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Abstract of Bachelor’s Thesis Academic Year 2010

Vib-Connect : A Device Selecting Interface Using
Vibration

Summary

This thesis introduces a vibration based interface that enables end-users to se-
lect device easily. Due to the recent progress in Information Technology, various
devices such as wireless speaker, wireless projector and wireless photoframe, have
joined the wireless network. Those wireless-connectible devices enable end-users to
enjoy flexible and convenient services, but however, there is no intuitive interface
to select those devices to collaborate. Current device selecting interfaces usually
make users to input or select the device with information such as IP addresses or
model name of the device, and that is a great burden for end-users in using de-
vice collaboration. Vib-connect solves these problem by implementing these device
information as a unique vibration pattern. By keeping smart-phones or any kind
of vibration generating device within touch, end-users can easily select devices to
collaborate. We have implemented a prototype, and got a great accuracy in vibra-
tion pattern recognition, and a high satisfaction by non-expert users in usability
evaluation. With Vib-connect, even users without any kind of technical expertize
can select devices to collaborate easily, and therefore it will greatly contribute to

the ubiquitous computing environment.
Keywords:

1 Interaction 2 Interface 3 Vibrate Communication

4 Accelerometer 5 Ubiquitous Computing
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Chapter 1

Introduction

“Ubiquitous computing is the method of enhancing computer use by making
many computers available throughout the physical environment, but making

them effectively invisible to the user. ” - Mark Weiser [1]

1.1 Background

Due to the recent progress in Information Technology, many devices around
us have become a member of wireless network. WirelessHD[2] and TransferJet[3],
for example, are typical techniques supporting wireless device collaboriton
today. Thanks to these technologies, nowadays we can access and transfer
heavy contents such as videos and photos, over wireless networks.

Companies and electronic equipment manufacturers too, have contributed
to enable devices to collaborate, by deciding standards and ways for con-
necting devices, such as DLNA[4]. They also provide us many smart devices
such as cellular phones that has connectivity in both Wi-fi and bluetooth,
printers that speak IP, TV which are able to access youtube just as we
access to HDD recorders. Even photoframes can be linux-based and able
to transfer photos over wireless networks. All of these smart devices and
smart furniture can connect, communicate, collaborate, and control each
other over wireless networks.

They not only provide those devices, but also propose various device
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collaborating styles and services. For example, Panasonic provides device
collaborating style called Viera-link[5]. In Viera-link, users can use various
devices over network by TV. For example, users can recept visitor, and
access videos in HDD recorders and cameras through a TV in the living
room. Not only Panasonic, but many electronic equipment manufacturers
proposes various device collaborating style.

With these technologies, devices, and proposals, various ways of device
collaboration and services have become possible and became familiar to
users. Today, users watch the state of home using web-cams via smartphones
outdoors, print documents over wireless network at their office, use and
control speakers throuh TV in their living room, and transfer photos taken
by digital camera to photoframes over wi-fi network in their bedroom.

These tendencies are expected to progress, and more and more devices
would join the wireless, and various device collaborating styles and services
would appear. These device collaborating styles are estimated to spread

even to non-expert users.

1.2 Motivation and Objective

Even though there are many wireless-connectible devices and device collab-
orating styles, interfaces for selecting devices are far from being intuitive,
and they are being a great burden for users in using device collaboration.
In this thesis, we will aim to propose an intuitive, vibration-based interface
to select devices, which enables non-expert users to select devices easily and
simply.

Before the appearance of wireless network technology, cables were used
to collaborate devices. Cables not only had a function of physical route
for communication, but also had an function of device selecting interface.
Plugging cables to devices meant to select the device as a member of col-
laboration, and the existence of the cable was an unmistakable indicator of
relationship between devices.

After the appearance of wireless network technologies, cables disappered
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and users were released from limits of space and obstacles. Though, this also
meant the disapperance of an intuitive device selecting interfaces. Interfaces
such as having users to input the IP address, or having users to select device
from a list of device, became popular, and took place of the cables.

In these on-screen interfaces, it is difficult for non-expert users to match
the device relationship described in the interface, with the actual relation-
ship in the virtual space. For example, suppose that there are three printers,
which were made by the same company, have the same stock number, and
look the same. When user wants to use the printer in the right hand, which
is the only printer that has enough stock or papers and ink, it is difficult
for him or her to select the correct printer from a list of devices such as ”
EPSON LP-S2000 ”, ” EPSON PX-5500 7, and ” EPSON PX-G900 ”. Tt
will be easier for users if they can make relationship of devices, just as they
do in real world, such as touching each devices they want to connect.

Therefore, we would like to propose an intuitive, vibration-based device
selecting interface in this thesis. In this interface, user can make relation-
ships and connection between device by simply pasting or putting on a small
vibration-device, called Vib-connector. Users will be released from the com-
plicated task of matching virtual connection of devices with the relationship
in the real world. In addition, since this interfaces uses Vibration, it will be

tough against the environmental change, such as lights and sounds.

1.3 Organization

This thesis is organized as following. Chapter 2 explains briefly about the
background and the problems of the existing device selecting interfaces. In
chapter 3, we will explain the concept of Vib-connect. Actual design will be
described in chapter 4, and details about the prototype implementation will
be provided in chapter 5. In chapter 6, we will explain about the evaluation
and their results. At chapter 7, we will describe about future works and

conclude this thesis.



Chapter 2

Device Selecting Interfaces

First, this chapter gives a brief overview of device collaboration and in-
terfaces to select devices. We will go over the background of device col-
laboration, and explain about the device selecting interface for ubiquitous
computing environment. Then existing methods for device selecting inter-
face will be shown and their limitations will also be discussed. At the end,

we will state the problems which this paper focuses.

2.1 Background

We will describe briefly about the background of device selecting interfaces
in this section. Requirements of device selecting interfaces for ubiquitous

computing environment will be described in the next section.

2.1.1 Progress in Ubiquitous Computing

Recent progress in information technology enabled various devices around us
to compute and communicate. These are not only devices such as computers
and smart phones, but also devices such as TV, photoframes, and speakers,
which were not albe to communicate each other. This meant that users got
access to those new services over network. Naturally, desire of collaborating

devices and using those services became larger and larger.
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Companies and electronic equipment manufactures have answered to
these desires by deciding standards and ways for connecting devices, such as
DLNA4], and provided various devices supporting these standards. Also,
they propose new device collaborating styles everyday. For example, Pana-
sonic proposes a device collaborating style called Viera-link[5]. Not only
Panasonic, but many electronic equipment manufacturers proposes various
device collaborating style.

With the preparation and expansion of environment for device collabo-
ration, more and more types of services and device collaborating style will
appear and spread over users. Also, with those proposals and promotion of
new device collaborating styles, even non-expert users such as elderly and

childr, will be expected to use device collaboration.

2.1.2 Necessity of Intuitive Device Collaborating Interface

As mentioned in 2.1.1, more and more collaborative devices are expected
to appear, and their services are also expected to increase. Also, by the
proposals and promotion by companies and electronic equipment manufac-
turers, various styles of device collaboration will appear and spread to users.
These users are not only expert users who are used to connect and handle
devices; non-expert users who are not used to connect and handle devices,
such as elderly and child, will use those device collaboration and enjoy their
services.

Since the number of collaborative devices and services are increasing,
and more non-expert users are expected to enjoy those services, device col-
laboration is expected to be more intuitive. As doing so, users will be able
to collaborate those increasing devices more efficiently, and non-expert users
will be able to connect devices more easily.

In order to make device collaboration more intuitive, an intuitive device
collaborating interface that matches to ubiquitous computing environment,
is needed. In the next section, we would like to explain about device selecting

interface, which is necessary for intuitive device collaborating interface.
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2.2 Device Selecting Interface in Ubiquitous Com-

puting Environment

In this section, we would like to discuss about device selecting interfaces
in ubiquitous computing environment. First, we will explain about select-
ing devices in device collaboration, and then describe four requirements for

device selecting interfaces.

2.2.1 Selecting Devices to Collaborate

To connect and collaborate devices, users must first select the correct device
to connect and collaborate. Since the number of collaborative device and
service is increasing, and more non-expert users are expected to use device
collaboration, an intuitive and simple device selecting interface is needed.
This thesis focuses on proposing an interface for “selecting” these service
devices and user devices.

Before discussing about the requirements for device selecting interface
in ubiquitous computing environment, we define two types of devices that

constitutes device collaboration; 1)Service Device, and 2) User Device.

1. Service Device:

Service devices are devices which users want to control and use their
service in remote. These devices are devices which provide service,
such as TV, projectors, speakers, and photoframes. Usually, these

devices are the target which users want to use, in device collaboration.

2. User Device:

User devices are devices which users use to control the service devices.
These are devices which are usually used to control service devices

remotely, such as computers, smart phones, and tablet PCs.

These are the two types of devices this thesis assumes. Next, we would
like to discuss about the requirements for device selecting interface in ubiq-

uitous computing environment.
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2.2.2 Requirements for Device Selecting Interface In Ubiqg-

uitous Computing Environment

Before showing some existing methods of device selecting interface, we would
like to introduce four requirements for device selecting device selecting in-
terface in ubiquitous computing environment ; 1) Less burden in recognizing
and according devices, 2)more multimodal interface, 3) robustness against
environmental influence, and 4) easiness in recognizing connections and re-

lationships between devices.

1. Less Burden in Recognizing and According Devices:

On selecting devices to collaborate, users must first recognize the cor-
rect device to collaborate. This step is usually taken unconsciously in
real world, by visual information such as the appearance and location
of the devices. Though, if these devices are expressed in a different
way in the virtual world by the interface, such as list of device names,
users usally get the wrong impression about the devices. To accord
the impression which user get from the interface, with recognition in
real world, users must associate and imagine what device is actually

expressed in the interface.

These recognizing and according steps are generally difficult for non-
expert users. Since more and more non-expert users are expected to
collaborate device, these associating steps would be better the less, or

none.

2. More Multimodal Interface:

Previous devices that uses devices, requires specific I/O ports such as
USB or memory stick. Though, more and more types of collaborative
devices, including thin client such as tablet PC and smart phones
which don’t have those I/O is increasing. Device selecting interface for
ubiquitous computing environment must correspond to those devices

too.
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Since these thin clients are expected to increase, it will be better for
device selecting interfaces, to be able to use other ways except of those

existing I/O ports.

3. Robustness against environmental influence:

As described in the previous section, more and more collaborative
devices and services are increasing, and spreading around us. Since
these device collaboration take place in various environment around us,
device selecting interface must be robust against those environmental

influence, such as noise and illumination.

It will be more convenient if device selecting interface in ubiquitous
computing environment is more robust against environmental influ-

e1ces.

4. Easiness in Recognizing Connections and Relationships be-

tween Devices:

This is the requirement after the devices are being selected once. In
case user connected to wrong device, it will be better for him/she
to recognize the connection and relationship between devices easily.
When user connects to wrong device, there is no way for him/she to
know the error, since wireless connections cannnot be seen to person’s
eye. They have to use the device once to notice that he/she connected

to the wrong device, and take time and trouble in error handling.

Since collaborative devices and services are increasing, it will be better
if these recognition of connection and relationship between devices, is

easier.

2.3 Existing Methods for Device Selecting Inter-

faces

All of existing methods for device selecting interfaces can be classified into

four types, Name Selecting Interface, Motion Selecting Interface, AR Select-
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ing Interface, and Device Based Interface. After describing some represen-
tative of those methods, we will discuss about the problem and limitation

of them.

Name Selecting Interface

First is name selecting interface. These interfaces are seen in Bluetooth[6]
applications. These interfaces show a list of device names or device ID on
the screen. In these interfaces, users will select the device that he or she
wants to connect, from the provided list. Users don’t have to know about
the network information about the devices, such as IP addresses or MAC

addresses. Device names can be fixed, if the user has permission.

Motion Selecting Interface

Second is motion selecting interface. These are more intuitive interfaces
that uses user’s everyday-motion. In these interfaces, users can recognize
the devices just as they look at them with eyes in the real world. Users
don’t have to take those difficult associating steps in recognizing the device.

We will go through the representative researches briefly. Ubi-finger[7],
by wearing on special gloves, users can select devices by “pointing” at
them. Gaze-Link[8] enabled users to select devices by “gazing” at them.
In Snappy[9], users can select devices by “swinging” his mobile phone ac-
cording to a specific motion. SyncTap[I0] enables users to select devices by
simply “tapping” both devices at the same time, and Smart-Its Friends[11]

do this by “swinging” them at the same time.

AR Selecting Interface

Third is AR ( Augmented Reality ) Selecting interface. These interfaces use
visual markers, and enables users to select devices through virtual sights. In
this way, users are able to recognize and select the devices, just as they look

at them with eyes in the real world. Also, as they use augmented reality,
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it has possibility to easily show the connection and relationships between
devices, to users.

These are some representative researches of these types. For example, in
u-photo[12], users were able to select and recognize the devices and services
in virtual sights, by looking through cameras. EVANS[I3] also uses visual

markers, to visualize the wireless connection.

Device Based Interface

Last is Device Based Interface. These interfaces use a specific device that
matches I/O ports of PC, such as USB or memory sticks, as an indicator
in the real world. They can easily recognize and select the device by only
plugging those specific device. Also, as the specific device can be indicator in
the real world, and user can easily recognize which device is being connected.

These are some representative researches of these types. In wivia[l4]
and P-stick[15], users can select PC that shares the screen over network,
by plugging in a small USB-based device. TranStick[16] used memory stick
instead of USB. In CVNCJI7], they used a felica card which has specific
function, and required felica port. Touch and Connect[I8] puts a button

nearby the device and simply let the user push the buttons.

2.4 Problem Statements of Existing Device Select-

ing Interface

In this section, we will describe problem statements of existing device select-
ing interface. This thesis focuses on solving four problems in device selecting
interface : 1) Burden in recognizing and according devices, 2) narrowness
of correspondence, 3) frailness against environmental influence, and 4) diffi-
culty in recognizing device relationships. These are important problems to
solve in making intuitive device selecting interface, and each of them will be

described in following.
1. Burden in recognizing and according devices:

10
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In most of the previous device selecting interfaces, users have to recog-
nize and accord the correct device from the scarce information given
from the interface. These steps are nothing but burden for end users,
and usually make them mistake in selecting devices or make them give

up collaborating devices.

For example, in Bluetooth Software Suite[6], users still have to as-
sociate the correct devices from those list of device names, such as
“STB2819” and “DR-BT50”. Also, it is too difficult and would be
burden for non-expert users to recognize the connection and relation-

ships between devices, from those expressions.

If there are interfaces that user can recognize and select device just as
they watch in their eyes, users won’t have to take the burden step of

associating devices.

2. Narrowness of correspondence:

Device based interfaces use specific I/O ports such as USB and memory
stick for identifying devices. Users can select device intuitively and
certainly by plugging in those specific device. Though, thin clients
which don’t have those I/O ports, such as tablet PC and smart phones,

are increasing.

For example, existing device based interfaces[14][15][16], plugged de-
vices into specific I/O ports, such as USB and memory sticks, to select
devices. As these devices were both indicator in the real world and
identifier in the virtual world, it was easy to recognize the devices and
their relationships. Though, as these interfaces used specific I/O ports,
it was impossible to correspondence with thin clients such as tablet

PC and smart phones.

Since these thin clients are expected to increase and spread more and
more, device selecting interface would be better if they are more mul-

timodal.

3. Frailness against environmental influence

11
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Since device and device collaboration are spreading around us, these
device selecting interfaces must not be frail against environmental in-

fluence, such as noise and illuminations.

For example, in existing AR interfaces[12][13], users were able to select
devices just as they look in their own eyes. Though, as they used
visual markers and cameras to let system recognize the device, they

were easily influenced by illuminations, and obstacles.

Since device collaboration is going to take place in various situations,
such as noisy office, bright living room, and dark bedroom, they must

be robust against those environmental influence.

4. Difficulty in recognizing device relationships:

In most of the previous device selecting interfaces, users couldn’t easily
recognize the connection and relationship between the collaborating

devices.

Several works[7][8][9][10][I1], can be gave as an example. These inter-
faces enabled users to select devices intuitively. Users don’t have to as-
sociate to recognize devices, and can select them by everyday-motions
such as “pointing” , “gazing”, “swing”, and “tapping”. Though, as
there is no indicator of connection and relationship in the real world,
users cannot recognize the connection and relationship of collaborating

devices easily.

Without recognizing the connection and relationship of collaborating
device, it will take more time and trouble in error handling. For exam-
ple, suppose that there are color printer and monochrome printer, and
the user is trying to use the monochrome printer. If user connects to
the color printer in an accident, he wouldn’t know that he connected
to the wrong device until he wastes times, and also, some papers and
valuable color inks. In order to make those error handling more easier,
device selecting interface must be easy to recognize the connection and

relationship between the collaborating devices.

12
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2.5 Summary

This chapter described briefly about the background of device selecting in-
terface, and gave some examples of device selecting interfaces. Limits of
those device selecting interfaces were discussed, and the problem this thesis
is trying to solve, was described. In the next chapter, we will describe the

view and the concept of my proposal, vib-connect.

13
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Vib-Connect

This chapter describes about the aim of this research. We will first describe

the aim of this thesis, and next, the aim and concept of Vib-connect.

3.1 Aim of this research

As mentioned in Chapter 1 and 2, recent progress in information technology
enabled various devices to join the wireless network. The number of services
that can be used over wireless network, is increasing and expected to increase
more. In the future, more and more device collaboration will be expected
in our everyday life such as in office, living room, and bed room.

Also, with the promotion and proposal made by the electronic equipment
manufacturers, many device collaboration styles had appeared, and spread
to users. Not only the users who are familiar with connecting and handling
device, but also non-expert users such as elderly and children are going to
collaborate devices in their daily life.

Therefore, a new intuitive, easy device selecting interface that better
matches these ubiquitous computing environment, is needed. The aim of
this research is to propose a better matching interface to “select” devices,
for these ubiquitous computing environment. Proposing a better matching
intuitive device selecting interface, it will be easier for non-expert users to

select device and collaborate devices. By preparing an comfortable environ-
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CHAPTER 3. VIB-CONNECT

ment for device collaboration, we would like to contribute for the ubiquitous
computing society.

In the next section, we will describe the aim and concept of Vib-connect.

3.2 Concept of Vib-Connect

Vib-connect focuses on solving the four problem statements described in
Chapter 2 ; 1) Burden in recognizing devices, 2) Narrowness of correspon-
dence, 3) Frailness against environmental influence, and 4) Difficulty in rec-
ognizing device relationships. We aim to solve these problems, by proposing
Vib-connect, a device selecting interface using vibration.

In Vib-connect, we use a small device called Vib-connector, which me-
diates the relationship and connection between the service device and user
device. Vib-connector has function as an indicator in the real world by glow-
ing in different colors, and also has function as an identifier in the virtual
world by vibrating in a specific pattern. Vib-connector is best if it is small
enough to hold in hands.

By using Vib-connect, users will be able to select device with simple
touch & paste interaction. User will be free from those burden of asso-
ciating devices to recognize, and will be able to recognize the connection
and relationships between devices, by the existence of Vib-connector. Also,
as Vib-connect uses vibration to identify devices, it will be robust against
environmental influence such as illuminations and noise.

We will describe the details of the Vib-connect interaction in the next

section.

3.3 Vib-Connect Interaction

This section will describe the detail of the Vib-connect interaction. First we
will explain about Touching & Pasting action, and then describe how users

will recognize the device relationship and connections.

15
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3.3.1 Touching & Pasting

As used in [18], interactions such as touching and pasting is an intuitive,
but also an extremely dependable way of selecting devices. Vib-connect also
uses touching & pasting interaction to select devices.

In Vib-connect, users can select devices very simply. They only have
to take two simple steps as illustrated in Figure Bk 1) Touch the Vib-
connector to service device, and then 2) Paste the same Vib-connector to

user device.

(D Touch (2) Paste

vib-connector

Identifier

‘ vib-connector

Service Devices User Devices

J N\

Figure 3.1: Two steps to select devices

1. Touching Vib-connector to service device

Touching Vib-connector to service device is the first step taken by
users. This is a step to bundle service device and Vib-connector. By
touching Vib-connector to the identifier, Vib-connector will be bundled

with the service device, and glow in the same color with the identifier.
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2. Pasting Vib-connector to user device

Pasting Vib-connector to user device is the second step taken by users.
This is a step to bundle service device and user device by using Vib-
connector. As illustrated in Figure B.2] users can easily recognize the
connections and relationships of devices by looking at the color of

identifier and Vib-connector.

When Vib-connector gets pasted on user device, it vibrates in spe-
cific vibration pattern, which is an index for service device the Vib-

connector is being bundled with.

A__UserDevices ) N

Y Y Y )

|[dentifier

Vg

N Service Devices )

Figure 3.2: Expression of the Device Relationships and Connections

After those two simple steps, the two devices which were touched and
pasted will be selected, and the connection will be created between each

other.
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3.3.2 Features

Vib-connector has the following features, and solves the four problem state-

ments mentioned in Chapter2.

1. Extremely little bundle in recognizing devices:

As this interface touches & pastes Vib-connect directly to the device,
no assumption steps association steps will be needed. They can easily
and intuitively recognize and select the correct device just as looking
through their own eyes, in the real world. Since there is actually no
assumption steps in recognizing the device, solving problem statement
“ 1) Burden in recognizing devices” is accomplished by this form of

Vib-connect.

2. More multimodal:

Since Vib-connect uses vibration and sense them by accelerometer,
this system only requires accelerometer for sensing vibration. Since
it can be used if there is an accelerometer, Vib-connect can be used
to devices such as tablet PC and smart phones, which don’t have I/O
ports such as USB and memory sticks. As accelerometer will surely be
implemented on those mobile from now on, solving problem statement
“2) Narrowness of correspondence” is accomplished by Vib-connector.
Explanation about vibration communication will be provided in the

next chapter.

3. Robustness against environmental influence:

Since Vib-connector is based on vibration, it will not be influenced
by environmental influences such as illumination and obstacles. Also,
as a feature of vibration and accelerometer, Vib-connector is also ro-
bust against noises of the environment. Therefore, it can be said that
Vib-connect also solves problem statement “ 3) Frailness against en-
vironmental influence”. Details about the feature of vibration and

accelerometer will be given in the next chapter.
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4. Easy to recognize the connection and relationships between

devices:

Users can easily recognize the relationships and connections of de-
vices by looking at the color of the identifier pasted on service devices,
and the Vib-connector pasted on user devices. Since there isn’t any
step of understanding linguistic expression from interfaces, even young
children who cannot read letters can understand the relationships and
connections between the devices. As the relationships and connections
between the devices can be recognized easily and visually, solving prob-
lem statement “ 4) Difficulty in recognizing device relationships ” is

accomplished by using Vib-connector.

In this section, we have explained about the detail of the vib-connect in-
teraction. In the next section, we will describe the detail of vibrate commu-
nication, which is a method we use to handle the service device information

to user device.

3.4 Vibrate Communication

In this section, we will explain about the vibration-based communication.
First, the basic design and outline of vibrate communication is showed. Then
we will explain about vibration patterns and the algorithm for detecting

vibration. Last, we will show some features that vibration has.

3.4.1 Communicating by Vibration

As showed in Fig3.3] basic principle of vibrate communication, is to detect
vibration by analyzing the acceleration caused by the vibration motor. As

showed in Fig3.3] we will use the built-in accelerometer in Vib-connect.

Vibration causes acceleration to every axes, x-axis, y-axis, and z-axis.
Vibration can be detected by adding the absolute value of those acceleration.

Fig3.4lis a sample of acceleration caused by vibration.
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Vibration Motor

Vibration

jf Pattern

z-axis ( Acceleration)

y-axis ( Acceleration)
7= =N
\\\ —_//x—axis ( Acceleration)

Accelerometer

Built - In
Accelerometer

Figure 3.3: The basic principle of detecing vibration
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acceleration
X+ [yl + 12| |

is

- Time(ms)
Vibration

Figure 3.4: Acceleration caused by vibration

As can be seen in eyes, there is an obvious change in acceleration when
vibration has occurred. Vibrate communication will analyze these accelera-

tion, and use them as a tool for communication.

3.4.2 Vibration Pattern

To embed information into these vibration as patterns, we have divided
the acceleration data into time periods, which depends on hardware per-
formance. As shown in Fig3h] either “ 17, “ 07, or “ start point ” will
be allotted to each of them as a pattern. Pattern “ 1 7 shows that there
was acceleration caused by vibration, and “ 0 ” shows that there was none.
“ start point ” is a indicator that shows where the embedded information

starts from.

3.4.3 Vibration Detecting Algorithm

As shown in Fig3.6l we have divided 1 time period into two smaller time

“ start point 7 from the normal patterns “ 17 and “ 0 ”.

sections, to define
Since 1 time section is half of time period, normal patterns “1” or “ 0”7 is

a double continuation of time section which vibration was detected or not.
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oW i N Wm thw W

]|O| |O|]|OI I)1’tlme eriod
— ( Ex. 25p0ms)

W+l +l2l

@ = vibration detected
O=no vibration

Vibration Pattern —-)(Sff.;‘t

Figure 3.5: Vibration Patterns

Only when a single vibration-detected time section is sandwiched between
time section which vibration was not detected, it will be defined as a start

point.

In order to define if there was an vibration during a time section or not,
we watched the total times of specific acceleration being detected, in one time
section. As seen in Fig3.6] acceleration caused by vibration is obviously high
than the acceleration when there is no vibration. So we made a border line
to check if the acceleration was caused by vibration or not ( Check Fig3.al
). The value of this border line differs by the hardware you use.

Suppose A as the total count of grepping acceleration in a time section,
and V' as the total count of acceleration over border line being detected in
a time section.If

T

V>§

is true, the time section will be defined that there was a vibration. If false,
it will be defined that there was none vibration.

Also, in order to tell the acceleration caused by vibration from those of
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Figure 3.6: Difference of Vibration Patterns
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CHAPTER 3. VIB-CONNECT

daily action, such as moving or lifting lap-top computers, we will not count

the rapid acceleration as acceleration caused by vibration.

3.4.4 Features of Vibrate Communication

We would like to explain some features and advantages of vibrate commu-

nication.

Multimodality

Since this method uses only vibration motor and accelerometer, it can sup-
port more various devices. Thin clients such as smart phones and tablet
PCs, don’t have previous 1/O ports (I.E. USB, i-link) , but most of them
have accelerometer loaded. Therefore, using this method will enable more

devices to have an intuitive way of identifying devices.

Robustness against Environmental Influence

Accelerations are not easily influenced by loud noises in the environment.
Therefore, this method can be used even in noisy places, such as offices
and meeting rooms. Also, the vibration detecting algorithm have gave this
method the robustness against vibration such as typing. We have already

evaluated the robustness and the result will be provided in Chapter 6.

Range of Vibration

Vibration travels only to the object which is in direct contact, so other device
won’t detect those vibration in accident. This means that this method can
make a tight bundle between the vibrating object and the contacting object.

On the other hand, those vibration can be generated and detected any-
where if they are in direct contact. Therefore, this methods enables free

interaction, since user can paste the vibrating object where ever he likes to.

24



CHAPTER 3. VIB-CONNECT

3.5 Summary

In this chapter, we explained how users will use Vib-connect, the features
of Vib-connecting devices, and the detail of vibrate communication. In
the next chapter, we will describe the design of Vib-connect, and show the

implementation we done in Chapter 5.
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Chapter 4
Design

We have described the concept of Vib-connect in the previous chapter. This
chapter first describes the design of Vib-connect, and then show the proto-
type implementation we have made.

In this section, we will explain about the design of Vib-connect. First,
we will describe the hardware components and software components. After
the components were described, we would like to describe the flow of process

inside the system.

4.1 Hardware Components

First of all, we would like to explain about the hardware components of
Vib-connect. As illustrated in Figd] there are four hardware components
except of service device and hardware device in Vib-connect ; 1) Identifier,
2) Vib-connector, 3) accelerometer ( Built In ), and 4)Pattern Server. Each

of them will be explained in following.

4.1.1 Identifier

Identifier is an object pasted to the service devices. Each identifier has their
own specific color. These identifier holds two types of information ; 1) Color

Information and 2) Vibration Pattern.
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[@ Accelerometer

( Built In) (@ Pattern Server)
m
Same Color
in
< Same Connection > u}‘?'
)

User Device @Vib'conneCtOO @ ldentifier) Service Device

Figure 4.1: Hardware Components

1. Color Information

Color information is the information about the color of identifier itself.
For example, if the identifier is red, the color information is red, and if
the identifier is blue, the color information is blue. These color infor-
mation are going to be used by Vib-connector, to glow Vib-connector

itself in the same color with the identifier.

2. Vibration Pattern

Vibration pattern is the information of vibration pattern, which is
used as an index to get the information of the service device. Each
identifier have their own specific vibration pattern as same as the color
information. This vibration pattern are used by user device to inquiry
the pattern server about the information of service device, such as IP

addresses and MAC addresses.

Details of vibration patterns will be described in Chapter 5.

These two information are supposed to be already inputted by manufac-
turers, but also users themselves can manage them if he wants to. Identifier
can be any kind of methods if it can realize intuitive touch interaction. We
are thinking of RF-ID technology for the present, but it can be something

different if there is another method that better matches the situation.
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4.1.2 Vib-Connector

Vib-connector are devices which are used to mediate the connection and
relationships between user device and service devices. Vib-connector has
vibration motor, color LED, switch to detect itself being pasted to user
device, and RF-ID reader, if RF-ID tag is going to be used. Vib-connector
has three states, according to three step user takes ; 1) Default state, 2)

Standby state, and 3) Vibrating state.

1. Default State

Default state is state which no action is taken by the user. There will
be no information held in Vib-connector, and the Vib-connector itself,
will be white in the default state. As soon as user takes touching step,
two information, color information and vibration pattern are read to

Vib-connector, and Vib-connector changes into standby state.

2. Standby State ( User Step : Touching )

Standby state is state in which user has done the touching step. In
standby state, Vib-connector glows in the same color with the color
information. As soon as detecting itself being pasted on user device,

Vib-connector changes into vibrating state.

3. Vibrating State ( User Step : Pasting )

Vibrating State is state in which Vib-connector is vibrating in a specific
pattern, according to the vibration pattern information. Vib-connect
glows in the same color with the color information, in this state too.
As soon as detecting itself being unpasted, it will stop vibrating and

go back to standby state.

Vib-connector can also be placed with device that has controllable vi-

brating function, such as smart phones.
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4.1.3 Accelerometer ( Built In )

Some types of laptop computers today, such as MacBook series and ThinkPad
series, uses SMS (Sudden Motion Sensor) to protect their hard disk. SMS
are built-in accelerometer which is used to detect sudden motions such as
dropping, and to prevent the hard disk being broken in those motions. The
number of laptop computers which have these accelerometer are expected to
increase more and more, due to the improvement in MEMS ( Micro Electro
Mechanical Systems ) technology.

Also, accelerometer is not loaded in only laptop computers, but also to
those thin client, such as tablet PC and smart phones. Number of devices
which have accelerometer built in will increase more and more, in the future.

In Vib-connect, these built-in accelerometer in user devices, will be used

to detect the vibration from Vib-connector.

4.1.4 Pattern Server

Pattern server is a server which has the map of vibration pattern and service
device information. Service device information are information of service
device, which is necessary for user device to open connection and collaborate
with them, such as IP addresses and MAC addresses.

On receiving the request and vibration pattern from the user device,
pattern server returns back the device information that conforms with the
received vibration pattern.

Though, as we will mention in the next section, any kind of binary data
can be sent in vibrate communication, by increasing their bps. Since these
vibration pattern are just an index for service device information, these
service device information can be directly embedded into identifier, if the
bps of vibrate communication is enough. In that case, pattern server doesn’t
have to be prepared.

These four hardware are the hardware components of Vib-connect. Soft-

ware components will be described in the next section.
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4.2 Software Components

In this section, software components of Vib-connect will be explained. Mod-
ules working in Vib-connect will be shown, and we will also explain the
details of those modules in this section.

There are seven modules working in Vib-connect. Firstly, three modules
are working in Vib-connector ; 1) Information Reader Module, 2) Color
Generator Module, and 3)Vibration Generator Module. Secondly, three
modules are working in the user device ; 4) vibration detecting module,
5) pattern analyzing module, and 6)pattern inquire module. Last one, 7)
Pattern Matching Module, is working in the pattern server. The details of

the modules are described in following.

4.2.1 Information Reader Module

Information reader module is an module working inside the vib-connector.
This module receives two information from the identifier ; color information
and vibration pattern. On receiving these two information, color information
will be passed to color generator module, and vibration pattern will be

passed to vibration generator module.

4.2.2 Color Generator Module

Color generator Module is also an module working inside the Vib-connector.
When color information is received from the information reader module, this
module generates the color according to the received color information, and
makes the Vib-connector itself glow in that color. In the default state, color

generator module generates white color.

4.2.3 Vibration Generator Module

Vibration generator is also working inside the Vib-connector. When vibra-
tion pattern is received from the information reader module, this module

generates vibration according to the received vibration pattern, and make
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Vib-connector itself vibrate in that pattern. In case that service device infor-
mation can be embedded directly, this module will encode those information

into vibration patterns, and generates vibration according to them.

4.2.4 Vibration Detecting Module

Vibration Detecting Module is an module working in the user device. This
module receives acceleration from the accelerometer built in the user device,
and detects vibration by analyzing those acceleration data. The vibration
detect information will be passed to pattern analyzing module.

The details of the algorithm working in this module, are explained in

Chapter 3.

4.2.5 Pattern Analyzing Module

Pattern Analyzing Module is also an module working in the user device.
This module receives and analyzes vibration detect information, and decodes
those vibration to vibration patterns. Once recognizing a pattern analyzing
module, pattern analyzing module will pass the vibration pattern to pattern
inquire module.

The details of the algorithm working in this module, are explained in

Chapter 3.

4.2.6 Pattern Inquire Module

Pattern inquire module also works inside the vib-connector. This module
receives the recognized vibration pattern from pattern analyzing module,
and sents these vibration pattern to the pattern server. Once receiving the
service device information from the pattern analyzing module, this module
passes those information to device collaboration applications. Device collab-
oration applications are those applications that realizes device connection
and collaboration, which is out of Vib-connect’s focus.

In case the service device information is embedded in the detected vi-

bration pattern, this module doesn’t have to be prepared.
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4.2.7 Pattern Matching Module

Pattern matching module is an module working inside the pattern server.
This module receives the vibration pattern from the user device, searches the
map of vibration patterns, and returns back the service device information
that matches to the vibration pattern, to the user device.

This module also doesn’t need to be prepared in case the service device
information is embedded in the detected vibration pattern.

These are the modules working in Vib-connect. In the next section, we

would like to explain about the flow of the process taken in the system.

4.3 Flow of the Process

In this section, we will explain about the flow of process taken inside the
Vib-connect. Before explaining the flow of process taken inside the Vib-
connect, we would like to show all of the hardware components and software

components in Figd2l

Vibration Generator Module SSSSSSSSSSSSSSSS
Acceleration Sensor

(SRRY.
> Z

N

Vibration Pattern

Color Generator Module Acceleration Data
Color Information[ v
Information Reader Module ) Vibration Detecting Module

Color Information

&
Vibration Pattern Vibration Detect Information

Service Device v

Pattern Analyzing Module

Service Device Vibration Pattern

Information
LPa‘l.'tel‘n Server‘ (ex. IP address) v

Pattern Matching Module | «+——————|  Pattern Inquire Module
Vibration Pattern L )

Figure 4.2: Components of Vib-connect

Next, we would like to explain the flow of process taken inside the Vib-
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connect. Figd3]is the sequence of the process taken inside the Vib-connect.

Service Device Vib-connector User Device Projector Server

Wby )] S

<> ~==---..Color Information
_____ E
N Vibration Patiaifi=--a
Information Reader Module
Color Information % I

Color Generator Module

Glow * Vibration|Pattern

Vibration Generator Module

Paste >

’Q Vibration

Vibration Detecting Module

Vibration Detect Infcrmation% |

Pattern Analyzing Module

Vibration Pattern % |

Pattern Inquire Module

Vibration Pattern ™=~
Pattern Inquire Module

Service Device ]

Service Device
Information

Figure 4.3: Sequence of Process Taken Inside Vib-connect

First, when users touches Vib-connector to identifier which is pasted on
service device, color information and vibration pattern will be passed to
information reader module inside the user device. Those two information,
color information and vibration pattern, would be passed to color generator

module and vibration generator module. These two modules, color generator
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module and vibration generator module, will make Vib-connector to glow
in the color according to the color information, and make Vib-connector to
vibrate in the received vibration pattern.

Secondly, when user pastes Vib-connector to the user device, vibration
detecting module in user device, detects the vibration from Vib-connector,
using acceleration data of the built-in accelerometer. Vibration detect in-
formation will be passed to pattern analyzing module, and this module will
analyze those Vibration detect information and recognizes the vibration pat-
tern.

Finally, as soon as pattern analyzing module recognizes the vibration
pattern, this vibration pattern will be passed to pattern inquire module.
Pattern inquire module gets the service device information with exchange
of vibration pattern. Then it passes the service device information to appli-

cations which manages connection and collaboration.

4.4 Summary

In this chapter, we explained about the design of Vib-connect. Details of the
hardware components, software component, and the flow of process taken
in Vib-connector. In the next chapter, we would like to show the prototype

of Vib-connect we have implemented.
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Implementation

In this chapter, we will show the prototype of Vib-connect we have im-
plemented. First, we will explain the implementation environment of the
prototype, and next, we will some applications we have made to show ex-
amples.

As implementation for prototype of Vib-connect, we have implemented
the modules and applications for vibrate communication, which is a very
important part of Vib-connect. Also, we have implemented some device

collaborate applications to simulate and demonstrate the pasting action.

5.1 Implementation Environment

In this section, we will describe the devices and environments we have used
to implement the prototype of Vib-connect. Details of implementation en-
vironment used to implement user device, service device, and Vib-connector

will be described in the following.

5.1.1 User device

For user device, we have used MacBook Air ( late 2008 J5.1l MacBook Pro
15inch ( Early 2008 J5.2, and Nexus Ond5.3l

We will show the technical specification of each three devices in following.
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Table 5.1: Technical Specification of MacBook Air

H/W/D 1.94cm/32.5¢m/22.7cm
Weight 1.36kg

CPU 1.8GHz Intel Core 2 Duo
Memory | 2GB 667MHz DDR2 SDRAM

Table 5.2: Technical Specification of Macbook Pro 15 inch ( Early 2008 )

H/W/D 2.59¢m/35.7cm/24.3cm
Weight 2.45kg

CPU 2.5GHz Intel Core 2 Duo
Memory | 4GB 667MHz DDR2 SDRAM

Table 5.3: Technical Specification of Nexus one

H/W/D 11.9¢cm/5.98cm/1.15cm
Weight 130g

CPU 1GHz Qualcomm QSD 8250 Snapdragon
Memory 512MB
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Also, I used java-based Processing Sudden Motion Sensor Library[19] to
get the acceleration data from MacBook Air and MacBook Pro 15 inch.

5.1.2 Service device

For service device, we have used MacBook Pro 15 inch ( late 2008 J5.4] and
Thinkpad X6045.5] as a virtual speaker and virtual projector. We will show

the technical specification of them below.

Table 5.4: Technical Specification of MacBook Pro 15 inch ( late 2008 )

H/W/D 2.41cm/36.4cm/24.9cm
Weight 2.49kg

CPU 2.53GHz Intel Core 2 Duo
Memory | 4GB 1066MHz DDR3 SDRAM

Table 5.5: Technical Specification of ThinkPad X60s

H/W/D | 3.5cm/2.68cm/21.1cm
Weight 1.27kg

CPU 1.06GHz Intel Core Solo
Memory 512MB

5.1.3 Vib-Connector

We have used Nexus Ondb.3] as deputy for Vib-connector.
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5.2 Prototype

We have implemented a prototype of Vib-connect. In this section, we will
show VibMaker, VibDetector, and VibAnalyzer, the prototype of system to

realize vibrate communications.

5.2.1 VibMaker

We developed VibMaker, an android application that generates vibration
with Nexus One. The time period of the vibration pattern is 250ms, and
can send information by vibration with 4bps speed. Vibration patterns
for VibSpeaker and VibProjector are already embedded. This application
realizes the vibration generator module inside the Vib-connector. Fig[5.1]is

the screen shot of VibMaker.

¢]8] B & 0 i@ 13:31

® Projector

0,1,0,0,0,1,1,0,1,0

Figure 5.1: Screen shot of VibMaker
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5.2.2 VibDetector

VibDetector is an java-based application, that gets acceleration data from
the SMS library[19], and send them to VibAnalyzer with the UNIX times-
tamps. These UNIX timestamps will be used to sync the detection time
period with the vibration pattern. This application realizes the vibration
detecting module inside the user device.

We have also implemented this application with Nexus One, in order to

prove the multimordality of vib-connect.

5.2.3 VibAnalyzer

VibAnalyzer is an java-based application, that analyzes the acceleration data
sent from VibDetector, to recognize the vibration pattern. This application
syncs it time period automatically with the VibMaker’s vibration, when it
first detects the vibration. This application realizes the pattern analyzing
module inside the user device.

Screen shot of VibAnalyzer is shown in Figh.2l Once it detects vibration
pattern, VibSpeaker or VibProjector ( applications which are both explained

in the next section ) starts, and will change to screen such as shown in Figh.3l

fee

Waiting for Vibration Pattern.....

Vibration Pattern

0000000000

{ Connect ) "'- Cancel -\

A

Figure 5.2: Screen shot of VibAnalyzer
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5.3 Application

We have also implemented some applications in order to simulate and demon-
strate device collaboration. In this section, we will show VibSpeaker and

VibProjector, applications to simulate service devices.

5.3.1 VibSpeaker

VibSpeaker is an application that simulates a network speaker. On detecting
vibration pattern of VibSpeaker, user devices can stream and play music and
use the VibSpeaker over wireless network. JLayer[20], a mp3 library for java
was used in order to implement the function to play mp3 files. Figh.3lis the
screen shot of VibSpeaker. On clicking the “connect” button, the music

playing in the user device will be streamed to the service device.

800

Pattern Detected!!

| Device Name : Speaker |
Vibration Pattern : 01011110000111100110011

Device IP Address : 203.178.161.93

Would you like to connect?

,r. Connect -\' "'- Cancel -\

A

Figure 5.3: Screen shot of VibSpeaker

5.3.2 VibProjector

VibProjector is an application that simulates a network projector. This
application will be activated when user device detects vibration pater of
VibProjector. This sends a screen shot of user device in a high speed, and
works as an projector emulator over wireless network. Figh4lis the look of

how VibProjector works.
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VibProjector

Ngxus_ One
(as indicator ) s User Device

Figure 5.4: Look of VibProjector Working

5.4 Summary

In this chapter, we have showed the prototype of Vib-connect we have im-
plemented, and introduced some sample applications. In the next chapter,

we will describe the evaluation we have done, and show their results.
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Evaluation

This chapter evaluates accuracy and usability of Vib-Connect. Accuracy
evaluation is an experiment to test the accuracy of recognition in vibration
pattern. Usability Evaluation is an experiment to test the usability, by
having few examinees fill the questionnaire after using Vib-connect. After
that, we would like to evaluate if we have accomplished the requirements
mentioned in chapter 2. First of all, we would like to explain about the

accuracy evaluation.

6.1 Accuracy Evaluation

In this section, we will show the result of the accuracy evaluation test in
recognizing vibration pattern. In the test, we have tried the pattern recog-
nition in two cases, when Vib-connector is 1) put on the base of the PC, or
2) pasted at the top of the PC. In addition, to test the robustness against
environmental influence, we have also tested them while typing on the ser-
vice device itself. Two patterns, “Speaker ( 1100110101 )” and “Photoframe
( 1010101010 )", were tested on four types of devices ; MacBook Air ( late
2008 ), MacBook Pro 15inch ( Early 2008 ), MacBook Pro 15 inch ( Late
2008 ), and Nexus One. Each of the environment was tested 20 times.

The following table

0.36.4] are the result of the accuracy evaluation

test using MacBook Series in each environment.
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Table 6.1: Accuracy in Normal Environment with Vib-connector on base

Speaker ( 1100110101 )

Photoframe ( 1010101010 )

MacBook Air
( Late 2008 )

(20 /20) 100%

(20 /20) 100%

MacBook Pro 15 inch
( Early 2008 )

(20 /20) 100%

(20 / 20) 100%

MacBook Pro 15 inch
( Late 2008 )

(20 /20 ) 100%

(20 /20 ) 100%

Table 6.2: Accuracy in Typing Environment with Vib-connector on base

Speaker ( 1100110101 )

Photoframe ( 1010101010 )

MacBook Air
( Late 2008 )

(20 /20 ) 100%

(20 /20 ) 100%

MacBook Pro 15 inch
( Early 2008 )

(20 /20) 100%

(19 /20) 95%

MacBook Pro 15 inch
( Late 2008 )

(20 /20) 100%

(20 /20) 100%

Table 6.3: Accuracy in Normal Environment with Vib-connector on top

Speaker ( 1100110101 )

Photoframe ( 1010101010 )

MacBook Air
( Late 2008 )

(20 /20) 100%

(20 /20) 100%

MacBook Pro 15 inch
( Early 2008 )

(20 /20) 100%

(20 /20) 100%

MacBook Pro 15 inch
( Late 2008 )

(20 /20 ) 100%

(20 /20 ) 100%
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Table 6.4: Accuracy in Typing Environment with Vib-connector on top

Speaker ( 1100110101 ) | Photoframe ( 1010101010 )
MacBook Air
( Late 2008 ) (20 /20) 100% (20 /20) 100%
MacBook Pro 15 inch
( Early 2008 ) (20 /20 ) 100% (19 /20)95%
MacBook Pro 15 inch
( Late 2008 ) (20 /20 ) 100% (19 /20) 95%

We have also tested the accuracy with two Nexus One, being stacked
on together as Vib-connector and user device. The result of the accuracy is

shown in tabldG.nl

Table 6.5: Accuracy with Nexus One

Speaker ( 1100110101 ) | Photoframe ( 1010101010 )
Nexus One (17 /20) 8% (16 /20 ) 80%

As a result, we have got an extremely high accuracy in MacBook series.
Even when typing, they have got accuracy over 95%. The reason of these
failure in MacBook series, is the attunation of vibration through the joint
between the top part and the base part. If this joint is tight and secure,
vibration from the top part will reach accurately to the accelerometer in the
base part.

In Nexus One, accuracy was about 80% to 85%. These failure in Nexus
One seems to come from the preciseness of the accelerometer and the pro-
cessing speed. If they rise, the accuracy is expected to rise too. In the next

section, we will show the usability evaluation and the result.
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6.2 Usability Evaluation

In this section we will evaluate usability of Vib-connect by 5 indicators|21]
- Learnability, Efficiency, Memorability, Error Handling and User Satisfac-

tion.

6.2.1 Experiment

We have tested the usability of Vib-connect. The participants are 12 stu-
dents who have never used Vib-connect. The 12 students ( participants A -
L) consists of ( participants A - G ) non-expert users, who have never used
wireless device collaboration, and ( participants H - L ) expert users, who
are using wireless device collaboration in everyday life.

As an setup for experiment, we have pasted an color tag on few devices
as an identifier. We had the participants select these devices randomly with

our prototype, and measured the time they took to select the devices.

6.2.2 Result

The result of time for selecting devices is showed in figurd6.1l After the test,
we had them fill up a questionnaire about the 5 indicators[21], based on the
Likert scale[22], in the range of 1 to 5 ( 1 as lowest, and 5 as highest ). The
answers by the participants are showed in tabld6.6l

Table 6.6: Result of questionnaire

Usability Indicator | 1 2 3 4 5 | Average
Learnability 0O 0 1 9 2 4.08
Efficiency 0 0 5 4 3 3.83
Memorability 0 0 0 2 10 4.83
Error Handling 1 1 1 6 3 3.75
User Satisfaction 0 1 1 9 1 3.83

In the next section, we would like to discuss about the result of evaluation

experiment.
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Average
(second)

Figure 6.1: Average of times for device selecting by participants

6.3 Discussion

In this section, we will discuss about the 5 usability indicators of Vib-
connect; Learnability, Efficiency, Memorability, Error Handling, and User

Satisfaction.

6.3.1 Learnability

Regardless of experience in device collaboration, every participant was able
to use Vib-connect in short explanation. The average rate in the question-
naire about this indicator was 4.08. From this result, I consider that non-
expert users can select device in their actual life, without requiring expert

users’ help.

6.3.2 Efficiency

Regardless of the number of trial, the participants were able to select devices
within 5 seconds (see Figurd6.dl). Thinking of those device-recognizing time

in name selecting interfaces, this result shows high efficiency of Vib-connect
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in recognizing and selecting device. Also, there were comments from partic-
ipant that it is physically troublesome to select devices which is farther than
their hand reach. Though, in case the device is nearby, it can be said that

Vib-connect is more efficient than those existing device selecting interfaces.

6.3.3 Memorability

Vib-connect requires users only to touch & paste, and they don’t need any
knowledge about computers and networks. As a result, we got a high average
rate, 4.83 about this indicator (see tabld6.6l). This shows that Vib-connect

is a simple, highly memorable interface.

6.3.4 Error Handling

During this evaluation experiment, none of the participants made wrong
operation. As substitute, we had them imagine the case to re-select the
devices, when they selected the wrong device accidentally ( I.E. Selecting
wrong device in accidental movement , such as turning around ). About this
question, most of them answered it was easy to re-select. Though, there were
also comments that it is difficult to tell if the error was caused by the human

or the system.

6.3.5 User Satisfaction

The average rate of this indicator was 3.83. There were two types of com-
ments about difficult point of Vib-connect ; 1 ) existence of Identifier, and
2 ) physical troublesome in selecting far devices. 1 ) Existence of Identifier,
is about the visual change and interior influence against the service device.
2) Physical troublesome in selecting far devices are points mentioned in the
efficiency section.

Though, every participants were enjoying using Vib-connect, and most
of them had comments such as “Easy and Simple”, “I want this system
come true”. Also, 10 out of 12 participants estimated this system better

than either “Very good” and “Great”, in the questionnaire.
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6.3.6 Comments by participants

As the last question of the questionnaire, we had the participants to write
comments freely. First, we will show the negative comments which some of

them are mentioned in the previous discussions.

“ I think the color tag doesn’t have to be colors, but photographs of the

”

devices. If the photograph is shown in the screen, that’s enough for me.
- Participant A ( non-expert user ), and Participant I ( expert user )

“I'm sure touching is easy and reliable for us, but I think it’s physically

troublesome. ”

- Participant B, E, F ( non-expert user ), and Participant J ( expert user )

“I don’t want to paste those color tag on my devices. That thing will be

2

bad for the interior of the devices in my room.
- Participant K ( expert user )

“I think I might lose the Vib-connector.”
- Participant L ( expert user )

Next, we would like to show the positive comments by the participants.

2”

“It’s easy and quite fun to use.
- Participant B, C ( non-expert user )

“ I think the idea of using color tag is original and interesting. ”
- Participant E ( non-expert user )
“ I think it will be usefull if it is actually made as a product. ”

- Participant D, G ( non-expert user )

“ I think it is very usefull in case that there are a lot of same devices,

like office. ”
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- participant H ( non-expert user )

“ Since I use many peripheral equipments of computer, I think it will be

usefull in classifying them in purpose of each devices. ”

- participant L ( user )

We have discovered some problems from the negative comments, but
most of them were positive comments. In the next section, we will evaluate
and discuss about the accomplishment of requirements which are mentioned

in chapter 2.

6.4 Requirement Evaluation

In this section, we will evaluate and discuss if we have accomplished the
4 requirements mentioned in chapter2; 1) Less burden in recognizing and
according devices, 2) more multimodal interface, 3) robustness against en-
vironmental influence, and 4) easiness in recognizing connections and rela-

tionships between devices.

1. Less Burden in Recognizing and According Devices:

Since users can make virtual connection by simply touching the device
in real world, there is no assumpting and according step. In the usabil-
ity evaluation test, there were no users who made mistake in selecting
device.Vib-connecter can be said that it has obviously less burden in

recognizing and according devices.

2. More Multimodal Interface:

Vibrate communication requires only vibration motor and accelerom-
eter. Accelerometers are usually built-in the lap-top computers to
protect hard disks, and also in the thin clients such as tablet PCs and
smart phones. These thin clients don’t have physical I/O ports such
as USB or memory stick, which are required in the present methods,

but most of them still has accelerometer built-in. It can be said that
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Vib-connect has accomplished this requirement. In addition, we have
proved that this method can be used with smart phones by implement-

ing on Nexus One.

3. Robustness against environmental influence:

Since vibrate communication uses vibration, it will not be influenced
by environments such as lights and music. In addition, as shown in
the previous section6.26.4 vibrate communication has an extremely
high accuracy, even when user is typing with the user device itself. It

can be obviously said that this requirement has been accomplished.

4. Easiness in Recognizing Connections and Relationships be-

tween Devices:

Users can recognize the connections and relationships between devices
easily, by looking at the colors of identifier and Vib-connector. This is
evaluated by participants better than “normal”, 3.75, as showed in ta-
bld6.6l Not the best, but Vib-connect can be said that it accomplished

this requirement.

6.5 Summary

In this section, we have evaluated Vib-connect using the prototype we have
made. We got an extremely high accuracy, and good result in usability
evaluation. Though, we also discovered some problems about Vib-connect
in this evaluation. In the next chapter, we would like to explain about the
future work we are intending to do, to solve these problems. Then, at the

last of next section, we would to conclude this thesis.
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Future Work and Conclusion

In this chapter, we will discuss about the future work and conclude this

thesis.

7.1 Future Work

Even though, Vib-connect allowed non-expert users to select devices, they
still have some problems. In this section, we would like to show them, and

explain about the future works we are intending to solve them.

7.1.1 Improving Speed of Vibrate Communication

The speed of vibrate communication in the prototype was 4 b/s. With
prototype, handling over raw device information by vibrate communication,
will take over 8 seconds. This enables Vib-connect to work without pattern
server, but 8 second is too long for users to select device without stress.

To realize more stress-less device selecting interface, we are intending
to improve the speed of vibrate communication, by improving the pattern

recognition algorithm.
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7.1.2 Identifier of the Service Device

As some users mentioned in the previous chapter, existence of Identifier
might cause visual change and interior influence against the service device.
Using color tag as an identifier has an great advantage in making users
recognize the devices and their relationships easier, but also has risk to
influence the interior of the service device.

As a future work, we are intending to improve the identifier as a way

that does not influence the interior of the service device.

7.1.3 Implementation on Smart Phones

Vibrate communication is robust against environmental influence such as
sound and typing. Though, since it uses acceleration, the devices must be
put down in a calm place, such as indoor. If we can distinguish the vibration
from everyday motion, by using only acceleration, vibrate communication
can be used in various situations. We are planning to accomplish this by

improving the vibration detecting algorithm.

7.2 Conclusion

In this thesis, we have proposed Vib-connect, a vibration based device se-
lecting interface. To select devices to collaborate, this thesis adopted Touch
& Paste interaction which associates devices and set indicator to the real
world, with a simple interaction. We have created a vibrate communication
algorithm and implemented them as a prototype of Vib-connector on an-
droid smart phone. In addition, we have implemented several applications
on MacBook series, which simulates network speaker and network projector.
Then, I evaluated the accuracy of vibrate communication and the usability
of our prototype. As a result, we presented the current implementation of
Vib-connect which realized easy device selecting for non-expert users.
With Vib-connect, users can select devices for collaboration, without any

kind of technical expertise. This alleviated burden of device selecting task,
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and should lead to development of device collaborating services that better
suit the real-life needs of many end-users, and therefore greatly contribute

to the field of ubiquitous computing research.
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