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Outline	
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Eye’s image formation: overview	
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What is light?	
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Electromagnetic spectrum	



Light velocity: 	

c = 3×108 m/sec = λ.f	


Light energy: 	

E = h.f	



	

 	

 	

where h is the Planck constant      	



f=7.5×1014Hz	

 f=4.3×1014Hz	
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Short wavelengths	
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Because your bones and teeth are dense and absorb more X-rays than your skin 
does, silhouettes of your bones or teeth are left on the X-ray film, while your skin 
appears transparent. Metal absorbs even more X-rays - can you see the filling in the 
image of the tooth?	
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Long wavelengths	
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Synthetic Aperture Radar image of Washington, D.C.	
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Image formation in the eye	
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Eye’s light photosensors	
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Spectral response of the eye photosensors	
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€ 

S2(λ)

€ 

S1(λ)

€ 

S3(λ)

€ 

S1(λ) is the absorption response curve of red cones  	



is the absorption response curve of green cones  	



€ 

S2(λ)
is the absorption response curve of blue cones  	



€ 

S3(λ)



Chapter 2: Light, Color, and Images	



3D scenes and objects	
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What is color?	
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€ 

S1(λ)

€ 

S2(λ)

€ 

S3(λ)

€ 

R(λ)
€ 

E(λ)

€ 

E(λ)R(λ)
color stimulus	



imaging device	



€ 

ρn = E(λ)R(λ)
visible
spectrum

∫ Si(λ)dλ, n =1,2,3
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Camera’s image formation: overview	
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Pinhole camera	



object	



image	

camera	
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Simplified pinhole camera	



object	



image	

camera	
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Simple lens model	



object	



image	

camera	
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With a large pinhole, the image spot is 
large, resulting in a blurry image.	



With a small pinhole, light is reduced 
and diffraction prevents the image spot 
from getting arbitrarily small.	



With a simple lens, much more light can 
be brought into sharp focus.	
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Simple lens model (cont’d)	
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The focal point F and focal length f of a 
positive (convex) lens, a negative 
(concave) lens, a concave mirror, and a 
convex mirror.	



object	



image plane	
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focal point	



lens	



optical axis z	
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Simple lens model (cont’d)	
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Camera optics	
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Camera calibration	



€ 

(x,z)

€ 

(x ',z')

€ 

d

€ 

d

ht
tp

://
ho

m
ep

ag
es

.in
f.e

d.
ac

.u
k/

rb
f/C

Vo
nl

in
e/

LO
C

A
L_

C
O

PI
ES

/O
W

EN
S/

LE
C

T
1/

no
de

2.
ht

m
l	





Chapter 2: Light, Color, and Images	



Range cameras	
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OPTEX 3D range image camera	
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CCD (Charged-Coupled Device) cameras	
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CMY Bayer Pattern	

 RGB Bayer Pattern	
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1 chip CCD camera	

 3 chips CCD camera	



incident light beam	

 incident light beam	
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Image digitization	
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Image sampling (example)	



 original image	

 sampled by a factor of 2	



sampled by a factor of 4	

 sampled by a factor of 8	
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Image resolution	



136 × 208	

272 × 416	

 68 × 104	
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Image quantization (example)	



16 gray levels (4 bits/pixel)	

256 gray levels (8 bits/pixel)	

 32 gray levels (5 bits/pixel)	



2 gray levels (1 bits/pixel)	

8 gray levels (3 bits/pixel)	

 4 gray levels (2 bits/pixel)	
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Digital image representations	



2 levels	


(1 bit)	



256 levels	


(8 bits)	



GIF format 	


(8 bits)	



JPEG format	


(24 bits)	



color depth = number of bits	





Chapter 2: Light, Color, and Images	



Graphical representation of 24-bit “true color”	



pixels in the frame buffer	



pixels in the screen	



3 bytes (1 per color channel) associated to each pixel	



converting digital RGB values to 	


their analog counterparts	
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Image file formats	



. . . 

magic number bytes	



HEADER	

 IMAGE DATA	
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PGM format	
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PGM format (cont’d)	



PGM ASCII storage	



PGM binary (raw) storage	
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Programming: example	



class ImageType  
{ 
  public: 
   ImageType(); 
   ~ImageType(); 

     // more functions ... 

  private: 
   int N, M, Q; //N:#rows, M:#columns 
   int **pixelValue; 
  }; 

void readImageHeader(char[],int&,int&,int&,bool&); 
void readImage(char[], ImageType&); 
void writeImage(char[], ImageType&); 

void main(int argc, char *argv[]) 
{ 
   int i, j; 
   int M, N, Q; 
   bool type; 
   int val; 
   int thresh; 

    // read image header 
   readImageHeader(argv[1], N, M, Q, type); 

    // allocate memory for the image array 
   ImageType image(N, M, Q); 

    // read image 
   readImage(argv[1], image);  
   cout << "Enter threshold: ”; cin >> thresh; 

    // threshold image 
   for(i=0; i<N; i++) 
     for(j=0; j<M; j++) { 
       image.getVal(i, j, val); 
       if(val < thresh) 
         image.setVal(i, j, 255); 
       else 
         image.setVal(i, j, 0); 
      } 

    // write image 
   writeImage(argv[2], image); 

  }  

main.cpp	



image.h	
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Reading/Writing PGM images	



array of integers	


converted to	



unsigned	


characters	



image 	


processing	

 store to a file	



writeimage.cpp	



unsigned	


characters	



converted to	


array of integers	



read from	


file	



image 	


processing	



readimage.cpp	
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Writing a PGM image to a file	



  void writeImage(char fname[], ImageType& image){ 
   int N, M, Q; 
   unsigned char *charImage; 
   ofstream ofp; 

   image.getImageInfo(N, M, Q); 

   charImage=(unsigned char*)new unsigned char [M*N]; 

      // convert the integer values to unsigned char 
   int val; 
   for(i=0; i<N; i++) 
      for(j=0; j<M; j++){ 
       image.getVal(i, j, val); 
       charImage[i*M+j]=(unsigned char)val; 
      } 

   ofp.open(fname, ios::out); 
   if (!ofp) { 
     cout << "Can't open file: " << fname << endl; 
     exit(1); 
   } 
   ofp << "P5" << endl; 
   ofp << M << " " << N << endl; 
   ofp << Q << endl; 

   ofp.write(reinterpret_cast<char*>(charImage),(M*N)*sizeof(unsigned char)); 

   if (ofp.fail()) { 
     cout << "Can't write image " << fname << endl; 
     exit(0); 
   } 
   ofp.close(); 
  } 

writeimage.cpp	
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Reading a PGM image from a file	


  void readImage(char fname[], ImageType& image){ 
   int i, j; 
   int N, M, Q; 
   unsigned char *charImage; 
   char header [100], *ptr; 
   ifstream ifp; 

   ifp.open(fname, ios::in); 
   if (!ifp) { 
     cout << "Can't read image: " << fname << endl; 
     exit(1); 
   } 
    // read header 
   ifp.getline(header,100,'\n'); 
    if ( (header[0]!=80) || (header[1]!=53) ) {   // 'P' or '5’  
        cout << "Image " << fname << " is not PGM" << endl; 
        exit(1); 
    }  

   ifp.getline(header,100,'\n'); 
   while(header[0]=='#') 
     ifp.getline(header,100,'\n'); 

   M=strtol(header,&ptr,0); 
   N=atoi(ptr); 
   ifp.getline(header,100,'\n'); 
   Q=strtol(header,&ptr,0); 

   charImage = (unsigned char *) new unsigned char [M*N]; 
   ifp.read( reinterpret_cast<char *>(charImage), (M*N)*sizeof(unsigned char)); 
   if (ifp.fail()) { 
     cout << "Image " << fname << " has wrong size" << endl; 
     exit(1); 
   } 
   ifp.close(); 

readimage.cpp	
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Reading a PGM image from a file (cont’d)	


   // 
   // Convert the unsigned characters to integers 
   // 

   int val; 

   for(i=0; i<N; i++) 
     for(j=0; j<M; j++) { 
       val = (int)charImage[i*M+j]; 
       image.setVal(i, j, val); 
     } 

}  
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How do I display an image from within my C++ program?	
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Image processing software	
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Summary:	




