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Introduction 
 
For the past two years the UMR Robotics Competition Team has participated in the 
Intelligent Ground Vehicle Competition (IGVC), in which teams are challenged to 
design, build and program a medium-size mobile robot that can autonomously navigate a 
simple obstacle course that is defined by white lines laid out on a grassy field.  The 
course also contains obstacles such as trees, construction cones and barrels, and fencing.  
Figure 1 shows a sample of the course. 
 

 
Figure 1. – A sample view of the IGVC obstacle course. 
 
 In previous years, the UMR Robotics team has used a stereo vision system and 
simple machine vision techniques to extract objects from the environment, localize them, 
and place them in a model that a path-planning method uses to generate a navigable path 
for the robot to follow.  These stereo camera units are very powerful, but are also very 
expensive and use proprietary software interfaces.  
 
 To calculate the 3D position of textures in the environment, the stereo camera 
software compares images from two cameras spaced about 8cm apart.  Image features are 
correlated between the two images, and the disparity or difference of image locations 
between the two features is calculated.  This disparity allows the software to calculate the 
3D position of the texture feature, relative to the camera.  This method works well, but it 



is computationally expensive and has a limited range of about 5 meters.  Though ready to 
use, for a mobile robot project with limited monetary and computational resources this is 
not a desirable solution. 
 

This year the UMR Robotics Competition Team is exploring the use of a single 
inexpensive camera to extract objects from the environment.  Since the obstacle course is 
primarily flat, and the camera on the robot is fixed to the frame, the position of objects in 
the environment relative to the robot can be estimated from their position on the camera’s 
imager.   

 
To improve software interoperability, the Intel Open Computer Vision (OpenCV) 

library was used for development. The OpenCV library is a large library of functions 
written in C that provides many interfaces and methods for manipulating images.  It also 
provides some hardware acceleration through the use of the Intel Performance Primitives 
library which utilizes the SSE instruction set.   
 



Problem Statement 
 
 For the IGVC competition, the types and colors of obstacles that will be 
encountered in the obstacle course are given.  Using this information filters can be 
designed that will extract obstacle features from the environment.  Also, it is given that 
the competition course is primarily a flat grassy surface, and with the additional 
constraint that the camera orientation is fixed to the robot frame, the robot-centric 
position of observed obstacles becomes a linear transformation of the location of the 
bottom edges of the obstacles on the camera sensor.   
 
 This project is divided into 4 major tasks – feature extraction, determining camera 
parameters, calibrating the linear transform, and evaluation of the system.  The feature 
extraction task involves the design of color filters and the use of an iterative modification 
method to extract the bottom edges of obstacles from an image of the course.  The 
parameters of the camera must be determined, namely the size of the image sensor, so 
that image position can be easily correlated to world position.  A calibration procedure is 
outlined where a target of known size and location is laid out on the ground plane and is 
used to estimate the linear transformation between the image and world plane.  Finally a 
sample course is laid out with known obstacle locations, and the system is evaluated. 
 

Feature Extraction 
 
 To implement feature extraction an image is first loaded from either a capture 
device such as a video camera, or from a file.  Figure 2 shows a sample captured image of 
the IGVC obstacle course. The image is then converted to the HSV color space, as this 
color space more closely approximates the operation of the human eye, and provides an 
amount of brightness independence on the Hue and Saturation channels.  The HSV image 
is shown in Figure 3.  Since the desired features are large, a Gaussian blur is applied to 
the image to remove high-frequency information that will interfere with subsequent steps.  
The blurred HSV image is shown in Figure 4. 
 
 The HSV image is then filtered for white features by thresholding the image at a 
certain saturation value.  Figure 5 shows that using this method, the white lines defining 
the course and the white bands on the barrels are kept while all other information is 
removed. The HSV image is also filtered for Orange features by thresholding the image 
at a certain Hue value.  This produces the image shown in Figure 6, where only the 
bodies of the barrels are kept while all other information is thrown away.  These feature 
images are combined to produce a complete obstacle image, shown in Figure 7.   
 
 To determine the location of these features in the environment, the bottom edges 
of these features must be found.  This is accomplished by using an iterative modification 
scheme where 3 kernels are applied to the image to mark bottom edges and the insides of 
the border lines that lie in the image.  The resulting marking image is shown in Figure 9. 



  
Figure 2. Raw, Captured Image. 

 

 
Figure 3.  Image Converted to HSV Color Space. 

 



 
Figure 4. Gaussian Blur applied to HSV Image 
 

 
Figure 5. Image Filtered for White based on Saturation value. 
 



 
Figure 6. Image filtered for Orange, based on Hue. 
 

 
Figure 7. Filtered Images combined to give feature image. 
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Figure 8. Iterative Modification Kernels: a. Bottom Edges, b. Left Inner Edge of lines, c. 
Right Inner Edge of Lines.   
 

 
Figure 9. Locations of Bottom edges of obstacle features after iterative modification. 
 
 

Determining Camera Parameters 
 
 To easily find the transformation between image coordinates and world 
coordinates, the coordinates must be in the same units.  Thus it is necessary to find the 
size of image pixels so that image locations may be expressed in meters instead of pixels.  
The camera used for development is the Logitech Fusion web camera shown in Figure 
10.  Logitech does not provide information about the size of the Fusion’s sensor, so the 
size of the sensor must be determined.  This was accomplished by setting the camera up 
perpendicular to a known sized target that fills the imager completely, as shown in Figure 
11.  The distance from the lens to the target was then measured.  The focal length of the 
camera was given, so given the actual size of the target and using the similar triangle law, 
equation 1 was derived to find the imager size. 



 
Figure 10. Logitech Fusion Web cam used for development. 
 

 
Figure 11. Sensor Measurement Rig. 
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Where hs is the height of the sensor, f is the focal length, ht is the height of the target, and 
dt is the distance to the target. 
 
The focal length was given at f = 3.85mm, dt measured at 242mm, and ht = 201mm.  
Using equation 1, the height of the sensor was found to be hs = 3.19mm.  For a 4:3 aspect 



ratio, the width of the sensor was found to be ws = 4.26mm giving a pixel size of 
0.004mm square for a resolution of 1024 x 768. 
 

Calibration Procedure 
 
 It is possible to determine the linear transformation between the image plane and 
the world plane analytically, but this requires precise measurement of the camera’s 
orientation and position relative to the world plane.  Since these measurements are very 
difficult to obtain, the transformation is found by collecting pairs of corresponding points 
from the image plane and world plane and using a least-squares error minimizing method 
to estimate the transformation between the point pairs.  This is accomplished by imaging 
a target of a known size and location with easily distinguishable features, such as the 
checkerboard shown in Figure 12.  The OpenCV library has functions for automatically 
locating the internal corners of a checkerboard pattern, which is shown in Figure 12 as 
the colored circles and lines.  The circles indicate the location of internal corners, the 
lines indicate the order of the returned locations in the software.  These image locations 
are saved to a file and paired with the measured real-world locations of the checkerboard 
corners, then used in a MatLab script to find the affine transformation between the image 
plane and the world plane using a least-squares estimation method.  This transform 
matrix is then saved out to a file. The code for the OpenCV calibration program is listed 
in Appendix A, and the code for the MatLab calibration routine is listed in Appendix B. 
 

 
Figure 12. Automatic Checkerboard Corner Detection 
 
 



Evaluation 
 
 The performance of the system was evaluated by executing the feature extraction 
method outlined above and transforming the resulting point locations to build a bird’s eye 
view map.  Figure 13 shows the map resulting from the system executing on the 
calibration image shown in Figure 12.  Note that only the bottom edges of the white 
squares have been located, and that the edges between columns of boxes are now 
effectively parallel. 
 

 
Figure 13. Map Derived from Calibration Image.  1 pixel = 1cm. 
 
 A test course was constructed with a known and measured configuration 
containing two white lines and two barrels.  The image captured of this test course is 
shown in Figure 14.  The system was then applied to the test course image, and a 
resulting map was generated and is shown in Figure 15.  For comparison purposes, the 



actual locations of obstacles are drawn on the map in red, while software derived obstacle 
locations are drawn in blue.  We can see that the lines that should be parallel still 
converge and the estimated location of the right barrel is far from its actual location. 
 However, the estimated location of the left barrel is close to the actual location of the 
barrel. 
 

 
Figure 14. Test Course Image 



 
Figure 15. Map Derived from Test Course Image.  Derived map is shown in blue, actual 
measured map is shown in red. 1 pixel = 1 cm. 



Conclusion 
 
 This report has outlined a system of methods for finding the locations of obstacles 
for robot navigation in a simple environment.  Methods for feature extraction, 
determining camera parameters, camera calibration, and evaluation the system were 
detailed and analyzed.  The method was found to be inadequate in its current incarnation 
for robot navigation, though this is expected to be result of using a calibration target that 
was too small.  Future work will utilize a larger calibration target that will enable the 
system to accurately estimate the transformation needed to build accurate maps from 
locations in the entire image. 
 



Appendix A  – C Calibration Code 
 
#include  "cv.h" 
#include  "highgui.h" 
#include  <stdio.h> 
#include  <stdlib.h> 
#include  <ctype.h> 
 
#define  CHECK_H 8 
#define  CHECK_W 6 
#define  CHECK_CENTER 3 // Which Internal Corner is on the centerline, 
from left to right. 
#define  CHECK_DIST 1268 // Distance to Lower edge of Check Pattern (mm) 
#define  CHECK_SIZE 108 // Real Size of Check square (mm) 
#define  SENSOR_SIZE 10.16 // Size of Camera Sensor (mm) 
#define  CHECKS CHECK_H*CHECK_W 
 
int  main( int  argc, char ** argv ) 
{ 
    CvCapture* capture = 0; 
    IplImage* frame = 0; 
    IplImage* img =0; 
    int  c, found, num_corners; 
    CvPoint2D32f img_corners[CHECK_H*CHECK_W]; 
    CvPoint2D32f real_corners[CHECK_H*CHECK_W]; 
    CvMat* sensor_corners = cvCreateMat(CHECK_H*CHE CK_W, 2, CV_32FC1); 
    //CvMat* real_corners = cvCreateMat(CHECK_H*CHECK_W , 2, CV_32FC1); 
    CvMat* trans = cvCreateMat(3, 3, CV_32FC1); 
   FILE* ofile; 
   int  use_file = 1; 
    int  once = 1; 
    int  i, j; 
    double  pix_size=0; 
    double  img_center_x = 0; 
    double  img_center_y =0; 
 
    // Make Real Corners 
    for (i=0; i<CHECK_H; i++) 
    { 
      for (j=1; j<=CHECK_W; j++) 
      { 
        /*cvSetReal2D(real_corners, ((i-1)*CHECK_W + (j-1)) , 0, (j-
CHECK_CENTER)*CHECK_SIZE); 
        cvSetReal2D(real_corners, ((i-1)*CHECK_W + (j-1)), 1, 
i*CHECK_SIZE + CHECK_DIST);*/ 
        real_corners[(i)*CHECK_W + (j-1)].x = (j-
CHECK_CENTER)*CHECK_SIZE; 
        real_corners[(i)*CHECK_W + (j-1)].y =  (CHE CK_DIST+ 
CHECK_SIZE*CHECK_H)-i*CHECK_SIZE; 
      } 
    } 
 
   if (!use_file) 
   { 
    capture = cvCaptureFromCAM(0); 
     



    if ( !capture ) 
    { 
     fprintf(stderr, "Could not initialize 
capturing...\n" ); 
     return  -1; 
    } 
 
    frame = cvQueryFrame(capture); 
   } 
   else 
    frame = cvLoadImage( "Cal2_e.jpg" , CV_LOAD_IMAGE_COLOR); 
 
    if (!frame) 
      return  0; 
 
    printf( "Size: %d, %d\n" , frame->width, frame->height); 
 
    cvNamedWindow( "Calibrate" , 0 ); 
 
    if (frame->width > 1600) 
    { 
      img = cvCreateImage(cvSize(1600, 900), IPL_DE PTH_8U, 3); 
      cvResize(frame, img, CV_INTER_AREA); 
    } 
    else 
      img = cvCreateImage(cvGetSize(frame), IPL_DEP TH_8U, 3); 
 
 
    img->origin = frame->origin; 
    while (frame != 0) 
    { 
 
    if (!use_file) 
    { 
     frame = cvQueryFrame( capture ); 
     if ( !frame ) 
      break ; 
    } 
 
      if (once) 
      { 
 
        if (!use_file) 
          cvCopy(frame, img, NULL); 
 
        found = cvFindChessboardCorners(img, cvSize (CHECK_W, CHECK_H), 
img_corners, &num_corners, CV_CALIB_CB_ADAPTIVE_THR ESH | 
CV_CALIB_CB_NORMALIZE_IMAGE); 
        cvDrawChessboardCorners(img, cvSize(CHECK_W , CHECK_H), 
img_corners, num_corners, found); 
        printf( "Found %d Points.\n" , num_corners); 
      } 
 
      if (use_file && once) 
        once = 0; 
 



      //cvCircle(img, cvPointFrom32f(img_corners[0]), 30,  cvScalar(255, 
0, 0), 5); 
 
      cvShowImage( "Calibrate" , img ); 
 
      c = cvWaitKey(10); 
      if ( ( char )c == 27) 
          break ; 
    
    if (( char )c == 's'  && found > 0) 
    { 
     printf( "Saving..." ); 
     cvSaveImage( "Capture.jpg" , img); 
     ofile = fopen( "points.txt" , "w" ); 
 
     for (i=0; i<CHECK_H*CHECK_W; i++) 
     { 
      fprintf(ofile, "%f\t%f\n" , img_corners[i].x, 
img_corners[i].y); 
     } 
     fclose(ofile); 
     printf( "Done.\n" ); 
    } 
 
      if (( char )c == 'c'  && found > 0) 
      { 
        printf( "Calibrating..." ); 
        pix_size = SENSOR_SIZE/img->width; 
        img_center_x = ( double )img->width/2; 
        img_center_y = ( double )img->height/2; 
 
        ofile = fopen( "data.txt" , "w" ); 
         
        for (i=0; i<CHECK_H*CHECK_W; i++) 
        { 
          fprintf(ofile, "%f\t%f\t%f\t%f\n" , (img_center_x-
img_corners[i].x)*pix_size, (img_center_y-img_corne rs[i].y)*pix_size, 
real_corners[i].x, real_corners[i].y); 
        } 
 
        fclose(ofile); 
        printf( "Done.\n" ); 
      } 
    } 
 
    cvReleaseCapture( &capture ); 
    cvDestroyWindow( "Calibrate" ); 
 
    return  0; 
}



Appendix B  – MatLab Calibration Code 
 
% Matlab Calib Routine  
format compact ;  
clear;  
  
%Load Data  
data = load( '-ascii' , 'data.txt' );  
sensor_pts = data(:, 1:2);  
real_pts = data(:, 3:4);  
  
% Find Transform  
Trans = cp2tform(real_pts, sensor_pts, 'affine');  
T = Trans.tdata.Tinv;  
  
% Evaluate Transform  
test = [sensor_pts, ones(48,1)]*T;  
  
err = abs(real_pts-test(:, 1:2));  
pct_err = zeros(48, 2);  
for  i = 1:48  
    if  (real_pts(i, 1) ~= 0)  
        pct_err(i, 1) = err(i, 1)/abs(real_pts(i, 1 ));  
    end  
    if  (real_pts(i, 2) ~= 0)  
        pct_err(i, 2) = err(i, 2)/abs(real_pts(i, 2 ));  
    end  
end  
  
pct_err = pct_err*100;  
plot(real_pts(:, 2), pct_err(:, 2), '.' );  
  
mean_err_x = mean(pct_err(:,1))  
mean_err_y = mean(pct_err(:,2))  
  
% Save Transform  
save( 'trans.txt' , 'T' , '-ascii' , '-tabs' );  



Appendix C  – Feature Extraction and Estimation Code 
  
#include  "cv.h" 
#include  "highgui.h" 
#include  <stdio.h> 
#include  <stdlib.h> 
 
#define  CHECK_H 8 
#define  CHECK_W 6 
#define  CHECK_CENTER 3 // Which Internal Corner is on the centerline, 
from right to left. 
#define  CHECK_DIST 1268 // Distance to Lower edge of Check Pattern (mm) 
#define  CHECK_SIZE 108 // Real Size of Check square (mm) 
#define  SENSOR_SIZE 10.16 // Size of Camera Sensor (mm) 
#define  SCALE 5 
#define  PADDING 1000 
 
void  MagicFilter(IplImage* src, IplImage* filt,  int  low_bound, int  
high_bound, int  sat_max, int  b_min) 
{ 
  CvScalar c; 
  unsigned  char  h,s,v; 
  int  x; 
  int  y; 
  int  maxx; 
  int  maxy; 
  int  ctemp = 0; 
  y=0; 
  maxy=src->height; 
  maxx= src->width; 
 
  for (y=0; y<maxy;y++) 
  { 
    for (x=0; x<maxx; x++) 
    { 
      c=cvGet2D(src,y,x); 
      h= ( unsigned  int ) c.val[0]; 
      s= ( unsigned  int ) c.val[1]; 
      v= ( unsigned  int ) c.val[2]; 
 
      if ((h > low_bound && h <= high_bound) || (s < sat_max  && v > 
b_min)) 
      { 
        ctemp = 255; 
        cvSetReal2D(filt,y,x, ctemp); 
      } 
      else 
      { 
        cvSetReal2D(filt,y,x,0); 
      } 
    } 
  } 
 
  return ; 
} 
 



void  itermod(IplImage* src, IplImage* dest, double  kernel[3][3]) 
{ 
  int  i, j, k, l; 
  CvScalar m; 
  for (i=1; i<src->width-2; i++) 
    { 
      for (j=1; j<src->height-2; j++) 
      { 
        int  g = 1; 
        for (k=0; k<3; k++) 
        { 
          if (!g) 
            break ; 
          for (l=0; l<3; l++) 
          { 
            m = cvGet2D(src,j+k,i+l); 
            if (m.val[0] != kernel[k][l]) 
            { 
              //cvSetReal2D(dest,j,i,0); 
              g = 0; 
              break ; 
            } 
          } 
        } 
        if (g) 
          cvSetReal2D(dest,j,i, 255); 
      } 
    } 
} 
 
 
int  main( int  argc, char ** argv ) 
{ 
    CvScalar m; 
    IplImage* input =0; 
    IplImage* img =0; 
    IplImage* hsv_img = 0; 
    IplImage* o_filt = 0; 
    IplImage* w_filt = 0; 
    IplImage* total_filt = 0; 
    IplImage* total_filt_large = 0; 
    IplImage* bottoms = 0; 
    IplImage* map_img = 0; 
    int  i, j, k, hitcount; 
    int  l, c, found, num_corners; 
    double  b_kernel[3][3]; 
    double  r_kernel[3][3]; 
    double  l_kernel[3][3]; 
    double  img_center_x; 
    double  img_center_y; 
    double  pix_size; 
    double  foo; 
    int  num_pts=0; 
 
    bool  draw_map = true ; 
 
    float  trans[9]; 



    char  buf[128]; 
    CvMat T; 
    CvMat img_pts; 
    CvMat map_pts; 
    float * img_pt_data; 
    float * check_pt_data; 
     
    FILE *tfile = fopen("trans_a.txt", "r"); 
 
    b_kernel[0][0] = 255; 
    b_kernel[0][1] = 255; 
    b_kernel[0][2] = 255; 
    b_kernel[1][0] = 0; 
    b_kernel[1][1] = 0; 
    b_kernel[1][2] = 0; 
    b_kernel[2][0] = 0; 
    b_kernel[2][1] = 0; 
    b_kernel[2][2] = 0; 
 
     
    r_kernel[0][0] = 0; 
    r_kernel[0][1] = 255; 
    r_kernel[0][2] = 255; 
    r_kernel[1][0] = 0; 
    r_kernel[1][1] = 0; 
    r_kernel[1][2] = 255; 
    r_kernel[2][0] = 0; 
    r_kernel[2][1] = 0; 
    r_kernel[2][2] = 0; 
 
     
    l_kernel[0][0] = 255; 
    l_kernel[0][1] = 255; 
    l_kernel[0][2] = 0; 
    l_kernel[1][0] = 255; 
    l_kernel[1][1] = 0; 
    l_kernel[1][2] = 0; 
    l_kernel[2][0] = 0; 
    l_kernel[2][1] = 0; 
    l_kernel[2][2] = 0; 
 
    if (tfile) 
    { 
      for (i=0; i<3; i++) 
      { 
        trans[i*3+0] = trans[i*3+1] = trans[i*3+2] = 0; 
        fgets(buf, 128, tfile); 
        sscanf(buf, "%e\t%e\t%e\t\n", &trans[i*3+0] , &trans[i*3+1], 
&trans[i*3+2]); 
      } 
    } 
    fclose(tfile); 
 
    T = cvMat(3, 3, CV_32FC1, trans); 
 
    input = cvLoadImage("Course2_j.jpg", CV_LOAD_IM AGE_COLOR); 
 



    if (input->width > 1600) 
      img = cvCreateImage(cvSize(1600, 900), IPL_DE PTH_8U, 3); 
 
    cvResize(input, img, CV_INTER_AREA); 
 
    hsv_img = cvCreateImage(cvGetSize(img), IPL_DEP TH_8U,  3); 
    o_filt = cvCreateImage(cvGetSize(img), IPL_DEPT H_8U, 1); 
    w_filt = cvCreateImage(cvGetSize(img), IPL_DEPT H_8U, 1); 
    total_filt_large = cvCreateImage(cvGetSize(img) , IPL_DEPTH_8U, 1); 
    total_filt = cvCreateImage(cvSize(512, 384), IP L_DEPTH_8U, 1); 
    bottoms = cvCreateImage(cvGetSize(total_filt), IPL_DEPTH_8U, 1); 
    cvSetZero(bottoms); 
 
    cvNamedWindow("Original", 0); 
    cvNamedWindow("HSV", 1); 
 
    // Apply Guassian Blur 
    cvSmooth(img, img, CV_GAUSSIAN, 31, 0, 0, 0); 
 
    // Convert to HSV 
    cvCvtColor(img, hsv_img, CV_RGB2HSV); 
 
    // Filter For Hue 
    MagicFilter(hsv_img, o_filt, 107, 120, 0, 0); 
     
    // Filter for Saturation 
    MagicFilter(hsv_img, w_filt, 0, 0, 60, 50); 
 
    // Combine Filters 
    cvMax(o_filt, w_filt, total_filt_large); 
 
    cvResize(total_filt_large, total_filt, CV_INTER _AREA); 
    cvThreshold(total_filt, total_filt, 128, 255, C V_THRESH_BINARY); 
 
    // Do iterative modification to find bottoms of thi ngs. 
    itermod(total_filt, bottoms, b_kernel); 
    itermod(total_filt, bottoms, r_kernel); 
    itermod(total_filt, bottoms, l_kernel); 
 
    cvResize(bottoms, total_filt_large, CV_INTER_AR EA); 
    cvThreshold(total_filt_large, total_filt_large,  128, 255, 
CV_THRESH_BINARY); 
     
    num_pts = cvCountNonZero(total_filt_large); 
 
    printf("Found %d Feature Points.\n", num_pts); 
 
    img_pt_data = new float [num_pts*3]; 
    img_center_x = ( double )total_filt_large->width/2; 
    img_center_y = ( double )total_filt_large->height/2; 
    pix_size = SENSOR_SIZE/total_filt_large->width;  
    hitcount = 0; 
     
    for (i=0; i<total_filt_large->width; i++) 
    { 
      for (j=0; j<total_filt_large->height; j++) 
      { 



        m = cvGet2D(total_filt_large, j, i); 
        if (m.val[0] > 0) 
        { 
          img_pt_data[hitcount*3+0] = (img_center_x -i)*pix_size; 
          img_pt_data[hitcount*3+1] = (img_center_y -j)*pix_size; 
          img_pt_data[hitcount*3+2] = 1.0; 
          hitcount++; 
        } 
      } 
    } 
 
    img_pts = cvMat(num_pts, 3, CV_32FC1, img_pt_da ta); 
    map_pts = cvMat(num_pts, 3, CV_32FC1, 0); 
    cvCreateData(&map_pts); 
    cvSetZero(&map_pts); 
 
    cvMatMul(&img_pts, &T, &map_pts); 
 
    // Copy Back Out 
    double  max_x = 0; 
    double  max_y = 0; 
    for (i=0; i<num_pts; i++) 
    { 
      img_pt_data[i*3+0] = cvGetReal2D(&map_pts, i,  0); 
      img_pt_data[i*3+1] = cvGetReal2D(&map_pts, i,  1); 
      foo = cvGetReal2D(&map_pts, i, 2); 
 
      if (fabs(img_pt_data[i*3+0]) > max_x) 
        max_x = fabs(img_pt_data[i*3+0]); 
 
      if (fabs(img_pt_data[i*3+1]) > max_y) 
        max_y = fabs(img_pt_data[i*3+1]); 
    } 
 
    map_img = cvCreateImage(cvSize((2*( int )max_x+PADDING)/SCALE, 
( int )(max_y+PADDING)/SCALE), IPL_DEPTH_8U, 3); 
    cvSetZero(map_img); 
    map_img->origin = 1; 
 
    CvPoint tpoint, tpoint2; 
 
    // Make actual Map 
    if (draw_map) 
    { 
      // Left Line 
      tpoint.x = ( 914 + max_x + PADDING/2)/SCALE; 
      tpoint.y = (-1066 )/SCALE; 
      tpoint2.x = (914 + max_x + PADDING/2)/SCALE; 
      tpoint2.y = (7315 )/SCALE; 
 
      cvClipLine(cvGetSize(map_img), &tpoint, &tpoi nt2); 
      cvLine(map_img, tpoint, tpoint2, cvScalar(0, 0, 255), 3); 
 
       
      // Right Line 
      tpoint.x = (-914 + max_x + PADDING/2)/SCALE; 
      tpoint.y = (-1066)/SCALE; 



      tpoint2.x = (-914 + max_x + PADDING/2)/SCALE;  
      tpoint2.y = (7315)/SCALE; 
 
      cvClipLine(cvGetSize(map_img), &tpoint, &tpoi nt2); 
      cvLine(map_img, tpoint, tpoint2, cvScalar(0, 0, 255), 3); 
 
      // Left Barrel 
      tpoint.x = (-914 + max_x + PADDING/2)/SCALE; 
      tpoint.y = (2057)/SCALE; 
      tpoint2.x = 1; 
      tpoint2.y = 1; 
      cvCircle(map_img, tpoint, (228)/SCALE, cvScal ar(0,0,255)); 
 
      // Right Barrel 
      tpoint.x = (228 + max_x + PADDING/2)/SCALE; 
      tpoint.y = (3657)/SCALE; 
      tpoint2.x = 1; 
      tpoint2.y = 1; 
      cvCircle(map_img, tpoint, (228)/SCALE, cvScal ar(0,0,255)); 
    } 
 
    // Make Map from Calculation 
 
     
    for (i=0; i<num_pts; i++) 
    { 
      tpoint.x = ( int )(img_pt_data[i*3+0] + max_x + PADDING/2)/SCALE; 
      tpoint.y = ( int )(img_pt_data[i*3+1])/SCALE; 
      cvCircle(map_img, tpoint, 1, cvScalar(255,0,0 )); 
    } 
 
     
 
    while (1) 
    { 
        cvShowImage("HSV", map_img); 
        cvShowImage("Original", total_filt_large); 
 
        c = cvWaitKey(100); 
        if ( ( char )c == 27 ) 
            break ; 
    } 
 
    cvDestroyWindow("Original"); 
    cvDestroyWindow("HSV"); 
 
    return  0; 
} 
 


