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I. Introduction

In medical applicat ion, ultrasound is extensively used as a diagnost ic too l. There is a
wide range of medical instruments which arc used in this field from simple fetal phones
to very sophisticated imaging systems. The main advantage of ultrasound when applied
to diagnostic is that it is non-invas ive. In Cardiology, the ultrasonic Doppler detector is
a very useful instrument to monitor blood flow, this detec tor measures the blood
veloc ity in veins and arteries. Th ese measurements provide information about the
presence of stenosis and obstruction in arteries. Stenosis is a disease that affects blood
110w velocity and pressure producing turbulence, due to this the velocity profile changes
modifying the frequency spectrum of the signal, these changes detennine the stenos is
level.

Blood 110w velocity in arteries is period ic in time but its frequency spectrum varies
during each cardiac cycle, therefore a blood flow Doppler signal is considered a cycle­
stationary stochastic Gaussian signal and in short segments (2-20 ms) is cons idered a
quas i-sta tionary signal. Th is signal is commonly analFed using con ventional methods
such as the fast Fourier transform and also using spectral estimation parametric methods
to obtain a better resolution.

In this paper the design and construction of a Continuous Wave ((W) blood fl ow
detector probe is presen ted. Thi s device determines the blood veloc ity, and detects flow
disturbance by measuring the Doppler frequency shin of an ultrasound beam scenercd
from the blood 110w, using quadrature phase demodulation, This probe is compact, and
includes I.Q quadrature blood flow signal as an output . Total circuit is integrated in 1.5
x 9 em printed circuit board. This device can operate within 4 to 10 MHz range.
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2. Blood Flo,", Deteeter Probe

The simplest blood fl ow Doppler detector probe is the one described by Sotomura [ I ].
At present this kind of probes are more compact and effici ent, they are used as
diagnostic tools in cardiovascular diseases more often.
The ba....ic clements that build the probe are shown in figure I. This probe is a Continuos
Wave (CW) device with coherent demodulation to obtain the blood flow Doppler I (In
phase] and Q (in Q uadrature) signals.
It is worth to mention that the blood flow Doppler signal is actually formed by two
components which are the direct and inverse flow. Therefore it is necessary to have two
signals in quadrature lout and Qout 10 be ab le to divide the flow direction. th is is
ach ieved using signal d ig ital processing in the frequency domain 18].
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Fig,,,v I. Schematic dia~ram or the blood flow dct«:lOr probe.

The transm itte r prod uces an ultrasonic s ignal that can be defined by the fo llowing
expression:

( I)

where 0\, " 211:(" = angular frequency. and f" = operation frequenc y of the ultrasonic
transd ucer.

Considering that the ultrasonic signal rece ived SO), it is formed by the carrier and the
two resultant blood flow signals (forward and reverse), it is possible to express it as :

where A , fJJ, y. ¢ are the amplitude, an gular frequency and phase of each signal,
respectively. 0, f y , are the carrier, the forward flow signal, and the reverse flow signal.
respective ly .
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With the aim of preserving the real and imaginary components of the Doppler signal.
the signal S(J)is demodulated in quadrature .

Th is demodulation consists in mu ltiplying by a signal of the same freq uency from the
transmitter COSfl.l:,l and its signal in quadrature sin att.

1(/ ) : S (t)cos(w.,I)

(3)

J J
1ft ) : "]~/CQ!j ( '0 I +cvs( ] W" I +~" J) +"] Al l ro.f ( W" I +'1 J+cos( ]w,,' + Wfl + f} f J)

J
+"] A, lcos( W,f - ;, ) +cost ]Olo' +w,t +',IJ

(4)

filtering high frequency and eliminat ing the d.c. componen t.. we obtain :

1f t )' : ; AjCOS(alj t +'f )+ ;A,COS(W,I - ; , )

simi lar ly the signal in quadrature is obtained,

Q( I ) : S( t ) sf'n ( alol )

then

(l )

(6)

(7)

3. Description

lout : 1(1 )'

(}out : Q(t )'

is the 1/1 phase signal and

is the signal in quadrature.

In this sec tion a brief description of each one of the elements o f the probe is given.

3.1TRANSDUCER

The transducer used in the design of this probe as it is shown in figure 2. it was
constructed using two piezoelec tric discs PZT-5 with D form, one working as a
transmitter and the other as a receiver. The frequency range depends on the applicat ion ,
for example for fetal phones 2 MUz, for blood flow detection in veins and arteries 4-5
Mllz and for detection of blood flow in superficial veins 8-10 Mllz.
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Figl<n 1, Ultr." onic Tran,.J,.w

3.2 0 SCI LATOR-TRANSMITTER

In this stage an ultrasonic continuous wa ve at the operat ion frequency is generated (4 ,5 ,
8 or 10 Mllz). Also in this stage Ihe signals in quadrature em(W,I) and Sin (w,,1 ) at the
same operation frequen cy of the transducer are generated. Figure 3 shows a schemat ic
d iagram of the circuit, ir is won h to mention that when des igni ng the transmitter il is
convenient 10 take into account some characterist ics such as power and matching
impedance and these must fulfill the security levels recommended by the American
Institute of Ultrasound in Medic ine (A lUM ) [2].

3.3 RECEIVER - DEMODULATOR IN QUADRATURE

The rec uperated Doppler s igna l is very small, therefore il is necessary an RF
amplifica tion. Figure 4 shows the schematic d iagram of this section. It consists of a RF
transformer tu ned to the operation frequency of the ultrasonic transducer, a FET
transistor used as an RF ampl ifier in cascade confi guration with two bipola r transistors
which func tion is 10 mill the received signal w ith the signal in quadrature CcA< ((~,1) and
Sen((~,1). advantage is taken of the RC components 10 lim it the frequencies forming
a low-pass fille r CUlling the high frequencies (equation 4) leaving alone the blood flow
Dopp ler s ignal. Two m iniature trimmers are included in this section 10 balance lout and
QOIlI , compensating small errors due to Ihe variation of the electronic componen ts.
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FiKr"': 4 Schemat;"; Diag, am " I' the Rcce iver·Den..,.julalor in Qu.od..lu",. Compon':fII '
markod wilh an • ,muM he: .unncd up al the ulna",n;,; lr. n..tllCC1" < f""l""rocy.

If we consider that the human blood fl ow velocity profile has a range of 20-700 mmls,
and the ultrasonic velocity in tissue is about 1540-1600 mls (2J [6J [7]. using ul trasonic
transducers within 2-10 Mllz we are able to estimate the range of the recovered blood
flow Doppler signal.

The Doppler signal is given by:
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The.. fi ltn"l and Ih~ rror", "'..~ ,bigncd and ro",tn~tcd M an inlegral = lion of a IIi­
din:etional blood no... Dowler o)'otern . 1Dl SC A·1IMA S-L'NAM IaroolfalOry .

Using M ATLAB 6.1 1001", I. 0 bjocd no", signJI. coming from the prob.: wm:
acqu ired using a PC Pentium III . udiu bo""d.Ih.,.e signa'" ",en: slUred.S WAV file•.
Figun: 6 >ltu"'" lIt..."e . ignal• .

T" ~"rif) thl: f""lu~ocy speceum uf lhI: lIC\lu ired . ilt"al. I. Q an ,pecilic >o1t", an: was
Jo:, d up<'<! 10 d;"p la ~ lhI: .pec1"llrdm of the blood no" " l!-nll a' . huwn iRlillu!l' 1.

The bloud nuw IJop plc:r ddc'Clur probe: hlIo> a !,uod ""rfunnance. ha" m8 Ihe .r;on' m,t1" r
and ro,c i"", al a >hon d ,...an,,~ from the " icz-"",""'Iric 01 ,,,, . and al", n.nlllg a good
.h icld gives In 1M prohc good ....... ib' li t~ .nd Inw no;..,. The d..il" of lhe eirellit allow•
•he rmhc 10 "l"'ml~ ",ilhin a mnge of 4 to 10 MH7 de""nding "" the dCfllh of the hlood.
flO'" detection in vein.' and oupcrfidal hlood , ..",,,cl,,. Valiob lion or ce performance of
lhe (lrohc ..... "'..,n made acquiring n:al . ignals a""",iJtM 10 the blood n"" ;n arteries,
and also proce 'lSing and di,!"l.ying the", . ignal. a' . !"""togrn...... Com~n o f Ih"""
spco;tograms ...·ilb sp«1OlP"'''''' produced with commen:ial equipmen' ha• .hown tit"
good p:rformarn:c o f the dct"octor 1'100.:.

The autltUl' ""Lnuwledl:\c the ....pport of [)(JAPA~UNA~ (PAPllT-IN I I1'I'N)
(P A!' lIT -IN I0591 MI). Cl INAC YT 1179 IJ A ) and l" YTED· RITlJ L \~A( i lASj.
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