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Description

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasonic image
processing method for displaying a composite se-
quence of images of an artery segment with indication
of blood flow velocity and wall movements in function of
the cardiac cycle, comprising steps of forming, at a first
rate, a first sequence of blood flow velocity color-coded
images and forming, at a second rate, a second se-
quence of images with wall movement graphics. The in-
vention also relates to an ultrasonic diagnostic imaging
system for carrying out this method.
[0002] The invention is used in the field of medical
echographic imaging, for providing cardiovascular diag-
nostic tools for non-invasive study of anomalies of ar-
teries and notably of stenoses. A diagnostic criterion for
a stenosis is an abrupt reduction of an artery diameter.
Another criterion is the blood velocity in the stenosed
zone. Therefore, the medical field has a need for non-
invasive means for studying parameters related to arte-
rial wall motion and to blood flow velocity in order to early
diagnostic stenosed arteries.

BACKGROUND OF THE INVENTION

[0003] A method for displaying a composite sequence
of images of an artery segment with indication of color-
coded blood flow velocity and arterial wall movement
graphics in function of the cardiac cycle is already
known from the PCT patent application No WO
99/25250. This method comprises steps of forming, at
a first rate, a first sequence of blood flow velocity color-
coded images and of forming, at a second rate, a second
sequence of images with wall movement graphics and
finally of superposing the first and second sequences
by synchronizing markers of the starts of the cardiac cy-
cles, previously measured for first and second sequenc-
es separately, using an external ECG device. To this
end, the ECG measure means is to be applied to the
patient in supplement to the ultrasonic measure means.
The start and end points of the first and second se-
quences are further made to coincide by using calcula-
tion steps. Then, the composite image sequence is dis-
played.
[0004] As explained before, it is of importance that in-
dications of the actual movements of the walls be avail-
able together with the blood flow velocity in order to di-
agnose stenoses or other diseases. A technical problem
resides in the fact that processing a first set of data ap-
propriate to provide arterial wall radial velocity together
with processing a second set of data appropriate to pro-
vide either Doppler Imaging or CVI is difficult because
said first and second sets of data are actually incompat-
ible due to the respective velocities of arterial walls and
blood flow, which are in the ratio of one to about fifty. It
is the reason why the document cited as state of the art

used a system based on supplementary ECG measure-
ments in order to synchronize the first and second sets
of data.
[0005] US - A- 5 938 606 discloses the determination
of temporal markers related to the cardiac cycle for a
sequence of images with wall movement graphics. In
US - A- 5 938 606 these markers are determined as
points on a curve corresponding to the arterial wall
movement. US - A- 5 938 606 does not disclose a set
of temporal markers for a sequence of blood flow veloc-
ity color coded images.

SUMMARY OF THE INVENTION

[0006] It is a purpose of the invention to provide an
image processing method for synchronizing the two se-
quences of images that are formed from these two sets
of data.
[0007] This problem is solved by means of a method
as claimed in Claim 1.
[0008] This method offers the advantage that the syn-
chronization is performed using uniquely image
processing. This method spares the patient to suffer
supplementary ECG measure means and it spares the
operator to perform supplementary ECG measures.
This method also avoids inaccuracies that appear while
making ultrasonic measures and ECG measures coin-
cide. This method also offers the advantage that the ar-
terial wall behavior is made clearly visible together with
color-coded indications of the blood flow velocity. So,
the physician may easily diagnose stenosis or arterial
anomalies.
[0009] An ultrasonic diagnostic system having means
for carrying out the method is claimed in Claim 10, and
constitutes a tool for non-invasive diagnostic of arterial
wall anomalies.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Specific embodiments of the invention will be
described in detail hereinafter with reference to the ac-
companying diagrammatic drawings ; therein :

FIG.1 shows a simplified block diagram of an ultra-
sonic diagnostic imaging system;
FIG.2 shows a block diagram of a standard ultra-
sonic system;
FIG.3 shows a detailed block diagram of the ultra-
sonic diagnostic imaging system ;
FIG.4 shows a color-coded blood flow velocity im-
age of an artery with superimposed graphic lines
schematically representing wall movements;
FIG.5 shows a curve of a function F(n) representing
the number of colored points in a color-coded ve-
locity image in function of the instant n of said image
in a sequence;
FIG.6 shows the curve F(n) together with the deriv-
ative δ[F(n)] of said curve;
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FIG.7 shows a curve of parietal mean displace-
ments D(k) of an artery as a function of temporal
instants k.

DESCRIPTION OF THE PREFERED EMBODIMENTS

[0011] Referring to FIG. 1, an ultrasonic diagnostic
imaging system constructed in accordance to the prin-
ciples of the present invention is shown in a simplified
block diagram form. The ultrasonic diagnostic imaging
system comprises sub-systems 1, 100, 200, 300 for the
construction and display of a sequence of echographic
images of an artery, said sequence comprising color-
coded blood flow velocity images on which graphic lines
representing the arterial wall movements are superim-
posed. The constructed images of the sequence are 2-D
images. A problem solved by the further described
method and system is the construction of each se-
quence image by determining the information appropri-
ate to construct each line of said 2-D image. In the ex-
ample of embodiment that is described hereafter, the ul-
trasonic diagnostic imaging system is used as a tool for
the examination of an artery located in a medium.
[0012] The ultrasonic sub-system 1 comprises a
standard ultrasonic system 20 coupled to a probe or
scan-head 10 and provided with display means 40. The
operation of the standard ultrasonic system 20 involves
setting the probe 10 in contact with a medium 6 ob-
served for transmitting, via periodic excitations, ultra-
sonic signals to said medium in a given direction OZ and
for receiving in the same direction OZ, the echoes re-
turned by the obstacles encountered in the medium. The
probe 10 may be composed of ultrasonic transducers
that are assembled in a linear array having an orienta-
tion OY perpendicular to the OZ-axis. A respective
transmitting/receiving line corresponds to an acoustic
beam generated at a corresponding position.
[0013] Referring to FIG.2, the standard ultrasonic sys-
tem 20, which is connected to the probe 10, includes a
transmitter/receiver stage 22 for generating the excita-
tion signals applied to said probe. The probe transduc-
ers convert these signals into periodic train of ultrasonic
pulse signals supplied with a predetermined recurrent
frequency. The returned acoustic signals are received
and combined by the transmitter/receiver stage 22 to
perform beam formation. Control signals are further
supplied by the transmitter/receiver stage 22 to control
the probe 10, the pulse signals and velocity estimation
stages 110, 210 included in sub-systems 100 and 200.
[0014] In the transmission mode of the transmitter/re-
ceiver stage 22, the medium is scanned along the direc-
tions OZ of the excitation lines. In the receiving mode,
the image of each excitation line is formed, taking into
account the propagation time in the medium and the am-
plitude of the echoes returned by the obstacles encoun-
tered along the excitation line considered. In the trans-
mission mode of the transmitter/receiver stage 22, each
excitation line of the probe 10 thus provides acoustic

high-frequency signals referenced 21 which enable the
formation of a sequence of intensity images referenced
31 by way of a stage of image formation 32. The intensity
image sequence is referred to as ultrasonic grayscale
image sequence 31, which is displayed in the form of a
2-D-image whose each column, called line, contains the
information of one excitation line. So, the 2-D image
contains a predetermined number of lines representing
a segment of artery of about 28 mm.
[0015] Referring to FIG.3, the ultrasonic diagnostic
imaging system constructed in accordance to the prin-
ciples of the present invention is shown in a detailed
block diagram form. The ultrasonic diagnostic imaging
system 1 is provided with :

a first sub-system or first means 100 for providing
a first sequence 131 of color-coded blood flow ve-
locity images of an artery;
a second sub-system or second means 200 for pro-
viding a second image sequence 231 of graphic
lines representing the artery wall movements
and with a third sub-system or third means 300 for
synchronizing the images of the first and second se-
quences and providing a further third composite se-
quence of images 361 constituted of color-coded
blood flow velocity images on which graphic lines
representing the wall movements are superim-
posed.

[0016] The first, second and third means, respectively
100, 200, 300, may be programmed computer means,
which are able to carry out steps of a method described
hereafter with the same results as first, second and third
sub-systems respectively. Referring to FIG.3, the sub-
systems 100 and 200 have computation means that are
of the same kind, however applied on signals that are
different. It is also to be noted that the first sub-system
acquires a first set of data at a first rate so that this first
set of data is appropriate to be processed for providing
an image sequence of blood flow velocity (V1). The first
rate is of the order of 30 images per second for example.
Besides, the first sub-system acquires a second set of
data at a second rate so that this second set of data is
appropriate to be processed for providing an image se-
quence of wall motion velocity (V2). The second rate is
of the order of 200 images per second.
[0017] Referring to FIG.3, the first ultrasonic sub-sys-
tem 100 is coupled to the standard ultrasonic system 1
in order to permit operation thereof in a color coded ve-
locity imaging mode which enables determination of the
blood flow velocities in different parts of the segment of
artery. To that end, this first ultrasonic sub-system 100
comprises :

a blood flow estimation stage 110,
a blood flow velocity imaging stage 120
and a memory Cine-Loop 1 storing an image se-
quence 131.

3 4



EP 1 152 694 B1

4

5

10

15

20

25

30

35

40

45

50

55

[0018] Still referring to FIG. 1, for the estimation of
blood flow velocity, which velocity is longitudinal, mean-
ing parallel to the XX-axis, the scanning of the medium
by the ultrasonic probe is performed in such a manner
that the artery is scanned forming an angle with said lon-
gitudinal XX-axis. This permits of evaluating the arterial
blood flow velocity based on the evaluation of the longi-
tudinal velocity value component obtained by projection
onto the OZ-axis, taking said angle into account. The
behavior of the artery must be observed over a full car-
diac cycle. Therefore, a sequence of a total number N
of images covering a time interval that is at least equal
to a cardiac cycle must be formed, the images being pro-
duced at each instant n, and N being a number superior
to 1. So, time markers that are common to the blood flow
velocity image sequence and to the cardiac cycle must
be identified and are denoted hereafter starts of succes-
sive cardiac cycles n1, n2, n3.... Thus, the blood flow in
the artery may be observed in relation to the various
phases of the cardiac cycle.
[0019] The blood flow estimation stage 110 performs
the processing of the high-frequency signals 21 issued
by the emitter/receiver stage 22. Said high-frequency
signals 21 denoted S1(X,Z,n) are produced by the trans-
mitter/receiver stage 22 at the first rate appropriate to
the formation, as a function of the instant n, of said N
images of a blood flow velocity image sequence. The
corresponding grayscale image sequence 31 issued by
the grayscale image formation stage 32 at said first rate
is based on intensity signals denoted I1(X,Z,n). This
blood flow estimation stage 110 performs a blood flow
velocity estimation by estimating blood flow parameters
that may be estimated in any way known of those skilled
in the art. For example, these parameters may be pro-
vided by a CVI or by a Doppler embodiment.
[0020] A first imaging technique called CVI (from
Color-coded Velocity Imaging) measures blood flow ve-
locity directly by using time domain processing. CVI
tracks individual clusters of blood cells using ultrasound
to measure the distance and the time traveled. CVI is
based on the principle of signature recognition. In a time
domain correlation process, a first echo is stored in a
digital memory. The shape of signal traces the relative
position of blood cells, which is called ultrasound signa-
ture of the cluster. Some microseconds later, a second
echo signal is stored. A computing system analyzes the
two signal signatures by time shifting these two signa-
tures until they match perfectly. This time shift is directly
related to the distance the blood cells have moved, us-
ing the speed of sound in tissue. Blood-cell velocity is
obtained by dividing this measured distance by the time
between the two corresponding ultrasound pulses. It is
to be noted that CIV measures peak velocities. Correc-
tion of the cosine angle between the vessel axis and the
ultrasound beam is performed and the velocity compu-
tations are coded in shades of red and blue.
[0021] In the first embodiment based on CVI tech-
nique, the blood flow estimation stage 110 first performs

a fixed echo suppression operation for suppressing ech-
oes that are considered fixed, notably those caused by
reflection of the ultrasound waves from the arterial walls
in which the blood flow being studied occurs. The pres-
ence of said fixed echoes must be eliminated because
their amplitude is much higher, about 40 dB in the case
of arterial walls, than that of the signal useful for deter-
mining blood flow velocity, that is to say the signals
which are returned by moving clusters of blood cells.
Said blood flow estimation stage 110 further estimates
said blood flow parameters. On the basis of signal dif-
ferences between two successive excitation lines which
are successively supplied by the fixed echo suppression
operation, the blood flow velocity estimation stage 110
supplies correlation function values, and on the basis
on these values, said blood flow velocity estimation
stage 110 supplies parameters which characterize the
different flow velocities encountered along the axis of
propagation of the ultrasound wave. These parameters
are the axial components of the blood flow local mean
velocity V1(Z,X,n) at a given depth location along the OZ
axis of propagation. In the blood flow estimation stage
110, the correlation function computation is controlled
by a sequencer of the transmitter/receiver stage 22 and
is preferably performed by 1-bit correlators which offer
the advantage that the principal correlation peak ob-
tained is triangle-shaped which is suitable for linear in-
terpolation. The correlation functions or the formation of
the mean value thereof are supplied to an interpolator
which may be formed by a microprocessor or a table
that enables the reconstruction of the principal correla-
tion peak. The abscissa of said correlation peak enables
the determination of the local velocity V1(Z,X,n) at a giv-
en depth in the medium that is stored.
[0022] In the first embodiment CVI, the image forma-
tion stage 120 processes the velocity values V1(Z,X,n)
of the blood flow together with the images of the se-
quence of grayscale images 31, or intensity images I1
(X,Z,n), formed at said first rate in the image formation
stage 32 of the standard ultrasonic system 20. The ve-
locities are color-coded in different colors and in several
hues of said colors for indicating ranges of velocity and
levels of velocity in the range, and maps of the color-
coded velocities are superimposed unto respective
grayscale images so as to forming a color-coded blood
flow velocity image sequence.
[0023] A second imaging technique called Doppler is
already used in numerous ultrasonic systems to calcu-
late blood flow velocity indirectly by measuring the fre-
quency shift and the phase shift variations from the orig-
inal transmitted frequency pulse of a Doppler transduc-
er. These shifts are caused by movement of blood cell
clusters. Doppler velocity determination is based on
mean velocities Correction of the cosine angle between
the vessel axis and the ultrasound beam is performed
and the velocity computations are color-coded.
[0024] In the second embodiment based on the Dop-
pler technique, the blood flow estimation stage 110 proc-
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esses Doppler echo signals issued by stage 20 of the
ultrasonic subsystem 1, to obtain Doppler shift charac-
teristics such as frequency corresponding to velocity
and Doppler power corresponding to intensity. A Dop-
pler processor processes an ensemble of two or more
received echo sequences from a same spatial location
of the artery and determines the Doppler phase or fre-
quency shift. The Doppler processor may estimate the
Doppler shift by a fast Fourier transform (FFT) or auto-
correlation operation. Preferably the Doppler estimator
employs two-dimensional auto-correlation which per-
forms auto-correlation in both time and space and pro-
duce precise, highly resolved Doppler shift estimates.
The Doppler estimator operates using a wall filter that
removes low frequency tissue signal components from
the echo signals to process and display only blood flow
information. The operation of the wall filter is performed
by a pass-band providing a cutoff frequency or velocity
for example in the range of 50 Hz to 500 Hz, above which
the Doppler frequencies generally correspond to blood
flow velocities. For color flow imaging, the wall filter is
employed to eliminate signals below this blood flow sig-
nal pass-band. The echoes returning from tissue would
generally be found in the lower frequency pass-band be-
low the 50-500 Hz cutoff.
[0025] In the Doppler embodiment, the blood flow ve-
locity imaging stage 120 processes the segmented
blood flow signals, which may include scan conversion
to the desired image format, if needed. Said signals are
color mapped to a range of color values. The color map
of Doppler signals may then be overlaid on the gray-
scale map provided by stage 32 of the ultrasonic sub-
system 1 using a video processor.
[0026] For the CVI embodiment as for the Doppler
embodiment, the colors indicating the velocities, are su-
perposed on the grayscale images of intensity 31 thus
forming a color-coded blood flow velocity sequence of
images referred to as 131. This color-coded blood flow
velocity sequence 131 is further stored in a memory 130
labeled Cine-Loop-1.
[0027] Referring to FIG.3 and FIG.5, the second ul-
trasonic sub-system 200 is coupled to the standard ul-
trasonic system 1 in order to permit of operating in a
graphic mode which enables determination of the arte-
rial wall velocity perpendicular to the direction of the
blood flow at instants during a cardiac cycle, while the
pulsating wave propagates within the artery considered
as a wave-guide, and which enables construction of
graphics reproducing the movements of said arterial
walls for comfortable observation of their behavior. The
second echographic subsystem 200 is implemented es-
pecially for compliance with the range of parietal dis-
placements. The artery segment of the medium 6 stud-
ied is scanned two-dimensionally, as quickly as possi-
ble, and the temporal correlation operation 230 is per-
formed one image after the other in the sequence of N
images. The maximum parietal velocity is of the order
of 10 mm/s. Consequently, an image period must be of

the order of = 7.5 ms. The number of excitation lines per
image may be, for example x = 68 or x = 112, with a
scanning step (distance between excitation lines) of 0.5
mm or 0.25 mm, which enables visualization of an arte-
rial segment of 28 mm. The delay between the signals
corresponding to each excitation line of the image may
be adjusted by increasing or decreasing the number of
excitation lines and the distance between the excitation
lines. A memory may preferably be available at the input
of the wall velocity estimation stage 210 for providing
the necessary delay between two correlated signals.
[0028] This second ultrasonic sub-system 200 in-
cludes processing stages that execute steps of forming
a sequence of images representing an artery segment
and of computing the pattern of graphic lines DP1, DP2
reproducing the movements of the internal parietal
boundaries 3a, 3b of said artery segment scanned by
the probe 10 in the medium 6, at each scanned point of
the parietal boundaries and at given instants n of a car-
diac cycle, in conformity with a predetermined spatial
amplification scale. These graphic lines fulfil the pur-
pose of enabling the diagnosis of parietal lesions 9,
based on the shape and amplitude of the parietal dis-
placements with respect to the normal.
[0029] So, this second sub-system 200 comprises :

a wall motion estimation stage 210,
a wall motion graphic imaging stage 220
and a memory denoted Cine-Loop 2 storing an im-
age sequence 231.

[0030] Still referring to FIG. 1, now for the estimation
of the velocity of the arterial walls, which velocity is ra-
dial, the scanning of the medium by the echographic
probe 10 is performed in such a manner that the artery
is scanned longitudinally in the direction of its longitudi-
nal X'X axis and that the excitation lines are considered
orthogonal to the X'X axis in order to produce longitudi-
nal cross-sectional intensity images of the artery, ena-
bling the visualization of the front wall 2a and the rear
wall 2b. The images provided by the excitation lines of
direction OZ are the columns of each 2-D image that are
formed by that method. The wall motion estimation
stage 210 performs the processing of high-frequency
signals 21 - denoted S2(x,z,k) issued by the emitter/re-
ceiver stage 22 at the second rate compatible with the
determination of the wall movement velocity. Here, k is
the instant or the number of the signal in a set of signals,
which are acquired at this second rate. From this set of
signals, the ultrasonic sub-system 1 also provides a se-
quence of intensity images or grayscale image se-
quence denoted I2(x, z,k) that is formed in stage 32. Un-
der the influence of the pulsating wave, the arterial walls
2a,2b are subject to a periodic radial movement whose
amplitude and velocity must be determined. Depending
on the arterial wall state, the pressure variations induced
by the pulsating wave create either a uniform arterial di-
lation or a distorted parietal movement. The behavior of
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the artery must be observed over a full cardiac cycle.
Therefore, a sequence of a total number N of images
covering a time interval which is at least equal to a car-
diac cycle must be formed, N being a number superior
to 1. Time markers that are common to the image se-
quence and to the cardiac cycle must be identified.
These time markers are denoted start points n1, n2 of
the cardiac cycle. So, the behavior of the arterial walls
may be observed in relation to the various phases of the
cardiac cycle.
[0031] In the sub-system 200, the velocity and the am-
plitude of the displacement of the walls are first deter-
mined in a wall velocity estimation stage 210 that per-
forms a temporal correlation operation. During this tem-
poral correlation operation, the successive ultrasonic
echoes, produced by the motion of tissue structures and
generated in the transmitter-receiver stage 22 of the
standard ultrasonic system 20, are compared by way of
their correlation functions. The displacement of the tis-
sue structures from one ultrasonic emission to the next
is estimated while taking into account the displacement
of the correlation peak corresponding to the delay intro-
duced by this displacement upon reception. The corre-
lation operation of stage 210 provides velocity measure-
ments in the form of a second sequence of two-dimen-
sional velocity images denoted V2(X,Z,k). Then, in the
wall motion estimation stage 210, during an operation
called post-processing, the parietal movements are lo-
calized for determining the locations of the arterial walls
in corresponding echo amplitude images A2(X,Z,k) that
are formed by an operation of measuring the amplitudes
of echoes, and for transferring the locations of the arte-
rial walls in the arterial wall velocity images. In stage
210, during said post-processing operation, an adapta-
ble threshold is further calculated and applied to each
amplitude image 111 A2(X,Z,k) in order to produce dig-
ital amplitude images in which the transitions corre-
sponding to the internal parietal boundaries are further
smoothed by filtering. The post-processing operation of
stage 210 subsequently includes an operation of detec-
tion of internal parietal boundaries 3a, 3b. The image is
thus scanned along the excitation lines of direction OZ
in order to detect the points situated on these bounda-
ries. The post-processing operation also includes eval-
uation of parietal displacement values denoted D1 and
D2 of respectively upper and lower walls 2a, 2b. For
each line having a co-ordinate X on the X'X-axis of each
image n of the image sequence, the displacements D1
and D2 are calculated by determining instantaneous
mean velocities of said walls. The resultant wall dis-
placements are processed so as to determine the tem-
poral markers k1, k2..... of the cardiac cycle at which
said displacements are zero. This permits of determin-
ing reference positions REF1, REF2 corresponding to
the starts of the cardiac cycles derived from the parietal
boundaries extracted from the amplitude images.
[0032] Referring to FIG.3 and to FIG.5, the stage 220
of wall motion graphic imaging performs the encrusta-

tion, or graphic superposition, in each image k in the
sequence of K intensity images I2(Z,X,k) provided by the
image formation stage 32 of the sub-system 1 at said
second rate, of :

reference lines REF1, REF2 corresponding to the
starts of cardiac cycles;
graphic lines DP1, DP2 which represent the dis-
placements D1 and D2 of the points of the parietal
boundaries at each instant k, so as to simulate the
movements of the front and rear arterial walls re-
spectively.

[0033] The encrusted images referred to as 231 that
are provided by the stage of wall motion graphic imaging
220 are then stored in the memory 230 labeled Cine-
loop-2.
[0034] Referring to FIG.3, the first sub-system 100
and the second sub-system 200 are further connected
to a third sub-system 300, which has means for provid-
ing the instants of the starts of the cardiac cycles re-
ferred to as temporal markers that are accurately iden-
tified. Said third sub-system 300 has first means for pro-
viding first temporal markers denoted n1, n2, n3...in the
first sequence of N color-coded blood flow velocity im-
ages and has second means for providing second tem-
poral markers denoted k1, k2, k3...in the second se-
quence of K arterial wall motion images. To that end,
said third sub-system 300 comprises:

a first stage 310 of detection of the first temporal
markers in the first sequence of N color-coded im-
ages of blood flow velocity;
a second stage 320 of detection of the second tem-
poral markers in the second sequence of K images
incrusted with graphic lines representing the arterial
wall motion;
a third stage 330 of synchronization of the first and
second temporal markers;
a fourth stage 340 of construction of a composite
image sequence formed of a color coded blood flow
velocity image sequence with encrusted graphics
representing wall motion;
and a memory labeled Cine-Loop 3 to store said
composite image sequence denoted 361.

[0035] So, the first stage 310 comprises the determi-
nation of temporal markers relating to the sequence of
N blood flow velocity images. It is wanted to determine
at least a first temporal marker n1 and a second tempo-
ral marker n2 for this sequence, so a number of blood
flow images greater than N is constructed. To determine
the first temporal markers, the first stage 310 comprises
an operation of construction of a curve, shown in FIG.
5, whose each point is constituted by the number Pn of
colored points evaluated in each 2-D color-coded im-
age, at each corresponding instant n, of the constructed
blood flow velocity images, so as: Pn = F(n) . It is to be
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noted that the color-coded blood flow velocity image se-
quence 131, which is stored in Cine-Loop 1, is consti-
tuted from a first plan of the grayscale images 31 formed
at each instant n, upon which a second plan of the color
map of blood flow velocity values is superimposed. So,
the first stage 310 of cardiac cycle detection operates
the counting of the number Pn of the colored points that
are in each of the color maps, at each instant n. This
number Pn represents the volume of blood at said in-
stant n in the segment of artery of the color-coded im-
age. For performing the counting, each colored point
that pertains to the color map in the upper plan, is given
a value equal to 1, while each other point that pertains
uniquely to the grayscale lower plan, is given the value
zero. Then, each 2-D image is processed by scanning
the image points and adding the values found at those
image points for constructing one point of the curve F
(n) per 2-D image. In the case, for example, when the
sequence of 2-D images is formed at a rate of 15 images
per second, the curve F(n) may be constructed with
about 15 points per cardiac cycle, said cardiac cycle be-
ing of about one second.
[0036] It has been observed, according to the present
invention that the curve F(n) shows minimum points reg-
ularly spaced in function of the instants n, which mini-
mum points correspond to the start points of the cardiac
cycle. So, according to the present invention, these min-
imum points of the curve F(n) are determined in order
to provide corresponding temporal markers n1, n2, n3....
of the blood flow velocity image sequence 131.
[0037] Referring to FIG.6, a simplified representation
of the curve F(n) is shown together with a representation
of the curve of the first derivative δ(n) of the function F
(n) given by :

The evaluation of the derivative δ(n) permits of deter-
mining the minimum points n1, n2, n3,....of the curve F
(n). The curve of the derivative δ(n) crosses the value
zero each time that the function F(n) has a minimum and
each time that said function F(n) has a maximum. Only
the minimum value positions in function of n are inter-
esting in order to determine the temporal markers. So,
a positive threshold TH is designed on the curve of the
derivative δ(n), and based on said threshold, the inter-
esting zero points of the derivative δ(n) are determined
and retained as temporal markers when they start an
increasing positive part of the curve δ(n) that crosses
the threshold line TH.
[0038] Now, the second stage 320 comprises the de-
termination of temporal markers relating to the se-
quence of K wall motion images. It is wanted to deter-
mine at least a first temporal marker k1 and a second
temporal marker k2 for this sequence, so a number of
blood flow images greater than K is constructed. To de-
termine the second temporal markers, the second stage

δ(n) = F(n) - F(n-1) .

320 comprises an operation of construction of a curve,
shown in FIG.7, whose each point is constituted by the
mean dilation D(k) in each 2-D wall motion image, at
each corresponding instant k, of the constructed wall
motion image sequence 231 issued from the memory
Cine-Loop 2. The temporal markers are determined by
analysis of the temporal variations of said mean arterial
dilation along the longitudinal arterial axis XX. This
mean dilation D(k) is calculated as the difference be-
tween the displacements of the two walls 2a, 2b, inte-
grated from the co-ordinate X = 0 to the co-ordinate X
= Xmax in the longitudinal direction of the segment of ar-
tery in the 2-D image at the instant k.
[0039] Referring to FIG.7, the curve D(k) shows min-
imum values at abscissae k1 and k2, which must be
identified as starts of cardiac cycles by means of an au-
tomatic method. To this end, the minimum and maxi-
mum values MIN and MAX are detected on the curve of
Fig.7 and a function g(k) is calculated on the basis of
this detection, so as:

If [D(k) - MIN]/(MAX-MIN) > D0, then g(k) = 0
Else, g(k) = 1.

Consequently, the function g(k) validates the segments
of the curve D(k) which are below a predetermined
threshold denoted D0. On each of these segments, the
minimum values of D(k) are determined and the corre-
sponding instants k1, k2 are stored as the starts of suc-
cessive cardiac cycles.
[0040] The third stage 330 performs the synchroniza-
tion between the markers n1, n2 relating to the blood
flow velocity image sequence and the markers k1, k2
relating to the wall motion image sequence. Each wall
motion image formed at a given instant k, between k1
and k2, must moreover be synchronized with a corre-
sponding blood flow velocity image formed at a corre-
sponding instant n, between n1 and n2, such as :

k1 corresponds to n1, and k2 corresponds to n2,
k corresponds to n, with k1 ≤ k ≤ k2 and n1 ≤ n ≤ n2.

Thus, when defining a proportionality factor denoted α ,
the correspondence between the values of n and the
values of k are given by the relations :

and:

fromwhich: α=(k2-k1)/(n2-n1)and k=α(n-n1)+k1

[0041] The fourth stage 340 of composite image se-

k2 - k1 = α(n2 - n1),

k - k1 = α(n - n1)

k = [(k2 - k1) / (n2 - n1)] (n - n1) + k1
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quence formation receives this value of k that is an in-
formation referred to as data 331, which permits of syn-
chronizing the first sequence of images 131 at a first rate
stored in the memory Cine-Loop-1 and of the second
sequence of images 231 at a second rate stored in the
memory Cine-Loop-2 and of superposing these images
for providing a composite sequence denoted 361 of
color-coded blood flow velocity images having encrust-
ed wall movement graphics.
[0042] This composite image sequence 361 is subse-
quently stored in a memory labeled Cine-Loop-3. The
image sequence 361 which is stored in Cine-Loop 3 may
be formed at a third rate with respect to the first and
second sequences of Cine-Loop 1 and Cine-Loop 2 but
is formed preferably at the lower rate of the two rates of
acquisition of data, for example 30 images per second,
which is sufficient for display.
[0043] During the display of the composite sequence
361 by the display device 40, the physician can qualita-
tively and quantitatively evaluate the distortions or non-
distortions of the graphic lines simulating the displace-
ments of the arterial walls together with the blood flow
velocity which is color-coded. The physician may derive
therefrom the presence and the seriousness of stenosis,
or elasticity defects, linked to the arterial walls of the
subjacent blood flow velocity image. The visualization
of the arterial dilation in real time, together with the blood
flow velocity enables optimization of the position of the
echographic probe 10 so as to obtain a cross-sectional
plane which passes through the arterial axis parallel to
X'X.
[0044] The invention has been described in relation
to the processing of echographic signals, but can also
be applied to the processing of signals of a different
nature : electric, electromagnetic, etc.

Claims

1. An ultrasonic image processing method for display-
ing a composite sequence of images of an artery
segment with indication of blood flow velocity and
wall movements in function of the cardiac cycle,
comprising steps of :

forming, at a first rate, a first sequence (131) of
blood flow velocity color-coded images and
forming, at a second rate, a second sequence
(231) of images with wall movement graphics;
constructing said composite image sequence
(361) by determining a first set of temporal
markers (n1,n2), related to the cardiac cycle, in
the first image sequence as the minimum points
of a curve (P(n)) of the number of the colored
points per image in function of the image in-
stants, determining a second set of temporal
markers (k1,k2 related to the same cardiac cy-
cle, in the second image sequence as the min-

imum points of a curve (D(k)) of the arterial
mean dilation in function of the image instants,
and by superposing the first and second image
sequences by synchronizing the respective
markers of said two sets,
and displaying the composite image sequence.

2. An ultrasonic image processing method as claimed
in Claim 1, comprising steps of forming, at said first
rate, the first sequence (131) of blood flow velocity
color-coded images by forming a sequence (31) of
ultrasonic grayscale images and a sequence of
blood flow velocity color-coded maps (110) and
steps of superposing the color-coded maps unto the
grayscale images at each image instant (n).

3. An ultrasonic image processing method as claimed
in Claim 2, comprising steps of determining the
blood flow color-coded map using a CVI blood flow
velocity estimation technique (110).

4. An ultrasonic image processing method as claimed
in Claim 2, comprising steps of determining a blood
flow color-coded map using a Doppler blood flow
velocity estimation technique (110).

5. An ultrasonic image processing method as claimed
in one of Claims 2 to 4, comprising, for determining
said first set of temporal markers (n1,n2), steps of
counting the numbers of the colored points in the
color-coded maps in the respective sequence im-
ages at every image instants, for forming, with said
numbers, the points of the curve (P(n)) of the
number of the colored points per image in function
of the image instants and for determining the mini-
mum points of said curve (n1,n2) as temporal mark-
ers.

6. An ultrasonic image processing method as claimed
in one of Claims 1 to 5, comprising steps of calcu-
lating the first derivative of the curve (P(n)) of the
number of the colored points per image in function
of the image instants, and for determining the min-
imum points (n1,n2) of the curve (P(n)) as zero
points on increasing parts of the first derivative.

7. An ultrasonic image processing method as claimed
in one of Claims 1 to 6, comprising steps of forming,
at said second rate, the second sequence (231) of
images with wall movement graphics by forming a
sequence (31) of ultrasonic grayscale images and
a sequence of images of wall motion graphics (210)
and steps of superposing the wall motion graphics
unto the grayscale images at each image instant
(k).

8. An ultrasonic image processing method as claimed
in one of Claims 1 to 7, comprising, for determining
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said second set of temporal markers (k1 ,k2), steps
of determining, at each image instant, based on the
arterial wall position, the mean dilation (D(k)) of the
artery, for forming a curve (D(k)) of the arterial mean
dilation in function of the image instants and for de-
termining the minimum points (k1,k2) of said curve
as temporal markers (k1,k2).

9. An ultrasonic image processing method as claimed
in one of Claims 1 to 8, comprising, for synchroniz-
ing the first and second image sequences, steps of
determining the image instants (k) of the images of
the second sequence, which correspond to the im-
age instants (n) of the images of the first sequence.

10. An ultrasonic examination system having an ultra-
sonic standard system connected to a probe to ac-
quire ultrasonic data and a display system to display
a composite sequence of images of an artery seg-
ment with indication of blood flow velocity and wall
movements in function of the cardiac cycle, said ul-
trasonic examination system comprising, for carry-
ing out a method as claimed in one of Claims 1 to
9, a first sub-system for forming, at a first rate, a first
sequence (131) of blood flow velocity color-coded
images and a second sub-system for forming, at a
second rate, a second sequence (231) of images
with wall movement graphics,

and comprising a third sub-system for deter-
mining in the first image sequence a first set of tem-
poral markers (n1,n2) as the minimum points of a
curve (P(n)) of the number of the colored points per
image in function of the image instants, determining
in the second image sequence a second set of tem-
poral markers (k1,k2) as the minimum points of a
curve (D(k)) of the arterial mean dilation in function
of the image instants, and constructing said com-
posite image sequence (361) by superposing the
first and second image sequences by synchronizing
the respective markers of the first and second sets.

11. A computer program product comprising program
code for carrying out the method as claimed in one
of Claims 1 to 9 when said program is run on a com-
puter.

Patentansprüche

1. Ultraschallbildverarbeitungsverfahren zur Darstel-
lung einer Kompositbildsequenz eines Arterienseg-
ments unter Anzeige von Blutströmungsgeschwin-
digkeit und Wandbewegungen als Funktion des
Herzzykluss, das die folgenden Schritte umfasst:

Bilden einer ersten Sequenz (131) von farbco-
dierten Blutströmungsgeschwindigkeitsbildem
mit einer ersten Rate sowie Bilden einer zwei-

ten Sequenz (231) von Bildern mit Wandbewe-
gungsgrafiken mit einer zweiten Rate;
Erzeugen der genannten Kompositbildse-
quenz (361), indem in der ersten Bildsequenz
ein mit dem Herzzyklus in Beziehung stehen-
der erster Satz von Zeitmarkern (n1, n2) als Mi-
nimumpunkte einer Kurve (P(n)) aus der An-
zahl farbiger Punkte pro Bild als Funktion der
Bildzeitpunkte bestimmt wird, indem in der
zweiten Bildsequenz ein mit demselben Herz-
zyklus in Beziehung stehender zweiter Satz
von Zeitmarkern (k1, k2) als Minimumpunkte
einer Kurve (D(k)) der durchschnittlichen Arte-
riendilatation als Funktion der Bildzeitpunkte
bestimmt wird, und indem die erste und die
zweite Bildsequenz durch Synchronisierung
der jeweiligen Marker der beiden genannten
Sätze einander überlagert werden,
und Darstellen der Kompositbildsequenz.

2. Ultraschallbildverarbeitungsverfahren nach An-
spruch 1, das Schritte umfasst, um die erste Se-
quenz (131) von farbcodierten Blutströmungsge-
schwindigkeitsbildem mit der genannten ersten Ra-
te zu bilden, indem eine Sequenz (31) aus Ultra-
schall-Graustufenbildem und eine Sequenz aus
farbcodierten Blutströmungsgeschwindigkeitsab-
bildungen (110) geschaffen wird, sowie Schritte, um
die farbcodierten Abbildungen den Graustufenbil-
dern zu jedem Zeitpunkt (n) zu überlagern.

3. Ultraschallbildverarbeitungsverfahren nach An-
spruch 2, das Schritte umfasst, um die farbcodierte
Blutströmungsgeschwindigkeitsabbildung mit Hilfe
eines CVI-Verfahrens zur Blutströmungsgeschwin-
digkeitsschätzung (110) zu bestimmen.

4. Ultraschallbildverarbeitungsverfahren nach An-
spruch 2, das Schritte umfasst, um eine farbcodier-
te Blutströmungsgeschwindigkeitsabbildung mit
Hilfe eines Doppler-Verfahrens zur Blutströmungs-
geschwindigkeitsschätzung (110) zu bestimmen.

5. Ultraschallbildverarbeitungsverfahren nach einem
der Ansprüche 2 bis 4, mit Schritten, um zur Bestim-
mung eines ersten Satzes von Zeitmarkern (n1, n2)
die Anzahl der farbigen Punkte in den farbcodierten
Abbildungen in den jeweiligen Sequenzbildern in je-
dem Bildzeitpunkt zu zählen, um anhand der ge-
nannten Anzahl die Punkte auf der Kurve (P(n)) aus
der Anzahl farbiger Punkte pro Bild als Funktion der
Bildzeitpunkte zu bilden, und um die Minimumpunk-
te der genannten Kurve (n1, n2) als Zeitmarker zu
bestimmen.

6. Ultraschallbildverarbeitungsverfahren nach einem
der Ansprüche 1 bis 5, das Schritte umfasst, um die
erste Ableitung der Kurve (P(n)) aus der Anzahl far-
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biger Punkte pro Bild als Funktion der Bildzeitpunk-
te zu berechnen, und um die Minimumpunkte (n1,
n2) der Kurve (P(n)) als Nullpunkte auf den anstei-
genden Teilen der ersten Ableitung zu bestimmen.

7. Ultraschallbildverarbeitungsverfahren nach einem
der Ansprüche 1 bis 6, das Schritte umfasst, um die
zweite Sequenz (231) von Bildern mit Wandbewe-
gungsgrafiken mit der genannten zweiten Rate zu
bilden, indem eine Sequenz (31) aus Ultraschall-
Graustufenbildem und eine Sequenz aus Bildern
mit Wandbewegungsgrafiken (210) erzeugt wer-
den, sowie Schritte, um die Wandbewegungsgrafi-
ken den Graustufenbildern zu jedem Bildzeitpunkt
(k) zu überlagern.

8. Ultraschallbildverarbeitungsverfahren nach einem
der Ansprüche 1 bis 7, mit Schritten zur Bestim-
mung des genannten zweiten Satzes von Zeit-
markern (k1, k2), indem zu jedem Bildzeitpunkt ba-
sierend auf der Arterienwandposition die durch-
schnittliche Dilatation (D(k)) der Arterie bestimmt
wird, um eine Kurve (D)k)) der durchschnittlichen
Arteriendilatation als Funktion der Bildzeitpunkte zu
bestimmen, und mit Schritten zur Bestimmung der
Minimumpunkte (k1, k2) der genannten Kurve als
Zeitmarker (k1, k2).

9. Ultraschallbildverarbeitungsverfahren nach einem
der Ansprüche 1 bis 8, mit Schritten zur Synchroni-
sierung der ersten und der zweiten Bildsequenz, in-
dem die Bildzeitpunkte (k) der Bilder der zweiten
Sequenz bestimmt werden, die den Bildzeitpunkten
(n) der Bilder der ersten Sequenz entsprechen.

10. Ultraschalluntersuchungssystem mit einem stan-
dardmäßigen Ultraschallsystem, das mit einer Son-
de verbunden ist, um Ultraschalldaten zu erfassen,
und einem Anzeigesystem, um eine zusammenge-
setzte Sequenz aus Bildern eines Arterienseg-
ments anzuzeigen, bei dem Blutströmungsge-
schwindigkeit und Wandbewegungen als Funktion
des Herzzyklus angegeben werden, wobei das ge-
nannte Ultraschalluntersuchungssystem zur
Durchführung eines Verfahrens nach einem der An-
sprüche 1 bis 9 ein erstes Subsystem umfasst, um
mit einer ersten Rate eine erste Sequenz (131) von
farbcodierten Blutströmungsgeschwindigkeitsbil-
dem zu erzeugen, ein zweites Subsystem, um mit
einer zweiten Rate eine zweite Sequenz (231) von
Bildern mit Wandbewegungsgrafiken zu erzeugen,

und ein drittes Subsystem, um in der ersten
Bildsequenz einen ersten Satz von Zeitmarkern
(n1, n2) als Minimumpunkte einer Kurve (P(n)) der
Anzahl farbiger Punkte pro Bild als Funktion der
Bildzeitpunkte zu bestimmen, um in der zweiten
Bildsequenz einen zweiten Satz von Zeitmarkern
(k1, k2) als Minimumpunkte einer Kurve (D(k)) der

durchschnittlichen Arteriendilatation als Funktion
der Bildzeitpunkte zu bestimmen, und um die ge-
nannte Kompositbildsequenz (361) zu konstruie-
ren, indem die erste und die zweite Bildsequenz
durch Synchronisierung der jeweiligen Marker des
ersten und des zweiten Satzes einander überlagert
werden.

11. Computerprogrammprodukt mit Programmcode
zur Durchführung des Verfahrens nach einem der
Ansprüche 1 bis 9, wenn das Programm auf einem
Computer läuft.

Revendications

1. Procédé de traitement d'images ultrasonores pour
afficher une séquence composite d'images d'un
segment artériel avec une indication de la vitesse
de circulation sanguine et des mouvements parié-
taux en fonction du cycle cardiaque, comprenant
les étapes de :

formation, à une première cadence, d'une pre-
mière séquence (131) d'images à codage cou-
leur de vitesse de circulation sanguine et de for-
mation, à une deuxième cadence, d'une
deuxième séquence (231) d'images avec des
représentations graphiques de mouvement
pariétal ;
construction de ladite séquence d'images com-
posite (361) en déterminant un premier jeu de
marqueurs temporels (n1,n2), liés au cycle car-
diaque, dans la première séquence d'images
comme les points minimum d'une courbe (P(n))
du nombre de points colorés par image en fonc-
tion des instants d'image, en déterminant un
deuxième jeu de marqueurs temporels (k1,k2),
liés au même cycle cardiaque, dans la deuxiè-
me séquence d'images comme les points mini-
mum d'une courbe (D(k)) de la dilatation
moyenne artérielle en fonction des instants
d'image, et en superposant les première et
deuxième séquences d'images en synchroni-
sant les marqueurs respectifs desdits deux
jeux, et
affichage de la séquence d'images composite.

2. Procédé de traitement d'images ultrasonores sui-
vant la revendication 1, comprenant les étapes de
formation, à ladite première cadence, de la premiè-
re séquence (131) d'images à codage couleur de
vitesse de circulation sanguine en formant une sé-
quence (31) d'images à niveaux de gris ultrasono-
res et une séquence de cartes à codage couleur de
vitesse de circulation sanguine (110) et les étapes
de superposition des cartes à codage couleur aux
images à niveaux de gris à chaque instant d'image
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(n).

3. Procédé de traitement d'images ultrasonores sui-
vant la revendication 2, comprenant les étapes de
détermination de la carte à codage couleur de cir-
culation sanguine en utilisant une technique d'esti-
mation de vitesse de circulation sanguine par CVI.

4. Procédé de traitement d'images ultrasonores sui-
vant la revendication 2, comprenant les étapes de
détermination d'une carte à codage couleur de cir-
culation sanguine en utilisant une technique d'esti-
mation de vitesse de circulation sanguine par Dop-
pler (110).

5. Procédé de traitement d'images ultrasonores sui-
vant l'une quelconque des revendications 2 à 4,
comprenant, pour déterminer ledit premier jeu de
marqueurs temporels (n1,n2), les étapes de comp-
tage des nombres des points colorés dans les car-
tes à codage couleur dans les images respectives
de la séquence à chaque instant d'image, pour for-
mer, avec lesdits nombres, les points de la courbe
(P(n)) du nombre des points colorés par image en
fonction des instants d'image et pour déterminer les
points minimum de ladite courbe (n1,n2) comme
marqueurs temporels.

6. Procédé de traitement d'images ultrasonores sui-
vant l'une quelconque des revendications 1 à 5,
comprenant les étapes de calcul de la dérivée pre-
mière de la courbe (P(n)) du nombre des points co-
lorés par image en fonction des instants d'image, et
pour déterminer les points minimum (n1,n2) de la
courbe (P(n)) comme zéros sur des parties crois-
santes de la dérivée première.

7. Procédé de traitement d'images ultrasonores sui-
vant l'une quelconque des revendications 1 à 6,
comprenant les étapes de formation, à ladite
deuxième cadence, de la deuxième séquence (231)
d'images avec des représentations graphiques de
mouvement pariétal en formant une séquence (31)
d'images à niveaux de gris ultrasonores et une sé-
quence d'images de représentations graphiques de
mouvement pariétal (210) et les étapes de super-
position des représentations graphiques de mouve-
ment pariétal aux images à niveaux de gris à cha-
que instant d'image (k).

8. Procédé de traitement d'images ultrasonores sui-
vant l'une quelconque des revendications 1 à 7,
comprenant, pour déterminer ledit deuxième jeu de
marqueurs temporels (k1,k2), les étapes de déter-
mination, à chaque instant d'image, sur la base de
la position de paroi artérielle, de la dilatation moyen-
ne (D(k)) de l'artère, pour former une courbe (D(k))
de la dilatation moyenne artérielle en fonction des

instants d'image et pour déterminer les points mini-
mum (k1,k2) de ladite courbe comme marqueurs
temporels (k1,k2).

9. Procédé de traitement d'images ultrasonores sui-
vant l'une quelconque des revendications 1 à 8,
comprenant, pour synchroniser les première et
deuxième séquences d'images, les étapes de dé-
termination des instants d'image (k) des images de
la deuxième séquence, qui correspondent aux ins-
tants d'image (n) des images de la première sé-
quence.

10. Système d'examen à ultrasons comprenant un sys-
tème à ultrasons standard connecté à une sonde
pour acquérir des données ultrasonores et un sys-
tème d'affichage pour afficher une séquence com-
posite d'images d'un segment artériel avec une in-
dication de vitesse de circulation sanguine et de
mouvements pariétaux en fonction du cycle cardia-
que, ledit système d'examen à ultrasons compre-
nant, pour mettre en oeuvre un procédé suivant
l'une quelconque des revendications 1 à 9, un pre-
mier sous-système pour former, à une première ca-
dence, une première séquence (131) d'images à
codage couleur de vitesse de circulation sanguine
et un deuxième sous-système pour former, à une
deuxième cadence, une deuxième séquence (231)
d'images avec des représentations graphiques de
mouvement pariétal, et

comprenant un troisième sous-système pour
déterminer dans la première séquence d'images un
premier jeu de marqueurs temporels (n1,n2) com-
me les points minimum d'une courbe (P(n)) du nom-
bre de points colorés par image en fonction des ins-
tants d'image, déterminer dans la deuxième sé-
quence d'images un deuxième jeu de marqueurs
temporels (k1,k2) comme les points minimum d'une
courbe (D(k)) de la dilatation moyenne artérielle en
fonction des instants d'image, et construire ladite
séquence d'images composite (361) en superpo-
sant les première et deuxième séquences d'images
en synchronisant les marqueurs respectifs des pre-
mier et deuxième jeux.

11. Produit sous la forme d'un programme informatique
comprenant un code de programme pour mettre en
oeuvre le procédé suivant l'une quelconque des re-
vendications 1 à 9 lorsque ledit programme est exé-
cuté sur un ordinateur.
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摘要(译)

本发明涉及一种超声图像处理方法，用于显示动脉段的复合图像序列，
其具有心动周期的血流速度和壁运动的指示，包括以下步骤：以第一速
率形成第一序列（ 131）血流速度颜色编码图像，并以第二速率形成具
有壁运动图形的图像的第二序列（231）;通过在第一图像序列中确定与
心动周期相关的第一组时间标记（n1，n2）作为该数字的曲线（P
（n））的最小点，构建所述合成图像序列（361）每个图像的彩色点在
图像瞬间的作用下，在第二图像序列中确定与相同心动周期相关的第二
组时间标记（k1，k2）作为曲线的最小点（D（k） ）图像瞬间功能的动
脉平均扩张，以及通过同步所述两组的各个标记叠加第一和第二图像序
列，并显示合成图像序列。本发明还涉及执行所述方法的超声检查成像
系统。应用：超声波检查成像系统。
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