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Abstract 
 
 

Reliable vehicle navigation is a key problem now-a-days on highways and 
motorways due to which ratio of accidents is shooting day by day. Many 
companies like Mercedes, Chrysler and Honda are working on solutions to 
reduce down the number of accidents on the road and to provide reliable 
vehicle navigation, although these companies have developed some sort of 
applications which can replace human being as a driver but the price of 
there solution is quite high and the quality in terms of reliability is still 
questionable.  
 
Therefore, we are proposing a system for fair assistance while driving a 
vehicle which will use the perception to reaction coordination of human 
beings. To be a little precise we will be trying to convert complex visual 
information into simple easily perceivable acoustic information by using 
techniques of image processing. A good reason for transformation is that 
human beings are proven to track acoustic information reliably and 
efficiently. Our system will provide real time navigational assistance for 
obstacle avoidance, lane change detection, off track detection, locking 
with front car and assistance in car parking. 
 
Our system will do the pre-crash sensing with optimization of 
computational capabilities by using a low cost in-expensive video cam 
installed at front side of the vehicle and connected to the laptop inside the 
vehicle. One of the significance of our system is adaptation based on 
prominent features which will tend to persist in time. In this project, we 
will extract important information from the visual data by applying 
efficient algorithms of advanced imaging techniques and use this 
information to assist the driver. We will make our system highly 
interactive with user by transforming the output into acoustic information 
which will provide easy and effective assistance to the driver.   In future 
our system will lead us to the highly new concept of intelligent 
transportation system (ITS).
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1. Introduction 

Visdom Stands for “Vision for safe driving on motorway”. The main goal 

of project is to assist the driver while driving. Driving assistant means the 

software will not replace the driver whereas assist the driver in driving 

activities. As a final product our software will be helpful in avoiding 

accidents and will be used as a guide for safe driving. 

Visdom when deployed will help in avoiding accidents, the ratio of which 

is increasing day by day. According to statistics 1.17 million people die in 

road accidents while driving and 30% of the road accidents are caused due 

to fatigue and inattention or in other words due to lack of concentration 

while driving. To overcome the above mentioned problem, a software 

solution is indeed a vital requirement.  

The man machine interface includes acoustic as well as visual feedback. 

The software converts complex visual information to easily perceivable 

acoustic signals (sound to interact with the driver) as well as visual vector 

(i.e. direction of the front vehicle) 

The main modules of the project include: 

• Lane Change Detection and Line Tracking 

• Obstacle Detection  

• Vehicle Tracking  

• Road Curve Prediction. 
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1.1 Lane Change Detection & Tracking 

Providing acoustic warnings about a lane change event can help avoid 

numerous accidents where drivers are caught napping while driving. 

Considering the importance of the above mentioned fact we decided to 

develop a lane departure warning, and tracking system. 

The driver is provided with the option to select the lane markers he wants 

to move along. The system then monitors any sort of diversions within or 

from that lane. As soon as such an event is about to occur an acoustic 

warning is generated to inform the driver of the lane departure event.  

At present a number of parameters are also computed and graphically 

plotted to demonstrate the effectiveness of the algorithms running this 

safety critical system. 

1.2 Obstacle Detection 

Any driving assistance system should have the capability of warning the 

driver about the potential obstacles on the road so that he may not 

accidentally speed up or divert in their direction.  

Keeping in view the importance of avoiding obstacles on the road we 

implemented an obstacle avoidance system which informs the driver about 

the number of obstacles present on the road, there relative distance from 

us and the relative location in terms of angle.  
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An acoustic warning is generated as soon as our vehicle gets too close to 

the vehicle in front, providing the driver with ample amount of time to 

take necessary action.  

1.3 Vehicle Tracking  

Vehicle tracking is basically the supervised tracking in which user selects 

a vehicle to be tracked and our system provides the following information 

 Graphical simulation of tracked vehicle 

 Distance Finding  (Near,  Far) 

 Vehicle Ambush Detection  

Due to this information the record of vehicle being tracked can be kept 

with the help of graphical simulation. In graphical simulation we show the 

vehicle being tracked with respect to the first frame in which user selects 

the vehicle. This graphical simulation can be helpful to see the 2D model 

of object being tracked. 

In vehicle tracking the distance of the vehicle with respect to our vehicle is 

calculated so to avoid the accident situations. This is shown with the help 

of a speedometer bar. 
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Figure 1 Diagram of speedometer 

The near and far detection is done with the concept of rate of change 

detection. When the vehicle is near then the size of the vehicle increases 

and when it is far the size of the vehicle decrease. 

Vehicle ambush detection is very important aspect of our software. When 

the vehicle goes out of sight then our system shows a graphical alert. That 

will help the user identifying that the vehicle being followed is no longer 

available for tracking. The good aspect is that if the vehicle again came 

back after ambushing then our software start tracking that vehicle again.   

1.3.1.  Acoustic Effects and Visual Feedback 

Acoustic effects are basically the sound produce form the speakers which 

helps the driver identifying the direction of the vehicle without seeing it. 

To elaborate this concept, consider a vehicle that is being tracked when it 

moves towards the left side the sound shift is being applied on the 

speakers that is the voice shifts from the right speaker towards the left 
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speaker. With these sound effects the user will feel the new direction of 

the tracking vehicle without seeing it. 

In this the visual scenarios are converted into easily perceivable acoustic 

data because the acoustic track in human beings is more close to brain 

than the visual track or in other words acoustic information directly hit the 

unconscious part of the brain where as visual track to brain is complex and 

only hit the conscious part of the brain. So its processing is slow and 

obviously its response time will be longer as compared to acoustic track.   

The visual feedback is also provided to the user in the form of direction 

vectors. These vectors provide the information about the new direction of 

the tracked vehicle. 

When user clicks the vehicle first time a window is formed across the 

vehicle being clicked. The window moves with the vehicle showing that 

the tracking is being done. When the vehicle goes out of sight the color of 

the vehicle changes showing that it lost the vehicle being tracked. 

Near far speedometer is provided that shows the distance of the tracked  

vehicle with respect to our vehicle.  
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Figure 2 GUI of Vehicle Tracking Module of Visdom 

 

1.4 Road Curve Prediction 

 

Informing the driver of a turn ahead can alert him and ease his nerves in 

deciding the next move. Considering this fact we implemented the said 

functionality as part of the driving assistance system. 

 

The algorithm predicts the road turn direction and informs the driver about 

the possible left and right turns before the vehicle reaches the detected 
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curves. This helps the driver in making decisions efficiently and reduces 

the risk of accidents that occur due to snooze and other such incidents. 

 

1.5 How our Project Differs from other Projects 

Our software differs from existing software’s due to the following reasons. 

• In Visdom image acquisition is performed with a single camera 

whereas in previous projects two cameras that is stereo vision 

techniques are being used. Now-a-days a lot of research is going 

on to implement the computer vision algorithms with monocular 

vision techniques. Enormous small scale projects exist with single 

camera (with static background) but the scenario (not a static 

background) haven’t been implemented yet. New techniques and 

algorithms are required for monocular vision. ARGO is an 

example implemented with stereo vision algorithms. In stereo 

vision first of all calibration of the two cameras are required which 

is infect a very difficult task in itself and computation cost is very 

high as compare with the single camera (monocular vision). 

 Active sensor like infrared lasers, ultrasonic laser or other sensors 

which emit energy to collect the surrounding information while we 

are using the passive sensors like camera which do not emit any 

kind of energy . Passive sensors have more resolution as compare 

to the active sensors. Active sensors pollute the environment 

whereas passive sensors not interfere with the environment. 
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Mercedes is an example which implements ultrasonic lasers (active 

sensors). 

 Reliable and efficient algorithms are required that are real time and 

needs low computation power. Many projects implements 

algorithms which are processing intensive like ALVIN which uses 

neural network. Elvis uses Eigenvector technique which is also 

requires a lot of processing.          

 The main goal of the project is to make a driving assistant that 

assists while driving. This theme differs from the previous work 

because before this, a lot of work has been done for automatic 

vehicle navigation or only for accident avoidance. Elvis and Alvin 

basic purpose is to automatically navigate as well as it includes off 

road detection. 
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2. Initial Study 
 

The development of every system starts from the study of the existing 

work that has already been done in the area related to the system under 

development. Although there may exist works that are related to the 

project but may have there target applications in some other domain, so 

it should not be taken as such that “this works already exists so there is 

no need for the development of the current system”. Next the issues of 

selection of the existing work for study, which is a critical task and can 

directly, affect the system under development. 

 

As the goal of our system is to assist drivers by providing the semi-

automatic capabilities using passive sensing, so we had to select 

systems for study in the same area either by industry professionals or 

as research projects in the universities abroad. Considering this fact we 

along with our supervisor classified a group of projects done abroad as 

related to the domain of our work but fairly different in terms of the 

target application. The project list includes: 

 

a.) ALVINN 

b.) ELVIS 

c.) ARGO 

In the context below brief explanation of the study of these projects 

and what we learnt from them is written. 
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2.1 Autonomous Land Vehicle in a Neural Network (ALVINN) 

 

ALVINN is an artificial neural network designed to control the 

Navlab, Carnegie Mellon’s autonomous driving test vehicle. ALVINN 

brings the flexibility of connectionist learning techniques to the task of 

autonomous robot navigation. The system is based on active sensing 

and the sensors used for this purpose are named Radar Sensors. The 

basic goal of the project was to develop a system that can keep a 

vehicle on the road and is able to control itself, mean autonomous 

driving. The underlying technique by which is works is a single hidden 

layer feed forward neural network, which provides the output for 

controlling the steering in the form of steering directions dictated by 

the mass of the hill. The system is capable of guiding a vehicle at 

speeds not greater than 55 miles per hour. Beside this the system is not 

capable of varying the speed of the vehicle considerably during the 

autonomous driving process. Also the neural network by which the 

system works needs to be trained before it can drive the vehicle. So it 

is essentially a knowledge based system lacking the capability of 

working “on the fly” in any given situation. Other wise it is a good 

research effort put by the geniuses of Carnegie Mellon University 

(Dean Pomerleau). 

 

2.2 Eigenvectors for Land Vehicle Imaging System (ELVIS)  

 

ELVIS is a road following system designed to drive the Carnegie 

Mellon’s Navlab. It is based on ALVINN, the neural network system 

described above. ELVIS is an attempt to more fully understand 

ALVINN and to determine whether it is possible to design a system 
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that can rival ALVINN using the same input and output but without 

using the Neural Network. The system is based on passive sensing. 

ELVIS observes the road through a video camera and records the 

human steering response through encoders mounted on the steering 

column. After a few minutes of observing the human trainer, ELVIS 

can take control. ELVIS learns the eigenvectors of the image and 

steering training set via principal component analysis. Road following 

is then performed by projecting new images onto the previously 

calculated Eigen space. The ELVIS system was tested using laboratory 

generated images rather than the actual road images. But what the 

researchers of this system concluded based on the results obtained in 

the laboratory is that, “it is possible to develop a system that can work 

the same way as does the ALVINN but without using the neural 

network”.  Most of the limitations of the ALVINN system apply 

equally to ELVIS.  

 

2.3 ARGO Experimental Vehicle 

 

Alberto Broggi and company developed the ARGO experimental 

autonomous vehicle at the University of Parma Italy. ARGO has 

autonomous steering capabilities but lacks the automatic speed control 

system like ALVINN. 

The system is also based on passive sensing and stereovision. Hence 

two cameras are mounted inside the vehicle, which captures the 

changing road scenario, and then these two images are processed 

through software to control and guide the vehicle on the road. The 

system has been tested a number of times on actual road conditions and 

showed good results but has some serious limitations in the form of the 
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calibration required for the two cameras and that of the existence of 

planar road model for the system to work. The System works on the 

underlying technique of Inverse Perspective Mapping (IPM), in which 

the incoming stream of images is made independent of the perspective 

effect by transforming the image such that it looks to be viewed from 

the top.
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3. Methodology 
 
Professionally developed software’s always follow predefined set of 

rules based on certain methodologies. So has been the case here, but at 

start it was never a plain sailing to identify and select a certain 

methodology as to be according to our exact requirements. After 

comprehensive study of some of the famous models used in software 

engineering we decided to use the not so known Extreme Programming 

approach for or work. 

3.1 Extreme Development – A Software Development Model 

3.1.1 What is Extreme Programming? 

 
Extreme Programming (XP) is actually a deliberate and disciplined 

approach to software development. About five years old, it has already 

been proven at cost conscious companies like DaimlerChrysler, Ford 

Motor Company, Bayerische, Landesbank, Credit Swiss Life and First 

Union National Bank. 

 

XP is successful because it stresses customer satisfaction. The 

methodology is designed to deliver the software that customer needs 

when it is needed. XP empowers developers to confidently respond to 

changing customer requirements, even late in the life cycle. 

 

This methodology also emphasizes team work. Managers, customers, 

and developers are all part of a team dedicated to delivering quality 

software. XP implements a simple, yet effective way to enable 

groupware style development. XP improves a software project in four 

essential ways; communication, simplicity, feedback, and courage. XP 
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programmers communicate with their customers and fellow 

programmers. They keep their design simple and clean. They get 

feedback by testing their software starting on day one. They deliver the 

system to the customers as early as possible and implement changes as 

suggested. With this foundation XP programmers are able to 

courageously respond to changing requirements and technology. 

 

XP is different. It is a lot like a jig saw puzzle. There are many small 

pieces. Individually the pieces make no sense, but when combined 

together a complete picture can be seen. This is a significant departure 

from traditional software development methods and ushers in a change 

in the way we program.  

3.1.2 When Should Extreme Programming be used? 

 
Extreme Programming (XP) was created in response to problem 

domains whose requirements change. Customers may not have a firm 

idea of what the system should do. We might have a system whose 

functionality is expected to change every few months. In many 

software environments dynamically changing requirements is the only 

constant. This is when XP will succeed while other methodologies do 

not. 

 

XP was also set up to address the problems of project risk. If the 

customer needs a new system by a specific date the risk is high. If that 

system is a new challenge for the XP software group the risk is even 

greater. If that system is a new challenge to the entire software industry 

the risk is greater even still. The XP practices are set up to mitigate the 

risk and increase the likelihood of success. 
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XP is set up for small groups of programmers. Between 2 and 10. 

Programmers can be ordinary, you don't need programmers with a 

Ph.D. to use XP. But you can not use XP on a project with a huge staff. 

You should note that on projects with dynamic requirements or high 

risk you may find that a small team of XP programmers will be more 

effective than a large team anyway. 

 

Figure 3 Flow chart of Extreme Programming Approach 

 

XP requires an extended development team. The XP team includes not 

only the developers, but the managers and customers as well, all 

working together elbow to elbow. Asking questions, negotiating scope 

and schedules, and creating functional tests require more than just the 

developers be involved in producing the software. 

 

Another requirement is testability. You must be able to create 

automated unit and functional tests. While some domains will be 

disqualified by this requirement, you may be surprised how many are 

not. You do need to apply a little testing ingenuity in some domains. 

You may need to change your system design to be easier to test. Just 

remember; where there is a will there is a way to test. 



Chapter 3                                                                                     BSE-3                                                    

VISDOM 

16

The last thing on the list is productivity. XP projects unanimously 

report greater programmer productivity when compared to other 

projects within the same corporate environment. But this was never a 

goal of the XP methodology. The real goal has always been to deliver 

the software that is needed when it is needed. 

3.1.3 The Rules and Practices of Extreme Programming 

Like all other methodologies XP has four integral parts: 

a. Planning 

b. Designing 

c. Coding 

d. Testing 

 

3.1.3.1 Planning 

Planning phase comprises of the following main steps: 

 

3.1.3.1.1 User Stories 

In the planning phase the customer is asked to write user stories. 

User stories serve the same purpose as use cases but are not the 

same. They are used to create time estimates for the release planning 

meeting. They are also used instead of a large requirements 

document. User Stories are written by the customers as things that 

the system needs to do for them. They are similar to usage scenarios, 

except that they are not limited to describing a user interface. They 

are in the format of about three sentences of text written by the 

customer in the customers terminology without techno-syntax.  

 

User stories also drive the creation of the acceptance tests. One or 

more automated acceptance tests must be created to verify the user 
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story has been correctly implemented. One of the biggest 

misunderstandings with user stories is how they differ from 

traditional requirements specifications. The biggest difference is in 

the level of detail. User stories should only provide enough detail to 

make a reasonably low risk estimate of how long the story will take 

to implement. When the time comes to implement the story 

developers will go to the customer and receive a detailed description 

of the requirements face to face. 

 

Developers estimate how long the stories might take to implement. 

Each story will get a 1, 2 or 3 week estimate in "ideal development 

time". This ideal development time is how long it would take to 

implement the story in code if there were no distractions, no other 

assignments, and you knew exactly what to do. Longer than 3 weeks 

means you need to break the story down further. Less than 1 week 

and you are at too detailed a level, combine some stories. About 80 

user stories plus or minus 20 is a perfect number to create a release 

plan during release planning.  

Another difference between stories and a requirements document is a 

focus on user needs. You should try to avoid details of specific 

technology, data base layout, and algorithms. You should try to keep 

stories focused on user needs and benefits as opposed to specifying 

GUI layouts. 

 

3.1.3.1.2 Iterative Development 

Iterative Development adds agility to the development process. 

Divide your development schedule into about a dozen iterations of 1 

to 3 weeks in length. Don't schedule your programming tasks in 
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advance. Instead have an iteration planning meeting at the beginning 

of each iteration to plan out what will be done.  

 

It is also against the rules to look ahead and try to implement 

anything that is not scheduled for this iteration. There will be plenty 

of time to implement that functionality when it becomes the most 

important story in the release plan. When you never add functionality 

earlier and practice just-in-time planning it is easy to stay on top of 

changing user requirements. 

 

3.1.3.1.3 Project Velocity 

The project velocity (or just velocity) is a measure of how fast work 

is getting done on your project. The load factor was used for this 

purpose until recently. Project velocity seems to be an easier 

measurement to use. If it helps, use load factor to create an initial 

estimate of project velocity, but then measure the velocity and use 

that instead. 

To measure the project velocity you simply count up how many user 

stories or how many programming tasks were finished during the 

iteration. Total up the estimates that these stories or tasks received. 

During the release planning meeting the project velocity in stories 

completed can be used to estimate how many stories will get done.  

 

During the iteration planning meeting developers are allowed to sign 

up to do the same number of estimated days of programming tasks 

equal to the project velocity measured in the previous iteration.  

This simple mechanism allows developers to recover and clean up 

after a difficult iteration. Your project velocity goes up by allowing 
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developers to ask the customers for another story when their work is 

completed early and no clean up tasks remain. 

 

Don't bother dividing the project velocity by the length of the 

iteration or the number of developers. This number isn't any good to 

compare two projects' productivity because each project team will 

have a different bias to estimating stories and tasks, some estimate 

high, some estimate low. It doesn't matter in the long run. Tracking 

the total amount of work done during each iteration is the key to 

keeping the project on an even keel. 

 

A few ups and downs in project velocity are expected. But you 

should use a release planning meeting to re-estimate and re-negotiate 

the release plan if your project velocity changes dramatically for 

more than one iteration. Expect the project velocity to change again 

when the system is put into production due to maintenance tasks. 

 

3.1.3.2 Design 

 The design phase comprises of the following main steps: 

 

3.1.3.2.1 CRC Cards 

Use Class, Responsibilities, and Collaboration (CRC) Cards to 

design the system as a team. The biggest value of CRC cards is to 

allow people to break away from the procedural mode of thought and 

more fully appreciate object technology. CRC Cards allow entire 

project teams to contribute to the design. The more people who can 

help design the system the greater the number of good ideas 

incorporated. 
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Individual CRC Cards are used to represent objects. The class of the 

object can be written at the top of the card, responsibilities listed 

down the left side, collaborating classes are listed to the right of each 

responsibility. We say "can be written" because once a CRC session 

is in full swing participants usually only need a few cards with the 

class name and virtually no cards written out in full.  

 

A CRC session proceeds with someone simulating the system by 

talking about which objects send messages to other objects. By 

stepping through the process weaknesses and problems are easily 

uncovered. Design alternatives can be explored quickly by 

simulating the design being proposed. 

 

If you find too many people speaking and moving cards at once then 

simply limit the number of people standing and moving cards to two. 

When one person sits down another may stand up. This works for 

sessions that get out of hand, which often happens as teams become 

rowdy when a tough problem is finally solved. 

 

One of the biggest criticisms of CRC Cards is the lack of written 

design. This is usually not needed as CRC Cards make the design 

seem obvious. Should a more permanent record be required, one card 

for each class can be written out in full and retained as 

documentation. A design, once envisioned as if it were already built 

and running, stays with a person for some time. 
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3.1.3.2.2 Choose a system Metaphor 

 

Choose a system metaphor to keep the team on the same page by 

naming classes and methods consistently. What you name your 

objects is very important for understanding the overall design of the 

system and code reuse as well. Being able to guess at what 

something might be named if it already existed and being right is a 

real time saver. Choose a system of names for your objects that 

everyone can relate to without specific, hard to earn knowledge about 

the system. 

 

3.1.3.2.3 Create Spike Solutions 

 

Create spike solutions to figure out answers to tough technical or 

design problems. A spike solution is a very simple program to 

explore potential solutions. Build a system which only addresses the 

problem under examination and ignore all other concerns. Most 

spikes are not good enough to keep, so expect to throw it away. The 

goal is to reduce the risk of a technical problem or increase the 

reliability of a user story's estimate. 

When a technical difficulty threatens to hold up the system's 

development put a pair of developers on the problem for a week or 

two and reduce the potential risk. 

 

3.1.3.3 Coding 

 This phase is based on the following set of rules: 
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3.1.3.3.1 Pair Programming 

All code to be included in a production release is created by two 

people working together at a single computer. Pair programming 

increases software quality without impacting time to deliver. It is 

counter intuitive, but 2 people working at a single computer will add 

as much functionality as two working separately except that it will be 

much higher in quality. With increased quality comes big savings 

later in the project. 

 

The best way to pair program is to just sit side by side in front of the 

monitor. Slide the key board and mouse back and forth. One person 

types and thinks tactically about the method being created, while 

other thinks strategically about how that method fits into the class. It 

takes time to get used to pair programming so don't worry if it feels 

awkward at first. 

 

3.1.3.3.2 Optimize at Last 

Do not optimize until the end. Never try to guess what the system's 

bottle neck will be. Measure it! Make it work, make it right, then 

make it fast. 

 

3.1.3.4 Testing: 

 The test phase requires the implementation of following 

practices: 

 

3.1.3.4 .1 Unit Test 

Unit tests are one of the corner stones of Extreme Programming 

(XP). But unit testing in XP is a little different. First you should 
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create a unit test framework to be able to create automated unit 

tests suites. Second you should test all classes in the system. Trivial 

getter and setter methods are usually omitted. And last you should 

try to create your tests first, before the code.  

 

Unit tests are released into the code repository along with the code 

they test. Code without tests may not be released. If a unit test is 

discovered to be missing it must be created at that time.  

 

The biggest resistance to dedicating this amount of time to unit 

tests is a fast approaching deadline. But during the life of a project 

an automated test can save you a hundred times the cost to create it 

by finding and guarding against bugs. The harder the test is to write 

the more you need it because the greater your savings will be. 

Automated unit tests offer a pay back far greater than the cost of 

creation. 

 

Another common misconception is that unit tests can be written in 

the last three months of the project. Unfortunately, without the unit 

tests development drags on and eats up those last three months. 

Even if the time is available good unit test suites take time to 

evolve. Discovering all the problems that can occur take time. 

Unit tests enable collective code ownership. When you create unit 

tests you guard your functionality from being accidentally harmed. 

Requiring all code to pass all unit tests before it can be released 

ensures all functionality always works. Code ownership is not 

required if all classes are guarded by unit tests. 
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3.2 Visdom and Extreme Programming (XP) 

 
Now that you have had an insight into the extreme programming 

approach, let us apply XP by writing user stories to plan and CRC 

cards to design the different modules of VISDOM. 

3.2.1 User Stories 

1. There should be a system that minimizes the human error; 

beside this it should also reduce the life risk while driving on 

highways and motorways. 

2. The human errors while driving are: 

a. Snoozing. (small nap) 

b. Unconscious wrong move while talking. 

c. Unable to make a decision while talking on a mobile 

phone.  

3. We want to develop a human safety critical system. 

4. To develop the system a video Cam will be hung inside the 

vehicle capable of capturing the changing road scenarios 

ahead of us. 

5. For this purpose a hanging stand should be developed that 

should be adjustable enough so that it can be fixed in 

different vehicles. 

6. The hanging stand should minimize the camera vibrations. 

7. The captured stream of images will be processed by the 

developed software. 

8. The software will provide driving assistance while driving. 

9. Driving assistance includes: 

a. Tracking a vehicle in front as per user choice. 

b. Detecting lane change events. 
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c. Allowing the drive to track white lane marker on the 

road surface. 

d. Detecting obstacles present on the road to avoid 

accidents. 

e. Predicting the road turns before hand.  

10. It should also be capable of detecting obstacles present on the 

road. 

11. User should be provided with the option to select a vehicle he 

wants to track through an easy to use user friendly interface. 

12. The vehicle should be tracked in a continuous manner. 

13. The user should be provided necessary feedback in the form 

of video and audio. 

14. The tracking should be implemented such that it can lead us 

to the concept of cruise control and autonomous vehicle 

tracking. 

15. The concept of tracking will eventually evolve an old concept 

of moving in a caravan. 

16. All cars having the proposed system installed will follow 

each other with out creating traffic gain. 

17. The visual output should be in the form of visual vectors and 

the audio output must be in the form of high frequency tone 

that should shift its balance as the vehicle in front moves. 

18. Beside this a line tracking capabilities should also be present 

in the system. 

19. For this purpose the developed software should be capable of 

extracting line from the input stream of images. 

20. In case of rash driving the system should warn the driver. 
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21. The software should also provide information about our own 

vehicles position i.e. in which lane we are moving. 

22. Should also be capable of detecting lane changes. 

23. It should warn the driver about a lane change. 

24. It should detect vehicles on the other lane and warn him from 

changing the lane. 

25. The system should also have the capability of warning the 

driver through acoustic and tactile sensors installed on the 

steering. 

26. All the processing should be done in real time. 

27. The system should present the extracted lines in two different 

colors so that the driver can easily perceive and select the line 

of his choice. 

28. Vehicle having such a system should be capable of moving at 

a constant speed by avoiding obstacles on the road and 

tracking the line. 

29. White line tracking will be helpful in long and relax driving. 

30. The concept of line tracking will lead to autonomous driving. 

31. The system should also detect vehicular movements when it 

tries to get off the road. 

32. Shoulder of the road should also be considered as an off road 

points. 

33. Proper road extraction should also be done considering the 

fact that the system has safety critical applications. 

34. Every thing on the road other than our vehicle should be 

considered as an obstacle. 

35. But the obstacle should at least have a height of one feet to 

avoid any false alarms. 
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36. Also the obstacle should at least have be two feet wide. 

37. There can be multiple obstacles on the road at any given 

instant. 

38. The developed software should be capable of detecting 

relative distance between obstacles and our vehicle. 

39. But for us the obstacle with minimum distance is more 

critical than the one whose relative distance from our vehicle 

is greater. 

40. So the system should have the capability of classifying the 

vehicle as near or far. 

41. The software should guide visually and acoustically about the 

obstacles warning the driver not to make a fatal mistake in 

that direction. 

42. The software will also have the capability of keeping the 

record of the obstacles at any given instant. 

43. Any thing located at an off road point will be considered as 

an obstacle. 

44. If our vehicle gets too close the vehicle in front the software 

should direct the hardware to apply brakes and slow down to 

avoid any mishap. 

45. The system should not only be capable of detecting front 

vehicles but the obstacles on either side should also be 

detected. 

46. The system should also have the capability of predicting the 

road turns ahead off us. 

47. The system should inform the driver of the possible road 

scenario before hand guiding him about left, right or straight 

road. 



Chapter 3                                                                                     BSE-3                                                    

VISDOM 

28

48. The software at present should provide a visual 

demonstration indicating the direction of turn. 

3.2.2 Class Responsibility Collaboration (CRC) Cards 

 
Below is the CRC card that was finalized after comprehensive group 

discussion for the vehicle tracking module of the project. 

Class Name 

CTrackingView 

Responsibilities  Collaborating Classes 

1. The main purpose of this class is to 

implement the vehicle tracking 

algorithm. 

Other functionalities that will be built 

into this class include mathematical 

functions like the computation of the 

standard deviation and Energy of the 

image. 

The class will also incorporate in it the 

video reading & decoding 

functionality by using the video for 

windows API calls. 

The class will interact with the user 

through a GUI to capture environment 

variables like file name, frame 

number, zoom requirements and will 

also allow the user to click on the 

vehicle of interest. 

CMatlabEngine 

This class will help establish a connection 

with the Mat-lab resulting in the 

exchange of data & functions between the 

mathematical environment and the Visual 

C. The class will help in the 

experimentation phase of the algorithm.   

 

2. 

 

 

 

3. 

 
SoundGenerator 

This class will generate a specialized tone 

above the frequency range of 18000Hz. 

The generated tone will help provide in 

the development of the stereo phonic 

acoustic feedback system. 

 

4. 

 

 

 

 

 MixerBalance 

The class will control the sound balancer 

of windows operating system and will 

help in the smooth shifting of the sound 

5. 
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  Beside this, the class will provide a 

specialized graphical display based on 

the computed parameters like 

graphical simulation of the vehicular 

movements, vectors to indicate the 

direction of motion and a algorithm 

controlled slider to indicate the vehicle 

position with respect to ours. 

The class will also implement the 

experimental version of geometric 

transformation named inverse 

perspective mapping. 

balance between the left and the right 

speaker.  

 

 

Daubechies 

The class will implement the forward 

wavelet transform using Haar wavelets. 

Lifting scheme will be used for the 

desired functionality. 

 

6. 

 

 

 

 

 

 

CRC card below was finalized after comprehensive group discussion 

for the implementation of lane detection and tracking module of the 

project. 

 

Class Name 

CTrackingView 

Responsibilities  Collaborating Classes 

1. The main purpose of this class is to 

implement the lane change detection 

and tracking algorithm of the project. 

The class will also incorporate in it the 

video reading & decoding 

functionality by using the video for 

windows API calls. 

Edge detection filter will also be 

CMatlabEngine 

This class will help establish a connection 

with the Mat-lab resulting in the 

exchange of data & functions between the 

mathematical environment and the Visual 

C. The class will help in the 

experimentation phase of the algorithm.   

 

 

2. 

 

 

3. 
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 implemented using Sobel operator, 

which will help in the experimentation 

phase of the module. 

The class will interact with the user 

through a GUI to capture environment 

variables like file name and frame 

number. 

A specialized Graphical Display will 

be developed that will show graphs of 

the vehicle position within each lane, 

extracted white lines, a line visibility 

progress control and the ability to 

visually show lane change events.  

Other functionalities that will be built 

into this class include mathematical 

functions like the computation of the 

standard deviation and Energy of the 

image. 

Necessary error handling will also be 

performed to reduce the chances of 

abnormal termination and memory 

leaks that eventually result in the slow 

execution of the algorithm. 

 

4. 

 

 

 

5. 

Text2Speech 

The class will initialize the COM 

interface that will enable the windows 

text to speech capability, beside this the 

class will implement other necessary 

interfaces that will allow a piece of 

written text be spoken out loud in relation 

to a real time event. 

 

 

 

 

6. 

 

 

 

7. 

 

 

 

 

 

CRC card below was finalized after comprehensive group discussion 

for the implementation of obstacle detection module of the project. 
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Class Name 

CTrackingView 

Responsibilities  Collaborating Classes 

1. The main purpose of this class is to 

implement the obstacle detection 

algorithm using free space detection 

or motion estimation 

The class will also incorporate in it 

the video reading & decoding 

functionality by using the video for 

windows API calls. 

The algorithm will be divided into 

two steps which will include the 

hypothesis generation and verification 

as separate steps to reduce the number 

of false positives. 

The class will interact with the user 

through a GUI to capture environment 

variables like file name and frame 

number and zoom requirements 

specific to every road. 

A specialized Graphical Display will 

be developed that will show graphs of 

the vehicle position with respect to 

ours, algorithmically calculated 

parameters like angle, distance and 

location will also be shown in tabular 

CMatlabEngine 

This class will help establish a 

connection with the Mat-lab resulting in 

the exchange of data & functions 

between the mathematical environment 

and the Visual C. The class will help in 

the experimentation phase of the 

algorithm.   

 

 

2. 

 

 

3. 

 

 

 

 

5. 

 

 

 

Text2Speech 

The class will initialize the COM 

interface that will enable the windows 

text to speech capability, beside this the 

class will implement other necessary 

interfaces that will allow a piece of 

written text be spoken out loud in 

relation to a real time event. 

 

6. 

 

 

 

 

7. 
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 format.   

Necessary error handling will also be 

performed to reduce the chances of 

abnormal termination of program and 

memory leaks will also be handled 

that result in the slow execution of the 

algorithm. 

 

 

 

 

 

CRC card below was finalized after comprehensive group discussion 

for the implementation of road curve prediction module of the project. 

 

Class Name 

CTrackingView 

Responsibilities  Collaborating Classes 

1. The main purpose of this class is to 

implement the road curve prediction 

algorithm. 

The class will also incorporate in it the 

video reading & decoding 

functionality by using the video for 

windows API calls. 

The algorithm will be divided into two 

steps, first the input image will be 

segmented to extract the road and then 

the geometric transformation will be 

applied as a final step. 

CMatlabEngine 

This class will help establish a connection 

with the Mat-lab resulting in the 

exchange of data & functions between the 

mathematical environment and the Visual 

C. The class will help in the 

experimentation phase of the algorithm.   

 

 

2. 

 

 

3. 

 

 

 

4. 
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 Inverse perspective mapping will be 

implemented that will transform the 

image to a birds eye view and will 

help in the extraction of road 

boundaries. 

The class will interact with the user 

through a GUI to capture environment 

variables like file name frame number. 

A specialized Graphical Display will 

be developed that will show the road 

turn direction ahead of us using arrows 

and the visual simulation of road turn. 

Necessary error handling will also be 

performed to reduce the chances of 

abnormal termination of program and 

memory leaks will also be handled, 

that if not checked result in the slow 

execution of the algorithm. 

 

 

Text2Speech 

The class will initialize the COM 

interface that will enable the windows 

text to speech capability, beside this the 

class will implement other necessary 

interfaces that will allow a piece of 

written text be spoken out loud in  

 

 

 

relation to a real time event. 

5. 

 

 

6. 

 

 

 

7. 
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4. Libraries Development 
 

The development of any software project relies heavily on the set of 

libraries that are developed and integrated well into the software. Most 

of the time in software development is usually spent on designing 

libraries such that they can be reused later. So has been the case with 

us, as any research project requires extensive experimentation with 

different techniques in order to test and verify their usefulness in a 

given condition.  

 

4.1 Video Decoding 

 

After the data acquisition step of our Software development life cycle 

the next step was to develop software that can read the video data from 

the hard drive and decode its compression format using an appropriate 

codec. For this purpose two options were available to us: 

i.) Microsoft System API’s 

ii.) Microsoft DirectX Engine. 

 

As the DirectX engine was not available in the market and because of 

its huge size it cannot be downloaded from the Internet so we chose to 

use Microsoft System API’s. For this purpose multimedia API was 

spotted and learned so that we can decode the video data from the hard 

disk. A small software was then built that can read the video in the 

desired format and decode its data such that it becomes available in the 

form of RGB values so that we can process it according to our will. 
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4.2 Linking with MATLAB 

 

As we are developing our software using Visual C++ so before writing 

library for any technique that we consider good and for 

experimentation we thought of linking our software to the mat-lab so 

that we can utilize a wealth of functions embedded into its engine. For 

this purpose necessary study was done from which came to our 

knowledge that we need to learn the Microsoft Component Object 

Model into to link the software with the mat-lab. After the hefty efforts 

of the project team we were able to make this thing possible. The 

developed library was capable of executing any command in the mat-

lab engine and fetching and putting data in the form of variables from 

the Visual C++ environment. The library was integrated into the 

software and the experimentation work on the project started to its 

extreme. 

 

4.3 Implementation of Wavelets in Visual C++: 

 

Although linking with mat-lab turned out to be of great help and 

almost reduced the experimentation time to half but it had some 

serious drawback in terms of the speed with which it can execute any 

command in the mat-lab engine. As we were experimenting with 

various techniques we found wavelets to be of great help in our 

problem domain, so we thought of using the mat-lab toolbox for this 

purpose, but the speed of execution of our software decreased ten fold 

times as we experimented an algorithm using wavelets linked with 

mat-lab and we were unable to derive any conclusion from our 
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experimentation, so we thought of developing a library for wavelets in 

Visual C++. 

For this purpose we needed to understand the basic mechanism behind 

the wavelets so that we can implement them at our own with being 

dependent on the third party. After initial study by the project team on 

the implementation scenarios of wavelets it was determined that they 

can be implemented using: 

 

i.) Fourier analysis Method. 

ii.) Lifting Scheme. 

 

Both of these methods were studied and the study suggested that it is 

relatively easy to implement wavelets using lifting scheme because in 

the traditional Fourier analysis method you need to know the co-

efficient values and the way in which you need to co-relate the values 

at different scales. 

So, after deep understanding of the Lifting scheme the Wavelet library 

was developed in visual C++. The Lifting Scheme basically relies on 

four main steps: 

i.) Split. 

ii.) Predict. 

iii.) Update. 

iv.) Merge.  

The library turned out to be of great use in the experimentation process 

and provided in depth understanding of the Haar and Daubechies 

wavelet transform. 
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4.4 Inverse Perspective Mapping 

 

As we were studying the ARGO experimental vehicle the technique of 

Inverse perspective mapping came to our knowledge. Though it was 

used there using the stereovision but we decided to experiment it with 

too. The basic objective was to remove the perspective effect from the 

image by moving to a certain distance above the ground than the actual 

recorded movie so that objects and lines can be detected from the 

image. For this purpose necessary formula for performing the task was 

cited in the literature of the ARGO project and software was made to 

accomplish this task. The transformation was successful but the further 

work in this direction is still in progress till the writing of this report. 

 

4.5 Tone Generation 

 

The basic goal of our project is to convert complex visual information 

into easily perceivable acoustic information, so for that purpose we 

needed to work around with the Microsoft Sound API (Audio API). 

The supervisor told us to generate a consistent tone in the frequency 

range of 18000 Hz to 21000Hz. So for that purpose first we hunted out 

in the literature for finding the formula to generate the tone in such a 

range. After some efforts we were able to solve the mentioned 

problem. Now we the Microsoft API was studied by the project team 

and small software was developed using the API. 

4.6 Balance Shifting (Mixer Control) 

 

One of the extensions to the above task was to shift the balance of 

sound between the two speakers of the computer so that a human can 
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perceive and determine without even seeing in which direction the car 

is moving. For this purpose we needed to take control of the mixer 

device from the Operating system i.e. Windows9x, XP. So, once again 

the team members studied the mixer in detail and software was 

developed that can shift the balance between the two speakers of the 

computer and was later integrated into the actual software.
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5. Lane Detection and Tracking 
 

5.1 Introduction 

Driver oversight endangers the lives of passengers while they are traveling 

on the roads.  It is estimated that up to 53% of these accidents could be 

avoided if vehicles have driver warning systems. Our goal is to develop a 

smart vehicle which provides intelligent navigational assistance.  

 

The real time lane detection and tracking is an essential module for driving 

assistance, which provides information on lane structure and vehicle 

position relative to the tracked lane. The proposed lane algorithms can also 

be applied on curved and non flat roads. Here, we present lane detection 

algorithms based on video sequences taken from a video camera 

(monocular vision) deployed inside the vehicle driven on highway or 

motorway. 

 

5.2 Related Work 

 

Over the last decade, a great deal of research has been conducted in the 

area of vision based detection of lane marker. Among these algorithms, 

few lane detection systems are reviewed below. 

 

GOLD (Generic object and lane detection) is the stereo vision based 

experimental system developed at the University of Parma, Italy. It uses 

geometric transform (Inverse perspective mapping) for lane marker 

detection. The assumption in there work is of flat road model. Beside this 

large amount of computation is required for processing stereo images. 
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LOIS (Likelihood of Image Shape), developed at the University of 

Michigan Artificial Intelligence Lab, uses a deformable template 

approach. A parametric family of shapes describes the set of all possible 

ways that the lane edges could appear in the image. Lane detection is 

performed by finding the lane shape parameters that maximize the 

function for the current image. However, this algorithm can not guarantee 

a global optimum and accuracy without consuming huge computational 

resources. Therefore, it is not suitable for the real time application. 

 

Support vector machines have so far been used for object recognition, 

hand written text classification and face detection in large databases. 

 

Figure 4 Screen Layout of the Lane Change Detection & Tracking GUI 
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5.3 Proposed Methods 

5.3.1 Lane Detection and Tracking using IPM 

Visual perception of road markers and its tracking is a challenging task. 

The recognition of lane markers is very essential for reliable vehicle 

navigation. The work presents an approach based on inverse perspective 

mapping for lane marker detection and tracking. 

5.3.1.1 Inverse Perspective Mapping [IPM] 

The preprocessing step which is being initiated is IPM. It is basically a 

geometrical transformation which allows removing the perspective effect 

from the acquired scene. As perspective effect is actually the view under 

which scene is acquired and the distance of the object from the camera. 

 IPM belongs to the re-sampling filter family. After applying IPM the 

image is remapped into a new 2-dimensional domain (the remapped 

domain) in which the information content is homogeneously distributed 

among all pixels. IPM transform requires the knowledge of the specific 

acquisition conditions (camera position, orientation, optics...). 

       View port =Camera Position (l, d, h) 

γ angle formed by the projection 

θ angle formed by the optical axis 

x,y   original image axis 

u,v   remapped image axis 

 

u(x,y,0)  =   [(θ(x,y,0) – (⎯θ  –  α))* (n–1)] /[(2*α)]   (1) 

v(x,y,0)  =   [(γ (x,y,0) – (⎯γ  – α))* (n–1)] /[(2*α)]    (2) 

where 

γ (x,y,0) =arc tan[(y-d)/(x-l)]                                    (3) 
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θ(x,y,0) = arc tan[(h sinγ (x,y,0))/((y-d)]                  (4) 

 

The advantage offered by the use of the IPM is that in the remapped image 

road markings are represented by quasi-vertical constant width lanes, 

brighter than their surrounding region.[2] This simplifies the following 

detection steps and allows its implementation with a traditional pattern 

matching technique. 

  

Figure 5 Original Image and it Inverse perspective image in Remapped domain 

 

5.3.1.2 Lane Detection 

As in the remapped domain the lanes are brighter than their surrounding 

region. So to extract white lane an adaptive thresholding with a gray scale 

transition is used. The resulting image is binary image where ‘1’ (white 

color) shows the possible area of lane whereas ‘0’ (black color) shows the 

surrounding part of lane. 

 

 

Figure 6 Lane Marker Detecction 
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5.3.1.3 Discriminate Left and Right Lane 

 
To minimize the noise effect from the image it is essential to identify the 

left and right lane (there area of allocation horizontally).When image is 

analyzed it is found that there exist two majority regions (Horizontal axis) 

where the concentration of white color is found. These two regions are left 

and right lane marker region and all the other regions which are not near to 

the left and right lane marker region are considered as noise. 

 

 

Figure 7 Left and Right Lane Marker Identification 

Figure 4 shows that the two majority regions where the lane markers exist 

are partitioned into blue and red color and a vertical plan is considered 

which divides the two lane markers into two regions. With respect to this 

vertical region the deviation of left lane marker as well as right lane maker 

can be found. 

 

Figure 8 Lane marker Identification Blue shows Left lane and Red shows Right lane 

5.3.1.4 Lane Linking 

 
The linking algorithm utilizes the information recorded in the previous 

step of identifying the left and right lane markers. The linking algorithm is 

as follow. 
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1- Lane markers are traverse vertically until end of lane marker is found 

so there ending points are registered. 

2- Traversing continues until a new lane encounter. So its starting points 

are registered. 

3- Linking is performed between ending points and starting points of the 

lane marker. 

4- Repeat the step 1-3 until a frame of video ends.             

 

 

Figure 9 Lane Linking 

 

5.3.1.5 Lane Tracking 

 
Lane tracking is performed to cope with the lateral movement of the 

vehicle. The concept of tracking is carried out for relax driving. In which 

potential user is provided to track a lane so that if he/she is deviating from 

that lane the system will give warning. 

 

Zleft=  Ref_Xleft  - Average(Xleft )                     (3) 

Zright=  Ref_Xright  - Average(Xright )                (4) 

 

 At the start of lane tracking the horizontal positions of the lane are 

registered as reference position (Ref_X) and in the next frame the 

deviation from those reference positions is carried out (Z). If the deviation 
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(Z) is within specific (threshold) range then it is ignored otherwise system 

gives a visual warning. 

 

   Z > threshold Warning                             (5) 

         Otherwise Ignored                                   (6) 

 

 Lane change detection is also carried out. In this lane transition of our 

vehicle from the left lane marker or the right lane marker is detected. All 

the Z values are registered and analyzed. The positive values of Z shows 

that the vehicle is moving towards Left and negative values show that 

vehicle is moving towards right. The starting vertical plan is considered as 

the reference vertical frame. A region surrounding that vertical plan is 

considered as the transition detection point. Whereas in that region if the 

blue color occurs, it enabling us to consider the lane change detection of 

the vehicle from the left lane and red color tells for the lane change 

detection from the right lane.  

  
Figure 10 Before and After Lane Transition from the left side 

 

5.3.1.6 Superimposing Result On the original image 

 
As a preprocessing step we carry out IPM to remove the perspective effect 

now for the post processing the results obtained in the remapped image are 
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again superimposed on to the original image. This step is carried out for 

displaying the results. 

 

Figure 11 Superimposed Image 

 

5.3.2 Lane Detection and Tracking using SVM 

 

The potential user begins the process of lane tracking by selecting one of 

the two discrete lines visible at any given moment, by clicking on the 

buttons available on the interface. As any lane marker-tracking algorithm 

would first require the detection of lines, there separation followed by 

linking and then tracking, hence the same general outline will be followed 

by the algorithm described below. 

 

5.3.2.1 Preprocessing 

 

As a first step the lower 1/3rd portion of the image after converting into 

gray scale is analyzed for acmes above a certain threshold. This helps to 

determine the lightning conditions of the environment in which the vehicle 

is being driven. If the acmes are found and amount a suitable number, then 

it can be said that the image has been acquired in good lightning 

conditions and a hypothesis can be generated saying that the white lane 

markers are present on the road surface. Otherwise a contrast and a 

brightness stretch are applied on the lower portion of the image using the 

following formulas on the three channels of the RGB color model: 
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X = max (M - M , min (M , ∑ ( α + β + γ )))  (7) 

Where    

 α = ( Channel – β ) x Contrast  

 β = 128 

 γ = Brightness 

 M = 255 

 Channel = R , G , B 

 

The above preprocessor is based on the assumption that the road will 

always be present in the lower portion of the image. 

 

  

Figure 12 Shows an image acquired under poor lightning conditions (left image) and after 
contrast and brightness stretch has been applied(right image). 

 

5.3.2.2 Raster Scanning 

 

The preprocessed image consisting of lower 100 scan line is raster 

scanned from left to right in-order to detect lane markers and to verify the 

earlier generated hypothesis. The scanning algorithm detects the mass of 

hill above a certain threshold also some times referred to as the localized 

acme estimation. All points that satisfy the above condition are recorded 

for further processing.  
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5.3.2.3 Noise Removal 

 

The obtained points are cross verified to remove any noise from the 

gathered data that might result in wrong predictions. For this purpose road 

is extracted from the image by using the texture analysis method which 

takes advantage of the repetitive nature of the road textures. Using the K – 

means algorithm standard deviations and mean is computed for some 

known road patterns and are compared against the computed deviation and 

mean of each frame of the video sequence. Hence boundaries of the road 

are obtained and recorded. 

 

 

Figure 13 Shows and image before and after the road detection step. The grayed portion in 
the right image highlights the road from which road boundaries are extracted and recorded. 

 

All points that were gathered in the raster scan phase are verified to be 

lying within the road boundaries and in clusters. Points that do not satisfy 

these properties are removed from the data set hence reducing the error 

only to the points within the computed road boundaries.  

 

5.3.2.4 Lane Marker Classification 

 

As there can be multiple lane markers visible to the driver at any given 

moment, classifying them will help distinguish between the markers that 

driver wants to track and will provide greater and specialized control over 
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the acquired data set to us. For this purpose support vector machines were 

used to classify the lane markers as blue or red. 

 

5.3.2.4.1 Support Vector Machines [SVM] 

 

Support vector machines, were invented by Vladimir Vapnik. They are 

method of creating classification functions (kernel functions) from a set of 

labeled training data. For classification SVM’s operate by finding a hyper 

surface in the space of possible inputs. The hyper surface will attempt to 

split the positive examples from the negative examples. The split is chosen 

to have the largest distance from the hyper surface to the nearest of the 

positive and negative examples. Intuitively, this makes the classification 

correct for testing data that is near, but not identical to the training data.  

The SVM problem is ill posed: finding one hyper plane (hyper surface) 

that separates the data but many such hyper planes might exist. So we 

need a principled way to choose the best possible hyper plane. Also the, 

margins (geometric and functional) between the separating hyper planes 

depend on the chosen kernel function. The points closest to the margins 

are called support vectors.  

Now let us return to our main task of classification of the data set. 

 

5.3.2.4.2 Kernel Function 

 

To classify the data points gathered previously using SVM the kernel 

function was derived from the data set as to select some seed points whose 

norm from the left and the right boundaries of the acquired image is 

minimum over 1/3rd height of the image. The selected points using the said 
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kernel form the Kernel Induced Vector (KIV) and will be used later for 

classifying the data set . 

 

 

Figure 13 Shows the encircled points that were selected by the kernel function for KIV 

 

5.3.2.4.3 Establishment of hyper plane 

 

Then norm is computed between the KIV and the data set, which results in 

the establishment of two separating geometric hyper planes and separation 

of the data in the form of red and blue. As a result of the above process we 

obtain two sets A and B where A is the first set from the left and B is the 

second. 

 

The maximum values of set (A) w.r.t x form the geometric margin A and 

minimum value of set (B) form the geometric margin B. The points whose 

norm is minimum with certain applicable threshold from the hypothetical 

margin A and B form the geometric support vectors (GSV). 

 

 The functional margin is then computed to be the center of the 

GSV resulting in the formation of a single functional support vectors 

(FSV). 
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Figure 14 (On the left) Shows the geometric margins formed by the algorithm in green 
discrete lines and the functional margin or the separating hyper plane in the yellow color 

formed when processing road in lane 2. (On the Right) Final, output in which the lane 
markers are separated in the blue and red colors. 

 
5.3.2.4.4 Verification 

 

The above, mentioned GSV are computed for every image of the input 

stream and are then verified against the trained support vectors [3] (SV) 

for that lane model to verify the classification to be successful. 

 

5.3.1.5 Line Linking 

 

Next line linking was done to provide visual aid to the driver. For this 

purpose classified data set obtained in the previous step was made to 

persist in time over a period of 1 second or about 10 - 15 frames. The 

obtained results are shown below in the figure. 

 

 
Figure 15 Shows the results obtained after the discrete lines have been linked algorithmically 

after detection and classification. 
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5.3.2.6 Lane Marker Tracking 

While tracking the newly separated red or the blue lane marker as per the 

user click our foremost objective will be to detect a possible lane change 

on any highway or motorway from the current lane to notify an event 

indicating the lane change to the driver. 

 

So far we have successfully classified points of the two lane markers but 

now we need to have a trained machine using support vectors that can 

detect a possible shift of the hyper plane previously constructed. 

  

5.3.2.6.1 Training 

 

In the training phase 12 images (4 for every lane model) of different road 

scenarios including turns at different angles were provided as input to the 

classification algorithm. From these images the functional margins or the 

separating hyper planes are extracted and recorded in the form of support 

vectors (SV) for every lane model. 

 

The obtained SV are then averaged within their respective lane models to 

obtain a single mean vector for every lane. This step helped reduce the 

number of comparisons required later for verification of vehicle 

movements. 

 

5.3.2.6.2 Verification 

 

The functional margins or FSV are then computed for every image of the 

incoming video stream and are compared against trained functional 

support vectors along with a slack variable to handle for any unexpected 
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short duration noise. As soon as the functional margin is found to have 

deviated sufficiently from a given lane model and the internal confidence 

level of the decision is found to be in the acceptable range a message is 

generated indicating to the driver that the lane change has been detected. 

 

5.3.1.7 Confidence Level of Decision 

 

The number of points that are initially detected and the ones that survive 

to exist in the classified sets A and B dictate the confidence level of the 

decisions generated by the algorithm. 

 

For this purpose a specialized slider outputs the line visibility, which 

indirectly indicates the preciseness of the decision generated by the 

algorithm, trapped in three levels namely poor, medium and good. 

 

Figure 106 Shows the Confidence level of the decision shown to the driver 

 

Beside this the algorithm provides stereo-phonic acoustic assistance for 

the vehicular movements within a given lane. This helps the driver to 

reposition the steering as per the deviation observed and feedback 

provided to him by the system. 
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5.4 Results 

 
5.4.1 Results of SVM 

 

The algorithm was tested using 2Ghz Pentium 4 machine with Windows 

XP and Visual C++.NET as the development tool. An original movie of 

the Lahore – Islamabad Motorway was recorded and the algorithm was 

tested on different portions and sequences, under varying lightning 

conditions, of the movie. 

 

A total of 18 occurrences of lane transition were provided as input to the 

algorithm, which included empty roads and semi occluded road scenarios 

by obstacles such as vehicles.  

 

   

Figure 17 Shows two images from the video sequence when the lane transition was detected 
by the algorithm; from lane 3 to lane 2. 

Out of these 17-lane transitions from any of the lanes to other lanes were 

successfully detected by the algorithm with the response time of varying 

in the range of 2.5 to 3 seconds for the generated message of lane change.  

One transition that was not detected occurred when the lane markers; were 

hidden by a vehicle moving in front for a longer duration. 
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Figure 18 Shows two images when the lane transition was detected from lane 2 to lane 1 and 
from lane 1 back to lane 2. 

 

   

Figure 19 Shows two images in which the lane transition was detected from lane 2 to lane 3 
and from lane 3 to lane 2 under poor lightning conditions. 

 

Beside this the algorithm is capable of processing 12 frames per second, 

which makes it perfect for real time usage. 

5.4.2 Results of IPM  

 
The predefined algorithm works efficiently and it very effectively detect 

left and right lane markers and reliably there linking is performed. The 

results for lane transition are 75-80%. The critical behavior correspond 

when the lane are occluded by the vehicles. Due to this occluded lane 

markers are non detectable but this will have no effect on the visible lane 

markers detection.    
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Figure 20 Before and After Left Lane Transition 

 

   

Figure 20 Before and After Right Lane Transition Occurred 

 

5.5 Conclusion 

 We can conclude that IPM gives good results for lane marker detection 

and SVM for good classification of the data for the Lane marker tracking. 

The future work will combine both the approaches to form an optimal and 

efficient algorithm. 
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6. Vehicle Tracking Techniques 

 
6.1 Proposed Method 

 

The potential user triggers the process of tracking as a consequence of 

click on the desired vehicle moving at a safe distance resulting in the 

formation of a window sized 80 x 80 around the vehicle and centered 

just about the clicked pel.  

 

6.1.1 Preprocessing 

 

As a first step the incoming stream of images (80 x 80) from within the 

established window are transformed into a new color space named 

motley (combination of color spaces). The color space has been 

derived from a hyperspace consisting of  

i.) Opponent color model. 

ii.) RGB color model. 

 

The scruples (logical motivation) behind performing color space 

transformation is to handle the changing lightning conditions and to 

reflect the actual human perceptual color distances, since the color 

distances in the RGB color-space do not reflect the human perception, 

so performing color-space conversion becomes necessary so that the 

video stream is represented such that it accounts for human visual 

perception. The new values for a particular color pixel are defined 

using the conversion formulas shown below: 

 

Component1 = 0.299 * R  (1) 
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Component2 = 0.588 * (R+ 2 * (M – G) + B) / 4 (2) 

Component3 = 0.114 * B  (3) 

Where M is the maximum value of a color in RGB space using 8-bit 

logic. 

 

 

Figure 21 Processing window before and after Color Space Transformation 

 
As processing three channels separately to track the vehicle is a 

computationally expensive and tedious task so the above three 

components are summed together to form a single gray channel. 

 

Gray Channel = ∑ (Component n) (4) 

 

Finally the number of bins of the established window on the image 

stream is reduced to sixteen using the traditional K-Means algorithm. 

 

6.1.2 Porose around User Click 

 

Now in a 3 x 3 neighborhood of the pixel on which the user clicked a 

porous mask is established which records the gray scale values of the 

vehicle under consideration. These values represent the region in 
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which the prey (vehicle) lies at the moment of click and the gray levels 

that can uniquely identify the vehicle from its immediate surroundings.  

 

Figure 22 Showing the 3 x 3 mask for recording click region values 

 

6.1.3 Region estimation and Grouping 

 

In order to form contiguous blocks that can represent a vehicle, 

blocking is performed on the gray channel. The various steps of region 

formation are listed below: 

1. A block size of 10 is chosen and finalized after successive 

experimentation with various sized blocks. This results in a total 

of 64 blocks and for each of them a separate histogram is 

recorded. 

2. Next, the maximum color for each block is found and recorded. 

3. The recorded maximum color for each block is compared with 

the values of the mask established initially at the location of 

click. 

4. As a result of this comparison a contiguous region is formed, 

uniquely identifying a vehicle in the processing window. 

5. All areas other than the contiguous region are nullified and the 

resulting value of matched blocks count is saved as an initial 

condition for future reference. 



Chapter 6                                                                                     BSE-3                                                    

VISDOM 

61

6. The steps from 1 to 5 are repeatedly applied on the processing 

window of every captured frame from here on till the vehicle is 

lost. 

 

 Tracking in successive frames 

 

In order to track the vehicle the processing window is divided into 

three vertical columns of which two are of same width and are 

positioned at the right and left sides of the window, as shown below: 

 

Figure 23 Showing Columns, which form the basis of tracking algorithm 

 

The center column contains the vehicle identified in the form of a 

region in the above picture. Now two vehicle movements are of our 

interest for tracking on any road model i.e. the right and left 

movements. The right and left columns are further divided into 8 rows 

for analytical purpose and each cell in the right and left column is 

initially marked as non-imbricated (non overlapped by the vehicle 

region).  The steps that form the core of the tracking algorithm are 

listed below: 
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1. When ever the right or left column of the processing window are 

sufficiently imbricated by the vehicular region, and the other side 

remains un-imbricated, the vehicle is considered to be drifting in 

the direction of imbrication. The above decision is made whenever 

the imbricated cells of any column become greater than five (5). 

The value has been chosen such that it handles for any noise in the 

calculation and formation of region. 

2. Hence the processing window is moved in the imbricated direction 

resulting in the non-imbrication of the previously imbricated cells 

of the right or left columns. 

3. Step 1 and 2 are repeated for every frame in the image until the 

object is lost. 

 

6.1.5 Critical Event Identification 

As our system is safety critical, so its foremost duty is to identify the 

vehicle, which is being followed, is lost or not. So to make this thing 

possible a hypothetical two-dimensional monocular speedometer has 

been designed that works based on the above algorithm. The first 

dimension of the speedometer consists of 5 –stages namely initial 

condition, far, lost, near and dangerously close of which initial 

condition is the center most. The second dimension is the magnitude, 

which is calculated for each of these stages and determines the amount 

by which you need to accelerate or de-accelerate. 
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Figure 11 Showing Two Dimensional Monocular 5-stage Speedometer 

 
To determine between the above stages the values are calculated using 

the steps listed below: 

1. The number of blocks that form a contiguous region is recorded 

when the user clicks on the targeted vehicle and results to establish 

the initial condition. 

2. Among successive frames if the region starts to shrink resulting in 

fewer number of blocks forming the region, then the condition is 

termed as accelerate and the tracked vehicle is identified to be 

moving far from our vision and the vice versa holds true for near. 

3. The vehicle is identified as lost if the region previously identified 

as the object merges into the background and the algorithm fails to 

classify between the background and the foreground. For this 

purpose appropriate thresholds have been determined to work 

under varying conditions.  

4. If the region suddenly grows up exponentially as compared to the 

established initial condition the slider shifts to identify that we have 

become dangerously close to the vehicle in front, so we need to de-

accelerate. 
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5. The process is repeated for every frame until the vehicle is 

classified as lost. 

 

6.2 Wavelet Feature Extraction with Block Matching Algorithm 

 

 .1 Wavelet Transform 

 

The wavelet coefficients provide a compact representation that 

shows the energy distribution of the signal in time and frequency. So 

the basic goal of using wavelet transform for vehicle tracking is to 

use compact representation of the object features. Video is basically 

formation of different images in the form of frames. So the goal is to 

extract the common features of tracked vehicle and compare them in 

the next upcoming frames. Wavelet transform is defined as 

 

 .2 Proposed Method 

 

In this supervised tracking it is up to user to select a vehicle with a 

mouse click. A window is formed against the user click. The window 

shows the user interested area (vehicle) for tracking. The window is 

divided into N blocks. Mathematically it is 

 
Where Ŵ in the basic user selected window and Β is the blocks. As 

blocks are formed so any block matching algorithm will be followed 
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for vehicle tracking. Blocks can be overlapping as well as non-

overlapping. When overlapping blocks are used then the vehicle 

tracking reliability is increased. The Block matching algorithm is a 

standard technique for the encoding motion in video sequence. Its aim 

at detecting the motion between two images in a block wise sense. As 

the user clicks, ’n’ blocks are formed. 2D discrete daubechies wavelet 

transform of each block is taken to get the basic features of the selected 

vehicle. The wavelet smoothing coefficients are taken into the 

consideration because they are providing the finer details. The 

smoothing coefficients not vary rapidly as the selected vehicle moves 

away. Due to this reason the first input ‘n’ blocks features are 

considered as reference features and more weight age is given to the 

center block (B center) because with respect to this block the direction of 

the moving vehicle is located. 

 

Wavelet features of {  B0,B1,B2…..Bcenter,Bcenter+1,…………..B n  } 

 

Each features of the reference blocks are matched with the current 

frame blocks by shifting the reference blocks towards the next 

neighbor blocks .The shift which gives the best match is expected 

vehicle new location after movement. 

6.2.3 Preprocessing  

The preprocessing which is done in this technique is the conversion of 

color space from RGB to HSV 
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As hue provides good results with varying luminous conditions. 

 

6.2 .4 Wavelet Features 

 

The following features are used in our system: 

o The mean of the absolute value of the coefficients. These 

features provide information about the    frequency distribution 

of the image. 

o The standard deviation of the coefficients. These features 

provide information about the amount of change of the 

frequency distribution 

 

6.2 .5 Results 

 

   The overall results with this technique are very good but the cost of 

computation is very high. As we are considering ‘n’ blocks for 

comparison which requires a lot of computation that comparisons 

can  be avoided by only considering the  center block (B center) . 

When  the center block (B center) is compared with all the blocks of 

current frame and where the difference between the features is less 

at that side the main window is shifted indicating that the vehicle 

moves in that direction. 
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                        i=0,1, 2, 3……………n 

 

Φ are the results obtain from subtracting the current block features 

from the center block (B center) features. Where the score is minimum 

that block is the block where the vehicle moves. 

 

 Technique 3 

 
We have devised a new simplified novel solution for the supervised 

vehicle tracking in the series of video stream. This solution is not only 

efficient and reliable but it also requires low computational power.  

This techniques works by taking the initial selection of object from the 

user (by single click) and resulting in the formation of a window sized 

80 x 80 around the vehicle and centered just about the clicked pel. 

Earlier mentioned gray channel (Ik) distribution is processed by finding 

the similar clusters of Ik in the  

  

ηk  = ∑   Ik
 (x,y)     ,where k= 0,1,2, . . .    (1) 

                                                        x,y ε W 

 

α = [η0, η1, . . . , ηN]                         (2) 

 

, where N is total no. of bins 

 

small block (W).In our experiments this block is of size 26*26. 

Next we find the density of each channel from the histogram of each 

block. We have observed that the peaks contain the most important 
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information about the block. Selecting the peaks from the histogram of 

each block will gives the highest density gray channel.  The densest 

gray channel formed a vector αk for each M blocks. 

 

 

v = [α0 , α1 , α2 , . . ., αM ]                   (3) 

 

6.3.1 Tracking in successive frames   

 

The above mentioned algorithm selects the first user triggered frame as 

reference frame. All the next successive frames are matched with the 

reference frame  

 

Norm is computed of vector v. The norm which is smallest is chosen as 

a parameter. Each feature of the reference frame is matched with the 

current frame s by calculating the difference between the reference 

frame and the current frame. This difference is calculated by matching 

the referenced block with the current frame’s blocks. The block where 

the difference is shortest shifts towards that neighboring block. The 

shift which gives the best match is expected vehicle new location after 

movement. This parameter gives the direction of the movement of the 

tracking vehicle.   

 

∏i+1  = || vi+1 – vi ||                                      (4) 
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Figure 25 Matching Method 

      

 

        T = min(∏i )                                     (5) 

 

6.3.2 Feedback System 

This algorithm is made more interactive with the driver by using 

acoustic feedback system. A stereo phonic  acoustic system interpret 

the complex visual information into easily perceivable acoustic signals.   

6.3.3 Results  

This provides efficient and reliable tracking for driver assistance 
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7. Obstacle detection 
 

The obstacle detection theme is based upon the detection of the free 

space. Free space is defined as a road area without any obstacle. A 

detection of obstacle (free space) is important for navigational 

assistance. Obstacle detection is one of the important modules of our 

project. Pre-crash sensing is an area of active research among 

automotive manufacturers, suppliers and Universities with the aim of 

reducing injury and accident severity.  

Motion-based methods detect vehicles and obstacles using optical 

flow. Generating a displacement vector for each pixel (continuous 

approach), however, is time-consuming and also impractical for a real-

time system. In contrast to continuous methods, discrete methods 

reported better results using image features such as color blobs or local 

intensity minima and maxima.  

Stereo-based approaches take advantage of the Inverse Perspective 

Mapping (IMP) to estimate the locations of vehicles and obstacles in 

images. By taking the IMP of the left and right images and compared 

them. Based on the comparison, objects that were not on the ground 

plane are found. Using this information, the free space in front of the 

vehicle is determined. The main problem with stereo-based methods is 

that they are sensitive to the recovered camera parameters. Accurate 

and robust methods are required to recover these parameters because of 

vehicle vibrations due to vehicle motion or windy conditions  

 

Template-based methods use predefined patterns of the vehicle class 

and perform correlation between an input image and the template. 

Betke et al. proposed a multiple-vehicle detection approach using 
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deformable gray-scale template matching. A deformable model is 

formed from manually sampled data using Principal Component 

Analysis (PCA). Both the structure and pose of a vehicle can be 

recovered by fitting the PCA model to the image.  

 

 

Figure 12 Graphical User Interface of Obstacle Detection Module 

 
Appearance-based methods learn the characteristics of the vehicle class 

from a set of training images which should capture the variability in 

vehicle appearance. Usually, the variability of the non-vehicle class is 

also modeled to improve performance. First, each training image is 

represented by a set of local or global features. Then, the decision 

boundary between the vehicle and non-vehicle classes is learned either 
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by training a classifier (e.g., Neural Network (NN)) or by modeling the 

probability distribution of the features in each class.  

7.1 Technique for Obstacle detection 

7.1.1 Segmentation 

 
Segmentation is performed as the preprocessing step to detect the free 

space. Region split and merging algorithm is implemented. The whole 

image is divided into N number of regions. The mean of each region is 

calculated and the norm to the reference road texture is taken. Where 

the calculated norm is less than the specified threshold that region is 

labeled as road otherwise as non-road. 

7.1.2 Hypothesis Generation 

 
Now the images we contain consist of two labels road and non-road. 

The algorithm for free space detection is applied which searches for 

non-road region in between the road region. This is a hypothesis 

generation step for regions where the possible obstacle can be found.  

 

7.1.3 Hypothesis Verification 

 

For hypothesis verification a search algorithm is developed which 

searches for the contiguous region in between the road region. This is 

actually a model based technique. In this case, detection relies on 

either matching the model “top down” to the image or grouping 

extracted image features “bottom-up” to construct structures similar to 
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the model. If there is sufficient support of the model in the image, a 

vehicle is assumed to be detected. The assumed models are rectangular 

models, these models are assumed from the general observation of 

vehicles from the back. 

 

7.1.4 Feed Back 

 

The information which is extracted from the obstacle detection 

includes time to collision, angle of obstacle, magnitude is calculated, 

and the position of obstacle left, right is detected. A graph is plotted 

from the information of time to collision which identifies the obstacle 

distance in the form of near, mid and far. 

7.2 Overhead bridge detection 

 

Overhead bridge detection is also being performed. The algorithm 

segments the input image and extracts the road. The general 

observation shows that at day time the overhead bridge has its shadow 

on the road. Due to this the segment image of the road divides the road 

into two parts. This is term as break part region of the road. A simple 

algorithm is devised that detects the break apart region. The speech 

API is being used which informs the user about the overhead bridge. 
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8. Road Curve Prediction 
 

Road curve prediction is an essential part of any driving assistance 

system, and helps avoid numerous accidents in which drivers are 

caught napping. Such a system can be passive or active means that it 

can provide warnings as a turn approaches or it can take control off the 

vehicle from the driver if the system does not monitors any action 

being taken as a result of the warnings previously generated by it. 

 

Keeping the importance of curve prediction in mind we decided to 

develop it as an integral part of our system. So the process of study and 

experimentation kicked off to develop the said module with maximum 

possible reliability and efficiency. 

 

As a first step segmentation was performed on the lower half of the 

image using the traditional technique of splitting and merging. The aim 

was to extract the road out of the image and then its boundaries by 

running a raster scan from left and right on the input stream of images. 

But after some experimentation it was found that it is impossible to 

perfectly segment the road due to the large variations in the texture of 

the road from the traditional road textures. Hence erroneous 

segmentation was the result, which adversely affected the process of 

scanning.  

 

Beside this poor lightning conditions also contributed to our misery on 

numerous occasions in the stream of images that were recorded on the 

motorway.   
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So to counterfeit the problem it was decided to add some additional 

steps to the sequence. The first of those was nothing other than a 

preprocessor which monitors the video stream for a bad case of 

contrast and lightning. On successful detection, contrast and brightness 

of the frame under processing are enhanced using an adaptive 

stretching technique which captures the environment variables like 

current contrast and brightness values and then eradicates the problem 

from the input image by applying the necessary stretch. 

 

Figure 13 Graphical User Interface of Curve Prediction Module 

 

The above step reduces the error in the segmentation but does not 

completely remove it. So after the segmentation has been applied we 
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perform another step which results in the transformation of the image 

data. To accomplish the task inverse perspective mapping was 

performed which transforms the image data into a bird’s eye view. The 

benefit we get from this transformation is that the trees which were 

present in the normal image and often were segmented to be part of 

road, are removed from the image considering the planar road model 

assumption. 

 

Now the resulting image is binaries-ed by applying a threshold on the 

transformed segmented image. This results in the production of just 

two colors namely red and white of which the red identifies the road. 

 

But we have still a long way to go before we can predict the possible 

road turn ahead of us in a precise and accurate manner. So to 

accomplish the desired results we now perform raster scanning on the 

geometrically transformed and binaries-ed image from left and right 

separately. As we know that once the road has been detected while 

scanning there is a little chance that it will end in less than 100 pixels 

width. And if any case like that occurs then the previously detected 

road start from either of the directions was wrong.  

 

By applying the above scan all possible road edges are recorded from 

left and right. To further reduce the error the gathered points are 

compared with the points above them to be lying within a certain 

range. 

 

After this a hypothetical line is constructed from the right and left data 

set. The aim here is to classify the points that lie on the right or the left 
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of the line. If greater points are detected to be lying on any side then 

the road is turning in that direction. The process is applied on both the 

data sets.  

 

The above operation results in the production of two separate 

decisions, one from either of the sides. Now a simplistic matching 

scheme is used to produce a single result which predicts the road ahead 

to be: 

a.) Straight 

b.) Turning Right. 

c.) Turning Left. 

 

The final decision is displayed on the screen in the form of arrows 

which point in the direction we need to turn ahead to keep the vehicle 

on the road and right track. The technique has so far been tested on 

many occurrences of the road turns and has shown a success rate of 

70% on average. 
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9. Time Frame 
The project has been completed within the initially quoted time frame. 

The Gantt chart below shows the time consumed by each module to 

complete as per the required standards.  

 

 

Figure 14 Gantt chart for the Time framework of the project 
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10. Conclusion 
 
 

No doubt that the project will help the people and motorway 

authorities to reduce the ratios of accidents and causalities. Beside 

this it will open new era of research in the field of reliable vehicle 

navigation systems formally named as intelligent transportation 

systems.
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