnt, | need assistance 1 13%
‘ Before seeing the f
1ing the function [4]
Do you think that you would like to use this application to turn on/off lights in your house frequentiy?
Definitely 4 50%
Definitely Probably 2 25%
Probably Not sure 1 13%
Probably not 1 13%
Not sure | Definitely not ) 0%

Probably not|

Definitely not-

=3
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How long it take you to figure out how to set light intensity by yourself?

Before seeing the function L] 0%
—— | couldn't, | need a: After seeing the function 3 38%
use the function [3]— After frying to use the function 3 38%
ladmt seeing the f | couldnt, | need assistance 2 25%
After seeing the fur
Do you think that you would like to use this application to set light intensity in your house frequently?
Definitely 3 38%
Definitely Probably 4 50%
Probably Not sure 1 13%
Probably not 0 0%
Not sure Definitely not 0 0%
Probably not
Definitely not
0 1 2 3 4
How long it take you to figure out how to change Air conditioner operation mode (Auto, Heating, Cooling, etc) by yourself?
After trying to use t Before seeing the function 1 13%
After seeing the function 4 50%
«—1| couldn't, | need as After trying to use the function 2 25%
| couldnt, | need assistance 1 13%
Before seping the f
Hng the function [4]
\What do you prefer to use for setting up operation modes of an air conditioner? this application or a remote controller?
Remote controller | HomeCaontrol application 6 75%
Remate contraller 1 13%
~—— Mot gure [i] Mot sure 1 13%

nirol agplication [6]
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How long it take you to figure out how to record a new script or use script buttons?

| couldn't [3] After seeing the buttons 2 25%
After trying to use the buttons and reading warning messages 2 25%
'hawngadmrnmt After having a demao 1 13%
| couldn't 3 38%
ming messages [2] !!Af{(r seeing the bu
Do you think the script function will help you a lot to control home appliances?
Definitely 3 38%
Definitely | Probably 5 63%
Probably| Mot sure 0 0%
Probably not o 0%
Not sure Definitely not 0 0%
Probably nat |
Definitely not{
0 1 2 3 4 5
Do you think that you would like to use the script function frequently?
Definitely 3 38%
cerricy [ - 3 %
Prabably not o 0%
Not sure Definitely not o 0%
Probably not
Definitely not
o 1 2 3

If you have any comments/ideas/suggestions about the script function, please leave them here:

Better to have an instruction the waytouse  Change the word scriptto suitable word because script is a technical word. It quit hard for home user to understand what script is

MNow the maximum number of

scripts is only 4. More scripts would be nice Overall working and handling of devices from tablet is interesting.the GUI is attractive but a3 bit confusing so before starting there should be some demo for some

seconds to be familiar with working.overall the application is good and fascinating.

How did you feel about the response time of the home appliances when you control them?
Fast

Fast Normal

Unacceptable slow

Unaceceptable slow-

Not sure-|

0 1 2 3 4

Did the application reduce your effort to control devices in the house?
Definitely

Mot sure
-
Probably not

Not sure _ Definitely not

Probably not |

Definitely not

] 1 2 3 4 5

S o Moo=,

S o =2 W

38%
50%
13%
0%
0%

63%
13%
25%
0%
0%
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What do you like about c ing home i by the ication?

Can control with one touch.  Itis very comfortable to do the continuous activity. For example, user watching tv in the living room, and want to sleep in next five minute. The user can use this application for opening the air
condition in the bedroom to make the bedroom’s temperature cool.  The visualization of states of all appliances looks very helpful. | can sit at one place and control everything without having to stand up and go
directly to the appliances Convenient for users as we can control remotely many home appliances in house anywhere.  Less human efforts

What do you dislike about controlling home appliances by the application?
Should show the loading or waiting time Itis quit hard to understand how to control device more specific detail such as adjust the light's intensity. And the light symbol is quite strange | don't want to bring a tablet
pcin my house. No instructions at all Users are not motivate.  Less user friendly

If you have any i for the ication please leave them here:

Please add on the loading status bar and intruction or user manual or help in the menu bar. 1. Change the light symbol. 2. Make the instruction for the user, such as help bution. (| means in last version) 3. Change
the word "script”. | cannot understand at all what the script means, and what the script can do. 4. You should make the scenario more realistic. Then ask the tester test two time: with tablet, and without tablet 5. It's quit
hard to understand your GUI, especially the color button in the left hand side To get more user friendly, you should Put more figures and application that u
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