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Procedure 
 

1. Turn power on the (1) and take the picture from the (1)’s camera. Our camera 
can take 30 frames or 30 pictures per second in true color. There have many 
shapes of the orange objects in the pictures such as a ball, a sand paper, a 
folder, a pillow etc. We will get jpg-file. 

  
2. Use Makebps.m to find the position of the ball in each image by XY 

coordinate. The image coordinate presented the whole area of the sphere lens 
only as shown in Figure 1 below. By this M-file, it shows the picture that was 
captured then clicks on the left mouse on the orange ball until all ball’s 
position are located then press enter. We will get the bps-file, “bps” stand for 
ball position. A number of balls should equal to number of the balls in a 
frame.   

 

 
Figure 1: An image of the true color. This image should use to find the position of the ball. 
Picture is of size 768x768 pixels. 

 
3. Use Main.m to find all 7 attributes of the orange objects. We will get width, 

height, area, perimeter, form factor, ratio of Eigen value, and distance. At the 
beginning, we must covert all RGB color images to be HSI color images 
shown in Fig. 2(a)-(c). The HSI color model represents a color in terms of hue, 
saturation, and intensity. We select the interval of value of all HSI variables 
that represent for orange color or almost to be that color, as shown in Fig. 2(d), 
and change it to be a binary image shown in Fig. 2(e). Morphological 
smoothing is used to achieve smoothing images by opening followed by a 
closing shown in Fig. 2(f) 

More detail in this M-file, after we got interested objects we will ignore 
the huge objects and small objects that more than 15000 and less than 50 
pixels, respectively, and the objects are outside the radius of the sphere mirror 
because the ball can not be that interested objects shown in Fig. 3. 
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Figure 2: (a) Hue image. (b) Saturation image. (c) Intensity image. (d) Detected orange objects 
with hue color plane. (e) Binary image.  (f) Morphological smoothing of (e). 
 



 
Figure 3: Result of discarding of the huge objects, the small objects, and the external objects. 
 

4. In this step, it will describe how to measure all 7 attributes after we got 
attractive objects. We measured the width of the objects by subtraction of the 
maximum value of column by the minimum value of column and plus one. On 
the other hand, we will use the same calculation to get the height by the value 
of row.  

Area is a number of the white pixels on each object. “BWLABEL” is a 
MATLAB’s command to find the area of the object and we set the option of 
connected components in binary image is 8 where 8 specified 8-connected 
pixel. 

Perimeter is calculated by tonPerimeter.m file. A common formula for 
perimeter is square root of 2 multiply by a number of diagonal lines and plus a 
number of straight lines.  

It is measured along the outside boundary of pixels. For example, an 
object has 4 pixels, i.e. area is 4, as shown in Fig. 4(a). The proper perimeter 
of this object should be 8 follow the green line where is outside boundary of 
object as shown in Fig. 4(b) because it has 8 straight lines. Although, 
measuring perimeter by center to center pixel, it is 4 along the 4-red line, is 
very easy and quick enough, but it does not give thoroughly value of form 
factor value.  

  

 
 

Figure 4: (a) An object has 4 pixels. (b) The perimeter measuring 
 

The value of a form factor of each object, FF, is given by 
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where A represents area of the object, P is the perimeter of the object. 
According to above formula, when FF is approaching to 1 that means object is 
look like or almost have a construction like a circle. Consequently, the 
accuracy form factor, FF, is calculated by the proper perimeter, P. Then, we 
must select the correct method to find a proper value of perimeter. 

We concern the distribution of the white pixel of each object then the 
ratio of Eigen value, Eig, is mentioned and it is obtained a smaller Eigen value 
divided by a bigger one. The thoughtful objects have size in 2-D therefore we 
will get 2 Eigen values and 2 Eigen vectors that represent for the new two axis 
that data is presenting the distribution. The perfect circles, have equally 
distribute in both axis, should give a ratio of Eigen value close to 1. 

The last attribution is the distance between the centre of image and the 
centre of the object. The unit of distance is in pixel. 

Therefore, we will get the data-files, “*.data”, that contain all attributes 
and they are divided into two groups by showing with 5 attributes and with 7 
attributes. A file with 5 attributes consists of area, perimeter, form factor, ratio 
of Eigen value, and distance only. 

And the last part in this step is the ball or not ball assigning. It 
automatically defines because the XY coordinate in bps-file will match to the 
closest object in a frame. 

  
5. Robot can be made a decision by following a decision tree that is trained by all 

information from last step. C4.5 is mentioned to make a decision tree. Hence, 
MakeTrainTest.m can create the set of training data, the set of test data, and 
the names files with a situation. 

 
6. To make a good decision tree we should have a lot of training data and test 

data. Then, many groups of picture have been taken under different 
environment that is different brightness, hue, saturation, and a ball’s position. 

CombineAll.m is used to combine the training data and testing data from 
many situations, as shown in Fig. 5. 

 
7. Use C4.5 to make a decision tree from the output file of CombineAll.m 

 
 



 

 
 
Figure 5: Diagram of a making decision tree 
 
Where (1) represents Makebps.m, (2) represents Main.m, (3) represents 
MakeTrainTest.m, and (4) represents CombineAll.m 
 
How to run the M-file   
 

1. Copy a folder M-files to the desktop. 
2. Double click to folder M-files and then select folder Image and folder 

Preclass6. Highlight and copy the address of that folder, for example, as 
shown below 

 
C:\Documents and Settings\ton\Desktop\robocup\report\M-files\ Images\ 
PreClass6 

 
3. Open MATLAB program and paste that folder address into the current 

directory. Select “File” and “Set Path…” on MATLAB windows and choose 
“Add Folder…” then locate the location of folder M-files, for example, 

 
C:\Documents and Settings\ton\Desktop\robocup\report\M-files  

 
4. Open and Run Makebps.m file, get bps-files. 
5. Open and Run Main.m file, get, for example, “5att…” and “7att…” of data-

file. 
6. And then follow the diagram as shown in Fig. 5. 


