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-0.1968	-0.1847	-0.2104	-0.1714	-0.1820	-0.1795	-0.1742	-0.1891	-0.1983	-0.2059	-0.2228	-0.2451	-0.2487	-0.2416	-0.2576
-0.1421	-0.1024	-0.0949	-0.0848	-0.0759	-0.0695	-0.0755	-0.0667	-0.0929	-0.1020	-0.1420	-0.1322	-0.1608	-0.1666	-0.1747
-0.0718	-0.0828	-0.0577	-0.0347	-0.0250	-0.0201	-0.0101	-0.0035	-0.0510	-0.0529	-0.0807	-0.0809	-0.1083	-0.1200	-0.1326
-0.0836	-0.0398	-0.0432	-0.0159	-0.0081	0.0104	0.0057	0.0135	-0.0018	-0.0211	-0.0364	-0.0755	-0.0865	-0.0852	-0.1008
-0.0403	-0.0201	0.0028	0.0064	0.0139	0.0320	0.0404	0.0317	0.0266	0.0027	-0.0254	-0.0342	-0.0513	-0.0673	-0.0690
-0.0161	0.0110	0.0322	0.0246	0.0655	0.0602	0.0694	0.0690	0.0264	0.0295	0.0269	0.0095	-0.0234	-0.0098	-0.0119
0.0444	0.0562	0.0716	0.0876	0.0777	0.1122	0.1018	0.0995	0.0841	0.0886	0.0788	0.0672	0.0454	0.0401	0.0262
0.1305	0.1401	0.1416	0.1580	0.1736	0.1774	0.1574	0.1495	0.1477	0.1484	0.1286	0.1338	0.1201	0.1017	0.0921
0.1951	0.1956	0.2105	0.2142	0.2374	0.2156	0.2215	0.2106	0.1905	0.1851	0.1765	0.1666	0.1523	0.1491	0.1103
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0.0829	0.1040	0.0965	0.0956	0.0827	0.0976	0.0443	0.0163	-0.0347	-0.0912	-0.1326	-0.1795	-0.2270	-0.2720	-0.2624
0.0631	0.1128	0.1403	0.1256	0.1487	0.1294	0.0933	0.0588	-0.0015	-0.0460	-0.0909	-0.1359	-0.2148	-0.2623	-0.2771
0.0750	0.1245	0.1491	0.1632	0.1627	0.1454	0.1364	0.1037	0.0606	0.0102	-0.0381	-0.0892	-0.1326	-0.1847	-0.2003
0.1412	0.1710	0.1518	0.2004	0.2149	0.2151	0.1871	0.1891	0.1155	0.0795	-0.0167	-0.0379	-0.0663	-0.1207	-0.1362
0.1460	0.1824	0.1913	0.2091	0.2228	0.2339	0.2000	0.1589	0.1246	0.0572	-0.0046	-0.0551	-0.0937	-0.1349	-0.1520
0.0854	0.1227	0.1380	0.1343	0.1424	0.1630	0.1267	0.0984	0.0474	-0.0066	-0.0399	-0.0919	-0.1243	-0.1681	-0.1841
0.0430	0.0435	0.0528	0.0588	0.0699	0.0387	0.0287	-0.0055	-0.0503	-0.0654	-0.0947	-0.1404	-0.1888	-0.2090	-0.2225
0.0198	0.0294	0.0304	0.0457	0.0101	-0.0001	-0.0344	-0.0584	-0.0755	-0.0862	-0.1118	-0.1392	-0.1767	-0.2113	-0.2410
0.0394	0.0454	0.0383	0.0134	0.0048	-0.0096	-0.0352	-0.0678	-0.0765	-0.0841	-0.1080	-0.1519	-0.1716	-0.1881	-0.1951
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WACV2020Paper1128_supplementaryMaterial/segmentation/approximateIrisBoundary.m
function [pupilX, pupilY, pupilR, irisX, irisY, irisR, status] = approximateIrisBoundary(cartesianIrisImage, binaryIrisMask, saveApproximationResults, visualizationFile, contoursFile)

    status = [];    
    % input params: iris image, binary mask 
    % output params: iris/pupil diameters and locations, (optional) TXT
    % with contour params, visualisation
    
    lower_margin_pupil = 10;
    upper_margin_pupil = 10;
    lower_margin_iris = 5;
    upper_margin_iris = 10;

    % close all figs
    % close all
    
    % extracting the largest blob (safeguard against DCNN fails)
    % MASK = bwareafilt(MASK, 1);
    binaryIrisMask = bwareaopen(binaryIrisMask, 25);
    
    % crop the image to the blob to estimate the iris size
    MASK_CROPPED = cropmat(binaryIrisMask, binaryIrisMask);
        
   if ~isempty(MASK_CROPPED)
        
        IRIS_RADIUS_ESTIMATE = round(max(size(MASK_CROPPED))/2); % use larger of the sizes

        % create the iris radius search range for Hough transform
        SEARCH_RANGE_I = [max(1, (IRIS_RADIUS_ESTIMATE - lower_margin_iris)) (IRIS_RADIUS_ESTIMATE + upper_margin_iris)];

        % estimate the outer iris circle with Hough
        [IRIS_CENTERS, IRIS_RADII, ~] = imfindcircles(binaryIrisMask, SEARCH_RANGE_I, 'ObjectPolarity', 'bright', 'Sensitivity', 0.99);

        % TODO safeguard if no circles found - second iteration with 
        % iris search range
        
        if isempty(IRIS_CENTERS)
             
            SEARCH_RANGE_I = [max(1, (IRIS_RADIUS_ESTIMATE - 2*lower_margin_iris)) (IRIS_RADIUS_ESTIMATE + 2*upper_margin_iris)];
            [IRIS_CENTERS, IRIS_RADII, ~] = imfindcircles(binaryIrisMask, SEARCH_RANGE_I, 'ObjectPolarity', 'bright', 'Sensitivity', 0.99);     
            
        end
        
        if ~isempty(IRIS_CENTERS)

            irisXY = IRIS_CENTERS(1,:); 
            irisX = irisXY(1);
            irisY = irisXY(2);  
            irisR = IRIS_RADII(1);

            %%  CENTROID-BASED HEURISTIC for choosing iris radius range
            % first, flip the values in the mask image
            MASK_CROPPED_INVERSE = logical(1 - MASK_CROPPED);

            % crop 5% from each side of the image to close most openings
            CROP = round(0.05 * max(size(MASK_CROPPED_INVERSE)));
            MASK_CROPPED_INVERSE = MASK_CROPPED_INVERSE(CROP:end-CROP, CROP:end-CROP);

            % locate centroids
            CENTROID_STATS = regionprops('table',MASK_CROPPED_INVERSE,'Centroid', 'MajorAxisLength','MinorAxisLength');
            CENTROID_CENTERS = CENTROID_STATS.Centroid;
            CENTROID_DIAMETERS = mean([CENTROID_STATS.MajorAxisLength CENTROID_STATS.MinorAxisLength],2);
            
            % use smaller axis 
            CENTROID_DIAMETERS = CENTROID_STATS.MinorAxisLength;
            
            CENTROID_RADII = round(CENTROID_DIAMETERS)/2;

            % choose the one closest to the center of the image
            IMAGE_CENTER = flip(round(size(MASK_CROPPED_INVERSE)/2));
            CENTROID_DISTANCE_FROM_CENTER = pdist2(CENTROID_CENTERS, IMAGE_CENTER);
            PUPIL_RADIUS_ESTIMATE = round(CENTROID_RADII(CENTROID_DISTANCE_FROM_CENTER == min(CENTROID_DISTANCE_FROM_CENTER)));

            % in cases when it's difficult to find the pupil
            if (PUPIL_RADIUS_ESTIMATE - lower_margin_pupil) <= 0
                 pupilR = round(irisR/3);
                 pupilX = irisX;
                 pupilY = irisY;
            else
                % do the usual search routine
                SEARCH_RANGE_P = [max(1, (PUPIL_RADIUS_ESTIMATE - lower_margin_pupil)) (PUPIL_RADIUS_ESTIMATE + upper_margin_pupil)];

                % estimate the inner iris circle with Hough
                [PUPIL_CENTERS, PUPIL_RADII, ~] = imfindcircles(binaryIrisMask, SEARCH_RANGE_P, 'ObjectPolarity', 'dark', 'Sensitivity', 0.99);
            
                if isempty(PUPIL_CENTERS)
                   
                    [PUPIL_CENTERS, PUPIL_RADII, ~] = imfindcircles(binaryIrisMask, SEARCH_RANGE_P, 'ObjectPolarity', 'dark', 'Sensitivity', 1);
                    
                end
                
                pupilXY = PUPIL_CENTERS(1, :);
                pupilX = pupilXY(1);
                pupilY = pupilXY(2);
                pupilR = PUPIL_RADII(1);
                
                status = 'success';

            end

            if saveApproximationResults == true
                %% generate points around the pupil and iris circles
                % for OSIRIS-compatible Hough parameters file
                % N is 21
                theta = 2*pi*(0:0.05:1);
                pupil_x = round(pupilX + pupilR.*cos(theta));
                pupil_y = round(pupilY + pupilR.*sin(theta));

                theta = 2*pi*(0:0.05:1);
                iris_x = round(irisX + irisR.*cos(theta));
                iris_y = round(irisY + irisR.*sin(theta));

                % open a TXT file for OSIRIS Hough parameters
                params_TXT = fopen(contoursFile, 'w');

                fprintf(params_TXT,'21');
                fprintf(params_TXT,'\n');
                fprintf(params_TXT,'21');
                fprintf(params_TXT,'\n');

                for i = 1:length(theta)
                    fprintf(params_TXT, num2str(pupil_x(i)));
                    fprintf(params_TXT,' ');
                    fprintf(params_TXT, num2str(pupil_y(i)));
                    fprintf(params_TXT,' ');
                    fprintf(params_TXT, num2str(theta(i)));
                    fprintf(params_TXT,' ');
                end

                fprintf(params_TXT,'\n');

                for i = 1:length(theta)
                    fprintf(params_TXT, num2str(iris_x(i)));
                    fprintf(params_TXT,' ');
                    fprintf(params_TXT, num2str(iris_y(i)));
                    fprintf(params_TXT,' ');
                    fprintf(params_TXT, num2str(theta(i)));
                    fprintf(params_TXT,' ');
                end

                % close the file on exit
                fclose(params_TXT);

                %% create and save image and mask with localized circles drawn
                cartesianIrisImage = insertShape(cartesianIrisImage, 'Circle', [pupilX pupilY pupilR], 'LineWidth', 3, 'Color', 'red');
                cartesianIrisImage = insertShape(cartesianIrisImage, 'Circle', [irisX irisY irisR], 'LineWidth', 3, 'Color', 'blue');
                imwrite(cartesianIrisImage, visualizationFile);
            
            end
    
        else
       
            % TODO case when noprediction is obtained from CNN
            % return empty arguments
            pupilX = 0;
            pupilY = 0;
            pupilR = 0;
            irisX = 0;
            irisY = 0;
            irisR = 0;
            status = 'circle fitting failed';
        
        end
        
   else
       
        % TODO case when no prediction is obtained from CNN
        % return empty arguments
        pupilX = 0;
        pupilY = 0;
        pupilR = 0;
        irisX = 0;
        irisY = 0;
        irisR = 0;
        status = 'no prediction from CNN';
        
    end

end

% supporting function cropmat.m
function varargout = cropmat(IX,varargin)

    % clip a subset of arrays with axis-aligned minimum bounding box
    %
    % Syntax
    %
    %     [Ac,Bc,Cc,...] = cropmat(I,A,B,C,...)
    %     [Ac,Bc,Cc,...] = cropmat(ix,A,B,C,...)
    %
    % Description 
    %
    %     cropmat extracts a subset of various arrays with any dimension.
    %     The subset mask is the axis-aligned minimum bounding rectangle,  
    %     box or hyperrectangle of true values in I or linear indices ix  
    %     in A, B, C,... .
    %
    %     I must be a logical array. I, A, B, C, ... must all have same
    %     size. cropmat supports any data type and cell arrays. 
    % 
    % Example (requires the image processing toolbox)
    %
    %     I = imread('football.jpg');
    %     BW = im2bw(I);
    %     Ic = cropmat(repmat(BW,[1,1,3]),I);
    %     BWc= cropmat(BW,BW);
    %     
    %     % plot results
    %     subplot(1,3,1)
    %     imshow(I)
    %     title('original image (I)')
    %
    %     subplot(1,3,2)
    %     imshow(BW)
    %     title('clip mask (BW)')     
    %
    %     subplot(1,3,3)
    %     h = imshow(Ic)
    %     set(h,'AlphaData',(BWc+1)/2); 
    %     title('clipped image (Ic)')   
    %
    %
    % See also: IND2SUB, SUBVOLUME
    %
    % Author: Wolfgang Schwanghart (w.schwanghart[at]unibas.ch)
    % Date: 18/9/2009

    % check number of input and output arguments
    narginchk(2,inf)
    nargoutchk(0, max(nargin-1,1))

    % what type is the first argument
    if islogical(IX)
        siz = size(IX);
        IX  = find(IX);
    else
        siz = size(varargin{1});
        if max(IX)>numel(varargin{1})
            error('max(ix) is larger than the maximum number of elements in the matrices')
        end
    end

    % check if all matrices have same size
    if nargin>1
        if any(cell2mat(cellfun(@(x) ~isequal(size(x),siz),...
                varargin,'uniformoutput',false)))
            error('all matrices must have same size')
        end
    end

    % nr of dimensions
    dims = numel(siz);
    k    = [1 cumprod(siz(1:end-1))];

    % preallocate subsref structure
    S    = substruct('()',cell(1,dims));

    % subset size
    sizout = zeros(1,dims);

    % loop through dimensions (see ind2sub) 
    % and get subscripts of minimum bounding rectangle/box/...
    for r = dims:-1:1  
        IX2       = rem(IX-1,k(r))+1;         
        subdim    = (IX-IX2)/k(r)+1; 
        S.subs{r} = min(subdim):max(subdim);
        sizout(r) = numel(S.subs{r});
        IX        = IX2;   
    end

    % index into all input arguments and reshape them to new size
    varargout = cellfun(@(X) reshape(subsref(X,S),sizout),...
                        varargin,'uniformoutput',false);



end
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WACV2020Paper1128_supplementaryMaterial/segmentation/irisContoursParams.txt
21
21
371 238 0 368 255 0.31416 360 270 0.62832 348 282 0.94248 333 290 1.2566 316 292 1.5708 299 290 1.885 284 282 2.1991 272 270 2.5133 264 255 2.8274 261 238 3.1416 264 221 3.4558 272 206 3.7699 284 193 4.0841 299 186 4.3982 316 183 4.7124 333 186 5.0265 348 193 5.3407 360 206 5.6549 368 221 5.969 371 238 6.2832 
464 239 0 457 287 0.31416 435 330 0.62832 400 365 0.94248 357 387 1.2566 309 394 1.5708 262 387 1.885 218 365 2.1991 184 330 2.5133 162 287 2.8274 155 239 3.1416 162 192 3.4558 184 148 3.7699 218 114 4.0841 262 92 4.3982 309 85 4.7124 357 92 5.0265 400 114 5.3407 435 148 5.6549 457 192 5.969 464 239 6.2832 
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WACV2020Paper1128_supplementaryMaterial/segmentation/segmentIrisImage.m
function [irisCartesianMask, status] = segmentIrisImage(irisImage, segmentationNetworkWeightsFile)

    % input params: ISO iris image succesfully validated with validateIrisImage
    % output params: cartesian binary mask in bmp format with [0,255] values
    
    irisCartesianMask = [];

    if ~exist(segmentationNetworkWeightsFile, 'file')
        
        status = 'file with network weights does not exist';
        irisCartesianMask = [];
        
    else 
    
        load(segmentationNetworkWeightsFile, 'net')

        %% Resize the input to be model compatible
        inputSize = net.Layers(1).InputSize;
        irisImage = imresize(irisImage, [inputSize(1) inputSize(2)]);

        %% Run the semantic segmentation network
        prediction = semanticseg(irisImage, net, 'outputtype', 'uint8');

        %% Convert the categorical output to ISO/IEC mask

        mask = uint8(logical(1-(prediction-1)))*255;
        irisCartesianMask = imresize(mask, [480 640]);

        status = 'success';

    end
    
end
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WACV2020Paper1128_supplementaryMaterial/segmentation/visualizeSegmentationResults.m
function status = visualizeSegmentationResults(irisImage, irisMask, showSegmentationResults, saveSegmentationResults, resultsFilePath)


    % TODO missing args error handling necessary if this is to be used

    if (showSegmentationResults == false) & (saveSegmentationResults == false)
        
        status = 'no action required';
        
    else

        %% Display the results (comment this portion if unwanted)
        % ------------>
        if showSegmentationResults == true
            imshowpair(labeloverlay(irisImage, irisMask), irisImage, 'montage')
        end
        % <-----------

        %% Display the results (comment this portion if unwanted)
        % ------------>
        if saveSegmentationResults == true
            opacity = 0.7;
            imwrite(cat(3, irisImage, irisImage, irisImage + irisMask*opacity), resultsFilePath);
        end
        % <-----------    
    
        status = 'success';
    end

end
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WACV2020Paper1128_supplementaryMaterial/segmentation/sample_execution.m
% Iris image segmentation and normalization
% WACV2020 submission number 1128 supplementary materials
% Paper title: "Post-Mortem Iris Recognition Resistant to Biological Eye Decay Processes" 
% Author: anonymized for review
% Remarks: files with segmentation networks weights are too large to be
% uploaded as SUPPLEMENTARY MATERIAL (>100MB)

% This script shows how to perform image segmentation and normalization of
% the resulting iris mask denoting non-iris portions of the image

% Step 1. Perform a coarse-grained (only to use in the normalization stage) segmentation using a DCNN-based model stored in
% segmentationNetworkWACV2020.mat file

irisImage = imread('iris.jpg');
[irisCartesianMask, ~] = segmentIrisImage(irisImage, 'coarseSegmentationNetworkWACV2020.mat');
imwrite(irisCartesianMask, 'irisCartesianMask.bmp');

% you can also display and save the segmentation results using the
% visualizeSegmentationResults function:
visualizeSegmentationResults(...
    irisImage, irisCartesianMask, true, true, 'irisSegmentationResults.jpg');

pause()

% Step 2. Perform iris boundary approximation and normalization of the
% cartesian iris mask using Daugman's 'rubber sheet' model

% setting the third param to 'true' also saves the iris boundary
% localization image as well as OSIRIS-compatible iris boundary countour
% parameters file:
[pupilX, pupilY, pupilR, irisX, irisY, irisR, status] = approximateIrisBoundary(...
    irisImage, irisCartesianMask, true, 'irisBoundaryLocalization.jpg', 'irisContoursParams.txt');

% (when dealing with degraded post-mortem images, the coarse-grained mask
% can be discarded at this point, for the matching we only use the
% fine-grained mask created in the next step)

% Step 3. Perform a fine-grained segmentation to use in the matching stage
% (this mask is then normalized using the countours params from txt file)
[irisCartesianMask, ~] = segmentIrisImage(irisImage, 'fineSegmentationNetworkWACV2020.mat');
imwrite(irisCartesianMask, 'irisCartesianMaskFine.bmp');

visualizeSegmentationResults(...
    irisImage, irisCartesianMask, true, true, 'irisSegmentationResultsFine .jpg');
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WACV2020Paper1128_supplementaryMaterial/README.txt
Supplementary materials for WACV2020 paper 1128
"Post-mortem Iris Recognition Resistant to Biological Eye Decay Processes"

Archive contents:

------------------------------------------
1. filter_training 
------------------------------------------
Contains code for training the Siamese network with iris patches placed in stripes256-noEyelids folder (oneshot-train-stripes.py), testing the network on iris patches placed in stripes256-test folder (oneshot-test-stripes.py), and extracting the trained filters into text files (oneshot-getFilters.py).

Remark: Folders with example iris patches only contain a fraction of available samples for demonstration purposes. To get access to a full database of these samples, an executed license agreement in needed. 


------------------------------------------
2. trained_filters
------------------------------------------
Contains trained filters in OSIRIS-compatible (drop-in replacement) format. 

Stock OSIRIS filters are also attached for convenience and comparison. 


------------------------------------------
3. segmentation
------------------------------------------
Contains MATLAB code for DCNN-based segmentation, including prediction of the binary mask, as well as its parameterization into an OSIRIS-compatible format. This results in a .bmp mask file as well as .txt parameters file. 

IMPORTANT REMARK: segmentation network weights files exceed the WACV2020 supplementary file size limit, and are not included in this archive. Please use the following link to download the full archive with supplementary material:
   
https://notredame.box.com/shared/static/ieho1nx6v5urmv04y19mnryzuvp5pfsj.zip




__MACOSX/WACV2020Paper1128_supplementaryMaterial/._README.txt


WACV2020Paper1128_supplementaryMaterial/filter_training/oneshot-getFilters.py
from __future__ import division
from keras.layers import Input, Conv2D, Lambda, merge, Flatten, MaxPooling2D, Dense, BatchNormalization
from keras.models import Model, Sequential, load_model
from keras.regularizers import l2
from keras import backend as K
from keras.backend import eval
from keras.optimizers import SGD, Adam
from keras.utils import plot_model
from keras.losses import binary_crossentropy
import tensorflow as tf
import numpy as np
from sklearn.preprocessing import binarize
from imutils import paths
import cv2 as cv
from PIL import Image
import skimage
from scipy.misc import imread
from sklearn.preprocessing import LabelEncoder
import numpy.random as rng
import os
import matplotlib.pyplot as plt
from sklearn.utils import shuffle
from mat4py import savemat
from numpy import savetxt, loadtxt

# necessary functions for model initialization
# initialize weights randomly
def W_init(shape, name=None):
    values = rng.normal(loc=0, scale=1e-2, size=shape)
    return K.variable(values, name=name)


# initialize biases randomly
def B_init(shape, name=None):
    values = rng.normal(loc=0.5, scale=1e-2, size=shape)
    return K.variable(values, name=name)

# TODO initialize the model once again

# building the model here - each half of the siamese net looks like this
input_shape = (64, 256, 1)
left_input = Input(input_shape)
right_input = Input(input_shape)

halfnet = Sequential()
halfnet.add(Conv2D(6, (9, 15), activation='sigmoid', input_shape=input_shape, kernel_initializer=W_init,
                   kernel_regularizer=l2(2e-4), padding="same"))
halfnet.add(Flatten())
# halfnet.add(Dense(4096, activation='sigmoid', kernel_regularizer=l2(1e-3), kernel_initializer=W_init, bias_initializer=B_init))

# encode each of the two inputs
encoded_left = halfnet(left_input)
encoded_right = halfnet(right_input)

# merge the two encoded inputs with HD between them
# HD = lambda x: K.abs(tf.keras.backend.round(x[0]) - tf.keras.backend.round(x[1]))
HD = lambda x: K.abs(x[0] - x[1])

both = merge([encoded_left, encoded_right], mode = HD, output_shape=lambda x: x[0])
prediction = Dense(1, activation='sigmoid', bias_initializer=B_init)(both)

# and create the final siamese network
siamese_net = Model(inputs=[left_input, right_input], outputs=prediction)

# then compile it
optimizer = Adam(0.0006)
siamese_net.compile(loss="binary_crossentropy", optimizer=optimizer, metrics=['accuracy'])


# TODO and then just load the weights
weights_path = "weights-6x9x15-20000-stripes-256"
siamese_net.load_weights(weights_path)

# TODO loading the model
# weights_path = "weights-6x9x51"
# siamese_net = load_model(weights_path)

print siamese_net.summary()

# TODO getting the conv layers
sequential_1 = siamese_net.get_layer('sequential_1')
print sequential_1.summary()
conv2d_1 = sequential_1.get_layer('conv2d_1')
print conv2d_1.output
filters = conv2d_1.output

weights = conv2d_1.get_weights()[0][:,:,0,:]

# TODO visualize the filters
for i in range(0, 6):
    plt.subplot(6, 2, i+1)
    plt.imshow(weights[:, :, i], interpolation="nearest", cmap="gray")
plt.tight_layout()
plt.show()


# TODO export the filters in some MATLAB-friendly format (or a txt, picture)
savetxt('filters1-15-stripes-256.txt', weights[:,:,0], fmt='%2.4f', delimiter='\t')
savetxt('filters2-15-stripes-256.txt', weights[:,:,1], fmt='%2.4f', delimiter='\t')
savetxt('filters3-15-stripes-256.txt', weights[:,:,2], fmt='%2.4f', delimiter='\t')
savetxt('filters4-15-stripes-256.txt', weights[:,:,3], fmt='%2.4f', delimiter='\t')
savetxt('filters5-15-stripes-256.txt', weights[:,:,4], fmt='%2.4f', delimiter='\t')
savetxt('filters6-15-stripes-256.txt', weights[:,:,5], fmt='%2.4f', delimiter='\t')
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WACV2020Paper1128_supplementaryMaterial/filter_training/oneshot-train-stripes.py
from __future__ import division
from keras.layers import Input, Conv2D, Lambda, merge, Flatten, MaxPooling2D, Dense, BatchNormalization
from keras.models import Model, Sequential
from keras.regularizers import l2
from keras import backend as K
from keras.optimizers import SGD, Adam
from keras.utils import plot_model
from keras.losses import binary_crossentropy
import tensorflow as tf
import numpy as np
from sklearn.preprocessing import binarize
from imutils import paths
import cv2 as cv
from PIL import Image
import skimage
from scipy.misc import imread
from sklearn.preprocessing import LabelEncoder
import numpy.random as rng
import os
import matplotlib.pyplot as plt
from sklearn.utils import shuffle


#######################################
# DATA HANDLING FUNCTIONS


def load_data_from_path(path_to_dataset):
    # initialize containers for data and labels
    data = []
    labels = []

    imagePaths = list(paths.list_images(path_to_dataset))

    # load data from patches directory into a numpy array
    print "[INFO] describing images in the dataset"
    for (i, imagePath) in enumerate(imagePaths):
        # read the i-th image
        image = cv.imread(imagePath, cv.IMREAD_GRAYSCALE)

        # extract the label
        path = imagePaths[i].split(os.path.sep)
        label = path[1]

        data.append(image)
        labels.append(label)

        # show the user an update of the process every 100 images
        if i > 0 and i % 1000 == 0:
            print("[INFO] processed images: {}/{}".format(i, len(imagePaths)))

    # converting the data into 4D array with [0, 1] range
    data = np.array(data) / 255.0

    # encode the labels into numbers from range [0, n_classes]
    encoder = LabelEncoder()
    labels_encoded = encoder.fit_transform(labels)

    print "Data array shape is as follows:"
    print data.shape
    total_samples, height, width = data.shape

    print "Unique classes and sample counts in each class"
    [unique, counts] = np.unique(labels_encoded, return_counts=True)

    return data, labels_encoded, unique, counts



def get_batch(batch_size, data, labels_encoded, unique, counts):

    n_classes = unique.size
    n_examples = counts
    total_samples, height, width = data.shape

    # sample n_batch * 2 class IDs - randomly sample classes to use in this batch
    classes = rng.choice(n_classes, size=(batch_size * 2,), replace=False)
    n_examples = n_examples[classes]

    # initialize 2 empty arrays for the input image batch
    pairs = [np.zeros((batch_size, height, width, 1)) for i in range(2)]

    # initialize vector for storing the targets
    targets = np.zeros((batch_size,))
    # second half - same class pairs, eg. '1' target
    targets[batch_size // 2:] = 1

    # print "Chosen batch size is {}".format(batch_size)
    # now iterate over batch and pick respective pairs
    for i in range(batch_size):
        # print "Creating pair number {}".format(i)
        # pick the first class
        class_1 = classes[i]
        # print "Class ID is {}".format(class_1)
        # determine the number of available examples
        available_examples_1 = n_examples[i]
        # randsample two examples
        idx_1 = rng.choice(available_examples_1 - 1, size=2, replace=False)

        # now get the image data from the data array
        # all samples from this class at first
        class_1_samples = data[labels_encoded == class_1]

        # now the correct one goes into pairs array
        sample_1 = class_1_samples[idx_1[0]]
        pairs[0][i, :, :, :] = sample_1.reshape(height, width, 1)

        # and the second image from pair
        if i >= batch_size // 2:
            # for genuine pairs this is simple
            sample_2 = class_1_samples[idx_1[1]]
            # print "Genuine pair, second class ID is {}".format(class_1)
            # print "Available examples number is {}".format(available_examples_1)
        else:
            # add a fixed number = batch_size to the class index
            class_2 = classes[i + batch_size]

            # print("Impostor pair, second class ID is {}".format(class_2))
            # do the same stuff as for the genuines
            available_examples_2 = n_examples[i + batch_size]
            # print "Available examples number is {}".format(available_examples_2)
            idx_2 = rng.choice(available_examples_2 - 1, size=1, replace=False)
            class_2_samples = data[labels_encoded == class_2]

            # get the sample into pairs array
            sample_2 = class_2_samples[idx_2[0]]

        pairs[1][i, :, :, :] = sample_2.reshape(height, width, 1)

    return pairs, targets


def generate(batch_size):
    # a generator for batches, so model.fit_generator can be used
    while True:
        pairs, targets = get_batch(batch_size)
        yield (pairs, targets)


#######################################
# IRIS DATA LOADING

training_data = "stripes256-noEyelids"
testing_data = "stripes256-test"
data, labels_encoded, unique, counts = load_data_from_path(training_data)
data_test, labels_test, unique_test, counts_test = load_data_from_path(testing_data)

#######################################
#NETWORK STUFF

# initialize weights randomly
def W_init(shape, name=None):
    values = rng.normal(loc=0, scale=1e-2, size=shape)
    return K.variable(values, name=name)


# initialize biases randomly
def B_init(shape, name=None):
    values = rng.normal(loc=0.5, scale=1e-2, size=shape)
    return K.variable(values, name=name)


# building the model here - each half of the siamese net looks like this
input_shape = (64, 256, 1)
left_input = Input(input_shape)
right_input = Input(input_shape)

halfnet = Sequential()
halfnet.add(Conv2D(6, (9, 27), activation='sigmoid', input_shape=input_shape, kernel_initializer=W_init,
                   kernel_regularizer=l2(2e-4), padding="same"))
# halfnet.add(BatchNormalization())
halfnet.add(Flatten())
# halfnet.add(Dense(4096, activation='sigmoid', kernel_regularizer=l2(1e-3), kernel_initializer=W_init, bias_initializer=B_init))

# encode each of the two inputs
encoded_left = halfnet(left_input)
encoded_right = halfnet(right_input)

# merge the two encoded inputs with HD between them
# HD = lambda x: K.abs(tf.keras.backend.round(x[0]) - tf.keras.backend.round(x[1]))
HD = lambda x: K.abs(x[0] - x[1])

both = merge([encoded_left, encoded_right], mode = HD, output_shape=lambda x: x[0])
prediction = Dense(1, activation='sigmoid', bias_initializer=B_init)(both)

# and create the final siamese network
siamese_net = Model(inputs=[left_input, right_input], outputs=prediction)

# then compile it
optimizer = Adam(0.0006)
# optimizer = SGD(lr=0.0001, momentum=0.9)
siamese_net.compile(loss="binary_crossentropy", optimizer=optimizer, metrics=['accuracy'])

print "Successfully compiled the model."

# count the parameters of our net
print "Parameters count:"
print siamese_net.count_params()
plot_model(halfnet, to_file='halfnet.png', show_shapes=True, show_layer_names=True)
plot_model(siamese_net, to_file='coldiris-siamese.png', show_layer_names=True, show_shapes=True)

print "Summary of the network:"
print siamese_net.summary()
print siamese_net.metrics_names

################################################
# NETWORK TRAINING
batch_size = 32
n_iterations = 20000

weights_path = "weights-6x9x27-20000-stripes-256"
# variable to store accuracies
accuracies = np.zeros((n_iterations//100, ))
losses = np.zeros((n_iterations//100, ))
accuracies_test = np.zeros(((n_iterations//100), ))
losses_test = np.zeros(((n_iterations//100), ))

# #######
# create a fixed batch of testing data
inputs_test, targets_test = get_batch(42, data_test, labels_test, unique_test, counts_test)

print "[INFO] Training begins..."

for i in range(1, n_iterations):
    (inputs, targets) = get_batch(batch_size, data, labels_encoded, unique, counts)
    [loss, accuracy] = siamese_net.train_on_batch(inputs, targets)
    print accuracy
    if i > 0 and i % 100 == 0:
        print("[INFO] processed iterations: {}/{}".format(i, n_iterations))
        # and evaluate the testing accuracy while we are here
        [loss_test, accuracy_test] = siamese_net.test_on_batch(inputs_test, targets_test)
        accuracies_test[i//100] = accuracy_test
        losses_test[i // 100] = loss_test
        accuracies[i//100] = accuracy
        losses[i//100] = loss

        print "Accuracy on the testing set is {}".format(accuracy_test)


print "[INFO] Saving the model weights..."
siamese_net.save(weights_path)

plt.plot(accuracies)
plt.ylabel('training accuracy')
plt.xlabel('iterations')
plt.title('ColdIris-Siamese (stripes256, training acc)')
plt.grid(True)
plt.savefig('acc-train-6x9x27-20000-stripes-2.png')
plt.show()

plt.plot(losses)
plt.ylabel('training loss')
plt.xlabel('iterations')
plt.title('ColdIris-Siamese (stripes256, training loss)')
plt.grid(True)
plt.savefig('loss-train-6x9x27-20000-stripes-256.png')
plt.show()

plt.plot(accuracies_test)
plt.ylabel('testing accuracy')
plt.xlabel('iterations')
plt.title('ColdIris-Siamese (stripes256, testing acc)')
plt.grid(True)
plt.savefig('acc-test-6x9x27-20000-stripes-256.png')
plt.show()

plt.plot(losses_test)
plt.ylabel('testing loss')
plt.xlabel('iterations')
plt.title('ColdIris-Siamese (stripes256, testing loss)')
plt.grid(True)
plt.savefig('loss-test-6x9x27-20000-stripes-256.png')
plt.show()
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from __future__ import division
from keras.layers import Input, Conv2D, Lambda, merge, Flatten, MaxPooling2D, Dense
from keras.models import Model, Sequential, load_model
from keras.regularizers import l2
from keras import backend as K
from keras.backend import eval
from keras.optimizers import SGD, Adam
from keras.utils import plot_model
from keras.losses import binary_crossentropy
import tensorflow as tf
import numpy as np
from sklearn.preprocessing import binarize
from imutils import paths
import cv2 as cv
from PIL import Image
import skimage
from scipy.misc import imread
from sklearn.preprocessing import LabelEncoder
import numpy.random as rng
import os
import matplotlib.pyplot as plt
from sklearn.utils import shuffle
from mat4py import savemat
from numpy import savetxt



#######################################
# DATA HANDLING FUNCTIONS


def load_data_from_path(path_to_dataset):
    # initialize containers for data and labels
    data = []
    labels = []

    imagePaths = list(paths.list_images(path_to_dataset))

    # load data from patches directory into a numpy array
    print "[INFO] describing images in the dataset"
    for (i, imagePath) in enumerate(imagePaths):
        # read the i-th image
        image = cv.imread(imagePath, cv.IMREAD_GRAYSCALE)

        # extract the label
        path = imagePaths[i].split(os.path.sep)
        label = path[1]

        data.append(image)
        labels.append(label)

        # show the user an update of the process every 100 images
        if i > 0 and i % 1000 == 0:
            print("[INFO] processed images: {}/{}".format(i, len(imagePaths)))

    # converting the data into 4D array with [0, 1] range
    data = np.array(data) / 255.0

    # encode the labels into numbers from range [0, n_classes]
    encoder = LabelEncoder()
    labels_encoded = encoder.fit_transform(labels)

    print "Data array shape is as follows:"
    print data.shape
    total_samples, height, width = data.shape

    print "Unique classes and sample counts in each class"
    [unique, counts] = np.unique(labels_encoded, return_counts=True)

    return data, labels_encoded, unique, counts



def get_batch(batch_size, data, labels_encoded, unique, counts):

    n_classes = unique.size
    n_examples = counts
    total_samples, height, width = data.shape

    # sample n_batch * 2 class IDs - randomly sample classes to use in this batch
    classes = rng.choice(n_classes, size=(batch_size * 2,), replace=False)
    n_examples = n_examples[classes]

    # initialize 2 empty arrays for the input image batch
    pairs = [np.zeros((batch_size, height, width, 1)) for i in range(2)]

    # initialize vector for storing the targets
    targets = np.zeros((batch_size,))
    # second half - same class pairs, eg. '1' target
    targets[batch_size // 2:] = 1

    # print "Chosen batch size is {}".format(batch_size)
    # now iterate over batch and pick respective pairs
    for i in range(batch_size):
        # print "Creating pair number {}".format(i)
        # pick the first class
        class_1 = classes[i]
        # print "Class ID is {}".format(class_1)
        # determine the number of available examples
        available_examples_1 = n_examples[i]
        # randsample two examples
        idx_1 = rng.choice(available_examples_1 - 1, size=2, replace=False)

        # now get the image data from the data array
        # all samples from this class at first
        class_1_samples = data[labels_encoded == class_1]

        # now the correct one goes into pairs array
        sample_1 = class_1_samples[idx_1[0]]
        pairs[0][i, :, :, :] = sample_1.reshape(height, width, 1)

        # and the second image from pair
        if i >= batch_size // 2:
            # for genuine pairs this is simple
            sample_2 = class_1_samples[idx_1[1]]
            # print "Genuine pair, second class ID is {}".format(class_1)
            # print "Available examples number is {}".format(available_examples_1)
        else:
            # add a fixed number = batch_size to the class index
            class_2 = classes[i + batch_size]

            # print("Impostor pair, second class ID is {}".format(class_2))
            # do the same stuff as for the genuines
            available_examples_2 = n_examples[i + batch_size]
            # print "Available examples number is {}".format(available_examples_2)
            idx_2 = rng.choice(available_examples_2 - 1, size=1, replace=False)
            class_2_samples = data[labels_encoded == class_2]

            # get the sample into pairs array
            sample_2 = class_2_samples[idx_2[0]]

        pairs[1][i, :, :, :] = sample_2.reshape(height, width, 1)

    return pairs, targets


def generate(batch_size):
    # a generator for batches, so model.fit_generator can be used
    while True:
        pairs, targets = get_batch(batch_size)
        yield (pairs, targets)


#######################################
# IRIS DATA LOADING

# training_data = "stripes"
testing_data = "stripes256-test"
# data, labels_encoded, unique, counts = load_data_from_path(training_data)
data_test, labels_test, unique_test, counts_test = load_data_from_path(testing_data)

# necessary functions for model initialization
# initialize weights randomly
def W_init(shape, name=None):
    values = rng.normal(loc=0, scale=1e-2, size=shape)
    return K.variable(values, name=name)


# initialize biases randomly
def B_init(shape, name=None):
    values = rng.normal(loc=0.5, scale=1e-2, size=shape)
    return K.variable(values, name=name)

# TODO initialize the model once again

# building the model here - each half of the siamese net looks like this
input_shape = (64, 256, 1)
left_input = Input(input_shape)
right_input = Input(input_shape)

halfnet = Sequential()
halfnet.add(Conv2D(6, (9, 15), activation='sigmoid', input_shape=input_shape, kernel_initializer=W_init,
                   kernel_regularizer=l2(2e-4), padding="same"))
halfnet.add(Flatten())
# halfnet.add(Dense(4096, activation='sigmoid', kernel_regularizer=l2(1e-3), kernel_initializer=W_init, bias_initializer=B_init))

# encode each of the two inputs
encoded_left = halfnet(left_input)
encoded_right = halfnet(right_input)

# merge the two encoded inputs with HD between them
# HD = lambda x: K.abs(tf.keras.backend.round(x[0]) - tf.keras.backend.round(x[1]))
HD = lambda x: K.abs(x[0] - x[1])

both = merge([encoded_left, encoded_right], mode = HD, output_shape=lambda x: x[0])
prediction = Dense(1, activation='sigmoid', bias_initializer=B_init)(both)

# and create the final siamese network
siamese_net = Model(inputs=[left_input, right_input], outputs=prediction)

# then compile it
optimizer = Adam(0.0006)
siamese_net.compile(loss="binary_crossentropy", optimizer=optimizer, metrics=['accuracy'])


# TODO and then just load the weights
weights_path = "weights-6x9x15-20000-stripes-256"
siamese_net.load_weights(weights_path)




# TODO testing
inputs_test, targets_test = get_batch(42, data_test, labels_test, unique_test, counts_test)
[loss_test, accuracy_test] = siamese_net.test_on_batch(inputs_test, targets_test)
print "Accuracy on the v3 testing data batch is {}".format(accuracy_test)
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