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Abstract—Autonomous car is a driverless car that is capable
of navigating without human intervention by sensing its envi-
ronment. Collision detection and avoidance system is the system
designed for the safety of autonomous cars.
In this paper, we aim to study and propose a solution for real-
time 3D collision detection and avoidance algorithms using Deep
Learning, composed of Convolutional Neural Networks.

Index Terms—autonomous car, deep learning, neural networks,
collision detection, collision avoidance

I. AUTONOMOUS CARS - INTRODUCTION

Vehicles, or cars, that are driverless are autonomous. They
have no driver manually to steer. The autonomous car per-
forms these activities without human input. These cars use
various technologies like RADAR and LIDAR for detecting
the surroundings. They also have controlled systems which
analyze the collected data. This analysis is useful in planning
a path vehicle should take in order to reach the desired
location. For performing these analytical tasks, i.e in order
to process data and produce required output, car controlled
systems use various machine learning algorithms. Machine
learning algorithms train the system to behave in a certain
way. For collision detection and avoidance, the proposed steps
to formulate the proposed model is:

1) Classification of object types using neural network
model

2) Determining distance from the autonomous car using
data set

3) Comparing the speeds of both obstacle and autonomous
car, determine if collision will occur based on relative
speeds

4) Apply a collision avoidance algorithm and guide the
car

II. SURVEY OF EXISTING WORK IN NEURAL NETWORKS

Various methods [1-5] have used neural network for variety
of applications. In the following we survey some of the
important research papers. The main paper that is relavant to
our proposed solution has following methodology.

A. Real-Time Collision Detection using Neural Networks

It gives Collision Detection algorithm suitable for Real-Time
applications. It is applicable to box-shaped objects and it is
based on the relation between the colliding objects positions
and the impact point. The MLP neural network (multilayer
perceptron) algorithm has been used for this problem. How-
ever, MLP gives an output of either 0 or 1. A better output

would be varying from 0 to 1, which Convolutional Neural
Networks provide.

III. NEURAL NETWORKS

As the neural network in biological systems communicate,
with the electrochemical impulses passing from one neuron
to another, just like that, artificial neural networks are used as
an information processing system. Artificial Neural Networks
(ANNs) can be used in classification, pattern recognition,
image processing [6]. The main reason to use neural networks
is that they provide real time operation, adaptive learning, self
organization, and have a low fault tolerance. [7] describes how
an image processing system is used for driver assistance. In
collision detection, we aim to compare the training of an ANN
similar to how the nerve cell of a human being is trained. For
example, the first time we touch something very hot, the nerves
tell us that by the pain we experience. So the next time we
see the same object, we will not go to touch it, such as to
avoid the pain. This learning associates the image to a certain
feeling. Similarly in ANNs, we aim to train the neural network
by providing it with a training data set where it will learn how
collisions are caused from the proposed algorithm, and then it
will automatically detect further collisions on its own.

A. Convolutional Neural Networks

Convolutional neural network is considered as a type of
artificial neural network. CNNs are designed to emulate
visual cortex like behavior. These are similar to normal
neural networks, with weights and biases upon which they
perform their learning operations. This CNN model is
inspired from Multilayer perceptron model. The explicit
difference is that CNNs specifically state that their input
is in the form of images. Convolutional neural networks
exhibit different pattern of neuron connection. Contrary to
MLP where all neurons are connected to all other neurons
regardless of layers, in CNN all the neurons in particular
hidden layer are connected to only some of the neurons
of previous layer. This arrangement is also called as the
receptive field. Due to this arrangement, CNN is able to
eliminate ”curse of dimensionality” which is found in case
of multilayer perceptron model used for image processing.
So, it does not require larger amount of data. CNNs have
3D volume of neurons layers. In CNN, the most important
core building block is convolution layer. Spatial arrangement
i.e. output volume is controlled by hyper parameters -
depth, stride and zero-padding, which is essential to CNN.
CNN is proved to be very efficient for image recognition.



In some models, the error rate is as low as even 0.23
percent, a negligible amount. Convolutional Neural Network
uses softmax layer at the output end. Softmax function
is a generalisation of logistic function that produces a
k-dimensional vector of real values between (0,1). It outputs
maximum value for the category to which the observation is
assumed to belong. We have used CNN for image detection.
Fig. 1 shows the process of convolution diagrammatically.

Fig. 1. Process of Convolution

B. Equations

The following equations is what CNN follows in order to
detect the vehicle and its type:

y(m,n) = k ∗ x =

U∑
u=0

V∑
v=0

k(u, v)x(m+ u, n+ v) (1)

This is the equation [8] used by convolution layer for object
detection. In this equation following variables are used:
k-convolutional layer filter, u X v input photo size, feature
map m X n, kernel size a X b, where m = u - a + 1 and n =
v - b + 1
The CNN’s output is generated using softmax activation
function. It produces the values between zero to one. Suppose
we want to classify the observation into 4 classes and if it
belongs to one of the class, then softmax function outputs
the maximum value for the estimated class to which the
observation belongs.

IV. DATASET

It consists of 128x128 px images of vehicles considered
to be obstacles. We shall use this dataset to train and
test the CNN. It consists of various types of views of
cars, from the front and back in order for us to detect them
using the CNN model. Some of these cars are shown in Fig. 2.

Fig. 2. Images of cars showing width

Sr.No. Make Model Width
1 Renault Twizy 1234mm
2 Fiat 500 1627mm
3 Citrogen C-Zero 1475mm
4 Toyota AYGO 1615mm

Table 1. Average width of various cars

V. PROPOSED ALGORITHM AND SYSTEM DESIGN

Design of Autonomous cars is getting importance nowadays.In
the process of designing autonomous car, collision detection
and avoidance is the utmost important process which needs
to be developed with maximum accuracy and less time
consuming. We have studied the various tools of deep
learning used for this purpose, from which we have chosen
convolutional neural networks. We have assumed that
autonomous car is well equipped with hardware such as
LIDAR which is light detection and ranging with the ability
to capture images at high frequency. It can rotate 360 degrees
in order to capture images. In order to design a strategy for
collision detection, in this model we propose a solution for
Forward collision with another vehicle i.e. only looking for
collisions that can be done from the front of the vehicle,
into the back of the vehicle ahead. This type of collision
is most of the times caused by human factor [9]. A report
based on American and British crash, generated in 1985,
tells that human factors cause upto 93 percent of the car
crashes. Hence forward collision warning is very important
to avoid the collision. In this approach images are captured
by the car hardware. Once the images are obtained, they
are fed to the convolutional neural network for detecting
the object. If it is a car, then we calculate the speed of
car. Then knowing the speed of moving vehicle and the
speed at which autonomous car is moving, we calculate the
relative speed of autonomous car with respect to forward
moving vehicle. If this relative speed positive, which means
if autonomous car is moving with speed greater than relative
speed, we predict that collision between the vehicles is
highly probable. Then if the collision is detected i.e if the
output is 1, then avoidance measures are applied, such as
a instantaneous breaking system is applied or compulsive
lane change is performed by the car control system. [10]
gives the formula and code for edge detection. So, following
steps are performed in order to implement the model -
Step 1 - Car average width calculation for known data
- For calculating relative speed, we need to find out
width of the car in image when it is placed at certain
known location. There are datasets available which give
this information about car width when focal length is
known. This will be later compared with captured image
width. Table 1 shows the average width of cars obtained.
Step 2 - Image processing - [11-15] describe in detail how
image processing is used for formulating a collision detection
algorithm.
The autonomous car is assumed to be able for taking pictures
of forward vehicle with 100 milliseconds time delay. After
we receive the image, it is given to the neural network



processor for object detection. CNN is trained to that it
identifies the object from image with certain probability
from 0 to 1. It will then identify the edges of object from
the image forming a box around the obstacle ahead.And
width of the object can also be detected. Neural networks
are trained in the following manner. At first, random weights
are allocated to every neuron. Then after processing through
hidden layer and comparing with known output, neural
network learns about the actual weights to be applied which
trains the network. So when a new image is given as input,
it uses previous knowledge to do the detection. Packages
like scikit-learn in Python can be effectively used for this.
Step 3 - Calculation of speed of the forward vehicle -
This is crucial step in collision detection process. Now, by
performing step 1 and step 2, we have information about the
object present in the image. We need to calculate speed of
the vehicle.
1) For speed calculation, time and distance are the important
parameters. The car imaging system is taking images after
100 milliseconds. Hence we need to find the distance the
forward moving car is travelling in 100 milliseconds.
2) We use this formula - D = (F * W)/ P for calculating the
distance it is travelling. In this formula, F is camera focal
length, D is distance between camera and object, W is the
width of object and P is apparent width as seen in image. In
this, we have information about focal length of camera i.e F,
W is calculated in the step 1, P value is calculated in step 2.
We can substitute these values to get the distances. Let’s say
distance at time t is d1. Distance at time t+100 is d2. Now,
we take difference between these two distances, Distance D
= d2 - d1 where D is the distance travelled by car is 100
milliseconds.
3) Now, as we have the distance, time we can calculate
speed by using the formula, speed = distance / time .
Step 4 - Calculation of relative speed - Till this step, values
for speed of forward moving vehicle is known. Also, using
car control system, we can get value of speed of autonomous
vehicle. To calculate the relative speed, we use Speed of
autonomous vehicle - speed of forward moving vehicle
Step 5 - Collision Detection - From relative speed, we can
conclude whether or not collision is about to happen. If
relative speed is positive, it means the autonomous vehicle
is travelling at greater speed than the forward vehicle
hence there are high chances of occurence of collision.
If the relative speed is negative, it means the forward
moving vehicle is travelling at greater speed than us. Hence
there are very less chances of collision. Also, if relative
speed is zero, then collision occurrence is less likely.
Step 6 - Collision Avoidance - With reference to [16-18]
for collision avoidance algorithms, we have determined steps
that are performed to avoid the detected collision. As this is
an autonomous car system, car control system has to have a
very small response time. For this purpose stopping time of
vehicles is also taken into picture. Two of the most commonly
taken measures are as follows -
1) Instantaneous brake system is applied - This is widely

used measure of collision detection.It reduces the speed
of autonomous car, hence reduces chances of collision. 2)
Instantaneous Lane change is performed - This action is used
sometimes when there is no chances of collision when lane
is changed. Hence we suggest this approach for collision
detection in autonomous car vehicle.

Below given is the system flow for the proposed algorithm.

———————SYSTEM FLOW———————-
1:Start
2:Note Car width from Car Images data set.
3:Capture the image of forward moving vehicle
4:Give it as input to CNN
5:Process the image and identify the width
6:Repeat steps 3 to 5 after every 100 milliseconds
7:Calculate the speed of forward moving vehicle
8:Calculate the relative speed of forward vehicle with respect
to autonomous vehicle.
9:Detected collision?
9.1: Apply collision avoidance measures
9.2: Go to Step 11
10:Repeat steps 3 to 9
11:Stop
——————————————————————-

Fig. 3 Block diagram for system flow

VI. IMPLEMENTATION DETAILS

We have implemented this paper in the steps mentioned above
and in the block diagram Fig. 3. The code snippet for obtaining



width of the object from the images is done through the python
package numpy and OpenCV. We compute the bounding box
and distance using OpenCV and numpy in Python and give
to R for finding actual relative speed. Points beyond 0 shows
that collision will not occur, those less than 0 show that
collision will occur sooner as shown in Fig. 4. The stopping
distance is plotted against speed which is seen in Fig. 5.

Fig. 4. Relative Speed Plots

Fig. 5. Stopping distance versus Speed

Following are the code snippets which are written to
achieve the desired results.

# import packages
import numpy as np
import cv2

def find_edges(image):
# convert to grayscale and detect edges
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

gray = cv2.GaussianBlur(gray, (5, 5), 0)
edges = cv2.Canny(gray, 35, 125)

# find the maximum contours
(cnts, _) = cv2.findContours(edges.copy(),
cv2.RETR_LIST, cv2.CHAIN_APPROX_SIMPLE)
c = max(cnts, key = cv2.contourArea)

# compute largest bounding box and return
return cv2.minAreaRect(c)

def distance_to_camera(actualWidth, focalLength, width)

return (knownWidth * focalLength) / width)

Distances are then collected and given to the function to detect
relative speed. Following is a sample of 100 entries taken at
100 ms intervals.

dist = data.frame(data)
# data contains all distances
df = data.frame(Speeds = integer())
while (i <= 100) {
df[(c(i), c(1)] = (dist[c(i), c(1)] - dist[c(i), c(2)]) / 0.1}

i = i + 1
}
plot(df)

VII. RESULTS

We have attempted to implement this method for collision
detection and avoidance for an autonomous car system model.
This model performs the intended task in various steps. In the
earlier steps, data set is trained completely. All the required
values like width of various cars are collected. Then hardware
like high resolution cameras are used to capture images
to feed to trained network. After object detection, relative
width is detected. Then in the next steps, relative speed is
calculated using captured information which predicts collision
occurence. Collision avoidance is completely dependent on the
collision detection technique. So, collision detection should
be very accurate and is time critical. In calculating relative
speed, image processing and predicting collision, accuracy and
minimum time are given the priority. Hence, this approach
results in prediction of collision using binary output (0 if
collision is not probable and 1 if collision is highly probable).

VIII. CONCLUSION

In this paper we have proposed a way of how neural networks
can be used in collision detection and avoidance. The model is
the Convolutional Neural Network model which inspect layers
upon layers of the image and classifies the image. This way,
we have identified the type of car and its width which is crucial
for locating how far the car is away from us. Upon knowing
the distance of the car, we can further proceed to find out
if collision will occur or not. After that, applying collision
avoidance algorithms will assist to keep the car safe. This
process will be in a continuous never ending loop involving
image detection, width calculation, location of object, collision
detection based on relative speeds, and corresponding collision
avoidance.



Convolutional neural networks play the role of classification of
image, that is, the car. It then plots the coordinates required by
identification of the vehicle, apparent width is calculated and
this data set is given further to the algorithm for calculating
how far the object is. With an appropriate delay, the image is
detected and distance is calculated again to obtain speed. Then
the relative speeds are calculated to predict whether collision
will occur or not. Improvements in the future can be done by
predicting future collision possibilities based on past collision
data.
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