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Yohei Nose, Akira Kojima, Hideyuki Kawabata, Tetsuo

Hironaka, “Study on a Lane Keeping System using CNN
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Background =

Hiroshima City University

 Machine learning with image processing is becoming popular and used for
autonomous driving control.

e Existing research [1] : Controlling the vehicle directly by the images from
the onboard camera

m Using Convolutional Neural Network (CNN) for driving control

m Lane keeping by CNN for autonomous driving even on roads where lane
markers such as white lines are missing

|| Image of Road

Onboard Camera

Restriction: As using a fixed CNN, it is difficult to control

Steering Control Value on other kinds of roads which are not trained before.

[1] Mariusz Bojarski, et. al "End to End Learning for Self-Driving Cars," CoRR, DOI : abs/1604.07316, 2016. 7t



Aim of our study =

Hiroshima City University

* Reduce the restriction of the existing research using a fixed CNN [1]

Restriction: As using a fixed CNN, it is difficult to control
on other kinds of roads which are not trained before.

* QOur Approach
m Additional learning for unknown roads by human steering in real time
m Updating the CNN by using online learning method

ko *“: Image of Road \

- ‘
e

‘/ Real time update

i 2. (online learning)
Human steering /

Steering Control Value

Onboard Camera

OENO

Aim of our study
I_Examine the possibility of the CNN online learning while driving in real time

[1] Mariusz Bojarski, et. al “"End to End Learning for Self-Driving Cars," CoRR, DOI : abs/1604.07316, 2016. 26



Robot Car for evaluation ;\,ﬂ

Hiroshima City University

* Specification
m Processor : Raspberry Pi 3 Model B+
m Language, Libraries : Python 3.1.0, OpenCV 3.1.0, TensorFlow 1.9.0, Keras 2.2.2
m Camera : Buffalo 2MP 120 degree USB Web camera
m Base Body : Tamiya buggy car chassis set, steering controlled car

Steering Wheel

I
RPi3B PC
Web Camera | WiFi iWiFi

: (UDP) {(VNC)
y i

li Raspberry Pi3 ModelB+  }------- i

Battery (5V) GPIO(PWM control)
|
| Motor Driver Servo Motor
Motor, Gear, Rear Wheel Front Wheel
Robot Car Hardware structure of robot car

27



Evaluation driving course ;\/ﬂ

Course size : 2.1m x 1.9m

Two lanes, One cross-walk

Left lane driving (according to Japanese traffic rule)

Outer Lane
m Right turns and straight parts

m3lsec./1lap

Inner Lane
m Left turns and straight pz
m22sec./1lap

Evaluation driving course

28



320
A

System Flow and CNN inside

J

N

240 ~ Cameralmage

. Projection Transformation

ok 8

‘ Trimming, Gray Scaling, Resizing

__________

|Back Propagation
update [

.

Training Steering
Control Value

CNN

% ‘

[ Steering Control Value }

Inference Phase'

Servo Motor

Training Phase

Flow of steering control using CNN

Hiroshima City University

Input Image:
28 x 28
gray scale

CNN

2 | (None. 28,28, 1)

input_1: InputLayer

Input Layer

: | (None, 28,28, 1)
ut: | (None, 24, 24, 32)

‘ conv2d_1: Conv2D

Convolution Layer

i : | (None, 24, 24, 32)

conv2d_2: Conv2D

Convolution Layer

ut: | (None, 20,20, 32)

Max Pooling Layer

Dropout Layer

Flatten Layer (3D to 1D)

input: | (None, 3200)

dense_1: Dense

Full Connected Layer

output: | (None, 128)

input: | (None, 128)

Dropout Layer

dropout_2: Dropout

output: | (None, 128)

I
e 20 2 L0 9] Qutput Layer
|

v

[

Steering Control Value ]

Structure of CNN
29




Demo Video

0:00 — 0:29 : Driving the car and training CNN by human steering in real time

0:30- : Autonomous driving by the trained CNN
30
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Implementation of

Autonomous FPGA Robot Car

Hiroshima City University
Computer Architecture Lab

e HCU CA lab team

e Akira Kojima : Hardware & Navigation
* Yohei Nose : CNN version on Raspberry Pi

* Hardware
* Avnet Ultra96(v1), Xilinx Zyng UltraScale+ MPSoC ZU3EG
 Steering control robot car
e Single web camera
* Level converter for motor driver & servo motor

* Software & Tools
* Main program & Hardware Server & PL hardware (PWM etc.)
* PYNQ environment for Ultra96 (PYNQ Overlay system)
* Python3, Xilinx Vivado 2018.3

33



Structure of Hardware
(HEART2019 2019/06/05 version)

Web Camera

10V

Ultra96 (Xilinx MPSoC XCZU3EG)

Battery
(5Vx2)

5V

GPIO(PWM control)

Level Converter

Level Converter

FPGA Robot Car

(1.8V->5V)
|

(1.8V->5V)
)

Motor Driver

Servo Motor

Motor, Gear, Rear Wheels

Front Wheels

34
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Ucture of Software

Web Camera

USB

A 4

Main Program

Image Processign & Navigation

(user mode)

UDP

lOpenCV

X Window, VNC Server

7

|
' Wifi

1
A 4

VNC Viewer

(for debug only)

Hardware Server
(root mode)

PYNQ Driver

PYNQ Overlay (PL)

!

Motor Driver
Servo Motor
Switch, LED




