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A UTHORS ’ SUMMARY

An investigation is made of a princi ple for detecting the sense of the
velocity of a blood flow using ultrasonic Doppler meters. The 1JSD meter operates
in single—frequency continuous—si gnal conditions with combined p iezoelectric
sender/receiver. - / ~- ; “
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It is well—known to physiologists and medical men that the effect of what

has been called the n~~ative blood flow which is observed in aortic vessels may

have both a physiological and a pathological origin. In this connection , an

important metrologi cal characteristic of blood flow meters in vessels is a

sensitivity to the direction of flow, which makes it possible to reduce the

measurement error of the linear or volumetric velocity of the blood flow , and

to record the distortion—free form of the instantaneous blood velocity; i~ -’ it

assists in correctly interpreting the process of blood circulation in the cardio-

vascular system on the basis of a quantitative stud y of the blood flow .

Ref I provides a block diagram of an ultrasonic Dopp ler (USD) instrument

for the measurement of blood flow velocity, which is directionall y sensitive

and operates continuously at a single frequency. However , the proposed diagram

is applicable to USD flowmeters , in the sensors of which the transmitting and
receiving piezoelectric transducers are separated electricall y or in
co n s t r u c t i o n .

It should also be noted that techniques for combining the transducers are

available ’ . The advantages of combining sender and receiver include higher

sensitivity and simp lification of the design .

We have developed a circuit for a USD device for blood flow measurement

(see Fig 1) which operates continuously at a single frequency and is sensitiv e

to the direction of the blood flow. The circuit also makes it possible to

incorporate a combined sender—receiver unit.

‘ The signal

a 1 
= A 1 sin wt ,

where A 1 is the amplitude and u the frequency, passes from the o s c i l l a t o r  -‘

to the compensator 3, the piezoelectric transducer of the sensor 4 and the

det ector 6.

The piezo element of the sensor 3 transforms the high—frequencv ele ctri ca l

s igna l a 1 i n t o  u l t r a s o n i c  o s c i l l a t i o n s  and t r a n s m i t s  them t o  the blood flow .

The sca t t e red  s ignal  f rom the moving blood (erythrocvtes ~ . shift ed in t requencv

by the Dopp ler effect , falls on the pie~’oeIt~ctr ic sensor 4, which combines the

functions of emitter of the ultrasonic waves and receiver of the scattered

signal , and is transformed into an e l e c t r i c a l  signal

a., A., sin(wt oa t )
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wli’.’ I c  I s t he f r e q u e n cy  o I the Doppler si gn4t 1 , p r o po r t i o n a l  to  the v e l o c i t y

o t movement ot  t 1w blood ; the posit i ye sign i n d I ca t e s  that the blood moves

.a r~ 1 ‘~ , i~iJ t h e  nega t  i ye sign away I rom , t h~ cmi L t er

The s i g u i l  .i , passes , as does , to  the compensator 3 and de tec to r  6.

1~~I~ blood t low vi ’ toe it v met i’ts , A 1 ~ A

L u ot  di ’ r o si  nip I i v h’.~ ca ten  La t ions i t  may he assumed that a l l  eryt hr o—

V t  ~ s move w i t  Ii ide ’nI i c a l  Vt ’ I oc it V

For ope r a t  ion o t t he p Ic :o— r ansforuw r under l i n e a r  cond i t  ions the

oc ci , i i c  uce o t  t hi’ w~’ s i gnat s in  t he sv st em may he exp re $ sed in  terms of a beat
•1 ‘)

11, 11, ‘-

• .1 , — .•\

~~ 

sin ~ t + .\ , siu( ,t

— S I I I  .‘t A 4 A cOS 0 1 ) + ‘.-os ~ t A , si n( ~ o I ‘1 . (I ‘1
I . ‘.1 d

I t 115 pIll

I • A 
• 

cos  
~

t — V t  t ‘~ ‘.
.
‘.~~~ ~ t I ‘I ,

I .‘ ~

~ ‘~ ‘t  ~ 1
t
~ 

— V t t ~ s i n  ~~~~

h. ’~~ i ’~l~ %a I i Oil  I ‘I W t  1 1 .i~~ ~ illfli ’ I 1 i ’  t Oifl l

— 
~~~~~ t j ~~~

if l  I •o s  ~. t t ’I • ci ’s ot S i f l  i. t t ’l) — Vt t~ sin[~It • .

I i~il1 i,~~lI.l • ‘~~ ~ ~ _‘ \

V t  - / A 1 (i • :~ ‘.
-
~~~~~

~~~
‘

—

I + -
. 

co~~ 0
A ‘.1

I~,v~ rt t i i ’ .~ t o  t h i ’ ~~\~‘ I ’ . 5 s  i on  t o t  I hi’ t f l t i’ f l S %  I v  o t  t h e  beat s t fl it follows that —
‘.0

• ~~
-
~

‘ 

‘ . os sin[is~t + i~ t t )) . 

— —_ _ _ _ _ _ _  - - — 
L~~~~ ~~~



—

In order to obtain a signal at the frequency Wd 
it is necessary to detect

the in tens i ty  of the beats. For the conditions w 
~ 

LAI
d 

and A
1 ~ A2 we can

disregard the phase angle p (t) in equation (4) so far as amplitude detection

is concerned .

At the output  o f the square—law diode detector 6 we obtain

U
1 

— U1 
COS W

dt

whe re U 1 — kA 2 , k being the transmission coe f f i c i en t  of the detector .

The signal a
3 A3 

sin(wt + iT) is passed from the oscil lator 2 to the phase

transformer I and the compensator 3.

Thus, the following signals reach the input of the square—law detector 5:

a A
3 
sin(ut + ¶12) from the phase—transforme r I , a 2 = A2 sin (wt ± wd

t) and

a; — A sin wt (uncompensated a 1 ) from the compensator 3. These signals may be

represented in beat form . By using the conditions that A3 ~~
‘ A ~ A2 and

o 
~~ 

Wd , 
and by making appropriate t r igonometr ic  t ransformat ions , we obta in :

b2(t) 
= a + a

2 
+ a = A 3[I + . cos(ud t ~ 

-
~~ 

— sin ot + A sin ot (5)

The first component in equation (5) includes information about the Doppler

signal , from the beating of the two signals a; and a
2 , 

whereas the second

c omponent a arises from non—compensation of the signal a
1 

in the compen-

sator 3. Its effect may be eliminated by selecting an appropriate bias for the

detector 5, so that on the output load of the latter we obtain a signal

u2 
U2 cos(wd

t ~ 900 — 900)

where minus (before 90°)appears for +
~d

t and plus appears for _O
d
t
~ 

The sig-

nals u 1 and u2 pass via low—frequency amplifiers 7 and 8 to the Schmitt

triggers 9 and 10 and subsequently to the balanced phase—detector 11 , the

output voltage of which is

‘L
f 

= 2k
1U(I

cos ~~ — ~sin

where kf is the transformation coefficient of the detector , U is the ampli—

tude of the signals arriving from the triggers and ~ is the phase difference
— of the signals fed to the detector II.
p.,
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• at  t he’ out pu t  et  the phase— detec t  or there appears a vo l t ag e
— — ‘k I ’ I or •~ and U — 2k U fo r —o I

t i  I t .  I d

ltv n W . I U S  0 t I he’ Si’ v o l t  ages he gate’ e l i - c  ‘.ti t s 12 and I I may be cont rolled

I Iii ippropr I ate signal passed t o  the’ f r equency  meters  14 and I S ; t he  ou tpu t

v~’ it a c t  e t  •~~iii ot t h e s e’ w i l l  (lien be p r o p o r t ion a l  t o  the v e l o c i t y  of mo t ion  of

~i~- ts leod t l  ow in  ~‘~ie d i r e c t  ton • and that of the other t o  the  v e l o c i t y  of mot ion

o t t h’. t low i n  the’ opposite’ direc t ion .

Fli t ’ t cohn i c al  ~la t a I or the  hi ood flow meter  are as fo l lows : cmi ss ion
I r i ’q u o l lo v  ‘ ~(s MH~ , emi ss ion intt’nsi tv not exceeding 0 .06 W/ cm~ , range’ of measured

vi - I o~
- i o  s — I ‘i~ ~~~~~ • i t  I cc I i ye error not exceed ing  .

I i  ~ ~ sh ovs  i x.%mp i es ot  recordings , toge t her with electrocardiograms . ot

he me ,is i t re ’.t vi’! oc it \ ot t h e  b lood t low in the ascending aor ta of a dog,  wh i ch

~~.I - ’ •‘I’i uned isv means 1’t an n i t  r a sonic  Dopp ler ~‘i’locitv meter (a) with out

d II 0~~ I I  , ‘n .l I s~ -p .ltat ton an~1 l,~ wit Ii direct iona I separat ion . The princi p le of

i i  cc i • ‘oa  I s i p I I . I t  I on rla\ - be’ u se~l in 11SD probes for s t u d i e s  of t he’ hear t  • foe’tus
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