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% Written by CJ 04/09/16 this program models the re tinal reflections  

% present in the mark II dataset. It does this acco rding to a routine  

% defined by TM in Aug 2016.  

  

%Edit Jan 2017  

  

%This require accurate retinal reflection data to w ork correctly. The 
model  

%eye data is used to convert camera signal to retin al reflection after  

%the CCD bias and blinks have been removed, but BEF ORE image 
registration.  

%(this process occurs in IDL).  

  

% The free fit is run topographically with Lens, Ma cular Pigment and 
Outer % retinal reflectance parameters fixed to the  values obtained 
for each  

% participant in the fovea. (manual input) The ante rior reflections 
are  

% returned at each x, y pixel location. This should  provide a  

% physiologically plausible map of the RNFL and mel anin density.  

  

% finally, the sum of the anterior reflections is s ubtracted from the 
raw  

% reflection data and the true OD calculated.  

  

close all ; clc; clear  

  

%define the wavelengths used in the mark II densito meter.  

wavelengths = [450,470,500,545,590,620,650,680,710, 740];  

  

% loads the images, the first argument defines whet her the bleached 
images  
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% are loaded, the second argument defines whether t he dark-adapted 
images  

% are loaded ('yes' or 'no').  

[bleach, ~] = load_images( 'yes' , 'no' );  

  

% finds the lowest pixel in the image, this is the 450nm fovea (due to 
the % absorbing macular pigment)  

[fovea_x, fovea_y, min_val] = foveal_location(bleac h(1,:,:));  

  

% performs a circular crop, centred on the fovea, 3 0 pixel radius (~15  

% degrees radius;  

[bleach] = circular_crop(bleach, 'no' , fovea_y, fovea_x);  

% crops image to the central 30 degrees (60 pixels)  

bleach = bleach(:,fovea_y-30:fovea_y+30,fovea_x-30: fovea_x+30);  

  

% run the model  

[topography_maps, anterior_stray_light_stack, const ants, 
media_density] = Chapter_8_reflection_model_May2017 (bleach);  

  

%load and calculate the Dark data  

[~, dark] = load_images( 'no' , 'yes' );  

  

% performs a circular crop, centered on the fovea, 30 pixel radius 
(~15  

% degrees radius)  

[dark] = circular_crop(dark, 'no' , fovea_y, fovea_x);  

  

% crops image to the central 30 degrees (60 pixels)  

dark = dark(:,fovea_y-30:fovea_y+30,fovea_x-30:fove a_x+30);  

  

% subtract the stray light reflectance contribution  from the bleach 
data  

true_bleach = bleach - anterior_stray_light_stack;  

  

% subtract anterior stray light from dark images  

true_dark = dark - anterior_stray_light_stack;  

  

% calculate the 'true' OD maps  
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true_OD = real(log10(true_bleach./true_dark));  

% select either the experimental spectra for rod an d ‘mixed’ cone, or 
the dartnall data by commenting/uncommenting the re levant lines.  

% m_cone = [0.429 0.555 0.823 0.955 0.427 0.155 0 0  0 0]; % dartnall  

% l_cone = [0.363 0.41 0.594 0.9505 0.822 0.449 0.1 27 0 0 0]; % 
dartnall  

% mixed_cone (m_cone+l_cone)/2; % dartnall 

rod = [0.605 0.83 0.995 0.5075 0.11 0.037 0 0 0 0];  %experimental 
spectra  

mixed_cone = [0.640 0.777 1.00 0.768 0.125 0.0271 0 .007 -0.022 -0.025 
-0.017]; %experimental spectra  

  

% run the photopigment isolation model  

[rod_photoreceptors, cone_photoreceptors] = 
Image_fit_2_spectra_to_model_aveOD(true_OD,rod,mixe d_cone);  

�
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function  [bleach_stack, dark_stack] = 
load_images(load_bleach,load_dark)  

  

% loads the images, the first argument defines whet her the bleached 
images  

% are loaded, the second argument defines whether t he dark adapted 
images  

% are loaded (ans 'yes' or 'no'). Further options a re then available 
to  

% select the correct folder, filename and if the im ages are averaged 
or  

% not. Can load either the full times sequence or t he averaged images 
for  

% the dark adapted series (only)  

  

%Load retinal reflectance images, created by IDL.  

image_location = uigetdir( 'F:\PhD\Thesis\Chapter 8 - Ocular reflection 
model\retinal reflectance images\' );  

if  strcmp(load_bleach, 'yes' );  

    % loads a dialog box where the user can define the filename of the  

    % images to be loaded.  

    [image_identifier] = load_image_dialog_box( 'bleach' );  
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    %The full time series for the bleached image is loa ded.  

    for  LEDs = 1:10  

        LEDs;  

        image_name = ([num2str(LEDs-1),image_identi fier, '.tif' ]); % 
sort the filename  

        image_dir = strcat(image_location, '\' , image_name); % sort 
the filename  

        data(:,:,:) = double(imread(image_dir)); % load the images  

        bleach = data(1:15,:,:); % Crop the time series to the first 
30 seconds.  

        [bleach] = remove_blinks_image(bleach); % remove blinks.  

        bleach = imrotate(bleach,180, 'bilinear' ); % rotate to correct 
orientation.  

        bleach_stack(LEDs,:,:) = bleach; % save the average images 
into an LED indexed stack  

         

        clear data  % reset the 'data'  

         

    end  

    disp( 'bleached time sequence loaded' ) % remind user which images 
loaded  

else  

    bleach_stack = zeros; %empty output to keep arguments happy  

    disp ( 'bleached images not loaded' ) % remind user which images 
loaded  

     

end  

  

if  strcmp(load_dark, 'yes' );  

    % loads a dialog box  

    [choice] = choose_sequence_type;  

    % loads a dialog box where the user can define the filename of the  

    % images to be loaded.  

    [image_identifier] = load_image_dialog_box( 'dark' );  

     

    %Load the full time series for the dark adapted ima ges, or only a 
single averaged frame? Can do either.  
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    if  strcmp(choice, 'single averaged image' ) %can pre-averaged (IDL) 
dark adapted images  

        for  LEDs = 1:10 % indexs the stack in wavelength order (1-10)  

            image_name = ([num2str(LEDs-1),image_id entifier, '.tif' ]);  
% sort the filename  

            image_dir = strcat(image_location, '\' , image_name); % 
sort the filename  

            data(LEDs,:,:) = imread(image_dir); % load the images  

            data = imrotate(data,180, 'bilinear' ); % rotate to correct 
orientation.  

             

            clear data  % reset the 'data'  

             

        end  

        disp( 'averaged dark adapted images loaded' ) % remind user 
which images loaded  

    end  

     

    if  strcmp(choice, 'time sequence' ) %can load the dark adapted 
image series  

        for  LEDs = 1:10 % indexes the stack in wavelength order (1-10)  

            image_name = ([num2str(LEDs-1),image_id entifier, '.tif' ]); 
% sort the filename  

            image_dir = strcat(image_location, '\' , image_name); % 
sort the filename  

            data(:,:,:) = double(imread(image_dir)) ; % load the images  

            [dark] = remove_blinks_image(data); % remove blinks  

            dark = imrotate(dark,180, 'bilinear' ); % rotate to correct 
orientation.  

            dark_stack(LEDs,:,:) = dark; % save the average images 
into an LED indexed stack  

             

            clear data  % reset the 'data'  

             

        end  

        disp( 'dark time sequence loaded' ) % remind user which images 
loaded  

         

    end  
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else  

    dark_stack = zeros; %empty output to keep arguments happy  

    disp( 'dark adapted images not loaded' ) % remind user which images 
loaded  

end  

end  
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function  [ave_bleach] = remove_blinks_image(bleach_stack)  

  

[nCycles, rows, columns] = size(bleach_stack);  

  

for  y = 1:125  

    y;  

    for  x = 1:125  

        %     this section of the code removes the larger b links from  

        %     the data set  

        pixel_signal = bleach_stack(:,x,y); %finds the signal of the 
entire frame - blinks will show up!  

        %         pixel_signal = pixel_signal'; %transposes  the matrix 
so same dimensions as mean_matrix  

        %             figure(1)  

        %             plot(pixel_signal)  

        %             hold on  

         

        mean_signal = mean(pixel_signal); %finds the mean of the time 
series, for a single pixel  

        stdev_signal = std(pixel_signal); %%finds the STD DEV of the 
time series, for a single pixel  

        mean_matrix = repmat(mean_signal,nCycles,1) ; %creates a matrix 
of mean signal  

        stdev_matrix = repmat(stdev_signal,nCycles, 1); %creates a 
matrix of std dev signal  

         

        %all outlying data = mean signal  

        outliers = abs(pixel_signal - mean_matrix) > 1*stdev_matrix;  

        pixel_signal(outliers) = mean_signal;  
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        average_pixel = mean(pixel_signal);  

                 

        ave_bleach(x,y) = average_pixel;  

    end  

end  

end 
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function  [fovea_x, fovea_y, fovea_value] = 
foveal_location(image_stack)  

%find the lowest x,y location in the image. needs t o be cropped out 
the  

%edge noise to find the lowest pixel in the retina,  not image. Depends 
on  

%macular pigment absorption in the short wavelength s to determine the  

%foveal location  

  

[LED columns rows] = size(image_stack);  

  

%finds the x,y locations of the min camera signal ( i.e. the fovea)  

if  rows == 125 %the input stack is uncropped (125x125), crop it no w.  

    image450central(:,:) = image_stack(1,55:100,25: 75); % crops full 
size  

    %image to central macular region for 450nm LED  

else  %if the image is already cropped carry on.  

    image450central(:,:) = image_stack(1,:,:); % load 450nm LED  

end  

  

fovea_value = min(min(image450central(image450centr al>0))); % must  

%ignore all values below 0 as these will be in the unimaged peripheral 
noise  

  

[fovea_y,fovea_x] = find(image450full==fovea_value) ; % find the  

%pixel location with the 'foveal value' in the uncr opped image.  

end  
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Function circular crop 

function  [image_stack] = circular_crop(images, y, x)  

% creates an inverse circular mask, all pixels outs ide the mask become 
0.  

% The mask is centred on the foveal pixel.  

  

[leds, cols, rows] = size(images);  

  

for  i = 1:leds %index the stack in wavelength order  

    I(:,:) = images(i,:,:); %select a single wavelength  

    imageSize = size(I); %size of image (in pixels)  

    ci = [y, x, 32]; % centre and radius of circle ([c_row, c_col, r])  

    [xx,yy] = ndgrid((1:imageSize(1))-ci(1),(1:imag eSize(2))-ci(2)); 
%creates a matrix for the circular mask, based on i mage size  

    mask = ((xx.^2 + yy.^2)<ci(3)^2); % creates a matrix for the 
circular mask, based on image size  

    cropped_image = (zeros(size(I))); % creates matrix for the cropped 
image.  

    cropped_image(:,:) = I(:,:).*mask; % masked pixels become 0  

     

    image_stack(i,:,:) = cropped_image; %index the stack  

end  

end  
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function  [topography_maps, anterior_stray_light_stack, para _c, 
media_density] = Chapter_8_reflection_model_May2017 (images)  

%Reflection model - takes the percentage retinal re flection images and  

%models to obtain a stray light parameter.  

  

[fovea_x, fovea_y, ~] = foveal_location(images(1,:, :)); %finds the 
lowest %pixel in the 450nm image  

  

[LEDs, columns, rows] = size(images); %size of image stack  

  

%place holders for the variable 'maps'  

Vr_in_map = zeros(columns, rows);  

Vmelanin_map = zeros(columns, rows);  
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Vhaem_map = zeros(columns, rows);  

Vsclera_map = zeros(columns, rows);  

anterior_stray_light_stack = zeros(10, columns, row s);  

  

%name the variables in order - this section is just  a reminder, it is 
not  

%actually code.  

% Rlens. This is a CONSTANT, defined for each parti cipant at the fovea  

% in excel (solver).  

% Vmp. This is a CONSTANT, defined for each partici pant using the  

% Kilbride(1990) equation.  

% Rr_out. This is a CONSTANT, defined for each part icipant at the 
fovea  

% in excel (solver).  

  

% x1 = Vr_in. This is a VARIABLE.  

% x2 = Vhaem. This is a VARIABLE.  

% x3 = Vmel. This is a VARIABLE.  

% x4 = Vsclera. This is a VARIABLE.  

  

%define the starting points and upper/lower bounds for the model 
fitting  

%procedure.  

x0 = [0.0078,178,1.10,0.65]; %these starting values have been found to 
model HM parafovea perfectly in Excel  

x = [0.0078,178,1.10,0.65]; %placeholder for variables (x)  

lb = [0,0,0,0]; % lower bounds, no constraint needed  

ub = [10000,10000,10000,10000]; %upper bounds, no constraint needed  

para_c = x; %starting variables saved so each pixel has the sam e 
starting points.  

  

%loads the data in table 8.5  

[model_constants,titles] = xlsread( 'F:\PhD\Papers\Reflection 
model\Model Thesis chapter 8 interpolated' , 'Matlab Input' , 'C6:K16' ); 
%Loads the spectral data for the model to work.  

  

%Define the constants age, Rlens, Dmp, Rr_out  
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%input the patients age. This scales the optical me dia absorption.  

prompt={ 'Enter age' };  

name = 'age' ;  

defaultans = { '30' };  

options.Interpreter = 'tex' ;  

answer = inputdlg(prompt,name,[1 40],defaultans,opt ions);  

[age ~] = str2num(answer{1});  

  

prompt={ 'Enter lens reflection' };  

name = 'Rlens' ;  

defaultans = { '0.01' };  

options.Interpreter = 'tex' ;  

answer = inputdlg(prompt,name,[1 40],defaultans,opt ions);  

[Rlens ~] = str2num(answer{1});  

  

prompt={ 'Enter macular pigment absorption' };  

name = 'Dmp_max' ;  

defaultans = { '0.05' };  

options.Interpreter = 'tex' ;  

answer = inputdlg(prompt,name,[1 40],defaultans,opt ions);  

[Dmp_max ~] = str2num(answer{1});  

  

prompt={ 'Enter outer retinal reflectance' };  

name = 'Rr_out' ;  

defaultans = { '0.09' };  

options.Interpreter = 'tex' ;  

answer = inputdlg(prompt,name,[1 40],defaultans,opt ions);  

[Rr_out ~] = str2num(answer{1});  

  

wavelengths = model_constants(:,1); %obtains the wavelength 
information  

%from the loaded model constants.  

  

%This defines media density with an age dependance.  The equation has  

%been taken from van de Kraats 2007 paper on the pr operties of the 
ocular media.  

media_density = ...  
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    ((400./(wavelengths(:,:))).^4).* ...                        MRL see 
VdK 2007  

    (0.225+0.000031.*age.^2)+ ...                               DRL see 
VdK 2007  

    (2.13.*exp(-((0.029.*(wavelengths(:,:)-370)).^2 ))).* ...    MLY see 
VdK 2007  

    (0.998+0.000063.*age.^2)+ ...                               DLY see 
VdK 2007  

    (11.95.*exp(-((0.021.*(wavelengths(:,:)-325)).^ 2))).* ...   MLOUV 
see VdK 2007  

    (0.059+0.000186.*age.^2)+ ...                               DLOUV 
see VdK 2007  

    (1.43.*exp(-((0.008.*(wavelengths(:,:)-325)).^2 ))).* ...    MLO see 
VdK 2007  

    (0.016+0.000132.*age.^2);                                 %DLO see 
VdK 2007  

model_constants(:,9) = media_density; %over-writes the absorption of 
the optical media based on the patients aged.  

  

%define the macular pigment gaussian map here  

FWHM = (1.93+0.03*age)/0.48; %1.93+0.03*age comes from equation in 
Chen et  

%al 2001 figure 6. Gives a total spread of MP of ~1 0degrees. 0.48 is 
the  

%degrees per pixel of the mark II  

  

mp_x=1:columns; %creates a matrix the same size as a Mark II image  

mp_y=1:rows; %creates a matrix the same size as a Mark II image  

[MP_X,MP_Y]=meshgrid(mp_x,mp_y); %creates a matrix the same size as a 
Mark II image  

MacPig_matrix =((Dmp_max).*exp(-((MP_X-fovea_x).^2/ (2*FWHM^2))-((MP_Y-
fovea_y).^2/(2*FWHM^2)))); %+e(:,LED); %fills the matrix with macular 
pigment Gaussian data  

  

%Now, run the model itself. this model is for bleac hed data only  

%measured reflectance is the retinal reflectance at  a given pixel 
location.  

%create the function using the above equation  

fun = @(x,wavelengths,measured_reflectance) ...  

    ((model_constants(:,2).*Rlens).*10.^-(model_con stants(:,9)))+ ...  
lens section of model equation  
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    ((model_constants(:,3).*x(1)).*10.^-
(2.*(model_constants(:,9)+(model_constants(:,4).*Dm p))))+ ...  RNFL 
section of model equation  

    ((model_constants(:,5).*Rr_out).*10.^-
(2.*(model_constants(:,9)+(model_constants(:,4).*Dm p))))+ ...  RPE 
reflectance section of model equation  

    ((model_constants(:,8).*x(4)).*10.^-
(2.*(model_constants(:,9)+(model_constants(:,4).*Dm p)+(model_constants
(:,6).*x(2))+(model_constants(:,7).*x(3))))) %scleral section of model 
equation.  

  

%the model fitting algorithm, (levenberg-marquardt)  

options = optimoptions(@lsqcurvefit, 'Algorithm' , 'trust-region-
reflective' , 'Display' , 'off' , 'MaxFunEvals' , 30000, 'MaxIter' , 
1600); %'FunctionTolerance', 1e-7, 'OptimalityTolerance', 1e-7, 
'MaxFunctionEvaluations', 30000);  

x = 
lsqcurvefit(fun,x0,wavelengths,measured_reflectance ,lb,ub,options); 
%(the equation, the variables, the Xdata, the Ydata , lower bounds, 
upper bounds, options/settings)  

  

i = 1;  

% the model fitting procedure.  

for  columns = 1:columns %y pixel location  

    for  rows = 1:rows %x pixel location  

        x = para_c; %reset to pre-determined constants  

        measured_reflectance = double(images(:,colu mns,rows)); %obtain 
retinal reflectance from the bleached images.  

        Dmp = double(MacPig_matrix(columns,rows)); %obtain Dmp from 
the macular pigment map  

         

        if  measured_reflectance(1,1) == [0]; %i.e. outside the 
circular crop - don’t bother modelling  

            x = [0 0 0 0];  

            x0 = [0 0 0 0];  

        else  

            %run the model  

            x = 
lsqcurvefit(fun,x0,wavelengths,measured_reflectance ,lb,ub,options); 
%(the equation, the variables, the Xdata, the Ydata , lower bounds, 
upper bounds, options/settings)  

        end  
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        modelled_stray_light = ...  %calculate the anterior stray light 
from lens and inner retinal  

            ((model_constants(:,2).*Rlens).*10.^-
(model_constants(:,9)))+ ...  lens section of model equation  

            ((model_constants(:,3).*x(1)).*10.^-
(2.*(model_constants(:,9)+(model_constants(:,4).*Dm p)))); % inner 
retinal section of model equation  

         

        % save the topography maps  

        Vr_in_map(columns, rows) = x(1);  

        Vhaem_map(columns, rows) = x(2);  

        Vmelanin_map(columns, rows) = x(3);  

        Vsclera_map(columns, rows) = x(4);  

        anterior_stray_light_stack(:, columns, rows ) = 
modelled_stray_light;  

         

    end  

end  

end  
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function  [rod_photoreceptors_frame, cone_photoreceptors_fra me] = 
Image_fit_2_spectr (pigmentOD,rod,cone)  

%fits the spectra from a single cycle. It then comp ares this to the 
pre-%determined normalised rod and cone spectra fro m the prelim data 
set and %defined in the parent routine ‘topographic al modelling.m'. 
This routine %uses a sub routine 'Fit 2 Pigments' t o compare and model 
the spectra signature of the  

%experimental data.  

  

[LEDs, rows, columns] = size(pigmentOD);  

% Rphotoreceptors = zeros(10,1,15,15);% this is the  array populated by 
RC estimates from fitpgiments  

% spectra_frame = zeros(LEDs, nCycles, rows, column s);  

% spectra_pixel = zeros(10,1);  

  

%pre-index variables  

rod_photoreceptors_frame = zeros(rows,columns);  
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cone_photoreceptors_frame = zeros(rows,columns);  

spectra_pixel = zeros(LEDs,1);  

  

%break the image down to individual pixels  

for  y = 1:columns  

    for  x = 1:rows  

        for  LEDs = 1:LEDs  

            signal_pixel(:,:,:) = pigmentOD(LEDs,x, y); % this is a OD 
at a single wavelength for a single pixel.  

            spectra_pixel(LEDs,:) = signal_pixel; % this is the 
spectrum for a single pixel.  

        end  

        spectra_pixel = spectra_pixel'; %translates the spectra into 
the correct shape for fitpigments4 to work.  

         

        [estimates] = fit2pigments(spectra_pixel,ro d,cone); % this 
calls up the fitpigment  

        % programme to do the fitting, which eventually pop ulates the 
array  

        % RCphotoreceptors defined at the beginning of this  program  

        r = estimates (1); %rod response for a single pixel  

        c = estimates (2); %cone response for a single pixel  

         

        rod_photoreceptors_frame(x,y) = r; %single frame of fitted rod 
response  

        cone_photoreceptors_frame(x,y) = c; %single frame of fitted 
cone response  

    end  

end  

end  

+�������K�+�����	��
�����

function  [OD_estimates, ModelCurve] = fit_2_pigments(ydata, rod,cone)  

% Call fminsearch with a random starting point.  

  

%Ver2 

  

% - this gives a good model for the data. However, the proportion  

%involvement ('OD_estimates') from the rods and L c ones is 
insignificant and often negative.  
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%This needs to be constrained to a positive value w hilst retaining 
this  

%fit.  

% - ModelCurve is the 2nd function output, this cor responds to the 
final  

% iteration of the model and thus an accurate repre sentation of the 
model  

% is now shown in pigments8  

  

%edit by CT & TM 28.05.14  

  

%Ver3 

% - This version will only check for cones and rods , as currently our 
data  

% does not contain the required spectral peaks for the model to remove 
3 

% curves.  

% - To revert to 3 pigments the arrays after start_ point and in  

% fminsearchbnd need to be 3, not 2). The functions  c and cone need to 
be 

% reverted to m and mcone in both this function AND  the pigments main  

%program (as in fitpigments1). Finally replace  

%FittedCurve = (rod*r)+(cone*C);  

%with  

%FittedCurve = (rod*r)+(mcone*m)+(lcone*l);  

%} 

%Ver4 loads the arguments absorption spectra in fro m the main program 
(rod and cone)  

  

start_point = [0.1 0.1]; %define starting points  

  

OD_estimates = fminsearch(@expfun, start_point);  

  

% expfun accepts curve parameters as inputs, and ou tputs sse,  

% the sum of squares error for A * exp(-lambda * xd ata) - ydata,  

% and the FittedCurve. FMINSEARCH only needs sse, b ut we want to  

% plot the FittedCurve at the end.  
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    function  [sse] = expfun(params)  

        r = params(1);  

        c = params(2);               

           

        ModelCurve = (rod*r)+(cone*c);  

        ErrorVector = ModelCurve - ydata;  

        sse = sum(ErrorVector .^ 2);  

    end  

end �

�
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