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	0. Introduction


This report provides documentation on softwares developed during the first year of the Mirrorbot project. These softwares are about algorithms for perceptive and motor maps on the robot. We first describe a package for visual coding, applicable directly on the robot. Then, we will briefly present the solution retained for motor coding, with a possible implementation in C++. We will explain that it has to be adapted to the considered actuator

The softs and documented examples described in the visual coding sections can be found at :

http://www.metz.supelec.fr/~ersidp/Software/lgn2v1/Root.html
The library is provided by a standard .tar.gz source package, and has been developed in C++ under Linux.

This document describes what the library actually does, and the “Examples” section gives the commented sources from the most basic to the most elaborated. These examples describe the use of library, in the context explained in the report 6. In particular, please refer to this report to understand the integration framework and the biological data which sustain this package.

	1. VISUAL CODING: PRESENTATION OF THE PACKAGE 


This package provides a library with a set of functions that model the behavior of LGN (lateral geniculate nuclei) in the process of vision, and which is inspired by:

Hubel, David H. Eye, brain, and vision. New York : Scientific American Library, 1987. 

It aims at providing efficient computation of filters involved in early visual flow. 

Simplifications used in this modeling approach are manifold, and some of them are listed below. 

· The LGN process is feed-forward only. 

· Filter spatial sizes are taken in a reduced predefined set of available sizes. 

· No computation of temporal variations of the optical flow is provided. 

Nevertheless, the library may provide substantial help to the design of a cortically-inspired visual architecture, performing some fast preprocessing that are crucial for embedding the cortical models on a robotic application. 

In order to increase computational efficiency, many parameters of the library, like the input image size, are hard wired in the code. So, before compiling it, you have to set these parameters in the “lgn2v1-user-settings.h” file. 
The documentation of the library is provided by a set of commented examples, that should be read in the following order : 

· Basic.cc

· Distort.cc

· Density.cc

· Filter.cc

· Lgn.cc

· V1.cc

All the files are provided at the end of this document, in section “Visual coding: examples”.

	2. VISUAL CODING: WHAT THE PACKAGE DOES


We show here some computations performed by the library, from the following source image:
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All other images presented here are generated directly from the library, or from some computation presented in the examples. 

3.1 Receptive fields

The main specificity of the library, compared with traditional image filtering, is the ability to manage the different spatial scales of filters involved in LGN processes. Vision is actually accurate at the centre, and more "fuzzy" at the periphery. That means that filters with small spatial resolution have to be used to analyze the centre of the image, and that progressive higher filter spatial dimensions have to be used as we got to the periphery of the picture. The problem is then to determine the centres of the filters on the image, and according to this, the spatial extension of the filters. 
To do so, an arbitrary (and parameterizable) radial decaying density function over the image is used by the library. The idea consists in building some neighbouring squared surfaces over the image. The property of these surfaces is that the integral of the density over each one is the same. As the density function is weak on the periphery of the image, squares have to be larger to keep this integral constant. These squares, calculated from a Gaussian density function, are shown on the following picture, for the right part of the image.
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The number of filters used in the library depends directly on these squares. The centre of a square defines the centre of corresponding filters, and its size is proportional to the square size. On the following picture, we represent on the left the centre of the filters, and on the right their spatial extension. Note that overlapping of receptive fields is allowed.
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3.2 Cortical representation
In order to be easily used by some cortical module, the library allows to organize the filters in a way that is compatible with the retinotopy observed in V1. First, left and right parts of the image are separated (to feed respectively right and left V1s for example). For each half of the image, filters are organized according to their eccentricity (abscise), and their angle in polar coordinates (90° is up, 0° is middle and -90° is down). For both radius and angles, the rank on the filter is used, rather than the actual value of radius and angle. This is illustrated on the following figure.
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This gives the following distortion of our example image:
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This is sometimes mentioned as log-polar transformation of the image, but in the library, this transformations occurs separately for left and right visual fields, and the "log-polar effect" depends only on the density distribution that has been set before compiling. The transformation has to be related to the mapping presented by Hubel in the book the library is inspired from :
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	One half of the visual field is projected on the cortex surface from center vision to peripheral vision.


3.3 Filtering

The filtering process performed by the library is a difference of gaussians. One gaussian, the "centre" one, is sharp and strong, while the other, the "surround" one, is wide and weak. Filters perform two convolutions on the image, one for each gaussian, and make the difference of the results (0 is returned is this difference is negative). The difference can be "centre - surround" or "surround - centre", depending on the filters. Moreover, each gaussian receives, for convolution, inputs from a particular channel on the image. Channels are Red, Blue and Green components, modelling cone cells, and Intensity, modelling Rod cells. Another channel, Yellow, is defined as the sum of Red and Green channels, modelling the fact that some neurons (the gaussians involved in the filters) are fed with both these kinds of cones.

So, the available filters are named as follows:
CcSs


The Cc couple describes the "centre" gaussian, C being the channel the gaussian is fed with, and c the positive or negative contribution in the difference of gaussians. The same notation stands for S and s, concerning the "surround" gaussian. 

So, according to the previous notation, the r+g- filter consists of computing the convolution of red component of the image with the "centre" gaussian (sharp and intense), computing the convolution of the green component of the image with the "surround" gaussian (wide and weak), and subtract second result to the first (centre - surround). Over the whole image, and according to the set of filters the library provides, it gives the following:
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 r+g- [image: image12.jpg]




The r-g+ filters use the same convolutions, with the same channels, but performs the opposite difference of the gaussians (surround - centre): 
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Here is the y-b+, opposing yellow and blue channels:

[image: image15.jpg]


 y-b+ [image: image16.jpg]




And this is w+w-, opposing intensity channel (rods) with itself, this performing classical contrast detection filter:

[image: image17.jpg]


 w+w- [image: image18.jpg]




As inspired from Hubel description, the library provides the following filters: 

· w+w- w-w+ : Rod computation. 

· g+r- g-r+ r+g- r-g+ : Cone computation, opposition between red cones and green cones. 

· y+b- y-b+ b+y- b-y+ : Cone computation, opposition between blue and other cones (red + green = yellow). 

3. VISUAL CODING: TOWARD CORTICAL COMPUTATION

4.1 Hints

To give an idea of what V1 computation from this LGN library can be, let us describe a straight forward view of V1 simple cells, neglecting their mutual influences (even if it is actually crucial to explain their response to visual stimuli). 
Some well-known V1 simple cells detect orientation of contrasts, at a particular location of the retina. Roughly, the idea is to map the V1 cells to the filters of the library. In fact, the distorted picture is considered as the LGN network. Then we can use an asymmetrical filter, with a quite small spatial resolution over the LGN map. To detect vertical contrast, a V1 filter fed left excitatory with w+w- and right also excitatory with w-w+ will be appropriate (its selectivity is actually increased by the mutual influences with other V1 filters, not mentioned here). The spatial resolution of V1 filters, fed from LGN map, can be kept constant (and quite small) all over V1, because the difference of accuracy from central to peripheral vision is already provided by LGN. This makes V1 homogeneous. 

We give here an example of what colour computation can be, with the same restriction that we don't consider mutual influences between V1 simple cells. This occurs within located population of simple cells in V1. These cells are not orientation sensitive. The example here considers these cells as sum of gaussians centre/surround filters, fed with colour outputs from LGN. We represent the activity of such cells, using RGB component of the image for different kinds of cells.

	R = centre r+g-, surround r-g+ 

	G = centre g+r-, surround g-r+ 

	B = 0
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	R = centre y+b-, surround y-b+

	G = same as R

	B = centre b+y-, surround b-y+
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4.2 To do

The lgn2v1 library may be used to provide a basis for a V1 self-organizing process, so that V1 simple cells can compute in an Hebbian-like way excitatory pattern from LGN, and also competitive lateral connections to other V1 cells, related to the same LGN area. Thus, V1 cells should learn some tuning that are appropriate to distribution of LGN activities when presented real images. The guess is that this distribution may lead to an organization with simple cells detecting contrast orientations from rod channels, and relative colour transitions from the cone channels. Such a self-organizing process has still to be discovered, as far as we know. 
4. MOTOR CODING: PRINCIPLES

There are three main effectors on the PeopleBot: a camera with two degrees of freedom (pan, tilt), a gripper on a vertical axis, and two directional wheels. As we explained in report 6, the gripper can not be controlled precisely on its vertical axis, because of the lack of feed-back information (proprioception). Consequently, protocols are adapted so that the gripper stay in its higher position. The gripper is only closed or open, then a binary variable is enough to control the gripper.

The camera is controlled in position, in the pan/tilt space. Pan (horizontal axis) spreads over the range [-100°, +100°] (negative abscises are at the left of the robot), whereas tilt (vertical axis) spreads over [-90°, +30°] (negative abscises are at the bottom of the robot). This is a huge motor space, compared to what can be seen on the image: the image with a normal zoom is approximately 25° wide and 20° high. Therefore, it is interesting to code camera movements in differential space instead of positional space: the motor commands for the camera are then a delta_pan between –25° and +25°, and a delta_tilt between –20° and +20°.

We now have to represent these motor commands on a motor map. As we stated in report 6, motor neurons have a preferential movement in motor space, for which the response is maximal. Around this preferential movement, the response decreases in a gaussian-like shape.

[image: image21.png]



This figure shows biological data on mean-rate firing of several neurons taken in the motor cortex. When the movement is in a given direction (blue arrow), some neurons fire at their maximal rate, whereas others do not.

In order to represent more precisely the direction and the amplitude of the saccade, we have chosen to set the preferential movements in the entire motor space, and not only in direction (as noted in the motor cortex). This has the advantage to encode the 2D-movements on a 2D-map, what is enough for us. Here follows a simple illustration of the preferential movements encoded.
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On this figure, we have the neurons on the horizontal and vertical axes. Each of them is associated with a preferential movement in the space [-1,1]*[-1,1], corresponding to its position on the map. The input value is here {0.4,-0.3}, what corresponds to the maximum of the bubble. Neurons with different preferential movement have lower activities.

Here is a piece of code indicating how to encode a vector on a map. Suppose that MAP represent the object chosen to code the motor map.

  // Let’s declare the map we need and the vector to encode.

  MAP motormap=new MAP(width,height);

  Vector<double> value=getValue();
// Value initialised
  Double w_norm, h_norm, dist;
// Preferential movement, and distance
  // We encode the vector on the map.

  for(int w=0;w<width;w++){

    w_norm=(2*(double)w/(double)width-1);

    for(int h=0;h<height;h++){

      h_norm=(2*(double)h/(double)height-1);

      dist=sqrt((w_norm-value[0])*(w_norm-value[0])+(h_norm-value[1])*(h_norm-value[1]));  // Distance between the value and the preferential movement.
      motormap[w][h]=exp(-dist*dist/gaussian_radius); // Gaussian shape
      else


tmp[w][h]=0;

    }

 One advantage of this encoding is that decoding is linear and optimal. 

  // We put the value decoded in a vector
  Vector<double> result(2);

  Double sigma_act=0;
  for(int w=0;w<width;w++)    {

    w_norm=(2*(double)w/(double)width-1);

    for(int h=0;h<height;h++)      {

        h_norm=(2*(double)h/(double)height-1);

        result[0]+=motormap[w][h]*w_norm;

        result[1]+=motormap[w][h]*h_norm;

        sigma_act+=motormap[w][h];

      }

    }

  if(sigma_act!=0){

    result[0]/=sigma_act;

    result[1]/=sigma_act; 

}

Optimal means that, given a sufficient number of neurons, there is no error when coding and decoding the same vector. This motor coding has been successfully applied to camera movements, and seems to be directly transposable to the coding of the speed of the two wheels: a neuron will have a preferential 2D-speed, instead of preferential movement.

5. VISUAL CODING: EXAMPLES

Basic.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
int main(int argc,char* argv[])

{

  std::string ppm;

  if(argc!=2)

    {

      std::cout << "Usage :" << std::endl



<< "  " << argv[0] << " <img.ppm>" << std::endl;

      ::exit(0);

    }

  // We init lgn2v1 stuff.

  lgn2v1_Init(lgn2v1_Nothing        // Not mandatory, it allows to easily comment some following flags.


      | lgn2v1_Color        // Compute color-related stuff.


      | lgn2v1_Contrast     // Compute contrats-related stuff.


      //| lgn2v1_Left       // Compute left visual field.


      //| lgn2v1_Right      // Compute right visual field.lgn2v1_Nothing     


      //| lgn2v1_Normalize  // Make filter sum of coefs be the same for all sizes.


      );

  // Global variables and macro define image size and data.

  //   - lgn2v1_rgb is rgb buffer   (depth 3)

  //   - lgn2v1_gray is gray buffer (depth 1)

  //   - lgn2v1_IMG_WIDTH and lgn2v1_IMG_HEIGHT is the fixed size of the image.

  //   - lgn2v1_IMG_SIZE is lgn2v1_IMG_WIDTH*lgn2v1_IMG_HEIGHT.

  // We get an image from a file, and perform the related computations.

  ppm=argv[1];

  lgn2v1_ReadPPM(ppm);

  lgn2v1_Compute();

  // We write images, as manipulated by lgn2v1 library.

  lgn2v1_WriteRGB();

  lgn2v1_WriteGray();

  lgn2v1_WriteRed();

  lgn2v1_WriteGreen();

  lgn2v1_WriteBlue();

  lgn2v1_WriteYellow();

  // Now, we use an image from a buffer. The buffer is used without

  // any copy.

  unsigned char buffer[lgn2v1_IMG_SIZE*3];

  int k,w,h;

  unsigned char r,g,b;

  //We generate a color-stripped image.

  for(h=0,k=0;h<lgn2v1_IMG_HEIGHT;h++)

    {

      if     (h< 50) {r=255;g=0;b=0;}

      else if(h<100) {r=0;g=255;b=0;}

      else if(h<150) {r=0;g=0;b=255;}

      else if(h<200) {r=255;g=0;b=255;}

      else if(h<250) {r=255;g=255;b=0;}

      else           {r=255;g=255;b=255;}

      for(w=0;w<lgn2v1_IMG_WIDTH;w++,k+=3)


{


  buffer[k+lgn2v1_RED  ]=r;


  buffer[k+lgn2v1_GREEN]=g;


  buffer[k+lgn2v1_BLUE ]=b;


}

    }

  // We set this image to lgn2v1 lib, as we did from the file.

  ppm="Strips.ppm";

  lgn2v1_ReadBuf(buffer,     // The unsigned char buffer, being big enough !



 lgn2v1_RGB, // We tell the depth. You can also use lgn2v1_Gray.



 ppm);

  lgn2v1_Compute();

  // We write images, as manipulated by lgn2v1 library.

  lgn2v1_WriteRGB();

  lgn2v1_WriteGray();

  lgn2v1_WriteRed();

  lgn2v1_WriteGreen();

  lgn2v1_WriteBlue();

  lgn2v1_WriteYellow();

  // Free lgn2v1 stuff.

  lgn2v1_Done();

  return 0;

}

Distort.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
int main(int argc,char* argv[])

{

  std::string ppm;

  if(argc!=2)

    {

      std::cout << "Usage :" << std::endl



<< "  " << argv[0] << " <img.ppm>" << std::endl;

      ::exit(0);

    }

  // We init lgn2v1 stuff.

  lgn2v1_Init(lgn2v1_Nothing        // Not mandatory, it allows to easily comment some following flags.


      | lgn2v1_Color        // Compute color-related stuff.


      //| lgn2v1_Contrast   // Compute contrats-related stuff.


      //| lgn2v1_Left       // Compute left visual field.


      //| lgn2v1_Right      // Compute right visual field.


      //| lgn2v1_Normalize  // Make filter sum of coefs be the same for all sizes.


      );

  // We get an image from a file.

  ppm=argv[1];

  lgn2v1_ReadPPM(ppm);

  // No need to compute filters, we just want to get the distorsion of

  // input, for demo purpose.

  // lgn2v1_Compute();

  // We build internal representation of distorted color image. You

  // can give lgn2v1_Gray for the gray buffer.

  lgn2v1_MakeDistort(lgn2v1_RGB);

  // We write the appropriate buffer, a _gray_buf one exists for gray

  // operations.

  ppm="Distort-"+ppm;

  lgn2v1_WriteBuf(lgn2v1_distort_rgb_buf,



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_RGB,



  ppm);

  // Free lgn2v1 stuff.

  lgn2v1_Done();

  return 0;

}

Density.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
#include <unistd.h>
#define GRID_SIZE 15
int main(int argc,char* argv[])

{

  std::string ppm;

  int k,w,h;

  int K;

  int radius;

  lgn2v1_MappingInfo minfo;

  srand(getpid());

  // We use an image from a buffer. The buffer is used without

  // any copy.

  unsigned char buffer[lgn2v1_IMG_SIZE];

  // The buffer is a grid.

  for(h=0,k=0;h<lgn2v1_IMG_HEIGHT;h++)

    for(w=0;w<lgn2v1_IMG_WIDTH;w++,k++)

      if((!(w%GRID_SIZE))||(!(h%GRID_SIZE)))


buffer[k]=255;

      else

buffer[k]=0;

  // We do initial settings

  lgn2v1_Init(lgn2v1_Nothing        // Not mandatory, it allows to easily comment some following flags.


      //| lgn2v1_Color      // Compute color-related stuff.


      | lgn2v1_Contrast     // Compute contrats-related stuff.


      //| lgn2v1_Left       // Compute left visual field.


      //| lgn2v1_Right      // Compute right visual field.


      //| lgn2v1_Normalize  // Make filter sum of coefs be the same for all sizes.


      );

  // We use this buffer as an image.

  ppm="GridDensityTest.ppm";

  lgn2v1_ReadBuf(buffer,     // The unsigned char buffer, being big enough !



 lgn2v1_Gray, // We tell the depth. You can also use lgn2v1_RGB



 ppm);

  // We perform some computations for demonstration purpose.

  lgn2v1_ComputeDensityMap(); // Do it once, it doesn't depend on the actual image.

  // We write the image.

  lgn2v1_WriteGray();

  // We write density map. It is stored in lgn2v1_density_map_buf.

  ppm="DensityMap.ppm";

  lgn2v1_WriteBuf(lgn2v1_density_map_buf,



  lgn2v1_DENSITY_MAP_WIDTH,lgn2v1_DENSITY_MAP_HEIGHT,



  lgn2v1_RGB,



  ppm);

  // We now want to build a white image, where receptive fields center

  // are shown on the left, and filter sizes are shown on the right,

  // using a square.

  // First, we allocate an image buffer, with image size.

  unsigned char rf_buf[lgn2v1_IMG_SIZE];

  // We clear.

  for(k=0;k<lgn2v1_IMG_SIZE;k++)

    rf_buf[k]=255;

  // We put dots at the center of left visual field. We get them from

  // a lgn2v1_MappingInfo structure.  These structures are in

  // lgn2v1_mapping_info array, from 0 to lgn2v1_mapping_info_nb.

  // Left field related ones are in

  // [lgn2v1_mapping_info_left_begin...lgn2v1_mapping_info_left_end[,

  // and so for right ones.

  for(K=lgn2v1_mapping_info_left_begin;

      K<lgn2v1_mapping_info_left_end;

      K++)

    {

      // minfo=lgn2v1_mapping_info[K]; Image coordinates of receptive

      // field K are minfo.w, minfo.h, and 

      // minfo.k=minfo.w + minfo.h*lgn2v1_IMG_WIDTH.

      rf_buf[lgn2v1_mapping_info[K].k]=0;

    }

  // We get filter size, and draw a square of that size around the

  // center. We do that for right visual field, with a probability.

#define DARKEN 30
#define PROBA  30
  for(K=lgn2v1_mapping_info_right_begin;

      K<lgn2v1_mapping_info_right_end;

      K++)

    if(rand()%100<PROBA)

      {


minfo=lgn2v1_mapping_info[K];


// lgn2v1_sizes contains filter sizes. You can get the one


// used for this receptive field.


radius=lgn2v1_sizes[minfo.size_num]/2;


for(w=minfo.w-radius;


    w<minfo.w+radius;


    w++)


  for(h=minfo.h-radius;


      h<minfo.h+radius;


      h++)


    if((w>=0)&&(w<lgn2v1_IMG_WIDTH)


       &&(h>=0)&&(h<lgn2v1_IMG_HEIGHT))


      {



// Position of this pixel in image.



k=w+h*lgn2v1_IMG_WIDTH;



if(rf_buf[k]<DARKEN)



  rf_buf[k]=0;



else


  rf_buf[k]=rf_buf[k]-DARKEN;


      }

      }

  // We write this image

  ppm="ReceptiveFields.ppm";

  lgn2v1_WriteBuf(rf_buf,



  lgn2v1_IMG_WIDTH,lgn2v1_IMG_HEIGHT,



  lgn2v1_Gray,



  ppm);

  // Now, we want to build an image, as distorted in LGN. We will

  // compute the mean of source image intensity, according to size of

  // the filters for that receptive field.

  // First, we allocate an image buffer, with image size.

  unsigned char distort_buf[lgn2v1_mapping_size];

  double mean;

  int n;

  // We clear.

  for(k=0;k<lgn2v1_mapping_size;k++)

    distort_buf[k]=200;

  // We take all receptive fields (left and right).

  for(K=0;

      K<lgn2v1_mapping_info_nb;

      K++)

    {

      mean=0;

      n=0;

      minfo=lgn2v1_mapping_info[K];

      // lgn2v1_sizes contains filter sizes. You can get the one

      // used for this receptive field.

      radius=lgn2v1_sizes[minfo.size_num]/2;

      for(w=minfo.w-radius;


  w<minfo.w+radius;


  w++)


for(h=minfo.h-radius;


    h<minfo.h+radius;


    h++)


  {


    n++;


    if((w>=0)&&(w<lgn2v1_IMG_WIDTH)


       &&(h>=0)&&(h<lgn2v1_IMG_HEIGHT))


      {



// Position of this pixel in gray image (lgn2v1_gray)



k=w+h*lgn2v1_IMG_WIDTH;



mean+=lgn2v1_gray[k];


      }


  }

      mean/=n;

      // Coordinates in distorted buffer are W,H,K, with K=W+H*width.

      distort_buf[minfo.K]=(unsigned char)(mean+.5);

    }

  // We write this image

  ppm="Distorsion.ppm";

  lgn2v1_WriteBuf(distort_buf,



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  // You can retrieve a minfo from coordinates (W,H) in distort_buf.

  // Compute K=lgn2v1_mapping_width*H+W.

  // minfo=*(lgn2v1_mapping_pos2info[K]); Be carefull,

  // lgn2v1_mapping_pos2info[K] can return NULL at some "empty" places

  // of distorted picture.

  // Free lgn2v1 stuff.

  lgn2v1_Done();

  return 0;

}

Filter.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
#include <iomanip>
#include <unistd.h>
int main(int argc,char* argv[])

{

  std::string ppm;

  int s;

  int w,h,k;

  if(argc>2)

    {

      std::cout << "Usage :" << std::endl



<< "  " << argv[0] << " [ <img.ppm> ]" << std::endl;

      ::exit(0);

    }

  if(argc==1)

    {

      std::cout << "You are also allowed to provide an image file." << std::endl;

      ::sleep(1);

    }

  // We init lgn2v1 stuff.

  lgn2v1_Init(lgn2v1_Nothing        // Not mandatory, it allows to easily comment some following flags.


      | lgn2v1_Color        // Compute color-related stuff.


      | lgn2v1_Contrast     // Compute contrast-related stuff.


      //| lgn2v1_Left       // Compute left visual field.


      //| lgn2v1_Right      // Compute right visual field.


      //| lgn2v1_Normalize  // Make filter sum of coefs be the same for all sizes.


      );

  if(argc==2)

    {

      // We get an image from a file, and compute some filterings.

      ppm=argv[1];

      lgn2v1_ReadPPM(ppm);

      lgn2v1_Compute();

    }

  // We display the on-center off-surround filter, by first filling a rgb buffer.

#define DOG_DEMO_SIZE 300
  unsigned char dog_buf[DOG_DEMO_SIZE*DOG_DEMO_SIZE*3];

  lgn2v1_WriteFilterInBuffer(dog_buf,DOG_DEMO_SIZE);

  lgn2v1_WriteBuf(dog_buf,



  DOG_DEMO_SIZE,DOG_DEMO_SIZE,



  lgn2v1_RGB,



  "OnCenterOffSurroundFilter.ppm");

  if(argc==2)

    {

      // Now, we want to blur the image according to center filters. we

      // have to convoluate the gray source image by center filters, with

      // appropriate size. We will use lgn2v1_mexican_stats[s].sum_center

      // to normalize convolution result.

      unsigned char blur[lgn2v1_IMG_SIZE];

      for(h=0,k=0;h<lgn2v1_IMG_HEIGHT;h++)


{


  std::cout << "Blur line " << h+1 << "/" << lgn2v1_IMG_HEIGHT << std::endl;


  for(w=0;w<lgn2v1_IMG_WIDTH;w++,k++)


    {


      // We have to find the filtering size related to this image


      // position. We use the closest mapping information.  


      s=lgn2v1_mapping_info[lgn2v1_Image2Mapping(w,h)].size_num;


      // We test if convolution is possible (far from borders).


      if(lgn2v1_ConvolutionTest(&(lgn2v1_center_filters[s]), // lgn2v1_surround_filters are also available.






w,h))



blur[k]=(unsigned char)(






lgn2v1_ConvolutionFromGray(&(lgn2v1_center_filters[s]),w,h) // in [0..255]*sum_center






/ lgn2v1_mexican_stats[s].sum_center






+.5);


      else


blur[k]=127; // Middle gray.


    }


}

      // We write this.

      ppm=argv[1];

      ppm="Blur-"+ppm;

      lgn2v1_WriteBuf(blur,



      lgn2v1_IMG_WIDTH,lgn2v1_IMG_HEIGHT,



      lgn2v1_Gray,



      ppm);

    }

  // We display advices

  std::cout << "+------+" << std::endl


    << "| Tips |" << std::endl


    << "+------+" << std::endl


    << std::endl


    << "1- sum should be slightly negative." << std::endl


    << "2- sum_pos and sum_neg should be close." << std::endl


    << std::endl;

  // We display now statistics about all defined filters.

  std::cout << std::endl


    << std::endl


    << "+----------------------------------------------------------------------------------------------------------------------+" << std::endl


    << "| On-center Off-surround statistics                                                                                    |" << std::endl


    << "+------+---------------+---------------+---------------+---------------+---------------+---------------+---------------+" << std::endl


    << "| size |      sum      |    sum pos    |    sum neg    | contrast norm |   sum center  | sum surround  |   color norm  |" << std::endl


    << "+------+---------------+---------------+---------------+---------------+---------------+---------------+---------------+" << std::endl;

  // Filters are in an array of lgn2v1_Filter.

  for(s=0;s<lgn2v1_NB_FILTER_SIZES;s++)

    std::cout << "| "

      << std::setw( 4) << lgn2v1_sizes[s]     << " | "

      << std::setw(13) << lgn2v1_mexican_stats[s].sum      << " | " 


      << std::setw(13) << lgn2v1_mexican_stats[s].sum_pos  << " | "

      << std::setw(13) << lgn2v1_mexican_stats[s].sum_neg  << " | " 


      << std::setw(13) << lgn2v1_mexican_stats[s].contrast_norm  << " | " 


      << std::setw(13) << lgn2v1_mexican_stats[s].sum_center  << " | " 


      << std::setw(13) << lgn2v1_mexican_stats[s].sum_surround  << " | " 


      << std::setw(13) << lgn2v1_mexican_stats[s].color_norm  << " | " 


      << std::endl;

  // Mexican stats also have an estimate of continuous filter integrals at [lgn2v1_NB_FILTER_SIZES]

  std::cout << "| cont | "

    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].sum      << " | " 


    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].sum_pos  << " | "

    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].sum_neg  << " | " 


    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].contrast_norm  << " | " 


    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].sum_center  << " | " 


    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].sum_surround  << " | " 


    << std::setw(13) << lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES].color_norm  << " | " 


    << std::endl;

  std::cout << "+------+---------------+---------------+---------------+---------------+---------------+---------------+---------------+" << std::endl


    << std::endl


    << std::endl;

  // The lgn2v1_mexican_stats[s].contrast_norm field is max(sum_pos,-sum_neg).

  // The lgn2v1_mexican_stats[s].color_norm field is sum_center.

  // Free lgn2v1 stuff.

  lgn2v1_Done();

  return 0;

}

LGN.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
#include <iomanip>
int main(int argc,char* argv[])

{

  std::string ppm;

  int s;

  int w,h,k;

  if(argc!=2)

    {

      std::cout << "Usage :" << std::endl



<< "  " << argv[0] << " <img.ppm>" << std::endl;

      ::exit(0);

    }

  // We init lgn2v1 stuff.

  lgn2v1_Init(lgn2v1_Nothing      // Not mandatory, it allows to easily comment some following flags.


      | lgn2v1_Color      // Compute color-related stuff.


      | lgn2v1_Contrast   // Compute contrats-related stuff.


      | lgn2v1_Left       // Compute left visual field.


      | lgn2v1_Right      // Compute right visual field.


      | lgn2v1_Normalize  // Make filter sum of coefs be the same for all sizes.


      );

  // The lgn2v1_Normalize flag resizes center and surround filters so

  // that the sum of their weights is the same for all size. These

  // sums correspond to the continuous case (see

  // lgn2v1_mexican_stats[lgn2v1_NB_FILTER_SIZES]). Thus, covolutions

  // have the same behavior whatever the filter size.

  // We get an image from a file, and compute some filterings.

  ppm=argv[1];

  lgn2v1_ReadPPM(ppm);

  std::cout << "Computing image..." << std::endl;

  lgn2v1_Compute();

  // We now write LGN field. You have a field for each lgn cell type.

  // A LGN cell consists in a central receptive field (RF) and a

  // peripheral one. If one is excitatory, the other is inhibitory. A

  // receptive field (there is 2 in a lgn cell) is concern witha

  // single color. Thus we define 10 cell types, named lgn2v1_AaBb. A

  // and B are colors (R for red, G for green, B for blue, Y for

  // yellow, and W for white. A is the color of central RF, a its sign

  // (p excitatory, m inhibitory). B is peripheral RF, and b its sign.

  //

  // a and b are always opposite.

  // Only the following AB couples are available :

  //   RG GR YB BY WW

  // The On red center Off green surround cell value, at some place k

  // is lgn2v1_mapping_info[K].lgn[lgn2v1_RpGm]. This values is

  // meaningful when positive, and has a maximal value of 1.

  // For demo porpose, you can build lgn convolution image fields

  // lgn2v1_lgn_field_buf[lgn2v1_AaBb].

  std::cout << "Making W+W-..." << std::endl;

  ppm=argv[1];

  ppm="W+W-_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_WpWm);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_WpWm],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making W-W+..." << std::endl;

  ppm=argv[1];

  ppm="W-W+_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_WmWp);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_WmWp],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making R+G-..." << std::endl;

  ppm=argv[1];

  ppm="R+G-_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_RpGm);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_RpGm],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making R-G+..." << std::endl;

  ppm=argv[1];

  ppm="R-G+_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_RmGp);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_RmGp],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making G+R-..." << std::endl;

  ppm=argv[1];

  ppm="G+R-_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_GpRm);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_GpRm],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making G-R+..." << std::endl;

  ppm=argv[1];

  ppm="G-R+_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_GmRp);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_GmRp],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making Y+B-..." << std::endl;

  ppm=argv[1];

  ppm="Y+B-_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_YpBm);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_YpBm],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making Y-B+..." << std::endl;

  ppm=argv[1];

  ppm="Y-B+_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_YmBp);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_YmBp],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making B+Y-..." << std::endl;

  ppm=argv[1];

  ppm="B+Y-_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_BpYm);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_BpYm],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  std::cout << "Making B-Y+..." << std::endl;

  ppm=argv[1];

  ppm="B-Y+_Field-"+ppm;

  lgn2v1_MakeLGNField(lgn2v1_BmYp);

  lgn2v1_WriteBuf(lgn2v1_lgn_field_buf[lgn2v1_BmYp],



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_Gray,



  ppm);

  // Free lgn2v1 stuff.

  lgn2v1_Done();

  return 0;

}

V1.cc

#include <lgn2v1.h> // The header file.

#include <iostream>
#include <stdlib.h>
#include <string>
#include <iomanip>
#include <math.h>
#define V1_FILTER_SIZE  5
#define V1_FILTER_SIZE_2  (V1_FILTER_SIZE/2)

#define CENTER   0
#define SURROUND 1
#define H  .1
#define I  .3
#define X  .1
#define O  0
#define SIGMOID_ZERO  0
#define SIGMOID_ONE  .5
double sigmoid_contrast(double value)

{

  if(value<SIGMOID_ZERO)

    return 0;

  else if(value>SIGMOID_ONE)

    return 255;

  else
    return (value-SIGMOID_ZERO)/(SIGMOID_ONE-SIGMOID_ZERO)*255;

}

#define V1_AND(center,surround) (center/v1_sum_center+surround/v1_sum_surround)

double contrast[2][V1_FILTER_SIZE*V1_FILTER_SIZE]=

{

  // Center 

  {O,O,O,O,O,

   O,O,I,O,O,

   O,I,H,I,O,

   O,O,I,O,O,

   O,O,O,O,O},

  // Surround

  {O,X,X,X,O,

   X,X,X,X,X,

   X,X,X,X,X,

   X,X,X,X,X,

   O,X,X,X,O}

};

double v1_sum_center;

double v1_sum_surround;

double v1_norm;

lgn2v1_MappingInfo* minfos[V1_FILTER_SIZE*V1_FILTER_SIZE];

unsigned char* rg_buf;

unsigned char* wb_buf;

unsigned char* yb_buf;

void ComputeV1(void);

void ComputeOneV1(int k);

int main(int argc,char* argv[])

{

  std::string ppm;

  int s;

  int w,h,k;

  double tmp;

  if(argc!=2)

    {

      std::cout << "Usage :" << std::endl



<< "  " << argv[0] << " <img.ppm>" << std::endl;

      ::exit(0);

    }

  // We init lgn2v1 stuff.

  lgn2v1_Init(lgn2v1_Nothing        // Not mandatory, it allows to easily comment some following flags.


      | lgn2v1_Color        // Compute color-related stuff.


      | lgn2v1_Contrast     // Compute contrats-related stuff.


      | lgn2v1_Left         // Compute left visual field.


      | lgn2v1_Right        // Compute right visual field.


      | lgn2v1_Normalize    // Make filter sum of coefs be the same for all sizes.


      );

  // We get an image from a file, and compute some filterings.

  ppm=argv[1];

  lgn2v1_ReadPPM(ppm);

  lgn2v1_Compute();

  // We initialize image buffers.

  rg_buf=new unsigned char[lgn2v1_mapping_size*3];

  wb_buf=new unsigned char[lgn2v1_mapping_size*3];

  yb_buf=new unsigned char[lgn2v1_mapping_size*3];

  for(k=0;k<lgn2v1_mapping_size*3;k++)

    {

      rg_buf[k]=200;

      wb_buf[k]=200;

      yb_buf[k]=200;

    }

  // We compute some normalization coeff;

  v1_sum_center=0;

  v1_sum_surround=0;

  for(k=0;k<V1_FILTER_SIZE*V1_FILTER_SIZE;k++)

    {

      v1_sum_center+=contrast[CENTER][k];

      v1_sum_surround+=contrast[SURROUND][k];

    }

  v1_norm=v1_sum_center*v1_sum_surround;

  // We compute the whole stuff.

  ComputeV1();

  // We write images.

  ppm=argv[1];

  ppm="RedGreen-V1-"+ppm;

  lgn2v1_WriteBuf(rg_buf,



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_RGB,



  ppm);

  ppm=argv[1];

  ppm="WhiteBlack-V1-"+ppm;

  lgn2v1_WriteBuf(wb_buf,



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_RGB,



  ppm);

  ppm=argv[1];

  ppm="YellowBlue-V1-"+ppm;

  lgn2v1_WriteBuf(yb_buf,



  lgn2v1_mapping_width,lgn2v1_mapping_height,



  lgn2v1_RGB,



  ppm);

  // We delete buffers

  delete [] rg_buf;

  delete [] wb_buf;

  delete [] yb_buf;

}

void ComputeV1(void)

{

  int wmin,hmin,wmax,hmax;

  int w,h,k,ww,hh,kk;

  lgn2v1_MappingInfo* minfo;

  // Convolution loop on the image (LGN).

  for(h=V1_FILTER_SIZE_2,k=V1_FILTER_SIZE_2*lgn2v1_mapping_width;

      h<lgn2v1_mapping_height-V1_FILTER_SIZE_2;

      h++)

    {

      hmin=h-V1_FILTER_SIZE_2;

      hmax=hmin+V1_FILTER_SIZE;

      for(w=V1_FILTER_SIZE_2,k+=V1_FILTER_SIZE_2;


  w<lgn2v1_mapping_width-V1_FILTER_SIZE_2;


  w++,k++)


{


  wmin=w-V1_FILTER_SIZE_2;


  wmax=wmin+V1_FILTER_SIZE;


  // We build minfos...


  minfo=(lgn2v1_MappingInfo*)1; // To enter the loop...


  for(hh=hmin,kk=0;


      (hh<hmax)&&(minfo!=NULL);


      hh++)


    for(ww=wmin;



(ww<wmax)&&(minfo!=NULL);



ww++,kk++)


      minfos[kk]=minfo=lgn2v1_mapping_pos2info[k];


  // If one of the size*size minfos is NULL, we exit this


  // convolution step.


  if(minfo!=NULL)


    ComputeOneV1(3*k);


}

      k+=V1_FILTER_SIZE_2; // Go to end of line

    }

}

void ComputeOneV1(int k)

{

  int kk;

  lgn2v1_MappingInfo* minfo;

  double f;

  double rpgm_c,rmgp_s,gprm_c,gmrp_s;

  double wpwm_c,wmwp_s,wmwp_c,wpwm_s;

  double ypbm_c,ymbp_s,bpym_c,bmyp_s;

  double norm_color,norm_contrast;

  double red,green,yellow,blue,black,white;

  rpgm_c=0;

  rmgp_s=0;

  gprm_c=0;

  gmrp_s=0;

  wpwm_c=0;

  wmwp_s=0;

  wmwp_c=0;

  wpwm_s=0;

  ypbm_c=0;

  ymbp_s=0;

  bpym_c=0;

  bmyp_s=0;

  // Center

  for(kk=0;kk<V1_FILTER_SIZE*V1_FILTER_SIZE;kk++)

    {

      minfo=minfos[kk];

      f=contrast[CENTER][kk];

      rpgm_c+=minfo->lgn[lgn2v1_RpGm]*f;

      gprm_c+=minfo->lgn[lgn2v1_GpRm]*f;

      wpwm_c+=minfo->lgn[lgn2v1_WpWm]*f;

      wmwp_c+=minfo->lgn[lgn2v1_WmWp]*f;

      ypbm_c+=minfo->lgn[lgn2v1_YpBm]*f;

      bpym_c+=minfo->lgn[lgn2v1_BpYm]*f;

    }

  // Surround

  for(kk=0;kk<V1_FILTER_SIZE*V1_FILTER_SIZE;kk++)

    {

      minfo=minfos[kk];

      f=contrast[SURROUND][kk];

      rmgp_s+=minfo->lgn[lgn2v1_RmGp]*f;

      gmrp_s+=minfo->lgn[lgn2v1_GmRp]*f;

      wmwp_s+=minfo->lgn[lgn2v1_WmWp]*f;

      wpwm_s+=minfo->lgn[lgn2v1_WpWm]*f;

      ymbp_s+=minfo->lgn[lgn2v1_YmBp]*f;

      bmyp_s+=minfo->lgn[lgn2v1_BmYp]*f;

    }

  // Saturations

  red=sigmoid_contrast(V1_AND(rpgm_c,rmgp_s));

  green=sigmoid_contrast(V1_AND(gprm_c,gmrp_s));

  white=sigmoid_contrast(V1_AND(wpwm_c,wmwp_s));

  black=sigmoid_contrast(V1_AND(wmwp_c,wpwm_s));

  yellow=sigmoid_contrast(V1_AND(ypbm_c,ymbp_s));

  blue=sigmoid_contrast(V1_AND(bpym_c,bmyp_s));

  // Image buffers

  rg_buf[k+lgn2v1_RED  ]=(unsigned char)(red+.5);

  rg_buf[k+lgn2v1_GREEN]=(unsigned char)(green+.5);

  rg_buf[k+lgn2v1_BLUE ]=(unsigned char)(0);

  wb_buf[k+lgn2v1_RED  ]=(unsigned char)(white+.5);

  wb_buf[k+lgn2v1_GREEN]=(unsigned char)(0);

  wb_buf[k+lgn2v1_BLUE ]=(unsigned char)(black+.5);

  yb_buf[k+lgn2v1_RED  ]=(unsigned char)(yellow+.5);

  yb_buf[k+lgn2v1_GREEN]=(unsigned char)(yellow+.5);

  yb_buf[k+lgn2v1_BLUE ]=(unsigned char)(blue+.5);

 }
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