


Abstract  

Diffraatfem tomography was developed in the late 1970s and 
is a promistag way to so lve  t h e  diffraction problem in 
tomographic imaging where t h e  dimension of t h e  detgils of the 
object t o  b imaged are comparable to the wavelength of 
interact in#  wave. Tn t h i s  gaper, further  studies of the 
reconstruotion algorithms o f  the diffraction tomo$raphy are 
performed and t h e  resulte ehow that not only t h e  quality of the 
reconstructed images is improved greatly,  but t h e  time for image 
reconstruction i a  reduced obvious1 y . 

Tn addition, a new quantitative reflection imaging method 
d i c h  is baaed on t h e  transmittingjreceiving P e o m e t ~ y  of the 
commercially available 3-scanner is developed from the 
theoretical foundations of the d i f  f ~ a c t i o n  tomography. Besides 
the theoretical analysis of t h i e  new quantitative r e f l e c t i o n  
imaging method, a set of experinental syatem w h i c h  includes the 
interface between t h e  B-scanner and computer is b u i l t  up and 
images of several practical testing objects  are remnstruoted 
using the data obtained fpom this experimental system, The 
resu l t s  show that  the images reoonstructed by this n4w 
quantitative rsfleotion imaging method are more he lp fu l  in 
understanding the internal structures  of testing objects than 
thoae  obtafnad by t h e  ordinary B-soarmsr and to some extent, the 
images are quantitative. Therefore, this new imaging method will 
be u a e f u l  in tissue characterization and w i l l  enhance the a b i l i t p  
of t h e  ordimtry B-scanner for diagnosing dieease .  Tt has been 
shown t h a t  t h i n  new quantitative reflection imaging method 5s an 
important prograss in aooustJcal imaging teohnique and  has a good 
prospeot in practfoal medianl. imaging. 

F - h a l l s ,  at t h e  end  of the pap-fir, sore prbbltms which are 
raqui r-&d to be further studi'ed are demonstrated. 
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the midim. If G (gi ) is the f ield on the point g produced W a p a h t  mume 
on at t k  field cauad bg the distribution s m  F ( E ) U I ~ )  will be ttbe 
in-tion of the m i o n  F{n)U(n)G(g ln j  over the v a l m  Vp. ere, 
W ~ i g )  is the Green's furction. 

Similarly, the 901ution of the hamgeneos e c p t E o n  eth the i n h - g m  
BoundarJr c u d i t i o n  can b obtained by counting up wew elmtars 
contributiaa of the boundary sources. To calculate lhe el- 
cmtribhltim, h ( a )  W i l l  k set to zero everywhere except on the place m 
there is a mume d m t r  Therefore, each el-tary cmtriht ion of the 

s>pmaea w i l l  bt? the solution wit31 tbe ham$eneme cmdittion 
B p i n t  aource on 9 on the boundaries. Such solutim will be of the 

fom of the ahave Qreen's furstion G ( r f a )  where a = and is notated as 
G ( g l b ) ,  'fhemfat-e, the f t d d  d by the inhama- h m h r y  condition 
rn 'k -=me$ ara the -ration of the function G ( g l n ) h b )  over the 
entire a d m e  of the bmdaries S . 

In the following, the solution of the i n h w m e a ~  -tim (WmI2-9)) 
with wm a~nditim 1Eq.(2-11)) w i l l  be @ven. 

7% M a s  funetim O ( g ( a )  is satisfied by the foll~wimg inhamogaeous 
HeMoltz equation rrad the  ems bmdary conditim 

&ere 8 ( r-9 is tbs Dirao delta f wt f aa whf oh represents a point source rm 
r= g. The Qreenps fmct ion  G(zlyp)  in -.(2-12) is oontinwnrs mryd~ere 
emept on the singular p i n t  = ~ l p ,  and when I r - ~ l  + 0, 

and it is proved that for the homg- budmy cadi t ion,  G I r l ~ p )  is 
synetric 

Multipl- both side of Eq,(2-9) G { ~ [ D )  and both aide of Eq.(2-1%) 
bg VIE) and then subtraotfng, we obbin 

E x c h a ~ i n g  the oder  of g and a in Q. (2-Is), and Lntegnting the result in 
tenma of merthe volme VO, f m  #e s$mztw of G l g l ~ )  and $ ( p ~ ) ,  one 
0- 

where v8 is the Lapiadan oprator w i t h  to 3. fly the use of the 
Chen'a famula 

the expression of the field on the point = in the volme VO can b obtained 
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and 

Expnding mpe~ttdy the right hand side of Eq,(2-40), the series m i a n  
mlution a£ the Riccati equatim will be f d ,  Similarly, such solution is 
called Rybv solution. Again, if the Mmmgerreities of the object are EmralL, 
the Rytov solution w i l l  be mvergent , me first-order RytDv a p p e t i o n  is 
given by 

Frm Bq.(2-42), it is seeh that the first-order Rybv a-tion re&res 
t l ( ~ l < < l ( ,  that is, t he  rate of the sptial pariation of 
the phase of the  oat-4 field must be very d l .  If $(rJU (g) is treated 
as a new field variable, Bg.12-42) haa the seme fom as Eq.I2-291, i.e,, the 
in- expressions of the Born and Rybv solutim has the pame form prwided 
that the first-order approxiraation condition is sat iaf id ,  T)rare?fore, it is 
enough to st* t h e  inveme =tbring problm of Eq.(2-29) whl.& is obtained 
&am the first-odr Born approxinmtion, 

Syppcrse G(zlrp 1 in Eq.(2-29) i o  a f w s p c e  Green's function, then it ia 
given b$lOll 

*ere I ~ - ~ I  is the Euclidean distance betwen the field point g = Ix,y,z) and 
the so- p i n t  _a (x0,yo ,a 1 .  

Zn what follow, only the t w a 4 h m s i d  case (i .em , the variatim of 
the object function along the z axis is a s s 4  to be very s d l ,  and the b th  
the incident and the scatted fields are hdeprdmt of the e axis) is 
stdied.  Then, the Gremrs function r~an  be written[loal 

&re HP is mroth-order Hankel funatdm with the first W. By angular 
-ion of the Hankel function, ~ p e  am obtained 



men, Eq,{2-29) can be written in an al-te fom 

where the in- area s con- the cm~t-section of the object; and 
r = (x ,y) ,  = (x0,n). Eq.(2-47) is taken as the basic equation for the - 
study in this paper. 

Let  tm consider the datum acquisition jgeaneky of the d i f h t i m  
tamgraphs (see Fig.(2-I)), Where F(r) represents the two-dimsional object 
function; = ( x , y )  is a position vector in the SF; yl = 10 is the mviw 
line of the receiver. Together w i t h  the transmitter, this line is fked  on the 
XI -yl coordinates and cctn b r o b W  amd the object from 00 to 36W; 8 and 
QL represent the angles between the yr d o  and the xr axis and between the yl 
axis and the x axis respectively, bides, 8 = &+n]2. that the 
incident mve is a plane wave tmvwlling along the positive direction of the 
yi axis, and is given by 

where is the unit vector on the direction of the pl- wave hsonification; 
Uo is the campla amplitude of the plane m e  (without losing genemlity, wm 
assme that Ua = 1). 

Subtitutimg Bqr(2-44) and &,(2-48) into ma12-47) and u s h  %.(2-45), 
it is to show 



and dire the f o U d n g  varkble traasformations 

&me XJ a r d r ~  are oolmn vectom; E a n d x a r e  row vectnrs; 1 is the 
irwersion of Q; 3 = (XI ,n ) = 1x1 ,=rT , where the ;~upe-ipt t zqresmts 
tbe trampsition of tbe vector; and = (tx,ty). Fkma Eq.I2-531, it is easy 
Shm that 

Using Eq.(2-46) and mmdng the s m  of I& and * square of E; in Ega(2- 
54 ) , one o b h b  

Differentiating I(r in  Eq,(2-54) .in temm of tx resulb in 

FraPa the expression of Ky in ma (2-54), UE caa see tbt 

By mbetituting Eq.(2-57) into Eq.(2-561, the differmtial of & is obtained 

-ing the vector g in Fig.(Z-1) dong  the x m d  the y axis, one finds 

where & and f w e  the unit vectow on t b  x and the y axis m i v e l y .  

-ing the -tor E-ko~ in E!~.(2-49) alw the x and the y axis and 
us- &. (2-541, we have 

W i a  Eq, I2-611, -.(2-60) can be rewritten in a -tor form 



Prom Ep,(2-52) and Bq,(2-531, one shows tfaat 

Subtituting Bq.(Z-58), Bq.IZ-62) and 1$,(2-63)  into m,{2-491, we obtflin 
in xr - y ~  ooordinatw the eqresmion of the scaktared field 

Setting YI = lo a d  taking the Fotrrier t m f o m  of US 1 9  ) w i t h  mpt t o  the 
mriahle a, f r ~ m  Eq. (2434) we fiqd the -lationship b- tbe Fowier 
tmmfom of the measwed sea- field and the Fourier transfom of khe 
abjeot function, i .s, , the s o - m l l d  diffmtf an-pjection theorarm 

From Ep, (2-65), it is to mcover the object function F(E),  that h, to 
find the aolution of the 4 w i m e  -ttering pmkdem, 7 b  filtered- 
b d q m o m t i a n  algorithm for solving F(=) WRS put fo- bg. A.J. Demey in 
1982 

where 

Ira +~ro 
Tdxi an) = - - f r(tl , 0 ) H ( b  ) Q ( t x  , ~ t  l e x ~ ( j b x l  ) a x  

a -B 

a d  where 

As there is a space-variant filter function in G ( t r , y ~ ) ,  the Devaneg's 
almrfth titme requires vast afflaunt of oosrputation, In what  fallom, we will 
fimt speed up the h ' s  algorithm which has r d u c d  the cmpubtim of the 
k m y ' s  algorithm obviowaly. Then, same reomtruction algorithm of Me 
diffraction -gm& w i t h  differmt datum acquisition geometries w i l l  be 
s t a d  further for the impmwuent of their speed and the quality. 



{I)  ~ m r k l i n ~  twhni- d -1- alsorithm 

In practical datum acquisitim, the -thd field Lfp (t ,el is lmawn 
only an some disorete d u e s  of its variables tr a d  0. The stepping length 
of t~ and 9 are usually large h u s e  of the restriction of the f i w i d  
system, Therefore, the resolution of the interpolation in the image 
reconst~~ctim i Fourie-mmin interplation algorith wi l l  be pwr if 
the known points of the s c a t t e d  f i e ld  are not kc&, Rence, to 
rrxmnst-tt high qwd f ty images, it is n e c e s m  to -if ying tbe d i f h t d  
&h using some inteqmlation sch-, e m ,  to i n c m e  the kncYwn points af 
the Fourier transform of the objmt function on the nwilinear coomiim~tes 
I { ~ - k o ~ l @ I ;  T = t t ~ , t ~ ) ,  t p  =-, Itrl<ko). If G(tx ,B)  is dimretized 

Kith fix& sw-ing lengths fdr both t r  and 9, the sm-paddhg M q u e b  911 

oan be used for the demi f y i ~  of the diffrac-bd data. me densif- 
procedure is as f o l l ~ :  Suppse there ia a one-dimemional N-point e-e 
w i t h  a fixed stepphg length of h ,  yIn), n 0,1,2,4*a~N-1. %kin64 the mint 
PFT of this sequence, one will obtain the N - p o i n t  spec-, Y(k1, 
f C =  0,1,2,-.-,PJ-I, To densifying the sequence y(n) t o L  times IL is an 
integer), it is mssary to insert ( L 1 ) N  zeros into t h e  high-frequency 
portion of the spectnrm, N o t a t -  khe zero-extended s p e c 3 h  as X(k' ) , 
k' = 0,1,2,1**,LN-l, it is m y  ia ahow that 

Wing the LN-point I F I T  of the spectmn, one can *in #e densified 
sequence x(n' 1 which is L tinzes lengthmed when cmpmd w i t h  the original 
sewn-  ~ ( n )  



It is seen from Eq.13-4) that tbt densifid sequence keeps linearly 
un&an$ed un the points of the original 9equefice, and ea& successive 
tm paints of the h i f i a . 3  s-, Ll pints are ins&. The h i a  idea 
of the zem-pding technique for densif- a sequenae is that the shapes of 
the spctm of the sequenoe before and after the demificatim a kept the 
satw. The densifying p r d m  above for the m e - i d  sequence can bz 
m i r y  extmbd to +he two-dimensional am, 

It  rn be seen that the zera-@din# tmhnique abve requires still a lot of 
cw~pltation, far in this technique W - p i n t  TF'FT of the !.#-pint zero-extded 
spec=tmn mt be Men. For ins-, for 8 128x120 pixel W reccrzl9trmted 
.from the densified 84x128 diffracw data, the tim for the densifdm of the 
dif frautd data is abut 63% of the t o m  t h  of the i w e  =mtmctim. In 
order to mbce the time for the deasifyhg of the diffracted data, cubic 
sp l ine  internlation is us&. 

me cubic spline interpolation is a high -ision intelpolatiun method, 
hit it is w l l y  cmplex and t i - d L  t o d l  , However, when applied in the 
mid-point interplat ion  of a sequence w i t h  a f i d  stepping l-, which is 
the c~tse for the densifyhg of the diffmcted data, it is less caplicated a d  
-quires less am& of computation. In the followbg, the pmoerktre for the 
b i f y 5 n g  of a one-dimension sequence using cubic spline interpolation w i l l  
k giveb in d e b i l .  As before, the densifying pmedure  for - i d  

atln be extend& to the b m d k m s i d  case dimtly. 

If S ( x ) O f a , b ]  i ,  the d - o * r  differential of S(x) 19 
cantirimus in intend [a,b] a d  S(x) is the plgndal of da!me three in 
each subinterval [ ? b , ~ a t ~ ]  (&ere a = x l ( x t ( - * m  <m = b is tbe given d m  of 
S ( x ) ,  S(x) is called the cubic spline function on nades x l ,m , l S b  ,m. 19 the 
\ d u e  y(n) is given to SIX) on the node ~ n ,  n = 1,2,* & *  ,N, so t ha t  

S{x) ia called cubic spline interpolation h t f o n .  

F'mm the cubic Hernclte interpolation function, the expression of S(x) in 
t b  o u b i n b d  f x a , ~ a + i ]  be det . iv&[ l~~~ .  

w h e r e  bn = a r t - x n ;  aml a represents the fimt-omier derivative o f  $(XI on 
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Fig. (3-1) is the h& mtm used in o m  mqn~ter sizrmlationrc. FiE. (3- 
l)(a) is the 128x128 pixel photogmph of the -tam taken frm the wren of 
d b r ,  and Fig,[3-1)(b) is the level assignmnta of Fig.(3-l)(a). Tbe 
line y = -0.605 in Fig.(3-l)(b) passes through d l e s t  e l l i ~  in the 
-tan a d  heme, the mmmtmcted values on thia line aaa be used for the 
d u a t i c m  of the resoluLion a d  then the &ity of the r-ted imges. 
Therefo~, in our cwqmter simullatlruns hereafter, the -isms the 
re~mttructed values and the gray level of the *tan on this line for all 
Pxmnstructd images w i l l  b giv@n, 

t bl  
U.I%l) la1 head M ~ M  wd in m ~ t m r  sidatims (81 MrqA (b] 6my h l  auui8~renk.s 

In ordm to earn-  the c p l i t y  of the raoadagtruotad 
qmntitatively, it 3s neesmwy Co find an objective d u a t i o n  ~tmxhrd. 
Vnfortmately, there is no a g%nedlp amepted s b d d  at m t ,  In this 
~ p r ,  three pic- distance mammm which am im mmmn we are adaptd: 
n o d i d  root mem qmred piohre dia- & , d i d  mean 
b l w b  picture d i w  mmimm3~ r~ amad wmt caee pis- distance -urns 
e ~ f s n l .  'Re definition of t h e e  piotm ctistamemmawm far a I W I  pixel 
imge is as follows 

where 





F i g ,  (3-4) (a), respectively. W e  (3-1) shoGla the canpar im of the 
"&tancesl' G the reconstructed iarages and gives the CRJ pmrzegsing time t 
4 tv of the VU-11/"730 -ter for t he  imge - M i a n  and for the 
den~ifying of the diffracted data respctively. 

%e aogi~~ter a ~ t i o m  above &ow that: 1) the of the imges 
recmi&~~W W the densifgjzyr of the diffracted data (m F5gm(3-3)ta) and 
FLg.(S4)(a)) is mmh higher than that of the W e  ~ t r u o t d  directly 
fmn the &ffmct& &;a without deasffging (a- Fig. (3-2) (a) ) rn 2) The q d i k y  
of the image mmcg~mted the spline algorithm is -1e to that of 
the bxqp~ reconstmeted by h ' s  algorithm (the d e m i f m  of the 
diff~raclM data using the -piding tmbmigue). 3) WE -r CRJ 
prmwmhg time taken by .the imge reconstmution us- spline aleforith is 
ahout 112 of that *en bp tha W e  reconstruction usin# the Pan's algorithm, 
and t%re t for the him of the &ffract;ed data  using the spline 
a l g o r l t b ~  is d y  abut 114 of that  when using the Pan's algorith i t  is 
wor th  notic- -2. #e longer tbe mified diffmted data is, the gmaller 
the ratio of the ClV pr- the for the den;eimm of the diffract& data 
4e- tha B p l h  md Fmra algorithm Frill b). Therefore, the spline 
algorithm is a mre effwtive method for the image ~ ~ ( ~ 1 8 t m c t T o n  of the 
diffmotim w r n  

(1) Ib) 
Rg,($Z) [a] l%lfB pixel M m~stmkl  frm 64r128 diffmted data dirwtlg (rrit8ont t i e  he i fyhg  of the difimtd 

dah) (b] Th o f  tbe mstntcted mlws (nal line) and tBe real values I M e d  line] on the line 
y : -8,&Q5 [nee Fi%li3-1)lbl) 

-30 0 

(a) (b) 
Fig.tJ-3) (81 1288128 piel iaalfe reconstrocted with the diffracted data d~ ir i ed  Irw $42128 to 13x512 using the tern-@ding 

technique (bl 'WE wqwbon af the mnetnrcted eslms (real lhl amd tee real vaiuep ( M e d  line] or! t h ~  line 
1 : -0,605 (see Pig,{3-I)(b]J 





e ,  a ginusoidd wave chain gmerbted must be so long that it r~ap be locked 
as a cont;iauoua wave, h t  w i l l  tae not tOO long that the IEIBSUF-~ of the 
reflectim wave is affechd.  This condition can be satisfied by pmprlp 
adjusting the lestgth of the sinusoidal wave -in and the distance la , In the 
datm aquiait ion,  for d i v a  8, 2M -1- wn be obtained bp tw 
t d -  on the line= yi = +lo aad yi = -la respectively. If 8 changes fmm 
@ to 3600 by N mgles, 2(W) diffmctd data can be acquired. Frau the 
2(NH) diffracted data, ohjet  function can be r e r s o n s b h i  b the lRWT. 

The diffmctim-projection f o d a  fo r  the trammission s%gml is the 
EWIE as &. (2-65) 

haghing *t in Fig.(3-5) the plane a v e  is b d f i d  in am opposite 
d imtim,  tbe s b l  received m the line y~ = h willbe reflection si-1. 
Then, it is easy to a)iou that the diffraction-proj=tim f o d a  for the 
refleztian signal will hae +he form 

*ere & t ( t x  ,8) 4 r ( .t;x ,9) represent the Fourier transform of the 
transmission the reflection signals respectively; FI(~-~O* I Q l I  and 
) @ ' ]  are the Fourfer tranafbm of the object function evalmt;ed on 
the m i l h e m  coordinates ((r-komlQ1; T = ( t ; r , t u ) ,  tu =lm, Itrl4kP3 
d uT+ko~,al; r = rtx,t,), t, = J X Z Z F , " ~ ~ ~  14ko1 = ~ p ~ 3 t j r v e b .  

Aaam that H = {u,v)  repmsenta the @tion -tor on the ~ecbngdar 
ca~rdinates u-v in the spatial Fourier k i n  of the abject fundion. Frm the 
vector equations = ( -  and W =  ('&b%jQ-l, tw relationships 
&tween a pint (u,v) on the cmrdfnsttes and a pint ( t z ,B )  on the 
uuwilinear cmdinates mn b fomd 

k t ,  w e  w i l l  derive the relationship between a pint It ,4) on the 
curvilinear 0 9 0 ~ n a ~  and a pint (u ,v) on the mhngular w m d i m t e s  f m  
Eq.(3-31) and Eq.(3-32). 

FUm(3-6){a) 4 (b) s b w  the relations amng the -tors 5 rand koa 
for the tranarnission 4 the ~flect ion signals reqectivelg. ol is the angle 
btwe;en the vectors W and y-r, snd Rrqmesents the d e  &tween the veotor 
end the p s i t i w e  direction of the u axis. 
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Here, the m n l y  used bilinear hterpolatioh w q u e  ILs E W @ O ~ E K V ~ ~ ~  

where b t h  tu and 0 are constant; Or (%I ,Q ) m t a  the diecrete B-ier 
~ f o m  of the memured s m t t e d  field m the rec-ar grids (hi ,6)i ) o f  
the milinear m a d i m a h ;  &(tr,0) is the burim tsansfona of the 
scattered field evaluated on the point (tx ,0) of the curviLinear rnrdinates 
and i~ c o r r ~ p o d h g  to the miangular grid paint (u,v) of the reutangular 
coardinates. NLX and MP are the n h m  of thediac~tepoints  o f t  and 0 
r e w t i v e l y ,  The pmcdure of the bilinear interpolation is descrild in the 
follclwing: first, the point ( t r , O ) ,  which is cor totheractmgdm 
grid wait (u,v)  of the recbngdar m o d i n a x  the cumilhw 
coowtes will be found amoding to Eq,(3-41) or Eq.{3-42), t h a  the 
Fourier transform of the scattered f i e ld  m the pa in t  ( t ~ , 0 l  wlU be 
calculertd by Eq. (3-43). -Afar multiplying by a function factor shorm in 
Eq.{3-29) or Eq.I3-30), the Fourier transform of the scattered field on the 
pnint  ( t ,0) is assignd to the correspondi~ rectangular grid poht (u, v) of 
the coordinates (if me: point (u,v)  belongs to the rim area 
behem khe circles Ci and Cn shown in Fig.(3-7), the pint (tr,8) is 
calculated i Bq,(3-42); and if it belongs to the interior area of the 
circle Gr, (tx,8) is calculated u s b  Eq.(3-41)), 

In order t o  diminish the Gibbs oscillation phenomenon in the 
recomtructed images, Blachm u i n d d l o 8 1  is ia amlid to the Fourier 
t ~ f o m  of the bbjmt function on tbe rectangular grid p i n t s  of the 
rectangular c o o ~ t e s ,  The B h c b  window is defined by 

Taking the t-iona.1 IFFT of the w h d m d  Fourier kwsform F(W)bIW), 
me will remwtruct h of the object h t i c m .  

It ahould h n o t i d  that although the Mgher-fmqumcy Infomation of 
tbe objaat function i~ wed 'in. the TRDI=T d heme the h- resolution 
iimges will b? mmnstructed, the high-f- mi= is aoc3r~lppanied w i t h  the 
hmge reronsktbm of the m. Ln a&r t o  solve the high-f- noise 



problem, ~ e a r - s m ~ o t h ~  image prwessing tecbiqud 371 is adopted. By 
properly choosing weights and threshold in the nonl inear-smdhs!  
wsg, not only the high-fequency resolution of tha TRKT is kept, but the 
high-- noise in the prooessed irdages is m t l y  excluded, The 
aa&imar-~snoothM U e  procesaim twhnique is described briefly in the 
followhg : 

h p p s e  a pixel in the m t n t c t e d  m e  is Vi , a d  eight pixels which 
Vl is VO to VP d ia armnged aa fo l lws  

Aft= a e  n Q & - - d i n g  -sf rig, the density of the pixel tll becornea 

I ;  IVi-v* I g t  
fl = l 

0 ;  otherwise. 

*ere WI , Wp and Ws ace -thing weights, and t is the threshold {these 
quantities are all non-negative and are determined by e x p e r i h ) .  If VI is a 
b r d a r y  piat fur saw d u e s  of i, N w i l l  be ~ f ~ .  In this case, we 
simply get fl = 0 ,  

Fig,[3-8){a) is the 128x128 pixel image recoflstrmted by win# the 
Fotrrieraomain bilinear interplation algorithm of the c o n v e n t i d  
t d s s i o n  diffraction tomography fran the 64x128 diffmcted data. Fig.(3- 
9)Ia) is the 128x128 pixel W e  mmmtructd by us3ng. the Fourier4-in 
bilinear interplation m n s t r u c t i o n  algorithm of the from the 
2(64x128) diffmctd dab. Fig,(3-10){a) is obtained by the 4- 
-thing p c e s s i n g  of Fig.(3-9)(a). It, s h d d  b noticed that the  p h y e i d  
dimension of the phantom used in the image recaslotructim of Fi&.I%9)(a) is 
onlp 1/n of that used in the inage rsoonstruction of Fig. (34)  (a ) ( the 
frequency hiampling intervals for the w e  recanstructicms of Pig. (3-8) (a) arrd 
Figa(3-9)(a) are &0/128 d 2h/128, m d  the sptial -ling h t m v d s  are 
TkAto a d  N h ,  m p c t i v e l y )  , ?herefore, although the high-fmquency 
resolution of Fig.(3-8)(a) 1- a h t  the same as that of Fig.(3-9)(a), the 
high-frequw resolution af Fig.(349)(a), in actual, is anrch higher. Rwn 
Fil$.(3-10)(a), it is &om that the nonlineaFmmW h s e  m i n g  
diminishes the high-fcequemy artifacts in Fig.{3-9)(a) &ile k e e p  the higher 
high-frequency resolution of the TIUEF (here, *e d i n #  mighGs Wr, W2 and 
Wa are 9, 4 and I ,  mqxctiwl;g, and t he  threshold is chosen as 0.05) .  

FP$a(3-8)(b) to Fig.(3-lO)(b) a x  the ~ f a a n s  of tbe reaons-ted 
d u e s  (red line) and the r e d  values (dashed line) on the line y = -0*605 

~bm(9-l){b)) oor~e8- to Fig.(3-8)Ia) to Figa(3-10)(a), 







the integral solution Eq. (2-47) of the scatter4 field. Asstaw that the 
incident and the -ttered field on a space pint 2 = (x,y) kw the 
tranmitter 1-ted at the point ( x t , O )  on Ls are U I ~ x t )  and U a ( r ; x r )  
respectively, According to the angular mtm expansionl~O~J, the in- 
expression of the incident f ie ld  U ( $ 0 )  on t he  spce p i n t  E when the 
kmnsmitter is 1-ted at the origin of t h e  wonthatea aan be dekmined. For - = (x,O), incident f i e ld  U ( r ;O)  will  IE m4at.d as Ik (x,O;b), and it 
w i l l  reprmat the fleld on tr when the source is lacated at the origin of the 
coomWmM. W d r &  the Fourier transform of U (x,Q;O) w i t h  to the 
varhb1e x ,  d noat-  the result as k (h ; 0 )  , There will be 

Wing the Pwier  t m a n d ~ r m  of U (g;O) w i t h  r&@& to the varinble x and 
leaving the variable y as a pamm~ter, one shows that 

Thus, I& k 0 )  can be express& as a Fourier in te rn t ion  of At {kr ;y ;O)  

In the soumefree area, the incident field U (SO) satisfies the foflowim! 
Helmholtz -tian 

the equation above, t h  budav-~alue problem of & (&;y;O)  a h 
formed 

Solving Eq.(3-541, we have 

SubtitutinEt Bq. 13-55) into Eq, 1 3-52) , one f inda 

h e  the vector 51 = {k, ,k,). 

If the t d t t e r  is locatd at a point (xt ;O) on the -ttim b 



Lr , Eq. (3-50) can be c-4 m w 1 y  to 

( x , ~ ; a )  = (x-xt ,O;O), fran the eqtmtim h v e  one fM that 

TRw, using Eq.(3-57), the in- q r e s s i o n  of the incident fhld on et 
spwe pointg when the transmitter is lmated at the point (x1,Q) on L carr be 
ohinEd 

where & (kr 1 s- for At ( k r ; O I m  

Suhtitutinhg &q.(2-45) into Bq,{2-44), one can obtain the integral 
expre$lsion of the Cheh's h t f a n  in the two4hen~ional free-SF. Renaming 
tdre integral variab1e & to t~ and then mbstitutim both tabe in- 
expression and Eq. (340) into &. (2-471, the mmttered field an a point (* ,d) 
on the maeivhg line Ln when the tretnsmltter is IOCEL- at the p i n t  (XI ,O) 
oan b ob.&irmed 

T a k a  the W-djmensi-1 Fourier tmmform of UC (xr ; -xt 1 ,  0 b b h  

W n g  i m h  ammmt the spatial filter chamcteristics of the aprtme size of 
the receiver for the scattered field, ~t Itx), the Xq, (3-63) can be slightly 
modifid to 

where ; SS the Fourier tfanaform of the mid ettemd field. 
Frclm the ah* equation, the diffmtim-pmje(3Zi.m famula for the SAD(=T is 
obtained 
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Ms(%lt) PmisdPlala ewe- m~ I rad d of tlPe tfm, f ie  arH ad t f ie  am 1 mpment the w w m t ~  bfm aad a h  
tba W rotrtion of th abject m@idr, 

-.(3-72) represents a circle mtered at (t ,tp) w i t h  a &us of kO an tbe 
Fourierdmdn ~ e ~ ~ a r c o a ~ & I ~ - k s ,  h H q . ( 3 - 7 0 1 ,  it can be seen that 
the of the mhr I t X , C , j  d -the circle de-d by Ep,(3-72) is dm 
a cimle d a radius of b, but w i t h  ita center m the or ig in  of the 
mmtes. For ty Is always &rater thm zem, the c b l e  F-ted by 
&.I3-70) i s  the wt half circle, as is shown by the &I&& t h e  in FU,(3-  
1 3 ) .  S b i l m l y ,  Eq. (3-73) rep-s the c h l e  cdemd  at (-ltr ,-b) and witb 
the d ~ r s  of ICO In the Fowf e-rr recbngular m a n a t e s ,  rtad the tmsae  
of the m t s s  I -k* , -kr ) of the circle f oxma the lwer half ofrcfe in Fig. ( 3- 
13) wbi& is centered at the origin of the c m y d b a t e s 8  with a d u e  of ko. 
The Fourie~4wEin covemge area A in-Fig.f3-12) is f o d  by the t of 
points (u,v) ~Jfiicb = t i d y  the Eq.(3-72) and Eq,(3-73) simul-13. F%m 
Eq.(3-72) and ??q.(3-731, tx and kr can b s o l d  respxtivelp in kerns of a 
given p i n t  (u,v). Considerim F b . ( 3 - 1 3 1 ,  one will obtain the relati-ip 
bbween a point I & , k x )  on the d l i n e a r  Q O O ~ ~ S  tmd a point Iu,v) on 

rectangular coordirrates in t h e  different qilarters of the rectangular 
~ ~ ~ d n a t e a  of the Fouri-h aoverage ttrea A, 

Fi#.(3-13) Belalkwlipp h t w  the smili~aar aed the mwlar wordiuatPs 

If the pint (u,v) is in the f%t or the third quarter, there wiU be 





Prom Eq4(3-74)# Bq,(3-76), Eq.(3-79) and 3q.(3-81), first, on the 
curvilinear woxdhates, the p i t i m a  of the rectangular grid points of the 
Fourier4mmin rectanguhr coordinates mn be &brmi.neb; a d  then the Fourier 
tmmfom of the object function on the mtanguhr grid points of the 
recbngdar coon5inates m b% c a l d a t d  using the Fourier-damin 
interpolation procdure, which is described as follows: given a - W a r  
grid pint  (u ,v )  of the rectangular coordinates, one should judge which of 
Fourier-damin coverqge a- ( A  or B) th is  mint belongs to. If it t#lorUs to 
the area A ,  the correspodixxg pint ( t , kx } on the anvil- cmrdinates is 
determined by Eq4(3-74) or Ep.(3-761, 4 the F6uriex tmmfum of the object 
function on this point w i l l  be caleulatea fram the known discrete diffracted 
data txsing soate interpolation scheme and w i l l  be M e n  as the Fourier 
transform of the obj6ct function on the rectangular mid pink (u,v) of the 
mtamdar cwrdinates If the point I u ,v) belongs to the area B, the 
comesponding p i n t  ( t r , k x )  is f a d  Eq.(3-78) and 3 - 8 1  and 
simthrly, the Fourier transform aP t h e  object fwsction on the point (u,v) can 
he caldated using some hterpolatian ~cheme. If the paint (u,v) blmgs to 
the arm 470, the we- of the imterplatim malts &ve is taken as the 
Fourier transform of the objmt fullction on the point (u,v). w e  the 
distriktfm of the pints on wtrich the d i s c m b  diffract4 data are knum is 
very uneven in the Four ie r+hdn  coverage weas A and 3 of the SAlXX (it is 
the cese for Loth the low- and the hi&-f- portions and e-ially for 
the vic in i ty  of t h e  hdar i e s  of the weaa A and B ) ,  to improve the quality 
af the raxmtmted irmges, m i a l  cansideratitxi must b hkm for the 
hterpo1ation of the wink n a w  the bwpldarles of the mess A a d  B. Ihis 
will h dmmmtmtd in detail later. Applying the Blackum~ Window in -.IS- 
46) to the Fourier transfcsm of the object function on the - grid 
p i n -  of the reohgular cmrdinate~ snd taking the tw-fmml fFFT, the 
i-es of the object function d l 1  be mcmstructd. 

In the following caqmter simulations, the hmge r e c c u ~ ~ t i a s  of the 
SADX for botb the Fwrier-btain idteqmlation aLaro'ritb and the 
interpolation-free algorithm props& by Dr. D, Mama et al. are given, ard 
the  sons of these twa d%ori#nm rare carried out, 

Fig.(3-14){a) is the 128x128 pixel M e  reccmstrmcted Pram the 
2(12;8x128) diffmkd b t a  w the Fourier-doersin nffarestraeifibr 
i n t e p h t i r m [ 9 1 1 .  F%g, (3-15)(a) is the 128x128 pixel w e  reconsdxwdsd fmm 
the sm& t of diffracted data using the in-krpolatim-free algorithm, 
Fig a (3-14) {b) d Fig. (3-15) (b) m the canprisons of the n t r u c t e d  
values (real l ine)  a d  the real values (dashed line) on the line y = -0.605 
(see Pi%.(S-X)(b)J correspncling to Fig,(3-14)(a) and Fig413-15)(a), 
msp=tively. 1 (3-3) gives the ctxprfsona of the "dis-" of the 
imgm reconstructed by the i n t e r p l a t i o n  and interpA.atirm-fr+ae algorithm. In 
additim, the VAX-11/730 cclmputer CW pracessing tinre for  the image 
reconskmctiwls of Fig.(3-14)(a) and F&.(3-l5)(a) a m  2.58 and 19.3 mhu#s 
mspectively, e m ,  the time for the reconstrmction of Fi$.(3-14)(a) is only 
abut  13% of that of Fig.(3-15)(a). h the cmputer siplulatims, it is seen 
that for tbe M, the Snteqm1atim eJgorithm is not d y  fmtm than the 
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1k~1)334ro132 are taken as theboundarypoints of the areas A s a w l  B. The aBwe 
s h m t s  m be verified by the fallwing m e r  simulations. Fig, (3- 
18)(a) fs the aam as Fig,(3-14)(.a), but w i t h  no special. cansi&r&tim of the 
uneven nature of the distr5trutim of the points near tbe U i e s  of the 
F o u r i e m  wvemge areas A and B, and thus its quality is mr. Figm(3- 
18)(b) is wmespm£ing to Fjg.(3-18)(~i) eud is the -ison of the 
m s t r u c t d  values I d  line) a d  the d values (dashed lint) on the line 
y = -0,605 (see F i g  3 1 )  Table (3-61) shows the cornperison of the 
' ' d i s W "  of Fig. (3-18)(a) and Pip. (3-14)Ia), A l l  the resul- abave 
illustmtR that the quality of Fig. (3-18) (a) is lowred. 

N, (3-17) fie diatrikti~n of  f e rechngdar grid pints cf the &linear wrdinates nn the m-ar wrdinates in tbe 
Pour i e r4da  coverage ara A 

gig. [I-lq (a) 128x128 pixel i a e  rec~~etracled xite tbe me conditiws as tboee FBT fifi (5-1I)Ia), ht with ao wisl  
cwidemtim IQT the inkp la t iw  ol k pints near tBe h m d ~ t i e  of the F~orSerdowdn a r m  I and B (b] 
T4e coaparison of the remstmcld valws [MI line] and the real valw ( d w M  !be] on the lire y = -0,605 (8ee 

Pig.~3-ll{b!l 

Mleob) Ttie comparisons or tke 'distanm' e l  t ie  iwew reconstructed vith 8Dd witlwk specid 
oonsl'dention of the interpolstion or fde pints m tbe boundaries of  th Fourier-dwf n 
~lveregewIadB 
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Fig. ( 4 - 1  1 fe the datum m a i t i o n  geometry of the QU method, Where the 
x-y coordinates are fixed in khe 8m; F ( r )  - rqmesemts the objwt function 
(Aesl~e that the object is twu4.imnsiona1, and is h r s e d  in the echoless 
water tanker m d  is placed within the f d  zone of the ultrasonic field of 
the tranadtlcer); L represents the effective half-widtb of the f m e d  
ultrasonic h a m ;  x '  is the distance between the center of the barn and the y' 
axis; lo is the difltarme frm the surface of the t-r to x axis. The 
tmmducer usmi in this paper is a M u c 8 r  arw mnsisted of uany 
elementary t m d u c e r s ,  whiah is used for bath the tmmmitthg a d  the 
receiving of the tilt-onic field, This tmndumr array i s  fwd 
e l - t r i d l y '  a d  can be limmrly s m e d  in a em-smtimr of the object 
along x axis. Ihe P o d  zone of the ultrasonic field is tbe arm frmoed by 
linearly samning the segment of the d-c barn &ered at thre f d  
p i n t  and sbtohed along the u l M c  b a m .  Be~des, the u l tm~on i c  h 
witfifn the focal zonenntst k sa narroudeven h t  it csan be l m k d  as 
plane mve apgra&&elg in the effective width 2L of each ultrasonf c h. 

where A is a cwnrplex const;ant, which rep- the initial q l i t u d e  a d  the 
phase of the inc ida t  wave; 9 represents the unit vecbr in the dbectim of 
the plane wave immifi~tion; = {x,y) is the psition vector in the sgace. 

If the transducer is placed so fa r  from the object the argument of 
the  Fbk:l function in Eq,(2-45) i a  much greater than unity, i . e . ,  k 1g-9:>lS 
the expression of the tw-dirnensional free-space Green's h m t i o n  in Eq.(2-44) 
can be simplified to 



flibstituting Eq.I4-1) and Eq.(4-2) into Eq.(2-471, one obtains 

where s represents the focal zone of the W u c e r  arm; b in th(~;b) 
aqhslzes the fmqumcp4epdent nature of the s c a t t e d  field, Tf the 
center of the group of t%e elemmtary t d u c e r s  i a at the point r = ( x ' , - 
IA 1, Eq* (4-3) h a m s  

Considering the exipressim of the incident field, - 1 )  Eq.(4-4) can b 
written as 

Suppxe the u l t r a s d o  k m  is finely fmwed, the effective width 221 of the 
beem in the f d  zone w i l l  be very d l ,  a d  the Pariatim of F(x,y) within 
the width 2L w h i c h  is centered on the line x = x' w i l l  ke n e g u i b l e ,  and the 
followins c d  tion will be held 

In this case, the 5nbgmnd of the interntian with r e s p c t i v e  to xo in Eql (4- 
5 )  can h approKimetsly looked a~ inde-t of the integral variable xa d 
can be taken out of the integral sign. men, Eq.(4-5) can be further 
simplif id 

4-00 

U. (x' , -10 ;ko 1 = ,f F(YO ) I  A'exp(jkp~o 
-rX) 

where A' ZlA is a new constant; F(y) is the object fmctim m the line 
x = x' and is given by 





the comtmt A' , 

W i t h  m.(4-13), this relationship between the Fourier tmnsfom of the 
-t-t;el.ed rf echo and the Fourier transform of the equivalent object 
function on the line x = x' w i l l  be obtained 

As t b  iraci&mt mve & is a l x d p a ~ ~  sPW w i t h  a 
c e r h h  htdwicKh, h Eq. (4-16) the Wg+- -t of t.he 
quioalen't object -ti= C B ~  b o b b b d .  To -truct the 
equivalent objeut h t i a  the b c m  a piori Snoal-, the Q e w -  
Rpdis (GP) fmqwmy exkr~~polatfan tecFmiqueC~~l is used in W s  pm to 
Femnrer t k  1-f- tmqmmat of *of @ d e n t  abjeat AHlctiml frore the 
hi&-f- ca&mnmt. 

~ t h e o r d . i n a r g ~ ~ ,  t h e a u t l i n n n o f t h e ~ ~ o f  
the canbe*, therefom, t h e d  who-a r n w  b 
~ ~ c z u z b ~ a n d ~ ~ o f t h e s e ~ e e % # 1 ~ ~  IE 
i-fied. Fig.(4-21 (a) and P3gm(4-2)(b) are the mvef- of .t.be rf e&a 
SUB m t d  frcm the ta- and the -+ater inhrf- 
-tively, It is noticed tbat M are dim-t. 

m.(C-8) (nJ r l  &a sigds returd tm the ws- interface (bl for tbe W ~ F  interface 

In order to utilize the pb=e Xmtion mtairted in the rf d o  
s i g n d ~  in the GP fmpemy extraplation, it ie required to derive the 
m h t i o d i p  be- the Fourier transform of the derivative of the eqdvalent 
obJ& fmction and the meamred rf eoho signals (the derivaeve of the 
w i d e n t  object fmtion can be otrtaind by simply multiplying the factor jk 
to its sptid fmqgemy d d ,  here, k = -2ko) .  Notating d ( y )  and d ( k )  as 
the derivative of the equivalent object function and its Fourier transforra, 
from Eq.[4-161, one o b b h s  

The QP frequency aztrqmlatian mists of seven s m  (a) to (g) bXm, 



It is an iteration a d  i s  deecrlbd briefly in the fallowing 

(a) Calculate 1) (k) , the hi&-fmq~&noy mnpmat of d ( y )  , using 
Eq,(4-17) (act) (k) is ussd W rep- the high-fmqmncy component 
of d order m a 3  --tion of the derivative of the 
equivalent object function in follmdng iteration prmalure} a 

(b) Find dtl) Qy), €.he first-order reconstmution of the derivative of 
the equivalent object function, by taking the IFIT of % ( I )  (k), 

- -  - the signs of d ( l )  ( y )  on the outlines of the i n t e d  
I 
I s t m t u ~ ~  of t h ~  abject in accordance w i t h  fie ph- of #e rf d o  
1 
I signals from t h e e   outline^. 
1 
I 
1 
I (dl Find % ( u ( b ) ,  the Fourier transform of the spat ia l lydf ied  
I 
I $ 1  Y by wiru the FFT. It is seen that tbe spectm of d(1) Iy) 
I 
I is b d d  and the low-frequency canpmnt waea out. 
I 
I 

: ( e ) - t i tu t ing  k htotbehigh-fmqpmcyportim of %C(z)(k) 
I 
I 
I 

d then taking the IFFT, we obtah d t P ) ( y ) ,  the secod--order 
t i  reccarstn&ion of the derivative of the equivalent object 

I 
I fbnction. 
I 
I 

--If) Calculate the average of Id(#) (y)-d(l) (y)l and see if it is W e r  
than a p s e t  d l  poaitive value. If the -tion is t m ,  go to 
s t q  (g), ofherwise, $0 bc4-c to step (c). 

Is) -in the equivalent oWect function ( 7) b9 intmting dt w )  ( y )  
the Nth-order psrtial renonskuctim of the derivative of the 
equivalmt object fmct ion  Ithe integmttfm cmsbnt is dekmmimd by 
using the caditfm h t  llsiy) = 0 if the paint ( x ' , y )  is not in the 
object), s m b g  the amusti4 beam in a cme8-sec~on of the 
object, the equivalent object f&im k ( y )  on different lhe  x = x' 

be determined, and thua, -&ic hmge of the object can b 
recwrstructed, 

Block dim of tbe -t s y h  

Fig, (4-3) is the b i d  dhgmm of the eqm-iunmtd q t m .  It consists of 
five parts: 1) w - 1  setup; 2) tmnsdtthg/=iving sgatm of the 
Ja-e 9-256 B-scanned ; 3 ) R-~canner/oscilloscop ~t 
sg.stero intefam; 4) HP-1980B ascf lloscom ~~t spited la* l  mxl lfP- 
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U4[l-H] d (?I, the derivative of the quimlmt object tmticw I J )  in PigD (4-111 

' i . V ( .  , ,.,. ...,. , - .  ,... , . . ,  .. , , " ' f i  

T- the m of % ( t j  (k), d r l ) ( y ) ,  th~firat-ordsP partial - W o n  
of the derivative of the equimlmt a%-t h t i m  wi23. be dbtained {see 
Fig, (4-15)) .  

It is sem that the mtLine p i t i o n  of a*(y)  and the plus and the 
sim d d ( y )  031 these outlines mm b provided by Figm(4-12). Mfying 
dti) (7) in the spatid damin wing the outline and the ghwe informtion, 
then M i n g  the FFT, ) (1, the w t s t r m  of the sptially d f f e d  
d(t) (y) ,  can be f d  {see Fig.C4-16)). It am be observed frm Fig.14-16) 



that the spectm af d(1, ( y )  has hen braaimed and the low-frqwmy 
oanpnmt is Wrged. Inserting the spectrraa Ec 1 1 (k) into  the hi&-fwuency 

gorticm of'%(2) (k), me will get - . la-17) ,  m i n g  Pig,(4-17) to Fig.{4- 
f3)! it is noticed that there is -1e diffe- htwea thm. T a k h g  
the TFFT of the fmqwncy4adn d f i d  s w - ,  the seoghd--order partial 
reoonstmtim of tb derivative of the equlmlmt obJect function & ( a )  (y) 
cetn b obbi.nedl R q m t i n g  the i t a t i o n  e e  above, dfS@) ( y ) ,  the 
thirtieth-der p r t i a l  ~ e t w t i o n  of the hrint-  of the equivalent 
object h t i o n ,  can b V. After the spatialaotaain Rlodifyh$, its 
R ~ ~ U B  is shown in Fid,(4-It). - 5 ~  Pig.(4-18) tu Fig.(4-13), it is 



seen that there i s  little &iff- Mween #a. Subt i tu t iW (k) into 
the h i g h - f w y  p&on of Fig.(4-181, we o w  Fig.(4-19). Again, it is 
seen that there is little c l i f f e m  be- t h a  figures. 

Pig,(I-JI) The qmkm of tbe tsirtiabirder wtisl rmmhtion pitatl ( j ]  ol be Criwtive at  th aquivalent objeot 
fmt im 

Qq{I-lSJ Ihe p z h  of the I~quentydwaIn difid dlltl(rj 

TakW the of the spect~~mt of the f r e q k m w y - d ~  arodified 
d t s o )  (Y) in Fi.$.(4-19) aqd tha intajmting the  result w i t h  -t to y, aae 
w i l l  obtaj, n.fa-I1{y) (see Fig.(4-20)), #e thirty-first-odtm pwtial 
recmstrwt ion of the equivaht object f u n c h ,  The maximum 1 of 
n r ( a s )  (p) is abut  0,905, Fkm r k ( a l J  (y),  onr: can obtain m(s1,  ( y ) ,  the 
a-tim of the object function nr(g) (we Fig,(4-21)). Fig.(4-211 md 
Fig ,  (4-20) are m n d k n g  to m. (4-7) m d  H g .  (4-81, a d  are the h t s  
of the reconsbt iom of mIy) and r t ( y ) ,  r eepat ive ly .  
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This  paper  give^ a detailed theoretica1 analysis of the 
reoonstruction  algorithm^ of the di f f rac t ion  tomagraphy in t h e  
different datum acquisition geoaretrfes. A e  a resul t ,  t h e  imaging 
quality and the image reconstruction speed of these algorithms 
are imprnvcd greatly.  Although t h e  great advances a been 
achieved in the study of t h e  diffraction tomography, further 
researches should be carried out If t h e  d i f f rac t ion  tomography is 
to be eventually used in c l i n i c .  

The QRT method proposed in t h i s  paper makes f u l l  use of the 
svnilablb t r a n s m i t t i a g l k e c e i v h g  system of the B-scanner and oan 
provide t h e  quantitative information of the distribution of the 
acoustical parameters of the bio log ica l  soft tissues t h a t  the 
ardinary 8-scanner can not provide. Therefore,  it is hopeful that 
t h e  QRI method l a  combined w i t h  the ordinary B-soanner to 
s t m g t h e n  t h e  ability of t i e a u e  cbaraoterizations end diagnosing 
diseases. In addition to t h e  detailed theoretical derivation of 
the QRT method and t h e  computer simulation, a full set of 
experimental system is designed and developed. With t h i s  
exper-ental sgatem, practioal data from t h e  testing objects are 
acquired and good images are r ~ c o n s t r u c t d ,  

Although the QRI method reveals a good praspeat of cl inioa3 
appl%cations, it i w  s k i l l  far from being perfect. Oeve~al 
problahs  that ape associated with t h e  practioal medical imaging, 
such as, the absarptioh of the ultrasanio wave in biological  aofe 
t issues, the scattering of t h e  ultrasanio f$rld by t h e  unevenness 
of the distribution ' of the density of t h e  biolo$icai soft 
t issues,  the effect of the noises t o '  the phase determination of 
the *rf eoho signals, should be oonaidered. B e ~ ~ d e a ,  an AC LOG 
amplifier or time/pain convertor w i t h  small nonlinear distortion 
and big dynamic range should be developed to increase the 
resolution of the datum a c q u i s i t i o n  of t h e  s igna l s  returned reom 
t h e  depth of t h e  biolbgioal soft tissues; high-=peed datum 
acquisition sgstam and large-aapacity buffer memory are required 
for the real-time datum acquira i t ion  of t h e  -signals returned from 
human body. In addition, because the agar phantoms used in the 
experiment are d ipferent  from the biological soft tissues in Borne 
features, further theoretical and experimental studies ahould be 
carried o u t  in the biological soft t i s sues ,  



The author g i v e s  h i s  heart fe l t  thanlrs to the supervisor, 
Prof. and Dr.-Bng. Yu Wei, for her h e l p  in his pursuing; PR.D 
degree and writing the paper. Although she is the preaident of 
Southeast University and is very busy, s h e  takes time for the 
concrete guiding of the w o r k ,  

The author is a l so  grateful  t o  t h e  teachers a6d the  
graduates in the Department of Bi~logioal Engineering for their 
help. The discuesiona w i t h  them art appreciated. 
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