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Abstract:-Driving a vehicle is a mundane task performed by any human essentially with merely the use of his vision and 
intelligence. As far as the research in the course of developing an autonomous vehicle is concerned, the research is oriented 
towards using multiple cameras and 3-D sensors. This research approach contradicts the natural human behaviour. We, in 
this paper, present ways to implement the driving of a ground vehicle autonomously using the senses similar to what humans 
use- Vision and Intelligence; both artificial in this case. We propose methodologies wherein a single camera when comple-
mented by a convex lens will capture an omnidirectional view of the surroundings and further, how the trajectory of the ve-
hicle can be planned by applying complex transform equations on these images. We expect these methodologies to prove 
beneficial in developing a state of the art system having minimum computational overhead and hardware costs but of equal 
competence as is currently being worked upon at various organizations. 
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I. INTRODUCTION 
 
For about four decades man has dreamt of building 
self- driving vehicles and has been working with ag-
gregation towards achieving this goal. After this long 
hardship finally this concept has come near to leaving 
the prototype stage and to become an approved prod-
uct.  
Automated vehicles are something that will dramati-
cally change the transportation system infrastructure 
in more than one aspect. These vehicles will reduce 
the dependency on human driving which will result in 
more civilized driving and consequently a more regu-
lated traffic scenario, eventually leading to lesser car-
nage on the roads. Moreover, this will give the free-
dom of travel for the old, young and underprivileged. 
Apart from governing the private transport, if imple-
mented over the public transport, it will pave way to 
an optimal integration of the public and private trans-
port systems leading to the efficient use of both and 
consequently, reducing fuel consumption and hence-
forth, pollution, which is a major concern of every 
country on the globe. Hence, this dream is no more a 
dream, but has transformed into a need over the years 
of development. 
The on-going research activities in this field are mostly 
focused at developing systems useful in disaster man-
agement activities, military applications and for appli-
cations where it is difficult or dangerous for manned 
vehicles to reach. 
There are various organizations which are doing exten-
sive research to provide reliability, security and lower 
power consumption. The pioneers among these are 
DARPA and Google Inc. DARPA had organized its 
Grand Challenge and Urban Challenge which per-
suaded many universities from several countries to 
participate and make their contribution to this research. 
We, as well seek our motivation from them. Google  

 
Inc., also launched their Google car which was imple-
mented with the help of Toyota. In India as well, many 
institutions such as DRDO and the IIT’s are constantly 
working to provide better algorithms as well as effi-
cient hardware for an unmanned ground vehicle. 
We, as our contribution to this research, aim to give 
way for a new technique & to add more accurate artifi-
cial intelligence for improving reliability, security and 
power consumption. 
 
II. LITERATURE SURVEY 
 
Recently autonomous driving technology has rapidly 
developed. Through unmanned ground vehicle 
competition, importance of unmanned vehicle 
technology is understood and related technology is 
expanded. At initial stage, unmanned ground vehicle 
and related technology were developed to use 
military purposes. But now, these abilities were used 
for commercial transportation service. In this paper, 
unmanned ground vehicle for urban driving is 
discussed. The scope of this paper is mainly towards 
discussing the development of the Software needed 
for the Motion planning problem. The project would 
aim at using Image processing to visualize its local 
environment. This includes identification of all kinds 
of obstacles in the vicinity, steer the vehicle, abiding 
by the rules of the road. That is, it would identify the 
direction, in which the vehicle needs to be steered, 
what other vehicles are present on the road, the 
motion of these vehicles etc. Building an autonomous 
car requires several components as mentioned above. 
Our project focuses mainly on motion planning. 
However, it needs to be able to interact with the other 
component in the system. Since the main focus of the 
project is to develop the software part for the motion 
planning problem it concentrates more on the 
processing components and uses an abstract view of 
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the vehicle control, sensor and navigation 
components.  The vehicle developed for the project 
would only be a prototype model to exhibit the 
success of the software. 
 
2.1 DARPA Grand Challenge 
The Defence Advanced Research Projects Agency 
(DARPA) Grand Challenge, a competition which 
tests the participants ability to build autonomous ve-
hicle, has been designed in an attempt to design an 
autonomous armoured all terrain, military vehicle and 
in the process develop the technology required to 
make an autonomous vehicle. The DARPA Urban 
Challenge is an autonomous vehicle research and 
development program with the goal of developing 
technology that will keep war fighters off the battle-
field and out of harm’s way. The Urban Challenge 
features autonomous ground vehicles manoeuvring in 
a mock city environment, executing simulated mili-
tary supply missions while merging into moving traf-
fic, navigating traffic circles, negotiating busy inter-
sections, and avoiding obstacles.[4]. 
1. 2004 Grand Challenge: The first competi-
tion of the DARPA Grand Challenge was held in 
2004 in the Mojave Desert region of the United 
States, along a 150-mile (240 km) route that follows 
along the path of Interstate from just before Barstow, 
California to just past the California-Nevada border 
in Prim. None of the robot vehicles finished the route. 
Carnegie Mellon University's Red Team travelled the 
farthest distance, completing 11.78 km (7.36 miles) 
of the course [4]. 
 
2. 2005 Grand Challenge: The second com-
petition of the DARPA Grand Challenge began at 
6:40am on October 8, 2005. All but one of the 23 
finalists in the 2005 race surpassed the 11.78 km 
(7.36 mile) distance completed by the best vehicle in 
the 2004 race. Five vehicles successfully completed 
the race [4]. 
 
3. 2007 Urban Challenge: The third compe-
tition of the DARPA Grand Challenge, known as the 
"Urban Challenge", took place on November 3, 2007 
at the site of the now-closed George Air Force Base 
(currently used as Southern California Logistics Air-
port), in Victorville, California. The course involved a 
96 km (60-mile) urban area course, to be completed 
in less than 6 hours. Rules included obeying all traffic 
regulations while negotiating with other traffic and 
obstacles and merging into traffic [4]. 
 
Many innovative ideas were proposed by the teams 
which came from throughout the globe to participate 
in this competition. Most of them made the use of 3-
D sensors in order to sense the environment. Addi-
tionally, they used multiple cameras in order to gain a 
broader and a more informative view of the environ-
ment. Then, the image is subjected to transforms that 
are designed specially to extract the relevant informa-

tion from the image in order to plan the trajectory of 
the vehicle, alternatively known as motion planning. 
The necessity of using multiple cameras and 3-D sen-
sors can very well be eradicated or minimized to a 
great extent. 
 
2.2 Inferences from literature survey 
The use of a laser distance mapper is evident in most 
of the previous works done in this area. What actually 
was done is a central camera is used to capture the 
images in the front and multiple lasers are used to 
map the distances in various directions and then deci-
sions are made considering the input from all these 
input devices. This asserts a large computational 
overhead and also increases the cost of the system. In 
order to overcome these shortcomings, what can be 
done is to use a single camera and a convex mirror as 
an assembly. The camera is oriented in such a way 
that it faces vertically upwards where the convex mir-
ror is located. Such an assembly would provide an 
omnidirectional view of the surrounding with just a 
single camera. The essential information can be ex-
tracted from the image by subjecting it to appropriate 
transforms. This would reduce the computational 
overhead to a large extent as there is only one camera 
whose data has to be processed, making the system 
comparatively less complex and moreover make it 
cost efficient and more pragmatic. 
 
III. PROPOSED METHODOLOGIES 
 
Under proposed methodologies we state which of the 
methodologies we are going to use to implement our 
prototype and how these methodologies can be bene-
ficial for this field and how these methods can be 
used. 
 
3.1 Omni-directional Camera 
As stated above in literature survey most of the re-
search in field of autonomous vehicle is related to use 
of 3-D cameras and lasers. Omni-directional camera 
is not in much use because it is hard to implement. 
But main advantage of this technique is that it re-
duces extra computational overhead in case of lasers 
and 3-D cameras. 

 
 

Fig. 1 Omni-Directional Camera Assembly 
 
We are going to implement Omni-directional camera 
with an assembly of high resolution 2d camera and a 
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convex mirror. This omnidirectional camera is 
mounted atop the car. The mirror is shaped like a 
convex cone with the vertex pointing downwards. 
The camera is fixed below the mirror hence affording 
it a 360° view. As explained in the trailing topic of 
curve fitting the camera assembly will be subjected to 
curve fitting technique using smoothing function. 
This will give us a curve which can be used to calcu-
late real life distance of an object from the vehicle or 
between two different obstacles so as to ensure that 
the vehicle can pass through. 

 
Fig. 2 Field of view of Omni-Directional Camera 

 
3.2 Curve Fitting 
Curve fitting or curve approximation is the process of 
constructing a curve that has the best fit to a series of 
already known data points, subject to some con-
straints. It can be implemented using interpolation or 
smoothing function. Interpolation is where exact fit to 
data is required. In smoothening, the machine tries to 
fit the curve to the given coordinates. Here it tries to 
smoothen the curve in each iteration by applying the 
smooth function and tries to fit the curve as far as 
possible. Fitted curve is used for data visualization 
for those values whose data points are not available. 
For our example we need to find the exact distances 
of an obstacle from vehicle so as to take run time 
decisions like apply brake or so on. As shown in fig 
THIS the contours represent equally spaced concen-
tric circles each at distance of 4 pixels from prior one. 
Our aim is to find a curve function which when pro-
vided with a data point i.e. number of pixels from the 
centre will give output as a number which represents 
actual distance in real world. This output will ulti-
mately be used by the system to take decisions for the 
vehicle operation. Consider the following example; 
we know the cure should pass through following 
points:  (2,8), (4,5), (5,2), (6,1.8), (9,2), (12,8). When 
we use the method of smoothing for curve approxi-
mation the following output is obtained. But the main 
problem with using smoothing function for curve 
fitting is the number of iterations to be used to 
smoothen the curve. To answer this hurdle we make 
use of error function which gives us the error value 
between the approximated curve and available data 
points after each iteration. We can set a threshold 

value for error function and run as many iterations 
required for error function to reach the same. 
 

 
 

Fig. 3 Curve Plotting Example 
 
For our example X coordinate of our graph will be 
number of pixels in the image an Y coordinate will 
represent actual real life distances for corresponding 
pixels. Since we are using convex mirror which is in 
shape of parabola whose equation is quadratic in 
power. The general conic equation for parabola is Ax2 

+ Bxy + Cy2 + Dx + Ey + F = 0. Thus we can assume 
the curve which we will be generated will be quad-
ratic in nature. 
 

 
 

Fig. 4 Sample Image for Omni-directional camera 
 
3.3 Differential Turn 
One of the necessary tasks a vehicle has to do while 
manoeuvring the trajectory is to pull past obstacles 
which in most cases are other cars which are also in 
motion. In such a dynamic scenario, what a human 
brain would consider is reducing the speed to an ex-
tent which is appropriate to take a differential 'S' turn 
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and the speed and position of the object that has to be 
overtaken. Considering all the factors and a previ-
ously recorded knowledge base, a judgement is made. 
This seems to be a pretty mundane task considering 
the human brain. But, for a machine to do the same 
task, it has to do a large amount of processing to ana-
lyse these factors. By implementing machine learning 
algorithms, slowly the errors in the manoeuvre can be 
reduced and the motion can be perfected gradually. 
Secondly, when a sudden obstacle is encountered, for 
example, if the preceding car takes a sudden stop, 
then a human brain would immediately interpret the 
danger of collision and will apply brakes to avoid the 
collision. The same behaviour should be displayed by 
the autonomous vehicle. What a machine would do is 
stop, take a 90° turn, move past the ob stacle, again 
take a 90° turn in the opposite direction and continue 
its modified trajectory. But this is not a trait observed 
in human behaviour, and because artificial intelli-
gence is nothing but the emulation of human intelli-
gence, any agent possessing artificial intelligence 
should not behave in this manner. 

 
Fig. 5 Impractical method of taking turn 

 
The expected behaviour is that the autonomous car 
should stop, take a reverse, create the space as might 
be required for the car to just pass by the obstacle and 
then plan a new trajectory in order to reroute its path. 
Both these behavioural traits in this scenario are de-
picted in the figures. 

 
Fig. 6 Practical method of taking turn 

 
3.4 Mathematical Model 
This document discusses the mathematical model 
used for the vehicle. It has been separated into three 
main sections: Velocity Equation, Overtake vehicle 
and Complete Trajectory Planning. The model de-
rived here is what the controller for autonomous ve-
hicle is based upon. 
1. Velocity Equation: The first step 
taken in the derivation is to create the velocity equa-

tion by employing constraints. These constraints hold 
under the assumption that there is no slippage at the 
wheel. This velocity equation is used to determine 
whether the vehicle should increase the speed in cur-
rent lane or decrease the speed or just maintain its 
current velocity. 
 
Ddesired = Dmin + k Vvehicle    (1) 
 
ΔD = Dcurrent – Ddesired    (2) 
 
      

 
Fig. 7 Velocity Equation 

 
TABLE 2 

GLOSSARY FOR VELOCITY EQUATION 
Dmin Minimum distance to be maintained be-

tween vehicle and object at all times. 
Ddesired Distance that is desired between object 

and vehicle 
Dcurrent Current distance between object and ve-

hicle 
K Accelerating constant 
Vvehicle Current velocity of the vehicle 
ΔD Dcurrent - Ddesired 

 
2. Overtake Vehicle: Consider the scenario that 
the vehicle has to overtake the leading vehicle or ob-
ject from right side. Here while overtaking an object 
from right side we should always consider that there 
might be another vehicle coming from right side be-
hind the vehicle. For such situations we should con-
sider that while overtaking the third vehicle should 
not collide with our vehicle. For this purpose, we 
should check vertical distance between our vehicle 
and vehicle coming from behind. If this distance is 
greater than minimum distance specified, we can 
overtake leading object from right side 
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ΔY > Ymin     (3) 
 
TABLE 3 
GLOSSARY FOR EQUATION (3) 

Ymin Minimum distance required between ve-
hicle and approaching vehicle to go to 
right and overtake 

ΔY Vertical distance between vehicle and 
vehicle coming from behind 

 

 
 

Fig. 8 Overtake Vehicle Constraint 
 
3. Trajectory Planning: Consider when 
system has to plan the complete trajectory that is 
from one point to another, system has to consider all 
the constraints and distance between various objects 
and obstacles present in immediate environment. 
Also suppose the case when vehicle has to go ahead 
by going between two different objects. We have to 
assure that there is ample distance between the two 
objects for the vehicles to pass through. 
 
ΔX > X    (4) 
Below diagram shows how the vehicle determines its 
trajectory through a busy route avoiding obstacles 
and planning its route from one position to another. 
ΔX and ΔY are the distances in the image in form of 
pixels. To obtain these distances as per real life scale 
we need to apply the transform on ΔX. 

 
 

Fig. 9 Trajectory Planning 
 
TABLE 4 
GLOSSARY FOR TRAJECTORY PLANNING 

ΔX Minimum horizontal distance between 
two objects for vehicle to pass through 

Θ Angle between line of reference of two 
objects 

Ycurrent  Current vertical distance between ob-
ject and vehicle  

 
All of the transform functions which will be used in 
the system have constant time complexity. This en-
sures that the problem statement comes under poly-
nomial type problem and hence feasible. 
 
CONCLUSION 
 
Developing a fully functional autonomous vehicle is 
still not a task completely endeavoured and still ex-
pects immense amount of research inputs. Using of 
advanced image sensory is one of the obvious op-
tions. But the fact that human beings driving a car do 
not possess any such advanced sensory organs and 
make use of 'VISION' persuades us to think in a di-
rection that would simplify the approach of develop-
ing autonomous vehicle driving control systems. 
Many researchers have started working in this direc-
tion and the new developments will give rise to sim-
pler systems that would be less resource consuming 
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wherein the resources are both computational over-
head and the cost of such assemblies.  
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