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For the implementation of the experiment that took place in this thesis, a CMOS 

technology camera with an embedded FPGA was used. Each of the three basic colors (red - 

green - blue) that the camera detects are sent to the FPGA which transforms the colors by 

mixing them and therefore creates a new color that is placed on a particular pixel in the 

picture that the end user receives. The image that the FPGA sends is transported to the end 

user's computer via Ethernet port and finally, it appears on the end user's screen. Furthermore 

and in order for the user to change the functions of the camera, such as opening and closing 

the shutter and managing to adjust the camera depending on the needs of the end user, a 

second serial connection (UART) is used. 

The environment in which the experiment takes place has as a requirement the 

existence of white light.  By choosing to work only with white light, the camera is able to 

function based on the white light instead of any other color-based light.  

In conclusion, the purpose of this thesis is the implementation of algorithms in C 

programming language, which can detect colors and calculate the center of an object that has 

been recognized as red. Thus, an algorithm for calculating the center of multiple objects is 

being developed. 
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1)  ABS: Anti-lock Breaking System 

2)  AHB: Advanced High-performance Bus 

3)  API: Application Programming Interface  

4)  ASIC: Application Specific Integrated Circuit 

5)  ASSP: Application Specific Standard Product  

6)  ATM: Automate Teller Machine 

7)  BiCMOS: Bipolar Complementary Metal Oxide Semiconductor 

8)  BIT: Binary Digit 

9)  CAD: Computer Aided Design 

10)  CCL: Connected Component Labeling 

11)  CISC: Complex Instruction Set Computer 

12)  CMOS: Complementary Metal Oxide Semiconductor 

13)  CPU: Central Processing Unit 

14)  DEC: Digital Equipment Corporation 

15)  DLL: Dynamic-Link Library 

16)  DRAM: Dynamic Random Access Memory 

17)  DSP: Digital Signal Processing 

18)  EEPROM: Electrically Erasable Programmable Read Only Memory 

19)  EGCS: Experimental/Enhanced GNU Compiler System 

20)  FET: Field Effect Transistor 

21)  FPGA: Field Programmable Gate Array 

22)  FTP: File Transfer Protocol 

23)  GCC: GNU Compiler Collection  

24)  
� � $ i � � $ ) Æ � Õ Ð $ � � %

 

25)  GPS: Global Positioning System 

26)  HDL: Hardware Description Language  

27)  HTML: HyperText Markup Language 

28)  : Inter Integrated Circuit 
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29)  IBM: International Business Machines Corporation 

30)  IP: Internet Protocol address 

31)  LSI: Large Scale Integration  

32)  MAC: Media Access Control address 

33)  MIPS: Microprocessor without Interlocked Pipeline Stages 

34)  MMU: Memory Management Unit 

35)  MOSFET: Metal Oxide Semiconductor Field Effect Transistor 

36)  
�

C: Microcontroller 

37)  
�

P: Microprocessor 

38)  NMOS: N-type Metal Oxide Semiconductor Logic 

39)  OAR: On-Line Application Research  

40)  PCB: Printed Circuit Board 

41)  PCI: Peripheral Component Interconnect 

42)  PLD: Programmable Logic Device 

43)  POSIX: Portable Operating System Interface  

44)  RAM: Random Access Memory 

45)  RISK: Reduced Instruction Set Computer 

46)  ROM: Read Only Memory 

47)  RTEMS: Real Time Executive for Multiprocessor Systems 

48)  SCL: Serial Clock 

49)  SDA: Serial Data 

50)  SOC: System on Chip 

51)  SPARC: Scalable Processor Architecture 

52)  SRAM: Static Random Access Memory 

53)  SUN: Stanford University Network 

54)  TCP: Transmission Control Protocol  

55)  TTL: Transistor Transistor Logic  

56)  UART: Universal Asynchronous Receiver/Transmitter 

57)  VAX: Virtual Address eXtension 

58)  VLSI: Very Large Scale Integration   
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Connected Component Labeling  

void make_smooth() { 

        int x; 

  int y; 

  unsigned long int pos2; 

  unsigned long int wf, wt, wf2, wf3; 

        unsigned long int array[255][255]; 

        int gr,gg,gb;  

  unsigned long int count_x = 0; 

  unsigned long int count_y = 0; 

  unsigned long int sumup = 1; 

  unsigned long int mean_x = 0; 

  unsigned long int mean_y = 0; 

  unsigned long int mean_x_1 = 0; 

  unsigned long int mean_y_1 = 0; 

  int i = 0; 

  int j = 0; 

  int percentageRed = 0; 

  int percentageGreen = 0; 

  int percentageBlue = 0;  

  int foreground = 1; 

  int background = 0; 

  int NewLabel = 5; //starting from 5 for security reasons 

  int lx = 0; 

  int back = 0; //one pixel back 

  int up = 0;//one pixel up 

  int back_diagonal_up = 0; 



 

65 

 

  int back_diagonal_down = 0; 

  int down = 0; 

  int front = 0; 

  int front_diagonal_up = 0; 

  int front_diagonal_down = 0; 

  unsigned long int count_x_sec = 0; 

  unsigned long int count_y_sec = 0; 

  unsigned long int sumup_sec = 0; 

  unsigned long int mean_x_sec = 0; 

  unsigned long int mean_y_sec = 0; 

  unsigned long int mean_y_1_2 = 0; 

  unsigned long int mean_x_1_2 = 0; 

  int k; 

    

/* -------------------- Color identification --------------- */ 

        for (y=0; y<255;y++) 

        { 

      pos2 = FRAME_POS | (  y     <<AL_IMG_WIDTH_PWR); 

     for (x=0;x<255;x++) 

            { 

                wf2  = IMG(pos2);   

  gr = B3(wf2);   gg = B2(wf2);  gb = B0(wf2);   

  int sum = gr + gg + gb; 

  int red = gr*100; 

  int green = gg*100; 

  int blue = gb*100; 

  percentageRed = (int) division(red, sum); 



 

66 

 

  percentageGreen = (int) division(green, sum); 

  percentageBlue = (int) division(blue, sum);  

  if (percentageRed > percentageGreen && percentageRed > percentageBlue) { 

  gr=0xff; 

  gg=0xff; 

  gb=0x00; 

  array[x][y] = 1; 

  /* front = 1; 

  front_diagonal_up = 1; 

  front_diagonal_down = 1; */ 

  } else { 

  array[x][y] = 0; 

  } 

   

  IMG(pos2) = (gr<<24) | (gg<<16) | (gb); 

  pos2+=4; 

            } //x for loop for the image 

   } // y for loop for the image 

    

/* ------------------- Conected component labeling -------------------- */  

    for (y=1; y<255;y++) 

        { 

     for (x=1;x<255;x++) 

            { 

   if (array[x][y] == foreground)  

  { 

  back = array[x-1][y]; //labeled rows 
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  up = array[x][y-1]; //labeled columns  

  if(back == background && up == background)   

  { 

   NewLabel++; 

   lx = NewLabel; 

  } 

  else if((back != up)&&(back != background)&&(up != background)) 

  { 

   lx = up; 

  } 

  else if(up != background) 

  { 

   lx = up; 

  } 

  else if(back != background)  

  { 

   lx = back; 

  } 

  array[x][y] = lx; 

  } 

   } // x for loop for the matrix 

   } // y for loop for the matrix  

  for ( k = 1; k <= NewLabel-6; k++ ) // -6 is used because we start counting 

NewLabel variable from 5 

   {  

   for ( y = 1; y < 255; y++ ) 

    { 
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    for ( x = 1; x < 255; x++ ) 

     { 

   if( array[x][y] == k) 

   { 

   count_x = count_x + x; 

   count_y = count_y + y; 

   sumup++; 

   } 

     }  

    } 

    calculate(mean_x, mean_y, sumup); 

   } 

  

} 
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/* calculating the center of the object (for loop is used to magnify  

the targeted area */ 

#include "DivisionDedousis.c" 

   

void calculate(int count_x, int count_y, int sumup){  

  unsigned long int mean_x = 0; 

  unsigned long int mean_y = 0; 

  unsigned long int wf; 

  unsigned long int mean_x_1 = 0; 

  unsigned long int mean_y_1 = 0; 

  int i = 0; 

  int j = 0; 

  unsigned long int pos2; 

   

 mean_x = (int) division(count_x, sumup); 

 mean_y = (int) division(count_y, sumup);  

 wf = 0xFFFF0000;  

 for (i = 1; i<=10; i++){ 

 mean_y_1 = mean_y + i; 

 for (j = 1; j<=10; j++){ 

 mean_x_1 =  mean_x + j; 

 pos2 = FRAME_POS | ( mean_y_1<<AL_IMG_WIDTH_PWR) | (mean_x_1<<2);  

 IMG(pos2) = wf;  

 } 

 } 

 } 
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int dividend, divisor, remainder;  

int division(int tempdividend, int tempdivisor) { 

     

    int quotient = 1; 

                     

    

        if (tempdivisor == 0) 

        return 0; 

          

     

    while (tempdivisor <= tempdividend) { 

       /* Here divisor < dividend, therefore left shift (multiply by 2) 

          divisor and quotient */ 

       tempdivisor = tempdivisor << 1; 

       quotient = quotient << 1;        

    } 

     

    /* We have reached the point where divisor > dividend,  

    therefore divide divisor and quotient by two */ 

    tempdivisor = tempdivisor >> 1; 

    quotient = quotient >> 1; 

     

    /* Call division recursively for the difference to get the 

    exact quotient */ 

    quotient = quotient + division(tempdividend - tempdivisor, divisor); 
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    return quotient; 

}   

 


