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DeepPicar: A Low-cost Deep Neural Network-based
Autonomous Car

Michael G. Bechtel’, Elise McEllhiney!, Minje Kim*, Heechul Yun!
I University of Kansas, USA. {mbechtel, elisemme, heechul.yun} @ku.edu
* Indiana University, USA. minje@indiana.cdu
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guaranteeing the timings. On the other hand, the computing
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DeepRCar: An Autonomous Car Model
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#How Does It Work?

Steering (-1 to 1)
Throttle (-1 to 1)
Drive Mode (manual / auto)

Drive
Perfectly.

Image (120 x 160)
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#How Does It Work?

Image Array Neural network.

Convolution layers

120 pixels high
160 pixels wide
3 RGB channels

Fully connected layers

Steering + Throttle
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#How Does It Work?

vehicle state

Get I I
Take Getuser | . opilt | Update L} Update -
picture. : : SCINE,
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#How Does It Work?

vehicle state

Teour L 2 1| e 1] oo |
Take - G.e LS ' autopilot Llpeeiy I8 Lpknn - & Save data.
picture. input. : | Sservo. motor.

Webserver

Http POST

Browser
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#How Does It Work?

vehicle state

Take || Getuser || Get | Update

. = autopilot — Save data.
picture. input. servo.

Steering &
Throttle

Neural net

!

T
:
T
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#How Does It Work?

vehicle state

Take | Get user
picture. || input.

50% duty cycle

4 L

75% duty cycle

U

25% duty cycle

L TL T

L

Example PWM Signals
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autopilot

et | Update

Servo.

—| Save data.

PWM
Value

PWM
Value

Motor Controller

PWM
Signal

PWM

Signal

Servo

ESC

Motor




#How Does It Work?
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vehicle state

Take
picture.

Get user
input.

Get
autopilot

Update
servo.

Save data.

.json

user/steering: .3
user/throttle: .4




#How Does It Work?

Keras / Tensorflow Autopilots

mg_in = Input(shape=(120, 160, 3), name="img_in")

img in

Convolution2D(24, strides=(2,2), activation='relu’
Convolution2D(32, strides=(2,2), activation="relu’
Convolution2D(64, strides=(2,2), activation='relu’
Convolution2D(64, strides=(2,2), activation='relu’
Convolution2D(64, strides=(1,1), activation='relu’

i
X
X
X
X
X
X

Flatten(name='flattened') (x)

Dense(100, activation="relu’')(x)
Dropout(.1)(x)
Dense(50, activation='relu')(x)
Dropout(.1)(x)

ahgié;buir=70ensé(15, aétivati6h=’softmax', name="angle out"')(x)

thfotile_out'= DenSe(l, actiVation='re1u', name="throttle out')(x)
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#Hardware

Part Description & Approximate Cost

Magnet Car (Red / Blue) or alternative $92
M2x6 screws (4) $6
M2.5x12 screws (8) $5
M2.5 nuts (8) $6
M2.5 washers (8) $7
USB Battery with microUSB cable $17
Raspberry Pi 3 $38
MicroSD Card $20
Wide Angle Raspberry Pi Camera $25
Female to Female Jumper Wire $7
Servo Driver PCA 9685 $12
3D Printed roll cage and top plate. $45
TOTAL: $305
Buy online: https://www.robocarstore.com/
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#Software

Raspberry Pi

— 1. Download prebuilt zipped disk image (1.1GB)
2. Flashit
3. gitclone https//github.com/wroscoe/donkey
4. pipinstall -e.[pi]

opi0a °° orI014
GPI011 @ @ GPIos

Linux / Host Machine

4 Squarely Placed 40 GPIO SMSC LAN9514 USB
Mounting Holes Headers Ethernet Controller

—~

sudo apt-get install virtualenv build-essential
N et the o1 SRR | T python3-dev gfortran libhdf5-dev

= | virtualenv env -p python3
source env/bin/activate
pip install tensorflow
git clone https.//qithub.com/wroscoe/donkey
pip install -e .

Broadcom BCM2835

MicroSD Card Slot
(Underneath)

DSI Display Connector

DA WN

Switching Regulator for
Less Power Consumption s Ethernet Out Port

3.5mm Audio and

SV Micro USB  HDMI Out Port
ST il Composite Output Jack

Power
CSI Camera
Connector
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#Unity Simulator
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Download: https://docs.donkeycar.com/quide/simulator/
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#HITB2019AMS - Come Race Me Bro!
May 6th - 10th 2019

Hackers / Individuals / Students

1/16 scale Donkeycar - All hardware provided
2 batteries per team

3 days free practice (6/ 7/ 8th May)
Qualifying - 9th May (2 sessions)

Top 10 teams move to race day (10th May)
Register at the Al Village!

Finalists will be given Intel Movidius Neural Compute Stick - Go harder, go faster, be better!

Professional Al Hackers / Engineers - We'll see you at HITB Dubai 2019!

e Bring your own 1/10th scale car based on the MIT RACECAR/J
e No limit on hardware sensors
e University research teams encouraged to join
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Get building, get racing, and see you in Amsterdam!

Questions? Come by the Al Village!

133tdawg@hitb.org // @L33tdawg

#HITB2018DXB CommSec Track



