[image: image5.png]ANALOG
DEVICES

o





[image: image1.png]



[image: image4.png]ANALOG
DEVICES

o




 

[image: image2.png]




Image Analysis 
and 
image processing 
algorithms 
for the  ADSP-BF5XX
Date:  May 2006
Table of Contents

21. Introduction

2. Image Analysis Algorithms
3
2.1. boundary
3
2.2. close
4
2.3. corr_3x3
4
2.4. dilation
5
2.5. erosion
6
2.6. err_diffusion
6
2.7. median
8
2.8. open
8
2.9. perimiter
9
2.10. skeleton
10
3. Color Conversion and Image Processing Functions
11
3.1. conv2d3x3_gen
11
3.2. conv2d3x3_spl
12
3.3. conv2d5x5_gen
12
3.4. conv2d5x5_spl
13
3.5. hist_eq
14
3.6. image_scale_up_by2
14
3.7. RGBtoYCbCr
15
3.8. YCbCrtoRGB
15


1. Introduction
This is a document about the image analysis and image processing algorithms that are available with the Analog Devices Blackfin SDK.  

These functions are provided by agreement with the terms of the Analog Devices License Agreement for DSP Software.

The first section of this document describes the image analysis functions: boundary, close, corr_3x3, dilation, erosion, err_diffusion, median, open, perimeter, skeleton, sobel.  
The second section describes image processing  and color conversion algorithms: conv2d3x3_gen, conv2d3x3_spl, conv2d5x5_gen, conv2d5x5_spl, hist_eq, image_scale_up_by_2, RGBtoYCbCr, YCbCrtoRGB.
Each algorithm, located in it’s own set of sub-directories, consists of an application, which performs a “black box” test of the function.   

NOTE:  For “dual-core” versions, Core B typically remains in an idle loop, while Core A performs the test of the function.  
Each “black box” test consists of a ‘C’ source file with a C function call to an assembly language function.  The assembly language function is found in the ‘.asm’ source file, included in the project.  The actual algorithm is implemented inside the assembly language function, while the test is in the C function.
For each test, the appropriate values are passed to the function, the output is validated, and the test results are printed to the VisualDSP++ console window.  Inside the main header file for each project, a #define called “PRINTF_SUPPORT” determines whether printing will be enabled to the console window.  To disable printing, comment out the #define called “PRINTF_SUPPORT”  .

These functions serve as “building blocks” for the user who is knowledgeable and experienced in the field of image processing and analysis.
Below are detailed descriptions of each of the algorithms including function prototypes, argument lists, register usages, requirements of the build and run time environment.
Some of the information in this document was taken directly from the comments in the source code.  Some is composed of various sources on the subject of Image Processing.
These are commonly implemented image processing functions.   The reader should be familiar with their usage, before attempting to read this document, and use the functions.

2. Image Analysis Algorithms  
2.1. boundary
The eight pixels surrounding a given pixel make up that pixel's boundary. This boundary function returns the non-zero “gray value” with its co-ordinates, within a given image.  A gray value is a color value where all three color components are equal to one other.  In this example, the image background is assumed to be zeros.  The X and Y co-ordinates are packed such that the higher half contains the X co-ordinate, and lower half contains the Y co-ordinate.  The XY co-ordinate array is of type ‘integer’, and the output array is of type ‘unsigned char’.
 

Prototype:
    void _boundary(unsigned char* in, int row,int col,int *XY, unsigned char * out);

Arguments:

     in   -  Address of Input image
     row  -  Number of rows in the image
     col   -  Number of columns in image
     xy   -  Array in which to store the XY co-ordinates
     out   -  Address Output image

 

For this function to work, the input array must not be stored in the same memory bank with the buffer which stores the XY coordinate values.

 

Registers used: R0-R3, I1, L1, P0-P2, LC0, LC1.

 

2.2. close
The close function performs the close operation on an input binary image.  This is done by calling the dilation function, followed by the erosion function.  The results of the dilation function are stored on the stack, and used as input to the erosion function.  The structured elements are stored as shown below. 

                                | h00  h01  h02 |
                                | h10  h11  h12 |
                                | h20  h21  h22 |

For this function to work properly, the number of columns in the input image must be an even number, aligned to a word or half word boundary.  The input image must not be stored in the same memory bank with the structured elements.  The same structured elements will be used for both the dilation function, and the erosion function.

Prototype:
    void _close (unsigned char* in, int row, int col, short * SE,  unsigned char *out ); 

Arguments:        
     in   -  Pointer to the input image.
     row  -  Number of rows in input image.
     col  -  Number of columns in input image.
     SE   -  Pointer to 3x3 structured element.
     out  -  Pointer to the output buffer.

Registers used: R0-R7, P0-P5.

2.3. corr_3x3

The corr_3x3 function performs a correlation between an input image and a 3x3 mask. The mask elements are multiplied with corresponding input elements, and the results are summed together.

 

 If input ==    | x00 x01 x02 |
                     | x10 x11 x12 |
                     | x20 x21 x22 |

 and mask == | h00 h01 h02 |
                       | h10 h11 h12  |
                       | h20 h21 h22 |

then output  y11 = ( x00*h00 + x01*h01 + x02*h02 + x10*h10 + x11*h11 + x12*h12 
                                                           + x20*h20 + x21*h21 + x22*h22 ) >>12;
                 
Prototype: 

   void _corr_3x3(unsigned char* in, int row, int col, short * mask, unsigned char *out );
 

Arguments:            
            in   -  pointer to the input image.
            row  -  number of rows of input image.
            col  -  number of columns of input image.
            mask -  pointer 3x3 mask.
            out  -  pointer the output buffer.

For this function to work properly, the number of columns in the input image must be an even number, aligned to a word or half word boundary.  The input image must not be stored in the same memory bank with the mask elements.
Registers used  : A0, A1, R0-R3, I1, B1, M0-M3, L1, P0-P5, LC0, LC1.

2.4. dilation

A “dilate” function returns the dilation of an Image by the structuring the structure element.

This operation is also commonly known as "fill", "expand", or "grow." It can be used to fill "holes" of a size equal to or smaller than the structure element.  

This dilation function performs dilation on the binary input image. The structure elements are stored as shown below.
                            | h00  h01  h02 |

                            | h10  h11  h12 |

                            | h20  h21  h22 |

If the input under consideration is:  

                             | x00 x01 x02 |

                             | x10 x11 x12 |

                             | x20 x21 x22 |

Then the output Y11 = ((x00&h00) |(x01&h01) | (x02&h02) |(x10&h10) |
                               (x11&h121) | (x12&h12) |  (x20 &h20)|(x21&h21) |(x22 &h22));
Prototype: 
         void _dilation(unsigned char* in, int row, int col, short * mask, unsigned char *out );

Arguments:                

            in   - pointer to the input image.

            row  - number of rows of input image.

            col  - number of columns of input image.

            mask - pointer 3x3 mask.

            out  - pointer the output buffer.

For this example to work properly, the number of columns in the input image must be even and aligned to a word or half word boundary.  The input image must not be stored in the same memory bank with the structured elements.
Registers used  : A0, A1, R0-R3, R6-R7, I1, B1, M0-M3, L1, P0-P5, LC0, LC1.

2.5. erosion
The erosion function performs erosion  on the input binary image.  The structured elements are stored as shown below.
                        | h00  h01  h02 |

                        | h10  h11  h12 |

                        | h20  h21  h22 |

 If input under consideration is: 

                        | x00 x01 x02 |

                        | x10 x11 x12 |

                        | x20 x21 x22 |

Then out put Y11 = ((x00&h00) &(x01&h01) & (x02&h02) &(x10&h10) &(x11&h121) 
                             & (x12&h12)  & (x20 &h20) &(x21&h21) &(x22 &h22));
The values in first row, last row, first column and last column output, are treated as zero.

For this function to work properly the number of columns in the input image must be an even number, aligned to a word boundary.  The input image must not be stored in the same memory bank with the structured element.
Prototype: 
     void _erosion(unsigned char* in, int row, int col, short * mask, unsigned char *out );

Arguments:
        in   ->  pointer to the input image.

        row  ->  number of rows of input image.

        col  ->  number of columns of input image.

        mask ->  pointer 3x3 mask.

        out  ->  pointer the output buffer.

Registers used  : A0, A1, R0-R7, I1, B1, L1, P0-P5, LC0, LC1.

2.6. err_diffusion

The err_diffusion routine implements the Floyd-Steinberg error diffusion filter, with binary output.  Each pixel value is compared with a threshold value, defined by the user.  Values greater than the threshold value are set to 255, while values less than or equal to the threshold value, are set to zero.  The error value is the difference between the threshold and pixel value.  The error is propagated to neighbouring pixels using the Floyd-Steinberg filter.   
Shown Below: The Floyd Steinberg filter propagates fractions of the error value at pixel location A to four of its neighbouring pixels.

                     -------------------------

                     |      |   A   |  7/16  |

                     -------------------------

                     | 3/16 | 5/16| 1/16  |

                     -------------------------

When a pixel is processed, it has already received error terms from four neighboring pixels.

In this implementation an error buffer is used to accumulate errors that are propagated from the previous row.  The first time the function is called, the error buffer is cleared.  The previous propagated value is passed the next time. This process produces believable images, with visual appearance capturing the full range of detail and detail of the original image.  This is particularly effective when the original image has precise detail.

Algorithm:  Displayed as an Equivalent C program:

void err_diffusion(unsigned char *in, int row ,int col,short * temp, unsigned char *output,int thresh)

{

   int x,i,y,F;

   int errA,errB,errC,errE,errF;

    for(y=0,i=0;y<row;y++)

     {

         errA=0; errE=0; errB=temp[0];

         // Initialize errors set to zero 

         for(x=0;x<col;x++,i++)

         {

             errC=temp[x+1];

             F=in[i];                    // pixel value

             errF=F+((errE*7+errA +errB*5+errC*3)>>4);

             if(errF >thresh)           // check if error > threshold value

                 output[i]=255;

             else

                 output[i]=0;

             if(errF >thresh)

                 temp[x]=errF=errF-255;

                //  if pixel is > threshold subtract 255 from error

             else

                 temp[x]=errF;

             errE=errF;      // propagate error for next pixel

             errA=errB;

             errB=errC;

          }

       }

    }

For this function to work properly, the input buffer must not be stored in the same memory bank with the error_buffer, and the size of error_buffer must be COL+1.
Prototype: 
    void _err_diffusion(unsigned char* in, int row, int col, short * err_buf, 
                                                               unsigned char *out, int thresh );

Arguments:

      in   ->  pointer to the input image.

      row  ->  number of rows of input image.

      col  ->  number of columns of input image.

      err_buf  ->  Buffer where one row error value is stored

      out  ->  pointer the output buffer.

      thresh   ->  User specified threshold value

Registers used : A0, A1, R0-R7, I1, I2, B1, B2, L1, L2, LC0, LC1.

2.7.  median

In the median function, each pixel is replaced by median of gray levels in a neighbourhood of that pixel. Border of the  output image is same as input image. The median M of a set of values is such that half the values in the set are less than M and half are greater than M. This filter removes the effect of extreme values  from data. This routine is helpful in removing the effect of impulsive noise in images.

The algorithm is implemented as follows: The 3x3 median filtering is used here. The 3 elements of each row are arranged in MAX,MED and  MIN values. 

             | MAX0  MED0  MIN0 |

             | MAX1  MED1  MIN1 |

             | MAX2  MED2  MIN2 |  

Later, the MIN of the first column, the median of the second column and the MAX of the third column are taken.  The median of the three pixels is written as output.  In the output image, the border pixels are the same as the input pixel.
Prototype: 
       void _median(unsigned char* in, int row, int col, unsigned char *out );

Arguments: 

            in   ->  pointer to the input image.

            row  ->  number of rows of input image.

            col  ->  number of columns of input image.

            out  ->  pointer the output buffer.

Registers used  : R0-R7, I0, M0, P0-P5, LC0, LC1.

2.8. open
The open function performs open operation  on the input binary image. This is performed  by doing an erosion function, followed by a dilation function. Temporary results after the erosion operation are stored on the stack, and later used as input for the dilation operation.

For this function to work properly, the number of columns in the input image must be an even number, aligned to a word or half word boundary.  The input image must not be stored in the same memory bank with the structured elements.  The same structured elements are used for both erosion and dilation operation.   The structured elements are stored as shown below.

                                       | h00  h01  h02 |

                                       | h10  h11  h12 |

                                       | h20  h21  h22 |

Prototype: 

       void open(unsigned char* in, int row, int col, short * SE, unsigned char *out );

Arguments:

        in   - pointer to the input image.

        row  - number of rows of input image.

        col  - number of columns of input image.

        SE   - pointer to 3x3 structured element.

        out  - pointer the output buffer.

Registers used : R0-R7, P0-P5.

2.9. perimiter

The perimeter function produces the boundary of a binary image.  The boundary is detected by examining the neighboring
 pixels.  The pixels used for calculations are 

                                     p_top

                    p_left     p_boundary     p_right

                                     p_bottom

if p_boundary ==1 and any of neighbor pixel under consideration is zero 
   then output==1    else output==0;

  The function is demonstrated below by Equivalent  C code.

               if (((p_top==0)|| (p_left==0) || (p_right==0) || 

                   (p_bottom==0) ) & (p_boundary==1))

                    output=1;

               else 

                    output=0;

This is implemented  using a mask 
                               | 0   1   0 |

                               | 1  -4  1  |

                               | 0   1   0 |
and comparing the result for nonzero value. In output image, first row, last row, first column and last columns are same as input.

This will work only if the number of columns in the input image is an even number and aligned to 4 byte or 2 byte boundary. 

Prototype: 

              void _perimeter(unsigned char* in, int row, int col, unsigned char *out );
Arguments:

              in   - pointer to the input image.

              row  - number of rows of input image.

              col  - number of columns of input image.

              out  - pointer the output buffer.

Registers used  : A0, A1, R0-R3, R5-R7, M0, M1, P0-P5, LC0, LC1.

2.10. skeleton
The skeleton function preserves the orientation of a shape, removing excess information. It is the way to decompose an object into a set of unique characteristics or features that can be used to identify the object.  The skeleton function performs the skeleton operation on an input binary image.  Skeletonization is achieved by repeating the erosion and the opening operation, and finding the difference.  The nth order difference between the eroded image and the opening of the eroded image is defined by:
      Kn(A)=En(A)-open(En(A),B). 

The skeleton of object A becomes the union of all N terms of Kn(A), implemented until the nth erosion of A by nB yields the NULL set.

The structured elements used are demonstrated below.
                | 0  1  0 |

                | 1  1  1 |

                | 0  1  0 |

Only the basic operation is implemented in this routine.  The erosion and opening operation on an object A is performed, and the difference between the two is calculated, to produce a partial result. The Union of these partial results is the final result.  The user calls this routine such that the eroded result becomes the input for next iteration. 
The user passes the previous partial output as the output array, because the OR operation is done on the present result, and the previous results. The result of the opening operation is stored on the stack, before calculating the difference. 

For this function to work, the number of columns in the input image must be an even number, aligned to a word or half word  boundary.  The output buffer must be cleared for the first time calling this function.  After that it contains the previous results, which must also be aligned to word or half word boundary.
Prototype: 

    void _skeleton(unsigned char* in, int row, int col, 
                   unsigned char * erode_res, unsigned char *out );
Arguments:

            in  -  pointer to the input image.

            row  - number of rows of input image.

            col  - number of columns of input image.

            erode_res - pointer  to temp where output of erosion is stored.

            out - pointer the output buffer.

Registers used  : A0, A1, R0-R7, I0, I2, I3, M0-M2, P0-P5, LC0, LC1.

3. Color Conversion and Image Processing Functions
This section describes the color conversion, 2-dimensional convolution and histogram algorithms.
3.1.  conv2d3x3_gen

The conv2d3x3_gen function does two dimensional circular convolution of a given sequence with 3 x 3 matrix.  This example calculates the circular convolution of the two matrices” ‘a’ and ‘b’. The dimension of 'a' is (row x col) and that of 'b' is (3 x 3). The dimension of the output matrix c will be (row x col). The first two columns of outputs are calculated separately, as they require circular buffering of each row. The whole implementation is for fract16 input and output.  The format of representation is 1.15 format.

For this demonstration to work: 

· the minimum input matrix size must be 3 x 3. 

· in[] and out[] should be aligned to a 2 byte boundary. 

· mask[] should be aligned to a 4 byte boundary. 

· in[] and mask[] should be in different minibanks.

· in[] and out[] should be in different minibanks.

· mask[] and stack should be in different minibanks.

Prototype: 
      void _conv2d3x3_gen(fract16 in[], short row, short  col, fract16 mask[], fract16 out[])

Arguments:
    in - Pointer to the input matrix.

    row - Number of rows of input matrix.

    col - Number of columns of input matrix.

    mask - Pointer to 3x3 mask.
    out - Pointer to the output matrix. 

Registers used  : A0, R0-R3,R7, I0-I3, B0-B3, M0-M3, L0-L3, P0-P2, LC0,LC1
The function range of R, G and B is 0 to 255 and the output range of Y, Cb and Cr is also 0 to 255.

 The formula’s implementation is represented by the diagram below.
                    Y  = 0.299R  +  0.587G  +  0.114B          

                    Cb = -0.169R -  0.331G  +  0.500B + 128    

                    Cr = 0.500R  -  0.419G  -  0.081B + 128    

128 is added to Cb and Cr to get the output in the range 0 to 255.

For this demonstration to work, the input is gamma corrected values of RGB are present in RGB order and result will be stored in YCbCr order.  

Prototype: 
             void RGBtoYCbCr(unsigned char input[], unsigned char out[], int N);
Arguments:
                input[] - Input RGB array 

                out[]   - Out put  array to store in YCbCr format

                 N       - Number of inputs

Registers Used: A0, A1, R0-R3, R5-R7, I1, B1, M0, L1, P0-P2, LC0.

3.2.  conv2d3x3_spl

The conv2d3x3_spl function does two dimensional circular convolution of a given sequence with 3 x 3 matrix. Both the MACs are use.  This example calculates the circular convolution of two matrices: ‘a’ and ‘b’.  The dimension of 'a' is (row x col) and that of 'b' is (3 x 3). The dimension of the output matrix c will be (row x col). The first two columns of outputs are calculated separately, as they require circular buffering of each row.

The whole implementation is for fract16 input and output. The format of representation is 1.15 format.

For this function to work properly, the minimum input matrix size must be ‘3 x 4’.  The number of columns in the input matrix should be even.  The arrays in[], mask[] and out[] should be aligned to a 4 byte boundary. The arrays in[] and mask[] should be in different mini-banks.  The arrays in[] and out[] should be in different mini-banks.  The arrays mask[] and out[] should be in different mini-banks, and the array mask[]should be in a different mini-banks from the stack.

Prototype: 
         void _conv2d3x3_spl( fract16 in[], short row, short col, fract16 mask[],fract16 out[])

Arguments:

     in - pointer to the input matrix.                         

     row  - number of rows of input matrix. 
     col - number of columns of input matrix.                         

     mask -  pointer to 3x3 mask. 

     out   -  pointer to the output matrix. 

Registers used  : A0,A1, R0-R3,R7, I0-I2, B0-B2, M0-M3, L0-L2, P0-P1, LC0,LC1

3.3. conv2d5x5_gen

The conv2d5x5_gen function does two dimensional circular convolution of a given sequence with 5 x 5 matrix.

This example calculates the circular convolution of two matrices: ‘a’ and ‘b’. The dimension of 'a' is (row x col) and that of 'b' is (5 x 5).  The dimension of the output matrix c will be (row x col).

The first two columns of outputs are calculated separately, as they require circular buffering of each row.

The whole implementation is for fract16 input and output.  The format of representation is 1.15 format.

For the function to work properly, the minimum input matrix size must be 5 x 5, the in[], mask[] and out[] arrays must be aligned to a 2 byte boundary, the in[] array is must not be in the same mini-bank as the stack, and the mask[] array is must not be in the same mini-bank as the stack.

Prototype: 
         void _conv2d5x5_gen( fract16 in[], short row, short col, fract16 mask[], fract16 out[])

Arguments
    In -  pointer to the input matrix.

    row -  Number of rows of input matrix. 

    col - Number of columns of input matrix. 

    mask -  pointer to 5x5 mask. 

    out -  pointer to the output matrix. 

Registers used  : A0, R0-R7, I0-I3, B0-B3, M0-M3, L0-L3, P0-P2, LC0,LC1

3.4.  conv2d5x5_spl

The function conv2d5x5_spl does two dimensional circular convolution of a given sequence with 5 x 5 matrix. Both the MACs are use.  This example calculates circular convolution of two matrices: ‘a’ and ‘b’. The dimension of 'a' is (row x col) and that of 'b' is (5 x 5). The dimension of the output matrix c will be (row x col).  The first four columns of outputs are calculated separately, as they require circular buffering of each row.  The whole implementation is for fract16 input and output. The format of representation is 1.15 format.

For this function to work properly, the minimum input matrix size must be 5 x 6, in[] and out[] buffers should be aligned to a 4 byte boundary, mask[] buffer should be aligned to a 2 byte boundary, and in[] and mask[] buffers must be in different mini-banks.

Prototype: 
          void _conv2d5x5_spl( fract16 in[], short row, short col,  fract16 mask[], fract16 out[])

Arguments: 

          in - pointer to the input matrix.
          row - number of rows of input matrix. 

          col - number of columns of input matrix. 

          Mask - pointer to 5x5 mask. 

          out –pointer to the output matrix. 

Registers used: A0, A1, R0-R3, R6-R7, I0-I3, B0-B3, M0-M3, L0-L3, P0-P2, LC0, LC1.

3.5.  hist_eq

The ‘hist_eq’ routine implements the histogram equalization of a given gray level vector.  The input is expected in 8 bit unsigned char format. Loop1 performs the histogram calculation of the input vector. The histogram will have the same number of bins as input levels (for example, a 256 gray level image will have 256 bins to start with). In Loop2 Transformation Function (map) is obtained. The idea is to obtain a mapping vector which tries to make the histogram uniform, for a given number of bins: nBins.

Two thresholds, Incr = 255/(nBins-1) & Thresh = n/nBins are calculated.

Algorithm for loop2 can be written as:
               NewThresh = Thresh;

               MapValue = 0;

               CumHist = 0;

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

               {

                    map[i] = MapValue;

                    CumHist += Histogram[i];

                    if(NewThresh > CumHist)

                    {

                          NewThresh += Thresh;

                          MapValue += Incr;

                          if(MapValue > 255)

                             MapValue = 255;

                    }

               }

Mapping of the input to the new levels is done in Loop3: PtrOutput[i] = map[PtrInput[i]];

For this routine to work, the total number of pixels, ‘n’ is assumed to be an even number.
Prototype: 
           void hist_eq(char* PtrInput, char* PtrOutput, int n, short nBins)

Arguments:
        PtrInput  -   Pointer to input vector.

        PtrOutput - Pointer to output vector.

        n    -    size of the input vector

        nBins    -  number of bins.

Registers Used  : R0-R7, I0, I1, M0, M1, L0, L1, P0-P5, LC0, LC1.

3.6.  image_scale_up_by2
The image_scale_up_by2 function performs scaling of an image by factor 2 in both horizontal and vertical direction. The input data in a unsigned char and mask is in fractional format and mask size is fixed to 3x3. The input and output data are in the range 0 to 255. Mask values are fetched and stored on stack starting address with 16 bit boundary.

Mask elements are stored as shown below.
                                       | h00  h01  h02 |

                                       | h10  h11  h12 |

                                       | h20  h21  h22 |

Prototype: 
        void _image_scale_up_by2(unsigned char* in, int row, 
                                          int col, short mask, unsigned char *out );

Arguments:

        in   ->  pointer to the input image.

        row  ->  number of rows of input image.

        col  ->  number of columns of input image.

        mask ->  pointer 3x3 mask.

        out  ->  pointer the output buffer.

Registers used  : A0, A1, R0-R7, I1, I2, B1, B2, M0-M2, L1, L2, P0-P5, LC0.

3.7. RGBtoYCbCr
The RGBtoYCbCr function takes input (R, G, B) in the range of 0 to 255 and outputs (Y, Cb and Cr) also in the range of 0 to 255.  The formula’s implementation is represented by the diagram below.
               Y  = 0.299R  +  0.587G  +  0.114B          

                Cb = -0.169R -  0.331G  +  0.500B + 128    

                Cr = 0.500R  -  0.419G  -  0.081B + 128    

128 is added to Cb and Cr to get the output in the range 0 to 255.

For this function to work properly, the input must be gamma corrected values in the order RGB order and the result will be stored in YCbCr order.  

Prototype : 
          void RGBtoYCbCr(unsigned char input[], unsigned char out[], int N);
Arguments:
          input[] - Input RGB array 

          out[]   - Out put  array to store in YCbCr format

          N      - Number of inputs

Registers Used  : A0, A1, R0-R3, R5-R7, I1, B1, M0, L1, P0-P2, LC0.

3.8.  YCbCrtoRGB
The YCbCrtoRGB function takes input (Y, Cb and Cr ) in the range of is 0 to 255, and outputs (R, G and B) also in the range 0 to 255.

The formula implementation is demonstrated below:

            R = Y + 1.402 (Cr - 128)     = Y +(Cr-128) + 0.402(Cr-128)

            G = Y - 0.34414 (Cb - 128) - 0.71414 (Cr - 128) 

            B = Y + 1.772 (Cb - 128)     = Y + (Cb-128) + 0.772(Cb-128)

Prototype: 
            void YCbCrtoRGB(unsigned char input[], unsigned char out[], int N);
Arguments:
             input[] - Input YCbCr array 

             out[] - Out put  array to store in RGB format

             N - Number of inputs

Registers used  : A0, A1, R0-R7, I1, B1, L1, P0-P2, LC0.







� The neighborhood of a given pixel � INCLUDEPICTURE "http://www.reed.edu/~nobles/thesis/img8.png" \* MERGEFORMATINET ���consists of the pixels to the North, Northeast, East, Southeast, South, Southwest, West, and Northwest in the three-pixel by three-pixel area immediately surrounding � INCLUDEPICTURE "http://www.reed.edu/~nobles/thesis/img8.png" \* MERGEFORMATINET ���. It also includes � INCLUDEPICTURE "http://www.reed.edu/~nobles/thesis/img8.png" \* MERGEFORMATINET ���. 
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