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I. PROJECT SUMMARY 
 
A vision system is to be built for applications on a mobile robot. Applications 
include maze navigation, outdoor obstacle course navigation through obstacle 
avoidance and lane following and following a leader vehicle.  
 
The system is to be built on a Pentium system using Imaging Technology, Inc.’s 
PCVision image capture board and an inexpensive CCD camera. The application 
software is to be written in Visual C++ using Imaging Technology, Inc.’s 
Machine vision software, SHERLOCK as a development and test bed.  
 
The maximum speed of the mobile robotic vehicle is to be 5mph. While the 
running speed may be much slower than this, it should have the capability of 
navigation within lane markers at that speed. Vision system is to be a real time 
system with the capacity for object recognition and ranging. 
 
Developments so far include prototype applications to test SHERLOCK 
programming, fast assembly language implemented code for correcting the barrel 
distortion produced by the lens, 3D modeling of a scene including image 
formation analysis and 2D to 3D transformation given camera parameters. More 
recently, an algorithm for auto calibrating the camera based on vanishing points 
has been developed. 
 
In the near future, edge detection algorithms, lane following algorithms, object 
recognition algorithms and navigation planning algorithms are to be investigated. 
 
This vision system will find its use on two systems: the fire fighting robot and the 
larger UGV (Unmanned ground vehicle) being developed for the AUVSI Ground 
vehicle contest. 
 



 
II.  TECHNICAL DESCRIPTION 
 
 

A) Background and Significance 
 

The need for autonomous capability is growing as mobile robots find an 
increasingly large number of applications in the areas of manufacturing, 
hazardous materials handling, fire fighting, military use, surveillance, and many 
others.  
 
The basic task in any such application is the perception of the environment 
through the uses of one or more sensors. Processing of the sensor input results in a 
particular representation of the environment, which can then be used for planning 
actions and controlling the robot. 
 
Conventional sensors are normally restricted to certain types of environments and 
are easily prone to errors in other environments. Besides, these sensors can only 
“see” in a straight line in front of them or at most a cone of space. Hence, they 
gather 2-dimensional data, almost always as a polar plot in the plane of sight. 
They are good for obstacle detection and avoidance but can hardly be used for 
object recognition. 
 
A VISION SYSTEM  is a sensor system that uses a live video source as the 
ONLY  means of perceiving the environment. It comprises of a video camera, 
image capture hardware and a microprocessor. The image capture hardware 
captures image frames and sends it to the processor where useful 3D information 
is extracted from the observed image, image set, or image sequence. Such 
information can be related to the recognition of a generic object, the three 
dimensional description of an unknown object, the position and orientation of the 
observed object, or the measurement of any spatial property of an object. These 
can then be used for planning a suitable course of action. 
 
 
The objective of this project is, thus, to develop a vision system that is capable of: 
 
i) Recognizing known objects in the scene. 
ii)  Mapping out the environment and estimating current positions, in the 

environment, of the known objects and 
iii)  Effectively devising navigational plans and executing them for specific 

tasks.  
 

This system will be tested on two platforms: 
 
a) The Trinity Fire Fighting Robot (BOB) and 
b) The Robotic Ground Vehicle for AUVSI Ground Vehicle Contest. 



TRINITY FIRE FIGHTING ROBOT 1 
 
The objective of the Trinity Fire fighting robot is to be able to autonomously 
navigate a maze that resembles the floor plan of a house and detect and put out 
any fires in the rooms which is simulated by lighted candles. The goal is to be 
able to navigate at speeds of around 60cms/sec without touching the walls and 
recognize and navigate towards the candle flame while avoiding yellow 
cylindrical objects representing furniture. Although the robot is already equipped with 
multiple sensors and is capable of navigating the maze, it is prone to errors when it comes 
to obstacle avoidance and far-from-perfect lighting conditions. Fig. 1 shows the maze. 
 

 
 

Fig.1 Maze for the Fire Fighting Contest 
 

 
AUVSI AUTONOMOUS GROUND VEHICLE 2 
 
This is a project undertaken by Trinity seniors as a group senior project, the 
product of which will be an autonomous robot to be entered in the AUVSI ground 
Vehicle Contest. Team breakdown is presented in Appendix I. 
 

                                                        
1 Visit http://www.trincoll.edu/~robot  for more information on the Trinity Fire-Fighting Home  
   Robot  Contest. 
2 More information on the AUVSI Ground vehicle Contest can be found at this web site.  
   http://www.secs.oakland.edu/SECS_prof_orgs/PROF_AUVSI/index.html 



The objective is to design an unmanned and autonomous ground robotic vehicle 
to autonomously navigate around an outdoor obstacle course under a prescribed 
time while staying within the 5mph speed limit, and avoiding the obstacles on the 
track. Another challenge is to chart a course avoiding debris on the road and yet a 
third challenge is to be able to follow a leading vehicle and maintain the headway 
very accurately under varying speeds, acceleration, braking, and even emergency 
stops, while steering to track the highway lane markers. 

 
It will navigate based on its ability to perceive the course environment and avoid 
obstacles. All computational power, sensing and control equipment will be carried 
on board the vehicle.  
 
Fig.2 shows one possible course layout. 
 

 
 

Fig. 2 The 1999 AUVSI outdoor course 
 

 



B) Methods and Results 
 
I.  Hardware 

 
·  Pentium Processor based System running Windows 95/98/NT 
·  PCI bus 
·  PCVision, a B/W image capture board manufactured by Imaging 

Technology, Inc. in PLL acquisition mode with a Composite input 
video signal. 

·  An inexpensive CCD camera 
·  VIRTUAL WIRE, a transceiver unit manufactured by RF Monolithics 

Inc. for the Fire Fighting Robot. 
 

II.  Software 
 

·  SHERLOCK32™, Imaging Technology Inc.’s machine vision 
software. 

·  MVTools, the image processing C++ library provided by the same 
company. 

·  Microsoft Visual C++ for vision application development. 
·  Microsoft Visual Basic for Application front ends.  
·  VESTA BASIC on the SBC332 Embedded system on the robot. 

 
III.  Software for Development 
 

·  Maple V 
·  MATLAB 5.3 
 

IV.  System Description 
 

The vision system is based on a Pentium based system. Imaging 
Technology Inc.’s SHERLOCK32™ machine vision software is the 
development platform for the machine vision applications. 
SHERLOCK32™ is a very user-friendly software package within an 
intuitive GUI environment.  It provides an extensive array of image 
preprocessing and image analysis algorithms as well as basic SPC and 
impressive I/O control.  
 
PCVision, a B/W image capture board manufactured by Imaging 
Technology, Inc is the current image capture board which is operating in 
conjunction with an inexpensive CCD camera. PC Vision’s image 
memory and PCI-bus interface offer impressive image transfer rates (3ms 
for a 640x480 image). Currently, PCVision is being used in PLL 
acquisition mode with a composite input video signal. 
 



For the fire-fighting robot application, the processing of the video signal is 
done on a desktop PC and the navigational decisions are transmitted to the 
mobile robot. The camera on board the mobile robot has another radio 
transmitter to send back the video signal so that the mobile robot is truly 
autonomous and without a tether. This is illustrated in Fig.3 below. 

 
 

 
 

Fig. 3 Vision system organization for the mobile robot  
 
 
The larger UGV (unmanned ground vehicle) will house a Pentium system 
on board it. So there is no need for radio transmission of the video signal. 
The illustration in Fig. 4 below shows the current conception of the 
location of the camera on the robot. 
 

 
 

Fig. 4 Location of the camera on the UGV 



V. The First Test Application 
 

The first test application was to grab a bird’s eye view of the maze and 
train the search algorithms to recognize and track the robot in the maze. 
For ease of recognition, a radially symmetric, unique symbol was placed 
on top of the robot. The camera was calibrated to a real-world coordinate 
system using the four-point calibration formula provided by 
SHERLOCK32™. The application was running on a desktop 300 MHz 
Pentium II PC.  The maze coordinates of the robot were transmitted via 
the PC serial port to the robot using VIRTUAL WIRE, a miniature 400 
MHz radio transceiver manufactured by RF Monolithics, Inc.  
 
Fig. 5 shows this in action. The blue-green cross marks the center of the 
trained object. This image is actually from a later application written in 
C++ and thus lacks the distortion of the camera. 
 

 
 

Fig. 5 Bird’s eye view of the maze. The cross tracks the robot in the region of 
investigation. The coordinate of the robot is also displayed. 

 
The first problem arose from using the inexpensive wide-angle lens CCD 
camera that produced a bad barrel distortion. In attempts to correct the 
distortion we realized that SHERLOCK32™ didn’t have the necessary 
algorithms and didn’t allow for programming such an algorithm. It did, 
however, provide us with a MVTools library, which is a library of most of 
the data structures and algorithms SHERLOCK32™ uses. This allowed us 
to write customs programs in VISUAL C++ to add to the SHERLOCK32 



functions. The development of the distortion correction algorithm is 
discussed later.  
 
The first version of this application ran straight in the SHERLOCK 
environment and hence did not have any distortion correction algorithms. 
This resulted in the search algorithm working really well for the central 
regions of the search area and the performance degrading as the robot 
moved to the outer regions of the search area. This is to be expected since 
the distortion increases further away from the center of the image. The 
second version of the application was written in Visual C++, using the 
distortion correction algorithms discussed earlier, so the result was a lot 
better. Although the application was not a 100% success at all points in the 
search area, the reason can be related to perspective distortion of the 
circular symbol. 
 
The second and ongoing test application is with the camera positioned on 
the robot looking forward. The problem encountered using this setup was 
that the coordinate transformation that SHERLOCK32™ uses (which 
supposedly corrects for scaling, translation, rotation, skew and perspective 
distortion) couldn’t calibrate to the desired plane. Instead it came up with 
curved space mappings that folded back on itself. Fig. 6 shows this 
transformation as shown by the grid produced by SHERLOCK32™. 
It was determined that the transformation in SHERLOCK32™ was good 
for applications where the camera was looking straight down at the 
objects. 
 

 
Fig. 6 SHERLOCK32 coordinate transformation result 



 
 

VI.  Distortion Correction (Radial Distortion) 
 
Radial distortion is very noticeable in the captured images; any straight-
edged surface is observed as bowed. It is a common problem with CCD 
cameras using inexpensive wide-angle lens.  
 
Radial distortion is a product of lenses where the magnification at the 
edges is different than at the center of the lens. Because of lens shapes, 
radial distortion is also a function of the lens's field of view - radial 
distortion is usually not an issue for telephoto lenses but is quite prevalent 
in wide-angle lenses. Although a function of the radius, the effects of the 
distortion is noticeable throughout most of the image. Discarding the 
affected areas would therefore leave little of the image left for processing. 
Even with a corrected lens system these effects are not completely 
suppressed. 
 
There are two kinds of radial distortion: barrel distortion, which occurs 
when the off-axis magnification is weaker than at the center, and 
pincushion distortion, which occurs when the opposite is true. The lens 
used in our camera suffers from barrel distortion, which affects an image 
as shown in Fig. 7. The pattern on the left is an undistorted pattern of 
concentric circles and grid lines. The right image shows what barrel 
distortion would do to this pattern.  
 

 
 
Fig. 7 Radial Distortion: The left image is an undistorted grid pattern, and 
the right image is the same pattern viewed after radial distortion. 
 
Radial distortion is most easily understood by considerations of symmetry 
or in a polar coordinate system, with the origin somewhere near the image 
center. Objects at small radii appear as they should, but further from the 
center of the lens and image the perceived radius is smaller than the actual 
radius. At the same time, polar coordinate angles are unaffected, and so 



circles whose center corresponds to the center of the image remain circular 
(with a slightly smaller radius) and lines through the center of the image 
remain straight. Lines which do not pass through the center of the image 
tend to bow, however. 
 
This distortion can be approximated by 
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Here, r’ is the distorted radius and r is the real radius. Depending on 
whether k is positive or negative, barrel and cushion shaped distortions in 
the image of the squares will be observed. Using Eq. I, the distortion can 
be corrected from several image points (pixels) to an error of less than 
0.06 pixels. 
 
The MAPLE analysis in Appendix I shows the derivation of a polynomial 
approximation to this function. 
 

3' krrr -=    [Eq II] 
3'' krrr +=    [Eq III] 

 
Eq II is the polynomial approximation to Eq I. Eq III is the polynomial 
approximation to its inverse function. Using Eq. III we can correct the 
distortion. Two methods for correction was actually derived from the two 
equations above. 
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Fig. 8 is used to illustrate these corrections. O is the origin or the center of 
the image and (x,y) the coordinates of the distorted point (x’,y’). 
 
The two correction methods developed are: 

i) Pixel to pixel mapping 
ii)  Real pixel to expected pixel mapping 

 
Pixel to Pixel Mapping 
 
In this method, Eq III is used to map every existing pixel (x’,y’) in the 
distorted image to a new pixel (x,y). Although this mapping does not 
introduce any artifacts in the new image, it does not completely describe 
the new image. Hence the new image is full of holes as illustrated by Fig. 
10 which is a correction of the original distorted image in Fig. 9. 
 
The constant a in Eq IV is just a scaling constant. Since the correction 
blows up the image, it has to be scaled so that the same amount of 
information can be derived from it. 
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Fig. 9 Original Distorted image. 



 

 
 

Fig. 10 Corrected image using Pixel to pixel mapping 
 
 
 
Real Pixel to Expected pixel mapping 
 
 
In this method Eq. II is used with the scaling constant a introduced again. 
Here every pixel (x,y) of the new corrected image is used to predict where 
the distorted pixel (x’,y’) would end up and this is then used to get the 
pixel value for the new pixel from the distorted image. This inherently 
introduces artifacts because rounding is necessary. One way to avoid 
rounding is to use bilinear interpolation (discussed later) to predict the 
value of a subpixel. A subpixel is a theoretical pixel located in between 
two existing pixels.  
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Figs. 11 and 13 show the results of using this mapping. The artifacts 
introduced can be seen clearly in the jaggedness of the edges. Fig. 13 is 
the corrected image for the image in Fig. 12. 
 
Appendix II  includes the MATLAB codes used to read the bitmaps and 
correct them using these techniques.  
 
 
 

 
 

Fig. 11 Real pixel to Expected Pixel Mapping 
 
 
Following the success of these algorithms in MATLAB, they were 
translated into C++ code for Microsoft Visual C++. Appendix III  lists the 
code used. It includes all the developmental code. A tremendous amount 
of efficiency in the distortion correction code was achieved in the end. 
Whereas the first algorithms took almost a second to process a 640x480 
image, the final algorithm could to it in about 15ms ! 
 
 



 
 

Fig. 12  A different view of the maze 
 

 

 
 

Fig. 13 Correction of Fig. 12 
 



Bilinear Interpolation 
 
Sometimes sub pixel values have to be estimated. An example is the Real 
pixel to expected pixel mapping. Here if you just take the closest expected 
pixel, you introduce artifacts in the image.  If however you use the four 
closest pixel values and estimate the value of the sub pixel you get a much 
better result. 
 
Bilinear interpolation is a technique to approximate the value of a sub 
pixel. It assumes that the values are linearly changing in the sub pixel 
space both in the x and y directions. It therefore uses linear relations in 
both the directions and estimates the value using the following equation. 
 

 uvvvuvuvvvuvv 4321 )1()1()1)(1(' +-+-+--=  
 
where v1, v2, v3 & v4 are pixel values of the four neighboring pixels and 
u and v are the fractions as illustrated in Fig. 14. 
 

 
Fig. 14 Illustration of Bilinear Interpolation 

 
The result of the transformation using Bilinear interpolation produces an 
image that is a lot more pleasnat to the eye. The edges appear a lot 
smoother. Fig. 15 and Fig. 16 show two corrected images using the same 
transformation but one uses bilinear interpolation and the other doesn’t. 
 
Although the results are pleassant to the eye, the use of interpolation 
reduces the contrast information in the edges. The effect, thus, of bilinear 
interpolation on edge detection has yet to be investigated. Also the time 
requirements of this algorithm is almost twice that of the one without the 
interpolation.  



 
 

Fig. 15 Distortion corrected image without Bilinear interpolation 
 
 

 
 

Fig. 16 Distortion corrected image with Bilinear interpolation 



 
VII.  3-D Modeling 

 
Image Formation 
 
Quantitative analysis of any image requires a good understanding of the 
image formation process. The necessary steps to the formation of a digital 
image of an object are: 
 

i. Becoming visible through the interaction with 
electromagnetic radiation. The four basic types of 
interactions are reflection, refraction, absorption, and 
scattering. 

 
ii.  Projection: An optical system collects the light rays 

reflected from the objects and projects the 3-D world onto a 
2-D image plane. 

 
iii.  Digitization: The continuous image on the image plane is 

then converted into image points on a discrete grid and the 
intensity at each pixel is quantized. 

 
 
Although very crucial to the process of image formation, this project will 
not study the process of interaction of the electromagnetic radiation with 
the objects. But a basic idea of the complexity of such a study can be 
grasped if the art of rendering a 3-D scene is considered. 
 
All imaging techniques essentially project three-dimensional space in one 
way or the other onto a two-dimensional image plane. Thus basically 
imaging can be regarded as a projection from 3-D into 2-D space. The 
essential point is the loss of one coordinate, which constitutes a severe loss 
of information.  
 
The task of a vision system is the reconstruction of the 3-D space from the 
2-D image, which is an immensely complex task.  
 
Coordinate Systems 

 
The position of an object can be described in different ways. Using the 
Cartesian system of coordinates, we have two choices : the coordinate 
system that is used to describe the scene observed, called world 
coordinates or the coordinate system which is fixed to the camera 
observing the scene, called camera coordinates. Fig. 17 shows the 
relationship between these coordinate systems. The world coordinates are 
denoted by X’=(X1’,X 2’, X3’) and the camera coordinates are denoted by 



X = (X1, X2, X3). The X3 axis is aligned with the optical axis of the camera 
system. 
 

 
 

Fig. 17 Coordinate Systems 
 

 
Transition from the world to the camera coordinate systems can be 
described by a translation and a rotation term. First the origin of the word 
coordinate system is shifted to the origin of the camera coordinates system 
by the translation vector T as shown in Fig. 17 and this system can be 
rotated about suitable axes so that the two systems coincide. This can be 
described as 
 
 X = R ( X’ - T )   [Eq. VI] 
 
Rotation is best defined with three rotation angles about each of the axes 
of the coordinate systems. Thus this transformation constitutes of six 
independent parameters. 
 
Perspective Projection 
 
The simplest optical system is that of a pinhole camera. The imaging 
element of this camera is an infinitesimal hole as shown in Fig. 18. Only 
the light ray coming from a point of the object at (X1, X2, X3) which 
passes through this hole meets the image plane at (x1, x2, -di). Through this 
condition an image of the object is formed on the image plane. The camera 
coordinate system has been used here. The relationship between the 3-D 
world and the 2-D image coordinates (x1, x2) is given by 
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The two world coordinates parallel to the image plane are scaled by the 
factor di/X3. Therefore, the image coordinates contain only ratios of the 
world coordinates, from which neither the distance nor the true size of an 
object can be inferred. 

 
Fig. 18 Image Formation with a pinhole camera 

 
Imaging with a pinhole camera is essentially a perspective projection, 
since all rays must pass through one central point, the pinhole. A straight 
line in the world space is thus projected onto a straight line on the image 
plane.  
 
Perspective projection is only a model for imaging. It is not, however, the 
best model for optical imaging. This is because real lens systems only 
image a certain distance-range sharply onto the image plane because of 
the non-zero aperture. A depth of focus then has to be defined for the 
optical system. Furthermore, images are degraded by lens aberrations 
causing limited sharpness and geometrical distortions like barrel distortion 
described earlier. 
 
With all of those problems, a pinhole camera system is still a neat way to 
look at image formation because the transformations involved are simple. 
The whole image formation process can be expressed in a single 4 x 4 
matrix. This is the model used for most computer graphics applications. 
 
The complete transformation from the world coordinates to image 
coordinates can be decomposed into elementary matrices. The following is 
a commonly used decomposition: 
 

PSCRRTRM zyx=    [Eq. VIII] 

 
Here, T is the translation matrix, the Rs are the rotation matrices, P is the 
perspective projection matrix, S is the scaling matrix and finally C is the 
cropping transformation taking place in the two-dimensional image plane.  
 



The image coordinates can thus be derived as x = X’M.  
 
The transformation matrices for the elementary matrices are : 
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The complete set of parameters in this transformation can be determined 
in a non-iterative manner from a set of calibration points whose positions 
in space are exactly known. 
 
The transformation described above is a very flexible transformation. The 
camera can be positioned anywhere in the 3-D space and coordinate 
system differences and camera tilt angles are all taken care of by the 
transformation.  
 
A much simpler system 
 
For the purpose of this project such an elaborate transformation is not 
required. In fact, it adds unnecessary complexity to the task. First, the 
camera is attached to the robot and only has one degree of freedom, the 
up-down tilt. Second, the coordinates of the camera cannot be determined 
because the camera is in a mobile system. Third, it is not necessary to 
define a world coordinate system because the goal here is to navigate 
between the objects, not chart them out. In other words, it will suffice to 
be able to tell the positions of these objects relative to the robot. Fourth, it 
is easier to define a coordinate system with the origin at the optical center 
of the camera and the axes relative to the world rather than defining it 
relative to the optical axis of the camera. Fig. 19 illustrates this new 
coordinates system. 
 

 
Fig. 19 The new coordinate system 

 
Although the basic pinhole imaging system was used a little change was 
made to the positioning of the image plane. This is illustrated in Fig. 20. 
The conventional pinhole camera had its image plane behind the lens. This 
inverts the image. Instead, if the image plane is placed in front of the lens, 
the image will not be inverted. The geometry still remains the same 
because all 3D points are still projected on to the optical center. The 



distance of this image plane from the optical center will determine the size 
of the image formed. During calibration of the system, conversion 
between the 3D world coordinate system defined using any units and the 
2D coordinate system of image pixels will be managed without any 
problems by just moving the image plane back and forth. 
 

 
Fig. 20 The new image plane. 

 
Appendix IV  includes the mathematics used to calculate the 
transformation based on this coordinate system. Fig. 21 shows an example 
3D scene. The image can be seen on the image plane. Fig. 22 shows this 
image plane as a 2D image. 

 
Fig. 21 Image formation on the image plane. 

 



 

 
 

Fig 22. Image formed on the image plane 
 
 

This transformation can be summarized as: 
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Or it can be defined neatly in Maple as the following function: 
 
p3to2 := proc(pt)  

local proj_pt,diff_vec,d2p;  
proj_pt := pt*(d^2/(b*pt[2]+c*pt[3])); 
diff_vec:=proj_pt-[0,b,c]; 
d2p := [diff_vec[1],diff_vec[3]*d/b]; 

end; 
 
It takes in a 3D point (x,y,z) and the camera parameters b and c and 
outputs the 2D coordinates. 
 
 
2D to 3D transformation 
 
As mentioned earlier, the real task of a vision system is to take in a 2D 
image and produce a 3D scene from it. Although this is not entirely 
possible, some information on what “known objects” are present and their 
coordinates relative to the camera can be determined using the reverse 
transformation of the one described above. Given the camera parameters, 



Appendix IV  also includes the math behind the calculation of such a 
transformation. This transformation takes in one more parameter, the z 
value. Since the third coordinate is missing, if a reasonable assumption is 
made, the other two coordinates can be determined pretty accurately. For 
example, if a point is taken from the object-floor edge of a known object, 
it is possible to locate the object. 
 
The following equations summarize the transformation: 
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Fig. 23 shows this transformation applied to the above scene to derive the 
location of the objects. 
 

 
Fig. 23  3D to 2D transformation used to determine the location of the 

objects. 
 

 
VIII.  Camera Calibration Problem 

 
In order for the 2D to 3D transforms to work accurately, the camera 
parameters have to be determined very accurately. The camera parameters 
define the angle of tilt of the camera and the location of the image plane. 
Although, the camera angle can be manually determined by measuring the 



physical angle, it was desired that an auto calibration algorithm be 
developed. This algorithm would take an object it the field of view and 
determine the parameters from it. 
 
The algorithm developed uses a rectangle in the field of view. The 
rectangle need not be on the ground but it is required that the rectangle be 
at an angle to the viewer. The math used is included also in Appendix IV . 
The result was a set of equations using the coordinates of the vanishing 
points of the rectangle as illustrated in Fig. 24.   
 
 
 

 
 

Fig. 24 The vanishing points of arectangle in the field of view. 
 

The equations are: 
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The idea of vanishing points has been used by artists for a long time. A 
vanishing point is the point of intersection of two parallel lines in an 
image. 
 
 

 



 
C) Discussion and Conclusion 
 

At this moment, different edge detection algorithms are being evaluated. 
The speed and the quality of the algorithms are both essential for the 
application. Fig. 25 shows an example edge detection result. The rectangle 
in the field of view is to be used to calibrate the camera parameters. It is 
desired that good quality edges be obtained so that the error in calibration 
is minimized. 

 
 

I 
 

Fig. 25 Edge detection. 
 

The distortion correction algorithm is currently running at an excellent 
speed. The combined time for the distortion correction and edge detection 
is less than the time required to grab a frame.  
 
Having finished the basic 3D modeling, the stage is set for the 
development of lane following algorithms and object recognition 
algorithms. Work on these algorithms will begin soon.  
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PROJECT TIMELINE 
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March 
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WRITE BASIC SOFTWARE  
DEVELOP FIRST APPLICATIONS 
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CORRECTION 

3D MODELLING AND  
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EDGE DETECTION AND  
OBJECT RECOGNITION 

LANE FOLLOWING ALGORITHMS 
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SYSTEM INTEGRATION 
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2. Power System: 
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5. Embedded System: 
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6. Chassis and wheel: 
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EXAMPLE CONSOLE OUTPUTS. 
 
 

 
 
Console output for the first C++ correction algorithm without Bilinear Interpolation 
 
 
 

 
 

Console output for the first C++ correction algorith with Bilinear Interpolation 


