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basically to acquire image data from camera measurements. The second part consists of
MATLAB scripts (MATLAB R2012a) whose task is basically to do data processing on
the data acquired by 'Fluor'. The software was made by means of sample code provided
by the Camera producer (JAI) and the complete handbook [1] which contains description
of all camera functions.
The program was made as an MFC application project �le in Visual Studio 2010.

7.3.1 User description

Fluor

This section contains screen-shots of the computer software 'Fluor'. Illustrating colored
rectangles and circles are made for convenience, but are not found in the real program.
The program is run by clicking the exe-�le, 'Fluor.exe' in the folder 'Debug' of the Visual
studio project folder. See Figure 7.3 for illustration. The whole Project �le has to be
provided in order to run the program.
First step is therefore, as just explained and illustrated in Figure 7.3, to double click

on 'Fluor.exe'. Be sure that the camera is turned on and connected to the computer.
If not, the error message in Figure 7.4 will show up. Press then OK, exit the program,
and enter it one more time with the camera turned on and connected. If the camera was
found by the software, the camera ID is provided inside the gray rectangle in Figure 7.6.
Click on the icon surrounded by a red circle in �gure Figure 7.6, and choose the

preferable folder to contain the measurement data, and then click 'OK'. The data of
the di�erent measurements are then saved in corresponding folders inside the chosen
target folder. In each of these measurement folders, the text and ti� �les (averaged
later by MATLAB script) are saved. An example is provided in �gure 7.5a, where 'My
Measurements/1/' is chosen as the target folder.
The number of text and ti� �les stored per measurements can decided by the user,

by typing the wanted number in the edit boxes surrounded by the green (number of ti�
�les) and blue (number of text �les) circle.
By clicking on an arbitrary type of measurement, an explanation of the corresponding

measurement procedure can be read in the instruction �eld, highlighted by a red rectangle
in �gure Figure 7.7. All instructions are summarized in Table 7.1.
Before doing any measurement, click 'Start Acquistion' surrounded by a blue rectan-

gle in Figure 7.7. The maximum value of the image (of unit digital number) can then
be read inside the yellow rectangle of Figure 7.7. This value is used as a guideline to
adjust exposure-time, gain and power of light sources, so that the signal isn't saturated.
Illuminated gray standard by excitation light should be the target during these adjust-
ments. The signal should be as strong as possible without being saturated. When the
instructions from the instruction �eld and the setup is ful�lled, there is time to begin the
measurements. Click 'Save image', surrounded by a black rectangle in �gure Figure 7.7,
and wait during the image acquisition. The user can read the progress in the the in-
struction �eld, illustrated in Figure 7.8. When the acquisition is �nished, the user is
informed by a text box showed in Figure 7.9. The user then has to click 'OK' in the
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Figure 7.3: The project �le for this program is labeled 'Fluor'. The exe-�le is marked in
this �gure, and is found in the folder 'Debug'.
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Figure 7.4: Error Message received if Camera wasn't found.

Type of
measurement

Instruction

Dark Current \nDark Current Measurement:\n\n1. Turn o� all light sources so that only background noise is
present.\n2. Click 'Save Image'.

Calibration of
Emission Light

\nCalibration of Emission Light:\n\n1. Illuminate the gray standard by emission light\n2. Adjust
exposure time, gain and power of the light source so that the maximum value of image is (just)

below saturation.\n3. Click 'Save Image'\n4. Turn o� light source when done.

Calibration of
Excitation Light

\nCalibration of Excitation Ligh:\n\n1. Illuminate the gray standard by the excitation light\n2.
Keep the exposure time and gain as from 'Calibration of emission light', but adjust the power of the

light source so that the maximum value of image is (just) below saturation.\n3. Click 'Save
Image'\n4. Turn o� light source when done.

Calibration of
Excitation Light

with �lter

\nCalibration of Excitation Light with �lter:\n\nAs Calibration of Excitation Light, buth with
excitation �lter in front of camera.

Excitation Di�use
Re�ectance

\nExitation Di�use Re�ectance:\n\n1. Keep the excitation �lter in front of camera. \n2. Illuminate
the sample by the excitation light.\n4. Click 'Save Image'\n5. Turn o� light source when

done\n\n(Remember to keep the same setup as in the calibration measurements including positions,
exposure, gain and power of the light source)

Emission Di�use
Re�ectance

\nEmission Di�use Re�ectance:\n\n1. Illuminate the sample by the white light source through
glass-�lters.\n2. Click 'Save Image'\n3.Turn of light source when done.\n\n(Remember to keep the
same setup as in the calibration measurements including positions, exposure, gain and power of the

light source)

Fluorescence
without �lter

\nFluorescence without �lter:\n\n1. Illuminate the sample by the excitation light. \n2. Click 'Save
Image'. \n3. Turn o� excitation light when done.

Fluorescence with
�lter

\nFluorescence Measurements with �lter:\n\n1. Increase gain/exposure-time, and place the
emission �lter in front of camera\n2. Illuminate the sample by the excitation light. \n3. Click 'Save

Image'. \n4. Turn o� excitation light when done.

Dark Current 1 \nDark Current 1:\n\n1. Keep the exposure time and gain as in the 'Fluorescence with �lter'
measurements. \nTurn o� all light sources so that only background noise is present.\n3. Click save

image.

Extra \nExtra:\n\nEventually extra measurements

Table 7.1: Instructions showed inside the instruction �eld surrounded by a red rectangle
in Figure 7.7 when the corresponding type of measurement is selected.
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(a) The data is saved in corresponding measurement folders inside each sample folder
speci�ed by the user.

(b) Inside each measurement folder, the text- and ti� �les are
saved. In this example, 2 ti� �les, and 15 text �les are
saved in the dark current measurement.

Figure 7.5: Hierarchy of saved data
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Figure 7.6: The user decides which folder to save the measurement data by clicking inside
the red circle. Number of text and ti� �les can be speci�ed in the blue and
green circle respectively. Information about the camera ID is provided inside
the gray rectangle.
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Figure 7.7: Example of instructions of a measurement procedure.
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text-box, and there is time to prepare new measurements. When the instructions for the
new measurements is ful�lled, a new measurement can be done in the same way as just
described.

Figure 7.8: The user is told to wait until the image acqusition is �nished. Number of
acquired �les can constantly be read in the instruction �eld.

Figure 7.9: The user is informed when all �les are acquired. In this example, 2 ti� �les and
15 text-�les is saved in C:\Users\Torbjørn\Desktop\My Measurements\Dark
Current

When all measurements are done, acquisition is stopped by clicking 'Stop Acquisi-
tion' (surrounded by a green rectangle in Figure 7.7). Measurements data are saved in
corresponding folders in the folder speci�ed by The program is closed by clicking 'Exit'
(surrounded by a brown rectangle in Figure 7.7).
There are several error messages in the program, trying to prevent the user to do some-

thing he/she doesn't want to do. Examples of error-messages are found in Figure 7.10.
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Figure 7.10: Two examples of error messages.

MATLAB scripts

When the image data is acquired by 'Fluor', all measurement data are saved in corre-
sponding folders as showed in 7.5a. The MATLAB scripts have to be saved in the folder
'My Measurements' to work properly. 20 samples are investigated in the explanation of
this section. The data of the 20 samples are saved in 'My Measurements/[number of
measurement]/'. Measurements of sample 12 is for example saved in the target folder
'My Measurements/12/'. See Figure 7.11 for illustration. There are at most 10 mea-
surements for each sample, where the folders of all these measurements are illustrated
in 7.5a. However, some measurements, i.e. Dark Current and calibration measurements
are not repeated for each sample. The user has to specify inside the script which sample
folder that contain dark current and calibration measurements, and for which samples
these measurements apply. In order to let the scripts work properly, they have to be
stored in the folder 'My Measurement', and, 'My Measurement' has to be selected as the
'Current Folder' in MATLAB.
The user has to �ll in information in the script 'userInput.m', before the scripts are

run. This script is attached below with values of this report �lled in, but these values
are changed by the user for her/his excercise.

%userInput.m

%The user have to fill in relevant information in this script, in order to
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Figure 7.11: 20 di�erent sample
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%get the intrinsic fluorescence to be calculated

sampleFolders=1:20; %Number of samples illuminated

numberofImages=15; %number of text files stored per measurement

R_gs_ex=0.454; %Gray standard reflectance at exitation wavelength

R_gs_em=0.470; %Gray standard reflectance at emission wavelength

calibrationFolders=[1 2 3 4 5]; %Sample folders which contain calibration

measurements

DCFolders=[1 11]; %Sample folders which contain Dark Current measurements

calibrationFoldersMatrix=[1 6 11 16;2 7 12 17;3 8 13 18;4 9 14 19;5 10 15 20];

%Element i of calibrationFolders is the calibration of samples of row number i of

this matrix. Hence number of rows in this matrix has to be equal to number of elements in calibrationFolders

DCFoldersMatrix=[1:10;11:20]; %Element i of DCFolders is the dark current

measurement for the elements in row number of row i in this matrix. Hence number of rows in this matrix has to be equal to number of elements in DCFolders

averageRows=260:780; %Which rows to be averaged

averageColumns=348:1044; %Which columns to be averaged

n_factor=0.0527; %Calculated by another script

t_c=30; %exposure-time in ms used in aqcuisition of calibration images

t_f=6.8; %exposure-time in ms used in aqcuisition of fluorescence images

P_ex=400; %Power of excitation beam measured by powermeter expressed in microW

P_em=43.1; %Power of emission beam measured by powermeter expressed in microW

u_a=[0.012 0.26 0.37 1.4; 0.012 0.26 0.37 1.4;

0.012 0.26 0.37 1.4; 0.012 0.26 0.37 1.4]; %Matrix of absorption coefficients.

Each coefficient corresponds to the sample in the same matrix position as in the matrix calibrationMatrix

u_s_em=8.30;%Scattering coefficient at the wavelength of emission light [1/cm]

u_s_ex=10;%Scattering coefficient at the wavelength of excitation light [1/cm]

%Nonscattering paramteres (not used for calculations of scattering samples)

n_i = 1.33; %Refractive index of slab (water)

n_t = 1; %Refractive index of air

theta_t=34; %Angle of incident UV light relativ to surface sample normal in

degrees.

theta_i = asin((n_i/n_t)*sin(theta_t)); %Angle of UV light within the slab,

related to theta_t by Snell's law

L = 1.4; % Depth [cm] (thickness) of slab.

save('userInput.mat');

The script 'LoadingAndSaveofData.m' is attached below, and consists of three scripts:
'getAverage.m', 'extractDC.m' and 'saveVariables.m'. The code of these scripts is at-
tached in the next script. 'getAverage.m' calculates the average of the text-�les saved
per measurement, 'extractDC.m' extracts the dark current noise from every text-�le and
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'saveVariables.m' saves the data into variables.
After 'LoadingAndSaveofData.m' is run, the script 'calibrationFactors.m' has to be

run. These script calculates the α-values for excitation and emission wavelength.
The user can either calculate the intrinsic �uorescence of scattering or non-scattering

media, by running either 'intrinsic_scat.m' or 'intrinsic_nonscat.m'.
The MATLAB scripts 'userInput.m', 'LoadingAndSaveofData.m', 'intrinsic_scat.m'

and 'intrinsic_nonscat.m' together with the software application 'Fluor' is a part of
a software package made for this report which is valid for any setup speci�ed by the
user in 'userInput.m'. Two other scripts are attached in the next section as well, i.e.
'SpectroPlot.m' and 'CameraPlot.m', which are scripts used to plot some of the �gures
in chapter 4.

7.3.2 Code

7.3.2.1 Matlab

%LoadingAndSaveofData.m

close all;

clear all;

getAverage;

extractDC;

saveVariables;

%getAverage.m

clear all;

close all;

%-----------------Information filled in by user-------------------------

load('userInput.mat');

%-----------------------------------------------------------------------

for j=1:20

path1=strcat('./',num2str(j),'/Exitation Diffuse Reflectance/Result0.txt');

path2=strcat('./',num2str(j),'/Emission Diffuse Reflectance/Result0.txt');

path3=strcat('./',num2str(j),'/Fluorescence without filter/Result0.txt');

path4=strcat('./',num2str(j),'/Fluorescence with filter/Result0.txt');

path5=strcat('./',num2str(j),'/Extra/Result0.txt');

avg1=dlmread(path1);
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avg2=dlmread(path2);

avg3=dlmread(path3);

avg4=dlmread(path4);

avg5=dlmread(path5);

for i=1:numberofImages-1

path1=strcat('./',num2str(j),'/Exitation Diffuse Reflectance/Result',

num2str(i),'.txt');

path2=strcat('./',num2str(j),'/Emission Diffuse Reflectance/Result',

num2str(i),'.txt');

path3=strcat('./',num2str(j),'/Fluorescence without filter/Result',

num2str(i),'.txt');

path4=strcat('./',num2str(j),'/Fluorescence with filter/Result',

num2str(i),'.txt');

path5=strcat('./',num2str(j),'/Extra/Result',num2str(i),'.txt');

avg1=avg1+dlmread(path1);

avg2=avg2+dlmread(path2);

avg3=avg3+dlmread(path3);

avg4=avg4+dlmread(path4);

avg5=avg5+dlmread(path5);

end

avg1=avg1/numberofImages;

avg2=avg2/numberofImages;

avg3=avg3/numberofImages;

avg4=avg4/numberofImages;

avg5=avg5/numberofImages;

path1=strcat('./',num2str(j),'/Exitation Diffuse Reflectance/Average.txt');

path2=strcat('./',num2str(j),'/Emission Diffuse Reflectance/Average.txt');

path3=strcat('./',num2str(j),'/Fluorescence without filter/Average.txt');

path4=strcat('./',num2str(j),'/Fluorescence with filter/Average.txt');

path5=strcat('./',num2str(j),'/Extra/Average.txt');

dlmwrite(path1,avg1);

dlmwrite(path2,avg2);

dlmwrite(path3,avg3);

dlmwrite(path4,avg4);
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dlmwrite(path5,avg5);

j

end

for j=calibrationFolders

path1=strcat('./',num2str(j),'/Calibration of Emission Light/Result0.txt');

path2=strcat('./',num2str(j),'/Calibration of Exitation Light/Result0.txt');

path3=strcat('./',num2str(j),'/Calibration of Exitation Light with filter/Result0.txt');

avg1=dlmread(path1);

avg2=dlmread(path2);

avg3=dlmread(path3);

for i=1:numberofImages-1

path1=strcat('./',num2str(j),'/Calibration of Emission Light/Result',num2str(i),'.txt');

path2=strcat('./',num2str(j),'/Calibration of Exitation Light/Result',num2str(i),'.txt');

path3=strcat('./',num2str(j),'/Calibration of Exitation Light with filter/Result',num2str(i),'.txt');

avg1=avg1+dlmread(path1);

avg2=avg2+dlmread(path2);

avg3=avg3+dlmread(path3);

end

avg1=avg1/numberofImages;

avg2=avg2/numberofImages;

avg3=avg3/numberofImages;

path1=strcat('./',num2str(j),'/Calibration of Emission Lighte/Average.txt');

path2=strcat('./',num2str(j),'/Calibration of Exitation Light/Average.txt');

path3=strcat('./',num2str(j),'/Calibration of Exitation Light with filter/Average.txt');

dlmwrite(path1,avg1);

dlmwrite(path2,avg2);

dlmwrite(path3,avg3);

end
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for j=DCFolders

path1=strcat('./',num2str(j),'/Dark Current/Result0.txt');

path2=strcat('./',num2str(j),'/Dark Current 1/Result0.txt');

avg1=dlmread(path1);

avg2=dlmread(path2);

for i=1:numberofImages-1

path1=strcat('./',num2str(j),'/Dark Current/Result',num2str(i),'.txt');

path2=strcat('./',num2str(j),'/Dark Current 1/Result',num2str(i),'.txt');

avg1=avg1+dlmread(path1);

avg2=avg2+dlmread(path2);

end

avg1=avg1/numberofImages;

avg2=avg2/numberofImages;

path1=strcat('./',num2str(j),'/Dark Current/Average.txt');

path2=strcat('./',num2str(j),'/Dark Current 1/Average.txt');

dlmwrite(path1,avg1);

dlmwrite(path2,avg2);

end

%saveVariables.m

%The measurement data is saved in a mxn matrix. m and n are specified by

%the user in userInput.m. m is the number of calibration measurements,

%while n is the number of sample measurements done for each calibration

load('userInput.mat');

for i=1:length(calibrationFolders)

cal_path1=strcat('./',num2str(calibrationFolders(i)),'/Calibration of Exitation Light/AverageminusDC.txt');

cal_path2=strcat('./',num2str(calibrationFolders(i)),'/Calibration of Exitation Light with filter/AverageminusDC.txt');

cal_path3=strcat('./',num2str(calibrationFolders(i)),'/Calibration of Emission Light/AverageminusDC.txt');

cal_var1=dlmread(cal_path1);
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cal_var2=dlmread(cal_path2);

cal_var3=dlmread(cal_path3);

cal_ex=mean(mean(cal_var1(averageRows,averageColumns)))/R_gs_ex;

cal_ex_fil=mean(mean(cal_var2(averageRows,averageColumns)))/R_gs_ex;

cal_em=mean(mean(cal_var3(averageRows,averageColumns)))/R_gs_em;

for j=calibrationFoldersMatrix(i,:)

path1=strcat('./',num2str(j),'/Emission Diffuse Reflectance/AverageminusDC.txt');

path2=strcat('./',num2str(j),'/Exitation Diffuse Reflectance/AverageminusDC.txt');

path3=strcat('./',num2str(j),'/Fluorescence without filter/AverageminusDC.txt');

path4=strcat('./',num2str(j),'/Fluorescence with filter/AverageminusDC.txt');

path5=strcat('./',num2str(j),'/Extra/AverageminusDC.txt');

var1=dlmread(path1);

var2=dlmread(path2);

var3=dlmread(path3);

var4=dlmread(path4);

var5=dlmread(path5);

d_em(i,j)=mean(mean(var1(averageRows,averageColumns)))/cal_em;

d_ex(i,j)=mean(mean(var2(averageRows,averageColumns)))/cal_ex_fil;

f(i,j)=mean(mean(var3(averageRows,averageColumns)));

f_fil(i,j)=mean(mean(var4(averageRows,averageColumns)));

extra(i,j)=mean(mean(var5(averageRows,averageColumns)));

cal_ex(i,j)=cal_ex;

end

end

save('variables.mat');

%calibrationFactors.m

close all;

clear all;

load('userInput.m');

j=0;

for i=CalibrationFolders

j=j+1

file_ex=strcat('./',num2str(i),'/Calibration of Exitation Light/AverageminusDC.txt');
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file_em=strcat('./',num2str(i),'/Calibration of Emission Light/AverageminusDC.txt');

var_ex=dlmread(file_ex);

var_em=dlmread(file_em);

sum_ex=sum(var_ex(:));

sum_em=sum(var_em(:));

a_ex(j)=(R_gs_ex*P_ex*10�-6)/sum_ex;

a_em(j)=(R_gs_em*P_em*10�-6)/sum_em;

end

save('calibrationFactors.mat');

%intrinsic_scat.m

Calcultation of intrinsic fluorescence for scattering samples

close all;

clear all;

font=22;

line=3;

userInput;

load('calibrationFactors.mat');

load('variables.mat');

h1=figure;

h2=figure;

h3=figure;

for i=1:length(calibrationFoldersMatrix(:,1))

switch(i)

case 1

color='bs-';

case 2

color='gs-';

case 3

color='rs-';

case 4
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color='cs-';

end

for i=1:length(calibrationFoldersMatrix(1,:))

sigma_ex(i,j)=1./((3*u_a(i,j)*(u_a(i,j)+u_s_ex*(1-g)))�0.5);

sigma_em(i,j)=1./((3*u_a(i,j)*(u_a(i,j)+u_s_em*(1-g)))�0.5);

C1_em(i,j)=3.04+4.9*d_em(i,j)-2.06*exp(-21.1*d_em(i,j));

k1_em(i,j)=1-(1-1/sqrt(3))*exp(-18.9*d_em(i,j));

C2_em(i,j)=2.04-1.33*d_em(i,j)-2.04*exp(-21.1*d_em(i,j));

k2_em(i,j)=1.59*exp(3.36*d_em(i,j));

C3_em(i,j)=0.32+0.72*d_em(i,j)-0.16*exp(-9.11*d_em(i,j));

k3_em(i,j)=1-0.30*exp(-6.12*d_em(i,j));

C1_ex(i,j)=3.04+4.9*d_ex(i,j)-2.06*exp(-21.1*d_ex(i,j));

k1_ex(i,j)=1-(1-1/sqrt(3))*exp(-18.9*d_ex(i,j));

C2_ex(i,j)=2.04-1.33*d_ex(i,j)-2.04*exp(-21.1*d_ex(i,j));

k2_ex(i,j)=1.59*exp(3.36*d_ex(i,j));

C3_ex(i,j)=0.32+0.72*d_ex(i,j)-0.16*exp(-9.11*d_ex(i,j));

k3_ex(i,j)=1-0.30*exp(-6.12*d_ex(i,j));

X1D(i,j)= (C1_ex(i,j).*C3_em(i,j))./(k1_ex(i,j)./sigma_ex(i,j) + k3_em(i,j)./sigma_em(i,j))- (C2_ex(i,j).*C3_em(i,j))./(k2_ex(i,j)./sigma_ex(i,j)+k3_em(i,j)./sigma_em(i,j));

b(i,j)=(a_em(i)*f(i,j)*t_c*R_gs_ex)/(n_factor*t_f*a_ex(i)*cal_ex(i)*X1D(i,j));

end

figure(h1); hold on;

plot(inkVolum,b(i,1:4),color,'LineWidth',line);

figure(h2); hold on;

plot(inkVolum,X1D(i,1:4),color,'LineWidth',line);

i

end

figure(h1);

l1=legend('25','50','75','100','Location','EastOutside'); xlabel('Ink volum [micro liter]','FontSize',font); ylabel('Beta [1/cm]','FontSize',font);

set(gca,'FontSize',font);
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v = get(l1,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

figure(h2);

l2=legend('25','50','75','100','Location','EastOutside');xlabel('Ink volum [micro liter]','FontSize',font); ylabel('Number','FontSize',font);

set(gca,'FontSize',font);

v = get(l2,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(h1,'Intrinsic fluorescence','png');

saveas(h2,'X1D','png');

%intrinsic_nonscat.m

%Calcultation of intrinsic fluorescence for non-scattering samples

close all;

clear all;

userInput;

load('calibrationFactors.mat');

load('variables.mat');

%Fresnel reflection coefficient for unpolarized light. R_0 for normal

%incdent, R_theta for theta_i between 0 and theta_critical=arcsin(n_t/n_i)

R_0 = ((n_i-n_t)/(n_i+n_t))�2;

R_theta = 0.5 * ((sin(theta_i-theta_t)/sin(theta_i+theta_t))�2 + (tan(theta_i-theta_t)/tan(theta_i+theta_t))�2);

X_dil=(L*(1-R_0)*(1-R_theta)*n_t�2*cos(theta_t))/(4*pi*n_i�2*cos(theta_i));

for i=1:length(calibrationFoldersMatrix(:,1))

for j=1:length(calibrationFoldersMatrix(1,:))

B(i,j)=(a_em(i)*cos(theta_i)*f(i,j)*t_c*R_gs_ex)/(n_factor*t_f*a_ex(i)*pi*cal_ex(i)*X_dil);

end

end

save('Bnonscat.mat');

%CameraPlots.m

%This is an example of a script used to plot one of the figure in the

69



7 Appendix

%result section of the thesis

clear all;

close all;

load('data.mat');

h1=figure;

h2=figure;

h3=figure;

font=22;

line=1.5;

j=[1 3 4 2];

inkVolum=[0 50 75 250];

R_gs_ex=0.449;

R_gs_em=0.485;

for i=2:5

switch(i)

case 2

color='bs-';

case 3

color='gs-';

case 4

color='rs-';

case 5

color='cs-';

end

figure(h1); hold on;

plot(inkVolum,f(i,j),color,'LineWidth',line);

figure(h2); hold on;

plot(inkVolum,R_gs_em*d_em(i,j),color,'LineWidth',line);

figure(h3); hold on;

plot(inkVolum,R_gs_ex*d_ex(i,j),color,'LineWidth',line);

end

figure(h1);

l1=legend('25','50','75','100','Location','EastOutside');

xlabel('Ink volum [micro liter]','FontSize',font);
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ylabel('Digital number','FontSize',font);

set(gca,'FontSize',font);

v = get(l1,'title');

set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(h1,'Fluorescence without filter','png');

figure(h2);

l2=legend('25','50','75','100','Location','EastOutside');

xlabel('Ink volum [micro liter]','FontSize',font);

ylabel('Reflectance','FontSize',font);

set(gca,'FontSize',font);

v = get(l2,'title');

set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(h2,'Emission Diffuse Reflectance','png');

figure(h3);

l3=legend('25','50','75','100','Location','EastOutside');

xlabel('Ink volum [micro liter]','FontSize',font);

ylabel('Reflectance','FontSize',font);

set(gca,'FontSize',font);

v = get(l3,'title');

set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(h3,'Exitation Diffuse Reflectance','png');

%SpectroPlots

%This was used to plot and save spectrometerdata for all samples

%c_ij of the report

close all;

clear all;

load('data.mat');

LoadGrayStandardReflectance;

font=22;

line=1.5;

inkVolum=[0 50 75 250];

for j=1:4

abs1=figure;

abs2=figure;
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abs3=figure;

abs4=figure;

for i=2:5

switch(i)

case 2

color='b';

case 3

color='g';

case 4

color='r';

case 5

color='c';

end

figure(abs1); hold on;

plot(d_ex(i,j).wavelength,(transpose(refspectra).*(d_ex(i,j).raw-d_ex(i,j).dark))./(cal_ex(i).raw-cal_ex(i).dark),color,'LineWidth',line);

figure(abs2); hold on;

plot(d_ex(i,j).wavelength,(transpose(refspectra).*(d_em(i,j).raw-d_em(i,j).dark))./(cal_em(i).raw-cal_em(i).dark),color,'LineWidth',line);

figure(abs3); hold on;

plot(d_ex(i,j).wavelength,(d_ex(i,j).raw-d_ex(i,j).dark),color,'LineWidth',line);

figure(abs4); hold on;

plot(d_em(i,j).wavelength,(d_em(i,j).raw-d_ex(i,j).dark),color,'LineWidth',line);

end

name=strcat('Ink volume: ',num2str(inkVolum(j)),' micro liter');

figure(abs1); title(name,'FontSize',font);

l1=legend('25','50','75','100','Location','EastOutside'); xlabel('Wavelength [nm]','FontSize',font); ylabel('Reflectance','FontSize',font);

set(gca,'FontSize',font);

axis([274 290 0.10 0.25]);

v = get(l1,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(abs1,strcat('Diffuse reflectance exitation light -',name),'png');

figure(abs2); title(name,'FontSize',font);

l2=legend('25','50','75','100','Location','EastOutside'); xlabel('Wavelength [nm]','FontSize',font); ylabel('Reflectance','FontSize',font);

set(gca,'FontSize',font);

axis([540 620 0.4 0.9]);

v = get(l2,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(abs2,strcat('Diffuse reflectance emission light -',name),'png');
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figure(abs3); title(name,'FontSize',font);

l3=legend('25','50','75','100','Location','EastOutside'); xlabel('Wavelength [nm]','FontSize',font); ylabel('Digital number','FontSize',font);

set(gca,'FontSize',font);

axis([450 625 0 3500]);

v = get(l3,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(abs3,strcat('Sample illuminated by exitation light -',name),'png');

figure(abs4); title(name,'FontSize',font);

l4=legend('25','50','75','100','Location','EastOutside'); xlabel('Wavelength [nm]','FontSize',font); ylabel('Digital number','FontSize',font);

set(gca,'FontSize',font);

v = get(l4,'title');set(v,'string',{'Fluorescein', '[micro liter]'},'FontSize',font);

saveas(abs4,strcat('Sample illuminated by emission light -',name),'png');

end

abs5=figure;

for k=1:5

figure(abs5); hold on;

plot(cal_em(k).wavelength,(cal_em(k).raw-cal_em(k).dark),'b');

end

figure(abs5); title(strcat('Gs illuminated by emission light, absolute values. ',num2str(5),' calibration measurements done'));

saveas(abs5,strcat('Gs illuminated by emission light, absolute values'),'png');

abs6=figure;

for k=1:5

figure(abs6); hold on;

plot(cal_ex(k).wavelength,(cal_ex(k).raw-cal_ex(k).dark),'b');

end

7.3.2.2 Fluor

// f l u o rD l g . h : header f i l e
//

#pragma once
#include <Jai_Factory . h>
#include " a f x ed i t b r ow s e c t r l . h"
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#include " afxwin . h"
#include "afxcmn . h"
#include <d i r e c t . h>

// Cf luorDlg d i a l o g
c l a s s Cf luorDlg : pub l i c CDialogEx
{
// Construct ion
pub l i c :

Cf luorDlg (CWnd∗ pParent = NULL) ; // standard
cons t ruc t o r

// Dia log Data
enum { IDD = IDD_FLUOR_DIALOG } ;

protec ted :
v i r t u a l void DoDataExchange (CDataExchange∗ pDX) ;

// DDX/DDV suppor t

// Implementat ion
protec ted :

HICON m_hIcon ;

// Generated message map func t i on s
v i r t u a l BOOL OnInitDia log ( ) ;
afx_msg void OnSysCommand(UINT nID , LPARAM lParam ) ;
afx_msg void OnPaint ( ) ;
afx_msg HCURSOR OnQueryDragIcon ( ) ;
DECLARE_MESSAGE_MAP()

pub l i c :
FACTORY_HANDLE m_hFactory ; // Factory Handle
CAM_HANDLE m_hCamera ; // Camera Handle
VIEW_HANDLE g_hView ;
THRD_HANDLE m_hThread ;

NODE_HANDLE m_hGainNode ;
NODE_HANDLE m_hExposureNode ;

int8_t m_CameraId [J_CAMERA_ID_SIZE ] ;
RECT m_RectToMeasure ;
FILE ∗OutputFile ;
int64_t m_pixelformat ;
int32_t maks ;
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J_tIMAGE_INFO m_CnvImageInfo ;
int64_t width ;
int64_t he ight ;
bool m_bSave ;
bool m_busy ;
CString bu f f ;
PIXELVALUE m_PixelValue ;
uint32_t m_PixelType ;
CRITICAL_SECTION m_Crit i ca lSect ion ;

BOOL OpenFactoryAndCamera ( ) ;
void CloseFactoryAndCamera ( ) ;

void ShowErrorMsg ( CString message , J_STATUS_TYPE e r r o r ) ;
void StreamCBFunc (J_tIMAGE_INFO ∗ pAqImageInfo ) ;
void CfluorDlg : : I n i t i a l i z e C o n t r o l s ( ) ;
void CfluorDlg : : updateInformat ion (void ) ;
CString i n s t r u c t i o n ;
int m_nLEDType;
int numberOfTextImages ;
int numberOfTiffImages ;
int64_t txtNum ;
int ti f fNum ;
CString d i r ;
CString path ;

CMFCEditBrowseCtrl yo ;
CEdit m_EditCtrlText ;
CEdit m_EditCtrlTif f ;
CStat ic m_cameraidStatic ;
CStat ic m_inst ruct ionStat i c ;
CStat ic m_maxvalueStatic ;
afx_msg void OnBnClickedButton1 ( ) ;
afx_msg void OnBnClickedButton2 ( ) ;
afx_msg void OnBnClickedButton3 ( ) ;

afx_msg void OnHScroll (UINT nSBCode , UINT nPos , CScro l lBar ∗
pScro l lBar ) ;
CS l ide rCt r l CSCtrlGain ;
CS l ide rCt r l CSCtrlExposure ;

afx_msg void OnTimer (UINT_PTR nIDEvent ) ;
afx_msg void OnBnClickedExit ( ) ;
afx_msg void OnBnClickedStart ( ) ;

} ;
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// f l u o rD l g . cpp : implementat ion f i l e
//

#include " s tda fx . h"
#include " f l u o r . h"
#include " f l uo rD lg . h"
#include " a f xd i a l o g ex . h"

#ifde f _DEBUG
#define new DEBUG_NEW
#endif

// CAboutDlg d i a l o g used f o r App About

c l a s s CAboutDlg : pub l i c CDialogEx
{
pub l i c :

CAboutDlg ( ) ;

// Dia log Data
enum { IDD = IDD_ABOUTBOX } ;

protec ted :
v i r t u a l void DoDataExchange (CDataExchange∗ pDX) ; //

DDX/DDV suppor t

// Implementat ion
protec ted :

DECLARE_MESSAGE_MAP()
} ;

CAboutDlg : : CAboutDlg ( ) : CDialogEx (CAboutDlg : : IDD)
{
}

void CAboutDlg : : DoDataExchange (CDataExchange∗ pDX)
{

CDialogEx : : DoDataExchange (pDX) ;
}

BEGIN_MESSAGE_MAP(CAboutDlg , CDialogEx )
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END_MESSAGE_MAP()

// Cf luorDlg d i a l o g

CfluorDlg : : Cf luorDlg (CWnd∗ pParent /∗=NULL∗/ )
: CDialogEx ( Cf luorDlg : : IDD, pParent )

{
m_hIcon = AfxGetApp ( )−>LoadIcon (IDR_MAINFRAME) ;

m_hFactory = NULL;
m_hCamera = NULL;
g_hView = NULL;
m_hThread = NULL;

m_CnvImageInfo . pImageBuffer = NULL;
m_hExposureNode = NULL;
m_bSave=f a l s e ;
m_busy=f a l s e ;
maks=0;
numberOfTextImages=15;
numberOfTiffImages=1;
txtNum=numberOfTextImages ;
ti f fNum=numberOfTiffImages ;
OutputFile=NULL;
m_nLEDType=0;
// We use a c r i t i c a l s e c t i on to p r o t e c t the update o f

the p i x e l va lue d i s p l a y
I n i t i a l i z e C r i t i c a l S e c t i o n (&m_Crit i ca lSect ion ) ;

}

void CfluorDlg : : DoDataExchange (CDataExchange∗ pDX)
{

CDialogEx : : DoDataExchange (pDX) ;
DDX_Control (pDX, IDC_MFCEDITBROWSE1, yo ) ;
DDX_Control (pDX, IDC_NUM_TEXT_EDIT, m_EditCtrlText ) ;
DDX_Control (pDX, IDC_NUM_TIFF_EDIT, m_EditCtrlTif f ) ;
DDX_Control (pDX, IDC_STATIC6, m_cameraidStatic ) ;
DDX_Control (pDX, IDC_STATIC7, m_inst ruct ionStat i c ) ;
DDX_Control (pDX, IDC_STATIC8, m_maxvalueStatic ) ;
DDX_Control (pDX, IDC_SLIDER_GAIN, CSCtrlGain ) ;
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DDX_Control (pDX, IDC_SLIDER_EXPOSURE, CSCtrlExposure ) ;
DDX_Radio(pDX, IDC_RADIO1, m_nLEDType) ;

}

BEGIN_MESSAGE_MAP( CfluorDlg , CDialogEx )
ON_WM_SYSCOMMAND()
ON_WM_PAINT( )
ON_WM_HSCROLL( )
ON_WM_TIMER()
ON_BN_CLICKED(IDC_BUTTON1, &CfluorDlg : :

OnBnClickedButton1 )
ON_BN_CLICKED(IDC_BUTTON3, &CfluorDlg : :

OnBnClickedButton3 )
ON_BN_CLICKED(IDC_EXIT, &CfluorDlg : : OnBnClickedExit )
ON_BN_CLICKED(IDC_START, &CfluorDlg : : OnBnClickedStart )

END_MESSAGE_MAP()

// Cf luorDlg message hand l e r s

BOOL CfluorDlg : : OnInitDia log ( )
{

CDialogEx : : OnInitDia log ( ) ;

// Add "About . . . " menu item to system menu .

// IDM_ABOUTBOX must be in the system command range .
ASSERT( (IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX) ;
ASSERT(IDM_ABOUTBOX < 0xF000 ) ;

CMenu∗ pSysMenu = GetSystemMenu (FALSE) ;
i f (pSysMenu != NULL)
{

BOOL bNameValid ;
CString strAboutMenu ;
bNameValid = strAboutMenu . LoadString (

IDS_ABOUTBOX) ;
ASSERT(bNameValid ) ;
i f ( ! strAboutMenu . IsEmpty ( ) )
{

pSysMenu−>AppendMenu(MF_SEPARATOR) ;
pSysMenu−>AppendMenu(MF_STRING,

IDM_ABOUTBOX, strAboutMenu ) ;
}
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}

// Set the icon f o r t h i s d i a l o g . The framework does
t h i s au t oma t i c a l l y

// when the a p p l i c a t i o n ' s main window i s not a d i a l o g
SetIcon (m_hIcon , TRUE) ; // Set b i g icon
SetIcon (m_hIcon , FALSE) ; // Set sma l l

icon

yo . EnableFolderBrowseButton ( ) ;

i f (OpenFactoryAndCamera ( ) )
{

m_cameraidStatic . SetWindowText ( CString (
m_CameraId) ) ;

}
else return FALSE;

// updateInformat ion () ;
yo . EnableFolderBrowseButton ( ) ;

// TODO: Add ex t ra i n i t i a l i z a t i o n here

SetTimer (1 , 100 , NULL) ;

Cf luorDlg : : I n i t i a l i z e C o n t r o l s ( ) ;

return TRUE; // re turn TRUE un l e s s you s e t the focus
to a con t r o l

}

void CfluorDlg : : OnSysCommand(UINT nID , LPARAM lParam )
{

i f ( ( nID & 0xFFF0) == IDM_ABOUTBOX)
{

CAboutDlg dlgAbout ;
dlgAbout . DoModal ( ) ;

}
else

{
CDialogEx : : OnSysCommand(nID , lParam ) ;

}
}
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// I f you add a minimize bu t ton to your d ia l og , you w i l l need
the code be low

// to draw the icon . For MFC app l i c a t i o n s us ing the document/
view model ,

// t h i s i s au t oma t i c a l l y done f o r you by the framework .

void CfluorDlg : : OnPaint ( )
{

i f ( I s I c o n i c ( ) )
{

CPaintDC dc ( t h i s ) ; // dev i c e con t e x t f o r
pa in t i n g

SendMessage (WM_ICONERASEBKGND, r e in t e rp r e t_cas t <
WPARAM>(dc . GetSafeHdc ( ) ) , 0) ;

// Center icon in c l i e n t r e c t an g l e
int cxIcon = GetSystemMetrics (SM_CXICON) ;
int cyIcon = GetSystemMetrics (SM_CYICON) ;
CRect r e c t ;
GetCl ientRect(& r e c t ) ;
int x = ( r e c t .Width ( ) − cxIcon + 1) / 2 ;
int y = ( r e c t . Height ( ) − cyIcon + 1) / 2 ;

// Draw the icon
dc . DrawIcon (x , y , m_hIcon) ;

}
else

{
CDialogEx : : OnPaint ( ) ;

}
}

// The system c a l l s t h i s f unc t i on to ob ta in the cursor to
d i s p l a y wh i l e the user drags

// the minimized window .
HCURSOR CfluorDlg : : OnQueryDragIcon ( )
{

return s ta t i c_cas t<HCURSOR>(m_hIcon) ;
}

BOOL CfluorDlg : : OpenFactoryAndCamera ( ) {
J_STATUS_TYPE sta tu s = J_ST_SUCCESS;
bool8_t bHasChanged = f a l s e ;
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uint32_t iNumOfCameras = 0 ;
uint32_t iCameraIdSize = J_CAMERA_ID_SIZE

;

//Open f a c t o r y
s t a tu s = J_Factory_Open ( "" , &m_hFactory ) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  open f a c t o ry ! " ) ,
s t a tu s ) ;

return FALSE;
}

//Look f o r cameras
s t a tu s = J_Factory_UpdateCameraList (m_hFactory , &

bHasChanged ) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  update camera 
l i s t ! " ) , s t a tu s ) ;

return FALSE;
}

//Get number o f cameras
s t a tu s = J_Factory_GetNumOfCameras (m_hFactory , &

iNumOfCameras ) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  get  number o f  
cameras found ! " ) , s t a tu s ) ;

return FALSE;
}

//Get the f i r s t camera in format ion
i f ( iNumOfCameras == 0)
{

AfxMessageBox (_T( "No camera found ! " ) ,
MB_OKCANCEL | MB_ICONINFORMATION) ;

return FALSE;
}
else i f ( iNumOfCameras > 0)
{

s t a tu s = J_Factory_GetCameraIDByIndex (m_hFactory
, 0 , m_CameraId , &iCameraIdSize ) ;
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i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  get  
camera ID ! " ) , s t a tu s ) ;

return FALSE;
}

s t a tu s = J_Camera_Open(m_hFactory , m_CameraId , &
m_hCamera) ;

i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  open 
camera ! " ) , s t a tu s ) ;

return FALSE;
}

}

return TRUE;

}

void CfluorDlg : : CloseFactoryAndCamera ( )
{

J_STATUS_TYPE sta tu s = J_ST_SUCCESS;

i f (m_hCamera)
{

s t a tu s = J_Camera_Close (m_hCamera) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  c l o s e  
camera ! " ) , s t a tu s ) ;

return ;
}
m_hCamera = NULL;

}

i f (m_hFactory )
{

s t a tu s = J_Factory_Close (m_hFactory ) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  c l o s e  
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f a c t o r y ! " ) , s t a tu s ) ;
return ;

}
m_hFactory = NULL;

}

// Stop UI update t imer
Kil lTimer (1 ) ;

}

void CfluorDlg : : ShowErrorMsg ( CString message , J_STATUS_TYPE
e r r o r )

{
CString errorMsg ;

errorMsg . Format (_T( "%s :  Error  = %d :  " ) , message , e r r o r ) ;

switch ( e r r o r )
{
case J_ST_INVALID_BUFFER_SIZE: errorMsg += " Inva l i d  

bu f f e r  s i z e  " ; break ;
case J_ST_INVALID_HANDLE: errorMsg += " Inva l i d  

handle  " ; break ;
case J_ST_INVALID_ID: errorMsg += "

Inva l i d  ID " ; break

;
case J_ST_ACCESS_DENIED: errorMsg += "Access  

denied  " ; break ;
case J_ST_NO_DATA: errorMsg += "No 

data " ; break ;
case J_ST_ERROR: errorMsg += "

Generic  e r r o r  " ; break ;
case J_ST_INVALID_PARAMETER: errorMsg += " Inva l i d  

parameter  " ; break ;
case J_ST_TIMEOUT: errorMsg += "

Timeout " ; break

;
case J_ST_INVALID_FILENAME: errorMsg += " Inva l i d  

f i l e  name " ; break ;
case J_ST_INVALID_ADDRESS: errorMsg += " Inva l i d  

address  " ; break ;
case J_ST_FILE_IO: errorMsg += "

F i l e  IO e r r o r  " ; break ;
case J_ST_GC_ERROR: errorMsg += "
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GenICam e r r o r  " ; break ;
case J_ST_VALIDATION_ERROR: errorMsg += " Se t t i n g s  

F i l e  Va l idat i on  Error  " ; break ;
case J_ST_VALIDATION_WARNING: errorMsg += " Se t t i n g s  

F i l e  Va l idat i on  Warning " ; break ;
}

AfxMessageBox ( errorMsg , MB_OKCANCEL | MB_ICONINFORMATION) ;

}

void CfluorDlg : : OnBnClickedButton1 ( )
{

m_bSave=true ;
txtNum=0;
ti f fNum=0;
CString temp ;
m_EditCtrlText . GetWindowText ( temp) ;
numberOfTextImages=_ttoi ( temp) ;
m_EditCtrlTif f . GetWindowText ( temp) ;
numberOfTiffImages=_ttoi ( temp) ;

}

void CfluorDlg : : OnBnClickedStart ( )
{

J_STATUS_TYPE r e t v a l ;
THRD_HANDLE hThread ;
NODE_HANDLE hNode ;
SIZE ViewSize = {100 , 100} ;
POINT TopLeft = {0 , 0} ;
int64_t pixelFormat ;
int64_t nodeValue ;

// Get Width from the camera
i f ( J_Camera_GetValueInt64 (m_hCamera , "Width" , &

width ) != J_ST_SUCCESS) {
AfxMessageBox (_T( "Cannot get  width" ) ,
MB_OKCANCEL | MB_ICONINFORMATION) ; return ; }

ViewSize . cx = (LONG)width ; // Set window s i z e cx

// Get Height from the camera
i f ( J_Camera_GetValueInt64 (m_hCamera , "Height " , &he ight )

!= J_ST_SUCCESS)
AfxMessageBox (_T( "Cannot get  Heigth" ) , MB_OKCANCEL |
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MB_ICONINFORMATION) ;
ViewSize . cy = (LONG) he ight ; // (LONG) he i g h t ; // Set window

s i z e cy

// Open view window
i f (J_Image_OpenViewWindow(_T( "Live  view ! " ) ,
&TopLeft ,
&ViewSize ,
&g_hView) != J_ST_SUCCESS)
AfxMessageBox (_T( "Cannot open view window" ) , MB_OKCANCEL

| MB_ICONINFORMATION) ;

// Get p i x e l f o rma t from the camera
r e t v a l = J_Camera_GetValueInt64 (m_hCamera , "PixelFormat" , &

pixelFormat ) ;
i f ( r e t v a l != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  get  PixelFormat value ! " )
, r e t v a l ) ;

return ;
}

// Ca l cu l a t e number o f b i t s ( not b y t e s ) per p i x e l us ing
macro

int bpp = J_BitsPerPixel ( pixelFormat ) ;

// Open stream
r e t v a l = J_Image_OpenStream(m_hCamera , 0 , r e in t e rp r e t_cas t <

J_IMG_CALLBACK_OBJECT>( t h i s ) , r e i n t e rp r e t_cas t <
J_IMG_CALLBACK_FUNCTION>(&CfluorDlg : : StreamCBFunc ) , &
m_hThread , ( ViewSize . cx∗ViewSize . cy∗bpp) /8) ;

i f ( r e t v a l != J_ST_SUCCESS) {
ShowErrorMsg ( CString ( "Could not open stream ! " ) , r e t v a l ) ;
return ;

}

r e t v a l = J_Camera_ExecuteCommand(m_hCamera , "
Acqu i s i t i onS ta r t " ) ;

i f ( r e t v a l != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  Star t  
Acqu i s i t i on ! " ) , r e t v a l ) ;
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return ;
}

GetDlgItem (IDC_BUTTON1)−>EnableWindow (1) ;
}

void CfluorDlg : : StreamCBFunc (J_tIMAGE_INFO ∗ pAqImageInfo )
{

J_STATUS_TYPE sta tu s = J_ST_SUCCESS;
int exposureva lue ;

// a l l o c a t e memory f o r conver ted image on ly once per
t e s t

i f (m_CnvImageInfo . pImageBuffer == NULL)
{

s t a tu s = J_Image_Malloc ( pAqImageInfo , &
m_CnvImageInfo ) ;

i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  Malloc  
image bu f f e r ! " ) , s t a tu s ) ;

return ;
}

}

// conver t raw to t i f f
s t a tu s = J_Image_FromRawToImage( pAqImageInfo , &

m_CnvImageInfo ) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  convert  image 
from Raw to  Image format ! " ) , s t a tu s ) ;

return ;
}

i f (g_hView && ( pAqImageInfo−>iAwaitDe l ivery < 3) )
{

s t a tu s = J_Image_ShowImage (g_hView , &
m_CnvImageInfo ) ;

i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  show 
image ! " ) , s t a tu s ) ;

return ;
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}
}

// Ca l cu l a t i n g maximum va lue o f image
POINT pt ;
int tempmaks=0;
PIXELVALUE pixe lVa lue ;
CString va lueS t r i ng ;

for ( uint32_t i = 0 ; i < 1040 ; i++)
{

for ( uint32_t j = 0 ; j < 1392 ; j++)
{
pt . x = i ;
pt . y = j ;

i f ( J_Image_GetPixel(&m_CnvImageInfo , &pt , &
p ixe lVa lue ) == J_ST_SUCCESS)

{
En t e rC r i t i c a l S e c t i o n (&m_Crit i ca lSect ion ) ;
m_PixelType = m_CnvImageInfo . iPixe lType ;

i f ( p ixe lVa lue . PixelValueUnion .
Mono8Type . Value>tempmaks )
tempmaks=pixe lVa lue .
PixelValueUnion .Mono8Type .
Value ;

L eav eCr i t i c a l S e c t i on (&
m_Crit i ca lSect ion ) ;

}
}

}
maks=tempmaks ;

//Check i f ' Save image ' i s pushed
i f (m_bSave | | txtNum<numberOfTextImages | | tiffNum<

numberOfTiffImages ) {

i f (m_bSave) {
yo . GetWindowText ( bu f f ) ;
m_busy=true ;

i f ( bu f f . IsEmpty ( ) ) {
i f (AfxMessageBox (_T( "No f o l d e r  

s p e c i f i e d .  A new d i r e c t o r y  '
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Fluore scence  Measurements '  
w i l l  be made to  save  the  
r e s u l t s .  Cl i ck  OK to  agree  
or  Cancel  and s p e s i f y  
another  f o l d e r . " ) ,
MB_OKCANCEL |
MB_ICONINFORMATION)==IDOK) {

TCHAR NPath [MAX_PATH] ;
GetCurrentDirectory (

MAX_PATH, NPath) ;
bu f f . Format (_T( "%s%s" ) ,

NPath ,_T( "\\
Fluore scence  
Measurements" ) ) ;

CreateDirec tory ( buf f ,
NULL) ;

}
else {

m_bSave=f a l s e ;
txtNum=

numberOfTextImages ;
ti f fNum=

numberOfTiffImages ;
return ;

}
}

switch (m_nLEDType) {
case 0 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\Dark 
Current " ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Dark Current  
Di rec tory '  a l r eady  
e x i s t  − Do you want 
to  ove rwr i t e  the  
content ?" ) , MB_YESNO
|
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MB_ICONINFORMATION)
!=IDYES) return ;

break ;
case 1 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\
Ca l i b ra t i on  o f  
Emission Light " ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Ca l i b r a t i on  o f  
Emission Light '  
a l r eady  e x i s t  − Do 
you want to  
ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;

break ;
case 2 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\
Ca l i b ra t i on  o f  
Ex i ta t i on  Light " ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Ca l i b r a t i on  o f  
Ex i ta t i on  Light '  
a l r eady  e x i s t  − Do 
you want to  
ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;
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break ;
case 3 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\
Ca l i b ra t i on  o f  
Ex i ta t i on  Light  with
 f i l t e r " ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Ca l i b r a t i on  o f  
Ex i ta t i on  Light  with
 f i l t e r '  a l r eady  
e x i s t  − Do you want 
to  ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES)
return ;

break ;
case 4 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\ Ex i ta t i on
 D i f f u s e  Re f l e c tance
" ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Ex i ta t i on  D i f f u s e  
Re f l e c tance '  a l r eady
 e x i s t  − Do you want
 to  ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;

break ;
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case 5 :
path . Format (_T( "%s%s" ) ,

buf f ,_T( "\\Emission  
D i f f u s e  Re f l e c tance "
) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Emission D i f f u s e  
Re f l e c tance '  a l r eady
 e x i s t  − Do you want
 to  ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return

;
break ;

case 6 :
path . Format (_T( "%s%s" ) ,

buf f ,_T( "\\
Fluore scence  without
" ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
F luore scence '  
a l r eady  e x i s t  − Do 
you want to  
ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return

;
break ;

case 7 :
path . Format (_T( "%s%s" ) ,
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buf f ,_T( "\\
Fluore scence  with 
f i l t e r " ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
F luore scence  with 
f i l t e r '  a l r eady  
e x i s t  − Do you want 
to  ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;

break ;
case 8 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\Dark 
Current  1" ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Dark Current  1 '  
a l r eady  e x i s t  − Do 
you want to  
ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;

break ;
case 9 :

path . Format (_T( "%s%s" ) ,
buf f ,_T( "\\Extra" ) ) ;

CreateDirec tory ( path ,
NULL) ;

i f ( GetLastError ( )==
ERROR_ALREADY_EXISTS
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) i f (AfxMessageBox (
_T( "The d i r e c t o r y  '
Extra '  a l r eady  e x i s t
 − Do you want to  
ove rwr i t e  the  
content ?" ) , MB_YESNO
|

MB_ICONINFORMATION)
!=IDYES) return ;

break ;
}

}
m_bSave=f a l s e ;
CString MsgStr ;

// save as t i f f
i f ( tiffNum<numberOfTiffImages ) {

d i r . Format (_T( "%s%s%d" ) , path ,_T( "\\
Result " ) , txtNum) ;

i f ( J_Image_SaveFileEx(&m_CnvImageInfo ,
d i r+" . t i f f " , J_FF_TIFF) !=
J_ST_SUCCESS) AfxMessageBox (_T( "
Cannot s a f e  t i f f  f i l e ! " ) ,
MB_OKCANCEL | MB_ICONINFORMATION) ;

ti f fNum++;
}

i f ( txtNum<numberOfTextImages ) {

d i r . Format (_T( "%s%s%d" ) , path ,_T( "\\
Result " ) , txtNum) ;

errno_t e r r = _tfopen_s(&OutputFile , d i r
+" . txt " , _T( "w" ) ) ;

i f ( e r r !=0) {
AfxMessageBox (_T( "Cannot open 

f i l e ! " ) , MB_OKCANCEL |
MB_ICONINFORMATION) ;

return ;
}

//Write a l l p i x e l v a l u e s to f i l e
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uint8_t ∗ pPixe l = m_CnvImageInfo .
pImageBuffer ;

for ( uint32_t i = 0 ; i < m_CnvImageInfo .
i ImageS ize ; i++)

{
f p r i n t f ( OutputFile , "%d " , ∗

pPixe l ) ;
i f ( ( i +1)%width==0)

f p r i n t f ( OutputFile ,
"\n" ) ;

pPixe l++;
}
i f ( OutputFile ) f c l o s e ( OutputFile ) ;
txtNum++;

}

MsgStr . Format (_T( "Please  wait  during  the  image 
Aqcui s t ion \nAcquir ing  text  f i l e  number %d ,  
and t i f f  f i l e  number %d" ) , txtNum , tif fNum ) ;

m_inst ruct ionStat i c . SetWindowText (MsgStr ) ;

i f (max( numberOfTextImages , numberOfTiffImages )==
max(txtNum , tif fNum ) ) {

MsgStr . Format (_T( "%d t i f f  f i l e ( s )  and %d
 txt  f i l e ( s )  saved in : \ n%s" ) ,
numberOfTiffImages ,
numberOfTextImages , path ) ;

AfxMessageBox (MsgStr , MB_OK |
MB_ICONINFORMATION) ;

m_busy=f a l s e ;
}
}

}

void CfluorDlg : : OnBnClickedButton3 ( )
{

J_STATUS_TYPE sta tu s = J_ST_SUCCESS;

// Stop Acquis ion
i f (m_hCamera) {
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s t a tu s = J_Camera_ExecuteCommand(m_hCamera , "
Acqu i s i t i onStop " ) ;

}

i f (m_hThread)
{

// Close stream
s t a tu s = J_Image_CloseStream (m_hThread) ;
m_hThread = NULL;

}

// Close view window
i f (g_hView)
{

s t a tu s = J_Image_CloseViewWindow(g_hView) ;
i f ( s t a tu s != J_ST_SUCCESS)
{

ShowErrorMsg ( CString ( "Unable to  c l o s e  
View Window ! " ) , s t a tu s ) ;

return ;
}

g_hView = NULL;
}

// Free the convers ion b u f f e r
i f (m_CnvImageInfo . pImageBuffer != NULL)
{

J_Image_Free(&m_CnvImageInfo ) ;
m_CnvImageInfo . pImageBuffer = NULL;

}

i f ( OutputFile )
{

f c l o s e ( OutputFile ) ;
}

maks=0;

GetDlgItem (IDC_BUTTON1)−>EnableWindow (0) ;
}
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void CfluorDlg : : I n i t i a l i z e C o n t r o l s ( ) {
J_STATUS_TYPE r e t v a l ;

int64_t int64Val ;

// Get Gain Node
r e t v a l = J_Camera_GetNodeByName(m_hCamera , "GainRaw" , &

m_hGainNode) ;
i f ( r e t v a l == J_ST_SUCCESS)
{

int minGain = 0 ;
int maxGain = 0 ;
int currentGain = 0 ;

// Get/ Set Min
r e t v a l = J_Node_GetMinInt64 (m_hGainNode , &int64Val ) ;
CSCtrlGain . SetRangeMin ( ( int ) int64Val , TRUE) ;

minGain = ( int ) int64Val ;

// Get/ Set Max
r e t v a l = J_Node_GetMaxInt64 (m_hGainNode , &int64Val ) ;
CSCtrlGain . SetRangeMax ( ( int ) int64Val , TRUE) ;

maxGain = ( int ) int64Val ;

// Get/ Set Value
r e t v a l = J_Node_GetValueInt64 (m_hGainNode , TRUE, &

int64Val ) ;
CSCtrlGain . SetPos ( ( int ) int64Val ) ;
SetDlgItemInt (IDC_IMAGE_GAIN_EDIT, int64Val ) ;

currentGain = ( int ) int64Val ;
}

r e t v a l = J_Camera_GetNodeByName(m_hCamera , "
ExposureTimeRaw" , &m_hExposureNode ) ;

i f ( r e t v a l == J_ST_SUCCESS)
{

int minExposure = 0 ;
int maxExposure = 0 ;
int currentExposure = 0 ;

// Get/ Set Min
r e t v a l = J_Node_GetMinInt64 (m_hExposureNode , &int64Val ) ;
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CSCtrlExposure . SetRangeMin ( ( int ) int64Val , TRUE) ;

// Get/ Set Max
r e t v a l = J_Node_GetMaxInt64 (m_hExposureNode , &int64Val ) ;
CSCtrlExposure . SetRangeMax ( ( int ) int64Val , TRUE) ;
maxExposure = ( int ) int64Val ;

// Get/ Set Value
r e t v a l = J_Node_GetValueInt64 (m_hExposureNode , TRUE, &

int64Val ) ;
CSCtrlExposure . SetPos ( ( int ) int64Val ) ;

SetDlgItemInt (IDC_IMAGE_EXPOSURE_EDIT, int64Val )
;

currentExposure = ( int ) int64Val ;
CSCtrlExposure . SetTicFreq ( ( maxExposure−

minExposure ) /20) ;

}
SetDlgItemInt (IDC_NUM_TEXT_EDIT, numberOfTextImages ) ;

SetDlgItemInt (IDC_NUM_TIFF_EDIT, numberOfTiffImages ) ;
}

void CfluorDlg : : OnHScroll (UINT nSBCode , UINT nPos , CScro l lBar ∗
pScro l lBar ) {

CS l ide rCt r l ∗ pSCtrl ;
int iPos ;
J_STATUS_TYPE r e t v a l ;
NODE_HANDLE hNode ;
//− Gain −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

// Get S l i d e rC t r l f o r Gain
pSCtrl = ( CS l ide rCt r l ∗) GetDlgItem (IDC_SLIDER_GAIN) ;
// I s t h i s s c r o l l event from the Gain S l i d e r ?
i f ( pSCtrl == ( CS l ide rCt r l ∗) pScro l lBar )
{

// Get curren t s l i d e r p o s i t i o n
iPos = CSCtrlGain . GetPos ( ) ;

// Set Value
r e t v a l = J_Node_SetValueInt64 (m_hGainNode , TRUE, (

int64_t ) iPos ) ;

// Update the Text Contro l wi th the new va lue
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SetDlgItemInt (IDC_IMAGE_GAIN_EDIT, iPos ) ;
}

//− Exposure −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

// Get S l i d e rC t r l f o r Exposure
pSCtrl = ( CS l ide rCt r l ∗) GetDlgItem (IDC_SLIDER_EXPOSURE) ;
// I s t h i s s c r o l l event from the Exposure S l i d e r ?
i f ( pSCtrl == ( CS l ide rCt r l ∗) pScro l lBar )
{

// Get curren t s l i d e r p o s i t i o n
iPos = CSCtrlExposure . GetPos ( ) ;

// Set Value
r e t v a l = J_Node_SetValueInt64 (m_hExposureNode , TRUE, (

int64_t ) iPos ) ;

// Update the Text Contro l wi th the new va lue
SetDlgItemInt (IDC_IMAGE_EXPOSURE_EDIT, iPos ) ;

}

CDialogEx : : OnHScroll (nSBCode , nPos , pScro l lBar ) ;
}

void CfluorDlg : : OnBnClickedExit ( )
{

CDialog : : OnCancel ( ) ;
}

void CfluorDlg : : OnTimer (UINT_PTR nIDEvent )
{

CString va lueS t r i ng ;
En t e rC r i t i c a l S e c t i o n (&m_Crit i ca lSect ion ) ;

i f ( nIDEvent == 1)
{

va lueS t r i ng . Format (_T( "Max value  o f  image :  %d" ) ,
maks ) ;

m_maxvalueStatic . SetWindowText ( va lueS t r i ng ) ;
}
Leav eCr i t i c a l S e c t i on (&m_Crit i ca lSect ion ) ;
updateInformat ion ( ) ;
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UpdateData (TRUE) ;

CDialog : : OnTimer ( nIDEvent ) ;
}

void CfluorDlg : : updateInformat ion (void )
{

CString in f o rmat i onSt r i ng ;
i f ( !m_busy) {

En t e rC r i t i c a l S e c t i o n (&m_Crit i ca lSect ion ) ;
switch (m_nLEDType) {
case 0 :

i n f o rmat i onSt r ing . Format (_T( "\nDark 
Current  Measurement : \ n\n1 .  Turn o f f  
a l l  l i g h t  sour c e s  so  that  only  
blackground no i s e  i s  pre sent . \ n2 .  
Cl i ck  ' Save Image ' . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 1 :

i n f o rmat i onSt r ing . Format (_T( "\
nCa l ib ra t i on  o f  Emission Light : \ n\n1
.  I l l um ina t e  the  gray standard  by 
emis s ion  l i g h t \n2 .  Adjust  exposure  
time ,  gain  and power o f  the  l i g h t  
source  so  that  the  maximum value  o f  
image i s  ( j u s t )  below sa tu ra t i on . \ n3
.  Cl i ck  ' Save Image '\ n4 .  Turn o f f  
l i g h t  source  when done . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 2 :

i n f o rmat i onSt r ing . Format (_T( "\
nCa l ib ra t i on  o f  Ex i ta t i on  Ligh : \ n\n1
.  I l l um ina t e  the  gray standard  by 
the  e x i t a t i o n  l i g h t \n2 .  Keep the  
exposure  time and gain  as  from '
Ca l i b ra t i on  o f  emis s ion  l i g h t ' ,  but 
ad jus t  the  power o f  the  l i g h t  source
 so  that  the  maximum value  o f  image 
i s  ( j u s t )  below sa tu r a t i on . \ n3 .  
Cl i ck  ' Save Image '\ n4 .  Turn o f f  
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l i g h t  source  when done . " ) ) ;
m_inst ruct ionStat i c . SetWindowText (

in f o rmat i onSt r ing ) ;
break ;

case 3 :
i n f o rmat i onSt r ing . Format (_T( "\

nCa l ib ra t i on  o f  Ex i ta t i on  Light  with
 f i l t e r : \ n\nAs Ca l i b ra t i on  o f  
Ex i ta t i on  Light ,  buth with e x i t a t i o n
 f i l t e r  in  f r on t  o f  camera . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 4 :

i n f o rmat i onSt r ing . Format (_T( "\ nExi tat ion
 D i f f u s e  Re f l e c tance : \ n\n1 .  Keep the
 e x i t a t i o n  f i l t e r  in  f r on t  o f  camera
.  \n2 .  I l l um ina t e  the  sample by the  
e x i t a t i o n  l i g h t . \ n4 .  Cl i ck  ' Save 
Image '\ n5 .  Turn o f f  l i g h t  source  
when done\n\n(Remember to  keep the  
same setup  as  in  the  c a l i b r a t i o n  
measurements i n c l ud ing  po s i t i on s ,  
exposure ,  gain  and power o f  the  
l i g h t  source ) " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 5 :

i n f o rmat i onSt r ing . Format (_T( "\nEmission 
D i f f u s e  Re f l e c tance : \ n\n1 .  
I l l um ina t e  the  sample by the  white  
l i g h t  source  through g l a s s f i l t e r s . \
n2 .  Cl i ck  ' Save Image '\ n3 . Turn o f  
l i g h t  source  when done . \ n\n(Remember
 to  keep the  same setup  as  in  the  
c a l i b r a t i o n  measurements i n c l ud ing  
po s i t i on s ,  exposure ,  gain  and power 
o f  the  l i g h t  source ) " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 6 :

i n f o rmat i onSt r ing . Format (_T( "\
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nFluorescence  without  f i l t e r : \ n\n1 .  
I l l um ina t e  the  sample by the  
e x i t a t i o n  l i g h t .  \n2 .  Cl i ck  ' Save 
Image ' .  \n3 .  Turn o f f  e x i t a t i o n  
l i g h t  when done . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 7 :

i n f o rmat i onSt r ing . Format (_T( "\
nFluorescence  Measurements with 
f i l t e r : \ n\n1 .  In c r e a s e  gain /
exposuretime ,  and p lace  the  emis s ion
 f i l t e r  in  f r on t  o f  camera\n2 .  
I l l um ina t e  the  sample by the  
e x i t a t i o n  l i g h t .  \n3 .  Cl i ck  ' Save 
Image ' .  \n4 .  Turn o f f  e x i t a t i o n  
l i g h t  when done . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 8 :

i n f o rmat i onSt r ing . Format (_T( "\nDark 
Current  1 :\ n\n1 .  Keep the  exposure  
time and gain  as  in  the  '
F luore scence  with f i l t e r '  
measurements .  \nTurn o f f  a l l  l i g h t  
sour c e s  so  that  only  blackground 
no i s e  i s  pre sent . \ n3 .  Cl i ck  save  
image . " ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
case 9 :

i n f o rmat i onSt r ing . Format (_T( "\nExtra : \ n\
nEventual ly  ext ra  measurements" ) ) ;

m_inst ruct ionStat i c . SetWindowText (
in f o rmat i onSt r ing ) ;

break ;
}
L eav eCr i t i c a l S e c t i on (&m_Crit i ca lSect ion ) ;

}
}
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7.4 Datasheet camera
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�� Member of C3 Compact series
�� 1392 (h) x 1040 (v) 4.65 μm square pixels
�� 1/2” progressive scan - Monochrome
�� 16 frames/second with full resolution in continuous operation
�� Increased frame rate with vertical binning and partial scan
�� Exposure time from 31 μs to 2 sec. using Pulse Width trigger mode
�� Programmable exposure from 61.2 μs to 32.2 ms
�� Sequencer trigger mode for on-the-fly change of gain, exposure and ROI
�� LVAL-synchronous/-asynchronous operation (auto-detect)
�� Auto iris lens video output allows a wider range of light
�� GigE Vision interface with 10 or 8-bit output
�� Programmable GPIO with opto-isolated inputs and outputs 
�� Comprehensive software tools and SDK for Windows XP/Vista

Progressive Scan
CM-140 GE-UV

1392 x 1040   16 FPS GigE Vision

PRELIMINARY
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