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B image input f® ﬂ']Wﬂ']fJﬁ\‘]ﬁlﬂ']uﬂJﬂulﬂﬂ’]ﬂ:‘lz']uellﬂyja DDSM

function [image var]=imvar (image input);

imageivar=nlfilter(image_input,[3,3],'var2'); %$Local variance wos
subimage wwna 3x3

% Background variance
% Tissue variance

function[bg var,ts var,bg mask,ts mask]=bg ts var(image var,var_value)
if (~isa(image var, 'double')); %Change image class to double

image var = double(image var);
end

%$Pixels are background if they less than threshold
bg mask=image var<=var value; %image var ilmvar<= svar threshold (vn-
bg)

bg image=image var.*double (bg mask) ;

%0thers are Tissue
ts mask=~bg mask;

ts image=image var.*double (ts mask);

$Background variance = amameibackground var Wlummbsziuvhvar threshold
bg var=sum(bg image (:))/sum(double (bg mask(:)));

$Tissue variance
ts _var =sum(ts_image (:))/sum(double (ts mask(:)));

function [bg mean]=bgmean (image input,var value);
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[image var]=imvar (image input);

[bg var,ts var,bg mask,ts mask]=bg ts var(image var,var value);
bg mean=image input.*uint8 (bg mask);

bg mean=sum(bg mean(:))/sum(double (bg mask(:)));% Background mean

var value=mvariance threshold #l#lums segment background eennntissue
whguiuezsw tissue hhilubackground #litissue ww

o° o° oP
|

Y
0
fsduiuezuen background eenliviua

function [seg image]=segtissue (image input);

image inputl=image input;

image input= medfilt2(image inputl); % Smooth image by median filter
image var=imvar (image input); % Image variance

[y,x]=hist (double (image var(:)),255); % dwmu x uaz y vn histogram wves
image variance

[xx,yy]l=max (y(:)); % mgega(Xx) nagdumiauesmgaga (YY) veauuunu v (T1a)
threshold=x(yy); mthreshold = mx #dumigs vy

var value=threshold;

[bg mean]=bgmean (image_ input,var value);

[bg var,ts var,bg mask,ts mask]=bg ts var(image var,var value);

bg mean threshold=image input > bg mean;

bg mean threshold=~bg mean threshold;

bg mean threshold var threshold=~(bg mean threshold & bg mask);

bg mean threshold var threshold=bg mean threshold var threshold &
~bg mean threshold;

seg image=image input.* uint8(bg mean threshold var threshold); % i
fuguiuambreast mask wmwelement by element

figure (1) ;imshow (image input) % Show image input

figure (2) ; imshow (seg image) % Show segment background image
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A ) ) A ' o a2 Y A & 2 9 9
B image input f0® ﬂ’]WﬂTﬂiQﬁlﬂ’]u‘MﬂW’]umu@@uﬂ’]ﬁﬂigil'laﬂﬁﬂ']wtﬂﬂﬂﬂuuﬁﬁ

Function[mean fats,mean fibros,std fats,std fibros,smooth fats,smooth
_fibros,skw _fats,skw fibros,uni fats,uni fibros,entro fats,entro fibros
]=six texture (image_input);

a fat=[]; % afwarray dwiuiupixel fat

a fibro=[];% afwarray dwfuivpixel fibroglandular

mean fats=[];% afuarray dwiuiusmmean fat

mean fibros=[];% afwarray dwSuiviimean fibroglandular

std fats=[];% afwarray dwSuiumSD fat

std fibros=[]1;% afwarray dwmSuwivimSD fibroglandular

smooth fats=[];% afwarray dmfuivi smoothness fat

smooth fibros=[];% afuarray dwiufum smoothness fibroglandular

skw fats=[];% afwarray dmsufvm skewness fat

skw_fibros=[];% afwarray dmSuivmskewness fibroglandular

uni fats=[]1;% afwarray dmfuivsiuniformity fat

uni fibros=[];% afwarray dwiuivmuniformity fibroglandular

entro fats=[];% afwarray dwiuivmentropy fat

entro fibros=[];% @fwarray dwiuivmentropy fibroglandular

s=size (image input); % wewesmw image input

s(l) % swwRow

s(2) % swwColumn
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Ao g

min t=min(image input (:)) % awowanwildgalunw image input

Q

max_ t=max (image input(:)) % awewanmiiidgegalunm image input

o

for t= min t+15:max_t; % dwmivdiithreshold Gudug t=ahga+ 15 onan@ewwanozina NaN  fs

{a o

t=mvoagammniimgagalunin
a _fat=[];
a fibro=[1];

pix fat=0<image input & image input<t; %jqanmiiiswnndiOuazdoonhy 14fu binary
image ; fat mask

bi fibro=image input>=y; % wamitamnniwezninoy lafubinary image
fibroglandular mask

pix fibro=bi fibro.*2;
seg 3part=pix fat+pix fibro; % Mamiii 3part 4w bg=0, fat=1 ua fibro=2
for r=1:s(1);

for c=1:s5(2);

switch seg 3part(r,c);

case 1

[}

a fat=[a fat image_ input(r,c)]; % ﬁmﬁmW“luéimm.iaﬁﬁﬁnﬂul haluarray wes
a_ fat el

case 2

a fibro=[a fibro image input(r,c)l; % e lusumnisinauiiu 2 116

a

array ves a fibro fadnl3

o)

end % end of switch

end % end of c

Q

end % end of r

mean_ fat=mean(a_fat); 3%inanmvosdu fat tissue adulilu array [a_fat] m

fMuamammean vesdw fat

mean fibro=mean(a_ fibro); %iwanmvesdn fibroglandular tissue wiulilu

array [a fibro] wdwiamd mean wesdwm fibroglandular

mean fats=[mean fats mean fat]; %iimean fat ﬁﬁm'sm“lﬁ'amﬂﬁi%’ﬁﬁmﬂmﬂmwdnq“lﬂxﬁu”lu

array fadell
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mean fibros=[mean fibros mean fibro]; %iwimean fibroglandular fign1dnn

mildamaniwanmeen vy array a3
std fat=sqgrt (var (double(a fat))); Sdwiumd SD wves fat
std fibro=sqgrt (var (double (a_fibro)));%dwummSD wes fibroglandular

std fats=[std fats std fat]; % SD fat ﬁﬁmam”lé’fmﬂmiCl%’ﬁﬁﬂuﬁmﬂmw&inqVlﬂtﬁu“lu
array w3

std fibros=[std fibros std fibro]; %imSD fibroglandular fidnaldnnms

Wiidaudaganmag livlu array a3
smooth_fat=1—(1/(1+var(double(a_fat)))); S samm smoothness wes fat

smooth fibro=1-(1/(l+var (double(a_ fibro)))); %dmamdsmoothness wos
fibroglandular

smooth fats=[smooth fats smooth fat]; %ihmsmoothness fat fisualgnnmsldmia

misganwseg lifulu array fafeld

smooth fibros=[smooth fibros smooth fibro];%iismoothness

fibroglandular adunaldnemsldmiamiaganmdisldivluarray fadeld
skw_fat=skewness (double(a_ fat)); %dawiamd skewness wvosfat

skw_fibro=skewness (double (a_fibro)); %damwmmskewness wos
fibroglandular

skw_fats=[skw_fats skw_fat]; %ihmskewness fat ndunaldnnmsldmianiaanneiie
Wivluarray #afell

skw_fibros=[skw_fibros skw_fibro]; %imskewness fibroglandulari

frnaldnnmsldadaniganmang vy array #adeld
yl=hist (double(a fat));
y2=hist (double (a fibro));

Q

count fat=sum(pix fat(:)); % sum pixel=1 in fat mask

count fibro=sum(bi fibro(:));% sum pixel-1 in fibroglandular mask
prob fat=yl/count fat; %dénwmmdmprobability wesfat

prob fibro=y2/count fibro; %#éwmmprobability wesfibroglandular

uni fat=sum(prob fat.”2); Sdwmmdmuniformity fat

uni fibro=sum(prob fibro.”2); %dwmmmuniformity fibroglandular
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uni fats=[uni fats uni fat]; % shmunifomity fat adwaldnnmsldmiamisganmdnn

wuluarray wadeld

o o 1

uni fibros=[uni fibros uni fibro]; % Wdunifomity fibroglandular fifnu

Tennmsldmiandaanmag Whivly array ey
entro_ fat=-(sum(prob fat.*log2 (prob fat)));%dwami entropy wesfat

entro fibro=-(sum(prob_ fibro.*log2 (prob fibro))); %dwawmdmentropy
voe fibroglandular

o o 1

entro fats=[entro fats entro fat]; % iMentropy fat i ldnnmsldmia

miganwag idvlu array faseld

o o 1

entro fibros=[entro fibros entro fibro];% ihdmentropy

fibroglandular #dwaldnnmsldmdamiganwieiifvluarray el

o)

end % end of t

o

. rp7
figure (1) ;plot (mean fats) % naaanslanuduiusszninaunasanuduvesnnvesauiiowe luiiufumia

1199AN N

o

figure (2) ;plot (mean fibros) % naaenaNNFuiuTIzInamasa U nvesauiieme 1 Tus

inaugasiumAiauaganin

figure (3);plot (std fats) % naaansanudniuF sz iamauisamnasguvesanuiiode luiufumia

1199900

figure (4) ;plot (std fibros) % uwaamniwlanudiniusseninadudsanumasgruvesduiione lulusunau
garsfumvamiaganin

[}

v .
figure (5) ;plot (smooth fats) % naaensaNuEuTuSszImanuEouveuilede lufudiumaauiganin

figure (6) ;plot (smooth fibros) % saaansmlnudiusszninmanuissuvesanuiiome v Tusunaugars

AuAUaNIIgANIN

o)

o
figure(7);plot (skw_fats) % waanndmwduiussznheianudvesdanuiiobe luiufuddaniganin

figure (8) ;plot (skw_fibros) % sannsmlanudiusszniumanuitivesdniiene I Tusunaugamsfumia

1199ANN

figure (9) ;plot (uni fats) % naaansmlanudniuiszrinmanuainayeveamwvosduiiode luiuiuaia

H199AN N

[}

, v
figure (10);plot (uni fibros) % naaansmlanudniusszninmanuaivayeveamwuosduiiode lu Tus

do '
LLﬂﬁuﬂﬁ'liﬂlJﬂ'l?JmllN‘gﬂﬂWW

figure (11);plot (entro fats) % naaanslanudiuF sz ianeu Instveuiioe luiusumdamisganin

o

figure(12);plot(entro fibros) % uﬁmﬂﬁWJﬂ31115uﬁuﬁ’i$wjnmauimﬂmaadau;ﬁan%‘lmumﬂau@mf

fuAvauaganIn
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a = imread(‘image input’);

. b A\ Y
tissue = a>0; % wldanwmalidesszdy Taoganmvosdauiooduniisn=1 wazdiudug ooz

AVDIYANMN= 0

count pix tissue = sum(tissue(:)) % wswauganmvesdiuiomodiuy Iao

' H 9 Ao o Ay v
NMIVINAVDIIAN menualunmnliaesseaui'la

e

i
) !

4 [ 4 v
uppuN 3 T ugan wvesaA uNRIruan ldninduasui 2 u1audaae

2¢

Y 1
SuuganmIBIE IR IHLaIINTIIMIuenaIui U e anLdan 149N

QSJI A 9 o 1 9 A @ 1 dy
VYUADUN 3 ﬂgUlﬂlﬂuﬂ']ujuellf]\jﬁ:]ulﬁ'luuﬂqmuﬁ'lflhlﬂﬂﬂﬂ'ﬁllﬂﬂﬁguwuﬂ'lw

=1

v k4
upoud 4 wiAmdesazdaugammvesdiduigade ldumsuendrununin

Ce

2

Tagldaumsn (18)

vy ° ' Y A = o ' ) ~ ~
ﬂTi’E)Elﬂ2’,ﬂTH'J'L!ﬂﬂﬂWWﬂlﬂﬂﬁﬁul@lTuNﬂqmlﬁﬂVlﬂ = ﬁ]11!Qu@ﬂﬂWWMGQﬁ?um”luu%qmulﬁﬁl"lﬂ x 100 (18)

Y i1 Y
Snuganmvesdiioad LR ILa
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A A T o oAy A 5, & 9
B image input 0 ﬂ’]Wﬂ’lﬂiQﬁWﬂull‘VlW’]u"lluﬁ@uﬂ’liﬂi$ﬂ'§ﬁﬂﬁﬂ’]‘w1ﬂfl\1ﬁulla')

1. msldamasanuduvesnimlumssimuamdautsganintag s

FouasANUNUUUYD AR U

function[mean fats diff,mean fibros diff,min mean fats diff,min mean
fibros diff,aver mean,percentage fibro]l=aver min diff mean (image input)
a fat=[]; % afwarray dwfufvpixel fat

a fibro=[];% afwarray dwiuivpixel fibroglandular

o)

mean fats=[];% afwarray dmsuiummean fat

mean fibros=[];% afwarray dmSuiviimean fibroglandular

)

s=size (image input); % wauwesmw image input
s(1l) % swmwmRow
s(2) % 3wwColumn

min t=min (image input(:)) % dwewaamiianfesiigalunm image input

o

max_t=max (image input (:)) % awowamwildwnigalunm image input

for t= min t+15:max t; % % dwivmthreshold Gudwa t=sdga+ 15 Wonanaemanzing NaN

= ' As

AN t:ﬂwmgﬂmmmmqqqﬂumw
a _fat=[];

a fibro=[];

pix fat=0<image input & image input<t; SyanmdiiannnnhOuazdesnty 1&fubinary
image ; fat mask

Q

bi fibro=image input>=y; % wnmimamnniwezahioy Idiubinary image
fibroglandular mask
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pix fibro=bi fibro.*2;
seg 3part=pix fat+pix fibro; % o 3part 14w bg=0, fat=1 wez fibro=2
for r=1:s(1);
for c=1:s5(2);
switch seg 3part(r,c);
case 1

[) Sa

a fat=[a fat image input(r,c)]; % danmluduonisitiandu 1 Wildluarray wes

a

a fat fiatal3
case 2

s

a fibro=[a fibro image input(r,c)]; % vamnluduiiaiiiiandu 2 118y

array we a_fibronadul

end

end % end of c

o)

end % end of r

mean fat=mean(a fat); %inwanmuvosdn fat tissue o 13 array [a fat]

fnamaiimean vesdw fat

mean_fibro=mean(a_ fibro); 3%iwanmvesdu fibroglandular tissue SEITR RN

array [a fibro] wdmwimma mean wesdwm fibroglandular

mean_ fats=[mean fats mean fat]; %immean fat adnnaldnnmslFmiamisganmein lufulu

array fadely

mean fibros=[mean fibros mean fibrol; %wdimean fibroglandular digmnwldnn

msldmdamiganwinglduluarray fadall

figure (1) ;plot (mean fats) % naraanslanuduius sz ianasanuduvesn Ve sdileme luiuiuaiva

1199000

figure (2) ;plot (mean fibros) % waraanslanudniuiszninaunasanuduvesmnvesduilede I Tusunay

g3 fuAdaulaganm
end

% First derivative of mean fat
mean_ fats diff=diff (mean_ fats);

% First derivative of mean fibroglandular
mean_ fibros diff=diff (mean fibros);
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figure(3);plot (mean fats diff) % uwaamswlmanlaeunladundennuduvesnwvesdiuiode luiuiug

AzMUAILIAN N

o o

figure (4) ;plot (mean fibros diff) % uwaswnsmimaasunladunioanuduveanimvesdauiione luiui

HABZAUANLIYAN N

% Minimum first derivative of mean fat
[a,b]=min (mean fats diff);

o o =3

. . o o ' 5 o 1 ," 4 @ A ~
min mean fats diff=b % dumimdauiganmiimeniuisudunilwesdnuiiede luiuiinniosiiqa

% Minimum first derivative of mean fibroglandular
[c,d]=min (mean_ fibros diff);

o PY=1

min mean fibros diff=d $% dwmimiamigeanmnmeyiuisudunilavesdiniiene lWlusunaugaisianieviiga
aver mean=( (b+d) /2)+15; % +15 demndumisidautsganmily sudui t=15

threshold=aver mean

o)

pixel fat=(0<image input) & (image input<threshold); % fat tissue = janm

iduwnnnh Ouazfosniian threshold weitldiflu binary image Tas fat tissue ldud anmiiidi=1

o =

pixel fibro=image input>=threshold; % fibroglandular tissue = janwmiiim
wnniwfesidus threshold mildfubinary image Tas fibroglandular tissue lud

anmndia=1
figure (6);imshow (pixel fat) % umawammvesdn fat tissue

figure (7);imshow (pixel fibro) % uaawanmuesdu fibroglandular tissue

o o

count pixel fat=sum(pixel fat(:));% iuinouganmuosdin fat tissue

o o

count pixel fibro=sum(pixel fibro(:));% Wuiwauanmwesd fibroglandular
tissue

total breast pixel=count pixel fat+count pixel fibro; % Swanganmveaiioie

)
meluduusianua

percentage fibro=(count pixel fibro*100)/total breast pixel $ duwwmm

p .
Fovazanumuuiuveud NI I UAITEAveIN MYIAMANNN AR NMTNURINN
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aldy Aa A aAaa a [ ] ~ A o o w Y I

2. ﬂ151%W1WVM%Qﬁﬂﬁ%uﬂﬂTﬁ?lﬂUﬂﬁﬁfHuTﬁiiTULﬂﬂu?ﬂ?ﬂﬂﬂ?ﬁﬂﬁ@ﬂ%gqﬂyﬂu
1 =& ) 9 d v 1 c;

ﬂWﬂ?WﬂHﬂiﬂﬁ?l&WQﬁTN13ﬂu1%11%THWQﬂWUﬂ15W1ﬂTﬂQTNﬁiﬂlﬁNﬂmﬂQﬂTW

oMM UAAIIALLINANINLAZNIRIUIUNIATS DIAZAITUNU U UYD AR U

function([var_fats,var fibros,var plus,unifor max]=uni max (image_ input)
a fat=[]; % afnwarray dwiufupixel fat

[o)

a fibro=[];% afwarray dwfufuvpixel fibroglandular

o)

var fats=[];% @iwarray dmsufvm variance fat

[o)

var fibros=[];% afuarray dwiuwium variance fibroglandular
s=size (image input); % weuesmw image input
s(l) % swwRow

s(2) % swwColumn

min t=min(image input(:)) % awewanmaiidnfesiigalunm image input
o

max_t=max (image input (:)) % awowamwilduinigalunm image input

s . . L
for t= min t+15:max t; % dwivdithreshold Gudwa t=dhga+ 15 endndemansziia NaN o

t=mwoagammiimgagalunin
a fat=[];
a fibro=[];

pix fat=0<image input & image input<t; Syanmiifsunnnh Ouagdosnhy Wiubinary
image ; fat mask

Q

bi fibro=image input>=y; % sanwiilidunnniweshiny Iddubinary image
fibroglandular mask

pix fibro=bi fibro.*2;
seg 3part=pix fat+pix fibro; % WBawii 3part 14w bg=0, fat=1 wezfibro=2
for r=1:s(1);

for c=1:s5(2);

switch seg 3part(r,c);
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case 1

a fat=[a fat image input(r,c)]; % iganmlugunisiifaiu 1 hWdlu array v

a

a fataahily

case 2

Ao

a fibro=[a fibro image input(r,c)]; % wamwluduvisiiiandu 2 1ldlu

a

array we a_fibro nadli

end

[o)

end % end of c

[o)

end % end of r

o)

var fat=var (double(a fat)); % inanmwvesdn fat tissue 13y array [a fat]

naam varinace wvesdiw fat

var fibro=var (double(a_ fibro)); %inamwwesd fibroglandular tissue 13

T array [a fibro] wmdwiwwd varinace wesdw fibroglandular

var_ fats=[var fats var fat]; % Wmvarinace wifat fdwnldnldluarray
a1y
R/

var fibros=[var fibros var fibro]; % imvarinace v
fibroglandular @smwmaldnldluarray el

o)

figure (1) ;plot (var fats) % namanslanudniuFszniumanulslsvesduiiede luiuruadaiaganm

Wy /
figure (2) ;plot (var fibros) % saasnsaNuduiLS sz ama s uvesdwiiede I Tusunaugaisiv

MAUAUIYANN
end

max var fat=max(var fats); % wmgaaves varinace fat

[}

max var fibro=max(var fibros); % waggavesin varinace fibroglandular

Q

c=max_var fat+max var fibro ; % mc femadiminnldlums normalize wiolim

uniformity #fwedszrineo-1
unifor=1-((var_fats+var fibros)/c); % duwwmdmnuaiiauovenin

figure (3) ;plot (unifor) % uwamnswanudiniusszriemanuaiauevesdiuiiome lufufudWauisganm

e

u max=max (unifor) % wmanuminauoiidigaign

[a,b]l=max (unifor); % duwwiwnux Alddenuaivaueiisgaige

o)

unifor max=b+15 % +15desmndumiidaganmild Gudui t=15
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threshold=unifor max % dumismiamiganmimuzaulumsuendiunim

o)

pixel fat=(0<image input) & (image input<threshold); % fat tissue = jaam

A Ouazfosniian threshold weitldiflu binary image Tas fat tissue ldud ganmiiiai=1

pixel fibro=image input>=threshold; % fibroglandular tissue = @it

y

wnandmeniius threshold wmaildflubinary image las fibroglandular tissue ldun

anmntia=1

o

figure (5);imshow (pixel fat) % uaananmvesdin fat tissue
figure (6) ;imshow (pixel fibro) % umananmuesdw fibroglandular tissue
count pixel fat=sum(pixel fat(:));% ruiwigammwesdu fat tissue

count pixel fibro=sum(pixel fibro(:));% sduviwagaamuesdn fibroglandular
tissue

[o)

total breast pixel=count pixel fat+count pixel fibro; % dwiugamnvouiiebs

2
meluduusianua

percentage fibro=(count pixel fibro*100)/total breast pixel % dwiamm

%ﬂ&]ﬁx’ﬂ’ﬂllﬂlﬂllll‘ll'llﬂilghllllﬂ1ﬂﬂﬁﬁlﬂ?ﬂﬂﬁﬁwﬂmﬁﬁWﬂH’ﬂ’NNﬁﬁ]lﬁMﬂﬂlﬂﬁﬂH‘\l

3. M5 ¥ 1sunsy Imagel iiomiadautsganinlaglduannsmsldanouInsil

v
[

uazmslgirdeluTusunsy MATLAB lumsihamdautsganini ldun1dlums

I
A

Y
uﬂﬂmmﬁawaﬂwimé’ﬁuu uazﬂ15ﬁm’Jf,uw1ﬂ1%’aaazmmwumuummgﬁmu
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function[percentage fibro]=select t (image input, threshold);

pixel fat=(0<image input) & (image input<threshold); % fat
tissue = anmidsunnhOuazdosnii threshold wmildfu binary image Tas fat
tissue 'ldud yanmitim=1

pixel fibro=image input>=threshold; % fibroglandular tissue =
amwiiaunanimieniifui threshold wmailéfubinary image Tas fibroglandular

tissue ldun yammiiia=1

figure (1) ;imshow (pixel fat) % waawaamwesdn fat tissue
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figure (2) ;imshow (pixel fibro) % umananmuesdn fibroglandular
tissue

count pixel fat=sum(pixel fat(:));% Wuimmganmvesdiu fat tissue

@

VIUIUIANNVDIAIY

o\°

count pixel fibro=sum(pixel fibro(:));
fibroglandular tissue

total breast pixel=count pixel fat+count pixel fibro; % fwiuam

& 4 V. 2
vouilaigono luduuiaua

Q

percentage_fibro=(count_pixel_fibro*lOO)/total_breast_pixel %

MuanmsesazaNuruHLYeIdmLININMITUAITad Ao nyilaa ey TnsYueanm
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