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Abstract: Totally different approaches to developing the Al systems for self-driving vehicles exist and the majority of them are
terribly advanced and with very high hardware needs. the answer conferred during this paper proposes the machine learning
primarily based system to be as easy as possible with terribly low hardware needs. A simple 3 layers deep, absolutely connected
neural network was trained to map input pictures from a front facing QVGA camera to steering commands. supported a input
image the neural network ought to opt for one amongst the four offered commands (forward, left, right or stop). With minimum of
the coaching knowledge (250 images) the system learned to follow the road ahead and keep in its lane. The system mechanically
learns necessary road options with solely the steering angle because the input from the human driver. it had been ne'er expressly
trained to observe lines on the road. Compared to rather more complicated solutions like express decomposition of the matter, like
lane detection and management, and convolutional neural networks just like the end to finish learning planned by the nVidia this
method proven to be astonishingly strong and economical. we tend to try and prove that this approach would result in higher
performance and lower hardware necessities so creating the event of the self-driving vehicles easier and more cost effective. easy
artificial neural network, just like the one conferred during this paper, is enough for comparatively complicated method like lane
keeping.

IndexTerms-Artificialintelligence;neural network; self-driving; autonomous vehicle; object detection; laptop vision;
haarcascade; robot.

. INTRODUCTION

Each year simply in US around 37,000 folks are killed in automobile accidents. that's a 5.8% increase from 2014. Human errors
caused up to ninetieth p.c of automobile accidents. [1] Autonomous vehicles might facilitate cut back this immense range of
fatalities. one among the primary, most well-liked and most helpful technologies is that the line detection and lane keeping. It
started developing in Eighties and to the present day it's still being improved.The desire of a person to extend the security of
vehicles on road has crystal rectifier to the event of various systems that are enforced into vehicles. every new system needs an
additional mathematical illustration of the info so as to create selections properly. Adding new systems into the vehicles
exponentiallycomplicates the mathematical model, therefore the resolution is a few reasonably a system, that per human standards,
is intelligent i.e. simulates driving as if it were a true driver. that's however the concept of exploitation the synthetic intelligence
was developed. As computer science progresses, thus do its sub-branches and one in every of the foremost vital branches is
autonomous vehicles, that is indivisible from the pc vision. The motivation behind this technology is to style a system which might
do steering, braking and fast all by itself. during this task, laptop vision will facilitate the system sight and establish objects,
whereas alternative algorithms do the choice creating. [2, 3].

1. RELATED WORK

There are many projected solutions. a number of them are mathematical approach, neural networks, reinforcement learning,
convolutional neural networks, Q learning. 2 most important solutions are mathematical approach and CNNs. each ways have
their execs and cons. This paper presents an easy, quick and effective approach to tackle this drawback.Mathematical approach
needs specific decomposition of the matter. this method will use monocular or stereo vision. Most of those techniques were that
specialize in detection of lane markers on the main road, that are comparatively simple to notice. Generally, it needs baseline to
be horizontal, i.e. horizon within the image is parallel to x axis. Lines must be thick enough and in a very form of parallelogram
(or approximate). once the road boundaries are detected the position of auto will be calculated, with pre-calculated activity
information for the camera. [3, 4, 5] With legendary vehicle position and thru advanced matrix and pure mathematics
calculations, needed steering angle will be calculated. different similar techniques need flat road, legendary distance, optical
center, pitch angle, yaw angle and height higher than ground before performing arts mathematical transformations. [6]Another
approach is by using convolutional neural networks (CNNs). For this approach necessary issue is to gather valid knowledge. It is
done, by saving commands given by human driver and pictures from aboard cameras. CNNs have revolutionized pattern
recognition. [7] they're capable of learning options mechanically from previous knowledge. because of CNNs high level of
quality it needs high finish hardware to run. Most of the solutions of this kind are using multiple graphic process units (GPUSs) or
some dedicated hardware like NVIDIA DRIVE post exchange, each of that hugely accelerate learning rate similarly because the
executionof a trained network. of these solutions came with common flaws like: huge, lumpish, complex, overpriced and not
terribly power economical hardware. [8] One novel answer exploitation CNNs is thus known as end to finish learning developed
by nVidia. With comparatively touch of coaching knowledge from human driver, system learned the way to drive a automobile.
[7] equally to the answer conferred during this paper. One huge flaw of this approach is that the use of the nVidiaDevbox and
Drive post exchange, with combined price in tens of thousands of bucks.The solution projected during this paper aims to produce
a a lot of economical implementation of a autonomous driving Al rule. exploitation this approach, it's doable to make self-driving
vehicle while not a express high-level mathematical modeling and analysis of the matter. Also, it doesn't need power-hungry,
powerful and overpriced hardware for execution. it's ready to be trained exploitation terribly touch of previous knowledge, due to
its simplicity.
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I11. SYSTEM OVERVIEW

The automaton employed in this experiment was custom created, controlled by Raspberry Pi and Arduino computers. computing
that controlled the automaton was dead on a separate laptop. Communication between the 2 was done over the TCP/IP
network.Robot was driven by 2 steam-powered wheels and front single passive wheel. It had 5 IR proximity sensors, 3 facing
forward and 2 on the perimeters and a front-facing camera. The IR sensors were employed in obstacle detection whereas the
camera was used in sign and traffic signal detection automaton is shown within the Fig. 1.

PWM Motor

Fig. 1. Overview of the robot.

The summary of system in shown Fig. 2. Higher module was made on the computer and was liable for scheming the Al formula.
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Fig. 2. Connections of the electrical components of the system.

All modules communicate with one another exploitation well outlined protocols. this permits simple upgrading and scaling once
required. System is intended to handle multiple vehicles, multiple users and multiple Al agents. this can be achieved by planning
the system to be causative and while not memory, permitting vehicles to be controlled by multiple instances of the Al agent at the
same time similarly as sanctioning the utilization of the load balancer between the instances of the Al agent for more sensible
measurability.
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IV. DATACOLLECTION

Training knowledge was collected by manually driving the vehicle on a model road. Besides the expected road configuration
wherever road (asphalt) is black with white lines, the vehicle is additionally trained and tested with the brown road, with white
lines. Training information was collected in manual mode mistreatment pictures from the front facing camera solely. Collected
information is keep as a try of values. manus parameter is command that was sent to the vehicle (direction of movement) and also
the second may be a video frame at the instant the precise command was given.

V. ARTIFICIAL INTELLIGENCE SYSTEM

Al is accountable for issue the commands to the lower level module (the vehicle). it's designed as multiple state machine.
reckoning on this state, totally different machine learning formula is The network is 3 layers deep, the input layer (image from
the camera), one hidden layer and therefore the output layer (steering command). it's an easy totally connected network. The
output from the network is one amongst the attainable four selections (three directions: forward, forward-left, forward-right and
a stop command).This makes future upgrades and changes of specific algorithms easier to implement.Implementation
represented during this paper has 3 totally different modes of operation. As shown within the Fig.4. The vehicle starts within
the “Manual control” mode. From there it will be become alternative modes supported a user input.

Manual control User action Semi-autonomous

User action User action

Autonomous

Fig. 4 Autonomous vehicle operation modes.

In “Semi-autonomous” mode the state machine is very easy. There are only two states are possible . The most fascinating is that
the state machine in “Autonomous” mode, i.e. autopilot, that is shown in Fig. 5. it's four states. Again, “Free drive” is begin and
end state. during this state ANN has the management of the vehicle. seeing is being calculated on the input frames and sensors are
perpetually checked for obstacles. From this state it's potential to transition to the other state betting on the detected object or the
info from IR sensors.However, if the direction sign is detected, the state machine transitions into “Direction sign” state. during
this state, the vehicle initial should check if there's incoming traffic on the decussate road. If the intersection is evident, the
vehicle executes command i.e. turns within the desired direction. when this procedure, the state machine is transitioned into “Free
drive” mode and therefore the management is given back to the ANN.
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Fig. 5 Autonomous mode finite state machine.

VI. SIGN DETECTION

Traffic sign detection and classification is clearly essential for self-driving vehicles.The OpenCV library provides tools required
for this during a kindof a trainer and a detector. it had been determined to implement solely classifiers for stop sign, traffic lights
and direction signs (left, right, forward and switch back). Since, victimisation this approach, each object desires its own classifier
and since scaling is barely the question of getting the acceptable coaching knowledge, it had been determined that this can be
enough for the proof of conception.The behavior of the vehicle once the sign is detected is hard-coded. For all the signs and also
the stoplight the gap to the item is measured.
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VIl. CONCLUSION

One caveat of any machine learning system is that the unpredictable behavior. however during this experiment, it absolutely was
incontestible that the event of those sorts of systems will be easy, particularly for the noncritical systems. For the real-world
application, further testing would be needed, yet as some further safety protocols. however all of this could be accomplishable
with the system that was incontestible.All of this was achieved employing a minimum of knowledge and extremely modest
hardware. That was enough to coach the system to drive in various conditions, from day to nighttime, from urban streets to
highways, irrespective of the quantity of different participants in traffic and adjust to all the traffic laws.
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