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Abstract

KMITL Bike is a project which provide free bicycles for KMITL students and
faculty members to use within the campus area using bicycle sharing platform.
KMITL Bike is a station-less system where user can borrow and return the bike
anywhere within the campus area. The project was launch in 2016 as part of
KMITL Green Campus project, however there are still some problems and in-
convenience issues exist in the system.

The intention of this project is to eliminate the problems exist in the KMITL
Bike system and to provide more convenient ways for system administrators
and the bike maintenance team to manage the system. The project contain ad-
ministration application, geofencing usage area, and real-time monitoring sys-
tem to prevent users from improper action using bikes.

The administration application should allow administrators to monitor the
status of each bike closely and provide direct contact to the user. The geofencing
area feature allows system administrator to setup the permitted usage area, the
application will warn user when user get out of the area boundary and notify

to admin via administration application.
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Chapter 1

Introduction

1.1 Background

Transportation between faculties has been one of the concerned issues in the
university campus. Motorized vehicles such as cars and motorcycles are the
common ways students and university staffs choose out of this problem. How-
ever, these motorized vehicles are the greatest contributor to air pollution [1].
In 2013, automobile contributed more than half of the carbon monoxide and
nitrogen oxides, and almost a quarter of the hydrocarbons emitted into the at-
mosphere. These gases may cause negative effect include irritation to the eyes,
nose and throat, and can lead to serious disease such as lung cancer and heart
disease as well [2].

To discourage the use of motorized vehicle, a team from International Col-
lege of KMITL introduced a project called KMITL Bike. Itis a community-based
bicycle sharing system built to provide an alternative mode of transportation to
students and faculty members of KMITL [4]. KMITL Bike allows user to bor-
row a bicycle from one place and return it in another place for a short period of
time. The project was started in 2015 as part of KMITL Green Campus initiative,

whose goal is to improve campus environment as a whole.



1.2 Problem Statement

KMITL Bike project provides free bike rental for students and faculty mem-
bers in King Mongkut’s Institute of Technology Ladkrabang. KMITL Bike al-
lows users to unlock bicycles via mobile application which will connect to the
electronic lock attached to the bicycle. However, several problems occurred
after the implementations of the last team causing the system to be put out-of-

service. Some of the problems include:

e Hardware defects and poorly assembled system hardware unit of the elec-

tronic locks

e Several system critical bugs that prohibits the unlocking process of the

bicycles
e System does not proactively limit usage area

e Lacking a proper administration user interface

Ul is accidentally similar to competitor’s application

Deprecation of some core libraries

Codebase that does not conform to proper design pattern techniques caus-
ing difficulties in the troubleshooting process and addition of new fea-

tures

With such issues, a major revamp of the whole system is required to restart

KMITL Bike service.

1.3 Objectives

The objectives of this project is to improve and extend the current KMITL Bike

system as follows:



o Creating an extension feature that enables limitation of usage area.

e Creating a unique, clean, and intuitive UI/UX that further simplifies us-

age while enhancing user’s experience.

e Creating a back-end page for system administrators and bike maintenance

team.

e Creating a system that warns users and notify administrators in real-time

when users make an improper action.
e Fixing the electronic locks to allow usage of the service.

® Revamping the codebase that conforms with industry standards coding

techniques focusing on extensibility and maintainability of the system.

The rest of the thesis is organized as follows. Chapter 2 provides a review
of related works. Requirements analysis of the system is described in Chapter
3. Chapter 4 describes background knowledge required to develop the system,
followed by system designed in Chapter 5. Chapter 6 explains the development
process along with the screen-shots of the application and back-end system.
We also show the differences and improvements between previous and current
versions of the system. Chapter 7 describes the results and evaluation of the

system and it’s usage. Finally, Chapter 8 concludes the thesis.
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Chapter 2

Literature Review

This chapter presents the current existing products in the market and their com-

parison.

21 Bicycle Sharing System

This section presents some of the current existing bicycle sharing systems in the

market which adopted the idea of station-less parking system.

2.1.1 SG Bike

SG Bike, a bicycle sharing company established in Singapore. To use SG Bike,
user can locate the nearest bike via mobile application and scan QR Code on
the bike to unlock it. User may also enter bike ID found on the bike to the

application, as an alternative way to unlock the bike.

2.1.2 ofo

ofo is a Beijing-based company found in 2014. It is one of the world’s leading
bicycle-sharing system with more than 8 million bicycles in seven countries

around the world [7].

11



The authentication method that are being used in ofo is in a form of combi-
nation lock. Users have to either input identification number or scan QR code
of the target bicycle into its mobile application. Then users will receive combi-

nation numbers to unlock their bikes.

2.1.3 Mobike

A Chinese-based company found in 2015. In the past year, Mobike became one
of the leading bicycle on-demand company with over 100 million registered
users across 100 cities [10].

Mobike locates its bicycles using GPS chips built into their locks. After lo-
cating the bike, users have to scan QR code on the bike in order to unlock it.
Users can also reserve their desired bike by select the bike and press “Make a
Reservation” button on the map, the bike can be reserve up to 15 minutes per

reservation.

2.1.4 oBike

One of the biggest player in the bicycle sharing market is oBike, the system was
launched in Singapore in early 2017 and expanded into 11 countries [9].

User can located the available bike via the mobile application. User may also
reserve the bike by tapping the bicycle icon shown in the map. The reservation
will be cancel if user unlock other bike or 10 minutes after reservation. As same
as Mobike, oBike authentication system let user scan QR Code on the bike to

unlock it.

2.2 Geofencing

The emergence of station-less bicycle sharing system raises the concerns for
parking these vehicles. Parking these bikes in an inappropriate area may create

problems such as:

12



Occupying parking space for motor scooter

Blocking entrance and clogging pavement

Parking bike in private property

Littering public area (e.g. river, tree, under the bridge)

Bike getting damage, stolen, or savage

Hence, to avoided these problems, many bicycle sharing firms have come
up with geofencing parking policies, to ensure that users park their bicycle in
the permitted area and to keep those bicycles available for other users. This
section presents some of geofencing features implemented by each bike sharing

company.

2.2.1 SG Bike

SG Bike is the first in the market to integrate geofencing in its system [6]. The
feature enforced users to park bicycles in provided areas around yellow box-
shaped devices called Geostations.

Geostation is a device which transmit the data to check whether the bike is
parked in the provided parking zone. If the bike is not parked in the area at
the end of use, the application will notify user to re-park the bike. Failure to

comply will result in fine deducted from user’s registered e-wallet [6].

2.2.2 ofo

Inlate 2017, the company introduce its new feature, geofencing, which encour-
aged users to park bicycles in the permitted parking area and to keep bicycles
in the most needed place. User will receive phone call if the bike is parked out
of the provided area for more than 24 hours [11]. The feature was first tested in

Oxford, England and will be extend in to other countries in the future [8].

13



2.2.3 Mobike

As well as other bike sharing system, Mobike partnered with Manchester City
council, launch its recommended parking area policy to encourage user to park
the bike in the recommended parking area. The policy is aimed to providing
bikes to areas of high demand and help operation team on bike redistribution
operation.

The recommended parking zone is developed based on GPS data gathered
from the bike and is indicated by red-line marking on the map within Mobike
application [12]. In the current phase, the user will not be docked credit for
parking out side the recommended area shown, however, will received a warn-

ing through the application.

2.2.4 oBike

Announcing oBike credit feature in early 2017, oBike aims to encourage its rider
to have “positive behavior”. The higher the point, the cheaper the ride. User
can achieved oBike point by having “positive behavior” such as report broken
bike and illegal park as well as encourage frequent ride. On the other hands, the
point will be deduct when user performs "negative behavior” such as forget-
ting to lock the bike and not parking in permitted area. The permitted parking
location is indicated by parking mark ”P” in the oBike application maps [13].

2.3 Remote Control Bicycle Brake

As KMITL Bike system operates in a close service area, having a real-time phys-
ical action on bicycles help notify users that they are getting out of the permitted
area. A brake will be attached to the rear wheel of a bicycle and apply force to
slow down the bicycle automatically when it gets out of the usage area.

This section presents the existing works of remote control bicycle brakes.

14



2.3.1 MiniBrake

MiniBrake is a remote controlled bicycle brake designed for parental control.
The product consists of two parts: a remote controller and a small brake at-
tached to the rear wheel of the bike. The device is activate by pressing a button
on its controller, the brake applied by putting pressure on to the wheel to slow
down the bike without falling down [15]. The device works within 50 meters

range and will activate automatically if the bike is out of range.

Figure 2-1: MiniBrake

2.3.2 iBrake

Similar to MiniBrake, iBrake is designed for kids safety during bicycle ride. The
device contain two parts: iBrake which contain the brake mechanism to apply
force to the rear wheel and the iBrick which contain the battery and its con-
troller. The device is control using the mobile application via personal hotspot

and can be use up to 100 meters range [14].

15



24 Comparison

Below is the comparison of each work in many major aspects.

Figure 2-2: Brake

Table 2.1: Comparison between SG Bike, ofo, Mobike, and oBike

Name Authentication Reserve Deposit Payment
Method Bike Fee Method
SG Bike | Scan QR code / No No E-wallet
Enter bike’s id to
the app
ofo Combination lock | No No Alipay /
Credit and
Debit cards
Mobike Scan QR code 15 minutes | Yes Credit and
Debit cards
oBike Scan QR code 10 minutes | Yes Paypal /
Credit and
Debit cards

16




Table 2.2: Comparison between SG Bike, ofo, Mobike, a

feature aspect

nd oBike in geofencing

Name Phase Technology Operate Area | Penalty
SG Bike | Implemented | Geostation Singapore Fine through
device user’s e-wallet
ofo Testing GP5 Oxford, Phone call
England
Mobike | Testing GPS Manchester Receive
City, England | warning
oBike Pilot GPS Singapore Deduct user’s
credits
Table 2.3: Comparison between MiniBrake and iBrake
Name Target User | Maximum Installed Controller —!
Range Position
MiniBrake | Parent 50 meters Rear wheel Remote
controller
iBrake Parent 100 meters Rear wheel Mobile
application

17



Chapter 3

Requirements Analysis

This chapter provides further details on the project requirements along with use
case diagrams and descriptions. The requirements are represented in a form of
FURPS+ model (Table 3.1) which identifies both functional and non-functional

requirements of the project.

3.1 Requirements

Table 3.1: Table of Requirements

No Requirement Type

1| System administrator shall be able to login to the appli- | Functional

cation.

2 | System administrator shall be able to logout from the ap- | Functional

plication.

3 | System administrator shall be able to located active in the | Functional

system.

4 | System administrator shall be able to located inactive in | Functional

the system.

5 | System administrator shall be able to see the status of | Functional

each bike.

18



Table 3.1 - continued from the previous page

No Requirement Type

6 | System administrator shall be able to set availability sta- | Functional
tus of each bike.

7 | System administrator shall be able to see each user’s in- | Functional
formation.

8 System administrator shall be able to ban users. Functional

9 System administrator shall be able to unban users. Functional

10 | System administrator shall be able to see amount of avail- | Functional
able and unavailable bikes in the system.

11 | System administrator shall be able to contact every user | Functional
separately via chat function.

12 | System administrator shall be able to see history usage of | Functional
each bike.

13 | System administrator shall be able to see history usage of | Functional
each user.

14 | System shall warn user if the bike get out of the boundary | Functional
area via mobile application.

15 | System shall take immediate action to the bike if user in- | Functional
fringe terms and conditions.

16 | System shall notify system administrator if the bike get | Functional
out of the boundary area.

17 | System shall be able to support at least 100 users. Performance

18 | System chat function shall update in real-time. Reliability

19 | The bike location shown in the application shall be the Reliability
latest location within 1 minute.

20 | The bike location shown in the application shall contain Reliability
no more than 3 meters error.

21 | The bike administration application shall be responsive. | Usability

19




Table 3.1 - continued from the previous page

No Requirement Type

22 | The bike administration application shall runs on An- Supportability
L droid and iOS platform.

3.2 Use Case Diagram

Figure 3-1 presents the use case diagram of KMITL Bike system where the white
use case present the existed use cases in the previous version (2.0) and yellow

use cases are addition use cases implemented.

20




s
information

User

Figure 3-1: Use Case Diagram of KMITL Bike Application
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Figure 3-2: Use Case Diagram of KMITL Admin Bike Application
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3.3 Use Case Description

Table 3.2: Use Case Description - Login

Use Case

Login

Primary Actor

System Administrator

Pre-condition

System admin has the application on their device.

Post-condition

System admin is logged in to the system.

Flow of events

1) System admin opens the application

2) System admin enters their username and password

3) Server verifies system admin’s information

4) System admin is logged in to the system

Alternative Flow

Condition: Unrecognized username/password

3a) System notify system admin that the user-

name/password is unrecognized

Condition: Unable to login

4a) System notify the user and asks user to login again

23




Table 3.3: Use Case Description - Logout

Use Case

Logout

Primary Actor

System Administrator

Pre-condition

System admin has the application on their device. Sys-

tem admin is logged in.

Post-condition

System admin is logged out from the system.

Flow of events

1) System admin opens the application

2) System admin presses to “Logout” button on the ap-

plication

3) Application performs logout for system admin

4) System admin is logged out from the system

Alternative Flow

Condition: Unable to logout

4a) System notify the user and asks system admin to

logout again

Table 3.4: Use Case Description - View Active Bikes Location

Use Case

View Active Bikes Location

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

Flow of events

1) System admin opens the application

2) Application places active bicycle “markers” on its

map

24




Table 3.5: Use Case Description - View Inactive Bikes Location

Use Case

View Inactive Bikes Location

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

Flow of events

1) System admin opens the application

2) System admin select “Inactive Bike” filter button

3) Application places inactive bicycle “markers” on its

map

Table 3.6: Use Case Description - View Geofencing Area Boundary

Use Case

View Geofencing Area Boundary

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

Flow of events

1) System admin opens the application

2) System admin select “Geofencing” menu

3) Application displays geofencing area boundary indi-

cated by red line on its map

25




Table 3.7: Use Case Description - View Amount of Available and Unavailable
bikes

Use Case View Amount of Available and Unavailable bikes
Primary Actor System Administrator
Pre-condition System admin is already logged in to the system

through the application.

Post-condition -

Flow of events 1) System admin opens the application

2) System admin select “Bike” tab in the application

3) Application displays number of available and un-

available bike and list all bicycle in the system

Table 3.8: Use Case Description - View Bike Status

Use Case View Bike Status
Primary Actor System Administrator
Pre-condition System admin is already logged in to the system

through the application.

Post-condition -

Flow of events 1) System admin opens the application

2) System admin select “Bike” tab in the application

3) Application lists all bikes and its status in the system

26



Table 3.9: Use Case Description - View Bike’s History Usage

Use Case

View Bike’s History Usage

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system
through the application. System admin view bike sta-

tus.

Post-condition

Flow of events

1) System admin select interested bike from the list dis-

played

2) Application displays an in-detail view of the inter-
ested bike past usage

Table 3.10: Use Case Description - Set Bike’s Availability Status

Use Case

Set Bike’s Availability Status

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system
through the application. System admin view bike sta-

tus.

Post-condition

The selected bike availability status is set

Flow of events

1) System admin select interested bike from the list dis-

played

2) Application displays an in-detail view of the inter-

ested bike past usage

3) System admin select ”Available” toggle button in the

bike information page

4) System set the selected bike’s availability status

5) Application displays updated bike’s availability sta-

tus

27




Table 3.11: Use Case Description - View User’s Information

Use Case

View User’s Information

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

Flow of events

1) System admin opens the application

2) System admin select “Users” tab in the application

3) Application lists all users in the system

4) System admin select interested user

5) Application displays an in-detail view of the inter-

ested user

Table 3.12: Use Case Description - View User’s History Usage

Use Case

View User’s History Usage

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system
through the application. System admin view user’s in-

formation

Post-condition

Flow of events

1) System admin select “History” button in the user’s

information page

2) Application displays an in-detail view of the inter-

ested user past usage

Alternative Flow

Condition: No history usage

2a) Application displays “No history usage”
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Table 3.13: Use Case Description - Ban User

Use Case Ban User

Primary Actor System Administrator

Pre-condition System admin is already logged in to the system
through the application. System admin view user’s in-

formation. The selected user status is “Not Ban”

Post-condition System ban the selected user

Flow of events 1) System admin select “Ban User” button in the user’s

information page

2) System set selected user status as “Ban User”

3) The selected user is ban

Table 3.14: Use Case Description - Unban User

Use Case Unban User
Primary Actor System Administrator
Pre-condition System admin is already logged in to the system

through the application. System admin view user’s in-

formation. Selected user’s status is “Banned”.

Post-condition System unban the selected user

Flow of events 1) System admin select “Unban User” button in the

user’s information page

2) System set selected user status as “Ban User”

3) The selected user is unban
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Table 3.15: Use Case Description - Contact User

Use Case

Conatct User

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

System administrator communicate with user

Flow of events

1) System admin opens the application

2) System admin select “Contact” tab in the application

3) Application all the issue report by user

4) System admin select interested issue

5) Application navigate to chat page with the issue user

Table 3.16: Use Case Description - Contact System Administrator

Use Case

Contact System Administrator

Primary Actor

All Users

Pre-condition

User is already logged in to the system through the ap-

plication.

Post-condition

User communicate with system administrator

Flow of events

1) User opens the application

2) User select “Contact” tab in the application

3) Application navigate to chat page
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Table 3.17: Use Case Description - Set Working Hours

Use Case

Set Working Hours

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

User is allowed to borrow the bike within working

hours only

Flow of events

1) Admin opens the application

2) Admin set date and time for each day

Table 3.18: Use Case Description - Set Holidays

Use Case

Set Holidays

Primary Actor

System Administrator

Pre-condition

System admin is already logged in to the system

through the application.

Post-condition

User is not allowed to borrow the bike on the given day

Flow of events

1) Admin opens the application

2) Admin set special unworking day
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Chapter 4

Background Knowledge

4.1 Functional Programming

Functional programming languages are specially designed to handle symbolic

computation and list processing applications. It is based on the concept of

mathematical functions which use conditional expressions and recursion to per-

form computation [19]. Functional programming give several advantages over

object-oriented programming as shown in Table 4.1

Table 4.1: Function programming vs. Object-oriented programming

Functional Programming

Object-Oriented Programming

Uses immutable data

Uses mutable data

Follows  declarative  programming

model

Follows imperative programming

model

Supports parallel programming

Not suitable for parallel programming

Flow control is done using function

calls and function calls with recursion

Flow control is done using loops and

conditional statements

Supports both ”Abstraction over Data”

and ”Abstraction over Behavior”

Supports only ”Abstraction over Data”
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4.2 Bluetooth Low Energy Module (BLE)

Bluetooth low energy (BLE) or sometimes know as Bluetooth Smart is a light-
weight subset of classic Bluetooth and was introduced as part of the Bluetooth
4.0 core specification [16]. It is usually powered by battery or USB. BLE module
use the Generic Attributes (GATT) as a hierarchical data structure to transfers.
GATT is built on top of the Attribute Protocol (ATT) which is a generic data
protocol. By using GATT protocol, the connections are exclusive which means
that each BLE peripheral can only be connected to one central hub such as mo-
bile phone or tablet [17]. GATT transactions in BLE are based on high-level,
nested objects called Profiles, Services and Characteristics, which can be seen in

the Figure 4-1.

PROFILE
SERVICE
CHARACTERISTIC

|[cHaracTerisic

SERVICE
CHARACTERISTIC

CHARACTERISTIC

Figure 4-1: GATT Profile

A profile doesn’t actually exist on the BLE peripheral itself, it's simple a pre-
defined collection of Services that has been compiled by either the Bluetooth
SIG or by the peripheral designers [17].
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4.3 Servo Motor

Servo motors are widely used in many applications especially in robotic fields.
They provide rotational movement controlled precisely in angular degrees. For
example, they are used in in-line manufacturing to move belts and machines.

Inside of a servo motor consists of three main components which are poten-
tiometer, DC-motor, and control circuit. The potentiometer is a three-terminal
adjustable resistor that sends signal to control circuit, so it knows the direction
and degrees as the motor moves.

Electrical pulse of changeable width is required to be sent to the motor to
control a servo motor. Typically, a Pulse Width Modulator (PWM) is used to
control a servo motor. Ordinary servo motor can be rotated only 180 degrees
but the neutral position is at 90 degrees. When PWM is sent to the motor, it
will move to desired angle and hold that position even if there are some force
trying to change its position; the servo will resist that force to remain in the
same position. However, different types of servo motor can resist variable level

of force depending on its torque rating.
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Chapter 5
System Design

This chapter provides an overview of the KMITL Bike system design includ-
ing the KMITL Bike application and System Administration application. The
design illustrated the system ranging from the basis for implementation to the

flow of the system functions.

5.1 System Architecture

5.1.1 Server

In the server side, there are few modification made to the existed version im-
plemented by the previous team. Figure 5-1 illustrated overview and changes
made on the server where white modules represent the existed class, yellow
modules serve as unused class, and blue module represents the implemented

class.
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pkg T

BikeModel

- model_name : string
- model_image : string

:

Bike
BikeStatus ; : Location
- bike_name : string
- bike_id : int —<{ - mac_address : string |[@— - latitude string
- is_active : boolean - serial_no : string - longitude : string
- is_available : string

BikeUsagePlan UserHistory
- plan_name : string o - borrow_time : datetime
- period : int - return_time : datetime
- price :int - route_line : text
PointTransaction User ndilill
oint - int username : strin first=aame : stiigd
i’ : ! : Fleant g - last_name : string
- transaction_type : int - email : string :
- comment: string - is_staff : boolean - BeTdeaat
- = : - phone_no : string
WorkingDays
id |
{olicays - day: string
- day : string - open_time : time
- date : date - close_time : time
- Is_operated : boolean

Figure 5-1: Overview of Server Class Diagram

5.1.2 KMITL Bike API

There are several services available on the server for the mobile application
to use. However, modification of existing APIs and creation of new APIs are
implemented for administrator to maintain the system more efficiently. Table
5.1 represents the existed APIs implemented by the previous team and Table

5.2 represents APIs implemented in this research.
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Table 5.1: Existed KMITL Bike REST API

Template HTTP Verb | Description
api/vl/auth/access_token GET Return credentials for a login
session and identifies the user
api/vl/auth/login POST Login into the server, this will
result a call to ] AM KMITL
account validation
api/vl/auth/logout GET Logout from the server
api/vl/auth/register POST Register a new account
api/vl/services/available GET Return a list of bikes that are
currently available
api/v1/services/update_- QOST Update the current location
bike_ location of bike to the server
api/v1/user/status GET Return user’s status whether
he/she is still in riding
session or not
api/v1/user/borrow POST Borrow the bike by bike ID
api/v1/user/return POST Return the bike
api/v1/user/history GET Return user’s riding history
api/v1/user/update_user- | POST Update the current location
location of user, this will be invoked
while the user is riding
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Table 5.2: Implemented KMITL Bike REST API

Template HTTP Verb | Description

api/v1/users/<user.id> GET Return user’s profile

/profile

api/v1/users/<user.id> GET Return list of user’s riding

/histories /list histories

api/v1/users/<user.id> GET Return user’s point histories

/points/list

api/vl/bikes/current_used | GET Return bike that are currently
used

api/v1/versions/check GET Return version of the
application

5.1.3 KMITL Bike 3.0 Application

KMITL Bike 2.0 application created in the previous implementation was not
well-designed. It was not designed with a software architecture at its founda-
tion. On top of that, the libraries and dependencies in used are from third-party
which are deprecated and do not provide flexibility in customizing different pa-
rameters. These problems lead to difficulties in the troubleshooting process and
addition of new features. Hence, revamping of the existing application (KMITL
Bike 2.0) is required. The revamped version will be created from scratch using
native languages and frameworks of each platform (e.g. Java for Android and

Swift for iOS) to avoid further complication with libraries and dependencies.

Android Application

The latest Android application is being developed using MVP (Model-View-
Presenter) as its architecture. To follow the the design principle, API client and
data manager act as a model and activity modules serve as view. Hence, each

view came with their own presenter that will handle all presentation logic and
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bridge between model and view. Figure 5-2 illustrates the overview of KMITL
Bike 3.0 Android architecture.

Data Manager
(Global)

Figure 5-2: KMITL Bike 3.0 Android Architecture

Actiﬁt’y, .

Figure 5-3 depicts a class diagram of KMITL Bike 3.0 Android application.
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Figure 5-3: Class diagram of KMITL Bike 3.0 Android Application
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i0S Application

The latest iOS application is being developed using MVVM (Model-View-ViewModel)
as its architecture. The architecture intent is to provide a clean separation of

concerns between the user interface controls and their logic . Figure 5-4 illus-

trates the overview of KMITL Bike 3.0 i0OS architecture.

ViewModel

( )

@B

API Client

Model
(Codable)

/

Figure 5-4: KMITL Bike 3.0 iOS Architecture

Figure 5-5 depicts a class diagram of KMITL Bike 3.0 iOS application. API

services are used for any request from application to the server.
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<=inierface=»
BikeOperationProtocol
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- performConnection{)

F
«ENUMs

KMITLBike ServiceProvider HomeViewNodel

—| - onScannerCompleted() HomeViewControlier
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&l o 4 : - loadBorrowSuccessPage(}

monee ApiService - borrowBike()
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H

ProfileViewController LoginViewModel LoginViewController

o] [ 3 |

ProfileViewhModel

- loadProfiles(} R T S v N 4
- loadProfile(} bindrx{) 2 ggg}p?:?;' - bindr{}

- bindRx{}

Figure 5-5: Class diagram of KMITL Bike 3.0 iOS Application

5.2 System Flow

As the system uses location service from user’s mobile device, the user is asked

to scan QR code attached on the bicycle to verify that both the user and the
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bicycle are in the same location. Figure 5-6 and Figure 5-7 illustrates the flow of

borrowing and returning a bike in the system.

l User arrives at the bike ]:

LUSer open application and Ingin ]

| User select "Borrow" button in the application
l User scan bike QR code l

—
[ System verifies user and selected

actBorrow bike J

bike status status

(Invalid] [ Application display error
’Essage dialog
[Valid) T

L System display bike number ,

)

User select "Borrow" button

[LA Green) [Gian Escape 2]

Application display pass-code System connect to bike
to unlock the bike InfiniLock madule
[Success]
l InfiniLock unlock automately ,
System start riding
session

[Unsuccess]

Figure 5-6: Flow of borrowing a bike
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actReturn bike J

[Userfmish using the bike ]
| User select "Return” button in the application &

!

User scan bike QR code

System connect to bike InfiniLock

module
[Invalid] [ Application display error
message dialog
[Valid] S
System end session and return
the bike
Nl :
[LA Green) [Gian Escape 2]
U asslock to lock th «
blizr B hg 1 T i Y [ User lock the lock module ]

>@x

Figure 5-7: Flow of returning a bike
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Chapter 6

Development

This chapter provides details of the development process of the project.

6.1 Development Tools

The development tools used in this project are:
1. Operating System:
e Android 4.4 (KitKat)
2. Programming Language:

e JavaScript
e Java 8

e Swift 4

3. Database Management System:
e SQLite3

4. Utility Softwares:

e Adobe Photoshop CC 2017

e Adobe Illustrator CC 2017
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e Autodesk Fusion 360

e FlashForge FlashPrint

6.2 Development Techniques

There are several development techniques used to ensure extensibility of KMITL

Bike Application.

Functional Programming A programming concept such as pure function, map,

filter, and reduce.

Reactive Programming A technique used to drive events and actions through
data layer, communication layer, and between user interfaces using Rx-

Java and RxAndroid.

Singleton Concept A design pattern which helps prevent memory leak and

shared context in the application.

Dependency Injection Used for injecting objects into specific classes to solve

Android’s constructor problem and for simplifying testing purpose.

Protocol-Oriented Programming (POP) Used in iOS application, introduced
in Swift language, to leverage the concept of composition over inheritance

by programming abstraction layer of several classes.

6.3 Development Iterations

6.3.1 System Administration Application

To fix the maintenance problems stated in Chapter 3, KMITL Bike administra-
tion application was developed. The application was implemented using React

and React Native frameworks.
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The application, created for both mobile and web, was designed specifically

to help system administrators maintain the system more efficiently.

Table 6.1: Frameworks & Libraries used

Frameworks & Libraries Description

React & React Native Core frameworks

Mobx State management
React Native FCM Create notification
React Native Maps (Airbnb) Map controller

React Navigation Navigate between pages
Axios API client

Features in this iteration:
e View user’s status

e View user’s history

View bike’s status

e View bike’s location

Contact user

Mobile Application

KMITL Bike maintenance mobile application focuses on bike volunteer staffs
who work on site with the bikes. Mobile application provides simplified tools
and UI tailored to gracefully fits mobile phone screen so that they can be check

and update bike and user status at an instant.
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Figure 6-1: KMITL Bike maintenance mobile application

Web Application

As the maintenance team are not only working on site but also have to watch
over the whole system. To fulfill this needed, having only the mobile appli-

cation would not be enough for them to maintain the system properly. With
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advised from the project adviser, Dr. Isara, the decision was made to further
extend the application to the web as well. The web application was create for
system administrators to monitor overall of the system. The application pro-

vides easy-to-use interface for larger displays in personal computers.

BIKE ADMIN Overview

OVERVIEW

& Q Total user Borrowing % Messages 5 Suspect
. 16 20 23
MAPS

) USERS

) BICYCLES

Open Click Click Second Time

> BIKEADMIN

O overview
) maps
{0) users

% BiCYCLES

JEN Motorw

Jlocainost:3000/#/maps.

Figure 6-3: KMITL Bike maintenance web application - Maps
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Figure 6-4: KMITL Bike maintenance web application - Users
BIKE ADMIN Bicycles
Bike 1 Q
$36.738 Niger Oud-Turnhous
Figure 6-5: KMITL Bike maintenance web application - Bicycles

6.3.2 Electronic Lock Improvement

The electronic Lock is a bicycle lock module which was designed by the pre-

vious team (Ms. Chatchaya Chanchua, Mr. Pattarawut Imamnuaysup, and

Mr. Sasawat Chanate). However, the modules contain critical defects that re-
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quire modifications before installing to the bicycles. Figure 6-6 illustrated the

overview of the electronic lock unit and its components.

Figure 6-6: Electronic lock by previous team

There are two parts that were defected by the CNC production process. The
defects affected the unlocking mechanism causing failure in the automatic un-

locking process.

Shaft It is found that the niche on the shaft part has a steep angle causing high
friction when attempting unlock procedure. However, it is challenging
to figure the correct angle. If the angle is too low, it will make the lock

unstable and easy to hack.

Sword Pin The part is too long in length that it could not be pull all the way
through niche part of the shaft.

Although, due to time limitation, the modified parts were create using 3D
printing method. The replace part was created by 3D printing method using
PLA plastic filament. However, the part have low durability compare to the
original aluminum part, hence, it have to be replace several times throughout
the test flight period. Since the electronic lock module uses inductive proximity
sensor to detect lock status, a metal screw was attached to the modified plastic
lock shaft to trigger the sensor. Figure 6-7 illustrates the modified lock shaft and

Figure 6-8 presents the modified lock sword pin.
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Figure 6-7: Electronic Lock Shaft

Figure 6-8: Electronic Lock Sword Pin
The comparison between original lock components and the modified com-

ponents is displayed in Figure 6-9. Additionally, Figure 6-10 illustrated the
modified lock installed on GIANT Escape 3 bike.
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Figure 6-10: Modified electronic lock on GIANT Escape 3 bike

6.3.3 KMITL Bike Application
Relaunching KMITL Bike

After the modified the electronic lock modules were installed to the bikes and
several fixes applied to the previous team’s application, KMITL Bike 2.0, KMITL
Bike system was relaunch on March 22, 2018.
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There were several problems with the previous team’s application. There is
an issue with the iOS barcode scanner library which does not recognized the
bike’s barcode. With time limitation, instead of using barcode authentication,
QR code is used as a replacement which can be recognized by libraries on both
i0S and Android. The application is also modified to return the passcode in
case the selected bike uses the old passcode lock (instead of the electronic lock)
and will activate and unlock the electronic lock module if it uses the electronic

lock.

Table 6.2: Frameworks & Libraries used

Frameworks & Libraries Description

React & React Native Main framework used
Mobx State management
React Native FCM Application Notification
React Native Maps (Airbnb) Map controller

React Navigation Navigate between pages
Axios API client

Features in this iteration:

e Borrow bike

Return bike

Find bike

View riding history

Near real-time tracking

Contact system administrator
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Figure 6-11: KMITL Bike 2.0 Application - Relaunch

6.3.4 KMITL Bike 3.0 Application

KMITL Bike 2.0 application created in the previous implementation was not
well-designed. It was not designed with a software architecture at its founda-
tion. On top of that, the libraries and dependencies in used are from third-party
which are deprecated and do not provide flexibility in customizing different pa-
rameters.

React Native location services are not reliable and contain errors in bud-
get phone models. The library is not customizable which limits further de-
velopment features such as geofencing. It became clear that revamping of the
entire application will use less time than modifying the existing application.
The revamped version will be created from scratch using native languages and
frameworks of each platform (e. g. Java for Android and Swift for iOS) to avoid
further complication with libraries and dependencies.

The revamped application aims to enhance the current system and supports

for the future extensions.
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Table 6.3: Features of KMITL Bike 3.0 Application

Existed features Borrow bike

Return bike

Find bike

View riding history
Near real-time tracking

Contact system administrator

New features Automate report system

Geofencing feature

Android Application

KMITL Bike 3.0 Android application is written in Java 8. The iteration solve
location errors, borrow /return state, and other non-native issues occurred in

the system.

Table 6.4: Frameworks and libraries used in Android version

Frameworks & Libraries Description

RxJava For implement reactive programming
Retrofit & OkHttp API client

Google’s Dagger 2 Perform dependency injection between

modules & components

Butter Knife Inject Ul View and bind event into activity
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