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Description

FIELD OF THE INVENTION

[0001] This belongs to the field of ultrasound veloci-
metry.

BACKGROUND OF THE INVENTION

[0002] Monitoring a blood flow pattern in the blood ves-
sels of a subject is an important means of assessing the
health of the subject. Monitoring blood flow patterns is of
importance in maternal and fetal vessels during routine
antenatal consultation, carotid artery for stroke screen-
ing, lower extremities for Peripheral Arterial Disease
(PAD) for example. Especially in the field of obstetrics,
measurements of blood flow to the uterus and the fetus
is an important means of assessing the adequacy of
blood supply to the fetus and hence fetal health or dis-
tress.
In ultrasonic velocimetry the velocity of blood flow is
measured by the use of Doppler shift experienced by
pulsed ultrasound. For the measurement to be accurate,
ideally, the beam of ultrasound must be parallel to the
blood flow. For measuring the velocity with acceptable
accuracy the angle between the direction of flow and the
beam, called the Doppler angle, must be below a certain
threshold. This threshold is normally 60° and it
is not recommended to make measurements when the
Doppler angle is greater than this value.
[0003] Even when the Doppler angle is less than 60°,
the angle needs to be measured and the velocity esti-
mated needs be corrected for the difference between the
ideal, i.e. the beam being parallel to the flow, and the
actual Doppler angle. When blood velocity is measured
using an ultrasound imaging device, it is possible to as-
certain that the Doppler angle is within 60° and measure
the angle and correct for it.
However, ultrasound imaging devices with blood veloci-
metry are expensive and needs a trained radiologist to
operate and interpret the results. Thus there has been a
need for inexpensive systems, may be without imaging
capabilities, but able to carry out ultrasound blood veloci-
metry.
[0004] US 5,555,886 A discloses an ultrasonic diag-
nostic system that automatically measures a volumetric
flow rate of a vessel presented on a graphical display by
estimating the vessel size and direction. The Doppler in-
formation signals received from an ultrasonic transducer
include frequency components representing fluid flow
through a region of interest. The operator selects a vessel
represented graphically on the display in which a volu-
metric flow rate measurement is desired. The ultrasonic
diagnostic system then performs a search in a plurality
of directions that extend radially outward from a location
within the vessel for an upper and a lower set of edge
points that correspond to inner wall surfaces of the ves-
sel. Once the upper and lower set of edge points are

identified, curves are fitted through the respective sets
of edge points to define respective estimates of the inner
wall surfaces. Next, an angular difference between the
respective curves and a beam direction of the Doppler
information signals is measured. Finally, a volumetric
flow rate measurement of the selected vessel can be
derived within a region defined by the respective curves
and based on the measured angular difference.

SUMMARY OF THE INVENTION

[0005] One of the problems encountered in blood ve-
locimetry without imaging is determining the Doppler an-
gle.
[0006] This document discloses an ultrasound device
for measuring blood flow velocity in the blood vessels of
a subject according to claim 1. Such a device provides
a means of carrying blood velocimetry in a subject where-
in the device has no imaging function. This may provide
the advantage that such a device is more economical
than a device with imaging functionality. This may further
provide the advantage that a user who is not a highly
trained ultrasonologist may also carry out blood veloci-
metry.
[0007] Further, a non-claimed method of measuring
blood flow velocity using Doppler ultrasound is disclosed.
A method of determining a Doppler angle for Doppler
blood velocimetry in a volume of a body part of a subject,
the method comprising the steps of, a receiving step of
receiving electrical signals from a two dimensional array
of ultrasound transducers, the signals being represent-
ative of ultrasound energy reflected from the body part
of the subject, the ultrasound energy having been radi-
ated by the two dimensional array, a computation step
of computing the Doppler power in a predetermined fre-
quency band received from predetermined locations in
the volume, a generating step of generating a first three
dimensional array wherein each cell of the array contains
the Doppler power value received from a location in the
volume with a predefined relationship between the loca-
tion and the position of the cell in the array, a mapping
step of generating a second three dimensional array
wherein each cell of the second array contains a binary
bit representing whether a the value in the corresponding
cell of the first three dimensional array is above a thresh-
old or not, an identification step of identifying a group of
adjoining cells that contain the binary bit representing
values above the threshold, in each two dimensional ar-
ray forming the second three dimensional array, a calcu-
lation step of calculating the three dimensional coordi-
nates of the centroid of the area covered by each group
in each of the two dimensional arrays and an angle cal-
culation step of calculating the angle between a first line
joining two centroids nearest to each other in the two
adjacent two dimensional arrays and a second line pass-
ing through one of the two centroids, the line being par-
allel to the radiated ultrasound.
[0008] With this, the angle between the beam of ultra-
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sound and the blood vessel is known and may be used
to correct measured values of blood velocity in a known
way. This enables a method of carrying out blood veloci-
metry without the need for a device with imaging capa-
bility. It is to be understood that the method may also be
used in a device with imaging capability also to correct
the measured values of blood flow velocity, using the
Doppler angle calculated using the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other aspects will be described in
detail, by way of example, on the basis of the following
embodiments and implementations, with reference to the
accompanying drawings, wherein:

Fig. 1 is a two dimensional array of Ultrasound trans-
ducer elements;
Fig. 2 is an embodiment of the disclosed device;
Fig. 3 is a representation of the disclosed method;
Fig. 4 is a representation of an aspect of the dis-
closed method;
Fig. 5 is a representation of another aspect of the
disclosed method;
Fig. 6a is a representation of an aspect of the dis-
closed method;
Fig. 6b is a representation of an aspect of the dis-
closed method;
Fig. 6c is a representation of an aspect of the dis-
closed method; and
Fig. 6d is a representation of an aspect of the dis-
closed method;

in which, like reference numerals refer to like parts in the
different figures.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Fig. 1 shows an ultrasound transducer 100 that
is used with the disclosed device and the arrangement
of transducer elements therein. The transducer arrange-
ment consists of a plurality of transducer elements ar-
ranged in a two dimensional array. The Fig. 1 shows a
32 element transducer arranged in six rows. The rows at
the top and bottom of the array have four elements each
and there are four rows of six elements each between
them. However, this is only an exemplary arrangement
and other arrangements may also be used. It is also pos-
sible that the size of the transducer elements and their
shape may be different. A characteristic of the transducer
array is that the individual transducer elements are acti-
vated independently of one another and are not driven
to steer the beam with phase shifted signals. Such an
array as the one in Fig. 1 may be driven to produce a
collimated beam of ultrasound in a known way. During
Doppler data acquisition, the elements may be driven
either sequentially or in groups such that the acoustic
signal from one transducer does not affect the others that

are driven at the same time.
[0011] Fig. 2 shows the disclosed device 200 schemat-
ically. The elements of the transducers are driven, as
described before with reference to Fig. 1, by the driver
201.The transducers receive the reflected ultrasound en-
ergy and convert them to electrical signals. The signals
provided by the individual transducer elements are ana-
lyzed by the analyzer 203 to compute the Doppler power
at a known number of points in the sample volume and
stores them in a three dimensional array .
An angle determining unit 207 uses this three dimension-
al array to determine the angle, at each point of the sam-
ple volume from which Doppler data has been acquired,
between the ultrasound radiation at the point and the
direction of the vessel at the point. The angles thus cal-
culated are the Doppler angles at each point in the sam-
ple volume. A Doppler velocity calculator 209 uses the
Doppler data and the determined angle to determine the
velocity of blood flow at all points at which the Doppler
angle is less than 60°.
[0012] The blood flow velocities, corrected for the Dop-
pler angle are conveyed to the user suitably using the
user interface 211. It is to be understood that the user
interface itself need not be a part of the device and may
be an external unit to which the calculated velocities are
sent in a wired or wireless means for being conveyed
suitably to the user. This could for instance be a printer
or a general purpose computer or a mobile device. How-
ever, it may be more useful to have the user interface as
a part of the device itself so that the device is a stand-
alone unit that needs no interaction with other devices or
systems.
[0013] It is possible that due to the anatomy of the ves-
sels in an individual subject or the position of the trans-
ducer on the subject or both, none of the calculated Dop-
pler angles are below 60° or that at very few points in the
sample volume are the Doppler angles less than 60°.
The device may be configured to convey to the user, in
such cases, that the position of the transducer on the
subject be changed for useful measurement to be made.
[0014] A method of determining the Doppler angle dur-
ing Doppler blood velocimetry is also disclosed hereby.
This describes the method of processing the reflected
ultrasound energy pulses received and converted to elec-
trical signals by a transducer. The transducer has a
sparse array of transducer elements as described with
reference to Fig. 1 and the disclosed device above.
The received signal is processed for Doppler power. The
frequency range chosen for this is 300-2500 Hz, which
is, typically, representative of blood flow. The Doppler
data is acquired from points in the scan volume at step
lengths of 2 mm, for example, from each element of the
transducer, in a direction perpendicular to the surface of
the transducer elements. Doppler data may be acquired
at any chosen step lengths and 2 mm is normally deemed
sufficient since, usually, no vessel of interest is smaller
than 2 mm in diameter. Doppler data is acquired up to a
distance of 10 cm from the transducer or the skin surface
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of the subject or any other suitable starting and ending
point. The analyzed data is used to generate a three di-
mensional representation of flow in the scan volume.
[0015] It is to be understood that the numerical values
above are mentioned for the sake of explanation. How-
ever, it is possible to vary these values to suit a particular
application. Or that the devices are built based on this
disclosure, which have a varying values and ranges to
make the device applicable in cases in which the values
are different from those stated. For instance the frequen-
cy range may be wider to accommodate the measure-
ment of a larger blood velocity caused by a stenosis. Or
that the step lengths smaller than 2 mm - in case of infants
which may have blood vessels of a much smaller cross
sectional diameter, and so on. All such variations are
deemed to be covered under the scope of this disclosure.
[0016] For the further description, it is assumed that
the step length chosen is in fact 2 mm and that the trans-
ducer is a 32 element transducer as described before.
Further, each transducer element face is assumed to be
a square with the dimensions 10 mm by 10 mm. With
this, the flow information that results may be arranged in
a is a 3 dimensional array which has 6 rows, 6 columns
and 50 layers, except for the top and bottom rows, which
have only 4 transducer elements. Thus, the four corner
cells of each layer will have no Doppler power information
in them. Except for the said cells, each cell of this array
contains information in terms of Doppler power meas-
ured. This data is used to create a second array that is
a replica of the first array in structure but has a digital ’1’
in all those cells that have a Doppler power value greater
than a predetermined threshold and a digital ’0’ in all
those cells that have a Doppler power value less than or
equal to that threshold. The threshold is chosen such that
noise and spurious signals do not interfere with the de-
lineation of the vessels.
[0017] This three dimensional array is visualized as
the flow map in three dimensions from which the vessels
in the sample volume are delineated. That means, the
three dimensional array may be visualised as having di-
mensions in the real world matching the volume of the
subject’s body from which the reflected radiation is re-
ceived and processed. Thus each cell of the array has
the dimensions corresponding to the dimensions of the
radiating surface of the transducer elements and the dis-
tance between layers is visualised to have the step
lengths at which the Doppler power is received and proc-
essed. This visualisation of the array as having physical
dimensions is key to the disclosure.
[0018] In each layer of the array all neighbouring cells
containing a ’1’ are considered to belong to the same
vessel. This group of cells containing adjoining 1’s are
deemed to represent the cross section of a vessel in a
plane formed by each layer. Thus we get cross sections
of the vessels separated by distances of 2 mm in the
direction of the layers of the array.
[0019] Once the sections are determined, the centroid
of each of them is determined in a known way. Starting

from any layer, the nearest centroids on the two adjacent
layers are treated as belonging to the same vessel. Thus
a line joining all such centroids is deemed to be the centre
line of each of the vessels in the sample volume. Once
these vessels are thus delineated, the vessel is treated
as piecewise linear and the angle between each line join-
ing two nearest centroids and a line at each centroid per-
pendicular to the section and in the direction of the trans-
ducer may be determined in a known way. Each of these
angles so measured is the Doppler angle at that point.
[0020] The smallest angle determined, i.e., a point at
the centre of the cross section of the vessel at which the
ultrasound beam is closest to being parallel to the vessel
is extracted and the Doppler power information from the
first three dimensional array belonging to the cell closest
to the centroid is used to calculate the velocity information
using the formula: 

wherein, v denotes the velocity of blood flow in an artery
at a particular point, Fs represents the Doppler frequency
shift, c represents speed of sound in the medium, th rep-
resents the angle between the probe and the vessel and
Ft represents the frequency of the probe. This could be
seen with reference to Fig. 4 as in step 427, the initial
velocity us calculated and in step 429 the final or correct-
ed velocity is calculated.
[0021] It is possible that due to the position of the trans-
ducer on the surface of the abdomen of the subject, and
the path of the vessel relative to the transducer, none of
the Doppler angles calculated as described above has a
value less than 60°. In one variant of the method, an
information that the position of the probe needs to be
changed, since the current position is not suitable for
velocimetry with sufficient accuracy, may be conveyed
to the user, in such cases. This is shown in Fig 5. The
number of locations where the calculated angle is less
than the predetermined threshold is counted and in step
531, the number is compared with a predetermined
number. If the counted number is less than the predeter-
mined number the information may be conveyed to the
user suitably to change the position of the transducer on
the surface of the subject’s body. It is to be understood
that the word position here may mean the location on the
subject, the angle or tilt and orientation and so on. Need-
less to say, the process may be repeated till reliable val-
ues of the velocity of blood flow are determined i.e., at
least one Doppler angle value less than 60° is obtained.
[0022] In another variant of the method, the velocities
of blood flow at different points on the vessel that meet
the criteria, viz., where the Doppler angle is less than
60°, may be calculated and the attention of the user may
be suitably drawn to any large difference between them.
A large difference in velocities may be indicative of an
obstruction in the vessel or a hemorrhage.
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[0023] It is also conceivable that the Doppler data for
all the cells adjacent to the centroid are used to calculate
the velocities at each of those cells and the average of
the velocities may be obtained to determine the blood
flow velocity and then corrected for the Doppler angle.
Alternatively, the average of values stored in all the cells
adjacent to the centroid is first determined and using this
average, the velocity is determined and then corrected
for the Doppler angle.
[0024] The description hitherto is with the assumption
that the sections are obtained and the flow mapped at
the layers of the array as shown in Fig. 6a. The visuali-
sation of the array, for purposes of understanding, is
shown in 6b. It is to be understood that this is not the only
way of delineating the vessels. It is equally possible to
do it with the other two planes perpendicular to the one
shown in 6a. These are indicated in Fig. 6b and in Fig 6c
with suitable modifications in the calculations that follow.
Knowing the normal anatomy of the vessels being con-
sidered for velocimetry and the position of the probe it
may be advantageous to choose one of the three possi-
bilities. In all the three figures, the arrow indicates the
direction of insonation or radiation of the collimated beam
of ultrasound. The description hitherto has assumed that
the vessel structures are always distinct enough to de-
lineate the vessels uniquely based on the method de-
scribed. However in reality it is possible that the vessels
are twisted or cross over each other such that the vessels
when delineated based on the method described will at
some point cross over. In other words the flow is mapped
for one vessel for a certain distance (certain number of
contiguous centroids) and then a centroid belonging to
another vessel is treated as the next contiguous centroid.
Thus once the centroids are determined and the flow is
mapped, the Doppler data stored in the array are com-
pared in a known way to determine if they actually belong
to the same vessel or not. The comparison may be based
on cross correlation or any other numerical comparison
method. An alternative may be to use the Cross Teager-
Ville distribution or cross Wigner-Ville distributions, for
instance. The blood flow has characteristics that remain
substantially the same along a given blood vessel. By
comparing these characteristics at different points in the
vessel it may be confirmed that the mapping of the ves-
sels has been carried out correctly. In case this test
shows that the mapping is incorrect, by repositioning the
transducer better results could easily be obtained.
[0025] While the embodiments have been described
in detail in the drawings and description, such drawings
and description are to be considered exemplary and not
restrictive; the invention is not limited to the disclosed
embodiments.
[0026] For example, it is possible to practice the inven-
tion in an arrangement wherein there are more than one
computer memory units to store the three dimensional
arrays. Similarly, the steps of methods disclosed in dif-
ferent embodiments may be combined with advantage.
[0027] Other variations to the disclosed embodiments

can be understood and effected by those skilled in the
art, in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
elements or steps other than those mentioned, and the
indefinite article "a" or "an" does not exclude a plurality.
A single processor or other unit may fulfill the functions
of several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage.

Claims

1. An ultrasound device (200) for measuring blood flow
velocity in a blood vessel of a subject, the measure-
ment depending on reflections from a volume of a
subject’s body part of a collimated beam of ultra-
sound energy radiated by an ultrasound transducer
(100) along a beam direction into the volume of the
subject’s body part, the device comprising:

a signal input unit (203) for receiving electrical
signals representative of the reflected ultra-
sound energy received by each transducer ele-
ment (101) of the ultrasound transducer (100)
including a two dimensional array of transducer
elements;
an analyzer (205) for analyzing the signals for
generating a representation of blood flow at a
plurality of predetermined locations in the vol-
ume and calculating a first blood flow velocity at
each of the locations;
a delineating unit (207) for delineating the blood
flow in the blood vessel in the volume from the
representation of blood flow;
an angle calculating unit (209) for calculating, at
a plurality of points in the delineated blood flow,
a Doppler angle between the beam direction of
the radiated collimated beam of ultrasound en-
ergy and a direction of the blood flow, said di-
rection of the blood flow depending on the de-
lineation; and
a velocity calculator (211) for calculating a sec-
ond blood flow velocity at the plurality of points
based on the calculated first velocities at the plu-
rality of locations and the calculated Doppler an-
gle at the plurality of points for conveying the
second blood velocity to a user.

2. The device of claim 1 wherein the second blood flow
velocity at any point of the plurality of points is de-
termined only if the Doppler angle at that point is less
than a predetermined value.

3. The device of claim 1, wherein the angle calculating
unit (209) is for conveying to the user an information
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to change a position of the transducer on the subject
when the number of the Doppler angles determined
that are below the predefined value is less than a
predefined number.

Patentansprüche

1. Ultraschallvorrichtung (200) zum Messen von Blut-
flussgeschwindigkeit in einem Blutgefäß eines Sub-
jekts, wobei die Messung von Reflexionen, aus ei-
nem Volumen eines Körperteils eines Subjekts, ei-
nes kollimierten Ultraschallenergiestrahls abhängt,
der von einem Ultraschallwandler (100) entlang ei-
ner Strahlrichtung in das Volumen des Körperteils
des Subjekts ausgesendet wird, wobei die Vorrich-
tung umfasst:

eine Signaleingangseinheit (203) zum Empfan-
gen von elektrischen Signalen, die für die von
jedem Wandlerelement (101) des Ultraschall-
wandlers (100), der ein zweidimensionales Ar-
ray aus Wandlerelementen einschließt, emp-
fangene reflektierte Ultraschallenergie reprä-
sentativ sind;
einen Analysator (205) zum Analysieren der Si-
gnale, um eine Darstellung des Blutflusses an
einer Vielzahl von vorbestimmten Stellen im Vo-
lumen zu erzeugen und eine erste Blutflussge-
schwindigkeit an jeder der Stellen zu berech-
nen;
eine Abgrenzungseinheit (207) zum Abgrenzen
des Blutflusses im Blutgefäß in dem Volumen
von der Blutflussdarstellung;
eine Winkelberechnungseinheit (209) zum Be-
rechnen eines Dopplerwinkels zwischen der
Strahlrichtung des abgestrahlten kollimierten
Ultraschallenergiestrahls und einer Richtung
des Blutflusses an einer Vielzahl von Punkten
in dem abgegrenzten Blutfluss, wobei die Rich-
tung des Blutflusses von der Abgrenzung ab-
hängig ist; und
einen Geschwindigkeitsrechner (211) zum Be-
rechnen einer zweiten Blutflussgeschwindigkeit
an der Vielzahl von Punkten basierend auf den
berechneten ersten Geschwindigkeiten an der
Vielzahl von Stellen und dem berechneten
Dopplerwinkel an der Vielzahl von Punkten, um
die zweite Blutflussgeschwindigkeit an einen
Benutzer zu übermitteln.

2. Vorrichtung nach Anspruch 1, wobei die zweite Blut-
flussgeschwindigkeit an einem beliebigen Punkt aus
der Vielzahl von Punkten nur bestimmt wird, wenn
der Dopplerwinkel an diesem Punkt kleiner als ein
vorbestimmter Wert ist.

3. Vorrichtung nach Anspruch 1, wobei die Winkelbe-

rechnungseinheit (209) dazu dient, dem Benutzer
eine Information zu übermitteln, eine Position des
Wandlers auf dem Subjekt zu verändern, wenn die
Anzahl der bestimmten Dopplerwinkel, die unter
dem vordefinierten Wert liegen, kleiner als eine vor-
definierte Anzahl ist.

Revendications

1. Dispositif ultrasonore (200) pour mesurer la vitesse
d’écoulement sanguin dans un vaisseau sanguin
d’un sujet, la mesure dépendant de réflexions à partir
d’un volume d’une partie corporelle d’un sujet, d’un
faisceau collimaté d’énergie ultrasonore émise par
un transducteur ultrasonore (100) le long d’une di-
rection de faisceau dans le volume de la partie cor-
porelle du sujet, le dispositif comprenant :

une unité d’entrée de signal (203) pour recevoir
des signaux électriques représentatifs de l’éner-
gie ultrasonore réfléchie reçue par chaque élé-
ment de transducteur (101) du transducteur ul-
trasonore (100) incluant un réseau bidimension-
nel d’éléments de transducteurs ;
un système d’analyse (205) pour analyser les
signaux pour générer une représentation
d’écoulement sanguin sur une pluralité d’empla-
cements prédéterminés dans le volume et pour
calculer une première vitesse d’écoulement
sanguin sur chacun des emplacements ;
une unité de délimitation (207) pour délimiter
l’écoulement sanguin dans le vaisseau sanguin
dans le volume à partir de la représentation de
l’écoulement sanguin ;
une unité de calcul d’angle (209) pour calculer,
sur une pluralité de points dans l’écoulement
sanguin délimité, un angle Doppler entre la di-
rection de faisceau du faisceau collimaté émis
d’énergie ultrasonore et une direction de l’écou-
lement sanguin, ladite direction de l’écoulement
sanguin dépendant de la délimitation ; et
un calculateur de vitesse (211) pour calculer une
deuxième vitesse d’écoulement sanguin sur la
pluralité de points basés sur les premières vi-
tesses calculées sur la pluralité d’emplace-
ments et l’angle Doppler calculé sur la pluralité
de points pour transmettre la deuxième vitesse
du sang à un utilisateur.

2. Dispositif selon la revendication 1, dans lequel la
deuxième vitesse d’écoulement sanguin sur un point
quelconque de la pluralité de points est déterminée
uniquement si l’angle Doppler sur ce point est infé-
rieur à une valeur prédéterminée.

3. Dispositif selon la revendication 1, dans lequel l’unité
de calcul de l’angle (209) est destinée à transmettre
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à l’utilisateur une information pour changer une po-
sition du transducteur sur le sujet lorsque le nombre
d’angles Doppler déterminés qui sont inférieurs à la
valeur prédéfinie est inférieur à un nombre prédéfini.
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摘要(译)

公开了一种用于测量受试者的血管中的血流速度的超声装置，其在装置
中没有成像功能。测量取决于来自受试者身体部位的准直超声波束的反
射。表示反射的超声能量的接收电信号用于在体积中的多个预定位置处
生成血流的表示，并计算每个位置处的第一血流速度。流动的表示用于
描绘体积中血管中的血流。角度计算单元计算在每个点处描绘的血流中
的辐射准直光束的方向之间的多普勒角。速度计算器基于计算的第一速
度和该点处的计算角度计算多个点处的第二血流速度。
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