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Eikovec oe MATLAB

* The basic data structure in MATLAB® is the array, an ordered set of
real or complex elements. This object is naturally suited to the
representation of images, real-valued ordered sets of color or
intensity data.

 MATLAB stores most images as two-dimensional arrays (i.e.,
matrices), in which each element of the matrix corresponds to a
single pixel in the displayed image. (Pixel is derived from picture
element and usually denotes a single dot on a computer display.)

* For example, an image composed of 200 rows and 300 columns of
different colored dots would be stored in MATLAB as a 200-by-300
matrix.

https://www.mathworks.com/help/pdf doc/matlab/getstart.pdf



https://www.mathworks.com/help/pdf_doc/matlab/getstart.pdf

Eikovec oe MATLAB

* H Baowkn doun 6edopevwyv oto MATLAB® elval o mtivakaog, Eva
TOELVOUNUEVO OUVOAO IIPAYMATIKWY ) OUVOETWYV oTolxelwv. AUuTO €ival

bUOLKA KATAAANAO YLO TNV ATIELKOVLON ELKOVWV LE TIPOLYLOTIKEC TLULEC
XPWHOTOC 1 €vtaonc.

* To MATLAB amoBnkeUEL TIC MEPLOCOTEPEC ELKOVECG WC S1oOLAOTATOUC

Mivokeg, omou KaBe otolxelo TNG LATPOC QLVTLOTOLXEL O€ Eva LOVO
£LKOVOOTOLYELO OTNV ATELKOVL{OUEVN ELKOVAL.

* (To Pixel mpogpyeTal armo To OToLXELO ElKOVAC Kol cuvnBwC uTtodNAWVEL Lo
LLOVO KOUKKLOa o€ pLa 08ovn umoAoyiotn.) Na nopadetypa, po IOV Tou
artoteAeital arno 200 osipecg kot 300 otNAEC arto SLAPOPETIKEC EYXPWHEC
Koukidec Ba amobnkevetal oe MATLAB wc¢ mtivakag 200 x 300.

https://www.mathworks.com/help/pdf doc/matlab/getstart.pdf



https://www.mathworks.com/help/pdf_doc/matlab/getstart.pdf

H yndLakn ekova...

e MmnopoUuE va OKEPTOUE pLa KOV w¢ ouvaptnon f, ano R2->R:
* f( X,y ) &lveL tnv évtaon oto (X, Y)

* PeaAlOTIKA , TIEPLUEVOULE TNV ELKOVA YLOL VOL OPLOTEL LOVO O€ Eval opBoywvlo
, LE Evav TEMEPACLEVO EVPOC:

e MuLa Eyxpwun €LKOVA €lval pLa SLAVUOUATLKA cuvaptnon
TPLWV EKOVWV R, G, B

- r(X,Y)
f(X,y)=|9(X,y)
- b(X,y)




H yndLakn ekova...

* XPNOLUOTIOLOUE SLOKPLTEC TIMEC OTLC ELKOVEG (T.X. delypatoAnyia)

* H elkova pnopel twpa va avamapaotoBel we Evag mivakag UE OKEPOLEC TLUEC

* H'Evtaon oto j=3, j=4 eivaL f( 3,4 ) =46

| J
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Display Elkovwyv

Ma va epdaviotel pia etkova otnv MATLAB xpnoLUOTIOLOUKE TN ouvaptnon imshow, pe
Tnv ouvtaén:

>imshow(f, G)

f eiva evag mivakag eikovag kat G givat 0 aptduog twy emmedwv evraong (intensity levels) yia
to display. Av nmapaAeitpdei to G to default elval 256 levels.

Me tnv cuvtaén:

>imshow(f, [low high])

e OAec oL TLHEC < aTto To low, epdavifovtal pe pavpo

e OAec oL TEC > amo 1o high, epdavidovral pe Asuko

e OL eVOLAUEDEC TIMEC UE ATOXPWOELC TOU YKpL (8bit->256 amoxpwoelq)

* Mg aUTO TOV TPOTIO UITOPOUE VAL OTTELKOVIOOULE ELKOVEG HE XOUNAO EUPOG TLUWV
(dynamic range) i e BETIKEC KoL OLPVNTLKEC TLUEC TILVOLKAL.



Read and write image data, get information about
contents of image files

* OL Baokec evtoAec tnc Matlab ywa va dtadooupe/amoBnkevooupe
ELKOVEC €lval:

Functions
imread | Read image from graphics file
imwrite Write image to graphic;ﬂle
imfinfo Information about gr;phics file

7/11/2016 Kostas Marias TEIl Crete 2016



Atapalovtoc ELKOVEC arto OLadopeTka format

* AC XpNOLMOTIOLNOOUUE TNV cuvaptnon imread. Me To mapokaTw
nopadeypa StaBalovpe pa etkova truecolor oto workspace tou
MATLAB® kat tnv avaBetouvpe otnv petaBAntiy RGB.

RGB = imread('football.jpg');
figure, imshow(RGB)

* Edv n popdn apxelou eLkOVOC XPNOLLOTIOLEL ElKOVOOTOLXELD 8-bit, TO
imread amoBnkevel ta 6edopEva OTOV XWPO Epyacioc wc mivaka
uint8. MNa popdec apxeiwv nov vnootnpilovv dedopeva 16 bit, onwc
PNG kot TIFF, to imread énuioupyet eva mtivaka uint16.



Atapalovtoc ELKOVEC arto OLadopeTka format

e To imread xpnotpornolel SUo petaBANTEC yia va amoBbnkeVoeL pa
gupeTNPLaCcUEVN EkOva (indexed image) otov xwpo epyaciag: pio ylo tTnv elKova
Kol Lo yia to avtiotolyo colormap.

e To imread dtafadleL mavta to colormap o€ pa untpa double, mapoAo ou n WbLa
N ocuotoLlxla ELKOVWV UTTOPEL va elval TNS KAAong uint8 N uintl6.

e [X,map] = imread(‘kids.tif');

* To imread umtootnpilel TOANEC pOPPEC KOLVWV apXELwV YypadLlkwy, OTtwe Bitmap
Microsoft® Windows® (BMP), Graphic Interchange Format (GIF), JPEG (Joint
Photographic Experts Group), Portable Network Graphics (PNG) kat popdec
apXELOV ETIKETWV €TKETWV (TIFF) .



AmoBnkevovtac etkovec armto MATLAB®
workspace o€ graphics file

MNa va e€ayete dedopéEva elkOvag amo tov Xwpo epyacioc MATLAB® og eva
opXeio ypadlkwv o€ pia amnod Tt unootnPL{OMeVEG LopPEC apXeEiwV YypadLKwy,
XPNOLHOTIOLNOTE TN ouvaptnon eyypadnc imwrite .

AUTO 1o tapadetypa GopTWVEL TNV EVPETNPLWHEVN ElKOVa X ano eva apxeio MAT
Hali LE TOV OXETLKO XAPTN XPWHATWV KOL 0TI GUVEXELOL EEAYEL TNV ELKOVA WG
opxeio bitmap (BMP).

[X,map] = imread('kids.tif');

imwrite(X,map,’kids.omp")



AmoBnkevovtac etkovec armto MATLAB®
workspace o€ graphics file

Kata tnv eyypadn dvadikwv apxeiwv, to MATLAB opilel to medio ColorType o€ 'grayscale’.
KaBopiote tnv kKatnyopia amobrnkevong tTwv apxeiwv e€d6dou

To imwrite Xpnoluormnolel Toug akdAouBouc KaVOVEC yLa va KaBopiloel TNV KAAoN amoBrikeuong Tou XPNOLLLOTIOLELTAL OTNV
glkova e€odovu.

Storage Class of Image Storage Class of Output Image File

logical Ifthe output image file format supports 1-bit images, imwrite creates a 1-bit image file.

If the output image file format specified does not support 1-bit images, imwrite eXports the image data as auints grayscale image.

uinta If the output image file format supports unsigned 8-bit images, imwrite creates an unsigned 8-bit image file.

uintlé Ifthe output image file format supports unsigned 16-bit images (PMG or TIFF), imwrite creates an unsigned 16-bit image file.

If the output image file format does not support 16-bit images, imwrite scales the image data to class uwintg and creates an 8-bit image file.

intlé Parially supported; depends on file format.
single Parially supported; depends on file format.
double MATLAB scales the image data to uint? and creates an 8-bit image file, because most image file formats use 8 bits.

7/11/2016 Kostas Marias TEI Crete 2016 13



ANULOUPYWVTOC EVAV TILVAKA-ELKOVO O
Matlab

e A=[1234,5678;9101112;13 14 15 16]
 figure, imshow(A,[])

* B=A+10

* C=A-10

* Image=[ABC,CBA; BAC]

* min(min(A))

* min(min(Image))

* max(max(Image))

* Image2=uint8(Image)

 figure, imshow(Ilmage,[]), title('my first image')
 figure, imshow(Ilmage2,[]), title('my second image')



ANULOUPYWVTOC EVAV TILVAKA-ELKOVO O
Matlab

A=[1234,5678;9101112;13 1415 16]
figure, imshow(A,[])

B=A+10

C=A-10

Image=[ABC; CBA; BAC(]

min(min(A))

min(min(Image))

max(max(Image))

Image2=uint8(Image)

figure, imshow(Image,[]), title('my first image')
figure, imshow(Image2,[]), title('my second image')
imwrite(Image2,'1.gif')

A=imread('1.gif')



Atapadovtoc elKoveC o€ OLoPOPETIKA format

RGB = imread('football.jpg');
| = imread('cameraman.tif');
[X,map] = imread('trees.tif');
figure, imshow(X)

figure, imshow(X,map)

figure, imshow(X,map), colorbar



Bits binary elkovac

|I=imread('text.png');
figure, imshow(l)
info=imfinfo('text.png');
info.BitDepth



Bits grayscale ewkovag

Documents » MATLAB »

@ Variables - info

info  x

info=imfinfo('‘cameraman.tif'); 8 e o

info.BitDepth
info

Bpeite ta bits yla tnv ewkdva ‘cameraman.tif’
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Filename
FileModDate
FileSize
Format
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FormatVersion
Width

Height

BitDepth
ColorType
FormatSignature
Colormap
Histogram
InterlaceType
Transparency
SimpleTransparencyData
BackgroundColor
Renderingntent
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Gamma
XResolution
YResolution
ResolutionUnit
KOffset
YOffset
OffsetUnit
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ImageModTime
Title
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Description
Copyright
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Disclaimer
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T

Warning
Source
Comment
OtherText
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'Copyright The Math...
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Bits grayscale ewkovag

BW = imread('text.png');
whos
figure, imshow(BW)

info = imfinfo('text.png');
info.BitDepth

imwrite(BW,'test.tif');
info2 = imfinfo('test.tif');
info2.BitDepth

AlaBaoTte Kol OTITLKOTIOLNOTE TNV
elkova text.png Bpeite ta bits
TOU ELKOVOOTOLXELOU. 2TN
OUVEXELOL CWOTE TNV WC apXELo
tif kaL deite av ta bits
TOPOLEVOUV T oL KaBw¢ Kall
TL £XEL AANQEEL???



AoKknon

|=imread('clown.bmp');
* imwrite(l,'clown.tif')
clear
I2=imread('clown.tif");
figure, imshow(l2)
info=imfinfo('clown.tif');

info.BitDepth

[X,map] = imread('clown.bmp’);

imwrite(X,map,'clown.tif")
[I,map]=imread('clown.tif');
figure, imshow(l,map)
info=imfinfo('clown.tif");

info.BitDepth

Read clown.bmp save it
as tif image, read it again
and visualize the images.
See if they still have the
same bits

info = imfinfo("...tif");
info.BitDepth



Images in MATLAB

* OPLOMEVEC ELKOVEC, OTIWC OL ELKOVEC truecolor, amattouv pa
Tplodlaotatn Stataén mvAKwY, OTIOU O TPWTOC TILVAKOLC
QVTUTPOCWTIEVEL TLC EVTAOELC KOKKLVWV ELKOVOOTOLXELWV, O SEUTEPOC

TLC EVIOQOELC TWV TIPACLVWY ELKOVOOTOLXELWV O TPLTOC AVTIUTPOoWTTEVEL
TLC EVIOOELC TWV UTTAE ELKOVOOTOLXELWV.

e AUt n cuvOnKn KAVEL TNV epyacia pe eikovec oe MATLAB napopola
LLE TNV epyaocia pe omolodnmote aAAo turno dedopevwv matrix, Ko

KAVEL TNV TARPN oxV tou MATLAB SlaB€oiun ya edopLOYEC
enetepyaoiac elkovac.



Image Types o€ Matlab

e Gray-scale Imagew: Eival mtivakeg Twv omolwv oL TIHEG aVTIKATOTTPI{ouV TIG amoxpwoeLg Tou Ykpilou Otav ta
otolxela pLag gray-scale ewovaog ival class uint8 or uint16, €xouv akEpalec TIHES ota dtaotipata [0, 255] f [0,
65535], avtiotolya. Av ot TLpEC eival class double 1} Single, ol TLpéc eivat aplBuol oto cuoTNUA KWVNTAC
urtoSLaotoAn g . OL TipEG Values og double kat single gray-scale ewkovec ouvOwC aVAKALLOKWYOVTOL OTO EUPOC
Tuwv [0,1]

e Binary images: OL Suadikec elkoveg MATLAB eival logical mivakeg Tipwv 0 kot 1. Av o mtivakog A EXEL TLUEG
uovo 0 kat 1 aAAa ival data class m.x. uint8 dev eival binary image otn MATLAB kot yia va yivel:

B = logical(A) Av 0 A €XeL KoLt AAAEC TLUEC KTOC aro 0,1 tote n ocuvaptnon logical oAeg TIC U UNOEVIKEC
TWHEC o€ logical 1s kat 0Aeg tic undevikeg oe logical 0s. Me oxeoLakoUg Kol AOYLKOUG TEAEOTEC TIETUXEVOULE TA
(dla amoteAéopara.

Me tn ocuvaptnon :islogical(C) Av o C eival logical array, emiotpedet 1, aAAlwg 0. AOKLUAOTE:
A=[005;101;321]

B = logical(A)

islogical(A)

islogical(B)

Eniong €xoupe Indexed images kat RGB images mou Ba aoxoAnBol e apyotepa.



Atapadovtoc ELKOVEC arto OladopeTika format
Truecolor elkovec

Use the imread function. This example reads a truecolor image into the MATLAB® workspace as the variable
RGB.

RGB = imread('football.jpg');
figure, imshow(RGB)

If the image file format uses 8-bit pixels, imread stores the data in the workspace as a uint8 array. For file
formats that support 16-bit data, such as PNG and TIFF, imread creates a uint16 array.

https://www.mathworks.com/company/newsletters/articles/how-matlab-represents-pixel-colors.html

7/11/2016 ADICV Kostas Marias TEIl Crete 2017 23
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ALaPalovtoc ELKOVEC O OLAPOPETLKA
format: Indexed elkovec

* imread uses two variables to store an indexed image in the workspace: one for the image and another for its
associated colormap. imread always reads the colormap into a matrix of class double, even though the
image array itself may be of class uint8 or uint16.

* [X,map] = imread('trees.bmp’);

* imread supports many common graphics file formats, such as Microsoft® Windows® Bitmap (BMP), Graphics
Interchange Format (GIF), Joint Photographic Experts Group (JPEG), Portable Network Graphics (PNG), and
Tagged Image File Format (TIFF) formats. For the latest information concerning the bit depths and/or image
formats supported, see imread and imformats.

* https://www.mathworks.com/company/newsletters/articles/how-matlab-represents-pixel-colors.html

7/11/2016 ADICV Kostas Marias TE| Crete 2017 24
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AmoBnkevovtac etkovec armto MATLAB®
workspace o€ graphics file

Note When writing binary files, MATLAB sets the ColorType field to 'grayscale’.
* Determine Storage Class of Output Files

* imwrite uses the following rules to determine the storage class used in the output image.

Storage Class of Image Storage Class of Output Image File

logical If the output image file format supports 1-bit images, imwrite creates a 1-bit image file.

Ifthe output image file format specified does not support 1-bitimages, imwrite exports the image data as a uintd grayscale image.

uints If the output image file format supports unsigned 8-bit images, imwrite creates an unsigned 8-bit image file.

uintls [fthe outputimage file format supports unsigned 16-bit images (PMNG or TIFF), imwrite creates an unsigned 16-bitimage file.

Ifthe outputimage file format does not support 16-bitimages, imwrite scales the image data to class uintg and creates an 8-bit image file.

intla Partially supported; depends on file format.
zingle Partially supported; depends on file format.
double MATLAB scales the image datato uintg and creates an 8-bit image file, because most image file formats use & bits.

7/11/2016 ADICV Kostas Marias TEI Crete 2017 25



Data types in Matlab

* Elements in Matlab matrices may have a number of different numeric
data types; the most common are listed in the next table

Data type | Description Range
int8 8-bit integer —128 — 127
uint8 8-bit unsigned integer 0 — 255
int16 16-bit integer —32768 — 32767
uint16 16-bit unsigned integer 0 — 65535
double Double precision real number | Machine specific

7/11/2016 ADICV Kostas Marias TEIl Crete 2017 26



Data classes

double Double-precision, floating-point number is in the approximate range +103% (8 bytes per element)

single Single-precision floating-point numbers with values in the approximate range +1032 (4 bytes per element).
uint8 Unsigned 8-bit Integers in the range [0, 255] (1 byte per element)

uint16 Unsigned 16-bit Integers In the range [0, 65535] (2 bytes per element)

uint32 Unsigned 32-bit integers in the range [0, 4294967295] (4 bytes per element)

int8 Signed 8-bit integers in the range [-128,127] (1 byte per element)

int16 Signed 16-bit integers in the range [-32768,32767] (2 bytes per element).

int32 Signed 32-bit integers in the range [-2147483648,2147483647] (4 bytes per element).

char Characters (2 bytes per element).

logical Values are 0 or 1 (1 byte per element).




Converting between Classes

H yevikn ouvtaén ya petatpomnn KAaocswv ival B = class_name(A)

M.x. av o rtivakac A giva class uint8 pmopoupe va GTLAEOUE TOV AVILOTOLYO
double-precision array, B pe tnv evtoAn B = double (A).

Av o C eivai evac mivakog class double pe tipec oto dtaotnua [0, 255], punopei va
LeTatparnel o€ uint8 pe tnv evtoAn D = uint8 (C) .

Av gvac ntivakoacg exet TipEC E€w armo to dtaotnua [0,255] ko uetatpanei o€ class
uint8 ortwc rtptv, N MATLAB petatpénet o€ 0 OAe¢ ti¢ Tiueg < 0, oe 255 O0As¢ ti¢
TLUEC >255. Ot evdlaUEDES TIUEC OTPOYYUAOITOLOUVTAL OTOV KOVTIVOTEPO AKEPALO.

Omnote NPEMEL va Yivel owoTtn petatporni TLwv (scaling) evac nivaka double
array £1oL WoTE OAa TaL oTOLXELO TOU va eivat to diaotnmua [0, 255] MPIN
METATPAMEI ZE uint8!!1!

7/11/2016 ADICV Kostas Marias TEIl Crete 2017 28



Matlab epyaleloBnkn ylo tn petatpornn
£LKOVAC o €va class og aAAo

im2uint8 uint8 logical, uint8, uint16, int16, single,
and double

im2uint16 uintl6 logical, uint8, uint16, intl6, single,
and double

im2double double logical, uint8, uint16, int16, single,
and double

im2single single logical, uint8, uint16, intl6, single,
and double

mat2gray double in the range [0, 1] logical, uint8, int8, uintl6, int16,
uint32, int32, single, and double

im2bw logical uint8, uint16,int16, single, and
double

7/11/2016 ADICV Kostas Marias TEI Crete 2017 29



AplBuNTLKOL TEAEOTEC TILVAKWV

+ Array and matrix addition a+b,A+B,ora+A.

- Array and matrix subtraction a-b,A-B,A-2a,ora-A.

X Array multiplication Cv=A.*B,C(l, J) =A(l, J)*B(1, J) .
* Matrix multiplication A*B (roAAQTTAQGLOOUOC TILVAKWV)

Array right division C=A./B, C(1, J) =A(i, j)/B(i, j)

Array left division C=A.\B, C(1, J) =B(j, j)/A(, j)

Matrix right division A/ B is the preferred way to compute A* inv (B).
\ Matrix left division A\B is the preferred way to compute inv(A) *B.
A Array power IfC=A.'B,thenC(l, J) =A(l, J) ~B(l, J) .
J Transpose A.', standard vector and matrix transpose.
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[ToAAamAooLlaopoc mvakwy otn matlab

e A=[al a2; a3 a4]

e and B=[b1 b2; b3 b4]

* The array product of A and B:

e A. *B =[albl a2b2; a3b3 a4b4]

* whereas the matrix product:

e A*B=[albl+a2b3 alb2+a2b4; a3bl +ad4b3 a3b2 + adb4]

e Atataén (otowxelwv, aplBuwv): array
* Matrix: mivakog



Elkovec oeMatlab

e Gray-scale Ewkovec: Elval MivoKeC TwV OTIOLWV OL TLUEC
QVTIKATOTITPL{OUV TLC ATIOXPWOELC TOU YKpilou. Otav Ta oTtolxela LG
gray-scale slkovac sival class uint8 or uintl6, £xouv AKEPALEC TIMEC OTA

Staotnuata [0, 255] N [0, 65535], avtioctouwa.

* Av oL TIMEC elval class double n Single, ol TIpnEC elval aplBuot oto
oUOoTNMA KVNTAC UTIOSLOLOTOANC .

e OLTipec Values og double kat single gray-scale elkovec cuvnOwc
avaKALLLAKwWVOVTaL 0TO EUPOC TLHwV [0,1]



Elkovec oeMatlab

e Binary images: Ot Suadikeg etkovec MATLAB eival logical mivakecg Tipwyv 0 kat 1.
Av o mtivakag A €xeL TLpEG Lovo 0 kat 1 aAAa eivat data class .. uint8 Ba mpémneL va
yivel logical image otn MATLAB ko yla va yivel ypadou pe:

B = logical(A)

Av 0 A €xeL Kol AAAEC TLHEC ekTOC amo 0,1 tote n ouvaptnon logical kavet:

1) 'OAec tic pun pundevikee TiuEg o€ logical 1s kaut

2) ‘OAec tic pndevikec oe logical Os.

Me tn cuvaptnon :

islogical(C)

Av o C gival logical array, emiotpedet 1, aAAlwc O.

Entionc €xoupe Indexed images kat RGB images mou Ba aocxoAnBoupe apyotepa.



AN\OL XpNOLLLOL TEAEOTEC

Operator Name )
Operator Description
< Less than .
& Elementwise AND
<= Less than or equal to .
| Elementwise OR
> Greater than .
= Elementwise and scalar NQT
>= Greater than or equal to
&& Scalar AND
== Equal to
| Scalar OR
a Not equal to

& (AND operator) kat | (operator OR) pmopet va AeltoupyrioeL o€ TIVOKEG OTOLXELO TTPOC oTOLXELD.
&& Kal || elvon ekSO0oELC «BPOXUKUKAWMATOC» yLa TLC OTIOLEG To SeUTEPO OKEAOC aloAoyeital Lovo Otav To amotéAeopa Sev

KaBopiletal MANPWE Ao To MPWTOo. AUTA UIToPoUV va AeltoupyoUV LOVO O€ TL.X. O €vay integer 1 double , OxL o€ mivakec.

A & B (A and B are evaluated)
A && B (B is only evaluated if A is true)

7/11/2016 Kostas Marias TEIl Crete 2016



[TpOoyPAUUATIOMOC - EVTOAEC

7/11/2016

Statement Description

if if,together with else and elseif, executes a group of state-
ments based on a specified logical condition.

for Executes a group of statements a fixed (specified) number of
times.

while Executes a group of statements an indefinite number of times,
based on a specified logical condition.

break Terminates execution of a for or while loop.

continue Passes control to the next iteration of a for or while loop, skip-
ping any remaining statements in the body of the loop.

switch switch, together with case and otherwise, exccutes different
groups of statements, depending on a specified value or string.

return Causes execution to return to the invoking function.

try...catch

Changes flow control if an error is detected during execution.

Kostas Marias TEI Crete 2016
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AOUAEUOVTAC UE TIVAKEC-ELKOVEC

%Aputoupvo()ue gvav miivaka 100x100 pe Tuxoieg
TUMEG

A=rand(100,100);

figure, imshow(A)

min(min(A))

max(max(A))

imwrite(A,'2.gif'); Z=imread('2.gif');

B=uint8(A);

figure, imshow(B)

figure, imshow(A)

% TLmapatnpeite?

imshow will display a matrix of type double as a greyscale image as long as the matrix elements are between 0 and 1.

help imdemos



AN\OynN €UPOUC TLULWV

* YITAPXEL N YEVLKN OXEON

TIUET gy ey — TTLE TR 1y g
TIMLE o[ — T i

v — Ming) + MiNgey

* @EAoupe T.X. va rtape amo 0-1 og 0-255
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AN\OynN €UPOUC TLULWV

%Create a random image 100x100 and rescale it 0-255 (assign it to B). Then write it as a gif file

and read again in the variable B2. Are the values the sam=

A=rand(100,100);

B=(A-min(min(A)))*255/(max(max(A))-min(min(A)):

max(max(B))
B=uint8(B);

figure, imshow(B)
figure, imshow(A)
imwrite(B,'B.gif')
B2=imread(‘B.gif');
sum(sum(B-B2))

T A T § -

TIULT [ —TATL 14

(A — Mingg) + Mittge



Aoknon: Otwacte evayv riivaka C ue for loops mou
Vo KQVEL rescale tic tipec tou A armo 0-255 ko
eTIUREPALWOTE OTL ELlvolL O LOLOC PE ToV TivaKa B
TOU TIPONYOUUEVOU TIAPAOELYLATOC

for i=1:100
for j=1:100
C(i,j)=(A(i,j)-min(min(A)))*255/(max(max(A))-min(min(A)));
end

end

sum(sum(B-C))



AN alovtac data class

* H Aettoupyia im2uint8 opilel o 0 OAEG TIG TIHEG ELOOSGOU TTOU Eival HIKPOTEPEG aro O,
opileL o€ 255 OAEG TIG TLUEG OTNV L0060 TIOU €ival peyalUTEPES armo 1 kot
rnoAAamtAaoLlalel OAeC TLC AAAEC TIMEC KaTa 255. H otpov\é\u)\onomon TWV QTTOTEAECUATWVY
TOU TIOAAQUITAQLCLO.OLOU OTOV TTANOCLECTEPO AKEPOLO OAOKANPWVEL LETATPOTTN.

* H Aettoupyia im2double petatpenet pla eicodo otnv kAaon double. Eav n eicobog sival
kKAaong uint8, uint16 n logical, n Aettoupyia im2double tn petatpenel og kKAaon double
e Tclj.lECbOTnV nieployn [0, 1]. Av n eloodog eivat povng tagng r eival nén double , to
ou

Im2 ! le emioTpEPEL Evav Ttivaka tou elvatl double , aAAa eivat aplOuntikd loog pe TNV
eloodo.

h = uint8([25 50; 128 200]);
c=double(h)/255
g = im2double(h)

* N HETATpOT) otav n €i00dog sivat KAaong uint8 yivetat ania dtatpwvtag KOs Tiur pe
255. Eav n eloodo¢ eival tng kKAaong uint1l6 n diaipeon eival pe 65535.



A2KH2H: AAA\acte To data class tou A,
ONLLOUPYWVTAC EVaV VEO Ttilvaka B3 pe tnv evtoAn
iIm2uint8 KoL CUYKPLVETE TOV |LE TOUC TIlVaKEC B
KollC. Av dev elval LOLoL TL ExeL oupPeL?

B3=im2uint8(A);

sum(sum(B-B3))
sum(sum(uint8(C)-B3))
sum(sum(uint8(A*255)-B3))



Metatpornn KAaoswv-livakec logical kal
binary

* 'H mapokAtw €VIOAN

e g=f>T

* Anuovupyel eva mivaka logical mou meptexel 1 omou ta otowxeia tou f eiva
neyoAvtepa ano T (katwddAl) kat 0 o€ Kdée AAAN mepimTwon.

* H evtoAn tou Toolbox im2bw Sivetal pe tnv noapakatw cuvtoén :

g =im2bw(f, T)

* OLTiEG tou kaBopifovtal yia to 0pLo T pENEL va eival oTnV
nepoxn [0, 1], aveéaptnta ano tnv KAAon tng ELKOVAC ELOOOOV.

* H Aettoupyia KALLOKWVEL auTopata TRV T KatwdAiov cupdwva
HE TNV Katnyopia elkovag e.co6ov. MNa napadstypa, av to f etvon
uint8 kot to T €ivat 0.4, tote to im2bw opilel ta elkovootolxeia o« f,
OUYKPLVOVTAC Ta HE TNV TWR 255 * 0.4 = 102.



AOUAEUOVTAC UE TIVAKEC-ELKOVEC

A=rand(100,100);
B=(A-min(min(A)))*255/(max(max(A))-min(min(A)));

B=uint8(B);

G=B>102;

G2=im2bw(B,102) AaBoc! Mowa eivat n cwotn ocuvtaén wote G2=G?
G2=im2bw(B,0.4);

sum(sum(G-G2))

G2N=im2double(G2);



Baowkol, etowpot Standard lMivakec tou Matlab

OmoladAmoTe Ao T aKOAOUBOEC AELTOUPYLEC-> TO ATIOTEAECHO ELVOL EVAC TETPAYWVOC TIVOKOG
e zeros (M, N) generates an M x N matrix of Os of class double.

e ones (M, N) generates an M x N matrix of Os of class double.

e true (M, N) generates an M x N logical matrix of 1s.

e false (M, N) generates an M x N logical matrix of Os.

e magic (M) generates an M x M "magic square." This is a square array in which the sum along any row,
column, or main diagonal, is the same. Magic squares are useful arrays for testing purposes because they are
easy to generate and their numbers are integers.

e eye (M) generates an M x M identity matrix.

e rand (M, N) generates an M x N matrix whose entries are uniformly distributed random numbers in the
interval [0, 1].

e randn (M, N) generates an M x N matrix whose numbers are normally distributed (i.e., Gaussian) random
numbers with mean 0 and variance 1.



AoKknon

e Anuoupyeiote evav ‘payiko mivaka’ 1000x1000
* Bpeite T0 max Kal To min Tou Ttivaka auToU

e Artodeifte pe amAec evtoAec matlab otL Tto ABpolopa Twv ypoLUUWY
TOU €lval To 1610 pe To aBpolopa Twv oTNAWV Tou.

* Artodeiéte OTL TO ABpolopa TWV oToLELWV TNC Kuplog Staywviov givol
16lo pe to abpolopa omolacdnNMoTE YpOUUNGS N 0TAANC.

e ATTELKOVLOTE TOV TIlvaKa WE lkOvVa adpoU YLVEL N KATAAANAN
LETATPOTIN TILWV KAL XPNOLLOTIOLWVTAC 0o pabape oto 2°
epyaotnplo wote va owBel oe swkova gif. ZavadlaBaote to gif apxeio
Kol BePatwBeite OTL OL TIHEC lval oL LOLEC.



A=magic(1000);
sum(sum(A)-sum(A'))
max(max(A))

min(min(A))

figure, imshow(mat2gray(A))
figure, imagesc(mat2gray(A))
B=uint8(mat2gray(A))*255;

total=0
for i=1:1000
for j=1:1000
if i==j
total=total+A(i,j);
end
end
end

sum(A(1,:))-sum(sum(total))

7/11/2016

Kostas Marias TEIl Crete 2016

46



7/11/2016

Boundary
Detection
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[€(TOVEC KOL TIEPLYP AU ELKOVOLC

e Oplloupe wC V 10 CUVOAO TWV TIHWV EVTACEWV ELKOVOC VLA VOl
OpLOOULLE yeLTViaon.

* 2tnv duadikn ewkova (binary) V = {1}



=

" Baolkég ox€oelg avapeoa os pixels
* [eltoveg tou pixel p: 4-yeitoveg Ny(p)

* Elvall Tto cuvoAo armo touc TEooegpeLC opL{OVTIOUC Kol KABETOUC:
(X + 1/ y)r (X - 11 Y)l (X; Y + 1)/ (X/ Y- 1)

OTNAECG

(X . 11 y)
(XI Y- 1) (le) (XI y+ 1)
(x+1,y)

YPOLLLEG



3

Bas

BOOLKEC OYEOELC QVAUEDQ O€ pixels
* [eitoveg Tou pixel p: 4- dtaywviot yeitoveg Ny(p)

* Eivall Tto cuvoAo armo touc TEooegpeLlg HLAYWVLOUC:
(X+1;y+1)1 (X+11y_1); (X_11y+1)1 (X_lly_l)

OTNAAEC

(x-1,y-1) (x-1,y+1)

(x,y)
(x+1,y-1) (x+1,y+1)

YPOAUMEG



g
Badkec oxeoelc avapeoa o€ pixels

* [eitoveg tou pixel p: 8-yeitoveg Ng(p)=N,(p)+ Ny(p)

GTNAES
(x-1,y-1) (x-1,y) (x-1,y+1)
(x,y-1) (x,y) (x, y+1)
(x+1,y-1) (x+1,y) (x+1,y+1)

YPOUHES

* Y& OAEC TLC TIEPUTTWOELC AV TO (X,Y) €Lvol OTO TEPLYPOLUO TNC ELKOVOLC OL
yeltovecg evdexetal va eilval £€w amo tnv swova!ll



[
in

[eltviaon, 2uvoeoLuotnTa, MNepLOYEC, KoL ™
Opla

* Eotw OTL R elvat Eva urtooUvoAo Twv pixels pLag elkovac.

* To R elvat uta meptoxn (region) tnc elkovac av givol eva cuvOEOEUEVO
ouvoAo (connected set) dnA. oAa ta pixels Tou elvall cuvdedepeva
(urtapyel Eva povormatl yeltviaonc avaueoo Touc UE pixels rmou
aVvNKouV armokAELoTIKa oTo R)

* AUO TIEPLOYEC ELVOLL YVELTOVLKEC OV N EVWON TOUC oxNUOATL(EL Eva
ouvoedeLEVO oUVOAO

* Ataopetika ot teployec eival éexwplotec (disjoint).

e [La voL OplOOUE OAQ TAL TIALPATIAVW TIPETIEL VOL EXOULLE OPLOEL TIPWTA
av LWAAUE ya 4- N -8, m YeLTVioon TTEPLOYXWV.



[eltviaon, 2uvoeoLotnTa, NMePLOYEC, Kal
Opla

* 2TO MAPAKATW TIAPASELYUO OPLOTEPA OL SUO TIEPLOXEC TTIOU EXOUV 4-
yelrtviaon dev yettovevouv. Av XpnNOLLOTIOLNOOUUE OUWCE 8-VeLTvioon
(6e€La) oL tEPLOYEC YELTOVEUOUV YLOTL N EVWOT TOUC €lval Eva
ouvdedeEVO cUvoAo!
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[eltviaon, 2uvoeoLotnTa, NMePLOYEC, Kal
Opla

* Eotw ot pa ewova meplexel K éexwptloteg neploxes Ry, k=1..K.

* H evwor) toug R, opiletal w¢ mpooknvio-foreground.

* H oupnAnpwpartikr) eploxn {oAa oca AEN eivat oto R, 6nA. avijkouv oto
(R, )} eivar to dpovrto-background tng elkovag.

* To cuvopo N nepiypappa (boundary, border ny contour) pLog teploxng R
glval To oUVOAO TwV ONUEIWYV TNC TTEPLOXNC TTOU YEITOVEUOUV LIE TO
ouurtAnpwuo tn¢ reptoxnc R.

e JUvopo R = ouvolo pixels R mou €xouv touAaxlotov 1 yeitova amo to
background.



[eltviaon, 2uvoeoLotnTa, NMePLOYEC, Kal
Opla

* Eotw ot pa ewova meplexel K éexwptloteg neploxes Ry, k=1..K.

* H evwor) toug R, opiletal w¢ mpooknvio-foreground.

* H oupnAnpwpartikr) eploxn {oAa oca AEN eivat oto R, 6nA. avijkouv oto
(R, )} eivar to dpovrto-background tng elkovag.

* To cuvopo N nepiypappa (boundary, border ny contour) pLog teploxng R
glval To oUVOAO TwV ONUEIWYV TNC TTEPLOXNC TTOU YEITOVEUOUV LIE TO
ouurtAnpwuo tn¢ reptoxnc R.

e JUvopo R = ouvolo pixels R mou €xouv touAaxlotov 1 yeitova amo to
background.



[eltviaon, 2uvoeoLotnTa, NMePLOYEC, Kal
Opla
* IXETLKA LLE TO TIEPLYPOLULUOL TIPETIEL KOLL TIAAL VAL OPLOOUUE avV avahEPOUAOTE

o€ 4-,8-, m- yettviaon,.

* [la va armodpUyoupe acadela (BAEME MOPAKATW OXNUOL) XPNOLUOTIOLOUE 8-
yelwtvioon/ouvOeouotnTa yla onpeia pog mepLloxneg Ko tou background.

To pixel auto AEN avrikel oTo Tepiypappa TnG
MEPLOXNC ME TIMEC ‘1’ av XpNOLUOTIOLi 00V UE 4-
yelwtviaon pe to ¢povro!

i e ek
"
#
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[eltviaon, 2uvoeoLotnTa, NMePLOYEC, Kal

Opla

* O nponNyoUEVOC OPLOMOC ELVOLL TO ECWTEPLKO TIEPLYPAO OE
avtiBeon e To e€WTEPLKO IOV €lval To avtiotolyo tou background.

e AUTO €lvoll CNMAVTLKO yloL avarmtuén aAyopilBuwv mou evtomnidouv to
MEPLYPALLLLA TNC ELKOVOLC YLOTL TO TIEPLYPOLUUOL ELVOL TTAVTA EVA KAELOTO
povorott!

v' To eOWTEPIKO TIEPLYPOLUOL TNE TIEPLOXAC
ELKOVOAC ME TIMEG — 1 giva n (&La mepLoxn
ANANA bev gival kKAeloto povormati!!!

v' To ewtepkd Opwce siva!!!

O|lo0o|O0|0O0|0O | O
ORI KR (R |FR]|]O
O|lo0o|O0|O0O|O]|O




AnuLoupylo ELKOVOC Kol EVPEDH
MEPLYPALLLATOC

A=zeros(100);

A(30:50,30:50)=1;

B=zeros(100); %MNwc Ba Bpoupe to teplypappa? 16€ec?
fori=1:100

for j=1:100

if A(i,j)==1 && (A(i,j-1)==0 | A(i,j+1)==0 |A(i-1,j)==0|A(i+1,j)==0)

BI1,1)=Ai,); —

end (,j-1) (i.j) (i,j+1)

end (i+1,])

end



AnuLoupylo ELKOVOC Kol EVPEDH
MEPLYPALLLATOC

%AC pTLaEoupe eva SeVTEPO OYNHO TIOU VO OLKOU LITTIALEL LLE TO TIPWTO.
A(51:70,51:70)=1;

figure, imshow(A)

B=zeros(100);

for i=1:100

for j=1:100

if A(i,j)==1 & (A(i,j-1)==0 | A(i,j+1)==0 |A(i-1,j)==0]A(i+1,j)==0)
B(i,j)=A(i,j);

end

end

end



e DTLAYTE pLaL KalvoUpLoL ELKOVA TTOU va €XeL 255 Greylevel Tiun ota
Vo teTpdywva Kot 155 oto meplypappa.

e C=A*255-B*100;
figure, imshow(uint8(C))



AnuLoupylo ELKOVOC Kol EVPEDH
MEPLYPAUUOTOC OTO Ypappa ‘8"

A=imread('B.gif');
figure, imshow(A)
[rows,columns]=size(A);
B=zeros(rows,columns);
for i=1:rows

for j=1:columns

if A(i,j)==255 & (A(i,j-1)==0 | A(i,j+1)==0 |A(i-1,j)==0]A(i+1,j)==0)
B(i,j)=Ali,j);

end

end

end

figure, imshow(B)




AnuLoupylo ELKOVOC Kol EVPEDH
MEPLYPAUUOTOC LE 8-VELTOVEC

B2=zeros(rows,columns);
fori=1:rows
for j=1:columns

if A(i,j)==255 & (A(i,j-1)==0 | A(i,j+1)==0 | A(i-1,j)==0| A(i+1,j)==0 | A(i-1,j-1)==0] A(i+1,j-1)==0| A(i-
1,j+1)==0|A(i+1,j+1)==0)

B2(i,j)=Ali.j);

end

end

end

figure, imshow(B2)

%KatevBeiav pmopou e va Bpou e Toug SLOYWVLOUC YEITOVEG



AnuLoupylo ELKOVOC Kol EVPEDH
MEPLYPAUUOTOC LE 8-VELTOVEC

%KatevuBOeiov pmopou e va Bpou e Toug HLOYWVLOUC YEITOVEG
C=B2-B;
figure, imshow(uint8(C))

%MNavw otnv elkova A avadeifte 1o meplypapid tng
C2=A-uint8(B/2);

figure, imshow(C2)



Boundary detection of ‘trees.bmp’

* No BpeBel to mepiypappa TG EIKOVAC trees.bomp KpaTwvTAC LOVO TLG
TLMEC TOU YKpLl{ov Tou elval peyalutepec tou 70.

[X,map] = imread('trees.bmp’);
figure, imshow(X);

figure, imshow(X>70);
A=uint8((X>70)*255);

figure, imshow(A);



Boundary detection of ‘trees.bmp’

[rows,columns]=size(A);

B=zeros(rows,columns);

for i=2:rows-1

for j=2:columns-1

if A(i,j)==255 & (A(i,j-1)==0 | A(i,j+1)==0 |A(i-1,j)==0|A(i+1,j)==0)
B(i,j)=A(i,j);

end

end

end

figure, imshow(B)
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Create a myboundary function

function [Bo Bi] = myboundary(A)
[m n]=size(A);
Bo=zeros(m,n);
Bi=zeros(m,n);
fori=2:m-1
forj=2:n-1
if A(i,j)==0 && (A(i,j-1)==1 | A(i,j+1)==1 |A(i-1,j)==1]|A(i+1,j)==1)
Bol(i,j)=1;
end
if A(i,j)==1 && (A(i,j-1)==0 | A(i,j+1)==0 |A(i-1,j)==0|A(i+1,j)==0)
Bi(i,j)=1;
end
end
end
figure, imshow(Bo,[]), title('outer boundary of the image')
figure, imshow(Bi,[]), title('internal boundary of the image')

endfunction



