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This thesis presents speckle noise reduction and feature extraction in ultrasound
images. In our approach, an ultrasound image is firstly transformed with the logarithm. This

image is then transformed into a multiscale wavelet domain. Next, the wavelet coefficients of four

subbands (LHi ,]—ILi ,Hl-li and LLi) are filtered by wiener filter. Then, an inverse stationary
wavelet transform (ISWT) reconstructs the signal from the subband coefficients. At the final
stage, by applying exponential of image, the denoised image is reconstructed. In feature
extraction process, first the denoised image is enhanced by using histogram stretching technique.
Gabor filter is used to extract the object form denoised images. Moreover, nonmaxima
suppression technique is adopted to get the edge localization. Finally, the automatic thresholding
is applied to get the final result in the binary format. The experiments show that the proposed
algorithm can be detected well-localized and thin edges. Therefore, our approach leads to a

practical method for speckle reduction and feature extraction in ultrasonic images.
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Tauit r, Ao QAN INTZRVINT £, 1B GIFVVDIRANIN £ fiD 61u1uq¢mm1§muﬂ uay
k=0,12,...,L-1 Faduiudoyavesnmunia 8 ia uudazganmeziaiegluynszning

0-255

gﬂﬁ 4.2 P MAAIANYUZ YDA Piecewise linear-stretching function

o ' a ' a fda a Y
TagAmumuauo AN MiYsEnIn a 1az a,, vznlavuwlasldmuilandugadu

= 4 ar ° as - 3 .:; 1) U
A3 4.2 Faganmilapiuszondmua lasiedsusaduiofseninga (ab) uaz (a, b,

MUTUMITN 4.1

£ b,
y= &(x-ai)ﬂji (4.1)
241794

Taoii x e yan AN taz y Ao ganmny lerinmasssiuniwdrosansiand Tavnm
Aunuueziaasdagilii 4.3m) Fuilernvurumsawiad$iuiy Piecewise linear-stretching
function TauMsAmuan1s1imesAIA19 9 A0 a=0, 202, 2,=0.65, a,=1, b=0.1, b,=0.4,
by=0.75 1A b,=1 HadWsH Idvzucraaluguit 4.3(v) iledeyanmgminivisan ludnyuz
wqﬁﬁimunsuﬁ’mmé’fuuuuuazmwﬁvhumsﬂ%’uﬂ:a‘lﬁﬁ?j’u vzuanaldagii 43(m)
1az4.3(3) M1y wudumansmeyaiiuaacluglvesda Tasunsuznldouunlaslunds
VINHIUYUIUNTT Piecewise linear-stretching function TauNgudoyavzgnuuivesna1negia

¥
szozamutuvean I luszdummi i dnyazvean Mz 1Az A uY
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a o PR . A 4
U7 4.3 uananadn5uvIn13 19 Histogram stretching technique (1) NTHAUIUY (V) NN
waansnruns Usulsan mIdasu (n) dalasunsuvoanmauiuy

= o @ Y 3
(3) Falasunsuvpanimraansinnislsuilsanmidaau

< S a ¢
4.3 inwasnviaaanes
o o o @ o a9 ] . A
inies Hawmes iudedsud g igou (Complex exponential function) NUDARA-
5y o o @ f . 4 o o aa - ¥

lanpgiuMdFuuHanFU (Gaussian function) Fatniuei Hawes lu 1 1d aunsadoulvioglu
silveaauns [15)
%

2

s(x)=e +jo x (4.2)

Tas @ Ap ANUD
X

VINAUMITN 4.2 FUNTOUUNAUMVDANLDS Nameseeniilu 2 Handu Ao Handu

o

# (Odd component) uﬁ:ﬁ%f{i'u?j (Even component) pazdiimualddunananalnves

€

P W F P - Yo
Heddumiiugud (x,-0) fanFunacesansadioulniAdsd

LeEp

Odd component : s, =€ * 7 sin(@, x) (4.3)
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1l x
-~
Even component : 5 (=€ 2o cos(w, x) (4.4)

i a a [ Y ' o 4 c;
fanutinansndsunlasdnyuzysslanFunihaveaniues Hawmesveildoul Tau

ueraalddagili 4.4

1
o 2
e o Fic 2¢ 4
1 1 1
b 2 o
-1 -1 -
¢ 20 D¢ 2C 3 e 2 10
1
0 o b
-1 -1 -1
i 20 ] 2 0 e 2¢ 12

JUN 4.4 oS Namesnnutag 9

Worhaumsinues Wawes lu 1 16 wveioreansuiniu 2 47 Randuvsanuesdawmes u 2

uavznldvunladllangy @ s 4.5

h] x24+y2
2 * "[cos(@(x.cos 8 + ysin ) + sin(w(x.cos @ + ysin 6))] (4.5)

s(x,y)=e

o' o o ] o ar (] = o o o aa M
inwesNames 1u 2 1A ansoutieenitiu 2 AedFusuduiduinmes Nawmes lu 1 37 Ao
Y] o~ o - o o " 4 o o
Handug uariaddun TaonandufamnsainnlFlumsdunveunind Faaddunves

o o o
inesHamesvzgnimualay

1 x4y

sy(x,y)=e? " sin[w(x.cos @+ ysin )] (4.6)

Mnaumsh 4.6 dudlszansiegluglvesiamesvznldounasluamamiaiines xxy

A o ) L ' C; s o o '
FIZUVONAWNUIAZVUIAVEIMINAN @ AD MIANLD LAz 0 Ap Yuvaalandu Aarien
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o a o o S o Y o o @
'(Tl.l'l]'i:ﬂ“ﬁ"llﬂ%lﬂlﬂﬂ'iﬁﬁlﬂﬂi NUUITAUVUIA 5x5 AITUNIITN 4.7 HASUITAVUIA TxT A

aumsn 4.8 Taofmuald o =1, =0 uaz o =1 wAUMAY

[-0.0062 -0.0257 0 0.0257 0.0062 |
-0.0278 -0.1151 0 0.1151 0.0278

-0.0453 -0.1393 0 0.1898 0.0453

G - 4.7
-0.0278 -0.1151 0 0.1151 0.027
_—0.0062 -0.0257 0 0.0257 0.0062
[0 -0.0005 -0.0021 0  0.0021 0.0005 0 |
-0.0001  -0.0061  -0.0254 0 0.0254  0.0061  0.0001
20.0004  0.0275  -0.1140 0 0.1140  0.0275  0.0004
G =| -0.0006 -0.0453 ~ -0.1880 0  0.1880 0.0453 _ 0.0006 (4.8)

-0.0004 -0.0275 -0.1140 0 0.1140  0.0275  0.0004

-0.0001 -0.0061 -0.0254 0  0.0254 0.0061  0.0001

Lo 0.0005  -0.0021 0  0.0021 0.0005 0

P 4 o o o ¥ o o o
FUTAVBNNIVDS Wames asmiuImIve UM e laon1s ndnu1iinig

AU 179U (Convolution) MINTH FunsIALU (Gradient) YBINWALITANTIADIA
Fx )= f(x,)*G (x.)) (4.9)
Sy =S (x. ) * G (x: ) (4.10)

P & = a
Tﬂﬂ'ﬂ fr ,j; AD INIAYUVDINTN LAZUVUTR (Magnitude) HagNANIg (Direction) YDIUDU

amasanilasn

Magnitude = \J(f." + f}z) (4.11)

Direction =6 =tan~ % (4.12)
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1 s - A"l
Nonmaxima suppression 11438 m 513 suwiisumimdulszdnsaigagavevoy

AMAWNANIIVOIVO VNN AIaAalugUN 4.5 TAugAnIH 3 ANTHAINNANIIVDIVOUATN

° = o 4 o o
fio magn(il j1), magn(i2,j2) a2 magn(ij) 9£gMiT IS suINBUAUNDM IHAGNFYDIVBUMN

A o a b 4 o A — [
awiou ludaaunisn 4.13 TaodrganmileqiiuAo magnGij) Hnminnaiarluganin

wie - yis v & ° ¥
magn(il,j1) 130 magn(i2,)2) i]ﬂmwﬂwuuuuﬂ:gnnmuﬂmﬂuwumw

/- magn(i1,j1)

55 6 4 57

10121 101113

magn(i.))
4 4 3 25
(' \magn(iZ.jZJ
direction of
erxdient

3% 4.5 1AAINSINT LUMBUAMPANMWATUARANIVBIVOUNIN

magn(i,j) if magn(i,j)>magn(iljl)&
magn(i,)) = if magn(i,))>magn(i2,j2)
0 otherwise

(4.13)

ninivou luasnanyanmilogiunazganmdrafios 2 ganmezgasimuamuianveavey

3 ; A W, 4 "
AN FINANYIBUAMITgAILIEBNATYU 4 Hiema taz Tuuaazfamisezldou Tausn

tand f331N 4.6

o

S,

>0

b
A1

U7 4.6 urAIviANvBIVE UM

/
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g1l 4.6 Tundaziamanzgniaszaudoya (Quantization) ANANIVBIYBUAM Tagm

RAN19YBIYOUN N (tan &) 9zgaunia 14 4 iema Al

0:-0.57 <tan @ >0.57
1: 0.57<tan & <1.04
2: tan 6] 2 1.04

3:-1.04<tan @ <-0.57

4 o ° o . . 3 o v s L4
waziiiavin1snaasaiunATin Nonmaxima suppression 31141 UNMO1080aAI15190

= o % )
yuInvosvauN Wi IuIInMsAeu TagFudsdaveuniuas Hawas viIn 9x9 LTINS
31 4.7(9) uagiimmaveavounmaszilil 4.7() szgminnlFlunsuidumisvesvounm

v a . - Yoo o o
ANUNTZUIUM TV NAUVDUNAUA Nonmaxima suppression %S‘lﬂwﬂﬂ‘ﬂﬁﬂﬂ‘gﬂ‘l’l 4.7(9)

- o o P
31N 4.7 uarAwadwi 9103 14inAiin Nonmaxima suppression (1) NMWAULLY (V) YUIAYB

YOUNN (A) AANNYDIVOUAIN (3) HAANT1NMT 191MALIA Nonmaxima suppression
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4.5 MImMMuanunalyas
a - ' @ ' a0 4 4 w ad
matamMsfmuanunsa lead Aenisimuaninaiamianeuoninglunsain
@ " o L o o - : A 4
doyanmildnbuzuandniuunsznineiag uazuunnsng wazduiludniuasuniiane
9y a & ° 1 Y [V} o [ (] "
msadenmluus Falumsdmuanumsalyaadr 1daunsalvaan lumunzew wu an
msalraanuanisonseummnu ey ldneazduausdruvanielyl nSonmeziidali
— - ' 4 ' a1 &
Waszaanuuidae (Noise) astiuazansiieialsme 1 1daunsalvas nivuizay ¥

o oA Y ot . o nu:lA ° 3 ci ' o
Tegiiuiidieruads lunsmamsalvadnarndzxezgmir ) 4 lunaenu

4.5.1 mymaumsalvadlasiosennndalasunsy
huitusndeyasznineiag uazuunnsnaeennaiulasiersueinga lasunsy
A F [ o 1 ,
FanguyoadoyaiansnzusnesnmiluaninguaunIsniznwyoateya AniumMsend

»
(9 o

msalyadezAeudennimmfigaiiogseninnquioyanianiniglli 4.8 Tavaunsalsanvy
W ' o2 a8 A o Y S Ay e ¢S Ay ¢
aoailuamimuizmnnniigaiioaanis guidsveadoya uazden hinalszaannsotlood
o £ P [ “ J o ° ] "
p0NVINIAY F991N3UN 4.9 veuamanaansnnnsuldounasn unsalean o A

MNTA TATHNTUVDININ

] Background

Object

A 4

|

Threshold
1IN 4.8 uamamsimuanmsa lsadningalasunsy

A o 1 L] s L]

Wovimsnaaesdumigamunislunimdiwsansie1ad Taonisuonnguues

o 1 e 2 A Y o as b4 '
uunnINA waznguiagmolunin suileaddalasunsuszdumiveanmuda nguues
b ' - ' 4 4 [ = " 4 1 n‘o’
doya 2 nqu Aenquuilailunguuesnming uardnnguuilsnenguusauunninag vimiu
o -~ ' l; 1 » » o = " o
mmadenmdigaszuindeanguiiusimsalyad Tasszdmualiinsalsasniauiny 18

HadNTIzIAAIAFT 4.9()
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T
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(V) (n)

JUN 49 uamradwininmsidenaunsalransindalasunsy (n) MWAFRIUNITYIA
dyusunIu (v) FalnsunsuveanmiikunsudadynyIusuniu () vounm
Q) FaTATUATUYBIVOUNIN (V) YVOUNIWHAIUAITAIMUARIMSa Tyaanan

d 1w - o ° 1 "o
mm‘hammnn 18 (%) ﬂﬁTﬂ3Ilﬂiuﬂlﬂﬂﬂﬂﬁﬂ1ﬂﬂﬂ’mﬂ’liﬂ’lﬂuﬂﬂ'lm‘iﬁ‘i‘h'ﬁﬁm'lﬂ'ﬂ
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4.5.2 Hysteresis thresholding
ad o 1 o 1 ' o
Hysteresis thresholding 1 u3msdmuanunsalyaauuy 2 A1 Ao Aunsalyaa
¥ ' 49 o o = ° ¥
A1Uga (Upper threshold) uazaAunsa 1¥ana A1 (Lower threshold) 31l 4.10 Taufimualy
1 oA - a" 4;.; t .; " oo 4 o ' ;:i 1
mdulszAntvosganmidiniunsalyaddalamiiugus pazimualiaifuinni
msalsad@ugaiidwiiy | uazaesznienmsaTyadns 2 Anzgnimuaaiuiteuly
¥ o A ' ™ = o o ¥
1. mqwmwi‘hquuwannaaqnuqﬂmwmi‘lwaunm panmtiuszgnimualn
Al
¥ o T ' " - o Y 1w
3, mqﬂmwi]i]quu"ln"lm‘mmaagnuqnmwmﬁumaumwn:gnmwuﬂ’lmmnu0

dl a 1 3 Y a = ' = o =}
e lugang s IiAan T Tnoudazganmeziiiios 2 szdu Ao 0 11

a1 uaz 1 ilugaum

Gradient | / High

magnitude "

U7 4.10 uspanITAmMuAs M s l9aALLY Hysteresis thresholding

dioRinisnasassnumiarunilunmaissans g Tanihnmiidiunsvia
Fynasuniu Agalii 4.1 ymiinsfumdnyaziduveanm dsludureunisimuan
T s - 1y . ¢ o - : I Y N
msalsadszi@on]Fuiy Hysteresis thresholding Tagsiin1sidonauns o 19aan19a1us)
1w ' o £l Vo d! 9 ar o o d‘ o
MRy 2 tazAuns o lgaaneduganiiiy 15 Feeg lnnmradwiaagili 4.11(v) msimua
¥ o o- P} Poar U [ a
Taunsa Tradnadudiinimaty 5 nazamsa Tsaan1adugaviidy 20 vadnizuda
59317 4.11(0) naznsmmualismsa Isadmaedmdiiamiiy 10 uazdunsalsadnig
kY " e o o s 4 4 ar [
AMUZUNINDY 25 HadWTazuaaInaz L 4.11(3) Fanaanianmsnaasawunlumsasanin
=l 3 ) o " o o =
Tuus Taoldmaiianisfmuanunsaleaauuy Hysteresis thresholding 114 Tdn 1w
o 3 =4 o ] d. 1 1 =
minsaunazausaundu lusazdvisududenain lumunzau (Aunsa lradinioonio
= ° Y] H1 1w ' = a ° =
wniull) o1 lin i idanude msidenaunsa Tsasnunmiu Tz Idswazidos
ypanmuadunanielidsgii 4.11(3) uazmsidensumsalsaddouiu a1 ldds

Tidalszasdzuundrodsgili 4.11(v)
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5U% 4.11 uansnadansmnmsidonaumsea 1¥afluy Hysteresis thresholding (1) MWARIY
NS YIATYYIUTUNIU (V) MUUAMMSATFAAIN (15,2) (A) Amuam
msalyadnny (20, 5) (3) Mmuasmsa lsaamau (25, 10)

sy

4.53 msmnuammsalvaauuusalulia
4 o » : ad a ] o« =
eInInmsfmuanmsa lyaana 235 Ao msmruanunsa lvasuuuneIsan
Muga lasunsu uazn1s AU uNIa 1¥an LUY Hysteresis thresholding 11435013 1uns
fmuanunsalyaandeannsannga Insunsy n3evzdanalinisfmuasinsa lsasuuy
' ¥ & a - vq ¥ 1 v P o
22911 FUAAINMITAIMUALINING 19 (User) Tavaziiuagnvlszavnisaiuazorfums
L3 d’ A:\Auzd (] o owa a - o d’d ¥ o
AUNUFIUNNAA AU Timugaulumal§iidess luauidoiife1dinms
svdlganmistmuanunsalsaduuy Hysteresis thresholding Taeniinisidennimsa Tvasa 2
n 1] 1 ﬂl o arey A 1
Ao Aunsa Tyasaugs uazsmsalyasdmd liidunuuda Tuba derunsaTvadamga
" o Y ; o b U . ¥ c;
uazAUNs a lyaanudrausonuIn 1491nAm 151591 (Variance) uasauiiosiuy

WA (Standard deviation) AITUNITN 4.14 LA 4.15 AWAIAY
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upper threshold = ]E[max(Y(x)) - L(var|}’{x)|)} (4.14)

V2
lower threshold = v2(std|Y (x)]) (4.15)

»

DINAUMI 4.14 LEAIRIAINS & TFaAMIIUFINTUBYAUAINNUUANANTENINAIGIgALL

: 2, max o < &
mmmuﬂsﬂﬂu(a-)cdmmmmﬁummuﬁ"w L UAZAINAUNTIIN 4,15 LAAIDNINT

2 22

; = 1 oar 1A - 3 ' P e =
mia lyaafuANTUBGNUANTLILUNIATFIUNYNAINAAIWAININ J2 Faeusaouuny
A 20

\
Gradient \“ / max o’
magnitude \ r R, e >

/

é o ] o« s ey
31 4.12 ugaanssmuamimsa TxaAluusa i

Henaaonimimeanssnduniinsumnyamunislunm Tasnimdans116n
s adaginsunau AUl 4.13(0) uaz 4.14(n) axgmimmnNAIUNI UM TunTs
1Y o ¥ a : a " o | 3/ o wa &
Aumdnuuziauvesnn laotuduaoumsmmuasimsa lyadvziden 15uuuoa Tulia Fwa
w o o i ° o = Y o "
ez 18de3i 4.13() waz 4.14() nogiwadn s suifsydumsfmuasinsa Tyad

= = o q a0 L ar ¥ [ o o cl'
wuuiasumuialasunsuTasimuamsalsad Idiiauiiny 18 vz Tdnadnidaguin
4.13(%) 1Az 4.14(%) uazn1sMuuanuns a 1¥aatUy Hysteresis thresholding Taginuan

s [ a0 @ ' < Y e A1 1w Y o L
s Tsadnadugaiismiif 20 nazAwnsa Tyasmeduaiiinuiy s .zlanadniaag
l 4.13(7) uaz 4.14(A) I3 UNUI WazBavesn WA IR M UAR M TsanuuUDR TuilA
= @ o 3 = o " o : ° "
finadnslndinvamsdmuanunsa l¥aaluy Hysteresis thresholding A9 UAITAINUARAN

msa lraduuusa luidseiilszantnmgaion U4 umsl§iidess
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51 4.13 ugnswadnsvinms@enaimsa Tsaauuuaa o Tunmdiodu (n) nwiinu
AsviadyraTunIY () Svuasimsalsadiuyinsannnga lnsunsui
v @ ~ ) s . .4
1ﬂ3ﬁi‘ﬂﬁﬁl¥l1ﬂu 18 (A1) Myuaaunsa lvaaliuy Hysteresis thresholding M

msa Tranms (20, 5) (1) Mvuasuns o l¥aauuuos luia

:; & - ¥ " 1 a0
711 4.14 uamanadnsvinmadenaunsa lxaduuuai q lunmaisuagn (n) MwArILMS

o s

iadyaiusunlu () Mvuasunsalsaauuuiasauningd lnsunsuiimsa-
¢ 1w o ' 4 1
Tyaaniiny 18 () Avuasunsa 1saauuy Hysteresis thresholding Nimsa 1¥as

MR (20, 5) ) Muuaaunsa lvaauuuses Tulia
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nFnmslasndundidauaznisulanduasnisiuuda dglii 5.18) 5.2(8) 5.38)
5.4(%) 1Az 5.5(%) uaz3snam fe manszawidanuumaduuniiu 2 szAuanuazBua
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(m)

(M)

(@) (n) (%)

q1lfi 5.2 uansradninnmsyiadyanusunuveInHaeRLBeY (1) NHAULLY
(@) nmalidyaasumumuuanlnifainnuulsdsmvesdyiusuniumimg
0.08 (A1) Wiener filtering () Median filtering (3) Visushrink and Soft thresholding

() DWT and Wiener filtering (%) SWT and Wiener filtering
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(R) Wiener filtering () Median filtering (9) Visushrink and Soft thresholding

(%) DWT and Wiener filtering (¥) SWT and Wiener filtering
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a3 5.1 aanBouieulisiniamlumsviadygiusuniulunmeiody
am J8ms nin | S/mse B p
Median filtering x7 17.0143 0.0502 | 0.9678
Wiener filtering 7x7 17.0477 | 0.1704 | 0.9732
Au 1 Visushink and Soft - 17.6130 | 0.2441 0.9742
thresholding
DWT and Wiener 7x7 17.3759 | 0.2135 0.9722
filtering
SWT and Wiener 3x3, Mx7 18.1663 | 0.3089 0.9787
filtering
Median filtering 7x7 9.7961 0.0504 0.9025
Wiener filterning Tx7 129719 | 0.7636 0.9609
Al 2 Visushink and Soft - 12.7995 | 0.6505 0.9515
thresholding
DWT and Wiener 7 13.5058 | 0.7117 0.9608
filtering
SWT and Wiener 3Ix3, Tx7 14.1139 0.7801 0.9695
filtering
Median filtering 7x7 15.0768 0.2351 0.9649
Wiener filtering 7x7 15.4826 | 0.3650 0.9718
A 3 Visushink and Soft = 149910 | 0.3205 0.9631
thresholding
DWT and Wiener 7x7 175.9182 0.3356 | 09711
filtering
SWT and Wiener 3x3,7x7 | 16.8681 0.4359 0.9791
filtering
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maaf 5.2 maaFouivudssaniamlunseiadyanusunaulunmdodug
M 38ms win | Simse ;] p
Median filtering 7x7 12.0292 | 0.0314 | 0.8977
Wiener filtering 7x7 12.7661 0.2327 0.9239
AU 1 Visushink and Soft - 13.6267 | 0.2102 | 0.9290
thresholding
DWT and Wiener x7 14.2172 0.3086 | 0.9392
filtering
SWT and Wiener 3x3, 7x7 | 14.7100 | 04204 | 0.9517
filtering
Median filtering Tx7 14.5418 0.0518 0.9460
Wiener filtering Tx7 14.5108 0.1411 0.9513
1A 2 Rlushitk aadPson - 16.0068 | 0.2419
thresholding 09614
DWT and Wiener Tx7 15.8658 | 02160 | 0.9597
filtering
SWT and Wiener 3x3, 7x7 | 16.8714 0.37;'70 0.9719
filtering
Median filtering 7x7 15.0880 | 0.1522 0.9619
Wiener filtering 7x7 15.5669 | 0.4857 0.9703
TR Visushink and Soft - 16.5615 | 0.2192 0.9728
thresholding
DWT and Wiener 7x7 16.5414 | 0.2065 0.9726
filtering
SWT and Wiener 3x3, 7x7 17.1932 0.4544 0.9789
filtering
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S/mse

filtering

A B P
Median filtering 7x7 13.6803 0.0389 | 0.9032
Wiener filtering 7x7 14.2195 03314 | 09228
@AMSn 7 Visushink and Soft . 14.6375 | 02502 | 0.9250
e thresholding
DWT and Wiener X7 15.2166 0.3914 | 0.9350
filtering
SWT and Wiener 3x3, 7x7 16.1015 0.5449 0.9513
filtering
Median filtering 7x7 13.5401 0.0467 0.9190
Wiener filtering Tx7 14.0812 0.2582 | 0.9346
IAANITN 10 Visushink and Soft - 14.8886 | 0.2561 0.9419
e thresholding
DWT and Wiener 7x7 15.6779 | 0.4058 | 0.9521
filtering
SWT and Wiener 3x3,7x7 | 16.0626 | 0.5047 | 0.9595
filtering
Median filtering 7x7 17.4668 0.0174 | 0.8950
Wiener filtering 7x7 17.2815 | 0.0603 | 0.9089
1RNN13N 12 Visushink and Soft - 17.9955 | 01292 | 0.9207
ﬁﬂﬂ‘lﬁ thresholding
DWT and Wiener 7x7 17.8397 | 0.1976 0.9156
filtering
SWT and Wiener 3x3, 7x7 18.4068 | 0.2758 0.9312
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a3 5.4 msanSouifoulszaninmlunsviadyyiusuniulunmagnii
N M3 nin | S/mse i p
Median filtering %7 15.7360 0.1333 0.9184
Wiener filtering 7x7 16.1618 0.2575 0.9331
qquw‘a‘ 1 Visushink and Soft - 16.4526 | 0.2457 | 0.9352
thresholding
DWT and Wiener x7 16.6765 0.2999 0.9383
filtering
SWT and Wiener 3x3, TR0 17.2609 | 0.4224 0.9484
filtering
Median filtering 7x7 12.3104 0.1451 0.9449
Wiener filtering Tx7 12.3741 | 0.2412 0.9490
qufﬁ 2 Visushink and Soft - 13.1566 | 0.2388 | 0.9520
thresholding
DWT and Wiener Tx7 13.5087 | 0.2923 0.9564
filtering
SWT and Wiener 3x3, 7x7 14.6532 0.4480 0.9708
filtering
Median filtering 7x7 164115 | 0.1157 0.9726
Wiener filtering Tx7 16.8007 0.3557 | 0.9801
qufwﬁ 3 Visushink and Soft - 17.0805 | 02670 | 0.9788
thresholding
DWT and Wiener 7x7 17.3977 | 0.3237 0.9804
filtering
SWT and Wiener 3x3, 7x7 17.8405 0.4297 0.9840
filtering
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4 = a a o e | v '3
a31ah 5.5 manfeudoulszansamlumsviadygnusunaulunmaiodon Inosevs

MmN 3Bms nin | S/mse B p
Median filtering 7x7 12.2578 | 0.1174 0.9208
Wiener filtering Tx7 12.6498 | 03170 | 0.9321
Tnuseud 1 Visushink and Soft - 12.6041 | 0.0657 | 0.9255
thresholding
DWT and Wiener 7x7 13.4923 | 0.2993 0.9405
filtering
SWT and Wiener 3x3, 7x7 14.5390 | 04776 0.9576
filtering
Median filtering 7x7 13.9387 | 0.0250 0.8995
Wiener filtering Tx7 14.7835 | 0.4587 0.9259
Inusous 2 Visushink and Soft - 15.6518 | 03196 | 09352
thresholding
DWT and Wiener 7x7 16.6575 0.4604 0.9492
filtering
SWT and Wiener 3x3, Tx7 17.1115 | 0.5594 0.9580
filtering
Median filtering Tx7 13.4157 | 0.0099 0.9534
Wiener filtering 7x7 13.6609 | 0.1646 0.9595
Inusoud 3 Visushink and Soft - 14.8326 | 0.1940 | 0.9664
thresholding
DWT and Wiener 77 15.4410 | 02787 | 09711
filtering
SWT and Wiener 3x3, 7x7 15.7556 | 0.4071 0.9757
filtering
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Median filtering 7x7 13.4856 | 0.0071 0.9062
Wienner filtering x7 13.6073 | 0.1965 09111
1YIUSGUFT 1 Visushink with Soft s 14.4934 0.2270 0.9262
thresholding
DWT and Wiener x7 14.6757 0.3049 0.9296
filtering
SWT and Wiener 3x3, Mx7 16.0213 0.5180 0.9504
filtering
Median filtering Tx7 17.9752 | 0.0372 0.9357
Wiener filtering Tx7 17.8283 | 0.0719 0.9340
qaﬁ’ﬁ 1 Visushink with Soft - 19.1467 | 03059 | 0.9513
thresholding
DWT and Wiener x7 198777 | 0.5507 0.9590
filtering
SWT and wiener 3x3, 7x7 20.4818 0.6615 0.9650
filtering
Median filtering 7x7 18.2110 | 0.0426 0.9150
Wiener filtering 7x7 18.0187 | 0.0604 09121
IRAMIN 12 Visushink with Soft ~ 19.8528 | 0.2694 | 0.9427
dla thresholding
DWT and Wiener 7x7 21.9600 | 0.7253 | 0.9653
filtering
SWT and Wiener 3x3, 7x7 22.3388 0.7971 0.9694
filtering
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5.11(R) 5.12(A) 5.13(A) LAz 5.14(A) INHhATNMINSNAABIMIRAIRNYe INMA T T
9 fio N13 1933 ¥04 Sobel operator Taslofad¥uves MATLAB Tu Image processing toolbox
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Abstract

This paper presents the extraction of line
Jeanire using & wous algorithm. This algorithm ges rid
of the down-sampling step, causing all subbands to have
the same size as the original data ser. Two difference
resolution from a coarse ona wiith 5x5 mask, and a fine
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one with 3x3 mask are used. We also propozed am
algorithm for explicit line extraction by anabzing,
combining and comparing of each behavior to find our
the completing results. Moreover, we applied our
algorithm to be used with medical and general images.

Key-Words : a trous algorithm, image fusion, line
detection, wavelet transform.
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Ultrasonic speckle denoising
using the combination of wavelet transform and wiener filter
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Abstract ~ Ultrasonic images are inherently affected by multiplicative naise, which is dve to the
coherent wave interference in tissus. This paper presests a method for ultrasonic speckie denoising using the
combination of wavele: transform and wisner filter to effectively reduce the speckle noise while preseving the
resolvable details, In our method, tha sieps invioved are finding the 2D discreie wavelet transform of the
logarithmic image. Then, the weiner filter is used fo apply over areas in each detoil subband (HH HL and LH).
Next the inverse wavelet transfrom is computed and applying ihe inverse logarithm. To evaluate the denolsing
performance, mean square ervor (MSE), signal fo mean squart ervor (S/mse) and edge preservation () are
used. From the experimanial results, we found that owr approach leads to an effective methad for vitrasonic
speckle denolsing.

INTRODUCTION AND PROPOSED APPROACH

Ultrasonic images suffer from a special kind of noise called *speckle’. Speckle significantly degrades
the image quality and hence increases the difficulties for the observer ko discriminate fine detail of the images in
diagnostic examinalions [1]. There are several lechniques for speckle suppression such as wiener filtering,
median filtering, guassian fillering and soon. However, these methods fail to preserve many salient features,
being simply a low-pass filter. Therefore, the mentioned methods are not appropriste in ultrasonic speckle
suppression. Recently, wavelet transform has been proposed as & useful processing ool for signal denoising. In
1995, Donoho presented a soft thresholding method for denoising 1-D signal [2]. Moreover, there has been
condiderable interes! in using the wavelet transform as a powerful tool for recovering signal form noisy data
[3,4]. Neverthcless, most of the wavelet methods suffer form 8 drawback thet the chogen threshold may not
math the the specific diskibution of signal and noiss component in differcnt scales.

In this paper, we presenis » method for ultrasonic speckle noise reduction using the combination of
wavelet transform and wiener filter. First, the 2D discrets wavelet transform is spplied to the logarithm image in
order to convert the multiplicative noise into the additive noise case. Then, the weiner filter is used to apply over
arcas in each detail subband (HH,HL and LH). Next the inverse waveled transfrom is computed and applying the
imverse logarithm,

RESULTS AND DISCUSSION

To compare the denoising performance between the different speckle noise reduction methods, we
evaluate the denoising performance by using mean square error (mse), signal to mean square error ratio(S/mse)
and edge preservation () [5). The performance of the different denoising methods is shown and tabulated in
figure 1 and table | respectively. From the results, we found that the proposed method performs better than
median filter, wiener filier and wavelet based denoising using soft thresholding. Therefore, the proposed methed
leads to an effective method for ultrasonic speckle dencising.
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Figure1 (a) original ulrasonic image (b} noisy image at noise variance = 0.08 (c) median filtering 7x7
{d) proposed method with wienner 7x7 (e) wienner filtering 7x7 (f) visushrink with sofit-thresholding

Table 1 Image quality measures obtained by four denoising methods tested on an ultrasound image
(noise variance = 0.08)

method mse S/mse B
nolsy image 564.0171 11.0741 0.3596
Proposed method with wiener 7x7 (level 2) 1428613 170379 0.4348
Visoshink with soft thresholding ( level 2) 154.0507 16.7104 04128
Median filter 7x7 216.6329 152298 0.1739
Wienner filter 7x7 183.1083 159599 0.4202
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»
HandunssulyanmIiAvu (Histogram stretching)

function out=histpwl(im,a,b)

classChanged=0;

if ~isa(im,'double’),
classChanged=1;
im=im2double(im);

end

if length(a)~=length(b)
error('vector not equal’);

end

N=length(a);

out=zeros(size(im));

for i=1:N-1
pix=find(im>=a(i) & im<a(i+1));
out(pix)=(im(pix)-a()}*(b(i+1)-b(D))/(a(i+1)-a(i))+b(i);

end

pix=find(im==a(N));

out(pix)=b(N);

if classChanged==1
out=uint8(255*out);

end
4 ﬁfulﬂlﬂﬂ{ﬁﬂiﬂﬂ{ (Gabor wavelet filter)

function [cmask, smask] = gabormask(Size, sigma, period, orient)



% Sort out arguments and their defaults
if nargin < 4; orient = 0; end;

if nargin < 3; period = []; end;

if nargin < 2; sigma = [J; end;

if nargin < 1; Size =[]; end,

if isempty(period) & isempty(sigma); sigma = 5; end;
if isempty(period); period = sigma*2*sqrt(2); end;
if isempty(sigma); sigma = period/(2*sqrt(2)); end;

if isempty(Size); Size = 2*round(2.575*sigma) + 1; end; % small error

if length(Size) =1
sx = Size-1; sy = sx;
elseif all(size(Size) == [1 2])
sy = Size(1)-1; sx = Size(2)-1;
else
error('Size must be scalar or 1-by-2 vector');

end;

% Basic grid
hy = sy/2; hx = sx/2;

[x, y] = meshgrid(-hx:sx-hx, -hy:sy-hy);

% Parameters

omega = 2*pi/period;

cs = omega * cos(orient);

sn = omega * sin(orient);

k = -1/(2*sigma*sigma);

% Main computations

g=exp(k * (x.*x +y.*y)); % Gaussian mask

xp=x*cs+y*sn; % Rotated x coords, phase
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cx = cos(xp); % cos grating

cmask =g .* cx; % modulated cos grating
sx = sin(xp); % sin grating
smask = g .* sx; % modulated sin grating -

% Normalise so that convolution of mask with a harmonic curve of the
% matching frequency gives unity peaks

cnorm = sum(sum(cmask.*cx));

cmask = cmask/cnorm;

snorm = sum(sum(smask.*sx));

smask = smask/snorm,;

o as =
WINFUMTHIVOUN W LAZNANTIVDIVDUMN

function [Magnitud,Angle] = Edges(inputimage)

w=4; Y%window=2w+1
[hx gx]=gabormask(9);

kx=gx;
ky=gx’;
%image size
[rows,columns]=size(inputimage);
Yeresult image
Magnitud=zeros(rows,columns);

Angle=zeros(rows,columns);

%compute edges
for x=w+1:columns-w
for y=w-+1:rows-w
Y%compute gradient
m=double(inputimage(y-w:y+w,x-w:x+w));
GradX=sum(sum({m.*kx)); %element by element

GradY=sum(sum(m.*ky));



%edge vector
Magnitud(y,x)=sqrt(GradX"2+GradY"2);
iflGradY~=0)
Angle(y,x)=atan(GradX/-GradY);
else
Angle(y,x)=1.57,
end
end

end

Haf¥u Nonmaxima Suppression

function outputimage= MaxSupr(Mag,Ang)
%image size
[rows,columns]=size(Mag);
%Max supression image
outputimage=zeros(rows,columns);
%Compute max suppresion
for x=2:columns-1
for y=2:rows-1
if Mag(y,x)>0
t=Ang(y,x); %angle of edge
if (t<.57 & >-.57)
if (Mag(y,x)>=Mag(y+1,x) & Mag(y,x)>Mag(y-1,x))
outputimage(y,x)=Mag(y,x);
end
elseif t>1.04|t<-1.04
if Mag(y,x)>=Mag(y,x+1) & Mag(y,x)>Mag(y,x-1)
outputimage(y,x)=Mag(y,x);
end

elseif t>.57
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if Mag(y,x)>=Mag(y+1,x-1) & Mag(y,x)>Mag(y-1,x+1)
outputimage(y,x)=Mag(y,x);

end

else
if Mag(y,x)>=Mag(y-1,x-1) & Mag(y,x)>Mag(y+1,x+1)

outputimage(y,x)=Mag(y,x);
end
end
end
end
end

Hanvu Hysteresis thresholding

function bw = hysthresh(im, T1, T2)
if (T2>T1|T2<0|TI1 <0) % Check thesholds are sensible
error('T1 must be >= T2 and both must be >=0");
end
[rows, cols] = size(im); =% Precompute some values for speed and convenience.
1Cc = rows*cols;
ICIMI = 1C - TOWS;

rpl = rows+1;

bw = im(:); % Make image into a column vector
pix = find(bw > T1); % Find indices of all pixels with value > T1

npix = size(pix,1); % Find the number of pixels with value > T1

stack = zeros(rows*cols,1); % Create a stack array (that should never

% overflow!)

stack(1:npix) = pix; % Put all the edge points on the stack

Stp = npix; % set stack pointer



for k = 1:npix
bw(pix(k)) = -1; % mark points as edges

end

0 =[-1, 1, -rows-1, -rows, -rows+1, rows-1, rows, rows+1];

while stp~=0 % While the stack is not empty
v = stack(stp); % Pop next index off the stack
stp=stp-1;

ifv>rpl & v<rcmr % Prevent us from generating illegal indices
% Now look at surrounding pixels to see if they
% should be pushed onto the stack to be

% processed as well.

index = O+v; % Calculate indices of points around this pixel.

for1=1:8
ind = index(1);
if bw(ind) > T2 % if value > T2,
stp = stp+1; % push index onto the stack.
stack(stp) = ind;
bw(ind) =-1; % mark this as an edge point
end
end
end

end

bw = (bw ==-1); % Finally zero out anything that was not an edge

bw = reshape(bw,rows,cols); % and reshape the image
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