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Project Descr

to ga
research

A C

« Using a variety of sensors and computer visior
car that can be situationally aware and accurately maneuve
Its environment



Changes to Proje

o \Vvne
Implement Mapy.
and Vehicle to Vehicle Cc
e Due to time constraints and hardware issues, S
features were scaled back to refine other aspects of the
project.
o LIDAR
o Mapping
o V2V
o Localization



Changes to Proje

o Sca h
anticipated.
o\2V
o The most recent updates to the Jetson
allow for ad-hoc mode
o Most USB Wi-Fi adapter chipsets are not supported by
Linux
e Localization
o Requires mapping and was subsequently removed



Requirements & SPECIFIC

Vehicle Speed >= 24 km/h

/

2 Control Modes Manual and autonomous function

Emergency Collision Avoidance If main processor/localization crashes, the
vehicle should be able to continue moving
and avoiding direct collisions




Hardware Diagram
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Sunfire Pro

Iron Track ESXBL

Parts Selection: RC CAR

Traxxas Rally Racer

N\



Parts Selection: RC CAR

Sunfire Pro Traxxas Rally Racer

Iron Track ESXBL




RC CAR

PECIEIC

ATION'C

COMPARIS

ON

Specification Sunfire Pro Iron Track ES8XBL Traxxas Rally Racer Traxxas Slash Platinum
Scale 1/10 1/8 1/10 1/10
Cost $192 $245 $300 $429

Motor

Brushless 3300KV

2075KV

Brushless 3500KV

Brushless 3500KV

Suspension

Aluminum Shocks

Independent and Adjustable

Adjustable Oil-filled

Aluminum Shocks

Differential

Metal Gears

Gear Ratio: 11.3

Hardened Steel Bevel, LSD

Hardened Steel Bevel, LSD

Chassis

Not Specified

Plastic Nylon

Nylon Composite

Nylon Composite

Battery

3000mAnh

3 Cell Li-Po

7-cell NIMH

Optional

Drive

4 \Wheel Drive

4 \Wheel Drive

4 \Wheel Drive

4 \Wheel Drive




Drawbacks: Drawbacks:
e EXxpensive ¢ Not Sufficient for image procesging

e Little Documentation

Advantages:
Advantages: e Online Community

e Exceptional Image Processing ability e Affordable



Specification

NVIDIA Jetson TX2

NVIDIA CPU COMPARISON

NVIDIA Jetson TX1

CPU

Quad ARM A57 and a HMP Dual Denver

Quad ARM A57

Video Processing

Encoding: HEVC 4K x 2K at 60Hz
Decoding: 4K x 2K at 60Hz with 12-bit Support

Encoding: HEVC 4K x 2K at 30Hz
Decoding: 4K x 2K at 60Hz with 10-bit Support

Memory

8 GB /128-Bit/ 59.7 GB per sec

4 GB / 64-Bit / 25.6 GB per sec

Display

2x DSI, 2x DP 1.2/ HDMI 2.0/ eDP 1.4

2x DSI, 1x eDP 1.4/ DP 1.2 / HDMI

Camera Serial Interface

6 Cameras in 2 Lanes 2.5 Gbps per Lane

6 Cameras in 2 Lanes 1.5 Gbps per Lane

Data Storage

Serial Communication

CAN, UART, SPI, I12C, 12S, GPIOs

UART, SPI, 12C, 12S, GPIOs




Parts Selection: MICROCONTROLLER




ARDUINO MCU COMPARISO

Specification

Mega 2560

RAM

8 KB

Memory

Power

Serial Communication

UART,SPI1,& 12C

UART,SPI, & 12C

UART,SPI & I12C

(4)UART,SPI & 12C

I/O Pins

Digital: 14
Analog: 6
PWM: 6

Digital: 14
Analog: 6
PWM: 4

Digital: 54
Analog: 12
PWM: 12

Digital: 54
Analog: 16
PWM: 15

68.6mm x 53.4mm

101.52mm x 53.3mm

101.5mm x 53.3mm




PARTS SELECTION: STEREO
CAMERA

Sense 3D Sensor

Stereolabs ZED Camera

Specification

Sense 3D Sensor

Stereolabs ZED Camera

Resolution

1344x376 megapixels (max)

640x480 megapixels

Range

20 meters

3.5 meters

Frame Rate

100 fps

30/60 fps

Field of Vision

110 degrees
Horizontal and vertical

58 degrees horizontal
45 degrees vertical

Illumination Method

Visible light

Visible light and Infared

Hardware Requirements

Windows, Linux, ROS

Windows, 10S, Linux, Android Operating Systems

$449

$449




RPLIDAR ATM8

Scanse Sweep SEN 14117

PARTS SELECTION: LIDAR

Specification

RPLiDAR A1M8

Scanse Sweep SEN 14117

Resolution

0.019 inches

0.4 inches

Range

6 meters

40 meters

Field of Vision

360 degrees horizontal

360 degrees horizontal

Rotation Frequency

Upto 10 Hz

Up to 1075 Hz

4.9-5.5VDC

Hardware Requirements

Intel core i5 or equivalent

Windows, I0S, Linux, Android Operating Systems

$199

$349

/




p— ~~

Parts Selection: SENSORS AND OTHER ITEMS

L @

SparkFu
Ultrasonic Sensor Pack

« Hall Sensor
e Traxxas RPM Telemetry « Wireless Router

Sensor « TP-Link TL-WR940N



Atmega2560 Based PCB Design
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Atmega2560 Based PCB Design
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ADER

Temperature Se
e LCD Display

e LED Headlights and Talllights
e Motor Control

e Traxxas Battery Monitoring

e Additional Pins for Integration of Other Sensors



Atmega2560 Based PCB Design
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Mini USB Connector
e Bootloader Header ICSP
e Addition Header for backup USB Breakout

e Spare TX and RX Pins for dedicated Ultrasonic Alerts



Atmega2560 Based PCB Design
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Atmega328 Based PCB Design
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Atmega328 Based PCB Design

USBBREAKOUT

ID

o wvee
)
~

RPWR PWR
A B
Y )

T1

YT
WCCIO

FESET 3w30UT
TEST
0sCl 0scCo

[l igul

o= = = =
1 [ e o [P i b P T P L2, TR Y P 7

RXD TAD
UsH OTR
TTs RT=
HI

Lo 1o 1o
CEUST U

CEUS1 Ug gluf d.1uf l&uF
CBUS2 AlEPWR
CEUS3

o
CBUS4 o
A =

Lall LS (o)

Serial to UART USB Communication and Programming circuit




Atmega328 Based PCB Design

SOMARSEMSORS

SOMARANDMOTORS
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Atmega328 Based P
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Atmega328 Based PCB Design
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JUU
001 - Stop
010 - Teleop Control
011- Reverse
100- Forward
101- Right Turn
110- Left Turn
111- Error



Logic Level Shifter PCB Design
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Logic Level Shifter PCB Design
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STRUCTURE DESIGN & 3D PRINTED MODELS

For a mobile unit of high-speeds, it became

apparent standard methods of construction had

to be intricately designed to fit within the scale of FEEEEEIEEE—————
the selected vehicle chassis. qgagnmma_ﬁ N>

— ﬁNDMuUNT

To keep design and sleek for proper JMR num
maneuverability, mounts and structures were S\
either laser-cut or 3D printed.

All sensors, processing boards, and the PCB
were integrated into the design and each N W
possessed a personalized mount or designated B TIIE Lo Fin -

Ny ANTEN NAMOUNFANTANTENN AE =

area.
Current 3D Model/
AutoCAD software was used to construct all

designs to precision.



STRUCTURE DESIGN & SD PRINTED MODELS

" Wi-Fi Antenna Mount

LiDAR Mount Designed to mount antenna - fixed to rear bumper

Base Mount
Designed for minimal vibration — fixed to Jetson Board

()

ZED Camera Mount USB Hub Mount

Designed for support, ventilation,

Designed with tapered insert — fixed to front bumper
and for ample cable access

Designed to support USB hub with ports facing upward
- fixed to base mount

N\



Working Prototype




CAR TESTING



S EERING ANGLES

\/

o FInd the rang
e Attached a ruler to the whe
o Took photos as we incremented du
o Used Photoshop tools to measure Steering Angle

Jr—




Motor Testing

e Like Steering, the motor is driven

. I dth Caris Moving | Servo Command of 1650 or Higher caris Nt Servo Command of 1550 0r Lower | - caris Moving
using pulse widins hENNNNNNNENEREN el L L L LLLT]
g p Servo Command of 1600 Servo Command of 1600
o Corresponds to [1000, 2000] In
servo.write
O 1551,1649:N6Utra| Servo Command of 1600

o [1650,2000]=Forward
o [1000,1550]=Backward

e Braking is done by going from
Forward to Backward or vice versa

Servo Command of 1550 or Lower - Servo Command of 1650 or Higher
Car is Braking

o Direction can only be changed
from neutral

Any Servo Command Besides 1600




easu
Using engine rota
travels.

Needed for braking function and other fe
later e.g localization and collision avoidance.
Hall Sensor attached to spur gear logs the rotations



Tachometer

e Only Rising edges are read
o Edges are asymmetric

o Reading only the rising or falling edge is simpler and loss of

Information is minimal.

/




e [0 vel
Implemented an odo

o Forward to neutral distance
o Forward to brake distance

e Distance measured is then compared to the distance the
vehicle thought it moved



Odometer Results

e Forward to Brake

/

e Brake to Neutral

Odometer Distance (Inches) Actual Distance (Inches)
1650 40.45 45.364
1700 110.27 103.4



Brake Stopping Distance

e Forward to Brake (average of 5 runs)

Servo Command Odometer Distance (Inches)
46.0

1700 60.49
1750 132.44

e Brake to Neutral

Results

Actual Distance (Inches)
47.5
61.74

133

Actual Distance (Inches)
45.364

103.4

_/

N\



Collision Avoidance

the PCB :
using the last received valL

e An ultrasonic sensor on the front of the vehicle
determine if we have an object near the venhicle.

e |f the vehicle is moving at a certain “servo” value
and detects an object near it, the car will begin to
brake.

o We tried to implement this on Jetson, but the
latency was too high for them to be usef



e 28 GPIO pins

o 14 “true” GPIO pins

m 1 RPM sensor
m 1 Brake PiIn

m 1 "Emergency” Pin

GPIO interfacing

expected
GPIO #

Increment
GPIO #

read voltage exported
on pin successfully

Map GPIO# to
physical pin

AN N



ZED STEREO CAMERA — OPEN CV

e A chief component in autonomous vehicle localization is
sensing the lanes of a road

e OpenCV provides various algorithms to be employed and
manipulated for proper lane detection

e Various methods were tested including:

@)

©)

©)

Color Gradient Masking

“Canny” Edge Detection
Extrapolation of “Hough” Lines
Perspective Transform
Polynomial fitting to lane contour

Sliding window approach

Using a combination of these methods, the algorithm is able to detect a left and
right lane and calculate the position of the vehicle between the two

Image In

Color Region
Masking Masking

Perspective
Transform
“WOrp”

Edge
Detection
Sliding
Window
“Polyfit”
Lane

Extract
Data

AN N

N



h“‘lfj:) n ( " MAasKing

Perspective “Warp”

Image In

v
Color . Region
Masking Masking
Perspective
Transform
“warp” !
Edge
Detection
Sliding
Window !
“Polyfit”
Lane
Extract
Data

ADVANCED LANE DETECTION




ZED STEREO CAMERA —

Advanced lane detection proved to be too latent for
operation

Offset, or line deviation was the sole value while yaw angle
and radius of curvature was discarded

Optimized, original code operated at around 0.04 seconds
including steering angle writing — same functionality

Improved latency gave way to new feature opportunities:
® |ive camera stop function
® [gnoring visual noise and horizontal lines

OPEN CV.

Color Region
Masking Masking

Perspective
Transform

“WC]rp”

.

“Slice”
Region Mask

Z,

Conditional

Binary Image
Maxima
Testing
/
Extract /
Data

/

OPTMIZED LANE DETECTION







TeleOperation

PID Control: Line Deviatic

e Yaw Rate e Line Follower,
e Odometry e PID Controller




vialn

TeleOperation

PID Control: Line Deviatic
e Yaw Rate e Line Follower
e Odometry e PID Controller

/




o Directly lau
Input, and teleoperatior
o Integrates the offset angle returned
o Inform the PCB about the TX's state through au
e Uses distinct threads for tachometer, serial input, serial output, anc
to allow for multiple tasks to execute simultaneously in a compact manner
o Shared resources are mutex-protected to prevent cross-talk and
undefined behaviour from occurring




TELEOPERATION

TeleOperation

PID Control: Line Deviatic

e Yaw Rate e Line Follower
e Odometry




TeleOperation

PID Control: Line Deviatic
e Yaw Rate e Line Follower
e Odometry e PID Controller

/




e Each se
o Vision is the primary
o Tachometer used to Impleme
function
o Sonar sensors use to detect objects in front of the ve

W,



Object Detection & Isolation Motion Mapping Motion Detection




e Manually pause the \

o1 byte sent to PCB over UART, interpreted as &
o0 <= value <= 100: motor command
oValue < 0: steering command

cons:
e Latency of the ssh connection may cause noticeable lag

e TeleOp MUST take priority over all other planning algorithms to-allow
emergency stopping of the vehicle



e The ESC expec
o PCB simulates this based c

o TX2 simulates this based on the knowlec
the PCB to move forward, brake, or neutral

e Issues:
o PCB and TX2 try to simulate braking at the same time

o If the wheels are still “moving,” the Jetson may misinterpret its state
as unintentional movement



PID CONITROLLER

TeleOperation

PID Control: Line Deviatic

e Yaw Rate e Line Follower
e Odometry




LINE DEVIATION

TeleOperation

PID Control: Line Deviati

e Yaw Rate e Line Follower
e Odometry e PID Control

/

/




e Using Ope
Image captured by the cc
attempt to follow.

e |f the vehicle has issues achieving this, a PID controller willy
be designed to reduce error.
o 3 cm maximum deviation from a straight line
o Maximum settling fime of 5 seconds




e PID tuning

o Varying speeds, tu
e The method:

O

O O O OlGame

Start with all values at 0
Set a value for P (P,=1)
Choose a Step Size (S=0.5)
Run the vehicle at P=P,-S (0.5) and P=P,+S (1.5)
Choose the value that lead to better results (P,=1.5)
Halve the step size and repeat until satisfactory results are obtained.
Repeat procedure for D, and then |
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PCB And Prototyping Car, Sensors and Wiring
- - Product Location Price
Product Location Qty Price Total m—
. . - Plastic Knife Ace Hardware 54 .99
10K Trimmer Mouser Electronics 6.00 S0.77 5462 Corilla Glue Ate Hardware 5509
12 Pin Header Mouser Electronics 5.00 50.88 55.28 4" Cable Ties Ace Hardware 5499
4 Pin Headers Mouser Electronics 24.00 50.32 S7.70 1/4" Heat Shrink Tubing Ace Hardwars $2.99
3 Pin Headers Mouser Electronics 10.00 51.05 510.50 Fasteners Ace Hardware 54 .99
2 Pin Header Maouser Electronics 5.00 50.22 51.32 Breadboard RadicShack 54.16
Fuse Holder Mouser Electronics &.00 S0.61 5366 18GA 300V Wire Blk RadioShack 5418
16MHz Crystal Ocillator Mouser Electronics 6.00 $0.39 5234 Electrical Tape Radioshack 20.58
" Universal Power Cable Radioshack 5009
5V Voltage Regulators houser Electranics 6.00 51.32 57.92
v " Cushbutt v Flectron = o0 S0.26 5156 2.1mm x 5.5mm Male lacks Amazon $0.99
S ntery s noen Juser o er mnf\'s . . — Dupent Connector and Header Kit Amazon 514.79
2.1mm % 3.5mm Power lack Mouser Electronics .00 50.59 5354 USE 2.0 iale Solder Commectors JE— 56.99
5V Brushless Fan 2 Pack Amazon 2.00 57.89% 515.98 USE 3.0 Solder Connactors Amazon $7.99
Arduino Uno Amazon 2.00 510.50 52180 8mm Heat Shrink Length:5m Amazon 57.42
ATMEGAZSE0-164U WMouser Electronics 4.00 51422 556.88 Rainbow DuPont Wires Amazon $7.99
FT232RL-REEL Maouser Electronics 4.00 54 .50 51800 WiFi Antenna Connector Cables Amazon 52457
10K Variable Resistor Mouser Electronics 4.00 50.95 53.80 25mm X 5 3mm Solder Connectors Amazon 56.99
SVID 0402 Resistor Mouser Electronics 2.00 50.11 50.88 ’”c"'”l'c shect Home Depot 223.00
Traxxas Slash 4xd Plati Ti H 429 .00
SMD 10uF 10V Mouser Electronics 2.00 50.41 $1.64 e = 2
Trawxas Battery Pack and Charger Traxxas 599.00
A = - ic A
SWID 0.1uF Mouser EIE\.trl:nnf\.s .00 50.34 5136 Nvidia Jeteon T2 Nvidia 5295.00
SMD 22pF hMouser Electronics 2.00 50.10 =080 Sranse LDAR ranse 534900
1206 LED Red hMouser Electronics 2.00 20.33 52.64 Zed Stereo Camera Structured|D 544900
1206 LED Green Mouser Electronics B.00 5036 52 BB Ultrasonic Sensors Amazon £15.00
Mini 'SE Connector Mouser Electronics 200 5090 57.20 IV Breakout SparkFun $25.00
1206 SMD 500mA Fuse Maouser Elactronics 2.00 5048 53 84 GPS Breakout SparkFun 513.00
SMD Switch Mouser Electronics 2.00 50.97 $3.88 TP-Link N450 Wireless Router Amazon 330.00
SMD Resistor 1K Mouser Electronics 6.00 50,83 5403 JPortUss Hun Amazon 527.00
- - 50,000mAh Auxiliary Battery Pack Amazon 5136.00
PCB Manufacturing Seeed Studio 1.00 534.00 534.00 - - =
Laser Cutting UCF Free
Total $229.00 3D Printed Mounts LICF Free

Total

$2,025.99




Work Distribution
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ciectrica Wiring and Soldering ---- /

Lane Detection

PID Control Design
System Integration




e Unavailability of NVIL

e Zed Camera software and library installation on
Jetson

e Interprocess and interprocessor communication






http://www.youtube.com/watch?v=S0coCan7Xdk

Thank You
For Your Time



