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ABSTRACT 

This research seeks to give some guidance on developing an image-
processing algorithm that can be used to control or pilot a robot in a 
certain way.  An algorithm was developed to find an object within an 
image.  The images used for the research were taken with a digital camera. 
Two types of objects were used, a square and a sphere.  Quadtree 
decomposition was used to locate the quadrant in which the object was 
located.  The image-processing algorithm developed worked successfully. 
There were some limitations to the image processing. These limitations 
included the object’s size within the image, the location of the object, and 
background noise in the image.  Some suggestions were given for future 
improvements to the image processing.  One future improvement would be 
to increase the number of objects that could be found in the image. 
Another improvement would include a histogram evaluation in the image 
processing. 

Introduction 

The current research project discusses the development of an 
image-processing algorithm to control robots.  The image processing was 
done using image segmentation. The quadtree decomposition was used to 
accomplish the segmentation by separating the image into smaller blocks. 
The smaller blocks of the image were then checked for the object. A mean 
and standard deviation of each block were calculated to determine where 
the object was.  Once the object was found within the image, a square was 
placed around the object.  The square was a visual representation that the 
object was found.  An example of an application for this research is the 
direction of a robot to sort through a bin of items and then pick out the 
similar items according to their statistics. 

Review of Literature 

“Basic Image Processing Demos” helped to formulate this research 
project [2].  Examples and algorithms for the canny detector were found, 
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and the website gave a good starting point for understanding the 
programming and ideas behind the canny edge detector.   

The canny edge detector is the best edge identifier [4].  In the 
article “Comparison of Edge Detection Algorithms Using a Structure from 
Motion Task,” Shin, Goldgof, Bowyer, and Nikiforou showed that the 
canny detector was impressive amongst other detectors.  Their evaluation 
was based on human’s reviewing the final edge detection.   

“Developers of MATLAB and Simulink for Technical Computing” 
have examples and applications for the functions available in MATLAB.  
MATLAB is the software that is being utilized to do the image processing 
in this research. It is important to have examples and applications available 
for the functions so that errors can be minimized when programming.   

A histogram is used to analyze the intensity of segments of an 
image [1].  Each pixel is scaled from 0 to 255 according to its intensity.  A 
graph then shows the relation of the pixel intensities [8].  Objects in an 
image can be identified by the concentration of pixels.  This research uses 
black and white images, thus the histogram will either have a one or a zero 
for a value.  Figure 2 and Figure 4 show the histograms of images from the 
database. 

  Quadtree decomposition is a method used to segment the image 
[1].  The decomposition divides the image according to the surrounding 
pixels in the image [7].  The image is divided into smaller blocks of equal 
sizes until the blocks are within a user specified range. 
 
Methods 

 
This research was conducted in three steps.  First, background 

information on image processing and MATLAB was obtained. Second, the 
Internet was used as a research tool to find algorithms and information on 
image processing. Third, the research was carried out using the MATLAB 
software.  
 
Results 
 

There are different programs available for image processing. The 
program chosen for purposes of research was MATLAB.  A database was 
constructed with two types of objects. The first object was a sphere (Figure 
1 [3]).  There were different shapes and sizes of spheres chosen because 
hypothetically when the robot is farther away the sphere will be smaller in 
size. The second shape was a square (Figure 3). 

A digital camera was used to obtain pictures.  The pixel sizes of the 
pictures were 480 by 620.  A basic picture used for this research is shown 
in Figure 5.  The images were resized to 512 by 512 pixels. The image 
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needed to be 512 by 512 pixels because the quadtree decomposition 
function only divides square images [1].  The resizing of the image did not 
affect the composition of the image. 

The canny edge detector was used to detect the object’s outline 
within the image.  Figure 6 illustrates an output from the canny edge 
detector.  To acquire the edges of the object a threshold of 0.5 was used.  
This threshold was determined by using the edge detection demo in 
MATLAB.  The edge detection helped to get rid of background noise, thus 
making the algorithm more efficient in finding the object. 

The next step to finding the object was to divide the image.  The 
first proposal was to segment the image into columns. This segmentation 
had imperfections because objects within the image were being segmented.  
The object could not be found when half of the object was in one segment 
of the image and another half of the object was in another block of the 
image.  Quadtree decomposition was used then to segment the image [1].  
Quadtree decomposition subdivides an image into blocks that have more 
uniform surrounding pixels than the total image pixels.  The subdivided 
blocks can then be segmented once again according to the consistency of 
the surrounding pixels. This decomposition avoids segmenting identical 
pixels within the image. 

 Quadtree decomposition was used to identify the region in which 
the object was located.  The 512 by 512 pixel image was first broken down 
into four equal segments of 256 by 256 pixels.  Each smaller division was 
then checked for a signature corresponding to one in the database.  There 
were two criteria used to recognize the object region.  These criteria were 
called the signature of the object.  Mean was the first criterion and standard 
deviation was the second criterion. These criteria were used to create the 
signature of the different images in the database, and then used on the 
decomposed sections of the image.  A MATLAB function was written to 
aid the decomposition in finding the region of interest. 

The MATLAB function calculated the mean and standard deviation 
of each subdivided block.  Each of these values was then compared to the 
signatures of the objects within the database.  The next block division was 
based upon the previous comparisons.  After three levels of decomposition, 
the quadtree function ended.  

The final step in the processing was finding the object within the 
divided blocks and then identifying it by placing a square around it.  Mean 
and standard deviation were used once again to identify the region of 
interest. The qtgetblk( ) function was used to find all the blocks of 128 by 
128 pixels.  The signatures of these blocks were found and compared to the 
corresponding object in the database.  Once the correct region was 
identified, a white square was placed around the area. Figure 7 is a display 
of the final output from MATLAB.   
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Conclusions 
 
In conclusion, the image-processing algorithm used for this 

research identified an object.  The object was placed in different areas of 
the image to ensure the processing worked.  Figure 7 and Figure 9 are two 
outputs of the processing.  This processing can be implemented with robots 
so that the robots can be instructed to sort a mixture of objects or find an 
object in a room. MATLAB enables the image processing to be complex, 
thus ensuring the object to be found within the image. A signature 
composed of the mean and standard deviation were used to locate the object 
within the image.  The quadtree decomposition was useful in segmenting 
the image because the object was complete when the image was divided.   

The decomposition was done to three levels; this can be seen in 
Figure 8. The first level included the entire picture; the second level was the 
quartering of the entire image; and the third level was subdividing one of 
the previous divisions.  There are some limitations to the image processing.  
The first limitation was that the object needed to be in one of the 128 by 
128 pixel quadrants. There was difficulty finding the object when it was 
separated into three 128 by 128-pixel quadrants because the signature of the 
database would not match up with the signature of the blocks. The second 
was that the object needed to be 128 by 128 pixels or smaller. This size was 
needed because the decomposition was done to three levels with the third 
level size being 128 by 128 pixels.  The third limitation was the image size 
needed to be a power of two.  The power of two limitation was a criterion 
of the quadtree decomposition function. 

The limitations of this project create room for improvement.  A 
future improvement to this project will include adding a histogram 
calculation to the algorithm.  The histogram will help to identify the object 
within the image in a more complex way.  Another improvement will be to 
develop a better quadtree decomposition of the image. This decomposition 
will allow the object to be anywhere within the image and also any size.  A 
final development will be to include more shapes or objects in the database.  
An increased database could include objects that a robot could easily 
handle. 
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List of Code 
  
%------------------------------------------------------------ 
% Image Processing for object 
% First read in image, second change to black and white, 
% third do the edge detection. 
%------------------------------------------------------------ 
 
i1 = 'c:\WINDOWS\Desktop\Mcnair\ball\ball-2.bmp'; 
i2 = 'c:\WINDOWS\Desktop\Mcnair\square\square.bmp'; 
 
image = 
imread('c:\WINDOWS\Desktop\McNair_Scholar_CDROM\706.bmp','bmp'); 
 
figure(1), imshow(image); 
 
bnw = im2bw(image, 0.5);   %Change image to black and white 
 
figure(2), imshow(bnw); 
 
BW = edge(bnw,'canny', .5);         % threshold value = .5 should work:)  
 
figure(3), imshow(BW); 
 
adj = imresize(BW,[512 512]);  % resize the image so that it's square 
 
figure(4), imshow(adj); 
 
arr = qtdecomp(adj,'statistics', i1, i2 ); % Do the decomposition of the image 
 
I = full(arr);         
 
figure(5), imshow(I);   % Show the decomposed image 
 
[blocks, row, col] = qtgetblk(adj, arr, 128); 
 
len = length(blocks(1,1,:)); 
 
for num = 1:len 
   eval(['mean_block' num2str(num) ' = mean2(blocks(:,:,num));']); 
end 
 
for num = 1:len 
   eval(['std_block' num2str(num) ' = std2(blocks(:,:,num));']); 
end 
 
im_1 = imread(i1,'bmp'); 
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im_2 = imread(i2,'bmp'); 
 
im1_bnw = im2bw(im_1); 
im2_bnw = im2bw(im_2); 
 
im1_edge = edge(im1_bnw,'canny', .5); 
im2_edge = edge(im2_bnw,'canny', .5); 
 
im1_std  = std2(im1_edge); 
im2_std  = std2(im2_edge); 
 
im1_mean = mean2(im1_edge); 
im2_mean = mean2(im2_edge); 
 
std_1 = im2_std - std_block1; 
std_2 = im2_std - std_block2; 
std_3 = im2_std - std_block3; 
 
mn_1 = im2_mean - mean_block1; 
mn_2 = im2_mean - mean_block2; 
mn_3 = im2_mean - mean_block3; 
 
if (mn_1 < mn_2) & (mn_1 < mn_3) & (std_1 < std_2) & (std_1 < std_3) 
   r_c = 1; 
elseif (mn_2 < mn_1) & (mn_2 < mn_3) & (std_2 < std_1) & (std_2 < std_3) 
   r_c = 2; 
elseif (mn_3 < mn_1) & (mn_3 < mn_2) & (std_3 < std_1) & (std_3 < std_2) 
   r_c = 3; 
end 
 
column = col(r_c, r_c) 
ROW   = row(r_c, r_c) 
 
for c = column:column+128 
   adj(ROW,c) = 1; 
   adj(ROW +128, c) = 1; 
end 
 
for r = ROW:ROW + 128 
   adj(r,column) = 1; 
 adj(r,column + 128) = 1;    
end 
 
figure(6), imshow(adj); 
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List of Code 
 
 Statistics Function: 
 
function stats = statistics( S, i1, i2 ) 
%--------------------------------------------------------------------- 
% function stats = statistics( S, i1, i2 ) - This function 
% computes the standard deviation and mean of two images then 
% compares them. This is used to do the Quadtree decomposition  
% portion of the image. 
%--------------------------------------------------------------------- 
 
im1 = imread(i1, 'bmp'); 
im2 = imread(i2, 'bmp'); 
 
bw1 = im2bw(im1); 
bw2 = im2bw(im2); 
 
bwedge1 = edge(bw1, 'canny' , 0.5); 
bwedge2 = edge(bw2, 'canny' , 0.5); 
 
%--------------------------------- 
% Compute STDev. and Mean  
% of database objects 
%--------------------------------- 
 
std_im1 = std2(bwedge1); 
std_im2 = std2(bwedge2); 
 
mean_im1 = mean2(bwedge1); 
mean_im2 = mean2(bwedge2); 
 
[countim1, xim1] = imhist(bwedge1); 
[countim2, xim2] = imhist(bwedge2); 
 
%--------------------------------- 
% Find length of blocks 
% Then set length accordingly 
%--------------------------------- 
block_SIZE = length(S) 
if block_SIZE == 512 
   num_blocks = 1; 
else 
   num_blocks = 4; 
end 
 
%--------------------------------- 
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% Find mean of each block 
%--------------------------------- 
for num = 1:num_blocks %length(k) 
   eval(['QT_mean' num2str(num) ' = mean2(S(:,:,num));']); 
end 
 
%--------------------------------- 
% Find std of each block 
%--------------------------------- 
for number = 1:num_blocks %length(k) 
    eval(['QT_std' num2str(number) ' = std2(S(:,:,number));']); 
end 
 
%-------------------------------- 
% Check block to see if object  
% is within block 
%-------------------------------- 
if (num_blocks == 4) 
 mean1 = mean_im2 - QT_mean1; 
 mean22 = mean_im2 - QT_mean2; 
 mean3 = mean_im2 - QT_mean3; 
 mean4 = mean_im2 - QT_mean4; 
 
 std1 = std_im2 - QT_std1; 
 std22 = std_im2 - QT_std2; 
 std3 = std_im2 - QT_std3; 
 std4 = std_im2 - QT_std4; 
    
    
    
 if (mean1 < mean22) & (mean1 < mean3) & (mean1 < mean4) 
     flag1 = 1; 
     else 
      flag1 = 0;        
     end 
     
   if (mean22 < mean1) & (mean22 < mean3) & (mean22 < mean4) 
     flag2 = 1; 
      else 
         flag2 = 0; 
      end 
       
   if (mean3 < mean1) & (mean3 < mean22) & (mean3 < mean4) 
     flag3 = 1; 
      else 
         flag3 = 0; 
      end 
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   if (mean4 < mean1) & (mean4 < mean22) & (mean4 < mean3) 
     flag4 = 1; 
  else 
     flag4 = 0;   
  end 
    
   if (std1 < std22) & (std1 < std3) & (std1 < std4) 
      flag11 = 1; 
    else 
       flag11 = 0; 
    end 
    
   if (std22 < std1) & (std22 < std3) & (std22 < std4) 
      flag22 = 1; 
    else 
        flag22 = 0; 
    end 
    
   if (std3 < std1) & (std3 < std22) & (std3 < std4) 
      flag33 = 1; 
    else 
       flag33 = 0; 
    end 
    
   if (std4 < std1) & (std4 < std22) & (std4 < std3) 
      flag44 = 1; 
    else 
     flag44 = 0;    
    end 
    
    if (flag1 == 1)& (flag11 == 1) & (block_SIZE > 128) 
      number1 = 1; 
   elseif (flag2 == 1) & (flag22 == 1) & (block_SIZE > 128) 
      number1 = 2; 
   elseif (flag3 == 1)& (flag33== 1) & (block_SIZE > 128) 
      number1 = 3; 
   elseif (flag4 == 1) & (flag44 == 1) & (block_SIZE > 128) 
      number1 = 4; 
   else 
      if (QT_mean1 == 0) & (QT_std1 == 0) & (block_SIZE <= 128) 
         number1 = 1; 
      elseif (QT_mean2 == 0) & (QT_std2 == 0) & (block_SIZE <= 128) 
         number1 = 2; 
      elseif (QT_mean3 == 0) & (QT_std3 == 0) & (block_SIZE <= 128) 
         number1 = 3; 
      elseif (QT_mean4 == 0) & (QT_std4 == 0) & (block_SIZE <= 128) 
         number1 = 4; 
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      end  % Nested if in else   
  end 
else 
end 
 
%---------------------------------------------------------------------- 
% Need to return value of quadrant if blocks need to be split  
% otherwise need to return a 0 if blocks do not need to be split 
% Values sent to K-element vector of qtdecomp  
%---------------------------------------------------------------------- 
 
if(num_blocks == 1) 
   stats = 1; 
else 
   stats = number1; 
end 
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Figure 1 – Sphere Image 

 

 
Figure 3 – Square Image 

 
 
Figure 2 – Histogram of Sphere 

 
Figure 4 – Histogram of Square 
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Figure 5 - 480 by 620 image 

 
 
Figure 6 – Canny Edge Detection 
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Figure 7 – Processing output for a square 

 
 
Figure 8 Quadtree Decomposition Levels 
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Figure 9 – Processing output for a circle 
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