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Critical heat flux
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% Rising bubble measurement (bubble column)
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Image processing
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CIX|= HAMK 2| (digital image processing)
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»» Flow visualization
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C|X| = HAX 2| (digital image processing)

« 2kt
v" MATLAB + image processing tool box: conventional gradient method

v" MATLAB + image processing tool box + machine learning toolbox: CNN

% Conventional gradient method

=9 ZH (backlighting) + shadowgraphy

00

*» MATLAB Image processing toolbox
SSMe| flet et & LY

o 20x20 Matrix

1616 167 188 1 1S 165 165 15 1 16 18 e 87 18 e 1 1
ot A AR <

FY TR MR b S
«20x3 Matrix::ccrsssseras:
MatriX::cceerezress

St e

16 B I8 164 165 16 165 165 165 165 185
18165 186
1% 8 8
1 15t 15
[
1%

4

DX |:.| A

o
o
Ral

18

@ e e
1% 1
B
= 12 13 12
1S 1@ 1w
121 s

s 1z s

o o
o 1Y Y
e

E
alu
i
olr

@ R B




C|X| = HAX 2| (digital image processing)

< O
v" Drop.jpg + drop_size.m
>» |=imread("Drop.jpa"); > Read Image : function imread
>» drop_size(l) :;mge;g)('drompg');
Droppixel =

CIE ZE= TEEF 4= 1 struct HHZ:

EquivDiameter

ans =

1.1648 1.21775 1.1535 1.1214

/

% Exercise
v Count the number of Droplets

v" Calculate the size of each droplet




C|X| = HAX 2| (digital image processing)

% drop_size.m
I

function Dropsize=drop size (I)

% RGB to Gray /
Igray=rgb2gray(I);

% Median Filter
Imedi=medfilt2 (Igray)
% Fill the holes
Ifill=imcomplement (Imedi) ; >
Ifill=imfill(Ifill, "hole'");

Ifill=imcomplement (Ifill);

24 bit = 8 bit x (R G B)

Median filter: noise i0j+= Z E

v

Filling holes
function imcomplement and imfill
Ifill=imcomplement(Imedi);

s Sobel Filter _ _ Ifill=imfill Ifill, hole’);
Isobel=sobelfilter dia(Ifill); Ifill=imcomplement(lfill);

% Binarization
Ibw=im2bw (Isobel,graythresh (Isocbel));
% Fill the holes again
Ibw=imfill (Ibw, 'hole"); ]
% Correct bug
Ibw(l:2,1:2)=0;
Ibw(1l:2,449:450)=0;
Ibw (449:450,1:2)=0;
Tbw (449:450,449:450)=0;
% Label
Ilabel=bwlabel (Ibw) ;
% Droplet number count
Ndrop=max (max (Ilabel)) ;
% Region properties
Droppixel=regionprops (Ilabel, 'EquivDiameter')
% Size calculation
for i=1:Ndrop
Dropsize (i) =Droppixel (i) .EquivDiameter/44;
end




CIX|= HAMK 2| (digital image processing)

< drop_size.m

Edge detection using sobelfilter

function Dropsize=drop size (I) function sobelfilter dia
% RGB to Gray Isobel=sobelfilter_dia(lfill);
Igray=rgb2gray (I); figure, imshow(lsobel)

% Median Filter
Imedi=medfilt2 (Igray):;

% Fill the holes
Ifill=imcomplement (Imedi) ;

Ifill=imfill(Ifill, "hole'"); Binarization

Ifill=imcomplement (Ifill) ; function im2bw

% Sobel Filter (black or white, 0 or 1)
Isobel=sobelfilter dia (Ifill); Ibw=im2bw(lsobel,graythresh(lsobel))

o)

% Binarization
Ibw=im2bw (Isobel,graythresh (Isocbel));

. . ’ Fill the holes again !
% Fill the holes again
Ibw=imfill (Ibw, 'hole');

)

% Correct bug

Ibw(l:2,1:2)=0;

Ibw(1l:2,449:450)=0; ”
Ibw (449:450,1:2)=0;
Tbw(449:450,449:450)=0;
% Label
Ilabel=bwlabel (Ibw) ;

% Droplet number count
Ndrop=max (max (Ilabel)) ;
% Region properties
Droppixel=regionprops (Ilabel, "EquivDia
% Size calculation

for i=1:Ndrop Labelling
Dropsize (i) =Droppixel (i) .EquivDiameter/44; function bwlabel

end Check 898 267
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image processing

CIXI2 S&*E] (digital
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Binarized image

o000 o0 000 000000000000

im2bw (Isobel,graythresh (Isob&l) ) ;

Fill the holes again
imfill (Ibw, "hole');

Binarization

Tbhw
Tbhw

OOO OO0 0000000000000

OO OO OO OO OO O OO0 0 ) (D) OO

OO OO O[O OO OO O O 0D ) (D 0 0D O

OO OO O[O S| OO O O O i 0D O D (D) 00| O

OO OO O[O OO OO O O 0D ) (D 0 0D O

OO OO OO O OO O OO0 0D 0 (D 0D 0O O

OO AN N[O OO OO O OO0 0 (D 0O O

OO NN O OO0 OO0 0|O|O)|0)O0| O

GO Q|| OO O OO0 00|00 OO

CJ OO NN N OO OO OO0 OO0 0| O

GO Q|| OO O OO — | OO OO0 O

SN NN DD D ooo o
OO NN OO OO O ||| | ooo
oo ooo oo D oo o
OOOOoOoo| OO || ||| | ooo
Ll an]p el el on ol an i e e R ettt Bl Bl LR el e
OOo| OO0 o000 ————— OOo|o O

fejan]p el el an o} el an ) an ) e e e e e e e e e e

OOO OO0 0000000000000

oo ooooooooooooo oo

The Most
Important
Function !

.
4

regionprops (Ilabel, 'EquivDiameter')
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end



CIX|= HAMK 2| (digital image processing)

% drop_size.m Count the number of objects : function max

function Dropsize=drop size (I) Ndrop=max(max(llabel));
% RGB to Gray
Igray=rgb2gray(I);

% Median Filter
Imedi=medfilt2 (Igray)

% Fill the holes
Ifill=imcomplement (Imedi) ;
Ifill=imfill (Ifill, "hole');
Ifill=imcomplement (Ifill);

Get information of each object :

function regionprops
Droppixel=regionprops(llabel,'EquivDiameter’)

% Sobel Filter . . e o E— . .
Isobel=sobelfilter dia(Ifill); Aoy EquivDiarmeter Majordxisl endgth
% Binarization ‘BoundingBox ™ | "EulerMumber” | TMinordxisLencgth
% Fill the hol i
Ibwiimfili(Igw??hifsz; ‘ConvexArea’ | "Extrema’ Pixelldxlist’
$ Correct bug ‘ConvexHull” ‘FilledAres’ ‘Pixellist’
Ibw(l:2,1:2)=0; "Convexlmage " | "Filledlmage ' "Solidity
Ibw(1l:2,449:450)=0; ; — 1 .

Eccentricity [rmage
Ibw (449:450,1:2)=0;

Ibw (449:450,449:450)=0;
% Label
Ilabel=bwlabel (Ibw) ;
% Droplet number count
Ndrop=max (max (Ilabel)) ;
% Region properties
Droppixel=regionprops (Ilabel, 'EquivDiameter')
% Size calculation 1 pixel = 1/44 mm in the image
for i=1:Ndrop //////,

Dropsize (i) =Droppixel (i) .EquivDiameter/44;
end




