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Abstract- In this project we have primarily focussed on building an autonomous system to handle the issues like extracting 
information of the current environment from the sensory data, modelling it in to a suitable mathematical model, making short 
term decisions for immediate decisions of motion in a visible region, implementation of an actuation system for 
implementing these short term decisions. Till date all the major attempts towards solving the problem have involved using 
3D image/laser sensors without any actual use of image processing. It however is a fact that one of the fundamental 
principles in robotics is to build robots/systems that are as capable of doing things as similar as possible to human beings. 
We hence strongly believe that we have been able to develop purely image processing based solutions for solving the 
problem. i.e. using ordinary 2D cameras to get images and then use them to all further decision making.  
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I. INTRODUCTION 
 
The “ Autonomous Vehicle Driving “ problem refers 
to development of systems that controls a vehicle 
(typically a car driven on land) so as to drive it in a 
given terrain without any human assistance. With 
recent advancement in the field of artificial 
intelligence, image processing, machine learning, etc 
building of autonomous vehicles has rapidly become 
one of the most important research problem in the 
field of robotics. The ultimate goal of such research is 
to make it possible for every vehicle to be controlled 
by an autonomous system.  
 
1. System Architecture 

The hardware platform developed for autonomous car 
consists of two 2D cameras for data acquisition, a 
laptop for processing the acquired data and taking 
appropriate decisions, and actuation system to 
implement the decisions. The algorithms developed 
for processing the sensory data and taking decisions 
mainly focuses on: 

 Image processing 
 Motion planning 

 
2. Algorithms developed for image processing 

 
II. IMAGE EXTRACTION IN A TWO CAMERA 
MODEL 

 
A pair of 2D cameras is used as sensors for acquiring 
the image and hence the primary step would be to 
extract the image from this set of cameras. Since we 
are using two cameras we cannot  just join the  
images from both the cameras directly and hence the 
cameras need to be calibrated in a manner that the 
image which is to be processed is the combination of 
the images acquired from the two cameras aimed to 

obtain a broader /panoramic view. The region which 
is common to both the images is used for calibration. 
Let us say that the two cameras are positioned as 
shown in the fig.1. We thus can see the top view of 
the field of view of both the cameras. 
 

 
Fig.1 Top view of the field of view of both the cameras 

 
We pick up two points that are visible to both the 
cameras. Let us say these points are P1(x1,y1), 
P2(x2,y2) in image 1 and P3(x3,y3) and P4(x4,y4) in 
image 2.Since (P1 & P3) and  (P2 & P4) overlap in 
the real world, to merge image 1 and image 2 these 
could be used as anchor references. We now try to 
select the biggest possible rectangle from this image 
(rectangle WXYZ) as shown in fig.2. 

 
Fig.2 Front view of the field of view of both the cameras 

Thus we have been successful to extract the largest 
possible view from the resultant image. 
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III. ROAD DETECTION 
 
After the image is extracted from the sensors, the first 
and the foremost thing that an autonomous vehicle 
needs to do is detect the road and find its orientation 
with respect to the road. Based upon the orientation, 
it needs to follow the road by sending the appropriate 
signals to the actuation system. We present the 
following algorithm for the same.  
 
Consider rectangular region as shown in the fig.3, 
with vertices A(x1,y1), B(x2,y2), C(x3,y3) and 
D(x4,y4) which is assumed to be always on the road. 
 

 
Fig.3 

 
Since we have made an assumption that the said 
region is always within the road we shall try to grow 
it horizontally to meet the edges of the road. 
 
We define characteristic (A,B,C,D) as a map from a 
region of an image and its characteristic features. The 
characteristic is defined in such a way that 
characteristic (Region 1) ≈ characteristic (Region 2) 
if Region 1 and Region 2 are of similar 
characteristics. The algorithm is discussed stepwise 
below: 
 

 
Fig.4 

 
As shown in fig.4, 
x1′ = minimum(x1− c1) & y1′ = y1   such that 

    (dist{characteristic
(x1, y1), (x2, y2),
(x3, y3), (x4, y4)

− dist{characteristic (x1′, y1′), (x2, y2),
(x3, y3), (x4, y4) )  

                                            <       acceptable threshold. 
 

 
Fig.5 

As shown in fig.5, 
x2′ = maximum(x2 + c2) & y2′ = y2   such that 
 

    (dist{characteristic
(x1′, y1′), (x2, y2),
(x3, y3), (x4, y4)

− dist{characteristic (x1′ , y1′), (x2′, y2′),
(x3, y3), (x4, y4) )  

                                            <       acceptable threshold. 
 

 
Fig.6 

 
As shown in fig.6, 
x4′ = minimum(x4− c4) & y4 = y4   such that 
 

   (dist{characteristic
(x1′, y1′), (x2′, y2′),

(x3, y3), (x4, y4)

− dist{characteristic (x1′ , y1′), (x2′, y2′),
(x3, y3), (x4′, y4′) )  

                                            <       acceptable threshold. 
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Fig.7 

 
As shown in fig.7, 
x3′ = maximum(x3 + c3) & y3′ = y3   such that 
 

   (dist{characteristic
(x1′, y1′), (x2′, y2′),
(x3, y3), (x4′, y4′)

− dist{characteristic
(x1′ , y1′), (x2′, y2′),
(x3′, y3′), (x4′, y4′)

)  

                                            <       acceptable threshold. 
 
Thus with the help of region growing based on 
characteristic variance, we have been able to detect 
the road from the extracted resultant image. Now we 
found out the midpoint of PQ and midpoint of RS and 
joined these midpoints to find out the orientation of 
car with respect to the road as shown in the fig.8. 
 

 
Fig.8 

 
IV. MOTION PLANNING 
 
Once the road is detected, the next task the 
autonomous car needs to do is plan its motion 
depending upon parameters like its own orientation 
with respect to the road, distance of objects from its 
current position, current speed, etc. The orientation of 
the car  with respect to the road was already found 
out as discussed in the road detection algorithm. 
Now, since we do not have overhead camera looking 
at the road the relationship between the pixel co-
ordinates and the distance between the objects seen in 
the view is not linear. For example, in the fig.9, we 
have an overhead view of the road. 

 
Fig.9 

 
As seen in the fig.  , the distance between the objects 
marked varies linearly with respect to the co-
ordinates in the x-direction.  
 
But since we do not have this kind of view we cannot 
define a linear relationship between the co-ordinates 
and the distance between the objects. This case can be 
seen in fig.10. 
 

 
Fig.10 

 
In this case, we have used curve fitting to estimate the 
distance of the objects from the current position of 
the car. The curve is typically as shown in the fig   
 

Fig.11 
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Now by using interpolation or extrapolation we 
determined the distance of the objects in the view 
with respect to the pixels in X-direction. Thus using 
these techniques we have been able to develop 
algorithms for the autonomous car so that it can plan 
its motion accordingly.  
 
CONCLUSION 
 
In this paper we have presented an approach towards 
solving the autonomous car problem using complete 
2D image processing. The results we have obtained 
for image extraction algorithm are sufficient to obtain 
a broader image view which was the ultimate goal of 
using two cameras. The road detection based on 
region growing algorithm has good shown accuracy 
and the motion planned using curve fitting technique 
after the study of the total image has given good 
results in controlled conditions. We still look forward 
to making the system adaptable to challenging 

environment conditions. 
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