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Inll'OducUon

Th e "'" oful,ra>oIIic " ....... for .rudyin~ ,II< human clrro·
"11;"" ..... initiated in th< la,. 1950<. and e&rly l~ by
Satom"", 1l957), f"n, hn ., oJ. 1l!l61) and I'Ourm.o,
IfAoIJ<"' '' oJ.• 1%51, no.... p"",..<iogW(Ilh we« b<l>«l
on Ill< Doppi<. elf« 1."d ~ '" ,.,.. _.101"''''''' of the
~'" ronunU<l""""'" Dowie, ""loci""",,,. n-...e
'l~..m. "'",. oon ·dj",,'iona! and " ..... perivascuJar
probe> during acY'. and ohro nic ...rp;:.1 procedu,", fur
'he ',..n",,".r>rou, opproo'h i' >va> n~1)' !O d<"'fl<Jp
d;,,,,,,In,,a1 ' j~~m" which ....... firs' ~;gt,,,,, by Mad"oo
11 967) and PourrelOI II'lffl1and ""'"'" based on qu>drarur .
~.... <let"'" ioo of rompJ..x Dowler .iKJU.l',

The 6", pulsed Doppler .)~'.m. '0'''' d"..lop<'<I oJ""",
>imultall<"OusIy by !lak., 1l91t11. ~nn• • " and l~,

Il \l!fll 'od w,.U, 11'lffl1_Tho.- n........1o><lm....... hod til.

m.>jor od,-ant'g<"...,. CW Doppl« ,,,b< range "n. '''''', bu'

they "'''''' difficuh '0 apPo/ in roulin. wtllloo' tile '''pponof
an imagin8 ' « hn>que (Dupm B-Doppiff 'Y'tem. l,

Th. fi,,' Ifi", fo' ",," -'im. imaKing ,h. Mood <irrol. ­
';"0 by ,h. Dopp!<f u"<hniqoo 1_ call«l <o"",, -<od«l
Doppl«I,.......o, ,,,,,-w l ln 1977 o,>d ,h. fiN ' ommorrlal
__hino wa. on ,.... ma,k.. in ,_ {Al"k.) . S;oco '10....

d. ,... numorou. imp""",,,,,,nt< h."" b..... mad. fo' ,he
.imullanoou, di.pl.y of ""'''0'''' ..... blood flow: COIOUf
""locity imaging. pow...- U"I'pl.. i",a8,nl!> Dopple' ti ..,..
;maglo8' oo,, -Iio... i",.,,;08 Ih.,."",i< ima8;o~, pol..
' n' ..tol"o imOj!in~l . 3D «~"", _ ooded di ,pl ' Yof ..scol.,
"ru<t,,_ or<-

Condn uous-_.." Ooppler

By In>u'af i.~ u...... "'Itef<o hk.., ~ lI"wl og. . ,Id 'ho"
>tudj1"B ,....~.iW'd 'lgnol, • """ _invaslw n.....orom.n'
of ' ho Wood'olocity c.n bo n,.do

M0701ng bkood ""II. Dopp >h'f' lb. f...............,. 01 ,.....
01<...",,,,,, "'."" ..,."....". by , cdl. Th• •im",",' way
to .>:plait lb. Dopple< .hiff i. '0 """""i' • con'inuorn
.;" o",i<lal "'.... and tho" '0 comp&n' ~"W'd . iKJ'&l
with ,I.. ',",,'mi,,«1 . iKJ'&l '0 dol... , ch.n"" in m,-
q.... n.o;y. ~ ' j'"'''' 1>0...,;1 on ,hi> prlm.:iple " in FIg

1.1 Two " ''''''0<0« 'Y''0I• ..., 0_ fo' 'rar'>mining and

rt'COivio~ lb. olt,"",o", "'...... 1J>uail)' """" cerami<, "'.
hou"",, in . probe . imil", '0. poneil, • .,y '0u.. for dini ·
col.pplic.. ioo ..

H:H- "' ''''''''' .'''0' ~min..":,". i' is n o<o»;uy '0
on.".. 'ha' ,1>0 "Il,."",nd boam. ",..II.p """'. rrlaliwly
IarIl" di". """ in ordof '" .void solocti,.. ,.n"" dop' h oi
flowdotl'C'ion,

On. <'Y't" """ino"".t}' .mi" ••in"><lid" ul,,.,,,,,nd
wo"" a' • f ,,"" f., II """"d <'Y"01 10<....... , ..... bad -
",.".,-",j w., and lb. co""'p""dinl <ig'" .. m,,"i _
pliod by ••igoal oIlroqoon"" f. 'odoled tho lJopplt1' >liilt

f..Th. rt">" I, ... . iKJ'&l con,oinin8 froquo....,'componom.
<qual '0 ' ho >Urn II1Id d iJfo",nc. oi 'ho lroq.....nc;O' con ·
..;nod in ,no "", i"od . .... """'iW'd >i_1.. !<and-po.. 61­
'...-l" I of ,100 ...." 10 .. u><d m, --'''II ,..... 1roq....."'Y
"Inol no.,21. .nd 01", lb. OC COm _ 'll from " " ;00' 0)'

'i><".. I'" bolow), Tho ...." Iriog '"80 01 ron,";n. ......
llt>pplor inmrmation and Ibon .naIlloo ...... '-.loci!", of tho
nlOlin,g..,Joe,,,,, '0 ho do'<'f1IIinod, .... 'ho blood """....,
d;!f.,..,." vol"",;.,; dopondo'" 0" ,100 [>O>ilio,, ;n lb. """",I.
,h. """iV\'d ';1..1«,,,.i." of. <oo';o"om o! fToqPOtlCIoo
(f'"'l" " "'" ' I""" rum co ' ....pofKlintl '" II.. wlo<i'j' oji"ri ­
b"tion 0<"f0" t........ of tho .......11

ko, >opar. ,;" g ,lit ~'fWlOnl . .... ""'""" flow . i!In.... tlJo
....,..Ivod .i~I\. 1 i. 'niM-d "'i' h owo " 1'>01$ in quad,"'"",,, "'"
Ih l ,1\ .nd . in ih,. 1\ in oron- '" ob<.in ,.... ",a1 . nd ''''"~­

ina ty port. of ,.... llopl...... 'i8nal. By shifting ,........ I'" r<
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"" u _••• . , • _

-- --

....__"".... ...""'~. pan 6""""-"
__""'__ ipooibo... tlopplt< >luftl,nu.
put of I lODppIr< ~ 10 <i>rl\ <Tni<oI ... th< !lO'"

ph,o... """ - "" .Wl·,....;",. aa.v lVlp'o(_f...........- _ ~"""'i' .._
r..... In~ Dopplr< 0Il\NI .. _ ~ -.as'..".j . U',
AnoIhn appII>..h <Oil t.. mad<' "';"1: • d;~l" I !III......
"'n<funhollDn . h _oplq ..... DnwI« ''It''oI. n..
~... Ik ..· .ip>&I " ,ui,.~ ....,ffl .. ron..n"" l'd
In • >imil., I."""" by pi\&;<' .-.m'''ll Ill< """KiMI)' POll
- ..... md odd,"."lOt........... pan."",eM> _",ob'.,n

lWnrn.tono'lo. _h " P" ."".."'''"'' &n<I"""~ Iloo.,
.... "'h ' an t>o 10<1 "' ........,__alrn..".~for
di......__ , ion. "'" .....~ of ........,
111__ -.I ...... ....,......,.. tor....,....
powd. Tho- __ -.. ""'" __r",._ ......... of ""' ·_·~· ""~_._of
1M~ A 4""'. ... . . lila< ""- ..._
_ by""' of ~.....,....Df~

__bl''-_••_ ...._

...... _ U ..~I}_ ioI .._ .....

--,. .. .. Jod _ <han_
""'~Ir; , ' ,111.. , - . """_ 0'11...._"., .". Tlao • .,

,.;",p.__ ... .. of ""'..... WIO """"""'"_.....~ ....- ..., ...- ...-
Ilw h._...,..-m- -.. _ ._
-.-.pn _ _ , 0' [" . . .._
of lht _ lr. q... ... .. _ _ ..... l _ IS....
At ... - , '__ io ~for_ _

!ipoc .... ......,

n..~' mn_of Iht DoppIr< ....".. ...non. ....
-..,._o(.....~aG>...-IIw_ ..

of""'...-. Tl\rou#td~ot.....~ "i""<t'Um of
,..... (1or\>I<'1' .......' i110po>o>ibI< '" ........ irnrnt.lIo,. ......
....,_ C'OfI<"rnln~ .h" ""In<lty di,"ibUb<m. nd i"_ '
' kin ""... .....,.,.....;... urdioc~ n... f""lU<'nC)' anal)­
un bo "'""" by Four;..-~mK .11< P..ppl..- >Cnool
W. 0I11"l1 .. ~;vid«l "U" ......,.."..., """",,,' " and ,n.
dro';ly 'l'f'CU\Ul> I>caI<tou,P<l forNttI ""f;IrN'f>I ru......~i>.

<I.... or I..,~ Inn.'".",,,,,,,,,,. n.... ..-.uII I> ~ .
plo~ on" "",..... _lJ<oqumo.-. on ,h,o ,. ..... _ ....

lho ~....... and -.phrudF of lho 'P"<1...... "" . h,o .....

''''..-..i<)"~Tlw ompInudo 01 "'" "'""""" .. ...,..Iy ,.....
"""'-OOlho_ 01_..... -... .......;,: .
_ ~ IJI ""'''"'''' 01 _ ~,..-. "'"
.,..,....1 ""' < 11 ......
_ofttd~_""' wlu<__""'_ad.• , ......,._ ............
• ...._-~ ,1<><=._+,1 f" _

... I, .
• ....~~p... I.- I ....

........, I __ elw ..", "", ... ~- - .· ctu-_,.-·...., ... .I , .... _ .......

.... ......... -Ioq:rr --... .-.... lbr _... ........-
• ;'''__ IN _m........ .... 1luppIn- _w_

.... ---------...._w -.........,. .. _ in4o<ft __--- ~-no.__ of.<»nIi__~ IluppIn- '"'"'".

~.. • « ..... I<w rl>rAW ",. 'W'"



--

--
~"" ....",;0. ........ ~ ... _ """'at di_ ..,. ""' ,. ,
Ih< ,..,.. .....,. .r Ih< _<ion .. ,uP"'1\<w""""
"""ll ,n ...~...,.lw><l'" prol><.

Pur..d waY< lPW) Doppler

A ...;0. ,,,.. ,""ti '_ ""'.m
;• • • ","""I.,,, t 10<, • ...,.. " _to l>op,......., .

...."""" <on l>o 1lJ "" ~ ,_... """"'"
_ "''''ol u1,..00<><Ml po ko ...",pl'" 1 ,n. '''''''~"

.p' " _,." .."... . ,,~ .....,"""""""'- A"""..,01_.. Inn",,;"'" Ibrou," Ih< " " tho 1>0<,_
"" u' ''''' "",.. _ b _pI<oI .. lh< ..". ~ ,..
' dNyoll..- '.. p ).

A"" """,", d<,,,,,,,,,.r. polMd ' 10 _
;n Fio- 2.2. FJ"",.., """~ "'. few porio<\> , 10 "'"

'_ 0«< ,htoup • .,." " ",,,on.! pl' ,," . " ",,~II"'"

at • 1"" " "P"' ''''' .....""""Y (PR>l ""'.nn..... by ....
<k;>th 01...,&0""_ Th. I,,,,b<,,ttn>d ......""'i><d by
'" ....,.. ,,.,,w,,,,,, I, ""'I'IJ~.d <J\d mul"pliO<! by!he r<f­
........ ~.... 01 t ho ""'"~"'I<?O' ''' """UPDrf /,).An"
low _ ~~.nnl-" ,~"'.." .. Ih<<om ""Jut","". Ih<
""mod"'............ ~ ...,.. . ....",.. ond hol d -.

,'1<1'0 " ~",·,,,.d,.. ,.. ""''''''''' "" ...,-hpl. ...
....... . od ....., """ ..",pIo~ ""1',.... at . """"",

d."" Or&It" ""I n, "" .... <k;>th 01"'. ........
,,",uO!< on '''w•• D -~« I , 'loi'h < ,I.. ~odO) 0I 1h<
"',,,""'"' ......,. '"" ...."".r,."' len" _ ,••""m"',
01"""""""MI•••~"o ,..""']llong.(d,«reo'
............. ""........ Ih< od" • •" • • ;goal . nd th ...... _

",.",m! ~.n.I , It 1M _ 'm " .........'l', lh< "".."""

" ..."'" ". ,on" ' '',A """""II ..,."""" , """'II" ",
.... ,"", . nd rnn"""",Uy, """'" .... p ""n<. Tho

""",In, '0U>0! b.. .... _ I",,,,., '" "" "w """.,."

"p",l in ......., dn< ,n' I>< p"">; nr 'b.D<w''' UP"'!
" .... I'llF. ,poc;lI< dilfi,n "'" .-;" .rn", """,urin.

b'" l"'P\'ItI frnl"""""" ,. h"'" """" ....
Tho <1<1"'''''' n' bkoo .- ""'""'" I, '10' . ....

'>"'''''' ,"" ... _ "' ....... d_ odu,",;o., ,I'<!>.
oiq.... .
• . ....,.... QUaoJ<o,u'" ..n'p1kt1& ,.. """,,' ' <-«1I>nl ' "..."w,_ ,,,,,,."",,~"'.b b" "' ""'~_O nr" nJ ·
w;o'" <Urnp"'''''",d nrbol.n, "", oilIf""h, "' d.. ,.un " d
p.... _ ... 'In' ond 'Qu' d'"". '" ....,.. " ..0_ " " d
U, hon. , h l
• R. qu, d,,''''" ""'P" "" " '.I, I .:". • > """b ~F

~...oI " ,""",tl , ..."..,.ro "" """""n.lb, in · nd
0>1><1""". ,,,,,,,,,, oIp ,k II"d Q . ig<>. b1, I" lk. ,
"'" ..mp"" nl ,... RF~.naI . .. nb..,ntd .. <h' . OP ..""
,I>< p_~"" dop<b I>. .,j,b • " lo.r 1><-.-.. 'M ..m·
p'n. """" 0/ 12" " . T." 'T.'1"'''''' 0/ 11>0 ul" ...,n"
" , ..I ,~ l"'lu. fI<}' I. ,t , .,,",,1 '1, , ... pnndp ,", I.

"mIW '" 'ho' of,... "",,,,,,,Inn" "'" 'low""''''''''
' ''' 'P' ,.., ,..., ..mpI" ...,,,",, nl ""' ... " O. n ot ti"'"

W " .nd 20'" I" '" r." .~ " tub '""" "''''10k·-II .... ..~..-..d "I"" k,
",<I_AIt I ........ " ' /10 em'k·• • ".~ . li n em '.'. ' "1'1,
,'" ,,,,,,>1«1.~).." ,
' ..p .. · IM .... . '. " " ..... "I'
Q - Ul~ "n "'."l.(~"" "1' 100 k -~ 2, <,.
til • •1" '-II.". "li fo< " ' J,3. .
' /10 ..",,,o/,,~, nxM ' , , ,,,..,,h ,,,.
1.(" ,"", 01__ r llO. ''' ,,..., "'"'.

'" on , nolnnol puh<d Doppl.. """"'" It.. rl """·
, ;0., 01n"" ".,. Doppl.. !rrq" ..", .... "", ,,,,,, n n b<
...... "y """ """"'''lI " ,,,,non ... "y ,,,. ....... "",b...,.<".,,",.,,,.moIot,,,,, t«hn......

Thh .... ,,,,hniq" ... 11>0 otMn'o>:<' 01b<1"K .....,

CI,hid
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A",pli".' M..d1od

Ii"... ..
r

RF :'no,. r-r-t
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Fi• .,.; eom",nwn
od1o ofRF

ClI,,~I., ""11"'0""
0.".,,,,100';00
o"~o ' 1"'0

dolo.

AppHCOlOOtl 01
oo~,"on

O'lu'"''''

im p.,men" ble on mol"ga'e pol..". O<Jppl<' 'j'S,.""I01
",al .lime veloci'y pm~lom..1)' or><! 00100' ro<kd O<Jppber
im 'll'ng, . r><! 01",0(~u.cing IIlecomplexity of,he recep·
lion " af;n"I p<J1S«! Dow'e, 'Y'tem"
• ,, ,,,,, <Iom.I" cross·co""lalkKI (HI!' 2,41 in which we

me" o'" Ih<o ....,Iocity of IIle moving '"IF' by compa.r'nK
Ih. lim< de lay ""'-en ,ueceoolve ....~~ RF ,;g""~ In
IIlroIf till, method doe>"0' , oil.. [",m .....Ittgp, obl.m,
and lli""' preci>e me". """""'" A " . mb<i" of echoe>
alonK an A·line ......:q ulre<! and " ored. ,"",omittg IIlal a
given group "r'C","'''''' have . unique "WlalUrt' in ulll" ·
",nic ec~""," 'h. motion Information can be ealIacll'd by
, ,,,,,king I~i, sign. tu re., tile p<JI, e repetition " '0 T (F;g.
2.5). In p'actice, ;' i, n......1)' to d.,ec1 ,bo ,imo ;fl ' .
beiW<'<n ' lXceosivo win<luwed ",';on 0( lwo RF Ii" r;y
do'ecling th. maximom of c",,,_oorrei., lon lunctio n, il i,

l'O',il>le '0 mo... ", ' • • nd 10 doIecI 'he Ifow d,_ion
IFig. 2.6). M in..""'ing r..,u or,be ' i..... domain <ro5O-

co,rel,,"" lochniq"" 10 'hal I~o flow ~"'re"'''''' I, ""I
affecred by irequen<)'_depe"denl .lIen u.lion 01 the ultra _

sonic J>UI... as we compare two , ij;nol, "",",""" which
b• ...., I>nlh p...... Ihroul¢l the ..me iote"",nio8 Ii".....

Th. ",lalioll5hip be""...." velocil}' ••nd lime delay ,. i.
given by lbe fulluwing 10lmul. , • • <. ' . ' 2, ""n.T.....

StoUonary echo canceUinc

Bouudaries of'he ......l.nd ,urroundiogli"ues produce
hil¢l e",,1JO' _ De> whic!J are ""pe limpo sod on th . Ifow

,il!J1aland c.n be 10'0 l OOO ' imesl.rg<, th"" tho Doppl.,
, il!J1a1 , Cu""o' '}'$lorn. oS< ~ig~ 1"''' fil, ror remo>iog
,Il<- " . ' IoUaI)' Olru<' uteO ecb<oes. bu, ,h is d> '0 . poor
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10 L 1'1>0......... " ..

Aft.. <I" If" ..j«rloo

Rfll... "...,be<
'10.'.' "._OJ-._ """_ ,' _ _.... ...." ..."""""' , ...
........",. "."""""'_m ..,.,. _ "" an"" '" ,..'_ ",-.' '"" ••", ,..,..........- ""-,-- , '-' _, "~ ~-""_ _-.........." ......

• • w
Aaallgnmenl.....".

'. , _ ""'..~~-"""" .........""'~........~ ........._ ...,_.........""" ,-_.,
do"",,,," . 1 , ,,", n""" ..lox";'" Tho " .........r ,h...

""h<><o «In""'''' <Ion< "" Ill"" """ ,.. 0«101"" •• ,......
~ >om'" ..... hod ,",,,... nIL....... ,' ,. "",,.., ' '''' ' run·

.....,M" i ".. "hOI "' """""1'_ . u....._ ~Lo!h
1"''' .,,,, ,. " ""'"""'. .,. ' ""'"'1"""" 01.,. OJ, ,,,,,,," 01

.,. "'"' ,~ " • R'doct"'" .. . mpl"_ • • d. d.,o<·
';0" 01,,.. pol>< '1"<''''"' ,hot deptodo"o "*'<1'1< 10
onI<, '" """" ..., __ " ~ "" ,.. '" "'''',.." <he"""">td of i ,. 1roo1 ......_.rI'f'<td."lI ."'If ..
2 .71.



0; ......... I'I'J' I I

RF lines sveraglng Subtrsctlon procedure

..,._ ..._1 ~"~ .,- ..\11-
_ I

~ ,~ --i 't
' .... I I... .... .z -:> - :> 1-')--:> ....~_".t. A

~"~
.... ,....-It' I I.......J ..,.... ....~-

•• n ._ <II..
--
11w"'. ..",um <101"",••1 lo<l,y "_ In . ron..n'''nol
I"IhN Dt>ppl<, ')"1_ I, d Iho __~ ranll"'_

'O'Io<ity _"ionpWfl by _Ion0_."•.£..row
Thii 1Io p<a<rino. , , _ '" Ii ......... """"

10_ bo __ -... __ bo pIroo;M
.......... IJ'" _...w .-I' i. pou'bl< ,,, <»on:nm. th i. l!lnil.,;on l>y do"blinK
,I", I'IlF. U"'..-by do"bhnM ,.... "_ . In ,Ii;" co.... • "alion ...... com_ ;, "'P"fUrIi"J't'r<! "" ,"" """"'
_~bo ",.__ .....-,n.._.
_;,.....,. I I 1t_ ~dDwo ... ....
.._- ~ ln __ pl._ln
__ ...... II io ...., """""* to""" , probIom 01 oli.

o.;nMby "''''M• lowot ul,""","1o; froqu. rq I", or by
1"".....11IlI Ih• • nglo boo.....n ,ho II.... vo<'''' .nd ,110
uln --"'- bo. ..._

In -.. -.... -.. rho " = ' Ion_.
,,;quo - --"w'=i1 '" 1lF hicboo_ itin bo ...-.... _ -. As rhio

....._ ,... obor1 ~ .......... II .. ....,. «>m .

1"',,1>1< ,,;,b B-modo 1 1l'~ .nd ho. ,I>orofono~
mo... ""d ""n. dovt'l" 1o, <olo" ' _w <ll'<l [lnppl..

~-

lb. pul"'" llnwI<' .t~''''' ;,. . .....,1....1)' blind ~1<m
..hlo;li no«!I 'ho ""lllH'" of . n m.- ,.. ,ho loc.,ioo of

.....pIew "*"",",, ...., _ .. h<u1 _ .. ..

quito ...y '0 lI"nonIlO ' /lo pW>. 6 __ Oopplet dovi«

boood On .le<tronl< hn.a, ", pho"'" ' ''''1'' 'ran"'_" "
rommon............... --..0.. .... bo_"I'ft-"IoIy.. ",..

l<voIof'''''~_''''''''''''''''''''11w_fardo...........-.-- - .....--","_e,_,' ',_ -.... "o'Otoo<loy_

u........... Of "'ch P!Ik iI .. ..,.- '0 II-

modo II"" . 00 ll<>pp.... Ii_ k qui>llion. In~ '" hO¥<
bo ,h Informobon. l" parall. l. In ""'" of ..... COoel iI 1oJ»<f.
..- '" _lo ll_modI' into&<> and IInppleo- otqulol•

-....--_af_ ""__IIo"'"_af--. .... 11-_ '" "'-_ rho
lIoopplrt k I , _ io Otond-

11w mean for .."""'" ,he _....,.

'!"l"'" " ,"" rli.~ 01 . full mop of ho'" . rrue'''.... on<!
Mood I.... in ..... ,im• . C<lI<>ur fl... ....ppinM 'U M I

0f'I""" .."......." . mojor """ _ IUd thor. ""'.IlooI<oIIy.
In Cf'4. -.ry .....' lloo. 10 _ .....
....."', d~_lIoroft of .........,
d...,..-d In --. ill _ ... _ af _
......-- 11w -..,. ....... '" 0 II.
........ ""-= "'" d lro<1ion of ,"" Row .. <vd<d in ,
. 00 ,Ii. ' mp,",ud< of rho m ....lry ill <vd<d u rolo", In«n.
oily, Ti';N<.oIly, ...... _ ;, y .... lor 'ho dl.payof_
'_'horr--.._o _ _ ""_...,.r.­
~~

A _ _ • I I · "' _ .. ....
puh<d ...... DoppIoo- -. ,,_ -..wed ..

dmdod "'''' ..... _roo and _ Itt" ..n....lion .. ..-

fo, • ..,h ronR<. """'" "" o lim lll'<l numbo<oI " f lin T1Ion
,be ""'. ........ hno I. ",."....j '00 tho _ po>< n



L l'ourc.IOl"' 01,

. pply .~.in. AI,.. ,II< comp"" ""onnin~ of ,h. ""'0 '"
InoefOSl, 0 co lout i""'ll' of ....Iodl)' i. dL'l~'J"'d.

In CFM 'y<"m< bas<d on p...... ,hift ..,imaoon. 'h.
,<coi_ ~a1 from the tran><!"".. is mulliplied by ,h.
omint'<! ftoqu.ney, low po.. fil,.red and ,h.n oon""'<'<! ro
• d igi'a1 .Ignol. Th. ".'ioo.T)' ""1>0<> .,,, ",m""" by.
d.l.y lin. <. nuH., numttical fil, ,,,. TIl "'11)' ofllJood
n"" c.n b<d«ermin<d from Ill. d<'ivali ofth. ph... of

the rocej....,..j 'illM!, In roo" <.... «timahon of til< blood
....I""il)' is ba><d on . u' o<o""lolloo. 11 i. al", """iDI. ro
dot"", ,h. m• • n [)opp,", f""lu,ney from ,h. _ ...­
den.l,y ,,,",,,,,,m. bu' il i. ,.... ,im. «m.umln~ ftu opptico­
1100 in CFM.

In CVI . y<t. m. u.ing tim• •bift ..limation, the lra",mit·
to, <milS 0 ,oon dUII 'ion pul... and . ,i"", gain ro ntrol
. mpl i ~.. adju", ,II< 1"",,1of ,II< "". _ "I!fl!Ii, Am.,d-..d
fij, . t is usod fo, ""Is< ooduc''''n. ond ''''0 'h. RP ..n\pii"~
I. ""n., and " 0' ..na T)' <coo con_I"ll i. p«fonn<dby . ub·
"""ogron"",uli.. 1i n... Pinol'y, ''''' ..I""il\' i. determin<d
by cro..·correlotion..limohon. Th. acIvantllg<of lim• •hIh
..,Imatloo is ,hOI i,.-...d, fow "-Ke=i.-. RF lin.. lin 'hl'<'T)'
....IV OWO) lot " 10<11)' nIU<.",m.n,. ond 1lI0, 'h. .."", liP
<I~",,' con b< llS<d for both Ii·mod• • nd Doppler 'm.~

New de'A'lopmenl

_.Doppl<.lmogID3 fDPI)

Amo", t<e<nt approoch to .-.Iocil\' mappin8 w... ba><'d on
the di.ploy of "'" . ....1J!l' b""butt.red by movln,g "",c­
'''T<>. In" .0<1 of . mptitud. ond dl"""lon of t........o<:I,y
oeclO', "\Wo d.ff....n' 'Y"'''''' h.... _n d<v<10per!'

_ Dopp",' imagi ng (DPII of blood n"" .-.locil)1, Th.
' iKTIol di.plaJ"'d I, • fun<1ion of the num be, of red cell,
in the >ampl. voium., h h•• ,h. m.jo, . d....n'.8.. 01
l><inKu.....om,;,.. '0 . ]i"ing and 'u ,h. di"""ion of ~"...

IfkJw p"ljWnd OCUI. , ' 0 ,h. u1,,....,,,ic bean , CO" he

dc ,<c,ffl ). and aI;o '0 ,how ">0'" .." . iti' i ly foc I""
vcloc".... 'h.n con.-.nhonol rolou, coded Dopp,",
' y<l<m.. TIl. pli ncipl. is 10 det.rm'''' 'hn en . rgy of ,I><
Dopp,", .iKTIal bacbtatt.red by ,II< red rei), by u.ing .

high PO" ~I,..-. whkh .Ii"'.n.... <c1>o<> from ".'io""')'
"","'u",," Th••nergy II. ,he""'"... a1"""" Indep"nd.",
offlow ""'"y. " d de pend' only"" .u."uat ion in'o 'h.
Ii" Tho di<advan 'ag' of PDI i, thai It 00.. "'" gi.-.
Informatioo on flow di!<'<lIan, Acombination 01coIou,
roded Dowl« and IJO"'" Doppler imaging ha:! been
!<'<.ndv developer! Icon.-. <g. n' Doppl.,) In otd<, '0
draw ad"n'.g..01both ' o<hniq..... (-""" I,Mly.•"gula'
Intlependa nce, f\ow dl!<,<,ion l·

• Dopple' '....... lmogl'lll 'n which only low voIocitl.. ro , ·
.....pond."g willi I"" l""Iu,"'-1' .nd high.n.rgy Doppl<,
'ignal, are del""t<d by low pa.. fiI..ling Thi, '«hn;qu.
i, "",fulln <ardiolo8Y for til< "udy of til< dyn.mic. of
<aIdi"" ,,'"cto ....

Pandl<lolp p_lng

A 0'10;0' limitation of the rolou! now mappi"ll ICFM)

' )'8..m i. ;.. low fram. ,ar. which c. n '"ad '0. "rubt> ­
"'ul'k elf"", .nd ' 0 ....'" liml..,I"". ko, 'h. dl.play of
"o,,-<Jon' ffow w; oclry thang<>. o<voIopm.nl of poron.1
. ignall'fOC""ing of adjacent lin• • of '''Ploration is • way
of inc...'in8 tho !ram< 'a1. and fo, lmpro..-in8 tbe ' Wlal ' 0
ooi", ,atio. Anolh« . ppro""h is III. , im"I'.n"",• • <qui';­
';un of da ,. frum _tal lr.o""I,, '~Iv;nK m n.. of
Ill. ,,,,,,.ch,,,..- " "y. Thl< l«h" Iqu. I, roo", difficult ' 0
apply do< to the possibl. <,o,,·till. h«we<n ,h• .-.ce-p!ion
...., a nd 101.. d.'''''lion by lotetallobe-o.

lt i, possi ble to del..-m in••mpli'ude and '"".nlation 01•
.-.locil)1 """'0' by combln'n~ 'he informa,ion oblalnt'<! by
......taI ul"....nk I><.m., Ea ch I><.m tIel. rm'n.. ,h. pro·
jecti"" of ,be """""If """'0' . Iong ,h. """ of ""plot.'i"".
With own beam, ir i, ' h.refore possible to <leI,.,.",Ine 'h.
",sultillg ...Iocll)' '«'0' in • p~n. if woo know til< angle
be""",,n th. b.om" This t«hniqu• •, imp,"m.n'abl. on
pha....s lin. .. . mll"-

Sp.cldun.cld" l

1Wo di""",siona! now ..' imatioo cou ld be baser!, in
theot)'. on Ih• •pedJ. "acl;in8 In ,,,c«s.i.-. D·mod.
Im. Rt">- A "".11 "'Ilion of ,... fi ", imoge i. rom'l..<'<!
,hroughou, o lors" .-..gIo" of ,h. fol"-'wlng imago. TII. dl>­
plac<men' of ,he 'p<dI. b<~ 'M fram.. ia de..' ­
mined by the PMition 01 'h. pe o.< In ,"" """aria",,.

..'im.'" Of oppruli maoe function {.b",lu.. sum of th.

pi..1d.ff.",,,,,. ).Th. vo!oc'l\' is th.n det.rmin<d. kn<nVin~
'he ,ime be.......n ,h. im.g...Th', met hod ",h..on lbef. ct
'hat >pe<'.I. PO'" '''' are >4able fo, mod." lron.Io,""..
llIi. ""'-lIt be ing app l'c.hl. to 0 l"'ll ' vo' i. 1\'of "," " . re"
.ncluding redcell•. II""",,,,,,,. it need, . high fr.",e .... and
. Ia'l« amoun' 01<"It"lotion,

Wrthcw",'" CPM 10 Isd'fficul, 'o ,,;. ual... <n>all ........ Md
low flow V'<!ocII!<s d uo< to .......1wan. A high 1"''' fill"
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uS«! !of « 00 .an""Uin~ ~y .".n",,,.. I I"eil!'
' ign"~ One solution to sotv< th is p",bi<m i. ,1>0 of
ult...sooiccon"",' .~en" (!Ill' bubbltsl whicll imp"'.. t~
, 1ll". '-to ·<Iu"'" r.tio . nd induce ooo-lIn.., 5<."..in~
TI>o .. ·em''''on .,.,. 'he ~.. h..bb~con1.in'" in ' he blood
01...Iativ.ly ,",on g !IK<Ind II,,","",. , ;gn.1 ~ .. tl>oo~~ .

or ,~ lIarmon,c '"'"Ring system•. By UIl,ng a w><l. _ba,><I
t...n>duce, it ,. __ibt.. '0 tran.mit pulse. at a <ent.. r.._

q"' 0<)' r. . nd to receive . ign'" """red o.f. and 2t. 'Afin '
f1.armon", rem""al ~Il., i$ , ...... u.... to .Ii mi...... a '"'Il"
amount of ""II"", ari' in~ f"" n ,t>e veosel wallo and .tu­
round inHti"u,", Ifreq""nC)' t.Jand 10 in....", tho ' at ..

"""",""n ..Iocil!'. ign. 1and d un.. . iWO" dramatiCally.

ConclusIo ns

The Doppler t""hniQue hal ber-n in eon" .nt """Julia n
, i"". i" ..r1y boWnni"H. m<Jf< ,1I.n 40 l"'. n.H" It i."....
fOOlO aod mo", I" '''Il'..... I"m ,h. mod• ." device•. th.nk>
to "'" u,", of the ..m. " ansd"",. .. ro' t",o.ml"I"~ and
receivi" Hu1trasoni• •ignal., which .re p""""se<I 10' 'I" ue
. nd flo..- im' Ili" H. nd lor t~ diSflI.y of veIocil!'w.,.fom"
• nd vtlocll!' profi .... Furt....., develop"",. " ... expe«ed
In the field< of .h",lu'e q""" ,ific.rion of ""Ine;l!' """'0',
n.... ."Iume m. .....'...,"'"t. J[} di'play 01 v"",ufa, "rue.
,u..~ "",,,,,,rement of lli<"e Ik' fu. ;oo and <r udy of
microcircul.,ion.
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