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BACKGROUND

HISTORY

Mars exploration has
piqued human interest
over the past few
decades.

WHY

« Habitability
» Existence of life
» Application

FUTURE

Continuedexploration
with hopes of
human colonization.

Mars
Express (ESA)
(2003)

Opportunity
Rover (2003)

Follow the Water

MARS MISSIONS
OPERATIONAL 2001-2017

- ff . -
-2 ‘ , -
Mars Orbiter Trace Gas

Mars

MAVEN z e Orbiter (ESA/RSA)
Mission (ISRO .
Reconnaissance (2013) ‘zl() ;3;” : ‘ (2016)
Orbiter (2005)

Curiosity
s Rover (2011)

Explore Habitability

Prepare for Future Human Explorers
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FUTURE MISSIONS

e Mars 2020
-5 Rover (NASA)

— ExoMars
& Rover (ESA/RSA)

Seek Signs of Life

‘Figure 1: Diagram of International Space Agency Mars Missions . .




UNIVERSITY ROVER CHALLENGE (URC)

HISTORY

Originatedin 2006 to assistas a program to "builda
rover that wouldbe of use to early explorers on
Mars."

Held at the Mars Desert Research Station, located
outside of Hanksville, Utah.

Began as a program within the United States with
just four teams participating in the first year. In
2018, 95 teams applied to participate in the
challenge.

The competition has become a part of

the Rover Challenge Series which other
competitionsincluding the European Rover
Challenge, Canadian International Rover Challenge
and the Indian Rover Challenge.




MISSION & SCOPE

MISSION

The Mars Society’s University Rover Challenge challenges students to build
remotely operated rovers that can accomplish a variety of tasks that might
one day assist astronauts working on the surface of Mars.

SCOPE: AUTONOMOUS NAVIGATION

Rovers shall be required to autonomously traverse to posts or between gates
IN this staged mission across easy and moderately difficult terrain.
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Design
Size
Weight Deployed
Overall Weight

Kill Switch

Communication Distance

Low-Band Frequency

High-Band Frequency

Base Antenna Height

Base Station Power
Weather Conditions

Battery Time

CHALLENGE REQUIREMENTS

Table 1: Challenge Requirements

Requirement
1.2mx1.2m
50kg
70kg
Kill Switch
1km
900MHz 902-928Mhz
2.4GHz2.4-2.483GHz
3m

120V @ 60Hz
100°F, Dusty

60 min

Engineering Specification

1.2mx1.2m
<50kg
<70kg

Kill Switch

1.2km

2.4GHz2.4-2.483GHz

2.4GHz2.4-2.483GHz

3m

120V @ 60Hz

Protect Vulnerable Equipment,

Casing, Fans

120 min

Justification
Design Parameter
Design Parameter
Design Parameter
Design Parameter
Design Parameter + Extra Buffer
Design Parameter
Design Parameter
Design Parameter

Design Parameter

Software & HardwareProper
Functionality

Mission Length + Extra Buffer




MISSION REQUIREMENTS

Table 2: Autonomous Mission Requirements

Design

LED Indicator

QRTag

Locating

Distance

Return Home

Requirement

Red: Autonomous
Blue: Teleoperation
Green (Flash): Leg Complete

Find &Scan

High Accuracy Location Sensor

2km

Return to previous gate if unable
to complete leg

Engineering Specification

Red: Autonomous
Blue: Teleoperation
Green (Flash): Leg Complete

Image Recognition Software

GPS + Barometer + Gyroscope

2.2km

Return to Gate State Machine
(Software)

Justification

Design Parameter

Mission Requirement

Mission Requirement

Mission Requirement + Extra
Buffer

Mission Requirement




GANTT CHART OVERVIEW

Table 3: Gantt Chart Sections

Team: Subteam Task ASS.II'{:'NED PROGRESS START END

Research Team

ME: General Design Zori | Pak | Luis

ME: Drive System Victor | Luis
EE: Power Oscar

EE: Communications Gabe | Zack

Software: Programming Aldrin | Frank | Gabe | Nat | Pak

Software: Image Recognition Aldrin | Frank | Gabe | Nat | Pak
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. TECHNICAL
 BREAKDOWN




MECHANICAL
ENGINEERING (ME) TEAM

Aldrin, Luis, Pak, Victor, Zori
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ME GENERAL DESIGN GANTT CHART

Table 4: Gantt Chart for ME General Design Sub-team

General Design Zori | Pak | Luis

Frame and Suspension Zori % 1/20/21 5/6/21

Assembly Team 35% 4/2/21 TBD

Thermal Analysis Luis % 3/12/21 3/19/21

14
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FRAME & SUSPENSION

_ N Figure 4:
Elglrlr:e : ; v - NN Front Side
ull Frame an view of the
Suspension = Frame and
Design Overview A& ~ Suspension,

- Figure5:" e i P 8 Figure 6:
- U-Bracket Strut g 728 % Undercarriage
Connection® gl T Battery Tray
System: . Setup
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THERMAL ANALYSIS (COMPONENT BOX)

Table 5: Thermal Power Dissipation

Component # Units Voltage (V) Current (A) Power (W)

USB Hub
Jetson

Arduino
IMU
GPS

Motor drivers

TOTAL

16
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ME DRIVE SYSTEM GANTT CHART

Table 6: Gantt Chart for ME Drive System Sub-team

Team: Subteam

ME: Drive System

Task

Motor Driver

Encoder Sensor

ASSIGNED
TO

Victor | Luis

Victor

Victor

Team

Luis

PROGRESS

START

10/10/20

10/22/20

10/22/20

11/13/20

END

18



ME DRIVE SYSTEM CALCULATIONS

Force per wheel during Torque per wheel for Max Torque Needed
acceleration w/Safety Factor Acceleration (SF=2)
(SF=2)

1.56% Twheet = Fwheel X Twheel F = (50 kg) (9.81 g)

m
a= =0.52— = (13 Nm)(0.127m)
3s s2

490N
theel - - 1225 N

_ =1.651 N 4
F =ma 6> Trnax = (122.5 N)(0.127 m)(SF)

Torgue on axle

m
= (50kg) (0.52 ) tums wheel
26N

=131.12 Nm

Force caused by torgue
Figure 7: Depiction of torque
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ME DRIVE SYSTEM COMPONENT LIST

Table 7: List of Drive System Components

Torque
(Nm)

Motor 2.5in CIM Motor 337 (Max) 2.7 free

Item Name Product Qty

Gear Box CIM Sport Gear Box (20:1)

12 (Continuous)

Motor Driver HiLetgo Motor Driver 5.5-24 720 (Max) 30 (Max)

20



ELECTRICAL
ENGINEERING (EE)
TEAM

Gabe, Zack, Oscar, Frank, Natalie
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EE POWER GANTT CHART

Table 8: Gantt Chart for EE Power Sub-team
EE: Pows

List of Electrical Components Oscar

Hardware Anchitecture Model Oscar 100% 11/13/20

Oscar 100% 11/13/20

Power Distribution Board

Componen ode Oscar

Component B Oscar | Gabe

23




EE COMPONENT LIST

Table 9: List of Electrical Components

Item Name

Battery

Computer
IMU

Microcontroller

GPS

Transceiver

Antenna
Camera
LiDAR

LEDs

Brand/Product

Power King 12V/ 7Ah

Jetson TX2

Adafruit 9DOF
(BNOO55)
Arduino Mega

Adafruit Ultimate GPS (ADA746)

TP-Link N300

Tupavaco 12dBi Omni
Camera HD 30fps
MakerFocus X2L

Amazon-brand LEDs

Voltage (V)

12
5.5-19.6
VDD: 2.4-3.6

7-12

3.3

Power (W) Current (A)
7h
3
2.72x 103

<0.5

20 x 103 tracking
25 x 10-3 acquisition

5.4 0.6

Powered by Transceiver

TBD

24



EE HARDWARE ARCHITECTURE

Motor B

Max motor draw

12VI30A

Kill Switch
(on-board)

LIiDAR
S5V/i350mA

5Vi25mA

GPS

5.5-19.6V/ 3A ;

Jetson TX-2

od .o #
anH asn

USB Hub 12v/3A




EE POWER COMPONENT BOX

26
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EE COMMUNICATION GANTT CHART

Table 10: Gantt Chart for EE Communication Sub-team
EE: Communications Gabe | Zack

Communication Design Gabe | Zack 100% 10/16/20 11/30/20 §

Choose a design for wifi
r1et1.-,r.:|rI: e Gabe | Zack 100% 10/23/20  11/13/20
Determine Antennas Gabe | Zack 100% 10/23/20 1/8/21

Access Paint Gabe | Zack 100% 10/23/20  2/5/21

Test Equipment Gabe | Zack 70% 4/9/21 TBD




COMMUNICATION NETWORK MODEL

Network Metrics

Access Point:
POE compatible
Frequency
Compatibility
Wireless Standard
Network Speed

Figure 11: TP-

Omni-Directional Antenna

Antenna: e et

« Gain
* Operating Frequency

Directivity »«

Figure 13: Omni-

Figure 12 WSSlh;i o ctional Antenna llIFigure 14: Omni

~\Qmnidirectional Directional Antenna

gain difference




Transmit Antenna Gain in dB, input1 :

ANTENNAS

12 d B Anten na Gal n Transmit Power in dBm, input2 :

Operating Frequency in MHz input3 :

Enter power indBm: | 11.04 - 2400
Convert Reset

Watts result: 0.012705741052 W

Cable loss in dB, input4 :

3

Receiver Sensitivity in dBm, input5 :

-80

CALCULATE

2 4 GHz operating Freq uencyl o Free Space Path Loss in dB, (output1) :
< = 100.03999999999999
The signal generated by Antenna coverage distance in meters, (output2)
the access point must be § 990 7928187587842
atleast 12.7 mW to
reach the specified , Figure 16. Antenna Range

distance of 1Km. Calculator
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SOFTWARE (SW)
TEAM

Aldrin, Frank, Gabe, Natalie, Zack, Pak
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SW PROGRAMMING GANTT CHART

Table 11: Gantt Chart for Software General Sub-team

Software: Programming Aldrin | Frank | Gabe | Nat | Pak
Install Programs SW Team 10/5/20 10/12/20
ROS Workspace Aldrin | Frank | Gabe | Nat | Pak 10/12/20  10/17/20
Communication Gabe TBD TBD
State Machine Design Aldrin | Frank 10/22/20 TBD
Control Systems All Teams 11/6/20 TBD

Master-Slave Communication Natalie | Gabe 2/1/21 3/1/21

ROS to Arduino Integration Aldrin 10/22/20 12/30/20

Arduino to ROS Integration Aldrin 10/22/20 11/30/20

ROS Tutorials SW Team 10/5/20 10/12/20

Arduino Control File Gabe | Aldrin 3/19/21 4/2/21

Python Control File Nat | Frank 3/19/21 4/2/21

List of Sensor Components Frank 10/20/20 1/8/21




SW ARCHITECTURE

User
Interface

Rover
Status

Sensor &
Video
Display

Embedded
Hardware

LED light
Indicator

PID Drive
MOtOr
Control

Location

Sensor
Interface

34



SW PROGRAMMING STATE MACHINE

Initialization

Completed
Camera
found
Found QR

Obstacle 3

i Waypoint code

Obstacle avoidance Navigation

Avoided
Obstacle

Completed
Waypoint
Navigation

Search
Algorithm
Found

Search Algorithm QR Code

for QR Code Gate or Post?

Gate Code Post Code

Gate
Complete

Mission Complete?
Mission
Not
Completed
i Mission
Completed
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COMPONENT COMMUNICATION HARDWARE

Arduino Mega + Encoder
+ Motor Driver e
Figure 19: Component Communication Hardware.
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SW INFORMATION PATH

Base Station Computer Rover Computer

Array Function Call

User Input Python Code ~ —— | Arduino G++ Code — - AArduino Motor Driver

Code

" Figure 20: Information Path
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MASTER-SLAVE COMMUNICATION

MASTER

nataliedeo@ubuntu: ~

File Edit View Search Termijal Help
nataliedeo@ubuntu:~$ rostdpic list
Jrosout

/rosout_agg

Figure 21:

Master-SIave /turtlel/cmd_vel
turtlel/color_sensor
/turtlel/pose

ataliedeo@ubuntu:~$ rosrun turtlesim turtle_teleop_key
Reading from keyboard

Communication

Use arrow keys to move the turtle.

1

q' to quit.

TurtleSim

38
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SW IMAGE RECOGNITION GANTT CHART

Software: Image Recognition

Table 12: Gantt Chart for Software Image Recognition Sub-team

Aldrin | Frank | Gabe | Nat | Pak
ComputerVision to ROS Integration Aldrin | Pak 50%
Kinect Camera Integration Frank 0%
Sending Camera Feed to Master

Nat | Gabe 100%

YOLO V4 Aldrin | Pak 100%

11/7/20
TBD
2/1/21

10/20/20

TBD

TBD

3/1/21

1/8/21

40
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YOLO V4

Best Model

- 50 iImages trained off 1 AR Tag I

Figure 22: AR Tag

Model used Open CV & Python 3 to detect and
output the location in pixels of the object.

OUTPUT:. B&W when detected image Is centered
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@

File Edit Selection View Go Run Terminal Help

@ EXPLORER & mainpy X
> OPEN EDITORS & mainpy ) ...
p v PYTHON-DARKNET-YOLO-V4 33 1ib_darknet_path='libdarknet.so’,
> _ pycache__ 3 34 batch_size=1,
> AR _Test_1 ° 36 gpu_id=0)
& e 37 while(True):
s 2 * 38 ret_val, frame = cam.read()#cam.read() returns ret (6/1 if the camera is working) and img,
é> © yolov4-obj.cfg - 3 #the actual image of the camera in a numpy array
. . © yolova.cfg u 40 display = frame #save the img as a variable for displaying later
=] = yolov4.conv.137 u 41
B:I > data o 42 img = cv2_to_pil(frame) #convert the image to PIL so you can use it that way.
> dist ° 3 img_arr = np.array(img.resize((d.network width(), d.network height()))) #resize PIL image to match cfg fTiles for darknet weights
- : 44
e 2 l'b‘ > 45 detections = d.perform detect(image path or buf = img arr, show_image=False) #returns values for detected objects
s 46 height,width = display.shape[:2] #returns frame width and height
> yolo_v4.egg-info . 47 # print(f'{detection.class name.ljust(16)} | {detection.class confidence * 108:.1f} % | {box}')
- > yolov4 48
& darknet.py u 49 center_x_arr = [] #resets array
= libdarknet.so u 58 points = [] #resets array =
= 51
SlnaiLpy, u 52 #7inds bounding box locations and marks cv
Spstiuce ey o 53 for detection in detections:
(@) README.md 54 box = detection.left x, detection.top y, detection.width, detection.height
2 setup.py 55 ptl,pt2,center_x,center_y = cv_box values(width, height,box)
@ testpy ™M 56 center x_arr.append(center x)
@ tst1_runpy u 57 cv2.rectangle(display,ptl, pt2, [{e,6, 255)|, 2)
& e runpy o 58 points.append([ptl,pt2])
= T 3 59
3 yolovd-ob{_FlnaLwenghts u 60 center x arr.sort()
= yolov4.weights o 61 if center x_arr != []:print((center x arr))
62 for i in center x arr:
3 if (1 > int(width*3/8)) and (i < int(width*5/8)):
64 #greyscale display
65 display = cv2.cvtColor(display,cv2.COLOR BGR2GRAY)
66 break
67
68 cv2.imshow('AR Detector',display)
69 if cv2.waitKey(1) & OxFF == ord('q'):
70 break
71
72 cap.release()
3 cv2.destroyAllWindows()
PROBLEMS OUTPUT  DEBUGCONSOLE  TERMINAL 1: bash M + O & 2 x
[325, 504, 505]
[239, 325, 502, 503]
[241, 323, 376, 376, 502, 502] . .
[236, 238, 373, 374, 374, 501, 503, 505] V d 1 T 1 S I AR T
[236, 241, 248, 321, 372, 374, 376, 501, 502, 506] I eo . eSt Ing e ag
[241, 248, 373, 375, 378, 504, 506] -
[245, 249, 375, 376, 379, 504, 506, 508]
[248, 250, 3860, 381, 382, 506, 509, 510]
@ [249, 252, 383, 508, 511]
[25@, 253, 386, 509, 511] |3
[252, 327]
> OUTLINE Segmentation fault (core dumped) 42
> TIMELINE aldringaldrin:~/python-darknet-yolo-vas$ J]
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~ SUMMARY
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COSTAND WEIGHT

TOTAL ESTIMATED COST
$2,448.08

TOTAL ESTIMATED WEIGHT
~85 LBS.
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CURRENT ROVER RENDER

Figure 23: Isometric View of RQ\V/‘er"; e A Figure 24: Top View of Rover -
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SUMMARY

This project was prepared and organized to meet the standards of URC guidelines.

The Mechanical Team completed its designs of the general design, suspension
and frame, and drive systems.

The Electrical Team formulated designs for the power and communication
systems to allow for the rover to fulfill the mission.

The Software Team tested and developed programming within ROS that will
allow the rover to carry out the remote control and autonomous navigation
missions.




. NEXT STEPS




PLAN FOR TRANSITION

All physical parts will be handed to Dr. He Shen to
continue working with ASME and future senior design
teams to further and finalize the design.

All software documentation and scripts are saved In
GitHub with ownership transferred to Dr. He Shen.




QUESTIONS?

+ Huge thanks to Dr. He Shen & Dr. Mike Thorburn!



