A Raspberry Pi based
Autonomous Car

By William Mollenkopf



Introduction

o  Most of us might be aware of the existence of Google’s Autonomous car
e And some of us have probably at least dabbled or are aware of the Raspberry Pi...

But...

e Could we create an autonomous self driving car from something as simple as a Raspberry Pi?

Image Sources: Right: http://wiki.openelec.tv/images/b/be/Raspberry-Pi-logo.jpg
Left:http://www.conceptcarseries.com/wp-content/uploads/2014/09/Future-technology-Concept-of-the-car-
with-the-autopilot-Google.jpg
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Requirements: Hardware

Raspberry Pi Model B Rev 2.
A Pi Camera for HD Photos
A USB Wi-Fi 802.11n adapter

Ultrasonic sensors
293D Motor driver
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Requirements: Software

e Raspbian 0S
e The RPi.GPIO Python Library
o OpenCV
o  Open Source Computer Vision library.
o Has over 2,500 optimized algorithms.
o  Can be used for things such as: image processing, detection, facial recognition, object identification,
classification actions, traces, and other functions as well
o Used extensively by companies like Google, Yahoo, Microsoft, IBM, Intel, Sony, Honda, Toyota,
and many startup companies as well.
o Based on C++ but wrappers are available for Python (which is what they used for their project).
o  Was used to help detect the roads and guide the car on unknown roads.



Hardware Implementation

The Raspberry Pi with attached Pi Camera and glued to the “top shelf”

The 4 wheels of the car are connected to 4 separate motors.

(@)

(@)

The motor drivers are capable of driving 2 motors simultaneously.
The rotation of the wheels is synchronized on the basis of the sides

(ie: left front and left back rotate in sync)

Thus, the the pair of motors on each side is given the
same digital input signal from the motor driver
(L293D) at any given moment.

This helps the car move forward or backward,

and can even make turns.
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The Car




Lane Detection Methodology

Feature, and model based techniques are the two traditional approaches to performing lane detection.

The Feature Based:
o localizes the lanes in the road images by combining the low-level features.
(Such as painted lines, or lane edges.)
o Requires a well studied road having well-painted lines or strong lane edges or else it’ll fail.
o Also, it has the disadvantage of not imposing any global constraints on the lane edge shapes and is
susceptible to occlusion or noise (of the image).



Lane Detection Methodology (Cont.)

The Model-Based Technique:
o This technique uses just a few parameters to represent lanes.
o This is assuming the shapes of the lanes can be presented by either straight line or parabolic curve.
o Inthis way, the model-based technique is much more robust against noise and missing data compared to the
feature-based technique.
o Toestimate the parameters of lane model, the likelihood function, Hough transform, and the chi-square fitting, etc.
Are all applied into lane detection




Lane Detection Methodology (Cont.)

Problem & Solution:
o However, with most lane models, it is only focused on certain shapes of the road, and thus lack the flexibility to

model an arbitrary shape of the road.
o Intheir proposed algorithm to detect the lanes, a combination of the feature based and the model based

techniques were used.
o This algorithm is valid for all kinds of roads even if they’re marked with white lanes or not.




The Main Algorithm (Part1/7)

o Extract the appropriate upper and lower color range.
o This is the most important part of the algorithm.
o  Using this range, a binary image of the current view is created.

Figl1: Original road with region of interest (ROI) Figl2: The detected road surface



The Main Algorithm (Part 2/ 7)

Define the region of interest:

o The region of interest is defined starting from the bottom, up.
o Because the road surface is the closest to the car and it’s camera from the bottom, upwards

(in terms of image height)

o The height of the region of interest is usually not more than half of the height of the image itself.
e Aswe move away from the car, the width of the road narrows and forms a trapezium.

Fig11: Original road with region of interest (ROI)
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The Main Algorithm (Part 3/ 7)

Convert complex region of interest into a simple shape
o This is another important step in determining the boundary of the road.
o Intheregion of interest, the contours are determined.
o Since the car is on the road, the largest contour which contains the central part of the bottom region is the road.
o This part of the algorithm simplifies the shape of the contour using approximations.

Fig13: The contour around the road



The Main Algorithm (Part 4/ 7)

Determine the Shape of the Road
o Hough lines are drawn on the manipulated contour.
e A number of Hough lines are obtained along the left and right edges of the road
o Out of these only a few lines represent the actual edge.
o The rest of the lines are due to the noise along the edge - which are due to irregularities in the road.

Fig 14: Detected road edges in different parts of ROI



The Main Algorithm (Part5/7)

Filter out the noise

The lines along the left edge of the road are tilted towards the right and vice versa.

This is so that any line which is titled towards the left and lies entirely on the left half of the image is discarded.
o Same for the right side as well.

For the left edge, a line with the smallest angle or having the least positive x-intercept or y-intercept is chosen as

the left edge of the road. 4

Same for the right edge of the road.
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The Main Algorithm (Part 6 / 7)

Make it robust and unaffected from noise
o Inamoving car the change in the direction of the road isn’t something that’s abrupt.
e Turns are usually nice, discrete, smooth turns.
o So, any line which is far away from the line in a previous frame is simply discarded.
o Another factor called tolerance is also considered.
o Basically it is the count of continuous frames which could be accepted without without being able to determine
the edge of the road.
o |ts maximum value is 3, and if it’s not able to determine an edge, this counter decrements in value.
o [fthat value reaches 0, another attempt is made to find the new color range of the road at the run time.




The Main Algorithm (Part 7/7)

Determine the turns in the road. if any, and give directions to the car
o Different cases of the road are considered, such as: left turn, right turn, divergence, roundabout, etc
o Suppose there is a left turn as shown here (figure 6)
o Divide the region of interest into three parts in the ratio of 2:3:5

Sectionl in ROI

Section? in ROI

Section3 in ROI

Fig 6: Division of region of interest in 2:3:5



The Main Algorithm (Part 7/ 7) (Cont.)

Determine the turns in the road, if any, and give directions to the car

Depending on the continuation or break of the same line in the three different sections,

the final Range of Interest is modified which further assists to decide the turn present on the road.

The next challenge lies in determining the turns and changing the line of the motion of the car.

A temporary line shown in figure 7 overlapping the top edge of the ROl from left to right is drawn.

A tangent to the contour is also drawn at the intersection point of the temporary line with the contour.

If the intersection point lies outside the Range of Interest, the Range of Interest is modified to accommodate this
point within itself. ' :
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Fig 7: Determine the potential left and right edges



The Main Algorithm (Part 7/ 7) (Cont))

Determine any turns in the road, and give directions to the car

o Analpha angle is created within the top area of the Range
of Interest.

e And the Beta angle is the angle between the determined
left edge and the top Range of Interest

o for the left lane, these angles are different.

o These parameters are used to determine a turn is ahead,
and itis a left turn. :

e After this step, there is a change in the ling of motion of th [~ i
car, depending on the new line obtained by joining the ' \
midpoints of the top and bottom line of the modified Range
of Interest.




Development And Implementatlon Phases (Phase l)

Remote Controlled Car
o Testing the controls manually.
o [Decided to go with an Android App
o Communicates with open channel TTL
e TILset to high to keep the channel iz
open as long as possible. Connect

l RemoteControl

Discannected
Remote Controller

Please Enter the Host |p Rotation Angle: go degrees




Development And Implementation Phases (Phase 2)

Phase 2: Obstacle Avoidance

o Ultrasonic sensors are used to detect the distance of nearby flat objects.
o  Works by transmitting a low frequency sound from the sensor to the object which after reflection is

received by the receiver of the sensor.
o The algorithm checks every 300ms and performs these 3 steps:

Watches the surroundings to calculate the distance of objects from the car.

o The minimum threshold that is safe for the car is 1 meter.
2. Ifthe distance is less than that:

1. The car stops and checks other sides,

2. Then, it “rotates itself” around the obstacle.
3. Finally the car moves forward and will repeat this again.

Receive Object

Control
circuit

A
N

Transmitter




Development And Implementation Phases (Phase 3)

Phase 3: Car with autonomous navigation
o This phase is about making the car autonomous.
o The following images are also their results.

Fig 15: Original road with region of interest (ROI) Fig 16: Detected road surface



Development And Implementation Phases (Phase 3 Cont)

Fig 17: The contour around the road Fig 18: Detected road edges in different parts of ROI




(End): Main Sources
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(End): Questions?




