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Abstract

In this thesis, we explore Apple Watch as the representative of smart watches, and
analysed the advanteges and disadvanteges of interaction pattern in Apple Watch with
watchOS 2. According to this, we introduce a contact-free alternative design for smart
watch interaction.

This design, combine with the Haptic feedback, convert the basic tap, swipe, Digital
Crown, Force Touch and etc. native watch interaction to a contact-free gesture inter-
action. It simplefied ten native interaction with two-step logic to only eight alternative
interaction with sigle-step logic, eliminated contact-required interaction method, solved
the bimanual interaction within smart watches, and explained the completeness of this
alternative design.

Through user study, we evaluate these alternative designs and the result shows the
interaction operate logic and gesture confortable all acceptable.

Finally, we discussed the weakness of current hardware structure, interaction design
and system architecture. Trough this, we proposed a few implications for the future im-

provements.

Keywords Smart Watches; Contact-free; Gesture Interaction; Alternative Design
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1 Introduction

With 30-year rapid development of computer chip technology, wearable devices sprang up in the
2010s, mainly represented by smart watches and smart bands in civil electronics market. With regard
to smart bands, they are only collecting data of users when wearing them. In essence, there does not
exist direct interaction between them and users. As for smart watches, despite that they are installed
with a large number of operating systems with simplified and appropriate designs, there still exist
performance weaknesses, thus bringing great challenges and opportunities for the software design of
wearable devices [1].

1.1  HCI & Wearable Computing

Since the middle and late 1990s, the concept of wearable devices has gradually come into people’
s view.

Wearable devices range from simple input devices(such as smart bands) to complicated devices with
operating systems and communication functions. Wearable devices are designed to provide computing
devices more intimate than smart phones for human beings. In essence, wearable computing is based on
this kind of small and wearable computers. “Always-on” is a distinctive feature of wearable computing.
Wearable devices are worn on a certain part of users to perceive their environment and observe their
behavior.

Wearable computing aims at providing people with personal assistant services, such as conve-
nient access to the Internet, event notification and information collection. This ubiquitous computing
technology based on wearable computing integrates multi-modal interaction, context-interactive model
and augmented reality into one, so it is the ultimate task desired in the field of human-computer
interaction [2, 3].

However, limited to current level of science and marketing, these researches are still on a primary
stage. Above all, when reflecting on the reasons for adding a device on themselves, people would
find there it makes little sense to wear them, so wearable devices could be easily substituted. Even so,
researches on human-computer interaction of wearable devices are still on the way and have gone ahead
of electronics. Although there is still a long way to go to realize these designs and that they might
never be put into used, these research methods and concepts arising from them are of significance for

people to continue pondering [4] and reflecting and promote the progress of the industry step by step.

1.2 Subject Significance

Nowadays, the development of smart phones has been in a downturn, but wearable devices fail
to gain great momentum as desired. Regardless of their acceptability, usability and pricing, smart
watches do not have obvious significance of existence, for their usages are much related to the contexts
they are in.

Therefore, the following issues must be considering carefully before design alternative interaction:
1. How to insure interaction correspond human intuition and comfort level?
2. How to erase sense of a separate existence(Social Acceptability)?

3. How to balance affordance and system complexity?
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This thesis explore Apple Watch as the representative of smart watches, considering watchOS
features, designed a alternative interaction modality which can be contact-free for watch interaction.
Within this interaction pattern, user target can be more significant, smart watch application scenarios
gains its extend and the complexity of interaction logic can be simplified so that the meaning of smart

watches will be indirectly increase.

1.3  Related Works

Smart watch interface is the most intuition part of the interaction [5], research on interfaces has
been more mature and in-depth [6,7]. Apple Watch as a representative is the most simple, excellent
interfaces, and its Human Interface Guidelines [8] has become the standard guidelines of smart watches.

However, even in Apple Watch, user still need two hands to performing their actions. So, if we
have to redesign the whole interaction and release the bimanual interaction required on smart watches,
then we have to discuss gesture techniques due to we only have one hand to perform interactions at

this time.

1.3.1 Gesture Interaction

Gesture as a technique in human-computer interaction has been enduring, it can be cetegorise as
2D gestures and 3D gestures. For 2D gestures there are $1 [9] and $n [10] algorithms are maturing and
the main idea is resampling gesture point in same interval, then use 2-norm to caculate and compare
gesture series. For 3D gestures, the hardest part is to confirm where gesture starts and ends, however
most gesture recognize algorithm always avoid this problem by using recognize a specific gesture or
construct a state machine of gesture [11-15]. Fortunately, interaction on smart watches always after
user rise their hand, all information output through display ensures a fact that the amplitude of arm
could not too much or it will abstract users. Thus, interactions on smart watches could be gesture
manipulated but not identical.

L. Christian et al. [16] propused a complex gesture set of pinch for user to operate smart watches.
Although it’s purpose as same as ours, but their pinch gesture required redesign whole interaction logic
on smart watches, basiclly, the circumstances is unrealistic.

For research on contact-free interaction, [17] use a RGB camera attached on Google glass and
applied vision method to recognize gesture, but this method is only appropriate for classes user not
everyone. Kerber et al. [18] even expect to use diverse ortation of arm.

In these research, the interaction gains its augmentability, nonetheless they have ever prepense

these techniques applicable existence form.

1.3.2 Extension Interaction

Some research inspire us gives various idea, they expand the interaction outthrough watch itself,
they put interaction around the watch surface [19,20], band [21], even skin [22]. [23] puts sensors around
the watch and make it recognize gesture over the watch surface.

These interaction extension break through the limits of screen size though, but its still a bimanual
interaction, still tiredness and inconvenience for users.

This extension of interaction isn’t limited on smart watch, [21] augmented the smart phone inter-
action by smart watch, and [25] give us an implication for use watch position in space, essentially, it a
kind of Virtual Reality development. By this, we gains the multiplicity of watch state and even smart
phone and watch works simultaneously.

In summary, although the interactive mode research coverage broad in smart watches, but these

existing research on smart watches re generally avoided and did not consider the following questions:
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e The theoretical interaction techniques could not compatible with existing smart watch interactive

mode which is not universal.

e These techniques are not broad enough, most of them didn’t make a full analyze on a series of
products and the design itself always give up on affordance.

e Most theoretical techniques are suitable for bimanual interaction, there is no obvious context for

increasing user stickiness on smart watches;

e Do not have much considering of the relationship between interaction mode and user interfaces, on
the one hand due to the lower social acceptability, and the other hand is because of the interactive

logic not too strong, learning costs of users too high.
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2 Interaction Techniques on Apple Watch

Most interactive mode in Apple Watch follows smart phone touch screen interactive mode [3]. To
design a contact-free alternative interactive mode on Apple Watch, we must analyze and clearly figure

out extant the advantages and weakness of interactive mode in Apple Watch.

2.1 Traditional Techniques

Apple Inc. believe the traditional multi-touch techniques on a small screen is severely affected user
experiences. Therefore they didn’t put multi-touch into Apple Watch. Besides, to operate object on
smart watch screen, user only have the basic tap gesture and swipe up, down, left and right for these

four directions, as shown on Figure 2.1

Figure 2.1: Traditional Techniques

2.1.1 Tap

Ordinary single tap on smart watches is as same as its on the smart phones. This tap gesture as
an human-computer interaction techniques has been accepted by the public for a long time, and this
natural technique gains its lowest cost among the most technologies.

However, the usability of this interaction will be reduced when the screen size reduced, in another
words, we are approaching the limits when we reduce the material size and move its position on our
body. According to FFitts’ Law [20]:

T =a+ blog, $+1 (2.1)
2me(02 — 02)

where o is the standard deviation of touch position distribution, ¢, is the absolute accuracy of the
finger input, A is a distance as the start point to the target center.

Considering FFitts’ Law, A will be increase when screen size limited on the one hand, and ¢ will
not large than its on smart phone screen, on the other hand o, will not change when we consider them
in same object.

Thus, T value will be significantly larger, which means tap interaction gains poor usability on

smart watches.

2.1.2 Swipe

Continuous tap generate swipe gesture interaction. To process the weakness on smart watches,

Apple Watch as much as possible to make the interaction to be handle be swipe gestures.

'Image Source: https://developer.apple.com/watch/human-interface-guidelines/
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Horizontal direction view changes can be handled by swipe gesture. It makes interaction functions
such as horizontal view change, switch back to the previous view, etc.

There is another method to take place of swipe gesture in vertical, which is using Digital Crown.
In case the vertical swipe interaction is not a subset of Digital Crown’s function. It is because of Digital

Crown cannot call notification center when user stay on watchOS dial interface.

2.2 Special Techniques

Apple Watch introduced three more interactive hardware based on traditional interactive touch

screen mode. They are Digital Crown, Force Touch and Haptic Engine, as shown in Figure 2.2°.

e

GTAPTIC
ENGINE t

-

§ O 2 . 9

(a) Digital Crown (b) Force Touch ) Haptic Engine

Figure 2.2: Special Techniques: Digital Crown, Force Touch and Haptic Engine is the most significant
feature in Apple Watch than other smart watch products.

2.2.1 Digital Crown

The Digital Crown lets users scroll content without obstructing their view of that content. It
is a new interaction technique introduced by Apple Inc. This technique is compared with the two
revolutionary interaction techniques: Desktop Mouse and Multi-Touch screen when Apple Inc. were
introducing this, which means Apple Inc. maintain Digital Crown is a revolutionary technique on smart
watches.

This interaction take the advantage of traditional watch clock function, which is visible but also
insufficiency. In a conventional watch, the clock dial in the normal state does not have any function,
only when the knob is pulled out and the only function is adjusting time. This device is uselessness
in the most of time. It’s a typical demand-driven design. Designers are not carefully think about its
existence but just habitual in use.

On the Apple Watch, content are displayed vertically and it’s restricted on a fixed width. When
Digital Crown scroll up and down, the content will be change in vertical direction, as shown in Figure

2.2(a); Besides, Digital Crown can also adjust the playback volume of the music.

2.2.2 Force Touch

Apple Watch display not only senses a touch, it senses the force applied by user’s finger and
responds accordingly. Force Touch is the first applying in consumer products. In academia, this
technology has been studied years.

[27—-29] studied how to enhance touch feedback, force level and touch area. Force Touch applied
them into Apple Watch.

2Image Source: https://developer.apple.com/watch/human-interface-guidelines/

10
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Force Touch contains two level of touch behavior, the first level is traditional touch action, it
can reconize normal tap gesture; The second level is actually Force Touch, at this moment, user need
increase finger’s force value, then watchOS will response and handle this interaction. As illustrate
on Figure 2.2(b), obviously, this interaction is a typical interaction mode without affordance, these

functions are perceptible only the operation performed.

2.2.3 Haptic Engine

Haptic Engine is built-in vibration member, as illustrate in Figure 2.2(c). It is an important way
to get the user’s attention and to convey important information. Haptic Engine are not just a normal
vibration but also a high precision hardware, it can transfer user’s heartbeat to another, make user feel
Force Touch perform notification, then enhance the user experiences of Apple Watch. Thus, whatever
how to modify current interaction mode into alternative design, we should always provide the Haptic
Feedback to users. In other words, Haptic Engine vibration feedback is provided to be the key of
alternative interaction design.

2.3 Other Techniques

In addition, except the basic interaction techniques above, there are two highest priority interactive
method on Apple Watch, as Figure 2.3 illustrated?.

[ Hey Siri call Jen Cho
back

Calling Jen Cho..

(a) Side Button (b) Voice Control

Figure 2.3: Other interaction techniques: Side button gives us the top-level interaction for Friends,
and Siri is the only text entry on the Apple Watch.

Two buttons on the side of Apple Watch actually is the highest priority of interactions, because
wherever the user in watchOS, it alway takes user to the Friend view and Siri interface (Note that a
single tap of Digital Crown is not able to mark as highest priority interaction, because a single tap

perform results may not be unique: It may be in the dial, or it may be in total App Interfaces).

2.3.1 Side Button
Apple Inc. may have noticed that the Apple Watch application gains its complexity and inconve-

nience, they follows the design of the power button on smart phone and they still add another physical
buttons called Side Button next to the Digital Crown, as Figure 2.3(a).
The existence of two different pieces of renovation interactive content inside the Side Button, when

user perform a button click, it will access the Friends screen. From this screen, they can call friends,

SE F¥R: https://developer.apple.com/watch/human-interface-guidelines/

11


https://developer.apple.com/watch/human-interface-guidelines/

VU BRI S AR Heall A2 18 RRACH: B RET R AV IR A s B T

send message, or interact by sending sketches, taps, and even their heartbeat. When user press the

Side Button twice, it will access the Apple Pay.

2.3.2  Voice Control
Although there are a lot of input method design on wearable devices, but Apple Watch did not

take any of them on watchOS, text input entrance (even virtual keyboard) are not directly setup into
watchOS, thus Siri becomes the only interface allows user input text by speaking, as shown in Figure
2.3(b).

For weak up Siri, user have two way to do. One is say "Hey Siri” when Apple Watch is on awake
state; Another is give a long-press to Digital Crown.

However, no matter which way to choose, text input results will not ideal. This is because Siri’s
nature language recognition process based on statistics and it always require a paired iPhone to access
Internet. Any part of this gets a problem can crash the whole input progress.

It is worth mentioning that the interaction method we discussed above, only Siri voice control is

a contact-free interaction design.

12
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3 Alternative Design of Contact-free

We analyzed the interaction mode on Apple Watch in last chapter, all the interaction method
required two hands to be performed, except the voice interaction. Considering the actual scenario, if a
user’s hands are free to do anything, there is no obvious reason to make things done on smart watches
due to we have a powerful smart phone, moreover, to operate a phone actually only needs one hand.

Therefore, this contact type of interaction on smart watch essentially isn’t a stickiness interaction mode.

3.1 Interaction Pattern Design

3.1.1 Tap & View Switch

Tap and view switching operation involving the following five operations: ordinary tap, Force

Touch tap, switch to left view, switch to right view, switch to previous view.

We design the alternative interaction of tap gesture to be two finger pinch, thumb pinch with the
other four fingers can fully mapping all tap interaction, such as thumb with index finger can replace
normal tap event, thumb with middle and ring finger can replace view switching, and thumb with little

finger can replace back to previous view.

Besides, pinch gesture with thumb and index finger can also simulate Force Touch, see more details

in Section 3.1.3.

3.1.2 Swipe & Continuous Adjustment

Swipe and continue changes actually belongs to Digital Crown interaction in different scenarios.
In General view down swipe scenario, it can scroll view contents up and down; when the interactive

object choose as slider bar, it also can adjust value continuously.

We can implement this interaction by using two fingers pinch gesture on single hand, which means
thumb slides on index finger, and if the interactive object is slide bar, then this kind of two fingers
swipe can also regulate slide bar value.

3.1.3 Force Touch Simulation

An open source project called Forcify [30] aims to develop an universe touch events handler frame-
work, convert any Web App click events to 3D Touch Events'. But the time handler need to customize
by developer and the force touch simulator is a linear function. Therefore, this project needs to be

improved.

At first, we split touch events to two stage, the first stage is as normal touch events, the second
stage is as Force Touch Events, and set content DELAY to express the time delay of Force Touch, and
DURATION to express the time duration of Force Touch from minimum to maximum. Now we focus

on this two constants value.

In AugmentedTouch Project [31], we applied a user study and published a dataset contains 16
users of 4 different posture, altogether contains 61440 times tap data. In this dataset, we record the

time of user’s finger stay on screen and Figure 3.1 shows its distribution.

! Apple rename Force Touch in iOS as 3D Touch.

13
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Figure 3.1: Statistics of finger stay on screen

As it shows the distribution on Figure 3.1 we can get the time of a finger stay on a screen mainly
focus on 260ms, obey to log-normal distribution. In this regard, we could assume the average time of
finger stay on touch screen is 250 ms, so DELAY equals 250 ms; In addition, we set the total duration
is five times of the ordinary touch events time, so DURATION equals 1000 ms; Then to trigger the
Force Touch user need stay finger on touch screen longer than 1.25 seconds. Considering human’s finger
pressure of touch, we also assume the intensity of the rate of force value is linear, then we can ensure
the entire curve is a smooth curve.

In conclusion, let the time of pressing to be t,ess, then Force Touch can be simulate by a formula
3.1.

0 if £press < DELAY
2
vp = 3 (S55RREAY ) i 0 < fyress — DELAY < DURATION (3.1)
1 Otherwise

Among the formula, vp represents the pressure value, DELAY = 250, DURATION = 1000, both

in milliseconds(ms), as shown in Figure 3.2.

VF A

N

L4
press (IIlS)

DELAY DELAY+DURATION t

Figure 3.2: Force Touch functional image

14
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3.1.4 Haptic Feedback Design

According to the developer documentation of watchOS?, Haptic Engine can express several types,
as its illustrate on Code 3.1.

public enum WKHapticType : Int {
case Notification
case DirectionUp
case DirectionDown
case Success
case Failure
case Retry
case Start
case Stop

case Click

Code 3.1: Types of Haptic feedback

Success, Failure, Retry type of Haptic feedback are native results in watch operation. Then we
set Success, Failure as same as its original function, but the context of Retry is basically as same as
Failure, so we keep this feedback for the future.

Notification feedback still needs to present notification feedback, so we don’t change its design;
DirectionUp and DirectionDown only happens on Digital Crown scroll up and down in the end, so we
follow this function to two fingers swipe, when value comes to the maximum value, use DirectionUp
feedback and vice versa.

Start, Stop, Click and Retry this four type of feedback is suitable for thumb with index, middle,
ring finger pinch (three) and Force Touch operate, which means feedback of Click is for normal tap,
feedback of Stop is for Force Touch, feedback of Start is for view switching to next, and feedback of

Retry just right for view switching to previous.

3.2 Completeness of Alternative Design

Interaction Mode Haptic Feedback Interaction Mode

Voice Highest Priority w oo
Contact-free type Control Inpu e

[

Siri

L— i \

Real Mobile Pay Haptic Feedbacl
Button | [

Ml o Grab

Side Button

Friends List

Secondary Priority
Digital Crown Contact-free Type
Vertical Content |
Change

oo —a
Swipe up, /" Object Pick Up '\
down, left, right .. i

Two Finger
Swipe

Contact type

il
l

P

—Y

Swipe
Gesture
II ]
lick
clic g

View Change

Tap

X

Tap Events

Force Touch

'r\‘

Force Touch
Events

Figure 3.3: Summary of Contact-free Interaction

2watchOS version stay on 2.2 when this thesis finished.

—_
ot
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In this chapter, we fully redesigned the interaction mode on Apple Watch, it simplifies the in-
teraction logic between elements, as a summary we list the design logic in Figure 3.3. This design,
combine with the Haptic feedback, convert the basic tap, swipe, Digital Crown, Force Touch and etc.
native watch interaction to a contact-free gesture interaction. It simplified ten native interaction with
two-step logic to only eight alternative interaction with single-step logic, eliminated contact-required
interaction.

As illustrate in Figure 3.3, this interaction scheme is completeness, which means we archived all

the function without original interaction method.

16
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4 System Design

4.1  Framework Selection

4.1.1 LeapMotion & LeapJS

LeapMotion [32] is a general term for a hardware input device and its software, its hardware built
by two depth camera and an infrared detector that can detect the hand within the field of view; its

software built-in a skeleton model of hands for hand reconstruct'.

LeapMotion SKD provides two varieties of API for getting the LeapMotion data: a native interface
and a WebSocket interface, WebSocket provides JavaScript interface in browser environment. It is
conforms to RFC64552, and running on desktop default port 6437.

LeapJS is the JavaScript framework for LeapMotion Controller. Using LeapJS enables Web font-
end communication with LeapMotion, and this framework is used for processing LeapMotion JSON
data. With NodeJS, LeapJS also can running on server side, thus we can also processing LeapMotion
interaction on server side by JavaScript. Leap API gives a Frame object, which contains a Hand object
if the hand of users can be detected in LeapMotion field of view. LeapMotion through its built-in model
of hands, reconstruct hands object and then provide its to developers. for example, it provides hand
direction, hand finger direction, hand position in LeapMotion coordinate system. With LeapMotion,
developer and researcher can avoid the basic image segment works and other stuff, them keep focus on

gesture algorithm [35-39].

In addition, 3D gesture already gains its application in simple method, [40] gives a LeapMotion

control interaction for TV.

4.1.2 watchOS & WatchConnectivity
watchOS is the operating system that runs on the Apple Watch. When watchOS just released,

applications only as an extension for iOS App, watchOS only illustrate animations, all code runs on
iOS.

With lunching of watchOS 2, now applications can use WatchConnectivity framework to pass data
between i0S and watchOS.

WatchConnectivity framework aims to makes message between iOS and watchOS to be a message
in system level, developer shouldn’t care much about it. These communication will start a session
and only WCSession.defaultSession.reachable is true, the delivery can be started. So if we would use

WatchConnectivity, we must implement WCSessionDelegate protocol.

Besides, WatchConnectivity contains two different communication module: background module
and interactive module. In background module, OS will push the message into a queue, then process it
when App wake up; In interactive module, message must transfer through OS and it is an immediately
communication, only happens when WCSession.defaultSession().reachable is true.

It is worth mentioning that, in interactive module, even if the iOS client program has not yet

started, the Apple Watch is still able to wake up an iOS App from background.

1LeapMotion’s official accuracy is 0.01 mm, but [33,34] report its actual accuracy is 0.2 mm
2http://tools.ietf.org/html/rfc6455
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4.2 Architecture

4.2.1 Communication Structure

watchOS was split from iOS App Extension since 2.0 version, since then, watchOS can actually
execute code on Apple Watch, that make watchOS App can management communication [!1] between
iOS App and itself, the structure as illustrate on Figure 4.1. This makes timely communication with

the outside world be possible.

Watch App iOS App

Connectivity

watchOS  [® - —~-"-~ > i0S

framework

Figure 4.1: Connection between Watch App, WatchKit Extension and iOS App

However, there are still load of limits for networking on watchOS. In watchOS 2, Apple Watch
only when its paired iPhone disconnected and its also in a saved WiFi environment that can access

internet by using NSURLSession, these conditions are rigor.

In consideration of above, we designed the communication architecture and illustrate it on Figure
4.2.

iOS App <—>‘ watchOS App

[ Request Handle ]

Server € m e e i

[ Interaction Handle ]

A

[ Leap WebSocket ]4— AS—

Figure 4.2: Communication Architecture: iOS App as a router to transfer message between
watchOS and server, instead of watchOS directly communicate to server

Among this architecture, iOS App will be the bridge for watchOS App and server for processing
interaction message, watchOS only cares content present.

4.2.2  Client Structure
Client side includes iOS side and watchOS side, as shows on Figure 4.3.
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iOS App watchOS App

Message Networking Layer InteractionPresent View Control Layer
Protocol Handle
WatchConnectivity Communication Layer WatchConnectivity Communication Layer

Figure 4.3: Client side structure: iOS App process server message then send the results to commu-
nication layer to watchOS, watchOS react the interaction manipulate Ul elements by view controller
layer when it recived the message.

+—|

4.2.3 Server Structure
Server side structure as its shown on Figure 4.4, the core module is Interaction Handle Layer, this
layer process raw interaction data from sensors and post the interaction results to Request Handle layer

then distribute it to suitable devices.

Server

Message

Protocol Request Handle
Handle

Interaction Handle

Commons

( LeapJS J(MLitekit ) -+

Figure 4.4: Server side structure: Interaction Handle Layer process raw interaction data, then post
it to Request Handle Layer for data transfer

4.3  Communication Protocol

We need design the interaction message communication protocol between watchOS, i0OS and server.
According to Figure 3.3, basic interaction gesture contains grab, two fingers swipe and tree different
tap(thumb with index, middle, ring finger), the two fingers means thumb and index finger.

For this reason, interaction message field design as in Table 4.1.

Table 4.1: Interaction Protocol Fields

Field Type  Description
pinchTimeStramp Date Time of pinch operate
pinchIndex int Finger index of pinch, from 1 to 4 express index finger to little finger, -1 means no finger

pinchStrength double  Strength of pinch, from 0 to 1, real number
grabStrength double  Grab strength, from 0 to 1, real number
forceValue double  Simulate value of Force Touch

4.4  Demonstrate Programs

Although we conducted a comprehensive interactive design, but due to the restriction on the
development of Apple Watch, we are unable to operate the view in system-level. In this thesis, we

gives five alternative interactive demos with different effects.
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Demo 1: This demo shows the alternative interaction design of tap gesture;

Demo 2: This demo shows the alternative interaction design of swipe gesture;

Demo 3: This demo shows the alternative interaction design of Digital Crown;

Demo 4: This demo shows the alternative interaction design of Force Touch;

Demo 5: This demo illustrate a contact-free game experiences on Apple Watch.

Above five demos video can be found in YouTube ? | for other related resources, such as source
code, see Appendix A.

Shttps://www.youtube.com/playlist?list=PLulUqqMt5en7c2QaQ_DkuvZm9dGTz6R jRM
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5 Implementations

5.1 Development Environment

Whatever client side or server side, there always framework depended, so build development envi-
ronment is inevitable. In this project, the server is encoded using NodeJS. With limited space, for basic
NodeJS environment, such as common configuration tool, NPM package management are omitted in
this thesis. Here we introduce the most important framework structure and build of this platform,
LeapJS; On client side, we use Swift to code and we do not import any third party framework, but
WatchConnectivity need to be use for communication [12]. After i0S 9, every App in iOS need to use
HTTPS request, but there is a way to configure HTTP request in iOS 9.

5.1.1 Configuration of Local LeapMotion

LeapMotion provides development environment in Mac OS X, and provides a variety of program-
ming language. Based on above discussion, we need to configure the server LeapMotion body and
LeapJS.

1. Installation

First of all, to use LeapMotion API, we have to import LeapSDK into our desktop host application.

Secondly, we need add dependency of LeapJS in Node App’s package.json file:

"dependencies": {
"leapjs": ""0.6.4"

The next step is install LeapJS by npm install.

2. Configs

By the limitations of LeapMotion [32], WebSocket service doesn’t open a non-local access in default
setting, so we will need to configure Leap then enable non-local client connections.

This requires to configure LeapMotion profile. Before we modify the configuration, we have to close
LeapMotion related services. On Mac OS X, we use the following command to shut down LeapMotion

daemon:

L[sudo launchctl unload /Library/LaunchDaemons/com.leapmotion.leapd.plist

Next, we need to modify LeapMotion profile. According to the official documents , Leap contains
two different configurations and the highest priority belongs to control panel, so we need edit the

following directory:

L[$HUME/Library/App1ication\ Support/Leap\ Motion

Find config.json configuration file, editing config.json file and add an arbitrary position in the

configuration field:

L["websockets_allow_remote”: true

finally obtained:

"configuration": {
"websockets_allow_remote": true,

"background_app_mode": 2,
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"images_mode": 2,

"interaction_box_auto": true,
"power_saving_adapter": true,
"robust_mode_enabled": false,

"tracking_tool_enabled": true

}
-

save and quit, restart LeapMotion Service and then we finished the configuration of LeapMotion:

L[sudo launchctl load /Library/LaunchDaemons/com.leapmotion.leapd.plist

5.1.2  watchOS Networking Access
From iOS 9. Apple introduced App Transport Security feature for iOS App, this causes iOS App

could not access to the Interaction with HTTP requests.
Due to watchOS networking need iOS App to transfer its requests in the most of time, we need

applying two more configuration steps, and the results shows on Figure 5.1.

1. Add NSAppTransportSecurity as a Dictionary type into Info.plist;

2. Add NSAllowsArbitraryLoads key as a Boolean type into NSAppTransportSecurity, then set its
value YES.

de ircl Info.plist ) No Selection

Value

(16 items)

Type

¥ Information Property List Dictionary

Localization native development re... 4  String en
Executable file 4+ string $(EXECUTABLE_NAME)

Bundie identifier 4+ string $(PRODUCT_BUNDLE IDENTIFIER)
InfoDictionary version 4+ string 6.0

Bundle name 4 sting $(PRODUCT_NAME)

Bundle OS Type code 4+ string APPL

Bundle versions string, short 4+ string 10

Bundle creator OS Type code 4 sting 27

Bundle version 4 sting 1

Boolean YES

(1item)

Application requires iPhone enviro... 4
App Transport Security Settin... 4 © @

Dictionary

Allow Arbitrary Loads Boolean

YES

Launch screen interface file base.. 4
Main storyboard file base name
» Required device capabilities
» Supported interface orientations
» Supported interface orientations (i.. 4  Array

LaunchScreen
Main

(1item)

(3 items)

(4 items)

Figure 5.1: Configuration results of info.plist file

5.2 Server Side

To archive a HTTP Server with port 10086 is the first step of developing,

NodeJS and codes shows on Code 5.1.

it is implement by

var http = require( )

function handler (req, res) {
res.writeHead (200) ;

}

http.createServer (handler).listen(10086) ;

console.log(

Code 5.1: Create HTTP server on 10086

Now, we focus on how to process LeapMotion Gesture in the following content.
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5.2.1 Tap and Force Touch Processing
LeapMotion Software itself will reconstruct hand model of users, and its APIs provide the skeleton
data, including fingers tip position. To recognize pinch gesture, we can calculate two finger tips, so

that we can iterate all finger tips except thumb, the implementation code shows on Code 5.2.

function findPinchingFinger (hand, closest){

10

11

12

13

14

15

16

17

18

19

20

var pincher;
//var closest = 500;
for(var f = 1; £ < 5; f++)

{
current = hand.fingers[f];
distance = leap.vec3.distance(hand.thumb.tipPosition, current.tipPosition);
if (current != hand.thumb && distance < closest)
{
closest = distance;
pincher = current;
}
}

// mark time of start pinch

if (pincher.type != pf.pinchIndex) {
// pf is a gloable value for message protocol
pf.pinchTimeStramp = Date.now();

}

return pincher;

Code 5.2: Tap Gesture Recognize

We have discussed Force Touch simulation in Subsection 3.1.3, now the implementation of JavaScript

code shows on Code 5.3.

function forceValue(){

10

11

12

13

14

15

// pf is the global message protocol object
if (pf.pinchTimeStramp === 0) {
return -1;

var delay = 250;

var duration = 1000;

// calculate force touch value

var value = ((Date.now() - pf.pinchTimeStramp) - delay)/duration;

var force = (value >=1 ) 7 1 : valuex*value;

return force;

Code 5.3: Force Touch Simulation

5.2.2 Two Fingers Swipe

For two fingers swipe, it seems difficult to identify, but in fact we can converted it to pinch
degree between two fingers. In fact LeapMotion itself provides thumb and index finger pinch degree
parameter, but because of its results is universe for every fingers and cannot customize by developer.

For this reason, we have to reimplement this function.
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Thumb
Finger
Vector

Thumb
Finger
Vector

Palm
Normal
Vector

Index
Finger
Vector

Palm
Normal
Vector

Index
Finger
Vector

(a) Before (b) After

Figure 5.2: Two finger swipe: two finger swipe can trigger events by palm normal vector and finger
direction vector, 3D models in this figure are generate by LeapMotion Visualizer

Two finger swipe gesture shows on Figure 5.2, when hand presented as Figure 77, the normal
vector of palm and direction vector of index infer are parallel, thumb direction vector and palm normal

vector are almost vertical, so we can use this character to trigger this events, as its illustrate on Code
5.4.

function findPinchingStrength(hand) {

var thumbDirection = hand.fingers[0].direction;
var indexDirection = hand.fingers[1].direction;
var dotProduct = leap.vec3.dot(thumbDirection, indexDirection);

// remove grab condition

if (dotProduct < 0.7 && hand.grabStrength < 0.85) {
return hand.pinchStrength;

} else {

return -1;

Code 5.4: Two fingers swipe recognize

5.2.3 Grab

We don’t need reimplement grab gesture, LeapMotion itself provides grab parameter of a hand,
we can straightly get this data from Frame object, as shown on Code 5.5.

grabStrength = function getGrabStength(frame) {
return frame.hands[0].grabStrength;

Code 5.5: grab recognize

5.3 Client Side

The key of client encoding is the communication layer and view controller layer , communication
layer also contains communications between i0OS, watchOS and server, we use Swift ! to complete the
associated code [13,141].

LSwift version 2.2.
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5.3.1 View Controller Layer
View Controller Layer is basically a response for interactive message, as an example, we shows the
core code of design for two finger swipe gesture as a Digital Crown alternative design.

Picker class on Apple Watch need developer load resources themselves, code as shown on Code

5.6.
var images: [UIImagel]! = []
var pickerItems: [WKPickerItem]! = []

for (var i=0; i<=MAX_NUM; i += 1) {
let name =

images.append (UIImage (named: name)!)

let pickerItem = WKPickerItem()

pickerItem.title =

pickerItems.append(pickerItem)
}
let circleImages = UIImage.animatedImageWithImages (images, duration: 0.0)
circleGroup.setBackgroundImage (circleImages)
picker.setCoordinatedAnimations ([circleGroup])

picker.setItems (pickerItems)

Code 5.6: Load resources of Picker class

We mapping the pinchStrength value from [0,1] to [0, MAX NUM], then use setter function of
Picker to modify Ul interface, as shown on Code 5.7.

func indexSelect(message: InteractionMessage?) {
index = Int(message!.pinchStrength * MAX_NUM)
// haptic feedback
watchDevice.playHaptic (WKHapticType.DirectionUp)
picker.setSelectedItemIndex (index)

Code 5.7: Picker Ul manipulate

5.3.2 Communication Layer

To communicate with the server, we can use HT'TP request from server to gesture data, which is in
JSON format. In Code 5.8, completeFlag guarantees only after a previous request completes program
will trigger next request out. The constructor of Gesture class will parsing JSON data and contract a

Gesture object model from the data dictionary.

func connectServer () {

// member variable

if completeFlag == 0 {
return
}
task = session.dataTaskWithURL(url, completionHandler: { (data, res, error) ->
Void in
if let e = error {
print( )
return
}
if let d = data {
print( )
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if let jsonObj = try? NSJSONSerialization.JSONObjectWithData(d, options:
NSJSONReadingOptions.AllowFragments) as? NSDictionary {
self.Gesture = Gesture(fromDictionary: jsonObj!)

}
self.completeFlag = 1

b

task!.resume ()

Code 5.8: Communication between iOS and Server

To establish a connection between i0S and watchOS, the only way to archive this is to use Watch-
Connectivity framework, Code 5.9 and Code 5.10 list the core implementation of send message to

watchOS and receive message from iOS.

func updateMessage() {
if WCSession.defaultSession().reachable {

let content:[String:String] = [ :PinchFinger.text!, :PinchStrength.text!,
:GrabStrength.text!]
let message = [ : content]

WCSession.defaultSession () .sendMessage (
message, replyHandler: { (replyMessage) -> Void in
print ( )
}) { (error) -> Void in

print (error)

Code 5.9: Communication between iOS and watchOS: Send Message

extension InterfaceController: WCSessionDelegate {

func session(session: WCSession, didReceiveMessage message: [String : AnyObject])
{

guard message[ ] as? [String:String] != nil else {return}

let contents = messagel ] as! [String : String]

self.interaction(contents)

Code 5.10: Communication between watchOS and iOS: Receive message
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6 User Study

We conduct an user study above alternative design from April 14, 2016 to April 15, 2016, which is
located at the Southwest University for Nationalities Wuhou Campus Bibliothek ground floor reading

room.

6.1 User Tasks

In this study, there are five operations we need to evaluate: tap, force touch, digital crown, swipe
left and swipe right. According this, we designed two completely group tasks, and they are Calling(two
way to archive) switch watch digital plate. These tasks are above five operations combinations.

e Task 1: Use side button. Find top contacts, then select a person and make the call. The task
logic is rise hand first, push the side button and then rotate Digital Crown to select a person, tap

to select this person and make the phone call.

e Task 2: Use Call App. Push Digital Crown enter into Application desktop first, tap Call App
then make the phone call. The task logic is rise hand first, click Digital Crown, tap screen to
select Call App, select a person and then tap to make a phone call.

e Task 3: The task of switch watch layout is simple than the other two tasks. The most important
operation is make a Force Touch on watch screen. The task logic is rise hand first, make a Force
Touch on watch screen, and swipe to left or right change its interface, then tap the screen and
finish this task.

Before starting user tasks, we teach our participants about how to interact on a smart watch, and
teach them 13 gestures without any hint of alternative design, gestures are list on Table 6.1. We start
the user study until we make sure they can interact with Apple Watch well and also remembered these
13 gestures.

Table 6.1: Gestures Index

Index Description

1 Thumb swipe on index finger

2 Thumb swipe on middle finger

3 Thumb swipe on ring finger

4 Thumb swipe on little finger
5 Thumb pinch with index finger
6
7
8

Thumb force pinch with index finger
Thumb pinch with middle finger
Thumb force pinch with middle finger
9 Thumb pinch with ring finger
10 Thumb force pinch with ring finger
11 Thumb pinch with little finger
12 Thumb force pinch with little finger
13 Five fingers grab

After above three tasks, we show the first part of questionnaire to participants, an requires par-
ticipants recall previous learning of gesture and related tasks to complete this part of questionnaire.

Then we goes to next stage of user tasks for alternative interaction:
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o Alternative Task 1: raise hand, call Friends view (grab), choose contact (pinch), make phone

call (pinch 3 times);

o Alternative Task 2: raise hand, back to App homepage(grab 2 times), select phone App and
make the phone call (pinch 3 times);

o Alternative Task 3: raise hand, Force Touch (force pinch, long time), swipe to left or right
(thumb and middle finger pinch), tap to end selection (pinch).

Alter these alternative interaction task, we show the first part of survey again, requires participants
modify their answer until the answer satisfy their own. When this finished, we show the second part

of questionnaire, see Appendix C, then we logout this user study.

6.2 Participants

Sample size of participants in a usability test sometimes do not have a fixed program, the classic
theory is that usability test for serious usability problems can only take five participants [15]. However,

[16] analysed increase sample size to 20 can find more than 95% usability problems.

Hwang et al. [17] discussed the changing rule of sample size in usability test. R. Macefield et
al. [18] gives the influence of sample size in each study group, they point out that 5 to 10 is the best
base number in each study group. [19] suggested use sample ratio to evaluate sample size when the

number of evaluate task is inequal to user tasks per user.

In [50], they discussed how eye tracking influence the usability test. The above discussion of its
literature, we conclude that given an algorithm 1 as usability testing sample size calculation method.

Wherein calculating the number of samples is determined by the following parameters:

1. group: number of user group(such as expert or freshman), this number should not large than 5;

2. task: Is the user task same between different group?

3. baseline: Will user study result influence product decision or not?

4. design: evaluating design numbers in a user study, this number should not large than 5;

5. peruser: evaluating design number for each user, each user should not evaluate more than 5

design;

6. eyetracking: Is this user study enable eye tracking? If so, is it qualitatively or quantitatively?

Then we have the algorithm of participants sample size in usability test:
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Algorithm 1 Calculate minimum participant sample size

Require: group, task, design, peruser, eyetracking
Ensure: sample
base + 10
sample + 10
if eyetracking is qualitatively then
base + 12
else if eyetracking is quantitatively then
base + 39
end if
if baseline is yes then
base < 16
end if
if design < peruser then
ratio < 1
else
ratio < |
end if
if task is same then
sample = [(base + 6 - (group — 1)) - ratio|
else
sample = [base - group - ratio|
end if

design J
peruser

In our user study, we randomly invite participants perform same tasks, and the results influences
future design, so the parameters are group = 1, baseline = yes, task = same, design = 5, peruser =
5, eyetracking = no. According to algorithm 1, the sample size should not smaller than 16. We put
this user study information in social networks and also randomly invite people who get in or out from

library become a participant, and finally we have 21 participants.

6.3 Analysis and Results

6.3.1 Statistics of Participants

Out of 21 participants, 11 were male and 10 were female. The range of age was 18 to 28. Besides,

there are three participants have smart watch use experiences.

Participants who have use watch in daily life, all own more than two watches, and there are 9
participants consider to buy a new smart watch. In watch users, only 6 participants plan to buy a

smart watch and most of them regard its prices.

We have 26.57% (6 people) participants neither do not have a watch or do not consider to buy it.

In another words, they will never buy a smart watch if smart watches is not a necessary product.

6.3.2 Social Acceptable

In the first part of questionnaire, we set up a social acceptability problem, it is "how to treat
strangers raise hand excuse gestures in Table 6.17”. In these participants, there are 42.85% (8 people)
participants thought it was exercise, 14.28% (3 people) thought it was thinking, and 33.33% (7 peo-
ple) thought it was a performance art, 19.04% (4 people) didn’t care about it and 4.76% (1 person)

considered "insane”.

From the above results, all participants accept this action except 4.76% (1 person).
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6.3.3 Comfortable Rate of Gestures

Every participant makes a gestures comfort voting, gestures is in Table 6.1, results shown on
Figure 6.1.

Vote Count

4k

2k

0 L
3 4 9 10 11 12

Figure 6.1: Vote results of gestures in Table 6.1

5 13

6 7 8
Gesture Index

The results showed that more than 16 people (76.19%) vote three gestures, they are swipe between
thumb and index finger, pinch with thumb and index finger and five finger grab, they are in the first
echelon. Thus these three single hand gestures has comfortable and easy characteristics for users.

Next, the second echelon, more than 11 people (52.38%) vote to thumb swipe on middle finger,
long pinch with thumb and index finger. It is indicative that these gestures’ comfort lower than the
first echelon gesture.

It is worth to mention that in all 21 participants, no one choose thumb pinch with little finger,
which means this gesture is the most uncomfortable gesture among them. In contrast, we can use this

gesture to operate some dangerous operation, such as delete.

6.3.4 Gesture Intuition

We are also studied user’s gesture intuition, to verify the reasonableness of the alternative design
in the first part of questionnaire. Voting results as shown in Figure 6.2, in which the red color indicates
more deeper gets gesture intuition for user more higher.

1 2 3 4 5 6 7 8 9 10 11 12 13 10

Tap q 9

8

ForceToucht 4 7

6

digitalCrown 4 45
da

Swipe-Left 4 13

12

Swipe-Right 4 11
Lo

Gesture Index

Figure 6.2: Heatmap of intuition vote results
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According to the results, participants thought the tap and force touch gestures is a strong intuitive
operation. In tap gesture, participants has two obvious point of view, some may say thumb swipe on
index finger is more intuition, and some may say quick pinch is more logical.

Especially for Force Touch, the user does not exist distinct operation divisions. participants were
generally more inclined to use long pinch. Digital Crown’s gesture were more modest, but it can be
observed that user tend to use thumb swipe on index finger.

However, for swipe gesture, participant becomes confused, there are no obvious results shows. So
we still need to considering this part of gestures carefully, and sometimes we may need user to learn
these gestures.

6.4 Conclusions

We can conclude, through this user study, the alternative design of tap, Force Touch and Digital
Crown is more comfortable and intuitive for user’s operation. As it happens, this is the most frequency
operation for smart watch interaction.

For others, there is no obvious logic and intuition for interaction. Fortunately, the Apple Watch
display content vertically so swipe left and right are not frequency, back to previous view belongs to a
sensitive operation, we could use these gesture to improve user vigilance and pay more attention on it.

In consequences, our alternative interaction design is appropriate for most normal users.
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7 Future Works

7.1 Weakness

We have discussed few unbreakable watchOS and LeapMotion software-related problem, due to the
limits of performance and energy on watchOS, the communication of interaction message processing
is the most important part of coding. The next contents we focus on problems of hardware and the

interaction design itself.

7.1.1 Hardware Related

As a prototype, in this thesis we use LeapMotion to process and recognize hand gesture, unfortu-
nately, LeapMotion required a USB connected desktop computer, which is totally restricted the scope
of interact scenes, it cann’t used in other scenes.

In [51], Gilles et al. put a deep camera on the top of shoes and create a area above it. Likewise,

we can design a mobile LeapMotion solution, as illustrate on Figure 7.1.

Wi-Fi Module

- - \ | Batterry/
S/
-
-‘\____

,\

——————

f

Figure 7.1: Hardware Structure: The hardware contains a 5V-2A battery, a Raspberry Pi B+ with
WiFi Module, a LeapMotion Device.

In this scenario, the mobile charger supply output 5V-2A for driving Raspberry Pi; Raspberry Pi
connect server for interaction message communication by WiFi-Module hardware; then LeapMotion
connect to Raspberry Pi by USB. Until now, the design could be completely mobile.

Unfortunately, LeapMotion’s host OS requires at least 2GB RAM and the SKD only supported
on Ubuntu Linux, Mac OS X and desktop Windows. Currently the second-generation Raspberry Pi
B+ only have 512M RAM. But we expect to see the future of Windows 10 could running on raspberry
PI when RAM expand to 2GB.

7.1.2 Interaction Related

Alternative design presented in this thesis although completely archived original interaction design
and also user study results reflect it is advisable, but once the user tasks become an complexity task,
the efficiency of alternative design will poor than original. Considering Keystroke-Level Model [52], we
present a Watch-KLM, it’s basic task step shown in Table 7.1.
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Table 7.1: User task basic steps

Value Description

Tap

Force Touch

Swipe

Target Select

System Response

User Thinking

Highest Priority Operate

mEmN®nY X

For a normal tap gesture, we assume that in these two design the execute time of pinch gesture are
same. Note that in alternative design tap an object need to select an specific object, thus K ontact-free >
Keontact; For Force Touch, alternative interaction can directly measure user’s press value, however in
section 3.1.3 we gives two stage of Force Touch simulation longer than original design, that cause

Fcontact-free > Fcontact'

For T~ M and H, if user has already familiar with these two design, we may consider that time
of execute exactly the same. For T, alternative design need iterate all objects in a view, apparently

we have Tiontact-free > Teontact- 1IN addition, alternative design spend time on communications, so

Rcontact—free > Rcontact~

Thus, contact interaction and contact-free interaction can only be a linear combination of these
seven basic steps. For a same task,the coefficients are same. Based on above analysis, it is clearly that

we have the formula 7.1.

Yk, rs,1mrmuContact Task < Xk g g7 r v, mContact-free Task (7.1)

Left part in formula 7.1 will significantly less than the right part when user tasks become much

complicated.

7.2 Improvements

At last, we discuss how to improve the future design of the system architecture in this application,

as well as over all system scalability.

7.2.1 Recognition Approach

We use LeapMotion as a gesture recognize solution for alternative interaction, but in reality Leap-
Motion is a desktop interaction hardware, a strong dependence vision method based solution is not

quite suitable for a portable and wearable devices. Here we discuss another hardware for detection.

Myo [53] is a fixed machine on human arm. It detect the electronic signal of muscle, see Figure
7.2'. Myo use built-in WiFi module to deliver the signal. Myo also opened its recognize protocol

enables developer can specify its gesture system.

Tmage source: https://www.myo.com
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Figure 7.2: Myo Device: Myo install on user’s arm, it will detect the electronic signal of muscle.

The morphological of Myo is completely suitable for ergonomically design, this because of the band
of watch is the best form of existence for Myo. When Myo can be reduced and designed into watch
strap, the recognition will no longer dependent on individual external devices, it is more efficient to

complete interaction and data processing.

7.2.2 IPC

In section 4.2.1, we discussed the communications architecture’s design, this architecture can also
be applied in general cases.

Figure 7.3 is the expand from the previous design, we introduce a Interaction Perception Cen-
ter(IPC, which is a cross platform interaction communication solution for desktop and mobile devices
we presented) service [51]. We put IPC as a system level model for interaction, its Sensor Handle Pro-
tocol (SH Protocol) can dismiss, formalize hardware differences, and Cross-Device Interaction Protocol

(CDI Protocol) enables user devices communicate with IPC service.

Mobile Phone
User
IPC Local Service ] Devices

Server
4 ____________
‘ IPC Core Service ’ (€T 1
i T
i Sensor i,
! Message !
i Protocol !
{ j !

Hosting OS

- Sensors

Figure 7.3: Universal communication architecture: Introducing IPC service on server and client
side.

Raw Processing Layer

Different sensors with different diver, but if there exist a SH protocol and the data can be processed
by host OS, then OS will send these message to sever together for a second process, server side distribute
the interaction message to any other devices through CDI protocol; Besides, if IPC core service is not
available, the sensor host OS can still communicate with client for some simple interaction offline.

IPC was designed as a pure software solution in the beginning, it’s purpose to give a distributed

data communication and analysis platform between mobile devices, desktop computers and sensors,
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now we conclude few implicit from above discuss: Firstly, design of universal interaction system should
not transport to IPC server directly, data from sensors should machining on its host OS at first, then
the process data should be packaged through a message protocol to guarantee all sensor data can access
IPC interface; Secondly, IPC interaction message must be optional for users, these interaction in any
cases should provides a primary interaction at least. The scilicet marks passive interaction should be

implicit and alternative.

7.3 Closing

In this thesis, we combine with the Haptic feedback, convert the basic tap, swipe, Digital Crown,
Force Touch and etc. native watch interaction to a contact-free gesture interaction. It simplified
ten native interaction with two-step logic to only eight alternative interaction with single-step logic,
eliminated contact-required interaction method, solved the bimanual interaction within smart watches,
and explained the completeness of this alternative design.

With this work, we overcome the hardware platform and software interface limitations, developed
an architecture in the progress and its us a set of implicit for build an interactive system.

Through user study, we evaluate the whole alternative design and gesture comfortable rate and
intuitive rate. These alternative designs and the result shows the interaction operate logic and gesture
comfortable all acceptable.

Overall, the innovative human-computer interaction is often accompanied by a combination of
hardware and software, in the process of software layer sometimes subject various limitations of hard-
ware platform. A set of open architecture design of hardware and software not only from hardware
to software vertical integration, but also the need to do a horizontal products usability design, even
considerate on users. These contents float above the water surface, it’s only the tip of the iceberg.
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Appendix A Licence
The program, paper and etc. in this thesis are open source, they can be found in:
o Thesis homepage: https://changkun.us/bechelorthesis/;
o GitHub repostory: https://github.com/changkun/BachelorThesis/.

In case, all related text, picture and video content are licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International License'.

The other part in this thesis (program source code) is licensed under a GNU Public License Version
3.0.

'http://creativecommons.org/licenses/by-nc-sa/4.0/
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Appendix B Questionnaire - Part A

Welcome! :)
Thank you for join our study! This questionnaire is the first part of out research, we need you to

fill this simple questionnaire. Quesions marked by * is required

1. Please select the most comfortable options * At least five options

e Thumb swipe on index finger
e Thumb swipe on middle finger
e Thumb swipe on ring finger
e Thumb swipe on little finger
e Thumb pinch with index finger
e Thumb force pinch with index finger
e Thumb pinch with middle finger
e Thumb force pinch with middle finger
e Thumb pinch with ring finger
e Thumb force pinch with ring finger
e Thumb pinch with little finger
e Thumb force pinch with little finger
e Five fingers grab
2. What would you think about strangers raising hand make some gesture which are

showed on question 17

Please write your idea

3. Please connect the left side and right side operate options if you think they are
suitable *
Options on the left side can only connect to only one option on the right side, you can pass a
connection if they are not suitable.
Thumb swipe on index finger
Thumb swipe on middle finger

Thumb swipe on ring finger
Thumb swipe on little finger

Tap gesture Thumb pinch with index finger
Finger force touch a screen Thumb force pinch with index finger
Tune knob Thumb pinch with middle finger
Finger swipe left on a plane Thumb force pinch with middle finger
Finger swipe right on a plane Thumb pinch with ring finger

Thumb force pinch with ring finger
Thumb pinch with little finger
Thumb force pinch with little finger
Five fingers grab
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Appendix C Questionnaire - Part B

Hi!

Thanks for join our study, again! This questionnaire is the last part of this study, we still need

you to fill the following simple questions. Quesions marked by * is required

1.

10.

Your ID*

Please write what your input here:

. Age?

Please write what your input here:

. Gender?*

Please choose only one of the following:

¢ Male

¢ Female

. Frequency of wearing watches?*

Please use "Never”, "Rarely”, "Sometimes”, "Often”, ”Always” to answer these questions:

e Frequency of wear it on left hand?
e Frequency of wear it on right hand?
e Frequency without wear a watch?

e Frequency of forget wear it?

. Do you have use experiences of smart watches?*

Please choose only one of the following:

e Yes
e No

. Which Model?*

If you choose Yes in question 5, please write this question’s answer:

How many watches you own?*
Including traditional watch and smart watch, count them even they have more than one band,

write your answer here:

. Do you still using watch in your daily life?*

Please choose only one of the following:

e Yes
e No

For what reason?*

Please write what your input here:

Do you considering to buy a smart watch?*

Please choose only one of the following:
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e Yes
« No

11. For what reason?*

Please write what your input here:

12. What is the most significant option of using smart watch for you?*

Please choose only one of the following:

e Price
o Battery
« Habit

e Others, please write it down

13. If you have any comments for this study, we glad to here your voice. Please write

your comments here
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