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Abstract—When cutaneous fat layers are in the ultrasound imaging region, the phase aberration caused by 
the fat layers induce image distortion as well as spatial resolution degradation. The phase aberration may com­
plicate clinical procedures particularly when ultrasound imaging is employed for spatial positioning of med­
ical devices like a biopsy needle or H I F U . To compensate the fat layer effects more precisely in beamforming, 
an inclined-fat-layer model has been established from the magnetic resonance images of the same imaging 
region as in the ultrasound scanning. We have verified utility of the fat layer model by taking images of a metal 
needle put into an inclined-fat-layer mimicking phantom. The ultrasound images taken with a 128-element 
linear phase array operating at 6 M H z have shown better resolution and less distortion when receive beam­
forming was performed with the phase delay data derived from the inclined-fat-layer model.
D O I: 10.1134/S1063771011020205

IN T R O D U C T IO N

D ep en d in g  o n  tissue co m p o sitio n  an d  te m p e ra ­
tu re , so und  speeds in  b io logical tissues vary  from  
a ro u n d  1460 m /s  fo r fat to  1600 m /s  fo r m uscle , w ith  
o th e r  tissues like liver, b lood , k id n ey  in  th e  range o f  
1540—1560 m /s  [1]. In  tissue im aging by  a n  u ltra so u n d  
scanner, in h o m o g en eo u s so und  speed  d is trib u tio n  in  
th e  im aging  reg ion  causes p h ase  a b e rra tio n  o f  u ltra ­
so u n d  beam  w h ich  m ay resu lt in  d is to rtio n  an d  reso lu ­
tio n  d eg rad a tio n  in  u ltra so u n d  im ages [2]. T h e  m ost 
severe p h ase  ab e rra tio n  appears w h en  th e  tissues o f  
in te res t a re  lo ca ted  u n d e r  th ick  fa t layers as o ften  
fo u n d  in  c lin ica l im aging.

M an y  types o f  m u ltim o d a l im aging  m odalities su ch  
as P E T /C T  o r P E T /M R  have b een  developed to  
exp lo it co m p lem en ta ry  featu res fro m  two d ifferen t 
im aging  devices. C om bin ing  u ltra so u n d  im aging  w ith  
o th e r  im aging m o dalities like M R I is now  m u c h  
desired  in  th e  c lin ica l field p articu la rly  fo r u ltra so u n d ­
im ag ing -gu ided  b iopsy  a fte r loca tin g  m alig n an t tissues 
using  M R I [3, 4]. In  u ltraso u n d -im ag in g -g u id ed  
b iopsy  w ith  M R I, M R I im ages are  first tak en  to  id e n ­
tify  an d  lo ca te  th e  m a lig n an t tissues. A fter th e  M R I 
scan  o f  th e  subject lying p ro n e  o n  a  specially  designed 
c o u c h  fo r b o th  M R I an d  u ltra so u n d  scann ing , th e  
sub jec t is transfe rred  to  th e  b iopsy  room . T h e  M R I 
im ages a re  th e n  co -reg is te red  w ith  th e  u ltra so u n d  
im ages to  in d ica te  th e  targeted  reg ion  during  u ltra ­

1 T h e  a r t i c le  is  p u b l i s h e d  in  t h e  o r ig in a l .

so u n d -im ag in g -g u id ed  b iopsy  [3]. To avoid an y  possi­
b le  m ism atches o f  th e  targ e ted  tissues during  M R I an d  
u ltra so u n d  scann ing , th e  s im u ltaneous M R I an d  
u ltra so u n d  im aging  m e th o d  has b e e n  recen tly  in tro ­
d uced  [4]. I t has b een  rep o rted  th a t u ltra so u n d  im ages 
ca n  be  tak en  s im u ltaneously  w ith  M R I in  a  t im e -m u l­
tip lexed  way w ith o u t an y  no ticeab le  in te rfe ren ce  
betw een  M R I an d  u ltra so u n d . I t  seem s th a t co m b in a ­
tio n  o f  M R I an d  u ltra so u n d  scann ing  w ould  be  fu rth e r 
developed in  th e  n e a r  fu tu re  d u e  to  th e ir  c o m p lem en ­
ta ry  features.

In  biopsy, loca tin g  th e  need le  p recisely  a t th e  tissue 
o f  in te rest is c rucial. In  ab la tio n  th e rap y  using  h igh  
in ten sity  focused  u ltra so u n d  (H IF U ) , loca tin g  th e  
H IF U  b eam  precisely  o n  th e  m a lig n an t tissue is also 
c ru c ia l n o t to  ab la te  nearby  n o rm a l tissues [5—7]. In  
v irtua l b iopsy  in  w h ich  u ltra so u n d  p u sh  b eam  is 
app lied  to  th e  tu m o r reg ion  to  q u an tify  th e  tissue stiff­
ness, p rec ise ly  loca tin g  th e  u ltra so u n d  b eam  o n  th e  
tu m o r is also im p o rta n t [8]. F at layers in  th e  h u m a n  
bo d y  m ay co m p lica te  th e  above m e n tio n e d  p ro ced u res  
since  it  o ften  induces so big p h ase  a b e rra tio n  as to  
com prom ise  th e  im age quality  in  te rm s o f  im age re so ­
lu tio n  an d  d isto rtion . F at reg ion  in  M R I is h igh ly  c o n ­
trasted  against n o n -fa tty  tissues since  fa tty  tissues have 
m u c h  d ifferen t M R I p a ram ete rs , su ch  as sp in -sp in  
re lax a tio n  tim e  (T 2) o r  sp in -la ttic e  re lax a tio n  tim e  
(T 1). T herefo re , d e lin ea tio n  o f  th e  fa t reg ions from  
M R  im ages c a n  be  in co rp o ra ted  in to  u ltra so u n d  im ag ­
ing to  co m p en sa te  th e  p h ase  a b e rra tio n  effects. In  this
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paper, we in tro d u ce  a  p h ase  ab e rra tio n  co rrec tio n  
m e th o d  in  w h ich  th e  geom etric  in fo rm a tio n  ab o u t th e  
fa t layer tak en  from  th e  m ag n etic  re so n an ce  im ages is 
exp lo ited  in  u ltra so u n d  b eam form ing .

T h e re  have b een  m any  reports  o n  phase  ab erra tion  
co rrec tio n  m eth o d s in  u ltra so u n d  im aging [9—14]. 
A lthough  phase  ab erra tio n  co rrec tio n  has b een  already 
im p lem en ted  successfully in  som e com m ercia lly  avail­
able u ltra so u n d  im aging system s, little  is k n own abou t 
th e  algorithm s th a t are  need ed  to  im prove th e  im age 
quality  in  te rm s o f  im age d isto rtio n  an d  spatia l reso lu ­
tio n  [12, 13]. M ost o f  th e  previous phase  ab erra tion  
co rrec tio n  m eth o d s use para lle l fat layer m odel. I n  this 
study, we use a n  in c lin ed -fa t-lay er m odel to  b e tte r 
com pensa te  th e  phase  aberra tion , an d  we estim ate  the  
th ickness an d  in c lin a tio n  angle o f  th e  fa t layer from  the  
m agnetic  reso n an ce  im ages. W ith  th e  estim ated  fat 
layer th ickness an d  in c lin a tio n  angle an d  w ith  p re ­
sum ed  sound  velocities in  fa tty  an d  n o n -fa tty  tissues, 
we try  to  com pensa te  th e  phase  ab erra tio n  effects in  the  
beam form ing . E xperim en ta l results o f  fa t-lay e r-m im ­
icking p h a n to m  im aging w ith  a  6 M H z lin ea r p ro b e  are  
p resen ted  along w ith  s im u la tion  results.

D E R IV A T IO N  O F  T IM E  DELAYS 
F R O M  T H E  IN C L IN E D -F A T -L A Y E R  M O D E L

X

A(xf, У/,

Fig. 1. Derivation of time delays for the inclined-fat-layer 
model.

T h e  delay tim e  for th e  ith  transducer e lem ent at 
(X, y ,  z)  as com pared  to  cen te r e lem ent a t (xc, yc, zc) in  
Fig. 1 is now  to be  derived. T h e  p ropaga tion  delay tim e 
from  th e  ith  e lem ent to  th e  focal p o in t A a t (xf, yf , zf) is:

To exam ine  effects o f  a  cu tan eo u s fa t layer o n  
beam fo rm in g  quality, we p la n  a  tw o-layer m o d e l w h ich  
has a n  in c lin ed  in te rface  w ith  a  c o n s ta n t s lope as 
show n in  Fig. 1. T h e  ac tu a l in te rface  shou ld  be m ostly  
curved, ra th e r  th a n  linear, in  m o st reg ions o f  a  h u m a n  
body. We p resu m e  h e re  th a t th e  in c lin ed -tw o -lay er 
m o d e l b e tte r  ap p ro x im ate  th e  ac tu a l in te rface  th a n  th e  
co n v en tio n a l para lle l fat layer m odel. We c a n  also 
ap p ro x im ate  a  curved in te rface  by  a  p iecew ise lin ea r  
m o d e l in  w h ich  each  p iece  has a n  in c lin ed  in terface.

T h e  in te rface  betw een  th e  two layers is in c lin ed  by 
th e  angle o f  y. I f  th e  layers are  paralle l, we sim ply  need  
to  se t у =  0 in  th e  follow ing derivations. T h e  p ro p ag a ­
tio n  m ed iu m s o f  th e  to p  an d  b o tto m  layers are  fa tty  
an d  n o n -fa tty  tissues, respectively. W ith  th e  m o d e l 
show n in  Fig. 1, we a re  to  ca lcu la te  p ro p ag a tio n  delay 
tim es from  each  tran sd u ce r e lem en t to  a  focal p o in t A 
to  derive th e  tim e  delay d a ta  fo r ph ase  a b e rra tio n  c o r­
re c tio n  in  beam form ing . T h e  so u n d  speeds o f  th e  top  
an d  b o tto m  layers are  d en o ted  as cx an d  c2, re sp ec ­
tively. O n  to p  o f  th e  to p  layer, N  tran sd u ce r e lem ents 
a re  un ifo rm ly  p laced  w ith  th e  in te r-e le m en t spacing 
o f  A. T h e  p ro p ag a tio n  delay tim e  ca n  be  ca lcu la ted  
fro m  th e  g eom etrica l re la tio n sh ip  o f  a n  acoustic  ray 
p a th  th ro u g h  th e  m e d iu m  o f  d ifferen t velocity.

d: F -  d:
------i---- + ---------L
c 1c o s0 1 c2c o s0 2

(1)
w here  d: is th e  p e rp en d icu la r  d is tan ce  fro m  th e  top  
surface to  th e  re frac tio n  p o in t B o n  th e  in terface. F is 
th e  focal d e p th  an d  0 X an d  02 are  th e  angle  o f  in c id en ce  
o f  th e  acoustic  ray in  th e  to p  an d  b o tto m  layers, 
respectively. F ro m  th e  geom etry:

Id  -  d\  = ( |X |  -  di t a n 0 1) ta n Y, (2)

d( ta n  0 1 + (F -  d() ta n  0 2 = \X\,

w here  d is th e  p e rp en d icu la r  d is tan ce  fro m  th e  c e n te r  
e lem en t to  th e  in te rface, th a t is, th e  fat layer th ickness 
a t th e  cen ter, X: is th e  d istance  from  th e  c e n te r  e lem en t 
to  th e  :th  e lem en t, an d  Y is th e  in c lin a tio n  angle  o f  th e  
in te rface  betw een  th e  two layers. S n e ll’s law  o f  re frac ­
tio n  states:

sinOj = sin 02 (

c 1 c2

w here  th e  angle o f  in c id en ce  is redefined  w ith  respect 
to  the  inclined interface. D epending o n  02, the  angles 0] 

an d  02 c a n  be  fo u n d  as:
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Fig. 2. Propagations times from a focal depth of 10 cm along a 64-element linear probe.

0 1 + y ( 0 2 * 0)

0 1 = < Y-- 0 1 ( -  Y ^ 0 2 < 0)

0 1 -  Y ( 0 2 < -  Y)

0 2 +Y ( 0 2 * 0)

0 2 = < Y - 0 2 ( -  Y ^ 0 2 < 0)

0 2 -Y ( 0 2 < -  Y)

(4)

We use nu m erica l m e th o d s to  solve th e  above e q u a ­
tions to  find  th e  values o f  0 1, 0 2 an d  dt w h ich  are n e c ­
essary to  de te rm in e  th e  p ro p ag a tio n  tim e  tp. F igure 2 
shows th e  delay tim es at every e lem en t w ith  respect to  
th e  ce n te r  e lem en t w h en  a 6 4 -e lem en t lin ea r p robe  
w ith  in te r-e le m en t spacing o f  0.3 m m  is em ployed  to  
take  im ages a t a focal d ep th  o f  10 cm . I t show s tw o d if­
feren t fat th icknesses, 2 cm  an d  6 cm , w ith  d ifferen t 
in c lin a tio n  angles. F ro m  Fig. 2, we can  no tice  th e  
delay curves shift from  th e  sym m etric  on e  an d  th e  
am o u n t o f  shifts increases as th e  in c lin a tio n  angle 
increases.

C O M P E N S A T IO N
O F  T H E  IN C L IN E D -F A T -L A Y E R  E F F E C T S

W ith th e  tim e  delay d a ta  derived from  th e  in c lin ed - 
fa t-layer m odel, we co m p en sa te  th e  fat layer effect in  
th e  receive beam form ing . We first see th e  effect o f  th e  
in c lin ed -fa t-lay e r in  th e  receive beam form ing  by  c o m ­
paring  th e  receive b eam  profiles o b ta in ed  w ith  and  
w ith o u t th e  com pensa tions. In  th e  case o f  no  c o m p e n ­
sations in  th e  receive beam form ing , we apply  th e  tim e  
delay da ta  derived from  th e  h om ogeneous m ed iu m  
m odel w ith  th e  n o m in a l sou n d  speed  o f  1540 m /s  a t 
tran sd u ce r e lem ents.

In  calcu la ting  th e  receive b eam  profile , we assum e 
u n ifo rm  irrad ia tio n  o f  tran sm it u ltra so u n d  b eam  all 
over th e  im aging reg ion  an d  also assum e u n ifo rm  
echogen ic  sca tte re r d istrib u tio n  a long  th e  la tera l 
d irec tion . W ith arrang ing  u n ifo rm  echo  sources along  
th e  la tera l d irec tio n  at a given focal d ep th , we ca lcu la te  
th e  receive b eam  profiles by  sum m ing  up  all th e  ech o  
signals after applying th e  tim e  delays derived from  th e  
inc lin e -fa t-lay e r m o d el o r  th e  u n ifo rm  m ed iu m  m odel 
a t each  tran sd u cer e lem en t. L et rу is th e  geom etrica l 
d istance  betw een  th e  jth  source an d  th e  th  receiving 
e lem en t. In  th e  layered m ed iu m , th e  u ltra so u n d  b eam  
refracts a t th e  in terface. L et ry, 1 an d  ry, 2 be th e  p ro p a ­
ga tio n  p a th  lengths in  th e  to p  an d  b o tto m  layers, 
respectively, w h en  sou n d  wave p ropagates from  th e  
jth  source  to  th e  ith  receiv ing e lem en t. T h en , th e  
receive b eam  profile  is given as:

i = 1

F
w here ti is th e  tim e  delay for receive b eam form ing  at 
a focal d ep th  F. T he  tim e  delays are derived e ith e r 
from  th e  in c lin ed -fa t-lay e r m odel for th e  c o m p e n ­
sated  case o r  from  th e  u n ifo rm  m ed iu m  m o d el for th e  
u n co m p en sa ted  case. In  th e  u n ifo rm  m ed iu m  m odel, 
u n ifo rm  d is tribu tion  o f  a n o n -fa tty  tissue w ith  sound  
speed  o f  1540 m /s  is assum ed.

T h e  ca lcu la ted  received b eam  profiles a t a focal 
d ep th  o f  10 cm  are show n in  Fig. 3 for several co m b i­
n a tio n s o f  fat layer th ickness an d  in c lin a tio n  angle. In  
th is ca lcu la tio n , we considered  a 6 4 -e lem en t lin ea r 
array w ith  in te r-e le m en t spacing o f  0.3 m m . T h e  
so und  speeds o f  th e  fat layer an d  n o n -fa tty  layer are 
1460 m /s  an d  1540 m /s , respectively. T h e  u n c o m p e n ­
sated  b eam  profiles are show n by d o tted  lines w hile
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Fig. 3. Received beam profiles at a focal depth of 10 cm for different thickness and inclination angle of the fat layer. Solid and 
dotted curves in (a) through (f) represent the beam profile obtained with and without phase aberration compensations, respectively.

com p en sa ted  b eam  profiles by solid  lines. We can  
n o tice  c lear ten d en cy  th a t th e  am o u n t o f  b eam  shift 
increases as th e  in c lin a tio n  angle increases. E ven  
th o u g h  it is n o t clearly  n o ticeab le , th e  fat layer also 
w idens th e  b eam  profiles, w h ich  w ould degrade la tera l 
reso lu tio n  o f  u ltra so u n d  im ages. By applying th e  tim e  
delays derived from  th e  in c lin ed -fa t-lay e r m odel, th e  
b eam  shift as well as th e  b eam  w iden ing  is co rrec ted . 
In  te rm s o f  th e  fu ll-w id th -h a lf-m ax im u m  (F W H M ) at 
th e  m a in  lobe o f  th e  receive b eam  profiles, th e  
F W H M s o f  th e  received b eam  profiles are red u ced  by 
1.7—7.5%  after th e  co m p en sa tio n . T h e  b eam  shifts in  
th e  la tera l d irec tio n  are an  o rd e r o f  m m , w h ich  w ould 
be n o ticeab le  in  th e  u ltra so u n d  im ages.

T h e  pixel shifts caused  by  th e  fat layer can  be c o r­
rec ted  by  applying th e  tim e  delay d a ta  derived from  th e  
in c lin ed -fa t-lay e r m odel. F igure 4  show s a sim u la ted  
situ a tio n  o f  a  th in  b iopsy need le  p u t in to  an  in c lin ed - 
fa t-layer m odel. T he to p  layer th ickness is 30 m m  at 
th e  ce n te r  an d  th e  in c lin a tio n  angle is 30 degrees. T h e  
so u n d  speeds o f  th e  fat layer an d  n o n -fa tty  layer are 
again  1460 m /s  an d  1540 m /s , respectively. T he need le  
in sertio n  angle is 60 degrees w ith  respect to  th e  h o r i­
zo n ta l axis. I f  we have receive b eam form ing  w ith o u t 
com pensa ting  th e  fat layer effect, it is inev itab le to  
have pixel shifts. To estim ate  th e  need le  shape in  th e  
u ltra so u n d  im ages w ith o u t th e  co m p en sa tio n , we have 
ca lcu la ted  th e  am o u n t o f  la te ra l sh ift o n  th e  need le
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Fig. 4. Simulated needle position (solid line) when the fat 
layer effects are uncompensated. The original needle posi­
tion is shown using the dashed line.

Fig. 5. A magnetic resonance image of the inclined-fat- 
layer phantom.

p o sitio n  a t every dep th . As c a n  be n o ticed  fro m  Fig. 3, 
th e  fat layer th ickness an d  th e  in c lin a tio n  angle d e te r­
m in e  th e  a m o u n t o f  la te ra l sh ift a t a  given d ep th . By 
track ing  th e  a m o u n t o f  la te ra l shifts a t every d ep th  o n  
th e  need le  p o sitio n , we estim ated  th e  need le  im age in

u n co m p en sa ted  u ltra so u n d  im ages. T h e  d isto rted  
need le  p o sitio n  is show n by  th e  solid  line  in  Fig. 4 
a long  w ith  th e  o rig inal n eed le  p o sitio n  by  th e  dashed  
line. D u e  to  th e  fa t layer effects, th e  n eed le  looks m o re  
inc lin ed , 33.12 degrees in  th e  to p  (fat) layer an d  
32.23 degrees in  th e  b o tto m  (n o n -fa tty ) layer fro m  the  
in te rface, th a n  it  does in  its o rig inal p osition .

E X P E R IM E N T A L  R E SU L T S

We have m ad e  a  p h a n to m  using  po lysaccharide  
(agar), n -p ro p a n o l, an d  distilled  w a te r to  im p lem en t 
th e  in c lin ed -fa t-lay e r m odel. We have ch o sen  agar as 
tissue equ ivalen t m a te ria l because  its sou n d  speed  is 
s im ilar to  tho se  o f  tissues ranging  fro m  1500 m /s  to  
1600 m /s  a t ro o m  tem p era tu re . S ound  speed  o f  agar- 
w ate r—p ro p a n o l m ix tu re  varies in  lin e a r  fa sh ion  w ith  
th e  c o n c e n tra tio n  o f  и -p ro p a n o l a t c o n s tan t te m p e ra ­
tu re  [15]. T h e  u p p e r layer has a  th ickness o f  4 c m  a t th e  
c e n te r  an d  was m ad e  o f  on ly  agar an d  w a te r to  m im ic  
a  fat layer. T h e  10 c m  th ick  low er layer was m ad e  o f  
agar, w a te r an d  25% n -p ro p a n o l to  m im ic  a  n o n -fa tty  
layer. T h e  agar p h a n to m  has th e  size o f  20 c m  x 
20 c m  x 15 cm . To ca lcu la te  th e  tim e  delays based  on  
th e  exact sou n d  speed  o f  each  layer, we m easu red  th e  
so und  speeds in  th e  layers by  sep ara te  A -m o d e  experi­
m en ts. I t has b e e n  fo u n d  th a t th e  u p p e r  an d  low er lay­
ers have th e  so u n d  speeds o f  1505 m /s  an d  1610 m /s , 
respectively.

Before u ltra so u n d  im aging, we to o k  m agnetic  re so ­
n an ce  im ages o f  th e  p h a n to m  using  a  3.0 Tesla w hole  
bo d y  M R I system  (M ed in u s C o ., K orea) to  m easu re  
th e  ac tu a l th ickness an d  th e  in c lin a tio n  angle. T h e  
M R I scan  pa ram ete rs , T R  an d  T E , w ere 550 an d  
13 m s, respectively, in  a  sp in  echo  im aging sequence . 
O n e  o f  th e  m agnetic  re so n an ce  im ages is show n in  
Fig. 5 fro m  w h ich  th e  in c lin a tio n  angle was fo u n d  to  
be  27 degrees. F o r u ltra so u n d  im aging, we used  a  c o m ­
m erc ia l u ltra so u n d  scan n e r G E  L O G IQ  P5 opera ting  
a t 6 M H z  w ith  a  lin e a r  p robe . T h e  lin e a r  p ro b e  has 
128-elem ents w ith  th e  e le m e n t- to -e lem e n t spacing  o f
0.3 m m . T h e  d em o d u la ted  I /Q  d a ta  w ere acqu ired  
w ith  th e  sam pling  tim e  o f  0.3 ps in  a  com plex  d a ta  fo r­
m at. A fter acqu iring  th e  IQ  data , we p erfo rm ed  receive 
beam form ing  offline using  th e  tim e  delay d a ta  derived 
from  th e  in c lin ed -fa t-lay e r m odel.

T h e  lin ea r  p ro b e  was p laced  a t th e  c e n te r  o f  th e  
p h an to m . We in serted  a  m eta llic  acu p u n c tu re  need le , 
9 c m  long  an d  0.5 m m  w ide, in to  th e  p h a n to m  w ith  an  
in se rtio n  angle o f  62 degrees to  m im ic  b iopsy  o p e ra ­
tion . F igure  6 show s th e  need le  im ages ob ta in ed  w ith  
o r  w ith o u t th e  fa t layer effect co m p en sa tio n . W ithou t 
co m p en sa tio n , th e  need le  im age is severely b lu rred  
an d  a  little  deflected  o n  th e  in terface. B ut, th e  b lurring  
effect is g reatly  red u ced  a fte r th e  co m p en sa tio n . F ig ­
u re  7 com pares c u t views over th e  need le  reg ion  in  th e  
b o tto m  layer. To show  th e  d is to rtio n  co rrec tio n , we
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Fig. 6. Needle images obtained with or without the fat layer 
effect compensation.

m easu red  vertical angles betw een  th e  layer in terface  
an d  th e  needle . In  th e  u n co m p en sa ted  im age, th e  ver­
tica l angles are d ifferen t by  1.73 degrees due to  th e  
im age d isto rtion . B ut, th e  d ifference is red u ced  to
0.24 degrees in  th e  co m p en sa ted  im age.

D IS C U S S IO N S  A N D  C O N C L U S IO N S

Fat layers o ften  degrade im age quality  in  u ltra ­
sound  im aging to  th e  ex ten t th a t c lin ica l u tility  o f  
u ltra so u n d  im ages is com prom ised . I f  th e  shape o f  th e

fat layer is kn o w n  p rio r to  u ltra so u n d  scann ing , the  
shape in fo rm a tio n  can  be in co rp o ra ted  in to  u ltra ­
so und  beam form ing  to  b e tte r  co m p en sa te  th e  fat layer 
effects. In  th is study, we have show n th a t th e  u ltra ­
sound  im age quality  in  te rm s o f  d is to rtio n  an d  reso lu ­
tio n  can  be im proved w ith  aids o f  M R I. S ince M R I 
can  provide spatia l in fo rm atio n  ab o u t th e  fat layers 
w ith o u t any  spatia l d is to rtio n , the  spatia l in fo rm atio n  
can  be used  for com pen sa tin g  th e  fat layer effect in  the  
u ltra so u n d  beam form ing . To use th e  p ro p o sed  m eth o d  
practically, however, we n eed  fu rth e r developm ents. 
Firstly, we n eed  au to m atic  an d  fast co -reg is tra tio n  
betw een  M R I an d  u ltra so u n d  im ages. S ince u ltra ­
sound  im ages m ostly  have sm aller fie ld-of-v iew  th a n  
M R I, it is kno w n  th a t co -reg is tra tio n  o f  u ltra so u n d  
im ages w ith  im ages tak en  w ith  o th e r im aging m o d a li­
ties is tech n ica lly  challenging . F u rth e rm o re , d e fo rm a­
tio n  o f  th e  tissues caused  by pressing th e  tran sd u cer o n  
th e m  during  th e  u ltra so u n d  scann ing  com plica tes the  
co -reg is tra tio n . U ltra so u n d  scann ing  inside an  M R I 
m ag n et is a n o th e r  issue. E ven th o u g h  som e re sea rch ­
ers have rep o rted  a  fully in teg ra ted  M R I-u ltra so u n d  
im aging system  in  w hich  M R I an d  u ltra so u n d  scans 
are p erfo rm ed  in  a tim e-m u ltip lex ed  way to  get M R I 
an d  u ltra so u n d  im ages sim ultaneously , it seem s th a t 
m an ip u la tin g  a u ltraso n ic  tran sd u ce r inside an  M R I 
m ag n et still needs m any  tech n ica l developm ents.

In  co n c lu sio n , th e  fat layer effects o n  u ltra so u n d  
im aging can  be co m p en sa ted  by applying the  tim e 
delay da ta  derived from  m agnetic  reso n an ce  im ages to  
beam form ing . We expect th e  p ro p o sed  m e th o d  can  be 
used  to  im prove accu racy  o f  need le  p o sition ing  in  
u ltra so u n d -im ag in g -g u id ed  b iopsy based  o n  m u ltim o ­
dal im aging p la tfo rm  o f  M R I an d  u ltrasound .

Normalized pixel value
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Fig. 7. Cut views of the needle image in the bottom layer. The circled region in the cut views indicates the needle region.
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