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Preface 
 

 

We are pleased that you have chosen Predictive communications team for your needs. Due 

to the increasing complexity of current technology, it is necessary to perform the proper 

research and implementation of methodologies in order to accommodate this increase in 

complexity. Current Networking methods lack in efficiency when applied to dynamic fast-

moving networks. The proposed algorithm tries to fix the problem of efficiency in regard to 

Power and End to End delay by providing a predictive routing algorithm that will increase 

efficiency by 10% for moderate sized networks, and more gains for larger networks. It is our 

job to provide a platform to test and evaluate the proposed algorithm. By creating a network 

of five car robots operating in linear fashion, the user can test the efficiency gain of the 

proposed algorithm vs conventional techniques. The system has been designed to the 

specifications of the client, some of these specifications include ; 

 

1. Decentralized distributed system design  

2. Graphical user interface (GUI) 

3. Distributed localization method 

4. Path prediction Interface 

 

 

The purpose of this User manual is to inform and instruct the user on how to use, how to 

maintain, and troubleshooting the predictive communication system for your 

Business/Scientific use. Attached to this manual in the form of Appendices you will find 

Schematics, Parts used, and a Journal Paper pertaining to the Predictive Algorithm itself 

and the research behind it. Our aim is to provide the user with the means to benefit from the 

product, and to keep benefiting from it with time.  
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Getting Started 
 

 

In order to run the code involved with operating the Predictive Communications system you 

need to be sure to have the required software/hardware/equipment to run the various 

different types of languages. 

 

Required Software: 

● MATLAB: Used to Run GUI & Predictive Routing Algorithm  

● PyCharm:  Used to Run Lidar & Platform  

● Java: Used to Run  

● MySQL: Used to Run remote database & connection with GUI. 

 

 

Required Hardware: 

●  A Computer that's able to run the above-mentioned software 

● Wireless Router to connect everything  

● Access to the Internet for the database 

 

Required Equipment: 

● Lithium Battery Charger  

● 3 Tall reference points (can be any uniform object) 

● 5 x 5 Test area  

 

 

Note: These are the necessary items needed in order to run the system. Some items can be 

replaced for example PyCharm can be replaced with any other Python software.  
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Set up procedure: 

 

 

1. The first step would be to find yourself a 5 x 5-meter area, if you do not have the 

required amount of space, please check the troubleshooting section for a solution 

 

2. Set up three reference points in order to provide reference for the localization system 

 

3. Place camera at center of area looking down at a high elevation 

 

4. Supply power to Camera Module  

 

5. Connect Camera module to the available router, check troubleshooting section to 

see how to connect Camera module to a router. 

 

6. Place Carbots in desired initial positions  

 

7. Supply power to Carbots by switching on the battery pack located in the middle level 

of the Carbots. 

 

8. Wait and Confirm that the Carbots are connected to the available router, check 

troubleshooting section to see how to connect Carbots to a router. 

 

9. Open MATLAB and Select the GUI Program called “Predictive Comms GUI.m” 

 

10. Click the buttons “Set CAR1” to “Set CAR5” to generate and set the initial condition 

to cars or you can set it manually and click “RUN” until the lights on graphical user 

interface turn green. 
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Maintenance 

 
In this section you will find replaceable parts in case of damages, there are no parts that 

need constant management and maintenance. 

 

Software and Programming Environment: 

 
Python: python 3.5.3 and PyCharm 2017.3.3 professional edition 

Java: java 8 and IntelliJ IDEA 2017.3.5 professional edition 

Database: MariaDB 10.2.14 

MATLAB: MATLAB R2017a 

 
Replacement parts: 

 
Lidar Mechanism:  

Slipring-GeeBat Mini Capsule Electrical Slip Ring 12.5mm 250RPM 250VDC/VAC  

Bearing- 608 Bearing  

3D printed parts-Dropbox.com EE 2017 Team folder, 3D printed parts  

 

Platform: 

Raspberry Pi-Raspberry Pi 3 Model B 

Lidar-Benewake TFMINI Micro LIDAR Module (12 m) 

Chassis-Adafruit (PID 3244) Mini 3-Layer Round Robot Chassis Kit - 2WD with DC Motors 

Battery Pack-Raspberry Pi Lithium Battery Power Pack Expansion Board-Plus Power 

Module 
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Troubleshooting FAQ 

 

 
Problem: 

I don't have a 5 x 5-meter space available! 

 

Solution:  

Open the Lidar Localization algorithm file called “uartReader.py”. Within the source code 

locate line 52, Locate the condition function d<?. This is a kind of filter to get the proper 

distance. This controls the limits of the lidar which means it controls how big the area is. It is 

500 by 500 as default, you may adjust to desired size, keep in mind we do not recommend 

going below a 2 x 2-meter area 

 

Problem: 

I can’t connect the Camera Module to the router! 

 

Solution:  

Double check if the server can connect the camera robot by using command “ping”. If so, 

reboot the camera robot. Restart the camera program by using python3 to run script 

“camera.py” under the project file. 

 

Problem: 

I can’t connect the Carbots to the router! 

 

Solution:  

Double check if the server can connect the car robot by using command “ping”. If so, reboot 

the car robot. Restart the camera program by using python3 to run script “main.py” under 

the project file. 
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Problem: 

Lidar gives me a messy result! 

 

Solution:  

Check the filter configuration which can be found in “uartRearder.py” line 52 to see if this 

filter condition fit your test area. Rerun the script “main.py”. 

 

Problem: 

I don’t know why but the robot just doesn’t follow the program! 

 

Solution:  

Check if you forgot to update the program after you edit the code. You can upload it through 

the IDE like PyCharm and Eclipse. Or you can upload the code by yourself. The Raspberry 

Pi offer a file transfer protocol called sftp. You may need to zip your code and upload it 

through the sftp and unzip it in Raspberry Pi. 

 

Problem: 

The robot gave me an error when I try to run the script! 

 

Solution:  

This program is based on python version 3.5 and it should be used in the environment of 

python 3. You should run it using command “python3” instead of “python”. 

 

 

Problem: 

The platforms on the GUI cannot move!  

 

Solutions: 

The GUI is connected to the database to update positions, please check has the database 

has been installed and opened. 
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Status of Planned Features 

 
Network: Qiyuan Huang 

 

Team Member: Qiyuan Huang 

ID Activity Description Deliverable Other People 

1.1 System Design We have three subsystems 

in networking system 

Draw a diagram 

of the design 

Prof. Razi 

1.1.1 Communication 

Protocol 

The communication is based 

on TCP-IP protocol 

Communication 

protocol 

  

1.1.2 Control Unit Build up a computer base 

control unit (Contain wireless 

communication module, path 

planning module and GUI) 

Full function   

1.1.3 Computer client Write computer control client, 

send instruction to robot cars 

Computer 

interface for user 

  

1.2 Network Construct Construct our final network 

system 

Network works in 

order 

  

1.3 Test & Debug See if the network between 

computer, robot cars and 

localization module is 

working properly 

Acceptable error Predictive 

communication 

team 

 

 

 

Work Breakdown Structure summary: 
 

In this semester, the goal of network system is design and build up a communication system 

between each robot cars and our computer-based control unit. Basically, the works of 

network subsystem were divided into two parts, the hardware(platform), and the software 
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(network/GUI). In addition, our localization module is also contained in the network 

subsystem. The localization system sends positions and GUI system gets positions back 

through it, and network system works as communication center. My work is design and build 

up a communication system between each robot cars and computer-based control unit. 

Since we have 5 ground robot cars running in a 5 x 5-meter area during the execution of the 

test, the data transformation should over wireless network. Thus, the most feasible idea is 

that wireless communication module transforms information with each single robotic car. 

Then the control unit also communicates with the localization module based on WIFI 

module.   

In design part, the network system consists of three main modules including computer-

based control unit, localization unit, and 5 ground robots. Our wireless communication 

module is based on Raspberry pi 3 Model B (include the control module). In addition, we 

have two different localization methods, the QR code localization system and Lidar 

localization system.  

To select a suitable communication protocol for the network system, I considered 

implementation convenience and capability of exchanging high data rates as two main 

requirements of the communication protocol. Under these requirements, a communication 

protocol that suitable for our project is TCP/IP over WIFI (IEEE 802.11 family) connectivity, 

which includes built-in per-link routing, framing and integrity check. However, the challenge 

is how to simulate the waiting times at intermediate nodes. To solve this problem, I program 

the nodes to hold data packets for a pre-programmed time before forwarding to the next 

node. In addition, we also used secure file transfer protocol in our project. 

Basically, the computer base control unit is developed in MATLAB environment with a 

graphic user interface, which includes: path planning module, control module, a bi-way 

communication module, topology prediction module and a predictive routing algorithm. But 

MATLAB is not use for communication system, the system is construct in database,  

To facilitate information exchange among the robots and CBCU is the principle of our 

network construct. We assign ID=1,2~5 to the 5 robots, ID=0 to CBCU, and ID=6 to 

localization module. Start and Stop Flags with constant patterns are also set to mark the 

beginning and end of the packet. Since the TCP/IP protocol includes built-in per-link routing, 

framing and integrity check. Then it can be applicated to let source and destination fields 

define the two ends of a per-link communications, and it is changed per link based on the 

optimal path that determined by the predictive routing algorithm. Finally, the test and debug 

work is continued follow-up with the system construct. 

Platform: Fahad Al Maraghi 
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Team Member: Fahad Al Maraghi 

ID Activity Description Deliverable Other 
People 

1.1 Prototype Platform  Put together the final prototype platform 
with all subsystems included 

Functional prototype 
platform 

 

1.1.1 PCB Prototype Currently we are using breadboards 
We need a unified PCB design for all 
platforms 

PCB Circuit 
schematic 

 

1.1.2 Lidar Mount  Develop a mount for our Lidar system  The mount design  

1.1.3 Power the Platform  Find best way to power the platforms 
via batteries 

Lithium ion battery 
capable of powering 
platform 

Predictive 
communic
ation team 

1.2 Design Lidar system/ 
Scanner Code 

Design how our lidar will scan, code to 
run it, and system  

Method of scanning 
via servo motor for 
example, solution, 
and code 

Prof. Razi 

1.3 Movement System 
Code 

Develop code to run motors  Source code of 
actual movement 
system 

 

1.4 Aesthetics  Design aesthetically pleasing design for 
platform 

Final product 
Design 

Predictive 
communic
ation team 

1.5  Final Platform  Build final version of platform Final platform  

1.6  Testing of each system Make sure platform/Lidar subsystem is 
fully functional 

Product approval Predictive 
communic
ation team 

1.6.1 Simulation   Perform full system simulations and 
testing  

A complete product Predictive 
communic
ation team 
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Work Breakdown Structure summary: 

 

The main part of the work that was assigned to me was the platform creation with all of its 

mechanisms. Although i also worked on all the other parts of the project (which was most of 

my work), I’m not being graded on that so let me talk about what I am going to be graded 

on. 

The prototype platform was completed last semester in addition to the code to run the 

motors aka movement system code. In addition to this i was tasked to create the Lidar 

mechanism that would operate the Lidar and develop Lidar Localization code. The Lidar 

Subsystem mechanism needed to be able to perform a 360-degree spin while reading. 

 

 To achieve this, i managed to design a mechanism that the Lidar would fit in that would 

allow it to spin without pulling any wires using 3D printing Software. The mechanism needed 

some mechanical parts to make it function smoothly namely a 608 bearing (used for 

skateboards) a slip ring and a continuous rotation servo with proper screws and nuts to 

make it stable and fixed onto the body of the mechanism. During the prototype phase i 

designed a temporary PCB that was later developed into the final version PCB that was 

used in the final Version of the product (Check Appendix A).  

 

This PCB includes a L293D motor driver, 3 LEDs, 3 1K Resistors and inputs and outputs for 

the Lidar Mechanism. In addition to this it comes without saying that most of the soldering 

and wirework done was sent my way since I was already doing that. Onto the parts that 

were not completed; The aesthetics of the platform and the Simulation of the entire system 

were not completed due to differing reasons. Our final parts order that included the bulk of 

the items necessary to complete the project namely Lidars, battery pack, and raspberry Pis 

did not arrive on time, and the battery packs/Lidars have still not arrived as of 3rd of May. 

So far, we have two fully functional platforms, the other three are still awaiting their power 

source and Lidar. 

 

 I believe that the parts did not arrive on time due to an ordering mix up. This is the primary 

reason why the other 3 platforms could not be completed, and final simulations can begin 

with 5 Carbots. As for the Aesthetics, the final version of the Platform appears to be 

aesthetically pleasing, therefore a new aesthetic for it was unnecessary.  
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The idea was to cover up the wiring with something aesthetically pleasing, but since we 

designed our PCB to fit onto the raspberry Pi with headers there were no wires therefore we 

did not need to redesign the aesthetic. The Primary reason the Client wished a different 

aesthetic was to cover up the messy wires. One of the main problems i encountered when 

completing the final version of the Carbots was an issue of Current. When testing the 

individual subsystems with the Lithium Battery pack I did not encounter any problems with 

power. 

 

 After completing the final platform and joining these subsystems together, the platforms 

seems to move at a very slow rate and the Lidar was scanning very slowly. This was due to 

there being a high amount of Load, to solve this problem i split the subsystems powering 

method. To solve this i connected the Battery pack to power the motors at a higher rate of 

current and voltage instead of the limitations of the Raspberry Pi output pins which was 5V 

maximum. The motors that were used on the platform can handle voltages higher than 5V, 

the lidar mechanism couldn't so this was the only quick fix. 
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GUI: Yuting Zhang  

 

Person Primarily Responsible: Yuting Zhang 

ID Activity/Task Description Deliverable Other 

People 

1 GUI Design 

1.1.1 Function Design Design the functions will be realized 

in GUI. 

• Function list 

• Related Other subsystems  

Professor 

Razi 

1.1.2 Draft graph design Design how to display platforms in 

GUI. 

• Manuscript Chaoju 

Wang 

1.1.3 Aesthetics With consideration of aesthetics. • basic structure    

1.2 GUI coding              realize the design 

1.2.1 Basic Graphic display Realize the basic graph display. • Basic graph   

1.2.2 Update positions Get positions from localization 

systems through network systems. 

• Interaction interface 

• real-time position update. 

 Fahad 

Almaraghi 

1.2.3 Update path Apply the shortest path algorithm  • real-time route update.  Arnau 

Rovira 

1.2.4 Realize interaction 

with users 

 Design buttons callback events • Interaction interface 

 

  

1.3 Testing and Analyze     Test GUI to see can users interact successfully with platform. 

1.3.1 Test GUI Commands Send commands to see can GUI 

response correctly to each command. 

• gather test data for mutable 

experiments 

• calculated successful rate. 

All group 

members 

1.3.2 Test GUI interaction 

with other 

subsystems 

Test the interact ports between GUI 

and localization systems/networking 

system 

• Good communication with 

other subsystems. 

• interact ports. 

All group 

members 

1.3.3 Correct GUI & 

minimize error 

Make adjustment of GUI based on 

the data and analysis. 

• corrected GUI   
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Work Breakdown Structure summary: 

         The “GUI Design” part and the “GUI Coding” part are 100% finished, and the “Testing 

and Analyze” part is 90% finished. The testing parts need to get positions from localization 

subsystems. We have not find suitable 5x5 blank area with suitable elevation for camera 

system. The roofs of lab room and other rooms we can find are too high or too close for 

camera localization system, so the test for all subsystems mixed as a whole project has no 

suitable chance to realize. But we did test each subsystem separately, and all parts works 

well. 

          The full name of GUI is graphical user interface, the purpose of graphical user 

interface is to realize visualization and operability of the whole system. The whole system is 

complex, so we need GUI as a information collector and performance displayer. The first 

step is to design the GUI. Firstly, I decide what functions this GUI are supposed to realize. I 

use MATLAB language to develop the graphic user interface. There are three functions of 

the graphic user interface: connect database, set platforms’ speed and delay, display 

positions and path in a cartesian coordinate system. The most important function is to 

connect GUI with the database to use database through MATLAB system. The purposes 

are as follows: (1) get position information; (2) insert path and command; (3) update delay 

and speed information. Secondly, I design and draw the outlook of this graphic user 

interface on paper by hand. In this step, I did a lot changes by drawing several versions to 

achieve a balance between aesthetics and functions.  

            The second step is coding this GUI in MATLAB.  At first, I realized the outlook of the 

graphical user interface. The main part of this GUI is the cartesian coordinate system, below 

that are five set buttons as “SET CAT1”, “SET CAT2”, “SET CAT3”, “SET CAT4”, “SET 

CAT5”. Once the user clicks these buttons, random initial speed and delay will be generated 

by MATLAB for each platform respectively. Under these buttons are five status indicators 

and one show state button. Once the user clicks the state button, GUI will check whether 

the parameters (speed, delay) have been set successfully to platforms, and the GUI will set 

the lamps on if corresponded platform has been set successfully. After all the preparation, 

we can click move to see the five platform’s real time updated positions and predictive path. 

To realize the click, function of the buttons, I write callback functions respectively for each 

button. The range of random delay is from 1 to 5, and the range of random speed is from 50 

to 100. These generated delays and speeds will be stored in database, and commands will 

also be stored in database. In my callback function for button “MOVE”, the shortest path 

algorithm is used. Once the user clicks the button, MATLAB will automatically get positions 

from database and call the shortest algorithm to calculate the path. Once the graphical user 
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interface gets the path, it will display both the positions and the path in the  cartesian 

coordinate system. 

          Here I introduce why we need database, and what data structures we use. The 

system has five vehicles, each of them has their own positions, delay and noise. The two 

localization systems (QR code system and Lidar system) can update the real-time positions 

of the five vehicles. We also use the shortest path algorithm to calculate the package routes 

using positions. There are a lot of information (positions and paths) needed to be stored in 

the cloud database. Here we use database as our database. In the remote base database, 

we have three tables. The first table is called “COMMAND”, which includes the stop 

command and move command with number identification. Thus, once the GUI stores ‘1’ in 

the database, the control side will know the user wants the platforms run. The second table 

is called “PATH”, the GUI will store every hop of the path in database, the description of 

each hop includes source (the platform sending packages) and destination (the platform 

receiving packages). The third table is called “USER”, all the detailed information is stored 

for each car in each row of this table. Thus, the table “USER” has five rows for the five 

platforms. The database is important for this project, and it is not on the plan list because it 

appears in our mind in the process of doing the project. There are new needs emerge when 

we solve the problems, that is a normal situation.  

             In conclusion, the GUI is easy to use and show things clear for users. It connects 

the localization subsystem and the shortest path algorithm. The outlook and function 

descriptions are instructed in the appendix. 
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Localization System, Communication System, & Software: Chaoju Wang 
 

Team Member: Chaoju Wang 

ID Activity Description Deliverable 

1.1 Camera System First localization system for this Project. This is a 
centralized system which use a camera to get the 
locations of all cars by taking a photo and 
recognizing the QRcode of each car. 

Full functional 
camera system. 

1.2 Movement System The code for operating the step motor of the robot. Full functional 
movement 
system. 

1.3 Software Kernel  The central control unit in each robot which can unit 
all subsystems and make them working 
synchronously. 

Full functional 
software kernel. 

2.1 Lidar System The hardware and the software of the lidar system Full functional 
Lidar system 

2.1.1 Lidar Scan Python code of the lidar reading and locating Code 

2.1.2 Lidar Servo Python code and the available mechanical structure Code and 
eligible servo 

2.1.3 Test Test the whole lidar system. Final Lidar 
System 

2.2 Database System New communicating method of the project Full functional 
database 
subsystem 

2.2.1 Design The Relationship Design the relationship between the entities of our 
project in this database 

Entity 
Relationship 
Diagram (ERD) 

2.2.2 Set up the database Set the database based on ERD Actual Database 
in local or 
internet 

2.2.3 Program the interface of 
user 

Develop the interface which allow the user to 
access the database. 

Code 
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Work Breakdown Structure summary: 

 

In this project we need to design the software control system for all the hardware 

parts so the end user does not need to modify the hardware part and all the user need to do 

is click the button in the software. Since we chose Raspberry Pi and Python as our tools, all 

of our subsystem can be modularized.  

 

Since we cannot use the GPS because its low accuracy in 5*5-meter test area, we 

chose camera and QR code as our first indoor localization system. Each car has a printed 

QR code on its top so the camera robot which is above all cars can take a photo which 

include all 5 cars with their QR code. The program can recognize the QR codes and get the 

location of each QR code and also, the location of car which is represented by the QR code. 

 

QR code localization is a centralized system which means that we must have a 

center (camera robot) to get the locations of all cars. But, sometimes, the car need to get 

their location without communication. So, we design the lidar system as the distributed 

system that every car can get their own position without other robots. The basic idea is that 

the robot transmits an invisible light and the light will be reflected by objects which in our 

case are reference points and go back to the receiver on the robot. The robot can get the 

distance between the robot and the reference point by calculating using the time of flight 

(TOF). In our test area, we set up 3 high cylinders as the reference points. After the robot 

get 3 distances by spanning the lidar for a cycle, it can calculate the position using the 

triangle-positioning algorithm. 

 

Movement system is the easiest one, all we need to do is set up the pin number for 

the input and output. We can control the spanning orientation of the step motor by 

controlling the driver chip. We also can control the speed using the PWD function. 

 

Software kernel is the mind of the whole software. It can unite all subsystems and 

coordinate them. We use the event driving model as the kernel. The basic idea is that every 

command in all subsystem are considered as different event. The kernel will collect event 

from all subsystems and distribute them to the corresponding destination subsystem, so 

event can be solved by proper subsystem. For example, the communication system 

receives a command from user which ask the robot to move forward. The communication 

system will package this command as an event and notify the kernel. After the kernel get 
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the event form communication system, kernel will store it to a queue which is design for 

events so event will be dispatched in order. When the move event come to the head of the 

queue, the kernel will send this event to movement system by check the registration table 

for all kinds of events. 

In the beginning of the project, we use WIFI and package based on TCP/IP as our 

communication system, but we found that MATLAB is hard to be programed in multi-

threads. In other words, MATLAB is hard to send and receive the command while 

calculating the path and showing the graph, so we changed the communication system into 

database, so MATLAB only need to send the initial constants in the beginning.  
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PCB: Hanxiao Lu 
 

Team Member: Hanxiao Lu 

ID Activity Description Deliverable Other People 

1.1 PCB Design 

1.1.1 Design schematic Complete the connection of the lines to 
make the platform look better 
Include: Raspberry pi (40 pins header, 3V 
and     5V input, lidar, motor chip L293D, 
resistance and LED ) 

The schematic is 
100% right 

 

1.1.2 Drawing component 
packaging 

Ensure that components are properly 
mounted on the PCB 

100% done  

1.1.3 Design lines on PCB Use double-layer traces 100% done  

1.2 Making PCB board 

1.2.1 Order PCB board Contact manufacturer to make PCB board Ordered 10 PCB 
boards, five more 
for back up 

Fahad 
Almaraghi 

1.2.2 Assemble the PCB board Solder all components to PCB board. 
Ensure that all devices are securely 
attached together. 

The interface of 
some devices 
has been 
modified, and the 
PCB is welded 
completely. 

Fahad 

Almaragh, 

Yuting Zhang, 

Chaoju Wang 

1.3 Test PCB board 

1.3.1 Check whether the circuit is 
properly linked 

Use a circuit meter to measure each circuit, 
as well as LED and resistors. 

100% right  

1.3.2 Test integrity Run radar, Raspberry pi and motor to see if 
it  can works well. 

100% right All group 

members 
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Work Breakdown Structure summary: 

 

Printed circuit board(PCB) is an important part of our project. The purpose of designing PCB 

is to reduce the volume of our circuit and increase the aesthetics of our robot car. The 

design software I used is Altium Designer 18. Schematic and PCB layer schematic will show 

at Appendix A part.   

The PCB board mainly contains the following devices： 

P1: Power input and output. Connect to battery pack (the power system). 

P2, P3: The output of the motor. 

P4: The 40 pin female headers are used to cover the link to the Raspberry pi 3, greatly 

simplifying the volume of the electronic device. 

P5, P6: Used to test whether the various interfaces of the Raspberry pi 3 are working 

properly. 

P7: The input and output interface of the lidar's power and signal. 

P8: The input and output interface of the servo motor’s power and signal. 

P9: 3.3V and 5V output of Raspberry pi 3. Used to test whether the output voltage is stable 

and effective. 

P10: L293D, the control chip of the motor. 

D1, D2, D3: LED. Used to detect packages transmission. 

R1, R2, R3: Resistance. Used to protect the LED from current voltage overload. 

  



 

 

 

 

22 

Ending Statement   

 

 
We would like to formally thank the Client, Professor Abolfazl Razi, for giving us this 

opportunity to work on this exciting topic. We have gained a significant amount of 

experience during this project that will be utilized inevitably in the near future. Professor 

Razi’s guiding hand steered us in the proper direction during trivial times, which is much 

appreciated. We hope that the client utilizes and benefits from the system to the highest 

degree. 

 

For any inquiries or information regarding the system feel free to contact us;  

 

 

 
Chaoju Wang       cw892@nau.edu 

Fahad Al Maraghi      fahadalmaraghi@gmail.com  

Hanxiao Lu        hl443@nau.edu 

Qiyuan Huang      qh33@nau.edu  

Yuting Zhang                                                                     yz292@nau.edu  

 

 

 

 

  

mailto:cw892@nau.edu
mailto:fahadalmaraghi@gmail.com
mailto:hl443@nau.edu
mailto:qh33@nau.edu
mailto:yz292@nau.edu
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Appendix A  

 
 PCB Schematic: 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCB Top Layer: 

 

 
 

 

 

PCB Bottom Layer: 
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