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E-%-— 2/15/08 68:50 PH --%
v = randil,50); 05 1
figure,stem(v)
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>
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Name ] “alue ] Class »> plot (x,sin(x))
x <1)B3 double> double 2
) Figure 1 E@@
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ele
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7 = sin(x);

plotix, v)

xlabel('-tpi %leg \Theta %leg Ypi')
vlabel{'sin(}Theta)')

title('Plot of sini}Theta) ')

text (-pi/4,sin(-pi/f4),'%leftarrow sin(-ipi}
|Horizontaldlignmwent', ' left')

set (goa, ' ZTick',-piipifaipi)

set (gea, ' XTickLabel', {'-pi','-pisfz',"'
2 i |

Workspace 7 X [Command Window 7 X
B -@ lé ’i n' Stack: 3 X = =piif.lipds
) Fij 1
= gy ; igure
ore s [ Shose %" amE i dt Vew Insert Tools Deskiop Window Hel
e i (=0 nser ools L= ] indow = -
x <Ix3 double>  double ” : £
t (. ~

My <1483 double> double EHat i) DedE Lk |RAO® | €| 08 =0

xlabel('-Ypi %leq YTheta %leqg Yypi') ; Plot of sinf®)

wlshel ('sini%Theta) ')

title('Plot of =2in(\Theta)')

ns 1
text (-pi/4,sin(-pif4), '\ leftarrov sin{-\pildiva)', ...
'Horizontalilignment','left')

set(goa, 'ETick',-pi:pi/2:pi) 8 0 i

set (goa, 'XTickLabel', {'-pi','-pifa', '0','pifz’, 'pi'}) 15
& 1
Command History 7 X i |
set (gca, ' XTickLabel!,{'-pi','-pis2z','0', ' piiA
figure, plotix,¥) (¥}
figure, plotix,y)
set (gea, ' ETick',-pi:pi/2Z:pi) q " . "
=et (gca, ' ETickLabel!,{'-pi','-pif2','0', 'pi -pi -pif2 0 pif2 pi
cle AEE <0
x = -—pi:0.1l:pi;
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o2l bl bl Olhgws [I5 cpl gl ols j18 las G jo 1) jeiws sz e oo ogdle ay (auin YU USKG jo 1 text jgiws)
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set(ges, ' HTicklLebel',{'-pi', '-pifz','0

e
—clear ¥

. HE

-yl = sin(x);
-9z = cos(x):

plot (%, v1,%,72)
£l I #

| Workspace 2 X [Command Window 7 X
E.Iﬁ=i§|’i|-' Stack: »» vl = sinix)s
Narme = | wale | css I TR S Hemd
P <1%53 double>  daukle 3 BIER LG EL TR
1 <1363 double> dauble =
M2 <1%63 double> double m_——
Figure 1
File Edit View Insert Tools Desktop Window Help ~
Deds k RaAN® | 08 = O
1
05 ]
< I | B8
Command History 2 X
X = -pi:0.1:pi; A~ o i
7 = sin(x):
~plotix, 7l
label('-ipi %leg “Theta ileg ‘pi'}
~glabel (' sin(} Theta) '} -05 R
~title('Plot of sini\Theta)')
text (-pif4,sin(-pi/4), ') leftarrow sing
'Horizontalhlignment','left')
set (gea, ' ETick',-piipi/2:pi) 714 i
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']

oolizwl JS8 aay sl + ALz 51 PIOtR,Y, +) ysiws e 0l i 1) UK ales 0976 olgise ooy slro, 35 S &
So 89y 45 Hlogad a0 ,5 plaie lp Gle oo SST ! 1aiS so ey 08 SO, 4 1) S plOt(X,Y,'T) g LS oo
S5, sl W g (=l S5 Gl B G 5y sl ' e85, sl Tl ol (S5, slee 1) 8,8 solisul sals oy JS

ATLAB

Fie Edt Debug Deskiop ‘Vindow Help
Ow | $BRo o !ﬁ ﬂ| 2 | Current Cirectary |F\ngram FilesATLABT 04 work v‘[]

Shortcuts [#] How to Add [2] What's New

Workspace ? x |[Command Window 7 X
'ﬁﬂ@=i§"h|"mack|sssa | 5> % = —pi:0.1l:pi;
Hatiie = | vale | class [l
=2h <1%63 double> double = Vi - “‘E’i"’" -
v <1x63 double>  double .
2 <1363 double> double —
» Figure 1 |-_|
Fille Edit View Insert Tools Deskiop ‘Window Help e
D& |RaANE (€ 0E =50
1 - : - T
(99)1&% ++ ++
08t o Oo++ o J
OO Q(_}, +
06| o i ++ J
]l I | @ o oo
i +
Command History 7 X 0.4 OO i o i 4
~glear y -~ o + a ok
clo 02r i o o] T 4
71 = sin(x): + g 43
- ot + 2 o 4
¥2 = cos(x): 5 2k
plot (%, 71,%,72) + ot o
azf < ] 4
el 0.2 iy ) -
gl = sin(x); ] 4 =}
o4l + & o i
~§2 = cos(x): & & s "
~plot (X, g1, ' +r' %, 72, ' Th'} 2 =} i
ks o]
cle 061 i * o g
i + [+
1 = =in(x);
¥ €3] gk oy s ¢} 4
ele i e ki re)
£ 5 o
~® = -pi:0.l:pi: g thh
e e g o ‘ . ‘
Fsasinig) -4 3 = 7 0 1 2 3 4
~¥2 = cos(x): B
~plot (x,¥1l,'+r',x,¥2,'0h') v
<l i | >

4 start W Matlab wiork Matlab,doc - ) MATLAE J Figure 1 B ritprogram Fi

Cedle g ol Sy )X o ¥2 jloges g+ Cadle b g 50,8 S5) 4 1y X > pp y1 0405 plot(x,y1,'+1',X,y2,'0b") ;5w

D20 oo yiulei 0

m-file slx |

AL alie a) olgzds pb b g dungn o LSS o ) ] Wilgs g0 b oy WS al aales o )5 aST il hgws slass S84

e HLzd | Enter oS g 0usS ol MATLAB L jo |, T pb el SE Olygiws ol
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les\MATLAB704\wo rkiMySin.m

File Edt Text Cell Tools Debug Desktop Window Help |ax
DEE | tRRoo (&6 F | 888 8BE RSB s HDB =20
1- x = -pi:0.1:pi:

2 - ¢ =-sin(x);

3

4= plotix, 7l

5

6 stitle of figure

7 - title('Plot of sin{\Theta)'}

8

9 -~ xlabel{'-Ypi Yleg yTheta Yleqg ypi'),ylabel('sin{}Theca) '}

10

11 - text(-pi/4,sini(-pis4),'"\lefrarrow sini-\pitdivd)',...

12 'Horizontalldlignmenc', 'left')

13

14 - set(gea, ETick',-pi:pifZ:pi)

= set (gea, 'ETickLabel' ¢ '-pi','-pi/2','0', 'pif2','pi'})

| script Ln 15 col 54

D55 o0 a3 5 jgiws Glgieay 1) las OV MATLAB sl asls |18 % cudle s> slanl jo )31
How ¥ Ji..a 4 MATLAB L 50 YL m-file 6‘)—?‘ 0970

Fdt Debug Deskiop Window Help
D@ & Bm@E o oo B | ) curentDrectory: |FProgram FlesMATLABTD4twork "‘D

Shortouts (2] How to Add (2] What's New

File

Workspace 2 % [Command V 2 x
REHBWS E |- s 2> WySin
Meme - | vale | class B
M« <1463 double> dautale
v <1x63 double> double File Edt Wew Insert Tools Desktop Window Help o
Dedsg kRN €| 0B =0
Plat of sin(®)
1 T T T T T
08+ E
0B E
04r -
| e |
Command History 7 X 02 &
plot(x, 7i - =
ttitle of figure = or -
&

title('Plot of sin(\Theta)')
~xlabel{'-\pi \leq YTheta \leq Ypi'), ¥l 02+
~text (-pif4,sin(-pi/4),'\leftarrow sin(
~tHorizontalklignment','left') 04
~azet {gea, ' XTick',-pi:pif2:pi)

set (goa, ' XTickLabel',{'-pi','-pif2','0

set (findobj (goa, ' Type', ' line','Color', L g b
‘Color','red','LineWidch',2) sin(-n+4)
et (findobj(gea, ' Type', 'line', a8r .
et (findobj(gea, 'Type', 'line','Color!, , ‘ ‘ .
.= ¢ -pi -pif2 a pif2 pi
lear G
S 3
HySin E
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P Sl Slo

So a = zeros(m,n) jgiws e 5,8 sl oy 4 1y ol sl il g5 oo LT S5 4y a5 515 5929 ol MATLAB
solawlones g ws 5l zeros jyiws sla 4 510,135 eal, o] pb g aiS o ol Jio polie b jgiwn 5 hwm b w5k
Soddy g\ ool jhad 54, ,olic) amly e il SGeye(n) jiws g wisles ) jeie e Sle polic eled oS
S o ol n ol b (as

P

Pgas 593100 JOMATLAB o 5,15 - p90 s
&= ol Ul Image Processing |l5olass> .cwl MATLAB |l580s 55 slaco bl oy ot 5 (S5 ol JUSew (55l0 5
W‘J).a M‘P ..LJ.MJ 9 Ol:a:.u} )le.»a.a u...:)‘.)).s (5‘)" 44[.) é"}" 4 dalsl 3o 0)|Af6a Lo )LH.>| B &;’) 9 ..\.A.a....) E) ol.:.w ).sjl.azﬁ w)‘\)).v

ryai JiSmw
&i—’)d—‘-b?—’f)“@h—hﬁdf\b)‘\b YOO Lﬁawduj)@a‘u&a)lxel)f}.mwLd]am)@cwjoufg@'&)o
S Gialed (G A dae SG L pgad S o alids) gl Olgoe (nlnly Sl i S5y 4 g e YOO hans g ol

0 255

Wl jp e a5 Ceul gm0 g e L LSy 5l G ile 5 @l 5o (BT xFA o) mxn o5l U sbos g ol gl S

real S olg o (image read) imread jgiws S 4 bl o paal Sy ol bl maw samolis (Cob ) e il
283 o Guled pgal Ohgo 41y Gw il cpl imshow &b .0, MATLAB o)ly il SO & jse 4l

Fi Debug Desktop Window  Help
D@ & Wl o o WE | 2| curentorectory |F:\Program FilesMATLAETO wvork ""D

Shortcuts (@] How to Add (2] What's New

Workspace 2 x |Command Window 7 %
WS | k| | ' ‘ EYSDk'l Blase | »» I = imread('cameraman.tif');
Name - | vlue | css 5 LNenougL)

1 <IARY2SE uintB>  uintd e

J Figure 1

Fle Edt View Insert Tooks Deskiop indow Help

DFHg hQave| e 0@|lsd

Command History "X
~figure, stemv) ~
ele §
e lear
s TE

M =[123 ;456 ; 78 9]

r1 = reshape(M,1,9)

r2 = reshape(M,9,1)

r3 = (reshape(M,9,1))"'
i
~M=1[123:456;7809]
~rl = reshape(M,1,9)

~~rZ = reshape(M',1,9)
in e

clear

cle

I = imread('cameraman.tif');
- imzhow (I}

<

- ) MATLAB B Editor - FriProgram Fi... ) Figure 1 |l teshaps.IPG - Paint
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]

(S U jao o Shb> oac) double g 51 L (AL YOO U jao (o Wlgi co a5 Cobh SO) Uint8 g4 5l Wilgs g0 pgual S yolic

sl

ol plol S5 S5 (69, 1) a5 iz )95 o0 SUbpIOL &1 u-_ias.d.g

File Edit Debug Desktop Window Help

D@ & Bl o o | B ? | curenDrecory: |Ferowam FlesmatLagmawos v | [
Shortcuts [#] Howto Add 2] What's New

Warkspace 2 x |Command Windaw 7 x
B @RS n| - :
Name ~ I Walue I Class

Bl <256%256 uintd= uintd
iz 2426308 uintd=  uintd

| > I = imread(' cameraman.tif'|);

»» I2 = imread('eight.tif');

»> figure,subplot(1,2,1), imshow (T}, ...
»> subplot(l,2,2),imshowiIZ)

>

Stack: |

File Edit View Insert Tools Deskiop Window Help

beds k Aafe €08 =0

Command History 2
r2 = reshape(M,9,1)
r3 = (reshape(M,9,1))"'

oo

g Rl & M- U LT i R =l |

= reshapeil,1,9)

[EIES

= reshape (M',1,9)

I = imread('cameraman.tif'):
mshow (I}
12 = imcead('coins.cif'):

T

T = imread('cameraman.tif');

~IZ = imread{'sight.cif'};
figure,subplot(1,2,1), imshaw (T}, ...
subploti(l,2,2) ,imshow(I2)

2

File Edit Debug Desktop Window Help

O D“‘i & Bl o o ‘ﬁ E{‘ ¥ i Current Directory |F\ngram FilesMATLABT04Wwork "‘D

Shortcuts [#] Howto Add (2] What's New

Warkspace 2 x |Command Windaw 7 X
PSS E || seoc[mee ] 2> I = imread| cameraman.tif'];
Narme = l Walue | Cioas > I2 = iwread('eight.tif');
=] <255X056 uintB> intS »» figure,subplot(z,1,1),inshow(I], ...
A2 242308 uintg>  wint3 e e
>>
} Figure 1
Fle Edit View Insert Tools Desktop ‘window Help
DBEE |k A8 0B s O
Command History 7 X
clo

i3

M=1[123:456:7889]
~rl = reshapei(M,1,3)
~rZ = reshape(M',1,9]
LT e

redear
s i

I = imread|' camersman.tif'};

imshowi(I) e
I2 = imread('coins.tif'):

1 = imread{' cameraman.tif'): 9

z = imread('eight.tif'):

- figure,subplot(1,2,1), imshow (I}, ...

~gubplot(1,2,2) , imshaw{IZ)
figure,subplot(2,1,1), imshow (T}, ...
subploti2,1,2) ,imshow(Iz2)

<
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File
D | &% Bl o o Bl % | corentiectory: |Fprogrem FiesmatLagroswors v | [

Shortcuts [Z] Howto Add (8] Vhat's tew

Edit Debug Deskiop Window Help

Command History

i T

cle

imresd('eight.cif'):
imresd(' cance.tif');
imresd('cell.tif');

imresd('eight.tif');
imresd('canoe.tif');

~figure,subplot(Z,%,1), imshow (I}, ..
subplot (2,2,2) ,imshow(I2), ...
subplot (2,2,3) , i0show (T3] , - . .
subploti2,2,4) ,imshow(I4)

imread (' cameraman.tif' )

~I4 = imread{'cell.tif'});
subplot (2,2,2) ,inshow (12) ,citle (' eight') ...
subploti2,2,3) rimshow(I3) ,citle('canoe') ...
subplotiz,2,4),imshow(I4) ,citle('cell’)

< i | ¥

figure,subplot (2,2,1), imshow(I),title( cameraman'),

| %

{E3]

Workspace 2 X |Command Window 2 x
D ERSE | E| - s >> I = imread|' camersman.tif']:
— [vaiue = s> T2 = imread|'eight.tif']:
I <255,256 uintg>  uintd 77 e | el SR
s» Ta = Af'eell.eif ) ;
Az D408 uintB>  uints o s e ; :Tz ; L ! ol o ;
F; F; igure, s o imshowr i e (' cameraman' e
M <2074346 int>  uintd grmspmae e ¢ i :
EEM A5ET1 uintds uintd subplot (2,2,2), imshow(I2),citle('eight'), ...
subplot (2,2,3), imshow(I3),citle('canoe'), ...

subplot (2,2,4), imshow(I4),citle('zell')

File Edt WVew Insert Tools Desktop ‘Window Help £
Deds | AAN® | €| 0@ =50
cameraman

cell

Edit Debug Deskiop Window Help

] E"v'i ¢ BB o o ‘ﬁ ﬂ‘ % i Current Directory: | F:\Program FilesMATLABT 04twork V‘B

Shortcuts [Z] Howto Add (8] Vhat's tew

Warkspace #2 % |Command Window
D ERSE | E| - s ax T = Smpedd|eamsnamanseis s
— [vaiue = s> T2 = imread|'eight.tif']:
I <255,256 uintg>  uintd 77 o pesnl ARu0g. B 1
Az D408 uintB>  uints == Lp = dwrendliepls Sl )
i e S 2> figure,suwsplor (2,2, [1 2]), imshow (1), nicle | canersman’ ], ...
EEM A5ET1 uintds . subplot (2,2,3), imshow(I2),citle('eight'), ...
taE L uin subplot (2,2, 4], imshow (I3], ticle( cell')
t >
Figure 1
Fle Edb Mew Inset Tooks Deskbop Windmw Hslp
DS K RaAN®|v 0E =0
cameraman
Command History 2 X
& imread (' cameraman.tif' ) -]

= imread{'eight.tif'];
s g
~I4 = imread{'cell.tif'});
figure,subplot (2,2,1) , imshow (I} ,title (' cameraman'),
subplot (2,2,2) ,inshow (12) ,citle (' eight') ...
subploti2,2,3) rimshow(I3) ,citle('canoe') ...
subplotiz,2,4),imshow(I4),citle('cell’)

imread('canos.tif') ;

cell

mele

I = imread(' cameraman.tif');
+I12 = imread('eight.cif');:
I3 = imread{'canoe.cif'});

I4 = imread('cell.tif');

figure,subplat (2,2, [1 2]}, imshaw (1), title (' camerama
subploti2,2,3) rimshow(IZ2) ,citle('eight'), ...
subplotiz,2,4),imshow(I3), citle('cell’) v

JiXms S 4 |y ps—ai reshape mls oS 4 cpl b o)l (g i Sloglas 44 5L samgo lapinan 5 WILS e (510 5
el S oo p bl ol ) gl o)bgs @l (el S8 @ 3 5l 5 S o0 o e
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il

conyv giwd

05 ollgls e 4 (LS 0l 0 1S Jlesl (rgmas SO M) K SO (55, |y il SO g5 oo jgims ol SoS 4
L ol jan 45 cameraman.tif pls a YOFXYOF jhoai G 5 oS ashad .conl plé a6 ol b pgal JUS s (convolution)

} 11
ol 1y 4 g 00,5 Jloel T 59, 1, B =]

3 s ool b poSlangin jiLd S g ol |, 595 oo <) MATLAB

0S5 d>g 0,5 reshape g 4 .02 o

b

1
3

Im = imread (' cameraman.tif ' );
I =im2double (Im );

% size of this image is 256%256
Vector =reshape (I, 1, 256%256 ); %Image as a vector

hl =[1/3 1/3 1/3]; % or "h1 = ones(1,3)/3"
Filt = conv ( Vector , hl);

F=Filt (2 :end-1);

Out = reshape (F, 256 , 256 ); vector as image

imshow ( Out );

Ea- o=l an ], ool ouilg> gy im2double ab oS 45 (S Joe double g4 5l sloosls (g4, ilsi oo Jadd conv jgiws e
.rv:.lssa k_}eu.x-.u.’ OQ‘Q

o3lasl asul lym cpl plis g adlol (1 ldgils amis 4y axlg -1 0gd oo sl i Jobo 4 4550 2l b 2l SO (0,5 oIl

Sy sl 5l Sy SO g ol sl eSSy SGF=Filt (2:end-1) jgws SaS @ il (SO ol poai b (29,5 poa
oS 0 S T

GG o G aS B3ls p ases oS gl pgo reshape 5 s o SO A (gamgd paal o gl sl reshape &l

\-\)BMGA LJ’“)")J" 9 [ odu o JLQQ LY )49..4.' LSLefﬁ"""’ A[b QS dxlad )l solazw! L| 990 )15 Le) )49..4.' SS90 u,....t).aLo L Sl

Ol asST 55ls g (e Teshape Coand o )Ls ax] SaS @) s w2 Jlis 4l peal glaslaw ISl Gl 4 adlyy oo

DS dlio po L) ol g oy )8 4 A=[1,2,-1] a,0 2wl b ,38V0 ;s SO b pgas ogdgils jo 1) SaSS g0

el 8 0595 30 pgad 310 p
st Jai Ol I 0l SaS a5 oS o0 i oSy JUiSew S |y T Il (uilS B 0555 50 pgal (33l sl
9 awls polas g5 o angle gabs mly oS 4y a5 ol lalies loy St Al a5 oo (Fast Fourier Transform)

Sy9l Caws a1y o1 51
1 oo LA |y (oS (5lad (o (g S Djgo 4 pgal JUiSews (55105 Jgol 5 oS askad

Im = imread('eight.tif");
I = im2double(Im);

[row col] = size(]);
% size of this image is row*col
x = reshape(I,1,row*col); %Image as a vector

% Fourier Transform
X = fft(x);
X = fftshift(X);
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]

% Amplitude of Fourier Transform
absX = abs(X);

% Phase of Fourier Transform
angX = angle(X);

% High-pass filter

H = zeros(1,row*col);

H(1 : row*col/3) = 1;

H(end - row*col/3 : end) = 1;

absY = H .* absX;

Y =absY .* exp(j*angX);
Y = fftshift(Y);

y = ifft(Y);
y = real(y);

Out = reshape(y,row,col);

imshow(Out),title('"High-pass Filter');

YU oS dalad )0 45 45 jled ail Soole o] Judoo b osS o Jiiie cids 35 10 a1y 4558 uilS 365 (slaail g fltshift b
Gl 58 Jos Y el ool Gpo pgal ds,68 o o5lail o aS el JToul ,38VL yild o owilS )8 sl o3Il H cois oo
fftshift mls sosme Jlosl Ly (¥ = abs¥ e’ ™) o] o cows ay Lol 4,58 Lo 56 L syaz o3lail oS 5 5l a5 cundl
oleyejem dau |y das 4y 58 bos (Inverse FFT) ifft ;s oS 4y g 0ils )5 0 pliicdosl (56 a4 1) ouilS 3 slaadlse

MATLAB ygai (50318 5 )l plase ailg
Image Display
colorbar Display color bar (MATLAB function)
image Create and display image object (MATLAB function)
imagesc Scale data and display as image (MATLAB function)
immovie Make movie from multiframe indexed image
imshow Display image in a MATLAB figure window
imtool Display image in the Image Viewer
montage Display multiple image frames as rectangular montage
subimage Display multiple images in single figure
warp Display image as texture-mapped surface

Image File I/O

dicomanon Anonymize a DICOM file

dicomdict Specify which DICOM data dictionary to use
dicominfo Read metadata from a DICOM message
dicomread Read a DICOM image

dicomuid Generate DICOM unique identifier

dicomwrite Write a DICOM image

dicom-dict.txt Text file containing DICOM data dictionary
imfinfo Return information about image file (MATLAB function)
imread Read image file (MATLAB function)

imwrite Write image file (MATLAB function)
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Image Types and Type Conversions

dither Convert image using dithering

double Convert data to double precision (MATLAB function)
gray2ind Convert intensity image to indexed image

grayslice Create indexed image from intensity image by thresholding
graythresh Compute global image threshold using Otsu's method
im2bw Convert image to binary image by thresholding

im2double Convert image array to double precision

im2int16 Convert image array to 16-bit signed integer

im2java Convert image to instance of Java image object (MATLAB function)
im2java2d Convert image to instance of Java buffered image object
im2single Convert image array to single precision

im2uint16 Convert image array to 16-bit unsigned integers

im2uint8 Convert image array to 8-bit unsigned integers

ind2gray Convert indexed image to intensity image

ind2rgb Convert indexed image to RGB image

int16 Convert data to signed 16-bit integers (MATLAB function)
label2rgb Convert a label matrix to an RGB image

mat2gray Convert matrix to intensity image

rgb2gray Convert RGB image or colormap to grayscale

rgb2ind Convert RGB image to indexed image

uint16 Convert data to unsigned 16-bit integers (MATLAB function)
uint8 Convert data to unsigned 8-bit integers (MATLAB function)

Modular Tool Creation Functions

imageinfo Image Information tool

imcontrast Adjust Contrast tool

imdisplayrange Display range tool

impixelinfo Pixel Information tool

impixelinfoval Pixel Information tool, without text label
impixelregion Pixel Region tool

impixelregionpanel Pixel Region scroll panel

Navigational tools

immagbox Image Information tool
imoverview Adjust Contrast tool
imoverviewpanel Display range tool
imscrollpanel Pixel Information tool

Utility Functions

axes2pix Convert axes coordinate to pixel coordinate
getimage Get image data from axes

getimagemodel Retrieve imagemodel objects from image handles
imattributes Return information about image attributes

imgca Get handle to current image axes

imgcf Get handle to current image figure

imgetfile Image Open File dialog box

imhandles Get all image handles

impositionrect Create position rectangle

iptaddcallback Add function handle to callback list
iptcheckhandle Check validity of handle

iptgetapi Get Application Programmer Interface from a handle
ipticondir Directories containing IPT and MATLAB icons
iptremovecallback Delete function handle from callback list
iptwindowalign Align figure windows

truesize Adjust display size of image

Spatial Transformations

checkerboard Create checkerboard image

findbounds Find output bounds for spatial transformation
fliptform Flip the input and output roles of a TFORM structure
imcrop Crop image
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imresize Resize image

imrotate Rotate image

imtransform Apply 2-D spatial transformation to image

makeresampler Create resampling structure

maketform Create geometric transformation structure

tformarray Geometric transformation of a multidimensional array

tformfwd Apply forward geometric transformation

tforminv Apply inverse geometric transformation

Image Registration

cp2tform Infer geometric transformation from control point pairs
cpcorr Tune control point locations using cross-correlation
cpselect Control point selection tool

cpstruct2pairs Convert CPSTRUCT to valid pairs of control points
normxcorr2 Normalized two-dimensional cross-correlation

Image Analysis

bwboundaries Trace region boundaries in binary image
bwtraceboundary Trace object in binary image

edge Find edges in intensity image

hough Hough transform

houghlines Extract line segments based on the Hough transform
houghpeaks Identify peaks in the Hough transform

gtdecomp Perform quadtree decomposition

qtgetblk Get block values in quadtree decomposition

qtsetblk Set block values in quadtree decomposition

Texture Analysis

entropy Entropy of an intensity image

entropyfilt Local entropy of an intensity image
graycomatrix Gray-level co-occurrence matrix

graycoprops Properties of a gray-level co-occurrence matrix
rangefilt Local range of an image

stdfilt Local standard deviation of an image

Pixel Values and Statistics

corr2 Compute 2-D correlation coefficient

imcontour Create contour plot of image data

imhist Display histogram of image data

impixel Determine pixel color values

improfile Compute pixel-value cross-sections along line segments
mean2 Compute mean of matrix elements

pixval Display information about image pixels

regionprops Measure properties of image regions

std2 Compute standard deviation of matrix elements

Image Arithmetic

imabsdiff Compute absolute difference of two images

imadd Add two images, or add constant to image
imcomplement Complement image

imdivide Divide two images, or divide image by constant
imlincomb Compute linear combination of images

immultiply Multiply two images, or multiply image by constant
imsubtract Subtract two images, or subtract constant from image

Image Enhancement

adapthisteq Perform adaptive histogram equalization using CLAHE
decorrstretch Apply a decorrelation stretch to a multi-channel image
histeq Enhance contrast using histogram equalization

imadjust Adjust image intensity values or colormap

imnoise Add noise to an image

intlut Compute new array values based on lookup table (LUT)
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medfilt2 Perform 2-D median filtering

ordfilt2 Perform 2-D order-statistic filtering

stretchlim Return a pair of intensities that can be used to increase the contrast of an image

wiener2 Perform 2-D adaptive noise-removal filtering

Image Restoration (Deblurring)

deconvblind Restore image using blind deconvolution

deconvlucy Restore image using accelerated Richardson-Lucy algorithm
deconvreg Restore image using regularized filter

deconvwnr Restore image using Wiener filter

edgetaper Taper the discontinuities along the image edges

otf2psf Convert optical transfer function to point spread function
psf2otf Convert point spread function to optical transfer function

Linear Filtering

conv2 Perform 2-D convolution (MATLAB function)
convmtx2 Compute 2-D convolution matrix

convn Perform N-D convolution (MATLAB function)
filter2 Perform 2-D filtering (MATLAB function)
fspecial Create predefined filters

imfilter Multidimensional image filtering

Linear 2-D Filter Design

freqspace Determine 2-D frequency response spacing (MATLAB function.)
freqz2 Compute 2-D frequency response

fsamp2 Design 2-D FIR filter using frequency sampling

ftrans2 Design 2-D FIR filter using frequency transformation

fwindl Design 2-D FIR filter using 1-D window method

fwind2 Design 2-D FIR filter using 2-D window method

Image Transforms

dct2 Compute 2-D discrete cosine transform

dctmtx Compute discrete cosine transform matrix

fan2para Convert fan-beam projection data to parallel-beam

fanbeam Compute fan-beam transform

fft2 Compute 2-D fast Fourier transform (MATLAB function)

fftn Compute N-D fast Fourier transform (MATLAB function)

fftshift Reverse quadrants of output of FFT (MATLAB function)

idct2 Compute 2-D inverse discrete cosine transform

ifft2 Compute 2-D inverse fast Fourier transform (MATLAB function)
ifftn Compute N-D inverse fast Fourier transform (MATLAB function)
ifanbeam Compute inverse fan-beam transform

iradon Compute inverse Radon transform

para2fan Convert parallel-beam projections to fan-beam

phantom Generate a head phantom image

radon Compute Radon transform

Intensity and Binary Images

conndef Default connectivity array

imbothat Perform bottom-hat filtering

imclearborder Suppress light structures connected to image border
imclose Close image

imdilate Dilate image

imerode Erode image

imextendedmax Find extended-maxima transform
imextendedmin Find extended-minima transform
imfill Fill image regions

imhmax Calculate H-maxima transform

imhmin Calculate H-minima transform
imimposemin Impose minima

imopen Open image

imreconstruct Perform morphological reconstruction
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imregionalmax Find regional maxima of image

imregionalmin Find regional minima of image

imtophat Perform tophat filtering

watershed Find image watershed regions

Binary Images

applylut Perform neighborhood operations using lookup tables
bwarea Area of objects in binary image

bwareaopen

bwdist Distance transform

bweuler Euler number of binary image

bwhitmiss Binary hit-and-miss operation

bwlabel Label connected components in 2-D binary image
bwlabeln Label connected components in N-D binary image
bwmorph Perform morphological operations on binary image
bwpack Pack binary image

bwperim Find perimeter of objects in binary image

bwselect Select objects in binary image

bwulterode Ultimate erosion

bwunpack Unpack a packed binary image

imregionalmin Regional minima of image

imtophat Perform tophat filtering

makelut Construct lookup table for use with applylut

Structuring Element (STREL) Creation and Manipulation
getheight Get the height of a structuring element

getneighbors Get structuring element neighbor locations and heights
getnhood Get structuring element neighborhood

getsequence Extract sequence of decomposed structuring elements
isflat Return true for flat structuring element

reflect Reflect structuring element

strel Create morphological structuring element

translate Translate structuring element

Region-Based Processing

poly2mask Convert region-of-interest polygon to mask
roicolor Select region of interest, based on color

roifill Smoothly interpolate within arbitrary region
roifilt2 Filter a region of interest

roipoly Select polygonal region of interest

Neighborhood and Block Processing

bestblk Choose block size for block processing

blkproc Implement distinct block processing for image

col2im Rearrange matrix columns into blocks

colfilt Perform neighborhood operations using column-wise functions
im2col Rearrange image blocks into columns

nlfilter Perform general sliding-neighborhood operations

Colormap Manipulation

brighten Brighten or darken colormap (MATLAB function)
cmpermute Rearrange colors in colormap

cmunique Find unique colormap colors and corresponding image
colormap Set or get color lookup table (MATLAB function)
imapprox Approximate indexed image by one with fewer colors
rgbplot Plot RGB colormap components (MATLAB function)

Color Space Conversions

applycform Apply device-independent color space transformation
hsv2rgb Convert HSV values to RGB color space (MATLAB function)
iccread Read ICC color profile

iccwrite Write ICC color profile
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isicc Determine if ICC color profile is valid

lab2double Convert color values to double

lab2uint16 Convert color values to uint16

lab2uint8 Convert color values to uint8

makecform Create device-independent color space transform structure
ntsc2rgb Convert NTSC values to RGB color space

rgb2hsv Convert RGB values to HSV color space (MATLAB function)
rgb2ntsc Convert RGB values to NTSC color space

rgb2ycber Convert RGB values to YCbCr color space

whitepoint Returns XYZ values of standard illuminants

xyz2double Convert XYZ color values to double

xyz2uint16 Convert XYZ color values to uint16

ycber2rgb Convert YCbCr values to RGB color space

Toolbox Preferences
iptgetpref Get value of Image Processing Toolbox preference
iptsetpref Set value of Image Processing Toolbox preference

Toolbox Utility Functions

getrangefromclass Get dynamic range of image based on its class
iptcheckconn Check validity of connectivity argument
iptcheckinput Check validity of array

iptcheckmap Check validity of colormap

iptchecknargin Check number of input arguments

iptcheckstrs Check validity of strings

iptnum2ordinal Convert positive integer to ordinal string

Interactive Mouse Utility Functions
getline Select polyline with mouse
getpts Select points with mouse
getrect Select rectangle with mouse

Array Operations
circshift Shift array circularly (MATLAB function)
padarray Pad an array

Demos
iptdemos Display index of Image Processing Toolbox demos

Performance
ippl Check for presence of Intel Performance Primitives Library (IPPL)
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General

ctrlpref Set Control System Toolbox preferences

Itimodels Detailed help on the various types of LTI models
Itiprops Detailed help on available LTI model properties

Creating Linear Models

filt Specify a digital filter

frd Create a frequency-response data models

Iti/set Set/modify properties of LTI models

ss, dss Create state-space models (continuous/discrete)
tf Create transfer function models

zpk Create zero/pole/gain models

Data Extraction

dssdata Descriptor version of ssdata

frdata Extract frequency-response data
Iti/get Access values of LTI model properties
ssdata Extract state-space matrices

tfdata Extract numerators and denominators
zpkdata Extract zero/pole/gain data

Conversions

c2d Convert from continuous- to discrete-time models
chunits Convert the units property for FRD models
d2c Convert from discrete- to continuous-time models
d2d Test true for continuous-time models

frd Convert to a frequency-response data model

ss Convert to a state-space model
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tf Convert to a transfer function model
zpk Convert to a zero/pole/gain model

System Interconnections

append Group LTI systems by appending inputs and outputs
connect Derive state-space models from block diagram descriptions
feedback Feedback connections of two systems

Ift Generalized feedback interconnection (Redheffer star product)
parallel Generalized parallel connection (see also overloaded +)
series Generalized series connection (see also overloaded *)

System Gain and Dynamics
bandwidth System bandwidth

dcgain D.C. (low-frequency) gain
bandwidth System bandwidth

damp Natural frequency and damping of system poles
dsort Norms of LTI systems

esort Sort continuous poles by real part
iopzmap Input/output pole/zero map
Iti/norm Norms of LTI systems

modsep Region-based modal decomposition
pole, eig System poles

pzmap Pole/zero map

stabsep Stable/unstable decomposition

Time Domain Analysis

covar Covariance of response to white noise

gensig Generate input signal for Isim

impulse Impulse response

initial Response of state-space system with given initial state
Isim Response to arbitrary inputs

Itiview Response analysis GUI (LTI Viewer)

step Step response

Frequency Domain Analysis

allmargin All crossover frequencies and related gain/phase margins
bode Bode diagrams of the frequency response
bodemag Bode magnitude diagram only

evalfr Evaluate frequency response at given frequency
freqresp Frequency response over a frequency grid
frd/interp Interpolate frequency-esponse data

Itiview Response analysis GUI (LTI Viewer)

margin Gain and phase margins

nichols Nichols plot

nyquist Nyquist plot

sigma Plot the pole/zero map of an LTI model

Classical Design
rlocus Evans root locus
sisotool SISO design GUI (root locus and loop-shaping techniques)

Pole Placement

acker SISO pole placement

estim Form estimator given estimator gain

place MIMO pole placement

reg Form regulator given state-feedback and estimator gain

LQR/LQG Design
augstate Augment output by appending states
Iqg Single-step LQG design
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Igr, dlgr Linear-quadratic (LQ) state-feedback regulator

Iqrd Discrete LQ regulator for continuous plants

Igrreg Form LQG regulator given LQ gain and Kalman estimator

Iqgy LQ regulator with output weighting

kalman Kalman estimator

kalmand Discrete Kalman estimator for continuous plants

State-Space Models

balreal Grammian-based input/output balancing
canon State-space canonical forms

ctrb Controllability matrix

gram Controllability and observability grammians
minreal Minimal realization and pole/zero cancellation
modred Model state reduction

margin Calculate gain and phase margins

ngrid Superimpose grid lines on a Nichols plot
nichols Calculate Nichols plot

nyquist Calculate Nyquist plot

obsv Observability matrix

sminreal Structurally minimal realization

ss2ss State coordinate transformation

ssbal Diagonal balancing of state-space realizations

Time Delays

delay2z Replace delays by poles at z=0 or FRD phase shift
hasdelay True for models with time delays

pade Pade approximation of time delays

totaldelay Total delay between each input/output pair

Model Dimensions and Characteristics

class Model type ('tf', 'zpk', 'ss', or 'frd")

isct True for continuous-time models

isdt True for discrete-time models

isproper True for proper models

issiso True for single-input/single-output models

Iti/ndims Number of dimensions

Iti/isempty True for empty LTI models

reshape Reshape array of linear models size Model sizes and order

Overloaded and Arithmetic Operators

+ and - Add and subtract systems (parallel connection)
* Multiply systems (series connection)

\ Left divide -- sys1\sys2 means inv(sys1)*sys2

/ Right divide -- sys1/sys2 means sys1*inv(sys2)

A Powers of a given system

' Pertransposition

. Transposition of input/output map

[..] Concatenate models along inputs or outputs

stack Stack models/arrays along some array dimension
Iti/inv Inverse of an LTI system

conj Complex conjugation of model coefficients

Matrix Equation Solvers

bdschur Block diagonalization of a square matrix

care, dare Solve algebraic Riccati equations

gcare, gdare Solve generalized algebraic Riccati equations
lyap, dlyap Solve Lyapunov equations

lyapchol, dlyapschol Square-root Lyapunov equations

Command-Line Plot Customization
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bodeplot Bode magnitude and phase plus plot handle

getoptions Get the plot options handle

hsvplot Hankel singular value plus plot handle

impulseplot Impulse response plus plot handle

initialplot Initial condition plus plot handle

iopzplot Pole/zero maps for input/output pairs plus plot handle
Isimplot Time response to arbitrary inputs plus plot handle
nicholsplot Nichols plot plus plot handle

nyquistplot Nyquist plus plot handle

pzplot Pole/zero plus plot handle

rlocusplot Root locus plus plot handle

setoptions Set plot options

sigmaplot Singular values of the frequency response plus plot handle
stepplot Step response plus plot handle



