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o Image Processing Toolbox, Matlab,

o Image processing with Java 2D,

o Intel, Open Source Computer Vision Library (OpenCV)
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<& Matlab= Matrix Laboratory

o MpoypapuaTIoTIKG NeEpIBAAAOV To onoio apxikd avanTUuXBnKe yia XEIPICHO
di1d1doTaTtwy nivakwv (matrices)

o Znuepa anoteAei To No. 1 epyaleio Taxeiag NpwTOTUNOMNOINONG YIa EPEUVNTIKOUG Kal
eknaldeuTikoUG (NAVeNIoTNHIAKNG eknaideuong) okonoug

<o Epappoyég:

MaénuaTika Kal unoAoyiopoi

AvanTugn aiyopidpwv

SUAMNYnN (anokTtnon) dedopévwv

MovTeAonoinan, NPoocopoiwaon Kal NPWTOTUNONoinon

Avaluon dedopévwyv, Slepelivnaon Kal aneikovion

AvanTu&n epapuoywv cupnepiAauBavouevng kal Aianpoocwneiag e Mpagika
(Graphical User Interface)

< MAnkTpoAoynote demo andé To Command prompt Tng Matlab yia va deite pia
NANpECTEPN YKAUa epappoywv Tng Matlab

L R IR R R R
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KUpleg nepIOXEC:

=>Command Window =& s >
=Current Directory B« asexasc | 722400 aouble array

[Edcaption 1x66 132 char array
= Workspace Browser |HE=r 128x3 3072| double array

= Command History
= Figure Window
Path

<o Ze noia directories
waxvel n Matlab yia
OUVApPTNOEIG

Workspace _ Current Directory

whos

inshow (X, nap)
els

cle

dstart
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D& ® & #f | 88 BR8] ssfE
1 function saveppn(fname,r);
bl & saveppu{fname,r,q,b);
3 % saves the matrixes r in a ppm file <fname>
4]
8 if ( (mwaximax(r)) > 255 | min(min(x)) < 0) )
B fprintf(l, 'Not a valid image arrayin'):
7 else
g £id = fopen(fname,'w'):

[N W] = sizeir):

fprintf{fid, 'FSinsd &d\n255in' 0,0

T o= fix(r'):

strin=zeros (1,I°0) ;

Strim(liliMeH]=c(:)';

fyrite(fid,strin, 'wnsigned char');
folose(£1d);

saveppm Lni1_ Coli7

< Text editor kai debugger yia Tn dnuioupyia m-files

<o MNa evepyonoinon Tou editor nAnkTpoAoyoUue and To Command Prompt
<o edit
o edit filename (avoiyel To m-file ye 6voua filename yia enegepyaaia)
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Heln Navigatar

L .

| Develapment Environment Using the Deskiop: iihat the Desktop s | [Addto Favortes

Product fiter: (@) a1 () Selectedt

Coferts  Index  Search  Demos  Favorites

[ Begin Here - What the Desktop Is
[+ % Release Motes for Release 13
-6 Installation

~

When you start MATLAE, the MATLAB desktop appears, containing tools (graphical user
interfaces) for managing files, variables, and applications associated with MATLAB. Think of

&P WATLAB the desktop as your instrument panel for MATLAB. The main things you need ta know about
) D Getting Started the desktop are
4 Examples

Desktop Toals-All the tools managed by the desktop
Configuring the Desktop--Aranging the tools in the desktop

Commen Deskiop Features—Features you can use in many of the tools, such as
context menus

= Development Environment
w-Gtarting and Quiting MATLAB
=-Using the Deskiop

Setting Preferences--Setting options for the look and performance of deskiop and other
#—Configuring the Deskiap tools
& Common Deskiop Features
#-Getling Preferences
Running MATLAB Functions Usetabtogoto Gat Entar View or Clic
Getting Help Current Directary help MATLAB change win
‘wiorkspace, Search Path, and File Operatio browser. functions. current des
Importing and Esporting Data diregtory
Editing and Debugging M-Files
Interfacing with Source Control Systems
& Using Notebook

Examples
Mathematics "
Pragramming and Data Tepes
Sraphics e = - | ‘ BY otack [Baee w2
B 3.0 visualization v [meme \[size | byres[cias
< > < s

The first time MATLAB starts, the desktop appears as shown in the following illustration.

<) MATLAB
File  Edit

e T3

"MATLAB }

To get started, select
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Umor Eiké ai Khdoeig Aedopévwv .
g ;t:;vpau:a:‘luo\;zg mliA:uva:Tr'\afwt " pop (Pag
o doc filename = Evepyonoinon Tou help browser oto €dagio nou
avaQEPETAl OTN CUYKEKPIPEVN OUVAPTNON
<& MNapadeiypa: doc imadjust
3 help filename = Epgavilel TIg ypauHEG Nou NepIypagpouv Tn cuvapTnon
filename (help text block)
o MNapadeiypa: help imadjust
<o type filename = Eugavilel OAo To Keipevo (BonBeia kal evToAEG) TNG
ouvapTnong filename
<& Napdadeiypa: type imadjust

o lookfor keyword = Ep@avilel OAEG TIG OUVAPTNOEIG OTO Keipgevo Bonbeiag
Twv onoiwv undpyel N A&En kAeldi keyword

o Napadeiypa: lookfor histogram
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<o Ano To Workspace browser:
<o Save Workspace As.
o Ano To Command prompt:
o save WorkspaceName
o Mapdadelypa: save session24102005
<o ANOBNKEUON PEPIKWV HETABANTWV HOVO:
<o save WorkspaceName Variablel Variable2 ...

<o Mapadeiypa: save session24102005 X map

<o To anoTéAeopa anoBnkeuong evog XWpPou epyaaiag ival n dnuioupyia evog
apxeiou Pe enékTaon .mat
o Ma avakAnon Tou Xwpou £pyaaiag:
<o EniAoyn ano Tov Workspace browser
<o EkTeéAeon: load WorkspaceName an6é To Command prompt
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01 2---- .o N-—1 1 2 3.... L. N

0 y 1 . EB

i I S FIGURE 2.1
24 o 6 e e e e e e e L I R Coordinate

conventions used
(a) in many image
processing books,
o e e e e s and (b) in the
e e e e e e e e e e e e e Image Processing
Toolbox.

M

One pixel _ One pixel _/
r

o O1 eilkoveg oTn Matlab avanapioTwvTal wg didiaoTartol ) TPIdIACTATO! NiVAKEG

o AId1doTaTol nivakeg: Maupoaonpeg EIKOVEG, EIKOVEG AMOXPWOEWY TOU YKpI, EIKOVEG
NaAéTag XpwuaTwyv

o TpiodiaoTaTtol nivakeg: ‘Eyxpwpeg Eikdveg RGB, HIS,YIQ kAn.
<& Mpoooxn: =Tn Matlab n apiunon Twv pixels apxilel and To 1 kai 6xI anod To
0 (BAéne oxnua)
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TABLE 2.1

Format Recognized Some of the
Name Description Extensions image/graphics
formats supported
TIFF Tagged Image File Format Ltif, Ltiff by inread and
. - . ; imwrite, startin,
JPEG Joint Bhotographlc Experts Gfoup .ipg, . ipeg with MATLAB %S
GIF Graphics Interchange Format' .gif Earlier versions
BMP Windows Bitmap .bmp support a subset of
PNG Portable Network Graphics .png these formats. See
) online help for a
XWD X Window Dump .xwd complete list of

- supported formats.
"GIF is supported by imread, but not by imwrite.

o MNa Tnv avayvwon eikovwv Péoa and 1o nepiBaiiov Tng Matlab
XpNoiponoloUKE TNV evToAr imread(‘filename’)
o MNapadeiypa: f=imread('PC250128.jpg');

o To anoTéAeopa TnNG napandavw evroAng ivai n dnuioupyia Tou TpIodiAoTATOU Nivaka
f 0 onoiog avTioToIxei oTNV €lkova PC250128.jpg

o MNa va BpoUue TIg 1A0TACEIG TIG EIKOVAG XPNOILOMNOIOUKE TNV EVTOAN size(f)
o EI31kn NepinTwaon yia TIG EIKOVEG ME NAAETA XPWHATWV:
[f map]=imread('Unipi-logo.gif');

© 2005 Nicolas Tsapatsoulis

KEZ 03: Avayvwpian TTpotumwv kai AvdAuan Eikdvag

M EpyaAeia wpoypappariopol yia YEE ] ]

M Eicaywyh otn Matlab | I A E

M Avanapdortaon Eikévwyv otn Matlab O O IKOV(DV OT v
* Avayvwon kai AmoBrkeuon Eikévwy

]
O Towor Eikévwy kai KAdoeig Aedopévwv Oeov
O TTpoypappatiopés m-ouvapTROEWY r]

3 Figurs No. 1 c=m FIGURE 2.2
<o la Tnv npoBoAn Tng eIkovag e e fﬁ;ﬁ;ir;gcilﬁxr:n
ornv 090Vf] Xpnaoigonoioupe image appears on
. the MATLAB
TNV €VTOAN draktop,

imshow(matrixname) However, in most

. . . of the examples
< matrixname €lval To ovoua Tou

throughout this
nivaka ge Tov onoio book, only the
images

avanapioTarail n eikdéva PeTa
TNV avayvwon Tng
o MNapdadeiypara:
& imshow(f)
& imshow(f, map) (yia eikoveg
NAaA&Tag XpwpaTwv)
o imshow(f, [low high]) (yia
€IKOVEG anoXpwOoEwY TOU YKPI)

themselves are
shown. Note the
figure number on
the top, left part
of the window.

o MpoBoAn NeplogoTEpwV and
Mia €IKOVEG
& EvToAn figure

o EvToAn pixval
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FIGURE 2.3 (a) An
image, h, with low
dynamic range.

(b) Result of scaling
by using imshow
(h,[1). (Original
image courtesy of
Dr. David R.
Pickens, Dept.

of Radiology &
Radiological
Sciences, Vanderbilt
University Medical
Center.)

Ma Tnv anoBrkeuon eikovwv péoa ano To nepiBaAlov Tng Matlab
XPNOIKonoloUKE TNV eVTOAN imwrite (matrixname, ‘filename’)
<o MNapadeiypara:
& imwrite (g, ‘pouf2.png');
o imwrite (g, ‘pouf3.jpg',’quality’,50);
<o imwrite (g, ‘pouf3.tif',"compression’,’packbits’,'resolution’,[ 300 300]);

o AnoBnkeuaon eikovwv ano figures (XpNoILOMOIEITAl KUPIWG YId AnoBRKeUON
dlaypappatwv)
< print -fno -dfileformat -rresno filename

& Napadeiypa: print -f2 -dpng -r300 histogram.png
© 2005 Nicolas Tsapatsoulis
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<& H enidpaon Tng napap€Tpou
quality oTnv anoBnkeuaon
€IKOVWV (1oXUEl HOVO Yia
€IKOVEG jpg Kal tif):

FIGURE 2.4

(a) Original image.
(b) through

(f) Results of using
jpg quality values

& imwrite (g, q 330,25,15{_5.|
A} ; N7 B r . an , respectively.
pouf3.jpg',‘quality’,50); False contouring
. . begins to be barely

<o imwrite (gr noticea!)le for
‘pouf3.jpg’, quality’,25); Bt s el

3 imwrite (g, ;":gf““d
‘pouf3.jpg’,’quality’,15);

<o imwrite (g,
‘pouf3.jpg’,’quality’,5);

<o imwrite (g,

‘pouf3.jpg’,‘quality’,0);
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<o AlaTipnon Tou apibuou Twv pixel TNG
€Ikdvag aAAd au€opeiwon Tng
diaoTaong Tng
o Xpnon Tng imwrite (g,
‘pouf3.tif', resolution’,[300 300]);.

Atniofnkevon Ewovav (IIT)

a
b

FIGURE 2.5
Effects of
changing the dpi
resolution while
keeping the
number of pixels
constant.

(a) A 450 X 450
image at 200 dpi
(size = 2.25 X
2.25 inches).

(b) The same
450 X 450 image,
but at 300 dpi
(size = 1.5 X
1.5 inches).
(Original image
courtesy of Lixi,
Inc.)
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TABLE 2.2
Data classes. The

Name Description

double Double-precision, floating-point numbers in the approximate
range —10°% to 10°% (8 bytes per element).

uints 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).

single Single-precision floating-point numbers with values in the
approximate range —10% to 10° (4 bytes per element).

char Characters (2 bytes per element).

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

first eight entries
are referred to as
numeric classes;
the ninth entry is
the character
class, and the last
entry is of class
logical.
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<o Eikoveg pwTelvOTNTAG (anoXpWoewV ToU YKpI)- intensity images.
<o O1 TIuEG TwV pixels eival akepalol oto nedio [0 255] (avanapdoTaon wg
uint8) n [0 65535] (avanapdoTracn wg uintl6) r npayuartikoi apiBuoi aTo
nedio [0 1] (avanapacTaon wg double)
o Auadikeg eikOveg (Maupo kal aonpo) - binary images
<o Aoyikoi nivakeg - O1 TIHEG TwV pixels ival €ite 0 eiTe 1 (avanapdoTaon
g logical)
o EIKOVEG NAAETAC XPWHATWV (EYXPWHEG HE NEPIOPIOHEVO APIOUO
XpwpaTtwv) — indexed images
¢ EkTog and Tig «TIWEG» Twv pixels xpeidleTal kal Eva aAAog nivakag yia
TNV €ne€nynon Twv KwdIK®V nou xpnoigonoloUvTal (otn Matlab autog o
nivakag ouxva ovoualeral map)

<o 'Eyxpwpeg eikoveg —RGB images

<o TpiodiaoTaTtol nivakeg [MxNx3]. O1 TIpEG Twv pixels gival ouvnBwg
aképalol oto nedio [0 255]. K&Be pixel opileTal and TpeIg TETOIOUG
apibpoulg (R,G,B).
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Name Converts Input to: Valid Input Image Data Classes TABLE 2.3

Functions in IPT
im2uint8 uints logical,uint8,uint16, and double for converting

between image
im2uint16 uint16e logical,uint8,uint16,and double classes and types.

. See Table 6.3 for

mat2gray double (inrange [0,1])  double conversions that
im2double double logical,uint8,uint16, and double apply specifically
) . ) ) to color images.
im2bw logical uint8,uint16, and double

<o O! napandvw ouvapTnoEIG XpNaolJonoloUvTal yia Tn JETATPONN HIAG
elkdvag TUnou A og pia gikdva Tunou B.

© 2005 Nicolas Tsapatsoulis




Epyakeia mpoypappamiopol yia YEE
Eicaywyn otn Matlab
Avanapdortaon Eikévwv otn Matlab

KEZ 03: Avayvwpian TTpotumwv kai AvdAuan Eikdvag

[Ipoypappatiopog m-

Avayvwen kai AwoBnkeuon Eikévwy

TUnor Eikévwy kai-KAaoeig Acdopévwy ODVGpTI‘] OEO)V

* Tlpoypappatiopés m-ouvapTRoEwv

Be S5 HFE0 R suscfea ]

function [, maxValue] = medianDensise{fileln, fileDut);
% MEDIANDENOISE performs median filtering in an image stored in f£ileln and
% saves the result to filelut

% [£, maxValue] = MEDIANNOISE (fileIn, fileOut); returns the filtered image
% f as a matrix as well as the naximum value nax¥alue of this inmage

% Input image is red from the fileIn and sawved in fileOut

% Exawple of use:

5 [G, ¥il]=medianDenoise2('pufinoisy.cif',' 'pufidenoisy.tif')

g=imread(fileIn); % Image file should be in ipg,tid,sif,png,bop or xwd format
% the filename should be given in quotes

% performs median filtering using a 1 by 5 window
f=medfiltZig,[1 5]):

% shows input inage to figure 1
imshow(g):

% shows processed image in a new figure
figure, imshow(f);

% saves processed image to fileOut (filefut should be in quotes)
imwrite(f,filelut);

% finds the maximum walue of the processed image
naxValue=max (max (£) ] ;

?

medianDenoise Ln19 ol 40 |5 Nicolas Tsapatsoulis
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MATLAB Comments
Operator Name Function and
+ Array and matrix plus(A, B) a+b,A+B,ora+A.
addition
- Array and matrix minus(A, B) a-b,A-B,A-a,
subtraction ora-A.
* Array multiplication ~ times(A, B) C=A.*B,C(I,J)

=A(I, J)*B(I, J).
* Matrix multiplication mtimes (A, B) A*B, standard matrix
multiplication, or a*A,
multiplication of a scalar
times all elements of A.

N Array right division  rdivide(A, B) C=A./B, C(I,J)
=A(I,J)/B(I,J).

Y Array left division ldivide(A, B) =A.\B, C(I,J)
=B(I, J)/A(L,J).

/ Matrix right division ~ mrdivide (A, B) A/B is roughly the same as

A*inv(B), depending

on computational accuracy.
\ Matrix left division mldivide(A, B) A\B is roughly the same as

inv(A) *B, depending

on computational accuracy.

N Array power power (A, B) If c=A. "B, then
C(I,J)=
A(I,J)"B(I,J).

- Matrix power mpower (A, B) See online help for a

discussion of this operator.

L Vector and matrix transpose(A) A.'.Standard vector and
transpose matrix transpose.

' Vector and matrix ctranspose(A) A'.Standard vector and
complex conjugate matrix conjugate transpose.
transpose WhenAisreal A.' =A".

+ Unary plus uplus (A) +Ais the same as 0 + A.

- Unary minus uminus (A) —A is the same as 0 — A

or —1*A.
Colon Discussed in Section 2.8.

TABLE 2.4

Array and matrix
arithmetic
operators.
Computations
involving these
operators can be
implemented using
the operators
themselves, as in
A+ B, or using the
MATLAB
functions shown, as
in plus (A, B).The
examples shown
for arrays use
matrices to
simplify the
notation, but they
are easily
extendable to
higher dimensions.
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X . TABLE 2.5
Function Description The image
X K arithmetic
imadd Adds two images; or adds a constant to an image. functions
. . . ted by IPT.
imsubtract Subtracts two images; or subtracts a constant from an image. supportedy
immultiply Multiplies two images, where the multiplication is

carried out between pairs of corresponding image elements;
or multiplies a constant times an image.

imdivide Divides two images, where the division is carried out
between pairs of corresponding image elements; or divides
an image by a constant.

imabsdiff Computes the absolute difference between two images.
imcomplement  Complements an image. See Section 3.2.1.
imlincomb Computes a linear combination of two or more images. See

Section 5.3.1 for an example.
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Operator Name
< Less than
<= Less than or equal to
Greater than
>= Greater than or equal to
== Equal to
~= Not equal to
TABLE 2.7
TABLE 2.6 Logical operators.
Relational
operators. Operator Name
& AND
| OR
~ NOT
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TABLE 2.8

Logical functions.

Function

Comments

xor (exclusive OR)

all

any

The xor function returns a 1 only if both operands are

logically different; otherwise xor returns a 0.

The all function returns a 1 if all the elements in a
vector are nonzero; otherwise all returns a 0. This

function operates columnwise on matrices.

The any function returns a 1 if any of the elements in a
vector is nonzero; otherwise any returns a 0. This

function operates columnwise on matrices.
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isequal(A, B)
isfield(S, 'name')
isfinite(A)
isinf(A)
isletter(A)
islogical(A)
ismember (A, B)
isnan(A)

isnumeric(A)
isprime(A)
isreal(A)
isspace(A)

issparse(A)
isstruct(s)

Function Description
iscell(C) True if C is a cell array.
iscellstr(s) True if s is a cell array of strings.
ischar(s) True if s is a character string.
isempty(A) True if A is the empty array, [ ].

True if A and B have identical elements and dimensions.
True if 'name’ is a field of structure S.

True in the locations of array A that are finite.

True in the locations of array A that are infinite.

True in the locations of A that are letters of the alphabet.
True if Ais a logical array.

True in locations where elements of A are also in B.

True in the locations of A that are NaNs (see Table 2.10 for
a definition of NaN).

True if A is a numeric array.
True in locations of A that are prime numbers.
True if the elements of A have no imaginary parts.

True at locations where the elements of A are whitespace
characters.

True if A is a sparse matrix.
True if S is a structure.

TABLE 2.9

Some functions
that return a
logical 1 or a
logical 0
depending on
whether the value
or condition in
their arguments
are true or
false. See online
help for a
complete list.

© 2005 Nicolas Tsapatsoulis

12



KEZ 03: Avayvwpian TTpotumwv kai AvdAuan Eikdvag

M Epyakeia mpoypappariopol yia YEE [] 1
Eicaywyr otn Matlab EAEYXOQ POI]Q
M Avanapdortaon Eikévwyv otn Matlab

M Avayvwen kai AwoBrkeuon Eikévwy

Tumor Eikévwy kai-KAdoeig Acdopévwv

* TIpoypappaTiopés m-ouvapTROEWY

Statement Description :f:\:i:nll: ol
if if, together with else and elseif, executes a group of statements.
statements 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,
skipping any remaining statements in the body of the loop.
switch switch, together with case and otherwise, executes 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.
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<o To UAIKO Nou NApoucIAoTNKE O QUTH TNV EVOTNTA ANOTEAEI TN
Baon yia Tn xprion Tou Image Processing Toolbox (IPT) oTo
nAaiolo Twv dlapopwv gpyaciov nou Ba oag avatebolv

3 Ma nAnpéoTepn Katavonaon Twv napadelypdtwy xprnong Tou IPT
dokiudoTe Ta demo Tou avTioToixou toolbox Tng Matlab.

<& Ma KaAUTepn evnNUEPWON OXETIKA WE TNV Matlab deite Ta oxeTika demo
(ano6 To Command prompt Tng Matlab nAnkTpoAoynoTe demo)
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