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>> g1 = imadjust(f, [0 1], [1 O]);
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>> g2 = imadjust(f, [0.5 0.75], [0 1]);
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>> g3 = imadjust(f, [], [ 1, 2);
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gs = im2uint8(mat2gray(g));
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g = im2uint8(mat2gray(log(1 + doubie(f))));
>> imshow(g)
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>> T = testhv(4, 5);
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function G = testhv2(x, vy, )
érror(nargchk(z, 3, nargin));

Typing
» testhv2(6);
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function [m, n] = testhv3(varargin)
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function [m, n] = testhv3(x, varargin)

Py S b e S (o (el )5 45 05 g5, (5355 Al (rregs b @l Sl pie VATANGIN o5 e sl
$39)9 Awlid & ygo 4 VAIQIN S8y aies it o] (29,5 9 699,3 sldawlis slaws a5 o jls b 8o Glaas 35 Vargout
P (63959 ke (§m0 o &S (V)20 isw)ams oo )18 Jsbw w1 50 1 T MATLAB 1531 6 5 o5 sa ooliinl b S5
Glacgamme Bilg oo @l Slgl )3 a5 ol T C 5 opl e di Sl Joke @]l S VArargin as skl 5lass oo il o
99,9 slrosls 5 alize acgame Gl oo il ools jpzs o] oy (sl IESTNV3 L5 8 Ll a3 Moo sl azils (55, o0l

bl pyEd el

>>[m, n] = testhv3(f, [0 0.5 1.5], A, 'label’);
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g = change class(newclass,f)
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function g=intrans(f, varargin)
%INTRANS Performs intensity (gray-level) transforma

%
%
%
%
%
%
%
%
%
%
%
%
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%
%
%
%
%
%
%
%
%
%
%
%
%
%

G INTRANS(F, 'neg’) computes the negative of inp

G = INTRANS(F, 'log’, C, CLASS) computes C*log(1
multiplies the result by (positive) constant C.
parameters are omitted, C defaults to 1. Because
frequently to display Fourier spectra, parameter

option to specify the class of the output as 'ui

'uintl6'. If parameter CLASS is omitted, the out

same class as the input.%

G = INTRANS(F, '‘gamma’, GAM) performs a gamma tr
the input image using parameter GAM (a required

G = INTRANS(F, 'stretch’, M, E) computes a contr
transformation using the expression 1./(1 + (M./
eps)).”E). Parameter M must be in the range [0,
value for M is mean2(im2double(F)), and the defa
is 4.

For the 'neg’, 'gamma’, and 'stretch' transforma
input images whose maximum value is greater than
first using MAT2GRAY. Other images are converted
using IM2DOUBLE. For the 'log' transformation, d
transformed without being scaled; other images a
double first using IM2DOUBLE.

The output is of the same class as the input, ex
different class is pecified for the 'log' option

Verify the correct number of inputs.

error(nargchk(2, 4, nargin))

Store the class of the input for use later.

%

classin = class(f);

% [0, 1], and the specified transformation is not '
% input to the range [0, 1].
if strcmp(class(f), 'double’) & max(f(:)) > 1 & . .

-strcmp(varargin{1}, 'log")

f = mat2gray(f);
else % Convert to double, regardless of class(f).
f = im2double(f);
end
% Determine the type of transformation specified.
method = varargin{1};
% Perform the intensity transformation specified.
switch method
case 'neg'

g = imcomplement(f);
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case 'log'
if length(varargin) ==
c=1,
elseif length(varargin) ==
¢ = varargin{2};
elseif length(varargin) ==
¢ = varargin{2},
classin = varargin{3};
else
error(' Incorrect number of inputs for the log option.")
end
g = c*(log(1 + double(f)));
case '‘gamma’
if length(varargin) < 2
error('Not enough inputs for the gamma optio n."
end
gam = varargin{2};
g = imadjust(f, [], []. gam);
case 'stretch’
if length(varargin) ==
% Use defaults. m = mean2(f);
E=4.0;
elseif length(varargin) ==
m = varargin{2};
E = varargin{3};
else error(‘Incorrect number of inputs for the stretch option.")
end
g=1./(1 + (m./(f + eps)).”E);
otherwise
error('Unknown enhancement method.") end
% Convert to the class of the input image.
g = changeclass(classin, g);
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g = intrans(f, 'stretch’, mean2(im2double(f)), 0.9) ;
» figure, imshow(g)
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g=gscale(fmethod,low,high)
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p = imhist(f, b)/numel(f)
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bar(horz, v, width)
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» h = imhist(f);
» hl = h(1:10:256);
horz = 1:10:256;
» bar(horz, h1)

» axis([0 255 0 15000])
>> set(gca, 'xtick’, 0:50:255)
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Axis ([horzmin horzmax vermin vermax])
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xlabel('text string', ‘fontsize', size)
xlabel('text string', ‘'fontsize’, size)

D938l paad a1y Lk e so w3 JSG 4 TEXT b 51 eolaznl b ol aalads o8 ojlusl cojlail 51 jglate lxss] jo
text(xloc, yloc, 'text string’, ‘fontsize’, size)
sl 1 oo sl 00 g 25 YO Jlio 50 @b ¥l 5l ool 05d so £9,5 o] )0 e 45 0S o iy i | rdge Xloc, yloc
ey 4 1y Slore Hitle ol b olg so g o 0olitnl @l s i 3l dmy WS g0 a1y Loz g 5970 polia 45 Slemls oS
Db IS a4 o] bl CuS 5 4 54380 oo
title(‘titlestring’)
Ngd o ) p9a i SYL Glgie 40 a5 ol oladns g5 axs, titlestring bxw) o
el Glals Jloges 4 4t (StEM graph)sai jloges
stem(horz, v, 'color_linestyle_marker', 'fill")
ol gz awlid el ouls (apo gy als (il (6l NOrz 5 coul pow 5 blis (5l> s o V by o
color_linestyle_marker,

5 0,k alols b axiws ja,3 o] @oDle g byl 45 WS o pu 5 glakes (V,T- -S7) aloo Mo ol Y. Jgaz &8 aw polioe oy

Ded o COIOr ;5 sus Lasin K5, L Oyg0 cpl 4o il oyge b &oyo o ple Klis 0l eolaiul fill 51 31 o & ol
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el Caws 4y sl e

» h = imhist(f);
»hl = h(1:10:256)

Symbol  Color Symbol LineStyle Symbol Marker
k Black - Solid + Plus sign
w White -— Dashed 0 Circle
r Red : Dotted * Asterisk
g Green - Dash-dot . Point
b Blue none Noline  x Cross
c Cyan s Square
y Yellow d Diamond
m Magenta none No marker

» horz = 1:10:256;

» stem(horz, h1, fill")

» axis([0 255 0 15000])

» set(gca, xtick', [0:50:255])

>> set(gca, 'ytick', [0:2000:15000])

S (o0 o s bl L Ll (0l Wisy b | aba degazee Sy 45 0 5 o0 45 501, PIOL b 5T )0

plot(horz, v, 'color_linestyle_marker")

ol ) el 0 BLIYY Jgaz o Sl g s S 55, sloal polie ol ot iy (lalen g (sl laalits Lxl o
oolazwl )ile.‘ L: s k.i».u) u;‘).‘ none)| L’:‘Ej Q)S pM’ >_..~.’>L| > 3 A Ceomnd 3 o U‘B"u;" ‘) I“"""")" UJ‘ g.;l....oya} aS WL_;A 4.1...4

S I T

>> plot(horz, v, ‘color’, 'g’, 'linestyle’, 'none’, ‘'marker’, 's’)

Ry e SIS (g Wies (Sidoe bglad o 3l (58 Gy S (o0 e ] O Lty Dol sloml g 1) e slem e
ol Caws 4 sladle 5l eslatul Lo YV LS ;0 00l pus

>> h = imhist(f);

>> plot(h) % Use the default values.
>> axis([0 255 0 15000])

>> set(gca, 'xtick', [0:50:255])

>> set(gca, 'ytick', [0:2000:15000])

(V0 Jle) 0500 005,15 4y 05 s slogls (toles (sl PlOL £




a1, S5 g bogase YIIM, XM gleasl 51 solaul L Olg or Al el Swd D0 Ay o SOLES g jemme 00900t B Cxen o

ylim(‘auto")
xlim(‘auto")

(055 anzrlye 35yl Lodaly o 4 Sl (sln) ool 2 gy 4 oo 438 & 5 0l Sl eyl 51 (S0

ylim([ymin ymax])
xlim([xmin xmax])

dboojm Wil eds LRI 4§70 S5 L’;‘)'.' Lags Lmoam ;‘ ..b; RS Ewd Ujge A ‘) Lboam uL...aj..a:- 0‘9"6" as
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(Histogram Equlization)tes auiw Jols .¥.¥.¥
QAL ol o pdf Jleirl JB> sl Prg ailoas aio,lxia V g0 a0 a5 aliws laiugy polie wais Fohw auS 58

@ Gl S o) 0ed e 00y IS A (25 5 69555 L psal LPAF o Colis sl mging 5 WS o patie |y pgal G o

2 oo bl (639,9 Gools Zahaw (59, 1) 5 hawd g2 9,5 oad hile s el zalaw 9] Cawd
r
S=T(r)=] p, (Wdw

s Sl (LS sy slaosls zalaw Jlaiml JE> i a5 5,5 Sl gt e sl o0 plésl Sisle e 3 W ey o

forO<s<1
otherwise

1
IOS(S){o

Alyd ami 0,8 o o |y [0,1] aa> S g stws aslen ol woass Tokw a5 A0S oo ol G paar S8 o o ojle o

b a5 asl aiils axg 0,00 55 (6 i adg a5 ol ol by Sluogas LiliEl wais #she (€Qualization)s,s i,

,ls Cummulative distribution functio€DP cuslsl w9 &b 5l i oubls Lo
Histogramle accics s5boplp |y Gogy ool g oS oo I8 (HIStOGramLe accies b qols )5 5y ploie polie b 234

I B el b psiio plaie conle QT e Cnnd plaio o0l u.u)‘é).‘ Ryl G(HiStogramLoJ Al 4-’>)f .WUGA
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diciin polie a5 OIS o Lastiie g A o L | pgal SO Wt mglaw 4 by ye s(HIStOgramie ai 1 Y¥N i
Bo g 02,0 515 g e slael gom b plaite polie 10 aiind poai ;0 wais mhw o 4 Soo3 ae,bus s(HiStOgramis
K :T(rk) gbsan) S5 4 oyl
=2 pr(rj)
j=1
43
=1
el (63959 poai 5 Tk e b Billae (29,5 0ol (B3l0 poal ;0 Wads jlade S bxul )o
g oo pastie 3,10 1) 5 cuS 5 aS NIStEgabl bl axs o Laile g5lo plp
g=histeq(f,nlev)
J5 ) sl | Joles NIEV 31 el ooy asie (29,5 pgad 6lp a5 Conl 0aid mobaw olaas NIEV 5 554,9 pouas T L] yo
b 1 zobaw histequast |51 zas nlev 51 .as o 1211 has b histeges po (ol )3 (59955 noas 3 Sos zolan
nlev=Jslw iMhist &y, histeq,s o,3 i jlade axsl dlo HIStOgramle ancie <6 4 ooy a5 &S o 20399
aiy bl oo, «Soge nl 50 1) oS se ooliiad NIBV sl 1) (YOF Yoons) olaw jlaie 1iSTas 5)lse 25T )5 .ol 64
Dgd oo |2l caw s (HiStogramies
AR |E
Sy Sleogas 5 sl 0,5 pgad cnl ool 0ad laiS )5 L Ve Loj o el 03,5 095Ul (g 98ss Sen pgead @) YA s
Dol oo o) YA near s(HiStOgramis Al )0 Egdse (pl gl ol g ogupe Wb Ll cpl 5l cpl 5 Lo o)l Sl
wlhie JS 4 cos HistOgramle accics sl ool 6,55 ol 0,8 Connd Coow 4 (HiStOgramle accio
Gkl @ YA psai il 0095 el T ST munice (g o Sl by Slosas 4 gao5e ran 5l g Sl S (52515
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>> imshow (f)

>> figure, imhist (f)
>>ylim (‘auto’)

>> g = histeq (f, 256) ;
>> figure , imshow (@)
>> figure, imhist (g)
>>ylim (‘auto’)

Ot 5o ole a5l el Lol 053 S o imwrite Sloolazul b g gl jo aadi Yoo 7959 L tif Qg b b pyguai oyl

Al yole Suud 4 00l puw 5 ,lg0 V.F
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Adon hyhS pgal Faog bl cle ol oul ools lis g0 YA g G(Histogramu iy 40 Sluogas

sHistogramls ain wais mhw (uSle a5 cal ol Gl ol cde cwl wais slewlis sl 4 (Histogramues

w uS.’ (HIStOgramLN w Ls)l.u))-")-’ ij) Be 4.>)§ ol ‘5La‘ ).sya.: )l )"U’“’B) l; )M o d)Lw).:lj.: ).:5.‘4.’

Sl aol38l) el asaid olaw lgy areld (g oo ] Sloogas b Jg 05 soi ol lsen <(HistogramLl.
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>>hnorm = imhist (f) . / numel (f) ;
>> cdf = cumsum (hnorm) ;

% Intervals f
% the use of linspace from sec. 2.8.1.

% Plot cdf vs. x.
% Scale , settings , and labe Is:

>> x = linspace (0, 1, 256) ;

>> Plot (x , cdf)
>>axis[0101]

>> set (gea, 'xtick', 0:.2: 1)
>> set (gca, 'ytick', 0:.2:1)
>> xlabet ('Input intensity values" , ‘fontsize',
>> ylabet ('Output intensity values" , ‘fontsize' ,
>> 9 Specify text in the body of the graph:

>> text (0. 18, 0.5, 'Transform ting function', 'f

- N W E o N X

S — N W R U P Nk
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cd

0 50 100 150 200 250

0 50 100 150 200 250

or [0, 1] horiz scale. Note

9)
9)

ontsize', 9)
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ol 2l (oS Con |y ol 8 isu 0 o8 cel Ladaiblor laply o plod (2l) )91 Caws & (53959 95 5l s oo 1, T(I)
e 55 oalil L Aol 5| s e el PAZ) oS b |, HY oilsty a5 _ololo T POF &5 Z ot Lo zshans 28k 6l
Colas aoly (n) 000 0925 3 H (wgSiae il jitne slasaile o PAZ) ST a5 05 e e plote slopiio LS
sl (s JB PAZ) sose polie I o b () Conns i Gl slael I Sy gp g (Wtas e pé Gl polie adS 55l
el 55550 Sledailes 4 SG33 a5 S (o0 w8 (slazs Lol (3le plp azen B3 g, nalee

A5 oo obol ) Lsail b gllae o g0 NISTEQ 0 5 oS 5 5l ooliial b LIl aas

g = histeq( f, hspec)

Sl (293 p9ai O g (o)l patie polie 5l o p oy o aS) ul a3 90 slesaiile NSPEC.Cw 3955 g  lxul o
stae cloalols b one ol b llae zomo s0e (sloylads wb Iy ol sl NSPEC slaiailes 4y 4 o (glaiailes o5
Ly ol Tovass zolaw slaws 5l a8 Jlws NSPEC sk 85 O slosaisl o5 ol o] NiStEqulisgas I S asl asls
5,1 sy hspec
YE e
5 ooliiwl b a8 nis oo 1) o] slesaila(D) ¥V o pgai ;o 0gd ce 00 (@) XV o WS, wged b 4 e ped 5l pgai SO
Sl 5 (s pea slbpaie oS 45 sl 00,5 oyl slaiisl 45 0,00 Sy oy bl g el sl o0l oo 4 IMhistf
Rl sl 5 05 lp (29 L) Lebdile (ileplp &S 00 5K Al il (S J5l oS o sl (6 5nS B ulide 05
25 Ol 5l el LYY+ ol aml (Jg Wgd oo Smdly 05 @dlye Dlisz &5 (555 Sl pgai

>> f1=histeq(f,25€);
Gloailo Wl g9o5e nl e @ (o (o ln Sl 03,55 Sbml (gllas a5 90 (al ) Ledakle (giluply &S wms e (i3
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B35 5 el (shol slaalilu 15 Hio Su85 05 slizl o515 JUE (ol e 353 K550 g ,alls oS 35 e sl g el o
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US 5 0l gyl ubiie Sl sl 4o wsllae Liail 1o 1521 o515 a5 (g 5b ol laloidisbs Beods aline ol I ofy 5
5 S shol Sl S ol il ¥ Vol Liaisls ] 45 gy, a0l D) ¥+ g 5 058 Laim Lol g Lusaisles
Wl aim sS slaali 5l esliial b olgie |, blaiails g5 ol o) oyl ubie SBg el o SasS >
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function p = twomodegauss(m1, sigl, m2, sig2, Al, A 2, k)
%TWOMODEGAUSS Generates a bimodal Gaussian function .
% P = TWOMODEGAUSS(M1, SIG1, M2, SIG2, Al, A2, K) g enerates a bimodal,
% Gaussian-like function in the interval [0, 1]. P is a 256-element
% vector normalized so that SUM(P) equals 1. The me an and standard
% deviation of the modes are (M1, SIG1) and (M2, SI G2), respectively.
% Al and A2 are the amplitude values of the two mod es. Since the
% output is normalized, only the relative values of Al and A2 are
% important. K is an offset value that raises the " floor" of the
% function. A good set of values to try is M1 = 0.1 5, SIG1 0.05,
% M2 =0.75, SIG2 = 0.05, Al =1, A2 =0.07, and K =0.002.
cl=Al*(1 ((2*pi)~0.5) *sigl); k1 =2 * (si gl 2);
c2=A2*(1/((2*pi)"0.5) *sig2); k2 =2*( sig2 " 2);
z = linspace(0, 1, 256);
p=k+cl*exp(—((z—ml) . ~2)./kl)+..c2*e Xp(—((z — m2) . 2) ./ k2);

P=p. sum(P());
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input, sl oS Gl S oo i |y alols cwsS a5 S o L0 oS asas TS (695,9 slaosls y5 (slojgloee AU
RVELIPEVIFN RAPSURIVECH 'V XN E S IR VEL P PE S JUN SR AR 4 str2num

function p = manualhist

(YoMANUALHIST Generates a bimodal histogram interact ively.

% P = MANUALHIST generates a bimodal histogram usin g

% TWOMODEGAUSS(m1, sigl, m2, sig2, Al, A2, k). m1 a nd m2 are the means
% of the two modes and must be in the range [0, 1]. sigl and sig2 are
% the standard deviations of the two modes. Al and A2 are

% amplitude values, and k is an offset value that r aises the

% "floor" of histogram. The number of elements in t he histogram

% vector P is 256 and sum(P) is normalized to 1. MA NUALHIST

% repeatedly prompts for the parameters and plots t he resulting

% histogram until the user types an 'x' to quit, an d then it returns the
% last histogram computed.

% A good set of starting values is: (0.15, 0.05, 0. 75, 0.05, 1,

% 0.07, 0.002).
Initialize. repeats = true; quitnow = 'X’;

% Compute a default histogram in case the user quit s before % estimating at least
one histogram.
p = twomodegauss(0.15, 0.05, 0.75, 0.05, 1, 0.07, 0 .002);

Cycle until an x is input.
while repeats

s = input(Enter ml, sigl, m2, sig2, Al, A2, k OR x to quit:', 's); if s ==
quitnow

break end

% Convert the input string to a vector of numerical values and % verify the number
of inputs.

vV = str2num(s);
if numel(v) -=7
disp('Incorrect number of inputs.’) continue

end

p = twomodegauss(v(1), v(2), v(3), v(4), v(5), v(6) ,V(7));

% Start a new figure and scale the axes. Specifying only xlim % leaves ylim on
auto.

figure, plot(p)

xlim([0 255])

end

D9y Sl yho a4 Soop pakaw b Lol paai 10 s pgal polic oST5 cde 4 e opl jo Lhiaile gjle ply dlies a5 Sl
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g=histeq(f,p)
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Correlation Convolution

/—Origin f w ~ Origin f w rotated 180°
(a) 00010000 123240 00010000 02321 (i)
(b) 00010000 00010000 ()

12320 02321

Starting position alignment

|—:|— Zero padding _,_J_‘

(©0000000100000000 0000000100000000 (k)
12320 02321

(d000DODO0O100D0D000O00 0000000100000000 ()
12320 02321

t Position after one shift

e)0000000100000000 00000
12320 0

t Position after four shifts

MHO00DOOD0O0D10O0O0D0D00ODO0D 0000000100000000 (n)
12320 02321
Final position 4
"full’ correlation result ‘full' convolution result
(g) 000023210000 000123200000 (o)
‘same’ correlation result ‘same’ convolution result
(h) 00232100 01232000 (p)
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g = imfilter (f , w, filtering_mode, boundary_ opti on, size_ options)
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8 Origin of f(x, y)
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Flnitiai position for w
230

(0
{)
(
()
0
0
f)
0
1]

()
0
0
0
0
0
0
(
0

0
0
()
(0
0O
0
0
U
0

0
0
0
0
1]
0
0
0
]

Padded f

]
0
{

0
U
0
]
0
0

'full' correlation result
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'full' convolution result
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'same’' correlation result
Q0000
09870
06540
03210
00000

(e)

'same’ convolution result
00000
01230
04560
078910
00000

(h)
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g = imfilter (f, w, ' replicte')
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Options Description
Filtering Mode
‘corr' Filtering is done using correlation (see Figs. 3.13 and 3.14). This is
the default.
‘conv’ Filtering is done using convolution (see Figs. 3.13 and 3.14).
Boundary Options
P The boundaries of the input image are extended by padding with a

value, P (written without quotes). This is the default, with value 0.

'replicate' The size of the image is extended by replicating the values in its
outer border.

'symmetric'  The size of the image is extended by mirror-reflecting it across its
border.

‘circular'’ The size of the image is extended by treating the image as one
period a 2-D periodic function.

Size Options

'full' The output is of the same size as the extended (padded) image
(see Figs.3.13 and 3.14).
'same’ The output is of the same size as the input. This is achieved by

limiting the excursions of the center of the filter mask to points
contained in the original image (see Figs. 3.13 and 3.14). This is
the default.
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Filtering mode o5 slé <>

>l (FAF g YA Gla pgad) 040 oo plol  Saaon b 0,5 il cdl> cpl o Corr
el (B8

FOENE g ¥AY lo ) 098 oo plosl 3uils b 0,5 jild el ol o Conv

Boundary option olas w slaas 5

(b g0 ardgh Job J&5 cuadle (y300 a5) P jlaio 4y 5,154V L (6995 ygad o)y P
ol o o] (508 oo Sl 098 e plol

Dgds g0 031d drgd gl o3Il e 5l 5 polie (05T LSL replicate :ss

D9 oo 0310 drwgi ] Slaz s 50,5 uSate by guad ol symmetric, i

D9 oo 0018 dxwg 4] o3Il pgal 55, s ¥ abi sl b circular,sa.
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Gl 0als ooly dswg paal glba¥ lea Loy o3l Glea 4 29> peal J5
FAF 5 VY o yga) full

A 098 plmle 05 sguzme b5 (b el GLaSs (6999 9 (295 ngai o5l oS

P8 e Sl (PAF g VAY o ) 098 o0 plol Lol pgai Sl bl 4 same
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g = imfilter (f, w, 'conv', 'replicate" )

el g caS 5

imfilter (f, w, replicate);l ou 5 @l 20 ax )0 YA+ 1, 516 <ol TOIOO(W, 2)2ls 5l ooliial LW cls yy w500 (oo,

sloosls ojlasl po a5 0gd oo Sml @ pgad L3 oS 5 0 08 pleol A e SO g0

L)‘?"LSQ ‘) 4.1.’>-).n 90 U"‘ =\.....” p....S oolauwl

(23,5 Cou M3 1, T a5 cul SAMEEI las Slowbre (5,5 (i (sim) Conl (6395
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sosls £65 lod 4y 1y 29,5 pgal Imfilter g oo dmlire Holids alaii LS5b ;) Jeol g caclan Cdo bonds S peal jaic o
RVCOWEJr FE SE RN Oﬁ’.‘ 4.laa.> )‘| ).:|)5 oS ‘5?5)5 )..ab.c D yg0 O.g.l 5 ..\.wL: o dde La Lgla\..gljf )fl Q.ﬂ).g L.: ..\.’5‘5‘: J.a.\.u 8999
BUR%: doubley 3 im2doub|e)~| solarwl L b€ f)a asl 5L 0,90 880 gl BT .aisd c0 0,5 (6 mS polie g Xye5 o0 i g

e s imfilter sslaul

S0 Sl o 1YY s Y sl il el S OVY 2 OVY o5l L caclias jgai YO pga

>>w =ones (31) ;

n
"

ol s UINS g5 jiems LIMAIEr 1 oslinal 5 6,8 Lobiiie ,3l o3l Lt 6l sl 6565 (eSloe ylid b cnlice oS

abc
de f

2,55 (FV) s s Jle ! slect!
IMflter s Sowws (5538 Gie 5l olgsoe Conl oyl 2ld cpl a8 Sl 5o o sl e @l el S LW 2kd 5.0l
Do oo i Ty 5 gl e Sldas s O YND ygar 0,5 oolaiul

>> gd = imfilter (f, w) ;
>> imshow (gd ,[ ])

Sl as e len 0S8 0 (I GY (i) o yao L) paal e a5 20,5 oolaiul g5 (B3 i b 5l cnl o
Ll apdls g pgal (b9 Sltemd (e Slodd Geizped S oo 00l ZLd pu9al 1o pies g ol letand [ slaad 28 0

5, B |y UStie ] S5 a3 51 esliial b s ce o] Koo 003 (054 Y acile a5 el )] el

>> gr = imfilter (f, w, 'replicate’)
>> figure, imshow (gr, [])
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Dlos Cowd o)l a5 L ales
>> gs = imfilter (f , w, 'symmetric’) ;

>> figure , imshow (gs, [])

Ll 0als solazwl )99 M)f )l as 39—*“‘5" oS (6o AATA ).:ya.a ) Aol

>> gc = imfilter(f, w, 'circular’);
>> figure, imshow(gc, [])
5 osliiul 1) euidls 1) g9o90 e Ul a0 Lis Hao 6,054V L 1) alies floa (E)YN0 oa o oud algs ass

Sgds ool alins 0gis S Cawyo ST AS 0 ol g4 yla

>> {8 = im2uint8(f);
>> g8r = imfilter(f8, w, 'replicate");
figure, imshow(g8r, [ ])

(UINt8) (s04,5 slaools g5 a4 IMfIltEr Ly >3 sloosls By bxisl 1o 058 o oaus F YN g jo lles (pl 4z
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1 T e 6 555 oot |y ol e alie )5 5o s o] sy [0,255] a5 s il ol
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(Nonlinear Spatial Filtering) olasd gslge s s oy0,5 Juye Y.F.¥
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25) 2l N garme e dmline ol 2 L35 wdlge (o d (3,5 Sl 45 (60)lga 50 (gl 00,5 Com WS oS iy, @

Jes o] 55 Jsmed sppal yolie a8 col asé olloe Gulal 5 olad adlye o pé 50,5 JU (ol b Slhee
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S e ol oSkee Jg ojls 5L (s ymian abiil> 4 COIfilt 4> 5 aiS o moplosle (ygiw K& & 1) Laosls COfilt pLs
<l nifilter

4 COMflt jld lad polye s e 00,5 Just izl le ol » L sl oo Jule ey gl Gijloy Slidae 351 )0
Syl cums ) NIfilt L3

a5 WS o bl A gl 4 e ke COITIIE L6 M * N ojlasl 4 lgmen slosond 3 M *N ojlail a0 T 09,9 gl 4 a>g5 L
Yo B8 1 15 3 05 1o Jlamman pdlas a5 ol (69 polic b llas g ;o a5 Cod MN X MN 5T o5l 25Ta
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am e plal G g SaY 5l eslil L 1, Glas glgy iy COItfilt s gt s

g = coffilt(f, [m n], 'sliding’, @fun, parameters)

JESI M* N asb 0 a5 £9iS S ,> b ool jon &g, ool 45 ams o ol Sliding aols .oz ;ild 4l sl M, Nxs! o
& o Lzl parameter § vl o FUN 2l 1) T L aS 5l al 4 o)Ll @FUN 055 oo oloul T (65,9 pguas 10 (s pguai polic
39 0 00l ol 0, Stwd @ sles .ol 5L 0,90 FUN sl Lawgs ol (5 g diloads oz 50080 51 LS L oS sl ola el )b
el o 4S5 ) el @5 (5,108 2 0 (sl ooliil 5550 SleMbl (g5l a5 ol MATLAB 1381 6 5 slaools 51 S5
VoS odg s, Yoy o g oS Joo olal Aglaiygin 51 S5 5o g9, WL FUN o A 5l aoylejl 0956 a5 a5 b
SSon a5 Sl el @ g el 69, FUN Livgi suss plosl wldes 4z Vopaie ol il ligin aen mls g5l
Sl VLIFMNoslail jiSTos asl asls sg>g A o oygiw MN ol

skl olad aolge as e 08 Uyt 0 adls Blaw 0,5 Bk gly ol oyl o 4 8 cow jo 4S5 ad (6,105 1S
sl padarraysl ;i 5 ol ly 05s 5,l35aY s 1ld 5l LS Wb (695,9 memal 34 o oolitul COIfilt 51 85 Jg o)l
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fp = padarray(f, [r c], method, direction)
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>> fp = padarray(f, [3 2], 'replicate’, 'post’)

S g |y sl

Options Description
Method
'symmetric'  The size of the image is extended by mirror-reflecting it across its
border.
'replicate’' The size of the image is extended by replicating the values in its
outer border.
‘circular’ The size of the image is extended by treating the image as one
period of a 2-D periodic function.
Direction
'pre’ Pad before the first element of each dimension.
'post’ Pad after the last element of each dimension.
'both’ Pad before the first element and after the last element of each
dimension. This is the default.
padrrarysl sle 4o ;5 Jyoo
loas, 35 2,45 | OptiONs ey 35
method s,
Sgis oo 0awitS a5l T alisb b s gas ol symmetric .l
9 g0 005 hS ] arile pyolie ;iS5 b gl o5l replicate ,.:ss
g g0 0085 5,k € 3l 5 068 oo Cgeste g3 ¥ ool Al gl jl dle e SO pgad ol circular ,5as
Direction Ve
Sap o paie ool 5l LS g I8y pre Jisliy
da ,p paie p 5l o 6 l0SAY post & le 5l o
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Fp=

WWwwkEk
AN
AN
AN

sl o jao b (53 i 6,18 4Y wsis 2,0 hgy ST el (DOth)s Jo il (53 iy Sl w09 )0 aules J5 gz S
Ok o el 93 50 (538 G Cuxr s Sl Jho (B S IS AY gl gy kil o e lell Gl S e ST sl e

a0 ol ojlasl 4y s guad Slolore
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Function v = gmean (A)
Mn size (A, 1) ; % the length of the columns of A i s always mn.
V = prod (A, 1). L (/mn);

oS o0 (5,135 padarrayul o iS5 an ;S eolitul b1y (689,5 paad acil> Ol S6 Lmals sl
>> f = padarray (f, [m n], 'replicate') ;

>> g = coffilt (f, [m n], 'sliding' , @gmean);
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(Image Processing Toolbox Standard Spatial Filters)
oud 2 OF (o 5o byt slopld plo oS oo o L IPT (Glonity 050 (s 5 as ol slaild (2w ol o
]
(Linear Spatial Filtering) Jas olas gyl ¥.0.)
ks (Mask) Clis a5 fspecial ol 5l ool b aS o,ls oads iy yai s 5l s ¥ o olas slo,ild g o 5l am ol
ol 000l G 4 3 o0 0§ S S LW

W = fspecial (‘type', parameters)

fspecial sl o,90 slo il aods S o crens |, ik g45 PArAMELERLIS § (S o asive |, il g4 tYPE acls

» ks e o)l byl L olen

'average' fspecial('average', [r c]).A rectangular averaging filter of
size r x c.The defaultis 3 X 3. A single number instead of
[r c] specifies a square filter.

'disk" fspecial('disk’, r).A circular averaging filter (within a
square of size 2r + 1) with radius r. The default radius is 5.

‘gaussian'  fspecial('gaussian', [r c], sip).A Gaussian lowpass filter
of size r x ¢ and standard deviation sig (positive). The defaults
are 3 X 3 and 0.5. A single number instead of [r c] specifies a
square filter.

'laplacian' fspecial('laplacian', alpha).A 3 X 3 Laplacian filter whose
shape is specified by alpha, a number in the range [0, 1]. The
default value for alphais 0.5.

'log’ fspecial('log', [r c], sig).Laplacian of a Gaussian (LoG)
filter of size r x c and standard deviation sig (positive). The
defaults are 5 X 5 and 0.5. A single number instead of [r ¢]
specifies a square filter.

'motion’ fspecial('motion', len, theta).Outputs a filter that, when
convolved with an image, approximates linear motion (of a
camera with respect to the image) of len pixels. The direction of
motion is theta, measured in degrees, counterclockwise from the
horizontal. The defaults are 9 and 0, which represents a motion of
9 pixels in the horizontal direction.

'prewitt’ fspecial('prewitt').Outputs a3 X 3 Prewitt mask, wv, that
approximates a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result:wh = wv'.

‘sobel’ fspecial('sobel’).Qutputs a3 X 3 Sobel mask, sv, that
approximates a vertical gradient. A mask for the horizontal
gradient is obtained by transposing the result:sh = sv'.

'unsharp’ fspecial('unsharp', alpha).Outputsa3 X 3 unsharp filter.
Parameter alpha controls the shape; it must be greater than or
equal to 0 and less than or equal to 1.0; the default is 0.2.
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0% f (x, y) 0% f (x, y)
2 —_
O f(x, y) = v + 6y2

ol p) 7yl & Gl (raegd (Jlizms (o ,85 polie

2

ZXZ = f(x+1y)+ f(x-1y)-2f(xy)
92f _
mﬂ-ﬂxy+ﬂ+f(xy—ﬂ-2ﬂxy)

0% f =[f(x+ly)+ f(x-1y)+ f(x y+1)+ f(x,y—l)]—4f(x,y)
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g y)= f(xy)+c|0*t (x y)
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>> w = fspecial (‘laplacian’, 0)

W =
0.0000 1.0000 0.0000
1.0000 -4.0000 1.0000
0.0000 1.0000 0.0000
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>w=[010;1-4;010];
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>> g1 = imfilter (f, w, ' replicate' ) ;
>>imshow (g1, ])
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>> f2 = im2double (f) ;
>> g2 = imfilter (f2, w, 'replicate’) ;
>>. imshow (g2, [])
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>>0= f2 — 92 ;
>> imshow (g)
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>>f =imread (‘'moon. Tif') ;

>> w4 = fspecial ('laplacian', 0) ; % same as w in Example 3.9.
>w8=[111;11-81;111];

>>f =im2 double (f) ;

>> g 4= f — imfilter (f, w4, 'replicate') ;

>> g 8 = f- imfilter (f, w8, 'replicate’) ;

>> imshow (f)

>> figure, imshow (g4)

>> figure, imshow (g8)
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(Nonlinear Spatial Filtering) Jas s olas b plid ¥.0.Y
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g = ordfilt 2 (f , order, domain)
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oS oo oolawl

g=ordfilt2 (f, 1, ones (m, n))

WS o atie 45 A5 e Oloul M * N L 5l 5 ONES (M, N col MN gladiges oo 50 dgas Gyl SLLG V Jgo,8 ol 4o

Ngd go 03, 15 4 Sliwlxs ;o j5lne @lge slaaiges a S a5
P e & S5 oe atbe oy ko (lsie @ (Sl e asgeme Sy diged (gl 45) JBlao sld Lol s (b oISl 5o
Ll 25 cuS 5 5l ooliiwl b aS” casl MAX filter L glas ol .ol diges pualMN a5 Conl dcgoome ol diges cp 31 0o)8 oo

\)9....4(59

g = ordfilt 2 (f, m*n, ones (m, n))
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g = ordfilt 2 (f, median (1: m*n), ones (m, n))
2,00 1) 525 S 5wl &6

v = median (A, dim)
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g = medfilt 2 (f, [m n], padopt)
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g = medfilt 2 (f)
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>>fn = imnoise (f, 'salt & pepper ', 0.2) ;
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>> gm = medfilt 2 (fn) ;
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>> gms = medfilt2 (fn , 'symmetric’) ;
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