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A b s tr a c t --- One of the most significant features of diagnostic
echocardiographic images is to reduce speckle noise and make
better image quality. In this paper we proposed a simple and
effective filter design for image denoising and contrast
enhancement based on multiscale wavelet denoising method.
Wavelet threshold algorithms replace wavelet coefficients with
small magnitude by zero and keep or shrink the other
coefficients. This is basically a local procedure, since wavelet
coefficients characterize the local regularity of a function. After
we estimate distribution of noise within echocardiographic
image, then apply to fitness Wavelet threshold algorithm.
A common way of the estimating the speckle noise level in
coherent imaging is to calculate the mean-to-standard-deviation
ratio of the pixel intensity, often termed the Equivalent Number
of Looks(ENL), over a uniform image area. Unfortunately, we
found this measure not very robust mainly because of the
difficulty to identify a uniform area in a real image. For this
reason, we will only use here the S/MSE ratio and which
corresponds to the standard SNR in case of additivie noise.
 We have simulated some echocardiographic images by
specialized hardware for real-time application;processing of a
512*512 images takes about 1 min.
Our experiments show that the optimal threshold level depends
on the spectral content of the image. High spectral content
tends to over-estimate the noise standard deviation estimation
performed at the finest level of the DWT. As a result, a lower
threshold parameter is required to get the optimal S/MSE. The
standard WCS theory predicts a threshold that depends on the
number of signal samples only.

I. IN T R O D U C T IO N

  In  m a n y  d iffe r e n t  f ie lds, d ig it iz e d  im a g e s  a r e
r e p la c in g  c o n v e n tio n a l  a n a lo g  im a g e s  a s
p h o to g ra p h  o r  x - ra y s .  E s p e c ia l ly  m e d ic a l im a g e
p ro c e s s in g  is  v e ry  im p o r ta n t  f o r  m e d ic a l f ie ld .
D e v e lo p m e n ts  in  m e d ic a l im a g in g  o v e r  th e  p a s t
d e c a d e  h a v e  p ro d u c e d  g r e a t a d v a n c e s  in  th e
fle x ib ili ty  a n d  d ia g n o s tic  u t i l i ty  o f  v a rio u s
m o d a li t ie s . A s  im a g in g  te c h n o lo g y  a d v a n c e s ,  m o re
a p p lic a tio n s  in  c l in ic a l  a n d  r e s e a r c h  s e t t in g s  a r e
p ro p o s e .

U ltra s o u n d  fo r  m e d ic a l  im a g e  is  a  c o m m o n ly
u s e d  m o d a li ty  fo r  c a rd ia c  im a g in g  s in c e  i t  is

n o n in v a siv e  a n d  r e a l- t im e  a n d  r e la t iv e ly
in e x p e n s iv e  m e th o d  w id e ly  u s e d  fo r  im a g in g  s o ft
tis s u e .  H o w e v e r,  i ts  in h e re n tly  p o o r  im a g e  q u a li ty
h a s  c o n s is te n tly  h a m p e re d  a t te m p ts  to  a u to m a tic a lly
e v a lu a te  th e  c a rd ia c  fu n c tio n  th ro u g h  s p a tia l
a n a ly s is  o f  th e  le f t  v e n tr ic u la r  e n d o c a rd ia l  a n d
e p ic a rd ia l b o u n d a r ie s  in  tw o  d im e n s io n a l
e c h o c a rd io g ra p h ic  im a g e s . T h e  d e v e lo p m e n t o f  a
n o is e  r e d u c tio n  f i l ter in g  fo r  e c h o c a rd io g ra p h ic
im a g e s  is  v e ry  im p o r ta n t  f o r  th e  a c c u ra te  d e t e c tio n
o f b o th  h e a rt  b o u n d a ry  a n d  m o v e m e n t o f  h e a r t
v a lv e s .  C o m p a re d  to  o th e r  m e d ic a l im a g in g
m e th o d s , u l tra s o u n d  s u ffe r s  fro m  lo w e r  s ig n a l  to
n o is e  ra tio s ,  s ig n a l d ro p o u t,  lo w e r  c o n tr a s t , v a ria b le
in te n s ity  o f  s tr u c tu r e s  a n d  s h a d o w in g  o f  s tr u c tu r e s .
A ls o  E c h o c a rd io g ra p h ic  im a g e s  h a v e  a  h ig h  n o is e
c o n te n t  a n d  s u ffe r  fr o m  p o o r  c o n tr a st . T h e re fo re , in
th e  c a s e  o f  e c h o c a rd io g ra p h ic  im a g e s ,  th e  e d g e
d e te c tio n  o p e ra tio n  c a n  r e s u lt  in  a  v e r y  a m b ig u o u s
e d g e  m a p , c o n ta in in g  s p u r io u s  e d g e  p o in ts , m is s in g
e d g e  p o in ts , a n d  g e n u in e  e d g e  p o in ts  w h ic h  a r e  n o t
p a rt  o f  c a rd ia c b o r d e r s . F u r th e r m o re ,  th e  ta rg e t
b o rd e r s  c a n  h a v e  c o m p le x  a n d  h ig h ly  v a r ia b le
s h a p e s .  E x tr a c tin g  th e  c a rd ia c  b o rd e r s  fro m  th e
e d g e  m a p  c a n  th e r e fo re  b e  e x tr e m e ly  d iff ic u lt .
  O n e  a p p ro a c h  s o lv in g  th e s e  p ro b le m s  is  to  b a s e
w a v e le t  tr a n s fo r m  o n  t im e - fr e q u e n c y  d o m a in
fi l ter in g .  A c tu a lly  w a v e le t  tr a n s fo r m  m e th o d s  a r e
m u lt ir e s o lu tio n  r e p re s e n ta t io n s  o f  s ig n a l  a n d  im a g e s .
T h e y  d e c o m p o s e  s ig n a ls  a n d  im a g e s  in to  m u lt is c a le
d e ta i ls .  T h e  b a sis  fu n c tio n s  u s e d  in  w a v e le t
tra n s fo r m s  a r e  lo c a lly  s u p p o r te d . S h a rp  tra n s it io n s
in  im a g e s  a r e  p r e s e rv e d  a n d  d e p ic te d  e x tr e m e ly
w e ll  in  w a v e le t  e x p a n s io n s .  T h is  s p e c ia l tr e a tm e n t
o f e d g e s  b y  w a v e le t  tr a n s fo r m s  is  v e ry  a t tra c tiv e  in
im a g e  f i l te r in g .  A ls o  th e  W a v e le t  t ra n s fo r m
p ro v id e d  a n  a lte rn a tiv e  to  th e  c la ss ic a l S h o r t-Ti m e
F o u r ie r  Tra n s fo r m  o r  G a b o r  Tra n s fo r m . T h e  s e lf-
a d ju s t in g  w in d o w  s tru c tu r e  o f  th e  W a v e le t
tra n s fo r m  r e s u lts  in  a  t im e - s ca le  r e p re s e n ta t io n  th a t
d is p la y s  th e  g r o w th  o f  th e  s p e c tra l c o m p o n e n ts  o f
th e  s ig n a l  w ith  v a ry in g  r e s o lu tio n s .  T h e  te c h n iq u e



w as ut i l i zed  f or  the  detect i on  and  spectral  anal ysi s
of medi cal i mage  w i th  amo u nt of noi se.
  In this paper w e  descr i be  si mpl e  and  ef f ect i v e
techni ques  f or  i mage  denoi si ng  and contrast
enhancement based  on  the  mult i scal e wavelet edge
representat i on  of i mages.

II . WAV E L E T  M E T H O D S

  M or l et lai d  the  f o u ndati ons  f or  w avel et si gnal
processi ng. T he  theory  w as subsequentl y  devel oped
by  M ey er, D aubechi es, M al lat and  others. T he
co ncepts  paral l el  those  of mult i resol ut i on  si gnal
processi ng.
  T he  mai n  di f f erence  betw een  w av el ets  and
tradit i onal har moni c  anal ysi s  based  on  the  Four i er
transf or m  (FT ) i s that the  latter i s a  decomp osit i on
of the  si gnal onto  compl ex  si nusoi dal basi s
f u nct i ons, w hi ch  are  l ocal i zed  i n  the  t i me  domai n.
T hus  any  change  to  an  ex pansi on  coef f i ci ent w i l l
mani f est i t sel f  as a  gl obal ef f ect on  the  si gnal o nce
the  i n verse  transf or m  i s  per f or med. T hi s  eff ect can
be  overcome by  empl oy i ng  the  shor t t i me  Four i er
transf or m  (ST FT ) , w hi ch  f i r st co n vol v e  the  si gnal
w i th  a  w i n d ow  f u nct i on  w ( t)  so  that onl y  a  por t i on
of the  si gnal i s sel ected  f or  anal ysi s. T hi s  achi eves  a
uni f or m  resol ut i on  of the  anal ysi s  thro u g h out the
ti me- f requency  pl ane. T he  conti n uous  ST FT  i s
gi ven  by

  
  I n  contrast,  a  w avel et transf or m  i s  per f or med
usi ng  a  si ngl e  f unct i on  h( t) , w hi ch  i s l ocal i z ed  both
i n  t i me  and  f requency. T hi s  f unct i on  can  be  th o u ght
of as a  band- pass f i l t er.  F i ne  temporal anal ysi s  i s
d one  w it h  contracted  (hi gh  f requency )  versi ons  of
the  w avel et,  w hi l e  f i ne  f req uency  anal ysi s  uses
di l ated  v ersi ons  of the  w av el et.  T hi s  achi ev es  a
constant relat i ve  ban dw i dth  f or  the  f i l t ers. T he
conti n u ous  w av el et transf or m  i s  gi ven  by

  T he  mult i resoult i on  w avel et mo del i s  appl i ed
w hi ch  sh ow s that the  di f f erence  of bo u ndary
i nf or mati on  betw een  tw o  successi ve  resol ut i ons  can
be  computed  by  decomp osi ng  the  si gnal i n  a
w av el et or th o nor mal basi s. T hi s  co ncept of
m ult resol ut i on w hi ch  gi v es  di f f erent inf or mati on  of
an  i mage  at tw o  di f f erent resol ut i ons  i s  par t i cul ar l y

usef ul to  tex ture  di scr i mi nat i on  i n  medi cal i magi ng.
T he  mai n  advantages  of w av el et processi ng  are the
basi s f u nct i ons  pr ov i de  l ocal i z ati on  i n  both  t i me  and
f requency  domai ns, f ast di screte  w avel et transf or m
al gor i t hms are  avai l abl e, i t  natural l y  l eads  to  mult i -
resol ut i on  anal ysi s  and  w av el et f i l t ers  f or  speci f i c
appl i cat i on  can  be  desi gned. T he  di sadvantages  are
the  di screte  w avel et transf or m  i s  not transl at i on
i nvar i ent.  T he  abi l i t y  or need  to  sel ect w avel et basi s
f u nct i ons  f or  speci f i c  appl i cati ons  can  be  seen  as a
di sadvantage  w hen  compared  to  the  Four i er
transf or m , w hi ch  uses  the  same basi s  f unct i ons  f or
al l appl i cati ons.

    III.  S P E C K L E  N O IS E  R E M O VA L
  
  T he  p hysi cal pr i nci pl e  of ul t raso u nd  i s  the
em i ssi on  and  recepti on  of hi gh  f requency  (hi gh
speed)  so u nd  w aves. A s  ult rasoni c  w av es  trav el
thro u gh  t i ssue  they  ref l ect at those  b o u ndari es
w here  t i ssue  densit y  changes. T he  energy  of the
ref l ected  w av e  i s pro por t i onal to  the  di f f erences  i n
the  so u nd  i mpedance  of t i ssue  ty pes.
  A  maj or  di sadvantage  w it h  ul t raso u nd  i magi ng  i s
the  presence  of noi se, w hi ch  per turbs f eature
l ocat i on  and  creates  art i f acts. M eth ods  are  ne eded
to  su ppress  thi s  noi se  w it h out intro duci ng  addit i onal
art i f acts or  l osi ng  i mage  f eatures. U lt raso u nd
i mages  and  v ol umes  contai n  speck l e  patterns, w hi ch
are the  result  of  i nter f erence  betw e en  mult i pl e
i ndepen dent scatter i ng  beams and  the  mai n
ref l ected  si gnal . T hi s  speck l e  i s  character i st i c  of
many  coherent radi at i on  i magi ng  meth ods  i ncl udi ng
ult raso u nd, i nfr ared  and  laser i magi ng  and  sy nthet i c
aper ture  radar  (SA R) . I ts  proper t i es  have  been
studi ed  ex tensi vel y.
  A  number  of meth ods  ex i st f or  the  removal of
speck l e. A dapti v e  l ow -pass  f i l ter i ng, adapti ve
medi an  f i l t er i ng, C r i m mi ns’  geometr i c f i l t er and
others  manage  to  remo ve  substant ial  amo unts  of
speck l e, but al so  tend  to  over  smo oth  f eatures.
Prev i ousl y, medi an  f i l t ers and  other  f i l t ers hav e
been  appl i ed  to  noi sy  data, but thi s  approa ch
prov i des  no  means  f or  detect i ng  noi se  or  f i l t er i ng
l ocal l y.  H ere, an  al gor i thm  i s  i ntro d uced  that uses
w av el et based  mult i resol ut i on  anal ysi s  to  mor e
ef f ect i v el y  remo ve  noi se  f rom  i mage  data. T he  t i me
and  f requency  l ocal i zat i on  pro per t i es of w av el ets
of ten  al l ow  noi se  detect i on  i n  w avel et bands  w here
the  si gnal energy  i s small , especi al l y  w hen  noi se  i s
w i deband  and  shor t durat i on  as  i mpul si ve  spi kes.
T hese  pro per ti es  al so  al l ow  greater  preservat i on  of
the  desi red  si gnal si nce  the  data  can  be  processed
l ocal l y  i n  t i me  and  f requency  usi ng  w avel ets.
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D o n o ho  and  Jo hnsto ne  hav e  dev el oped  a  “ w avel et
shr i nkage”  al gor i t hm  that uses  sof t  threshol di ng  i n
f i ne  resol ut i on  w av el et bands  to  el i m i nate  Gaussi an
noi se. T he  sof t  threshol di ng  techni que  sets  to  zero
small  w av el et coef f i ci ents  cor resp o ndi ng  to
Gaussi an  noi se  w hi l e  retai ni ng  the  l arger
coef f i ci ents  cor resp o ndi ng  to  si gnal f eatures. T he
basi c  i dea  i s  that i f the  si gnal comp o nent i s i n  f act
zero, then  w it h  hi gh  pr obabi l i t y  the  combi nati on  of
zero  si gnal pl us  noi se  shoul d  not ex ceed  the
threshol d  l ev el . G i v en  the  w avel et coef f i ci ents  f or
each  scal e  l evel ,  the  noi sy  coeff i ci ents  can  be
i denti f i ed  usi ng  a  vari ety  of cr i t er i a. T hat i s a  pr i or i
k n ow l edge  ab out the  noi se, v i sual i nspect i on,
appl i cat i on  of threshol d  cr i ter i on, or stat i st i cal
detect i on. I n  si mpl est case, the  noi se  i s  i sol ated  i n
f requency. I n  thi s  case, w hi l e  the  noi se  coul d  be
el i mi nated  thro u gh  di rect appl i cati on  of an
appr opr i ate f i l t er to  the  noi sy  segment of data, the
f i l t er  desi gn  parameters  and  the  t i me  per i od  over
w hi ch  to  appl y  the  f i l t er can  be  v ery  di f f i cul t  to
deter m i ne  f rom  the  u nprocessed  data. T he  noi se  i s
of ten  much  easi er  to  i dent i f y  i n  the  w avel et bands,
h ow ev er, and, hav i ng  per f or med  noi se  detect i on
usi ng  w av el ets, noi se  su ppressi on  i s  achi eved
si mpl y  by  changi ng  to  zero  the  val ues  of the  noi sy
w av el et coeff i ci ents  and  reconstruct i ng, thereby
el i mi nat i ng  the  ne ed  f or  f i l t er  desi gn  parameters.

T he  w av el et transf or m  d omai n  noi se  f i l t erati on
techni que  w e  are  devel opi ng  i s  based  on  the  f act
that sharp  ed ges  hav e  large  si gnal ov er  many
w av el et scal es, and  noi se  di es  out sw i f t l y  w i th
i ncreasi ng  scal e. O ur approa ch  to  f i l t er i ng  noi se
f rom  ech ocardi ograpi c  i mages  rel i es on  the
vari at i ons  i n  scal e  of the  w av el et transf or m  data  of
the  si gnal , but rather  than  detect i ng  edges  di rect l y
on  the  w av el et transf or m  data  w it h  a  compli cated
al gor i t hm . A l so  w e  use  the  di rect mult i pl i cat i on  of
w av el et transf or m  data  at adj acent scal es  to
di st i n gui sh  i mpor tant edges  f rom  noi se  and
accompli sh  the  task  of remo vi ng  noi se  f rom  si gnal s.

A t f i rst  w e  appl y  medi an  f i l t er i ng  to
echocardi ographi c  i mage. A  medi an  f i l t er operat i on
on  an  i mage  remo ves  l o ng  tai l ed  noi se  such  as
negati ve  ex p onenti al  and  sal t and  pep per ty pe  noi se
f rom  i mage  w i th  a  mi ni mum  bl urr i ng  of the  i mage.
T he  medi an  f i l t er i s def i ned  as  the  medi an  of al l
pi x el s  w i thi n  a  l ocal regi on  of an  i mage. T he
medi an  f i l t er per f or ms  much  better  than  the
ari t hmeti c  mean  f i l t er  i n  remo vi ng  salt  and  pepper
noi se  f rom  an  i mage  and  i n  preserv i ng  the  spatial
detai l s contai ned  w i thi n  the  i mage. T hi s  meth od  i s
part i cul ar l y  ef f ect i v e  w hen  the  noi se  pattern
consi sts  of stro ng, spi kel i k e  comp o nents  and  the
character i st i c  to  be  preserved  i s  edge  sharp ness.

    IV.  E X PE R IM E N TA L  R E S U LT S

  W e acqui red  data  usi ng  transducer  at medi cal
ul t raso u nd  i nstrument and  record  those  data. A l so
i mage  data  di gi t i zed  usi ng  fr amegrab ber. (Fi gure.1)   

  F i gure  1. System  B l ock  di agram  acqui r i ng
I mages

C ompared  to  pro posed  f i l t er,  w e  appl y  W i ener
f i l trat i on  to  same i mage. T he  W i ener f i l t er,  al so
K n ow n as the  L east M ean  Square f i l t er,  i s  gi v en  by
the  f ol l ow i ng  ex pressi on;

H (u,v )  i s  the  degradati on  f u nct i on( *  i ndi cates
compl ex  conj ugate)  and  G (u,v )  i s  the  degraded
i mage. T he  f unct i ons  Sf (u,v ) and  Sn( u,v )  are the
p ow er  spectra  of the  or i gi nal i mage  (pr i or  to
degradati on) and  the  noi se. T he  w i ener  f i l t er
assumes the  noi se  and  p ow er  spectra  of the  obj ect a
pr i or i .  A t v ery  l ow  SN R, the  w i ener f i l t er tends  to
cl ose  i t s  hi gh- f req uency  passi ng  band.
  T he  w avel et decomp osit i on  and  noi se  reduct i on
al gor i t hm  w ere  coded  i n  M AT L A B  and  C+ + . T hen

i t  appl i ed  to  f i ve  ex ampl es  i n  or der  to  demo nstrate
the  eff ect i veness  of the  meth od. A  three- l evel
di screte  w avel et decomposit i on  w as  per f or med  on
the  ech ocardi ographi c  i mage  and  l ocal threshol di ng
w as  appl i ed  to  the  w av el et coeff i ci ents  on  the  three
f i nest scal e  l evel s. T hen  to  detect and  el i mi nate  the
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speck l e  noi se  l ocal l y  at each  scal e  l evel bef ore
reconstruct i ng. M easures  that hav e  been  pro posed
to  deter mi ne  the  amo unt of speck l e  present w it hi n
an  i mage  i ncl ude  the  contrast to  spe ck l e  noi se  rat i o
(CSR)  of Patterson  and  Foster, i ntro duced  as  an
attempt to  quanti f y  the  abi l i ty  of an  obser ver  to
percei ve  anechoi c  areas agai nst a  back gro u nd  of
speck l e. I t measures  the  i mage  contrast of
cy l i ndr i cal v oi ds  i n  a  ran dom  scatter i ng  medi um
rel ati v e  to  the  contrast f l uctuati on  due  to  speck l e
and  i s  gi v en  by

W here  X i ,  and  square si gma  i  respect i v el y, are  the
average  si gnal val ue  and  the  var iance  i nsi de  the
v oi d  and  X o  and  square  si gma  o  are  those  outsi de
the  regi on. T hen  w e  cal cul ate  the  C RS  i n  order  to
compare  pr o posed  f i l t er i ng  meth od  to  w i ener
f i l t er i ng. T hose  result s  are  presented  Tabl e.1.

Some ex ampl es  of i mage  processi ng  are
presented.

  F i gure  2. O r i gi nal i mage  (Echocardi ographi c
i mage)

Fi gure  3. Result  of  pr o posed  f i l t er i ng

          V.  C O N C L U S IO N

  I n  thi s  paper, w e  appl y  a  n onl i near w avel et
al gor i t hm  to  echocardi ographi c  i mages  i n  order to
enhance  the  detect i on  of these  b o u ndar i es. T he
pro posed  w av el et f i l ter  i s  su per i or to  the  W i ener
f i l t er  because  of i ts  edge  and  f eature-sensit i ve
sel ect i v i t y  i n  passi ng  cer tai n  hi gh- f req uency  data.
  W e have  tested  the  techni q ue  on  several real
ul t raso u nd  medi cal i mages. I t i s f ou nd  that the
techni que  can  reduce  noi se  contents  i n  si gnal s  and
i mages  at most edges. A r t i f acts that arose  f rom  the
f i l trat i on  are  very  small  and  l ocal . W e have
compared  the  per f or mance  of the  techni que  to  that
of the  w i ener  f i l t er and  f o u nd  i t to  be  super i or.

 Tabl e  1. CSR  of both  W i ener  and  pro posed  f i l t er

I mage  ty pe
 W i ener
 Fi l t er i ng

Pro posed
A l gor i t hm

Test i mage
   #  1     4.7 12     4.9 32

Test i mage
   #  2

    6.0 41     7.4 42

Test i mage
   #  3

    6.5 69     8.0 17

Test i mage
   #  4

    4.8 32     5.6 77

Test i mage
   #  5

    5.0 08     6.3 20
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