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Introduction

Welcome to Instrumented bike user manual. If you want to know more about this bike with a set of
components please read this user manual. We provide for you here a powerful system for that meet your needs.
Instrumented Bikes are a new, innovative field. They are built on the concept that cars use a variety of sensors
to gather data about the environment and focus on extending this idea to bicycles in order to analyze and report
trail conditions.

Here are some of the key highlights: As transportation and the use of infrastructure increases, it is becoming
imperative that the conditions of roadways and trails unreachable by cars are assessed. Utilizing the popularity
and prevalence of the Internet of Things in modern society, and this technology provide the network and
platform to connect physical devices. By taking various devices like electronics, sensors, and software,
Instrumented Bikes communicate and exchange data between users. The information collected from this process
is used to analyze and detect bumps in roads as well as assess infrastructural needs. To accomplish this, this

technology uses chips, sensors, the cloud, and a mobile platform as depicted in Fig. 1
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Installation of the Widget

This section will include the hardware and software operating environment introduction. For example, the
operating environment for each processor, like appropriate temperature humidity that each processor requires.
And the software development environment.

First of all, all the processor requires work on an appropriate temperature, after we test, a good temperature
range is from 10 Celsius to 20 Celsius, especially the GPS processor, the GPS processor must work on a warm
environment that can receive the longitude and latitude correctly. Then, to be specific, the accelerometer, the
Openlog, and the micro-controller which is Particle Photon and Arduino Nodemcu all requires adding a rock
solid 3.3 V voltage. If the voltage above the prescriptive voltage (3.3V) may damage the processors. As for the
software operating environment of these processors, all you need is to be familiar with the developing
environment of the micro-controller, Particle Photon and Arduino Nodemcu, because all other chips can be
monitored by the micro-controller. For the Particle Photon, fortunately, the Particle provide a convenient
method for users to access which is Web IDE. As for the Arduino Nodemcu, all you need to prepare is the
software called Arduino IDE.

Above are the hardware and software environment for the processor, following will introduce the
environment requirement of the mobile.

Firstly, you need to prepare an Android-based mobile phone with the operating system above 4.0, which is
the requirement of the Android Studio. Otherwise, your mobile app may cannot run correctly. Secondly, you
have to make sure your phone has already accessed into the developer mode when you are trying to develop

your mobile application.
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Configuration and Use

After all the components are installed perfectly on the Instrumented Bike, we can start to learn how to use
this device. Because of our Instrumented Bike is a utilization of Internet of Things, you need to learn both how
to use the components and how to upload and check the data on the cloud. You can follow the steps to operate

the Instrumented Bike.

1. The operation of the device

(1) Please make sure the power switch is open. Then you need to set a complete set of components on the
platform (Keep the platform be horizontal!) of Instrumented Bike. You need to make sure your device

gets good fixation before you start riding.

(2) Please make sure the connection among all the components. There are three parts you need to pay attention.

The connection state will be shown on the different light color or flicker frequency.

e  Microcontroller (Particle Photon): If the Particle Photon be connected, the light should be cyan. About
the other detailed connection states, please look over on the Particle Photon website:

https://www.particle.io/products/hardware/photon-wifi

e Openlog: If the Openlog be connected, the light should be blue and twinkle with a regular high
frequency. (If the GPS light twinkle only three times, please look over the Q&A)

e GPS: If the GPS be connected, the light should be flicker with the regular frequency. (If the GPS light

does not twinkle, it means it does not work, please look over the Q&A)

2. The operation of the Mobile Application

(1) Enter the application. You need to have a user account. (About how to create the account, please look over

the operation of the Database part)
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Figure 2. Log in interface
Figure 3. Main Interface
(2) When you enter the main interface, there are two main services are respectively MAPPING and
LINECHART. Before you start to run the application, you need to make sure your phone port (Local IP)
should be match the particle Photon port. (If they are not match, please look over the Q&A)

(3) Start to run the application to detect the bumps.
e (Clear the data both on the main interface and the linechart!

e Select a filename: you can type in your own filename to make it easy to view. (it will be shown on the

map, the linechart on the phone and document on the website)
e  Click the start before you ride and click stop after you finish your path.

e  When you want to check the data on the phone. Two parts are respectively the mapping and linechart,

you can see the specific bumps in the map and the data of accelerometer 1 and 2.

3. The operation of the Database

(1) User Authentication: For the mobile application, we designed the authentication activity to improve the
security, which means you only can access to the mobile app by using the user name and password which
have been set by the mobile developer in the Firebase database. Besides, the user name could be e-mail

address, phone number, Google account and so on. The detail is demonstrated as the following figure:
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Sign-in providers

Provider Status

Email/Password Enabled
% Phone Disabled
s Google Disabled
b’ Play Games Disabled
n Facebook Disabled
’ Twitter Disabled

o GitHub Disabled

é Anonymous Disabled

Authorized domains &

ADD DOMAIN

Authorized domain Type
ocalhost Default
bike-project-7d021.firebaseapp.com Default

And the figure below shows as the example and the users that already been set:

Q s h by email s, phone number, or user UID (&
Identifier Providers Created Signed In UseruiD
x195@nau.edu Mar 15, 2018 KsBWaiuSGrZ82RHSMJInD7IkOXM
pq9@nau.edu Mar 15, 201 May 4, 2018 YQrqOBI6S8ZaiRz1EveGY1Fkvbh1
chun-hsing.ho@nau.edu Mar 31, 201 Apr11,2018 fu4bFdhnluw13bzzBAEKY. grEck2
sw798@nau.edu Mar 15, 201 May 4, 2018 09FINIQ902WCMn0ikhB9d3LcLHx1
yz252@nau.edu Mar 15, 201 Apr 26, 2018 qzacqnO1RGgftxUCMrX4fCqylbil
mes342@nau.edu Mar 22, 2018 vqwaiQG5mQO16mkmKRXRTJROQ.
yz248@nau.edu Mar 15, 201 widSHbAQCKQTkoDN2gOwIYIWGE...

Rows perpage: 50 w 1-7of 7 < >

(2) The structure of database: The data structure in the Firebase real-time database is JSON tree. Thus, the

developer need to structure the raw data to JSON format. Firstly, for the Arduino Nodemcu (please look
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over the code for Arduino Nodemcu on GitHub), specify the data in the form of JSON and the path of
destination. Secondly, for the Android Mobile Application, please look over FirebaseMaker activity the
Android Code on GitHub.

(3) Web hosting: The web hosting will deploy the website to Firebase Hosting in order to allow other users to
get access to this website. The developer will add the environment to computer and use Cmd to do the

following steps.

Set up hosting

o Install 2 Deploy

To host your site, you need to install Firebase command line tools using npm (Mode.js [4)
Install Firebase tools: $ npm install -g firebase-tools

Doesn't work? You may need to change npm permissions. [4

If you've previously installed Firebase command line tools, run the install command again to make sure you

have the latest version
CANCEL CONTINUE
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Set up hosting

1 Install o Deploy

Open a terminal window and navigate to or create a directory for your site
Sign in to Google: § firebase login
Initiate your project: $§ firebase init

Add your static files to your deploy directory (the default is public)

Deploy your website: $ firebase deploy

4. The operation of Website

(1) Home: It is the home page of our website which including the big picture, abstract and the important

services of Instrumented Bike Project.
(2) About: It talks about the specific content, goal and the team member information.

(3) Demo: This part is the demonstration of tests including photography of real products, screenshot of mobile

application and the data of the test results.
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(4) Mapping: You need to load unsafe scripts to make sure the website could load the map.

Identification of Bumps in the Map. The real-time google maps to
identify the location of bumps
In this part our team uses google maps to identify the location of bumps Once the bump is detected,the google map in this

website will automatically sychronize with the database.
And after filtering the data,the bump will be added to the
map as the form of circle.

Still our team also uses ArcGIS to identify the location of bumps

Here is the Map with identification of bumps
ArcGIS Software

s Map  Satelite

FORNIA

weath Valley
National Park  Las Vegas
°

Santa Fe
Bakersfield A

s Albuquerque

o) ArcGIS is another Software 1o identify the location of
bumps
ARIZONA .
Lot fhgges NEW MEXICO * BLink to ArcGIS
o 0Anaheim 3
Long Beach Phoenix Gila Nation: -
G I i ot Forest
o0gie o . Map data ©2018 Google INEGI _Terns of Use

Then You can select the path which you take the test, it can show the bumps on the road.
® SOUTHSIDE P

o o N.EIGHBORHOOD
w e N A Y0y
oo™ SN VPR EBU,/ E Brannen Ave
WS 3 i & &,
e r 3 > 2 "7,8
30, : S Aspen Place at o
'} S8 5 The Sawmill
sity Plaza ," 3
1g Center o ' £ Kensington Dr. 1®
1 1 Ave
;
£
Riordan 3
Mansion State .
Historic Park + &
Northern
Arizona
Target @ ! University
Calvary Cemetery 9 EV Or
’ ' A gatcops o N:*ﬁ' &
+ <®

(5) LineChart: About this part, you can select the file name to show data linechart
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path2

path3
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3
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500 1,000 1.500 2,000 2,500

Also, you can export the csv file format download it, then you can use the algorithm to process the data.

(6) Contact: If you have more question, you can contact us.

Maintenance

In the hardware design, you need to import the libraries about the GPS processor and accelerometers and
code for the Particle Photon through Particle Apps on website or download the Particle Photon IDE. Also, after
the components connection, you need to use our mobile application to display the data and thus bring you
convenience. Here are links for code and mobile application:

Code for Particle Photon: https://github.com/pq9/Instrumented-bike

Code for Android Studio: https://github.com/pq9/Instrumented-Bike-Android-Mobile-Application-Source-
Code
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Future Development

Currently, our project focuses on the realization of functionality of detecting bumps with instrumented bike.
Nevertheless, there are still many aspects of this project that can be optimized: the mobile application, the data
collection model, and the data processing algorithm.

1. Data Collection Model

Currently, in this project, our team developed two methods to collect the data and transmit the data,
however, both of them have merits and drawbacks.

The first data collection model deployed Particle Photon as the microprocessor. The data flow of this
model is as shown in Fig.1. The merits of this method are that the collected data can be directly transmitted to
phone getting the visualization of longitude, latitude, accelerations in the form of text in real-time. Furthermore,
the accelerations can be displayed in the Line Chart on application, and the bumps can be shown in the google
map. Additionally, the phone is connected to Google Cloud (Firebase) to realize the data sharing between users.
The main drawback of this model is that owing to the limitation of memory on the phone, the long-term
operation of this application will lead to the reduction of data transmission rates. The second problem is that in
this project, TCP/IP is used to realize the wireless transmission. Owing to the principle of TCP/IP protocol that
the WiFi transmitter would keep to sending the data until the data is arrived in the destination, the occurrence of
any error will cause 1-2 seconds block of the data transmission leading to data loss. The solution to this problem
is that we can modified the TCP/IP protocol to UDP protocol since if errors occurred, the UDP protocol will not
re-transmit the data. Although the UDP will avoid the blocking of thread, it will also occur some errors.

The second solution is using Arduino Nodemcu microprocessor. Differing from the Particle Photon, the
Arduino Nodemcu will directly transmit the collected data to Google Cloud based on http protocol. The merits
of this problem are that the microprocessor can directly transmit data to Firebase which means will reduce the
loss of information. Still, this method has issues, and the main issue is also the data transmission rate. Owing to
the usage limitation of Firebase database, the transmission rate is not able to match to the sampling frequency.
The solution to this problem is that developing a back-end server to optimize the capability of the data
transmission rates. The further developers can develop a server with database to restore the data. There are two
main types of server, the first one is PHP server which is the most prevalent one nowadays. The second one is

Java Web Server which is also a very popular server.
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2. Data processing Algorithm
The data processing Algorithm should also be background since it has intensive computation. Specifically, in
this case, the back-end server is expected. The data processing can be done in the server, which means the

mobile application just needs to download the data which is recognized as the bump.

3. Mobile Application

The front-end of this Mobile Application is almost perfect realizing all the functionality of instrumented
bike-the clear user interface, the google map with data processing algorithm, real-time line chart, backstage
thread, data synchronization to cloud. Still there are some aspects that can be optimized. For instance, the

optimization of backstage thread to reduce the usage of memory maximizing the user experience.

Trouble-Shooting
Q1: Why cannot my GPS receive data (Longitude & Latitude)?
Al: First, please confirm if there is a current flow through GPS.
Second, if there is power on GPS, please confirm if there are connection errors.
Third, if everything works well, please confirm temperature can start the GPS because temperature can
influence operation of GPS. 10-20 Celsius is the best fit.

Finally, if it still does not work, please check your codes.

Q2: Why does failure of installing of app occur?
A2: First, please make sure your phone’s operating system is Android. App does not support IOS system.
Second, if your phone is Android system, please make sure your version is beyond 4.0.

Third, when you are installing, you have to operate it under Developer Mode.

Q3: Why cannot my particle photon work?
A3: First, please make sure your computer has runtime environment. You can download the driver on the

particle photon website. Do not forget to install CLI, either.
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Second, when you are flashing codes, you should keep the Wi-Fi connected. You must connect the Wi-Fi
through the command line.

Third, please your code is right.

Q4: Why cannot my app work?
A4: First, please make sure your Android version is beyond 4.0.
Second, your phone needs to open hot-spot instead of connecting a Wi-Fi.

Third, before you run the app, you should give it a name.

Q5: Why cannot I access Instrumented Bike website?
AS5: When you are accessing our website, your browser will notice there are some unsafe factor. You need to

allow the website to run in the upper right-hand corner.

Q6: Why cannot I have a connection with Database.
A6: First, when you are uploading codes, you might connect the wrong database or your database has already
deleted.

Second, please keep your authority on the public mode or user mode. You can modify it on the database

website.

Q7: Why cannot my Openlog work?
AT: First, please try to format the SD card, and try again.
Second, the flash light will show you what the problem is. Please see the spark fun Openlog website.

Q8: Why is the data I collect from the SD card out of format?

AS8: Please check your baud frequency if it fits in your set.

Q9: Why does my app crash?
A9: The only reason that would make it crash is the data format. You should change the format in particle IDE.
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Q10: If port or IP address of my phone and particle photon is not march, what should I do?
A10: You should keep the port as the same. If your phone’s port is 111, your particle port must be 111. IP

address is the same.

QI11: Why does my app not show the location of mine?
A11: First, you should open you GPS positioning function on the phone.

Second, you should give the permission to the memory to store.

Q12: How to the registration of application programming interface (API)?

A12: 1. The Google map API is registered in the new google project.
2. The Firebase API is added to the android application in the Android IDE-Android Studio.
3. The Firebase API for Arduino Nodemcu is used by the library Arduino-Firebase.

Q13: How to get Authentication in Google Cloud?

A13: Using the Authentication in the Firebase to assign specific user name and password to each user.

Q15: If problems come to website hosting, what should I do?

A15: Please look over the Firebase Section about the using of anthentication.
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Status of Planned Features (WBS)

Person Primarily Responsible: Xilun Liu

ID Activity/Task Description Deliverable(s) Other People
1 Prototype
1.1 Research Accelerometer parameter e  Components Selection | Siwei Wen
e  Big Picture Peijie Qiu
e  Circuit Design Yuchang Zhang
Yifei Zhang
1.2 Purchase Components e Identify parts Place order with Dr. ho
e  Place order and Mentor Kyle

e  Receive parts

1.3 Circuit Connect e Power on

e  Parts works

1.4 Code Testing Build and Test
1.4.1 GPS e Received data
e  Format data
1.4.2 | Accelerometer Make sure that data can be | @ Received accelerated
displayed on the particle velocity
photon. e  Format data
143 Openlog e  Write data
e Read data
1.44 | Wireless Communication e  Transmit data over air
e  Setup server and client
2 Development
2.1 Features & Specifications | Reminding people whenina | ¢  Communication Siwei Wen
specific vicinity between bikes Peijie Qiu
e  Show locations Yuchang Zhang
Yifei Zhang

2.2 Mobile App
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2.2.1 TCP/IP e  Achieve networking
e  Transmit data
2.2.2 | Inserted Map Coding to get Google map e  Show map in the app
2.2.3 Data Interchange Achieve reading and writing | @  Data sharing Siwei Wen
e  Data storage Yifei Zhang
e  Data reading
2.2.4 | Reminder Coding to setup a specific | ® Setup notification and | Siwei Wen
bound to alert alert others Yifei Zhang
2.2.5 App Testing Making the points can be | @ Received and display | Siwei Wen
displayed on the map. accurately Peijie Qiu
o  Addmarkers on the map | Yuchang Zhang
Yifei Zhang
23 Geographic  Information | Mark locations
System(GIS)
2.3.1 Data Format Find a format ArcGIS can | @ Text format to Excel | Siwei Wen
read format Peijie Qiu
Yuchang Zhang
Yifei Zhang
2.3.2 | ArcGIS App used to give a platform Siwei Wen
2.3.2.1 | Data Processing Identify the bumps and holes | ®  Window interpolation | Peijie Qiu
by filtering algorithm
2.3.2.2 | Data Imported e Import latitude &
longitude
2.3.2.3 | Data Visualization Getting a specific latitude | @  Add all the points on the | Siwei Wen
and longitude on the map map
e  Mark the bumps
2.4 Website Line chart and map can | e Introduction and
easily on the website for documentation

PEIJIE QIU, SIWEI WEN, XILUN LIU, YUCHANG
ZHANG, YIFEIZHANG

17




anyone use Android and I0S Insert the google map
to identify bumps
Download and display
the raw data
24.1 Interfaces Line chart
Mapping
Documentation
Project introduction
2.4.2 Web hosting Hosting the website to
sever
3 Testing on the Road
3.1 Hardware Testing Test
3.1.1 Installation Make it tight enough Fix on the bike Yuchang Zhang
3.1.2 | Debug Make sure the vibration will Successfully receive the | Siwei Wen
not affect normal operation data Peijie Qiu
Work reliably Yuchang Zhang
Yifei Zhang
3.2 Software Testing Test
3.2.1 Debug Notify others Siwei Wen
Peijie Qiu
Yuchang Zhang
Yifei Zhang

Work Breakdown Structure Summary:

Our project has already completed 100%. In this project, I am mainly responsible for the coding for particle

photon, data processing and preliminary test.

The connection of components is not complicated, but we still need to figure out the variable of

components and setup the right frequency of reading and writing data. After the components connections, the
particle photon, as a microcontroller, can be programmed to control the accelerometer and GPS processor. The
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task includes three steps: 1. Find the suitable library for each component and import it into particle photon IDE.
2. Coding for making sure that we can receive the data. 3. Coding for making sure the Particle Photon can
connect to phone and information can be displayed on the mobile application through WIFI. TCP/IP protocol is
used in this connection between the Particle photon and mobile application.

In addition to coding for Particle Photon, I am involved in the data processing. I tried several methods
including FFT and moving average on Matlab. And after the test of these method, I combined two methods and
create a new method called window interpolation algorithm. It can perfectly filter the bumps and holes in our
map.

Finally, I am involved in the design of preliminary test. We use the pipelines as bumps to testify the
accuracy of our data and data processing. I try the preliminary test several times and find the threshold to make
our algorithm that filters the bumps and holes more precise.

The one big challenge in this project is that hardware sometimes is not stable and we did a lot research on
which component can work well. Another one is that we are not familiar with IDE for Particle Photon and some
library is not compatible for this type of Particle Photon. The biggest challenge of this project is that if we want
to provide the users have more comfortable experience we need to develop a mobile application to display our
data and points on the map. The coding for mobile application require us to have a deep understanding of java

and frame of design.

Person Primarily Responsible: Yuchang Zhang
1D Activity/Task Description Deliverable(s) Other People
1 Prototype
1.1 Research Research the functions of | @  Components Selection | Yifei Zhang
micro SD card of openlog e  Big Picture Siwei Wen
e  Circuit Design Xilun Liu
Peijie Qiu

1.2 Purchase Components Bought two batteries. e  Identify parts Place order with Dr. Ho

e  Place order and Dr. Winfree

e  Receive parts
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1.3 Circuit Connect e Power on

e  Parts works

1.4 Code Testing Build and test

1.4.1 GPS Achieve the functions of | @ Received data
GPS, which means device | ® Format data
can receive longitude and

latitude successfully.

1.4.2 Accelerometer e Received accelerated
velocity

e Format data

1.4.3 Openlog e  Write data
e Readdata
1.4.4 Wireless Communication e  Transmit data over air

e  Setup server and client

2 Development
2.1 Features & Specifications | Using real-time Firebase to | ¢ = Communication Yifei Zhang
store data from chips between bikes Siwei Wen
e  Show locations Xilun Liu
Peijie Qiu
2.2 Mobile App Build and test
2.2.1 TCP/IP Set up the correct port | @  Achieve networking Peijie Qiu
number and IP address, using | @  Transmit data
hot spot to connect the
Particle Photon and phones
and make sure these data can
show under the proper
format
2.2.2 | Inserted Map Choose Google Map API, | ¢ Show map in the app Peijie Qiu

and inserted into app.
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2.2.3 | Data Interchange Data sharing
Data storage
Data reading

2.2.4 | Reminder Set up notification to

alert others

2.2.5 App Testing Testing the functions of Received and display | Yifei Zhang
Google Map, make sure it accurately Siwei Wen
can show the correct location Add markers on the map | Xilun Liu

Peijie Qiu

2.3 Geographic  Information | Mark locations

System(GIS)

2.3.1 Data Format Make sure the receiver can Text format to Excel | Yifei Zhang
use the correct format while format Siwei Wen
using these date Xilun Liu

Peijie Qiu

2.3.2 | ArcGIS Provide a platform

2.3.2.1 | Data Processing Window interpolation

algorithm

2.3.2.2 | Data Imported Processing  data  from Import latitude & | Yifei Zhang
contributes and make sure longitude
latitude and longitude can be
inserted into map
successfully

2.3.2.3 | Data Visualization Add all the points on the

map
Mark the bumps
2.4 Website Introduction and
documentation
Insert the google map to
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identity bumps
Download an display

the raw data

24.1 Interfaces Line chart
Mapping
Documentation
Project introduction
2.4.2 | Web hosting Web hosting Hosting the website to
sever
3 Testing on the Road
3.1 Hardware Testing Test the functions of
hardware
3.1.1 Installation Provide bike Fix on the bike Xilun Liu
3.1.2 Debug Have a ride on the road to Successfully receive the | Yifei Zhang
test if the hardware works data Siwei Wen
well Work reliably Xilun Liu
Peijie Qiu
3.2 Software Testing Test the functions of
software
3.2.1 Debug Use phone to remind other Notify others Yifei Zhang
bikers while using it to test if Siwei Wen
the alert function of app can Xilun Liu
work well Peijie Qiu

Work Breakdown Structure Summary:

This is my Work Breakdown Structure of this whole project during this whole year and our project is 100%

finished. Following is details. At the beginning, we briefly divide into three parts, Prototype, Development, and

Testing on the Road.

Firstly, for the Prototype, at the very beginning, each member of our group did lots of research according to
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the requirement of the project. My section is to make sure I am fully understood the functions of microSD card
of the Open log processor. After that, I am focus on the code testing of GPS processor for the prototype. I spent
almost two weeks to develop and study the function and code of the GPS, which means make sure the GPS had
to record the location information correctly like received the longitude and latitude. The purpose of we use the
GPS processor is that once the system detects there are some bumps and holes on the road, GPS had to get the
right location information of these bumps, then we can alert neighboring bikers through our Android-based
mobile app. In short, that is what I did for the prototype section. For the second part, Development, the first job
of mine is study and establish the structure of the connection between the system and the Cloud which is real-
time Google Firebase. After that, our group tried our best to develop the mobile app by ourselves. During the
mobile app developing period, I mainly in charge of: (i) make sure the app can receive data from micro-
controller through TCP/IP protocol. (ii) App testing, to test the functions of Google Map, make sure it can show
the locations of all bumps correctly. (iii) Data Format, which means to rearrange the format of data to become
the format that what we want, like the order of each data from each processor. Further, after we basically finish
the mobile app, we continue to focus on the road test which we spent almost a while month to make sure all the
functions and components are work effectively. On the section of Testing, I mainly did following things: (i)
Hardware testing, to be specific, installed the back platform which used to hold a box with all the processor in
it, and make sure the circuit connection is stable enough. (i1) Software testing, which means test the whole
functions of our mobile app.

For me, the most challenge part is established the connection between the phone and micro-controller, it is
a part of the mobile development, the reason why I think it is the most difficult is we all did not have any
experience of mobile developing, to be specific, the working mechanism of the micro-controller, which is

Particle Photon, is hard to understand.

Person Primarily Responsible: Peijie Qiu

ID Activity/Task Description Deliverable(s) Other People

1 Prototype

1.1 Research Research  the  function and | ¢ Components Selection | Yuchang  Zhang,
implementation of particle photon | @  Big Picture Xilun Liu, Siwei
which is the control unit e  Circuit Design Wen, Yifei Zhang
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google maps

Show locations

1.2 Purchase Components Identify parts Place order with
Place order Dr.Ho and
Receive parts Dr.Winfree
1.3 Circuit Connect Collect all the components with Power on
wires and resistors and make sure the Parts works
perfect work of each component
1.4 Code Testing Build and Test
1.4.1 GPS Received data
Format data
1.4.2 | Accelerometer Received accelerated
velocity
Format data
143 Openlog Write data
Read data
1.4.4 | Wireless Setup the photon as server and then Transmit data over air | Siwei Wen
Communication write specific codeword to set IP and Set up server and
PORT, ensuring the transmission client
success
2 Development
2.1 Features Use TCP/IP protocol to transmit data Communication Yifei Zhang,
Specifications to phone and data visualization in the between bikes Yuchang  Zhang,

Siwei Wen, Xilun

Liu

2.2 Mobile App

Build and Test

2.2.1 TCP/IP

Writing codeword to setup specific
Port and IP address which is match to
the IP address in the photon. Then
using TCP socket to allot a thread to

each connection

Achieve networking

Transmit data

Yuchang Zhang

. _____________________________________________________________________________________________________|
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222 Inserted Map e Add my location button to Show map in the app | Yuchang Zhang
identify my current location
e  Add makers in the maps
2.2.3 Data Interchange Data sharing
Data storage
Data reading
2.2.4 | Reminder Set up notification to
alert others
2.2.5 App Testing e  Testing the TCP/IP protocol to Received and display | Yifei Zhang,
receive the data from the photon accurately Yuchang  Zhang,
e  Make sure the precise display of Add markers on the | Xilun Liu, Siwei
new makers map Wen
23 Geographic Information | Make locations
System(GIS)
2.3.1 Data Format Setup the data format to match the Text format to Excel | Yifei Zhang, Xilun
requirement of ArcGIS software format Liu, Siwei Wen,
Yuchang Zhang
2.3.2 | ArcGIS Provide a platform
2.3.2.1 | Data Processing Using Fast Fourier Transform to FFT in MATLAB
process the z-axis data form the Insert the window
accelerometer in order to easily interpolation
distinguish the bumps among the algorithm to Android
whole data. mobile application.
Creating a new algorithm which is
called window interpolation
algorithm to identify the bump.
2.3.2.2 | Data Imported Import latitude &
longitude
2.3.2.3 | Data Visualization Add all the points on
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the map
e  Mark the bumps
24 Website e  Introduction and
documentation
e Insert the google map to
identify bumps
e  Download and display the raw
data
2.4.1 Interfaces . e Line chart
e  Mapping
e  Documentation
e  Project introduction
2.4.2 Web hosting e  Make sure users can get access Hosting the website to
to this website over Internet. sever
3 Testing on the Road
3.1 Hardware Testing Test the function of hardware
3.1.1 Installation e  Fix on the bike
3.1.2 Debug Check the data and take the photos of | @  Successfully receive | Yifei Zhang,
bumps and our testing the data Yuchang  Zhang,
o  Work reliably Siwei Wen, Xilun
Liu
3.2 Software Testing Test the function of software
3.2.1 Debug Debug the app if there were some | @  Notify others Yifei Zhang,
problems Yuchang  Zhang,
Siwei Wen, Xilun
Liu

Work Breakdown Structure Summary:
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First above all, our project is perfectly completed and I also have 100% completed my tasks in my work
breakdown structure (WBS). Our whole project is divided to 3 main parts-Prototype, development, and test.
Firstly, I researched numerous previous works to come up a big-picture of this project. And specifically, I also
researched the main components used in this project: microprocessor, triple axis accelerometer and Global
Positioning System (GPS) processor. Subsequently, I built the circuit connecting all the components and
guaranteed that all the components function well. Additionally, I wrote the code of our microprocessor to read
the data from accelerometers and GPS processor. Then I wrote the code of wireless data transmission form the
microprocessor to the mobile phone with Siwei Wen. For the development part, I built the mobile application
with Yuchang Zhang and did the data processing part. For the mobile application, I mainly built the TCP/IP
protocol to enable the wireless communication with microprocessor and inserted google map to this application
to get the visualization of bumps. In order to achieve better user experience, I developed the backstage thread to
handle the time-consuming activities in this application, as well as user interfaces to guide users. Finally, |
developed an algorithm to process the raw data in order to accurately identify bumps. Additionally, this data
processing method are inserted into mobile application to 