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>> g = abs(imfilTer(bouble(f), w)) >=T;
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>w=[-1-1-1;-18-1;-1-1-1];
>>T = max(g(:));
>>g=g>=T;
>> imshow(g)
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>> g = imsubtract(ordfilt2(f, m*n, ones(m, n)), ...
ordfilt2(f, 1, ones(m, n))):
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>w=[2-1-1;-12-1;-1-12],

>> g = imfilter(double(f), w);

>> imshow(g, []) % Fig. 10.4(b)
>> gtop = g(1:120, 1:120);

>> gtop = pixeldup(gtop, 4);

>> figure, imshow(gtop, []) % Fig. 10.4(c)
>> gbot = g(end-119:end, end-119:end);

>> gbot = pixeldup(gbot, 4);

>> figure, imshow(gbot, []) % Fig. 10.4(d)
>>g = abs(g);

>> figure, imshow(g, [ ]) % Fig. 10.4(e)
>> T = max(g(’));

>> g=g9g >= T;

% Fig. 10.4(f) >> figure, imshow(g)
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Prewitt Finds edges using the Prewitt approximation to

Sobel Finds edges using the Sobel approximation.tg
the derivatives shown in Fig. 10.5(b).

the derivatives shown in Fig. 10.5(c).

Roberts Finds edges using the Roberts approximation g
to the derivatives shown in Fig. 10.5(d). Sy
Laplacian of a Gaussian (LoG) Finds edges by looking for zero crossings after |

filtering f(x, y) with a Gaussian filter.

filtering f(x, y) with a user-specified filter.

gradient of f(x, y). The gradient is calculated

using the derivative of a Gaussian filter. The ;J

method uses two thresholds to detect strong

. Jlﬁh B
Zero crossings Finds edges by looking for zero crossings after i

Ji

Canny Finds edges by looking for local maxima of thej_,.1 :

and weak edges, and includes the weak edges |
in the output only if they are connectedto |

likely to detect true weak edges.

strong edges. Therefore, this method is more
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>> [gv, t] = edge(f, 'sobel', 'vertical’);




>> imshow(gv)
>>t
t=
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2o W)l (goses g 28] ladaddas Jlod gladd aiis (goges azl Lol sladad 0gd oo 0ayd DVF psai 5 a5 b les
oleyd 3leslaiul L)LY £ WSe Yo 0,5 Sy cins slaad 5YL ailiw] mlaw (40,5 jaseino b o5 so (Rgb oo 5801 55 sl o]

et 5045 Oygo 4 oS slalin] b sogee SObEI Mask 1 eslicul L Edge ol azes 0) Lol gai (@) V5 g

load dwlome a5 () Lols ailiw] o b (goges g 88l slaad ol ams @) o ailiw] G 5l oolaiwl b ases (€) .ol oo
aliwl 3 MASK 3l solul b ax o FO ite argly ;0 laad awlze azs () ols ailbiw] 3 MASK 1 eoliiul b a0 F0 agl; o

o

>> gv = edge(f, 'sobel', 0.15, 'vertical");
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>> gboth = edge(f, 'sobel’, 0.15);

21, Sobel sleal Wiy s EAge sl ams oo olis 1) sogee 5 i3l slaad Yool a5 o @A)V F poms LS5 4 o
Yo 1S ooliztd IMAITEr 1 5 oS Laseie |, MASK Wb baad ol acle sl S aculoe 4,0 FO e g S sloaysl;
o ol s slesleyd 5l oslaal L @V S g

>>w45=[-2-10;-101;01 2]

w45 =
-2 -1 0
-1 0 1
0 1 2

>> g45 = imfilter(double(f), w45, 'replicate”);
>> T = 0.3*max(abs(g45(2)));
>>0g45=9g45>=T;

>> figure, imshow(g45);

Sl gl oolatwl Lile,d Jlgv len L Mask .l ;l S8yl a0 FO 6Ky sl 4J@)VF WSe jo ad (g8
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55 o3olms & plaitlo 355 62| ooz ilaz w0z plaisle adsS om0 Sl 050 (Lol slaad oS B 51 0n
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>> [g_sobel_default, ts] = edge(f, 'sobel’); % F ig. 10.7(a)
>> [g_log_default, tlog] = edge(f, 'log"); % Fig .10.7(c)
>> [g_canny_default, tc] = edge(f, '‘canny"; % F ig. 10.7(e)

Ts=0.074 ,tlog=0.0025 ,tc=[0.019,0.047]

S s Sobel poar 5l e a4 wse Ve g Y w4 LOG 5 Canny gleas 5 ¢l Sigma s ,8 i polis

AL el slaad b laasis slul sl ¥ Lulps b by Ml b5

15




zlyil slp (iaSTly 5 (S mls )z oy Canny3 LOG . Sobel Slpb ad 68 Giw polieice eiw V.Y yead
el 00,5 adei 1) zlis o i Canny L aJ Y- b bl Gliie Bd> L @Y F Sejo Lol Slsgas
s wia oo s ol ooyt gyl e T Uiy 5 Sy cslagiolly 5 o5 21 s iy polin L 5

16




>> g_sobel_best = edge(f, 'sobel'. 0.05); % Fig. 10.7(b)
>> g _log_best = edge(f, 'log’, 0.003, 2.25); % F ig. 10.7(d)
>>g_canny_best = edge(f, 'canny’, [0.04 0.10], 1.5 ); % Fig. 10.7(f)

s DS s oS gyl 1) (699,5 G ad 9 (Hls Jlg 020,5 (o (B9 05 o0 030DV uSe y3 a5 job len
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(Line Detection Using the Hough Transformation ) Hough Jsuws 3l solisuw! b bghs 63w, V.Y

docyhl o9z ol e aijlo | ad o la Shg @) @ Sos Sloogas cpl s 2D obml bad 55, @lbeSy b3 sl o
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2l yilo 45 WS o oolizl (SPArse MatrxSparseslo.w jlo 5l wb opl.cul oo &l HOUG o aslxe sl 2l
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S = sparse(A)
>>A=] 0 0 0 5

0 2 0 0
1 3 0 0
0 0 4 0 K
>> S = sparse(A)
S =
3,11
(2,2) 2
3,23
(4,3)4
(1,4)5

g ga by g b polie WS oo 18 (295 50 gt 5 &3,y sloasli bolen S jho é ol

g oo uSid awlids O 5l 09, 00,15 4 SPArSEUL b i oS oS5

S = sparse(r, ¢, s, m, n)

055 o5 SPArSEIB 4 pedlys o 45 cun jilo yho pué polic (ygiw g s, Gl asls sla)lop e s 4 C ol bxsl o
o ol ol 51 Jeolo o 5le s 5 g bl M, Ny sl (I €) ol (slazys b gillae polie sl 5,108 el b s
23,5 sl ) leyd 5 oolitul b baiins lgs oo 1y b JUeS L 5l

>>S =sparse([32341],[12234],[12345] 4, 4);




A = full(S)

TV SEY QT S s full &b Sleslaiwl b oles o 09 o ool Lzl LB oS 5 5l (SO J4M9.TS, Sparsqﬁ)su
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AL dle LHOUGN 05 b pens 55 o0 |, hOUGN.Mls Il MATLAB 1381 65 ,sHOugh b «d s sl

function [h, theta, rho] = hough(f, dtheta, drho)
%HOUGH Hough transform.

%
%
%
%

[H, THETA, RHO] = HOUGH(H, DTHETA, DRHO) computes

transform of the image F. DTHETA specifies the s
degrees) of the Hough transform bins along the th
specifies the spacing of the Hough transform bins

the hough
pacing (in

eta axis. DRHO

along the rho

% axis. H is the Hough transform matrix. It is NRHO -by-NTHETA,
% where NRHO = 2*ceil(horm(size(F))/DRHO) — 1, and NTHETA =

% 2*ceil(90/ DTHETA). Note that if 90/ DTHETA is no t a integer, the
% actual angle spacing will be go / ceil(90/ DTHETA ).

%

% THETA is an NTHETA-element vector containing the angle (in

% degrees) corresponding to each column of H. RHO i s an

%

NRHO-element vector containing the value of the c

orresponding to

% each row of H.

%

% [H, THETA, RHO] = HOUGH(F) computes the hough tra
% DTHETA =1 and DRHO = 1.

nsform using

if nargin < 3
drho = 1;
end
if nargin < 2
dtheta = 1;
end
f = double(f);
[M, NJ = size(f);
theta = linspaced(-90, 0, ceil(90/ dtheta) + 1);
theta = [theta — flipIr(theta(2:end-1))];
ntheta = length(theta);
D =sqrt(M — 1)"2 + (N — 1)"2);
g = ceil(D/drho);
nrho = 2*q — 1,
rho = linspace(-g*drho, g*drho, nrho);

[, y, val] = find(f);
Xx=x-1y=y-1;
% Initialize output.
h = zeros(nrho, length(theta));
% To avoid excessive memory usage, process 1000 non
% values at a time.
for k = 1:ceil(length(val)/1000)
first = (k — 1)*1000 + 1;
last = min(first+999, length(x));

zero pixel

X_matrix = repmat(x(first:last), 1, ntheta);

y_matrix = repmat(y(first:last), 1, ntheta);

val_matrix = repmat(val(first:last), 1, ntheta);

theta_matrix = repmat(theta, size(x_matrix, 1), 1 )*pi/180);
rho_matrix = X_matrix.*cos(theta_matrix) + ...

y_ matrix.*sin(theta_matrix);

2C




slope = (nrho — 1) / (rho(end) — rho(1));

rho_bin_inedx = round(slope*(rho_matrix — rho(1) + 1);
theta_bin_index = repmat(1:ntheta, size(x_matrix, 1 ), 1);

% Take advantage of the fact that the SPARSE functi on, which
% constructs a sparse matrix, accumulates values wh en input

% indices are repeated. That's the behavior we want for the

% Hough transform. We want the output to be a full (nonsparse)
% matrix, however, so we call function FULL on the output of

% SPARSE.

h = h + full(sparse(rho_bin_index(:), theta_bin_ind ex(), ...

val_matrix(:), nrho, ntheta));
end

:Hough Lo Jioles V.0 Jls
aladi Wz )0 die) o ey 3l (g pgal ol walosls lis sole 55990 paal Sy l)Hough &b o8 Jlise ol jo

@....Su;n C/_w)\)

>>f = zero(101, 101);
>> (1, 1) =1; f(101,1)=1; f(1,101)=1;
>>f(101,101) =1; f(51,51)=1;

oS o imled g 08,5 dwle \)HOUthiJ.,.‘.’ o D95 00 0033 @YY WSe o iolosl gl

>> H = hough(f);
>> imshow(H, [])
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o sle o, g gt o b @llae |, P g0 polis pgo 9,5 awlits Vo puslys ol 3 (g5 anlia Y L I, Hough , ox asks o
5 Bl laygme 605 ez 005 Jlee lp Bl 52505 ladulit Gy @ Gl 1, P 5 0 5l 5o isHOUgh Lo
905 gy Sy semme @b el o IMSNOW |List o 1) NOTIUESIZEw, ;5 rimen w0lo 1,8 IMSNOW Lz jo sogee
b o ygome (6008 oz sl VXN Lisw XlAbel, ylabel skal cul poai o Juaine JS& oad 5 g y9mme 6,105 o p

Dgdb oo ooliul Slg 9> L LATEX 5 35 alis 5l eolazu

>> [H, theta, rho] = hough(f);

>> imshow(theta, rho, H, [ ], 'notruesize")
>> axis on, axis normal

>> xlabel(\theta"), ylabel("\rho")

a5 dsgemme ¥ aS Cunl 1 5l (Sl az 0 FO agly 0 some ¥ oabls ol 0ol sols GLESC)YY paai o )08 oz o4z
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(Hough Transform Peak Detection )Hough Jsuw zgl alais (g5t ,5oT.Y.Y.

2ol bl 5l ls sine dsgazme Sy 58l Conl gl abaits (3L IS8T sl b3l g b bs gl ,HOUGN Lo ) esliiul s sl al> 1
sload a5 cnl HOUG o jel)ly sliad 5 Jlioms poas lad ueS s 4 4295 L cunl lpssHOUG s jo plee
ol J> sl ol Soasyls 3HOUGN Lo Joke S35l i 5o YsessHOUGO Lo 2l bl ot poditns LS g
el ) by aliunse
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QS e L1 1, 5 el ool houghpeaksut

function [r, ¢, hnew] = houghpeaks(h, numpeaks, thr eshold, nhood)
%HOUGHPEAKS Detect peaks in Hough transform.
% [R, C, HNEW] = HOUGHPEAKS(H, NUMPEAKS, THESHOLD,  NHOOD)

% detects peaks in the Hough transform matrix H. N UMPEAKS specifies the
% maximum number of peak locations to look for. Va lues of H below
% THESHOLD will not be considered to be peaks. NHOO Disa
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% two-element vector specifying the size of the sup

% neighborhood. This is the neighborhood around eac
% set to zero after the peak is identified. The ele

% must be positive, odd integers. R and C are the r

% coordinates of the identified peaks. HNEW is the

% with peak neighborhood suppressed.

%

% If NHOOD is omitted, it defaults to the smallest

% size(H)/50. If THRESHOLD is omitted, it defaults
% 0.5*max(H(:)). If NUMPEAKS is omitted, it default
if nargin < 4

nhood = size(h) / 50;

% make sure the neighborhood size is odd.

Nhood = max(2*ceil(nhood/2) + 1, 1);

end
if nargin < 3
threshold = 0.5 * max(h(:));
end
done = false;
hnew=h;r=[];c=[];
while ~done
[p, q] = find(hnew == max(hnew(})));
p=pA);q=0q(1);
if hnew(p, q) >= threshold
r(end + 1) =p; c(end + 1) = q;
% Suppress this maximum and its close neighbors.
pl =p - (nhood(1) — 1)/2; p2 = p + (nhhood(1) — 1
gl =g - (nhood(2) — 1)/2; g2 = q + (nhood(2) — 1
[Pp, qq] = ndgrid(p1:p2, q1:q2);
pp = pp(:); ad = qq(3);
% Throw away neighbor coordinates that are out of
% the rho direction.
badrho = find((pp < 1) | (pp > size(h, 1)));
pp(badrho) = []; gq(badrho) = [I;
% For coordinate that are not of bounds in the th
% direction, we want to consider that H is antisy
% along the rho axis fot theta = +/- 90 degree.
theta_too_low = find(qq < 1);
gq(theta_too_low) = size(h, 2) + qq(theta_too_low
pp(theta_too_low) = size(h, 1) + pp(theta_too_low
theta_too_high = find(qq > size(h, 2));
gq(theta_too_high) = qqg(theta_too_high) - size(h,
pp(theta_too_high) = size(h, 1) — pp(theta_too_hi
% Convert to linear indices to zero out all the v
Hnew(sub2ind(size(hnew), pp, qq)) = 0;
done = length(r) == numpeaks;
else
done = true;
] end
end
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(Hough Transform Line Detection and Linking)bls,l .,!,5, sHOUugh Jsuws b g 5le o1 V.Y.Y

5 3T Ume a5 0l g 5o b wils bLs ) gl blis b s 51 o i LT o5 asie SLHOUGN Lo o 2ol bl ololis 51
sl ahi ] 0 88 45 ol (69l 0 yho i clelaSy a5 Bl zol LU 1 Sy o o 5 Ceand ) ool xS T UL

o 5 o0 |, NOUGPIXEISL 5 ol (sl .ol

function [r, c] = houghpixels(f, theta, rho, rbin, chin)
%HOUGHPIXELS Compute image pixels belonging to Houg h transform bin.

% [R, C] = HOUGHPIXELS(F, THETA, RHO, RBIN, CBIN) c ompute the

% row-column indices (R, C) for nonzero pixels in image F that map
% to a particular Hough transform bin, (RBIN, CBIN) . RBIN and CBIN
% are scalars indicating the row-column bin locatio n in the Hough
% transform matrix returned by function HOUGH. THET A and RHO are
% the second and third output arguments from the HO UGH function.

[x, y, val] = find(f);

x=x-1;y=y-1;

theta_c = theta(cbin) * pi / 180;

rho_xy = x*cos(theta_c) + y*sin(theta_c);

nrho = length(rho);

slope = (nrho — 1)/(rho(end) — rho(1)) + 1);
rho_bin_index = round(slope*(rho_xy-rho(1)) + 1);
idx = find(rho_bin_index == rbin);

r=x(idx) + 1; c = y(idx) + 1,

Bl Nl s ateie olabd b sl 4wl wlbad s e ool bl L JuSoHOUGh &b 5l sslanad b a8 olebesly
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function lines = houghlines(f, theta, rho, rr, cc, fillgap, minlength)
%HOUGHLINES Extract line segments based on the Houg h transform.

% LINES = HOUGHLINES(F, THETA, RHO, RR, CC, FILLGAP ,

% MINLENGTH) extracts line segments in the image F associated with particular
% bins in a Hough transform. THETA and RHO are vec tors returned by

% function HOUGH. Vectors RR and CC specify the row s and columns

% of the Hough transform bins to use in searching f or line

% segments. If HOUGHLINES finds two line segments a ssociated with

% the same Hough transform bin that are separated b y less than
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% FILLGAP pixels, HOUGHLINES merges them into a sin
% segment. FILLGAP defaults to 20 if omitted. Merg
% segments less than MINLENGTH pixels long are disc
% MINLENGTH defaults to 40 if omitted.
%
% LINES is a structure array whose length equals t
% merged line segments found. Each elements of the
% has these fields:
%
% pointl End-point of the line segment; two-eleme
% point2 End-point of the line segment; two-eleme
% length Distance between pintl and point2
% theta Angle (in degrees) of the Hough transfor
% rho Rho-axis position of the Hough transform b
if nargin < 6
fillgap = 20;
end
if nargin <7
minlength = 40;
end

numlines = 0; lines = struct;
for k = 1:length(rr)

end

rbin = rr(k); cbin = cc(k);
% Get all pixels associated with Hough transform c
[r, c] = houghpixels(f, theta, rho, rbin, chin);
if isempty(r)
continue
end
% Rotate the pixel location about (1, 1) so that t
% approximately along a vertical line.
omega = (90 — theta(cbin)) * pi / 180;
T = [cos(omega) sin(omega); - sin(omega) cos(omega
xy=[r-1c-1]*T;
x = sort(xy(:, 1));
% Find the gaps larger than the threshold.
diff_x = [diff(x); Inf];
idx = [0; find(diff_x > fillgap)];
for p = 1L:length(idx) — 1

x1 = x(idx(p) + 1); x2 = x(idx(p + 1));

linelength = x2 — x1;

if linelength >= minlength
pointl = [x1 rho(rbin)]; point2 = [x2 rho(rbin)]
% Rotate the end-point locations back to the ori
% angle.
Tinv = inv(T);
pointl= pointl * Tinv; point2 = point2 * Tinv;

numlines = numlines+1;
lines(numlines).pointl = pointl + 1;
lines(numlines).point2 = point2 + 1;
lines(numlines).length = linelength;
lines(numlines).theta = theta(cbin);
lines(numlines).rho = rho(rbin);
end
end
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LS, sl 8 g das gle a1 Lg\).gHOUth..[A:.T 5 eolazawl V.7 Lo
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>> [H, theta, rho] = hough(f, 0.5);
>> imshow(theta , rho, H, [], 'notruesize'), axis on, axis normal
>> xlabel(\theta"), ylabel("\rho")

oS oo T Al e el See a5 HOUGN o5 4l alaii 8, houghpeaksut b

>> [r, c] = houghpeaks(H, 5);

>> hold on

>> plot(theta(c), rho(r), 'linestyle’, 'none’, ...)
'marker’, 's', ‘color’, 'w'")
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>> lines = houghlines(f, theta, rho, r, ¢)

>> figure, imshow(f), hold on

>> for k = 1:length(lines)

xy = [lines(k).point1; lines(k).point2];

plot(xy(:,2), xy(:,1), 'LineWidth', 4, 'Color', [.6 .6 .6]);
end

Slad 318 o gy (6 S B ekad las g0 db aS g e 000 0dl o] lakad b gl )\ AR

:Thresholding (cuw! aibiuw! jlade 4 azei b STy 90 4 pguad (g3bwil Holiio Lxisl yo) b ailiwl V.Y

@ ali] jlade Cbl Gleby, dome onl 456 ol polas (ot ankad Lol iS5 oolu g1,z 5 (SIS Sliogas s 4 oL ailisl
S 50 B 50 n9al slymen LB Sliogas oy ailil 1o ly 209y Oszed Sl 055 )50

o 595 09y ledl g aBb T (X Y) oai b e cosl o 00ls GLAS VAT (S 50 45 5 i slod a0 (63
glrl slp Ghg) o) e (ol S ¥ ) die) (g g Lt S gl polie (i a5 anil a8 5 )18 (5 59k 05 aies;
FOGY)>Thysas (XY) ahis o 50 &ygo ol j0 08 oo S |y Ll cpl a8 ol T asbiw] Glsl ae) a5l L
ke 4 el oo (DACKground pointes; abais 1, (1 & )90 opl mé ;0 mmel oo (ODjECE POINE L5 alais 1 T ol 1,3,

g se iyt 5 IS a4 O(X, Y) sals b ailin] paar Koo

At 4o b Billae &)l 0 ez a5 grolie a5 S g0 0 ditied Ll L Bllae 05l ) iz aS (g paal polie 5l aws ol

|I” 'll Iul Al oo gles diles (g lass Judow b aibin] Slesl VY e
Ll L ulllin
T

27




b alial 1) T a8 sl oo gy VYV idu 10 ailiw] posd by, ol oo o YY) e jo S sl Olbses! slos,

b s dOcal thresholding .~z

(Global Thresholding ) 5 b bl V.Y

ploie cll> 90 YAY pgai sl aile ool pgai (NIStOQramsle acis o ol Sloogas ow)p aliw] Okl (o, o
U s el s g iolesT oy, T bl Koo a0, bl Ll SSas gl 1, T ailiw] olgs oo (o) 0 cames jo o)l
o o Fee ey sl jo L.o}.am G iz pll oo o Ll e 993y 4 55 e S |y calisee slaailin] juss]

S sanlice IS plonil 1 ey Al 1) ol 5 ans s (SudS 00isi emed (SSLT Uy Sl b1 abiul Wiy IS a8 s

ALS oo diogi 1) 15 6,55 by, ailbin] Segs sl g1, Gonzalez & Woods[2002]

(oS a5 o 1, K5,y s iSTam 5 oo pyolie Cyes Ly alaii g o o oliinn) iy oomess |, T adsl e )
oS ol g polie a5 ool 45 G Sy 10ad e eSS paie 05,8 90 O3l 5 0eiS giis axksd T 5l ool |, e ¥
sl Tl a8 il jlaie a5 (5 9 polie ssl> G a9 g sl T (ggluna b 1255 sl s

35S dslme G1, G (g5 (s 9 polis sl 1) My gy Db (3 ¥

DS dwloe 1) s alliwl lode F

05 T o Cywand o 5 sl 51 S Jlgio sl S5 o T ksl o b oS LS5 ,a&T 1, F 6 Y ol 0

el 00 o0l s MATLAB 331 o5 40 s, o2l syl 036 V.Y Jlio o

gy 10 5 o ArasloesOLSU g, 51 solitiasl b |, ailias] o5 i o sloy) Gray TArESHL ;b I3 aixz o]

oS 0 )0 pleite JE> @l SO jg0 4 ) sns jle e (NiStOgramisle

Slaws JS L gl Ty gebaw 50 b1 S5y o a5 el (5 g polie slowd Ny Sl g )0 39290 yolic slaws JS N eyl jo

28




55 iy 8B lid

k-1
WO = Z pq(rq)
q=0
L-1
Wl = Z pq(rq)
q=k
k-1
HO = quq(rq)/wo
q=0
L-1
“’1 = quq(rq)/wl
g=k

L-1
HT = Z qpq (rq)
gq=0
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T = graythresh(f)
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>> T = 0.5*(double(min(f(:))) + double(max(f(}))));
>> done = false;
>> while ~done
g=>= T;
Tnext = 0.5*(mean(f(g)) + mean(f(~g)));
Done = abs(T — Tnext) < 0.5;
T = Tnext;
end




GrayThresheb ;1 solacal b oo ob aibiw] e (0) ooy Sl e (@) VN g

S YVFY Jolee T Lxs) o

>> T2 = graythresh(f)

T2 =

0.3961
>>T2* 255
ans =

101
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@ UR=R
i=1
(b) R isaconnected region, i =1,2,...,n.
(0 RNR;=g¢foralliand j,i#].
(d) P(R)=TRUE fori=12,..,n
(e P(RNR,)=FALSE for any adjacent regions R and R; .
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[9, NR, SI, TI] = regiongrow(f, S, T)
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function [g, NR, SI, TI] = regiongrow(f, S, T)
%REGIONGROW Perform segmentation by region growing.

% [G, NR, SI, TI] = REGIONGROW(F, SR, T). S can be an array (the
% same size as F) with a 1 at the coordinates of ev ery seed point
% and Os elsewhere. S can also be a single seed val ue. Similarly,
% T can be an array (the same size as F) containing a threshold
% value for each pixel in F. T can also be a scalar , in which
% case it becomes a global threshold.
% on the output, G is the result of region growing, with each
% region labeled by a different integer, NR is the number of
% region, Sl is the final seed image used by the al gorithm, and TI
% is the image consisting of the pixels in F that s atisfied the
% threshold test.
f = double(f);
% If S is a scalar, obtain the seed image.
if nume(S) ==
Sl=f== S,
S1=S§;
else
% S is an array. Eliminate duplicate, connected se ed locations
% to reduce the number of loop executions in the f ollowing

% sections of code.

S| = bwmorph(S, 'shrink’, Inf);

J = find(SI);

S1 =1(J); % Array of seed values.
end

Tl = false(size(f));
for k = 1:length(S1);
seedvalue = S1(k);
S = abs(f — seedvalue) <=T;
TI=TI|S;
end
% Use function imreconstruct with Sl as the marker image to




% obtain the regions corresponding to each seed in S. Function
% bwlabel assigns a different integer to each conne cted region.
[9, NR] = bwlabel(imreconstruct(SI, TI));
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S = gtdecomp(f, @split_test, parameters)
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[vals, r, c] = qtgetblk(f, s, m)
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g = splitmerge(f, mindim, @predicate)
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flag = predicate(region)
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function g = splitmerge(f, mindim, fun)

%SPLIMERGE Segment an image using a split-and-merge algorithm.

% G = SPLIMERGE(F, MINDIM, @PREDICATE) segments ima ge F by using a
% split-and-merge approach based on quadtree decomp osition. MINDIM
% (a positive integer power of 2) specifies the min imum dimension
% of the quadtree regions (subimages) allowed. If n ecessary square
% program pads the input power of 2. This guarantee s that the

% size that is an integer power of 2. This guarante es that the

% algorithm used in the quadtree decomposition will be able to

% split the image down to blocks of size 1-by-1. Th e result is

% cropped back to the original size of the input im age. In the

% output, G, each connected region is labeled with a different

% integer.

%

% Note that in the function call we use @PREDICATE for the value of
% fun. PREDICATE is a function in the MATLAB path, provided by the
% user. Its syntax is

%

% FLAG = PREDICATE(REGION) which must return TRUE i f the pixels

% in REGION satisfy the predicate defined by the co de in the

% function; otherwise, the value of FLAG must be FA LSE.

%

% The following simple of function PREDICATE is use din
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% Example 10.9 of the book. It sets FLAG if the

% intensities of the pixels in REGION have a stand ard deviation

% that exceeds 10, and their mean intensity is bet ween 0 and 125.
% Otherwise FLAG is set to false.

%

% function flag = predicate(region)
% sd = std2(region);
% m = mean2(region);

% flag = (sd > 10) & (m > 0) & (m < 125);

% Pad image with zeros to guarantee that function q tdecomp will
% split regions down to size 1-by-1.

Q = 2™nextpow2(max(size(f)));

[M, N] = size(f);

f = padarray(f, [Q — M, Q — N], 'post’);

% Perform splitting first.
S = qtdecomp(f, @split_test, mindim, fun);

% Now merge by looking at each quadergion and setti ng all its

% elements to 1 if the block satisfies the predicat e.

% Get the size of the largest block. Use full becau se S is sparse.
Lmax = full(max(S(:)));

% Set the output image initially to all zeros. The MARKER array is

% used later to establish connectivity.
g = zeros(size(f));
MARKER = zeros(size(f));
% Begin the merging stage.
for k = 1:Lmax
[vals, r, c] = gtgetblk(f, s, k);
if ~isempty(vals)
% Check the predicate for each of the regions
% of size k-by-k with coordinates given by vector S
% r and c.
for | = L:length(r)
xlow = r(l); ylow = c(l);
xhigh = xlow + k — 1; yhigh = ylow + k — 1;
region = f(xlow:xhigh, ylow:yhigh);
flag = feval(fun, region);
if flag
g(xlow:xhigh, ylow:yhigh) = 1;
MARKER(xlow, ylow) = 1;
end
end
end
end
% Finally, obtain each connected region and label i t with a
% different integer value using function bwlabel.
g = bwlabel(imreconstruct(MARKER, g));

% Crop and exit
g=9g(1:M, 1L:N);

%
--—--%

function v = split_test(B, mindim, fun)

% THIS FUNCTION IS PART OF FUNCTION SPLIT-MERGE. IT DETERMINES
% WHETHER QUADREGIONS ARE SPLIT. The function retur ninv

% logical 1s (TRUE) for the blocks that should be s plit and

% logical Os (FALSE) for those that should not.




% Quadregion B, passed by gtdecomp, is the current decomposition of
% the image into k blocks of size m-by-m.

% k is the number of regions in B at this point in the procedure.

k = size(B, 3);

% Perform the split test on each block. If the pred icate function

% (fun) returns TRUE, the region is split, so we se t the appropriate
% element of v to TRUE. Else, the appropriate eleme nt of v is set to
% FALSE.

v(1:k) = false;

forl=1:k

quadregion = B(;, :, I);
if size(quadregion, 1) <= mindim

v(l) = false;
continue
end
flag = feval(function, quadregion);
if flag
v(l) = true;
end

end
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>> g = im2bw(f, graythresh(f));
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>> gc = ~q;
>> D = bwdista(gc);

>> L = watershed(-D);
>S>w=L==0:
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>> h = fspecial(‘sobel’);
>> fd = double(f);
>> g = sqrt(imfilter(fd, h, 'replicate’) .* 2 + ...
imfilter(fd, h, 'replicate’) .» 2);
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>> L = watershed(g);
>>wr =L ==0;
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>> g2 = imclose(imopen(g, ones(3, 3)), ones(3, 3));
>> |2 = watershed(g2);

>>wr2 = L2 ==0;

>> 2 = f;

>> f2(wr2) = 255;
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>> h = fspecial(‘sobel’);

>> fd = double(f);

>> g = sqrt(imfilter(fd, h, 'replicate’) A2 + ...
imfilter(fd, h, 'replicate’) .» 2);

>> L = watershed(g);

>>wr =L ==0;
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>> im = imextendedmin(f, 2);
>> fim = f;
>> fim(im) = 175;
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>> Lim = watershed(bwdist(im));
>>em = lim ==0;
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>> g2 = imimposemin(g, im | em);
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>> |2 = watershed(g2);
>>f2 = f;
>> f2(L2 == 0) = 255;
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