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EP 1 504 284 B1
Description

[0001] The invention relates to an ultrasound imaging system for forming an echographic image of a medium, which
system conventionally includes a set of transducer elements which operate in a transmission mode and in a reception
mode for ultrasound waves. The inhomogeneities of the speed of sound in the biological media cause phase aberrations
which degrade the quality of the images. Various techniques enabling the correction of such aberrations are known to
a person skilled in the art. One of these techniques consists in aligning, by way of intercorrelation, the signals received
by the various transducers before summing these signals so as to form the echographic signal. One of the drawbacks
ofthis technique resides in the fact thatitleads to aloss of lateral resolution, notably at the level of small coherentreflectors.
[0002] A system utilizing this technique is known, for example, from the document "Phase aberration correction using
signals from point reflectors and diffuse scatterers: Basic Principles", IEEE Transactions on Electronics, Ferroelectrics
and Frequency Control, Vol. 35(6), pp. 758-767, 1988. The system disclosed in the cited document utilizes a technique
for the correction of phase aberrations by intercorrelation of the signals received on each of the transducers. However,
this system is sensitive to small point reflectors, which are present in the emission beam but not on the axis thereof.
Actually, the signals diffused by a point reflector situated outside the axis of the beam are recorded by the transducer
elements with a global linear tilt which is preserved after a correction of the time of arrival on said elements by way of
geometrical delays. Because of the tilt of the signals, the sum of the signals received on the elements will not result in
a large amplitude response of the medium. The response of the medium at the depth considered, therefore, will not be
biased by the presence of this reflector. On the other hand, when the correlation is used, the signals emanating from
the off-axis reflector being re-aligned, the contribution of this reflector to the echographic signal will be very large.
[0003] Itis an object of the invention to provide an adaptive ultrasound imaging system, which enables correction of
the phase aberrations.

[0004] The object of the invention is achieved by means of a system in conformity with the introductory paragraph,
which is characterized in that it comprises:

- aset of transducer elements which operate in a transmission mode and in a receiving mode for ultrasound waves;

- construction means for constructing echographic signals on the basis of signals received on said transducer ele-
ments;

- display means which are coupled to said construction means in order to display an image of the medium formed by
means of the echographic signals, said construction means, including:

- determination means for determining so-called exclusion zones in which at least one coherent reflector is detected;

- first estimation means for estimating reception delays for the zones outside said exclusion zones;

- second estimation means for estimating reception delays for the exclusion zones on the basis of delays estimated
in the zones outside said exclusion zones;

- calculation means for calculating echographic signals on the basis of said estimated delays.

[0005] Thus, the system in accordance with the invention avoids an estimation of delays by correlation in the zones
in which a coherent reflector is detected. It thus enables a fine analysis of small point reflectors present in the medium.
An ultrasound imaging system, which is adaptive as a function of the nature of the imaged medium, is thus provided in
accordance with the invention. In an advantageous embodiment, the second estimation means for estimating reception
delays for the exclusion zone perform an interpolation of delays within said exclusion zone on the basis of delays
estimated by the first estimation means in the zones outside said exclusion zone. The calculation of delays within the
exclusion zone is realized specifically by means of a linear interpolation, in the direction perpendicular to the transducer
array, of delays estimated in the zones outside said exclusion zone.

[0006] The invention enables the introduction of means for improving the phase aberration corrections at the level of
small coherent reflectors into any ultrasound apparatus. Thus, the invention can be advantageously used in the field of
medical imaging and more specifically in the field of ultrasound imaging of the mammae for which the detection of small
point reflectors (microcalcifications) is very important. In one of its applications, the invention also advantageously
concerns the imaging by image superposition or spatial compound imaging; such imaging consists of the excitation of
a medium in different directions and of combining the various images so as to obtain a more complete and less noisy
image. The point reflectors are very poorly defined by this technique, because the summing of the wide peaks obtained
after correlation removes all details from the combined image. By allowing an improved response by coherent reflectors
viewed at the various beam angles, the invention enables a final image of point reflectors to be obtained with a better
spatial resolution.

[0007] The invention will be described in detail hereinafter with reference to the accompanying diagrammatic drawings,
in which:

Fig. 1 shows a diagram illustrating the reception of signals from a medium in accordance with the invention;
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Fig. 2 shows a diagram illustrating the technical problem to be solved by the invention;

Fig. 3 shows a functional diagram of a method in accordance with the invention;

Fig. 4 shows a functional diagram illustrating an example of procedures for carrying out the step for determining
exclusion zones;

Fig. 5 shows a diagram illustrating the effect of the invention;

Figs. 6a and 6b illustrate more exactly the effect of the invention in a preferred version;

Fig. 7 illustrates the effects of the invention on the amplitude of the echo of a point reflector; and

Fig. 8 is a diagrammatic representation of an ultrasound imaging system in accordance with the invention.

[0008] The following description is given to allow a person skilled in the art to carry out and utilize the invention. Various
alternatives to the preferred method will be evident to a person skilled in the art and the generic principles of the invention
as disclosed herein can also be applied to other embodiments.

[0009] Fig. 1 shows adiagram illustrating the reception of ultrasound signals in conformity with the invention. A medium
MID which is excited by ultrasound waves returns signals SIG. In order to adapt the correction of the delays to the
contents of the medium, it must first be possible to detect the presence of coherent reflectors in the medium. This first
part of the invention utilizes, for example, the technique disclosed in the previous French patent application No. 01 06747
published as WO 02/095 444 in the name of applicant in order to provide, on the basis of signals received on each of
the transducer elements, a binary image of the medium which signals the presence of coherent reflectors.

[0010] In conformity with Fig. 1, the signals are received in a conventional manner on a given number N of elements
present in an array REC of elements. Generally speaking, the same array REC serves also for transmission. Conven-
tionally, a finite number of elements of the array REC is used in the transmission mode, said elements being excited so
as to focus the wave into a beam aligned along a line. The line along which the medium is excited may extend perpen-
dicularly to the array of elements EL as shown in Fig. 1 or it may enclose an arbitrary angle relative to the same array
of elements EL. The excitation at different angles will be used, for example, for forming images by means of the so-
called compounding technique, said excitation then taking place successively in several different directions for the same
zone, the images obtained subsequently being combined.

[0011] The system and the method proposed in accordance with the invention determine a so-called exclusion zone
when a point reflector is detected by analysis of the set of signals received. The advantage of the method in accordance
with the invention is the calculation of reception delays of ultrasound waves in a first manner for the zones outside said
exclusion zone and in a second manner for the exclusion zone. For example, the delays within the exclusion zone are
calculated by utilizing the delays calculated within zones situated outside said exclusion zone. Subsequently, the method
in accordance with the invention enables the formation of an image on the basis of delays calculated in conformity with
conventional methods, which are known from the state of the art. The diffusion of the ultrasound wave by a coherent
reflector produces a reflected signal SIG, which is received by the array of elements EL. The reflected signal arrives at
each element of the array REC of elements at different instants. The signal defines in time a set of signals received S
[i], that is, S[1] to S[N] in this case, meaning as many signals as there are elements activated in the receiving mode. A
reflection at the depth DEP equal to Z produces a signal S[i] on the element i, i being included in the interval [1,N]. In
Fig. 1, N elements EL are activated for the reception. The conventional analysis, resulting in the formation of an image
on the basis of this set of signals, consists in the focusing, in the receiving mode, of the set of signals received each
time when the beam is displaced on the array of elements, after which animage is constructed on the basis of echographic
amplitudes reconstructed for each position of the beam. This operation comprises two steps: a time shift of signals
received at different instants, which phenomenon is notably due to the difference in position of the elements relative to
the reflector in the reception mode (geometrical correction), and summing of the shifted signals on the various elements
in order to reconstruct the echographic signal.

[0012] Fig. 2 illustrates the problem to be solved by the invention. The Figs. 2a and 2b diagrammatically show the
beam BEA along which the medium MID is excited. In Fig. 2a, the coherent reflector COH is centered relative to the
beam. Thus, when the geometrical correction for the times of arrival GC is applied, a corrected signal SGA is obtained
which is identical for all elements for the same depth. The summing of the signals for all receiving elements thus produces
a large value for the echographic signal. In Fig. 2b the position of the beam BEA is such that the coherent reflector COH
is situated off-center with respect to the beam BEA. Thus, when the geometrical correction GC has been performed,
the set of signals SGB will not be in phase. This is graphically translated by the fact that the signals received by the
various elements are not aligned after geometrical correction. The summing of the signals for all receiving elements
then produces a small value for the echographic signal. The appearance of the echographic signal is then as represented
by the curve WOE. In order to correct the phase aberrations due to the inhomogeneities of the speed of sound in the
medium, conventionally a correlation CORR is applied to the signals shifted by the geometrical delays. Subsequently,
the summing is performed for all elements and an echographic amplitude is obtained for the position of the beam under
study. Plotting this in a graph showing the amplitude of the echo at the depth of the point diffuser as a function of the
lateral position of the beam produces a curve of the amplitude of the echo as a function of the number of the element
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of the transducer, said curve having the appearance of the curve WCE. The weak point of such a technique is the
widening of the peak, which represents the coherent reflector, thus causing a loss at the level of the lateral resolution.
It is notably an object of the invention to eliminate this drawback of reduced lateral resolution.

[0013] Fig. 3 shows a functional diagram of a method in accordance with the invention. The aim of this method is to
form an echographic image on the basis of echographic ultrasound signals S[i] received from a medium excited by
means of ultrasound waves. The description is given for a specific version of the invention. According to this version,
the invention utilizes a ID (one-dimensional) network of transducers, but the method can also be carried out while using
1.5D, 1.75D, 2D ... transducer networks. The method in accordance with the invention includes a reception step REC
for receiving echographic ultrasound waves SJ[i] on an array of reception elements. The waves S][i] received on the array
of elements define a set of received signals S[1] ... S[N]. The instants of arrival of the received signals are corrected by
way of geometrical delays. This correction is carried out in a customary manner in the receiving mode on an array of
elements and hence will not be described in detail herein. The method in accordance with the invention processes the
data in conformity with their arrival in time; this corresponds at each instant to a depth Z. In Fig. 3 this progression in
depth is symbolized by a selection step SEL for selecting the depth Z in order to simplify the explanation of the idea of
the invention. Actually, the signals thus corresponding to a given depth Z are denoted as S[Z,1] ... S[Z,N]. The signals
SJi] are received during a given period of time and only a part of these signals S[Z,i] corresponds to the echo reflected
by a zone situated at the mean depth Z. These signals are subsequently used in a step for the construction of echographic
signals REB and are notably presented, during said step for the construction of echographic signals REB, at the start
of a determination step DET for determining the so-called exclusion zone in which a point reflector is detected by analysis
ofthe setof signals S[i] received. An exclusion zone is determined when a coherentreflector is detected. The determination
of an exclusion zone is thus based on a detection of a coherent reflector. The presence of a coherent reflector not being
obligatory in a medium, it may be that no exclusion zone at all is determined. For the purpose of the invention, the case
where a coherent reflector is detected will now be described. In the case where no coherent reflector whatsoever is
detected (for example, on a line where there is no point reflector), the method corresponds, as we have seen, to that
described above and correlation of the signals SJi] is performed on each line. For example, the determination step DET
for determining exclusion zones is carried out by means of a method as described in the French patent application No.
0106747 published as WO 02/055 444. This step thus utilizes, for example, a method as described with reference to Fig. 4.
[0014] Fig. 4 shows a functional diagram of an example of a version of the step DET for determining exclusion zones.
This example proposes the use of the signals S[Z,1] to S[Z,N] as they arrive, for the depth Z, on the elements for the
detection of the presence, if any, of a coherent reflector. This example proposes the intercorrelation of the signals S[Z,
i]. This example advantageously utilizes the signals S[1] to S[N] after they have been shifted in time by geometrical
correction, that is, after the first step of the above focusing and reception operation. The geometrical correction theoret-
ically enables the signals received to be put in phase, the wave edge being horizontal when the coherent reflector is
centered in the beam. Thus, it is easier to mark the signal portions S[Z,i] corresponding to a given depth. The signals
returned by a coherent reflector result in a correlation maximum, which is generally large between neighboring echo-
graphic signals. Said maximum is then observed even for signals emanating from reception elements which are situated
far apart. On the other hand, the maximum correlation values for signals corresponding to noisy data (speckle zone)
decrease linearly as a function of the distance of the receiving elements and ultimately are canceled. This is the Van
Cittert Zernicke theorem. The example of the method of determining an exclusion zone proposes an analysis of said
correlation maxima in order to detect a coherent reflector within a medium giving rise to noisy data. In conformity with
the proposed example, the signals S[Z,1] to S[Z,N] are thus correlated two by two within a step COR[Z,i,j], where i and
jdescribe the interval [1,N]. Said step COR[Z,i,j] provides the correlation between the signals originating from the elements
i and j for the depth Z. The values of the correlation maxima DCI[Z,i,j] are obtained for each of the correlations COR[Z,
i,jl formed between the signals received on the elements i and j. Said correlation maxima are subsequently analyzed in
a step ANA so as to detect the presence of a coherent reflector on the line. The analysis step ANA can utilize, for
example, a comparison of the correlation maximum with a threshold value. For example, when the correlation maximum
calculated for two elements i and j exceeds this value, the presence of a coherent reflector is confirmed by the correlation
step. This threshold value is determined while taking into account the Van Cittert Zemicke theorem and hence the
distance of the elements i and j. Depending on the result of this analysis step, if a coherent reflector is detected (case
Y), the zone wherefrom this information originates is provided with a label in a step LAB, after which the method analyzes
another zone which corresponds to a mean depth Z = Z+z which has been incremented in a step INC. If no coherent
reflector at all is detected (case N) in the analysis step ANA, the process directly increments the depth Z in the incre-
mentation step INC. This incrementation may be more or less large so as to probe the medium in a more or less refined
manner. The analysis is subsequently carried out at the next depth and the method can thus be applied to all depths of
a medium: an analysis of the entire line of the medium is thus obtained. The labeling step LAB thus enables differentiation
between the zones in which a coherent reflector is detected and those in which no coherent reflector at all is detected.
For example, it is thus possible to form a binary image of the medium (or of the line of the medium which is excited)
with, for example, a 0 at locations where no coherent reflector at all has been detected and a 1 where one or more
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coherent reflectors have been detected. Fig. 4 is given merely by way of example and any other method of marking a
coherent reflector within a medium can be used as well. For example, a single calculation of the correlation between
the signals on two remote transducer elements from among a given number of elements (for example, 10) may be used.
The correlation maximum is then compared, in the same way as above, with a threshold value. Any other technique for
marking a point reflector can in this case be used: analysis of the image intensity, selection of zones by the user ...
[0015] Subsequently, referring again to Fig. 3, the invention carries out two distinct steps for the calculation of reception
delays of ultrasound waves. A first step CORR calculates delays for the zones outside said exclusion zone, and a second
step INT calculates the delays for the exclusion zone. The delays obtained are used in a step CAL for the calculation of
the echographic image and a final image by means of conventional techniques for the formation of echographic images.
Finally, a display step DIS is carried out. In the diagram shown here, a test step TST enables selection of one of the
delay calculation steps for a depth Z. This step TST tests whether or not the selected depth Z bears a label BP[Z] of an
exclusion zone or region which includes a coherent reflector COH. If the zone does not belong to an exclusion zone
(case N), the delays are estimated by a first step CORR. If the zone belongs to an exclusion zone (case Y), this means
that, referring to Fig. 5 and more specifically to Fig. 6a which is an enlargement of Fig. 5, that the depth Z observed is
included in the interval (Z1; Z2] which defines the exclusion zone on the analyzed beam. The delays are then calculated
by means of a second delay estimation step INT. In this case, for the depths other than that included in the interval [Z1;
Z2], the delays have been estimated by way of the first delay estimation step CORR.

[0016] In an advantageous version of the invention, the second delay estimation step INT for estimating delays within
the exclusion zone utilizes the delays calculated within zones which are situated outside said exclusion zone. In a
preferred version, the delays within the exclusion zone are interpolations of the delays as a function of the depth. This
interpolation is preferably linear in the preferred version. Such a linear interpolation is then carried out along the dotted
lines in Fig. 6a. This example is given for an excitation perpendicular to the array of elements, but any other angle is
also feasible for the excitation of the medium. The first delay estimation step for the zones outside the exclusion zones
advantageously utilizes the correlation of signals received on the various transducer elements. This first step enables,
as has been seen before, correction of the phase aberrations, which are due to the inhomogeneities of the speed of
sound in the medium. At least the delays estimated by correlation for the two points situated at the front of the exclusion
zone IDE (that is, at the depths Z1 and Z2) serve as references for the calculation of the delays by interpolation on the
dotted line within the exclusion zone IDE. Delays calculated in the vicinity of these points may also be used for the
interpolation.

[0017] Fig. 6b shows the part of a chart of delays corresponding to the position of the beam indicated in Fig. 6a. Inside
the zone IDE the delays are interpolated linearly on the basis of delays calculated by correlation on the two straight lines
separating the zone IDE from the zone DEL in which the delays are estimated by correlation. These two lines correspond
to the depths Z1 and Z2 in conformity with the foregoing explanation. Generally speaking, the interpolation is carried
out as a function of the depth Z as will be explained hereinafter. In the preferred version of the invention, the delays D
[Z1] and D[Z2] estimated by the first step at the points situated on the excitation line at the depths Z1 and Z2 are then
used in accordance with the invention so as to realize a linear interpolation of the delays Di[Z,Z€[Z1,22]] within the
exclusion zone, that is, between the depths Z1 and Z2. Thus, in the case of a linear interpolation, for Ze[Z1,22]:

_22.0(z1]-71.D[z2] Y7 (D[z2]- D[Zl]).
Z2- 71 72-21

Di[Z]

[0018] Any other type of interpolation may also be used if the configurations of the system makes that necessary (for
example, if the delays are not linear in the configuration: angular excitation ...). The interpolation may also be realized
either in real time, that is, for each ultrasound "excitation", or once an image of the medium has been formed which
includes the exclusion zones in which the delays are subsequently interpolated.

[0019] The invention thus consists of the adaptation of the correction of delays applied to the waves reflected by the
medium and hence of the adaptation of the formation of the beam in the reception mode as a function of the analysis
of the medium. It is also to be noted that, for example, in conformity with a further version of the method first a binary
image with two (or more) dimensions is determined for the entire medium. In this binary image there is determined an
exclusion zone EXA in which the coherent reflector COH is situated. Subsequently, this binary image is used to form
the final image with the echographic data. As opposed to the version described previously, in this case the exclusion
zone as shown in the Figs. 5 and 6a is known in its entirety in the binary image.

[0020] Fig. 7 shows the result of the invention and the advantages thereof. A diagram in Fig. 7 contains the amplitude
of the echoes obtained at the level of a point reflector as a function of the number of transducer elements and hence of
the position of the emission beam on the array of elements. The curves of Fig. 7 correspond to a reflection from a point
reflector. The curve TS corresponds to the echographic response of the diffuser, the true speed of sound in the medium
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being known. In the real medium, this real speed of sound, however, is not homogeneous and phase aberrations are
introduced in the medium; this leads to a curve WS which is the result obtained with delays corrected exclusively by
geometrical correction, that is, for an assumed speed of sound. This curve does not enable suitable localization of the
coherent reflector. The use of the correlation for the formation of the image produces the curve CS. It is to be noted that
the correlation enables the amplitude to be found for the peak obtained with the true speed of sound. However, the
lateral resolution is mediocre with respect to the curve corresponding to the true speed of sound TS. The curve CVS
represents the amplitude of the echo obtained for this same coherent reflector when the invention is used. Clearly shown
is the substantial improvement of the lateral resolution with respect to the curve CS where the correlation is used for all
depths and for all positions of the beam. Actually, when the beam is centered on the element 16, corresponding to the
position of the beam in which itis centered on the coherent reflector, the delays do not suffer from the use of the correlation
and are always correct. Therefore, the peak obtained is exact. The problem imposed by the widening of the peak actually
exists only for the positions of the beam which neighbor that for which the beam is centered on the reflector. In accordance
with the invention, the values of delays in the vicinity of the point reflector are calculated on the basis of values of delays
for points situated in a zone in which, thanks to the formation of the exclusion zone, no coherent reflector whatsoever
has been detected. These delays, corresponding to zones situated far from the reflector, are not subject to the effect of
the presence of the point reflector in the beam. Therefore, the curve CVS has a well-defined peak near that corresponding
to the true speed of sound.

[0021] Fig. 8 shows diagrammatically a system in which a method in accordance with the invention is carried out. This
system includes a probe for the reception of echographic signals REC, which probe includes receiving elements EL.
Said probe REC is connected, by way of conventional means, to means REB for the construction of echographic images.
Said construction means REB can be complemented by data processing means customarily used in ultrasound imaging.
Such conventional means are simply juxtaposed with the means for the construction of echographic signals, that is,
generally without interactions with the means for the construction of echographic signals or with interactions which do
not affect the principle of the invention as explained in the following description of the means REB for the construction
of echographic signals. Such conventional means are not described herein. These conventional means advantageously
include means for shifting, by way of a geometrical correction, the signals S[1] to S[N] received by the elements EL of
the probe REC. Generally speaking, this stepis carried outin every ultrasound apparatus in order to enable the subsequent
reconstruction of the echo of the medium. In accordance with the invention, the construction means REB for echographic
signals process the data as a function of the depth Z (or, in an equivalent manner, as a function of the receiving instant).
In the diagram of Fig. 8 this data processing as a function of the value Z is performed by the selection means SEL which
enable selection of the portions of signals which correspond to given zones of the medium which have a mean depth
Z. The signals are thus characterized by the depth wherefrom they originate: S[Z,1]... S[Z,N]. The means for the con-
struction of echographic signals include determination means DET for determining an exclusion zone in which at least
one point coherent reflector is detected. Said determination means DET operate, for example, in conformity with the
method described with reference to Fig. 4 and generally utilize software means for data processing. Notably an incre-
mentation step for the depth INC enables determination of the exclusion zones through the entire depth of the medium
excited by the ultrasound beam. The determination means DET are complemented in practice by zone labeling means
LAB which assign a label BP[Z] to the zone of depth Z on the excitation line which corresponds to the echoes received.
Said zone labeling means enable test means TST to test the nature of the depth Z on the excitation line being processed.
If the label BP[Z] is such that the zone is not classified as being an exclusion zone, the delays are estimated by first
delay estimation means CORR which utilize, for example, the correlation of signals received by the adjacent elements.
These means operate according to techniques which are known from the state of the art. If the label BP[Z] is such that
the zone is classified as an exclusion zone, the delays are estimated by second delay estimation means INT which
utilize, for example, an interpolation of delays on the basis of those estimated by the first estimation means CORR in
the zones outside the exclusion zones. Finally, means CAL for calculating echographic signals utilize the delays calculated
by the two estimation means so as to obtain the echographic signals and form an image which is subsequently displayed
on conventional display means DIS. The calculations include notably the summing of the signals obtained on the trans-
ducer elements for a given position of the emission beam. Such summing is carried out by conventional means, which
are known to a person skilled in the art.

[0022] The means CAL for calculating echographic signals may operate in conformity with principles, which are known
from the state of the art. In accordance with the invention, only the estimation of delays changes, their use being the
same as in the known state of the art. The estimation means and the calculation means advantageously operate in
relation with a memory MEM which stores the intermediate results and enables the data received to be preserved for
the various depths and for the various positions of the excitation line of the medium. A user interface UIF is advantageously
connected to the means REB for the construction of echographic signals in order to control these means and their
parameterizing; for example, the modification of the threshold value in the determination means DET may be offered to
the user as well as a modification of the incrementation value of the depth, said values determining the precision of the
detection.
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[0023] The invention can provide an enhanced detection of coherent reflectors within a homogeneous medium for
which noisy signals (speckle) are obtained; in such signals it is generally difficult to detect coherent reflectors by means
of known means. Moreover, in accordance with the invention a very high lateral resolution is obtained for these point
reflectors.

[0024] The above means for carrying out the functions involved in the steps of the method in accordance with the
invention may be integrated as an additional application in a conventional ultrasound apparatus or be implemented in
an independent apparatus which is intended to be connected to a conventional ultrasound apparatus in order to carry
out the functions in accordance with the invention. There are numerous ways of realizing the functions involved in the
steps of the methods in accordance with the invention by means of software and/or hardware means which are available
to those skilled in the art. Therefore, the Figures are given merely in diagrammatic form. Consequently, even though
the Figures show different functions realized by different blocks, it is not excluded that a single software and/or hardware
means enables the implementation of several functions. This does not exclude a combination of software and/or hardware
means enabling the realization of a function.

Claims
1. An ultrasound imaging system for forming an echographic image of a medium, which system includes:

- a set of transducer elements, which operates in a transmission mode and in a receiving mode for ultrasound
waves;

- construction means for constructing echographic signals on the basis of signals received on said transducer
elements;

- display means, which are coupled to said construction means in order to display an image of the medium
formed by means of the echographic signals, characterized by said construction means including:

- determination means for determining so-called exclusion zones in which at least one point reflector is
detected;

- first estimation means for estimating aberration corrected reception delays for the zones outside said
exclusion zones;

- second estimation means for estimating reception delays for the exclusion zones on the basis of the delays
estimated in the zones outside said exclusion zones;

- calculation means for calculating echographic signals on the basis of said estimation delays.

2. Asystem as claimed in claim 1, characterized in that the second estimation means for estimating reception delays
of signals for the exclusion zone perform an interpolation of delays within said exclusion zone on the basis of delays
estimated by the first estimation means in the zones outside said exclusion zone.

3. Asystem as claimed in claim 2, characterized in that, the transducer elements operating in the transmission mode
in such a manner that the excitation of the medium is realized in the form of a beam centered on one of the elements
along a direction which is referred to as the focusing direction, the interpolation of delays within the exclusion zone
on the basis of delays estimated in the zones outside said exclusion zone is a linear interpolation according to the
depth.

4. A system as claimed in one of the claims 1 to 3, characterized in that the first estimation means for estimating
reception delays of echo signals for the zones outside said exclusion zone perform a correlation of delays in the
zones outside the exclusion zone.

5. A method of imaging a medium by means of ultrasound, which method includes the steps of:

- transmission of ultrasound energy to the medium;

- reception of ultrasound waves in response to the ultrasound energy transmitted by transducer elements;

- construction of echographic signals on the basis of signals received by said transducer elements;

- display of an image of the medium formed by means of the constructed echographic signals; characterized
by said construction step including:

- a determination step for determining a zone which is called an exclusion zone in which a point reflector
is detected;
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- a first estimation step for estimating aberration corrected reception delays for the zones outside said
exclusion zone;

- a second estimation step for estimating reception delays for the exclusion zone on the basis of the delays
estimated in the zones outside said exclusion zone;

- a calculation step for calculating echographic signals on the basis of said estimated delays.

6. A computer program product which is intended to be executed by a processor incorporated in an apparatus as

claimed in one of the claims 1 to 4, characterized in that the program product includes a set of instructions for
executing the steps of an analysis method as claimed in claim 5.

Patentanspriiche

Ultraschall-Bilderzeugungssystem zum Bilden eines echographischen Bildes eines Mediums, wobei das System
Folgendes umfasst:

- einen Satz Wandlerelemente, der in einem Sendemodus und in Empfangsmodus fur Ultraschallwellen arbeitet;
- Konstruktionsmittel zum Konstruieren von echographischen Signalen ausgehend von den an den genannten
Wandlerelementen empfangenen Signalen;

- Anzeigemittel, die mit den genannten Konstruktionsmitteln gekoppelt sind, um ein mittels der echographischen
Signale gebildetes Bild des Mediums anzuzeigen, dadurch gekennzeichnet, dass die genannten Konstruk-
tionsmittel Folgendes umfassen:

- Bestimmungsmittel zum Bestimmen so genannter Ausschlusszonen, in denen mindestens ein Punktre-
flektor erkannt wird;

- erste Schatzungsmittel zum Schéatzen der aberrationskorrigierten Empfangsverzégerungen fir die Zonen
aulierhalb der genannten Ausschlusszonen;

- zweite Schatzungsmittel zum Schatzen der Empfangsverzogerungen fir die Ausschlusszonen auf der
Grundlage der in den Zonen auRerhalb der genannten Ausschlusszonen geschatzten Verzégerungen;

- Berechnungsmittel zum Berechnen echographischer Signale ausgehend von den genannten Schatzungs-
verzdégerungen.

System nach Anspruch 1, dadurch gekennzeichnet, dass die zweiten Schatzungsmittel zum Schéatzen der Emp-
fangsverzdgerungen von Signalen fiir die Ausschlusszone eine Interpolation von Verzégerungen innerhalb der
genannten Ausschlusszone auf der Basis von Verzégerungen durchfiihren, die durch die ersten Schatzungsmittel
in den Zonen auRerhalb der genannten Ausschlusszone geschatzt wurden.

System nach Anspruch 2, dadurch gekennzeichnet, dass wenn die Wandlerelemente derart in dem Sendemodus
arbeiten, dass die Anregung des Mediums in der Form eines Strahlenbiindels realisiert wird, das auf eines der
Elemente entlang einer Richtung zentriert ist, welche als die Fokussierrichtung bezeichnet wird, die Interpolation
von Verzdgerungen innerhalb der Ausschlusszone auf der Basis von Verzdgerungen, die in den Zonen auf3erhalb
der genannten Ausschlusszone geschatzt wurden, eine lineare Interpolation in Bezug auf die Tiefe ist.

System nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass die ersten Schatzungsmittel zum
Schatzen von Empfangsverzdgerungen von Echosignalen fir die Zonen aufierhalb der genannten Ausschlusszone
eine Korrelation von Verzdgerungen in den Zonen auf3erhalb der Ausschlusszone durchflihren.

Verfahren der Bilddarstellung eines Mediums mit Hilfe von Ultraschall, wobei das Verfahren die Folgenden Schritte
umfasst:

- Senden von Ultraschallenergie an das Medium;

- Empfangen von Ultraschallwellen in Reaktion auf die durch die Wandlerelemente gesendete Ultraschallener-
gie;

- Konstruieren von echographischen Signalen ausgehend von den durch die genannten Wandlerelemente
empfangenen Signalen;

- Anzeigen eines Bildes des Mediums, das mit Hilfe der konstruierten echographischen Signale gebildet wurde;
dadurch gekennzeichnet, dass der genannte Schritt des Konstruierens Folgendes umfasst:
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- einen Bestimmungsschritt zum Bestimmen einer als Ausschlusszone bezeichneten Zone, in der ein Punkt-
reflektor erkannt wird;

- einen ersten Schatzungsschritt zum Schatzen aberrationskorrigierter Empfangsverzégerungen fir die
Zonen auflerhalb der genannten Ausschlusszone;

- einen zweiten Schatzungsschritt zum Schatzen von Empfangsverzégerungen fir die Ausschlusszone auf
der Grundlage der in den Zonen auerhalb der genannten Ausschlusszone geschéatzten Verzégerungen;
- einen Berechnungsschritt zum Berechnen der echographischen Signale ausgehend von den genannten
geschatzten Verzdégerungen.

6. Computerprogrammprodukt, das fir die Ausflihrung durch einen Prozessor vorgesehen ist, der in einem Gerat nach

einem der Anspriiche 1 bis 4 eingebaut ist, dadurch gekennzeichnet, dass das Programmprodukt einen Befehls-
satz zum Ausfiihren der Schritte eines Analyseverfahrens nach Anspruch 5 umfasst.

Revendications

Systéme d’'imagerie par ultrasons pour former une image échographique d’un support, lequel systéme comprend :

- un ensemble d’éléments transducteurs fonctionnant dans un mode de transmission et dans un mode de
réception pour des ondes d'ultrasons ;

- des moyens de construction pour construire des signaux échographiques sur la base des signaux regus desdits
éléments transducteurs ;

- des moyens d’affichage, qui sont couplés auxdits moyens de construction pour afficher une image du support
formée au moyen des signaux échographiques, caractérisé en ce que lesdits moyens de construction
comprennent :

- des moyens de détermination pour déterminer ce que I'on appelle des zones d’exclusion dans lesquelles
au moins un réflecteur de point est détecté ;

- un premier moyen d’estimation pour estimer les délais de réception corrigés d’aberration pour les zones
a I'extérieur desdites zones d’exclusion ;

- un deuxiéme moyen d’estimation pour estimer les délais de réception pour les zones d’exclusion sur la
base des délais estimés dans les zones a I'extérieur desdites zones d’exclusion ;

- des moyens de calcul pour calculer des signaux échographiques sur la base desdits délais d’estimation.

Systéme selon la revendication 1, caractérisé en ce que le deuxi€éme moyen d’estimation pour estimer des délais
de réception de signaux pour la zone d’exclusion effectue une interpolation de délais a l'intérieur de ladite zone
d’exclusion sur la base de délais estimés par le premier moyen d’estimation dans les zones a I'extérieur de ladite
zone d’exclusion.

Systéme selon la revendication 2, caractérisé en ce que les éléments transducteurs fonctionnent dans le mode
de transmission de maniére a ce que I'excitation du support soit réalisée sous la forme d’un faisceau centré sur 'un
des élémentsle long d’'une direction a laquelle il est fait référence en tant que direction de concentration, I'interpolation
de délais a l'intérieur de la zone d’exclusion sur la base de délais estimés dans les zones a I'extérieur de ladite zone
d’exclusion étant une interpolation linéaire en fonction de la profondeur.

Systéme selon I'une quelconque des revendications 1 a 3, caractérisé en ce que le premier moyen d’estimation
pour estimer des délais de réception de signaux échographiques pour les zones a I'extérieur de ladite zone d’ex-
clusion effectue une corrélation de délais dans les zones a I'extérieur de la zone d’exclusion.

Procédé d’imagerie d’un support au moyen d’ultrasons, lequel procédé comprend les étapes consistant a :

- transmettre de I'énergie d’ultrasons au support ;

- recevoir des ondes d'ultrasons en réponse a la transmission de I'énergie d’ultrasons par des éléments
transducteurs ;

- construire des signaux échographiques sur la base des signaux regus par lesdits éléments transducteurs ;

- afficher une image du support formée au moyen des signaux échographiques construits ; caractérisé en ce
que ladite étape de construction comprend :
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- une étape de détermination pour déterminer une zone qui est appelée une zone d’exclusion dans laquelle
un réflecteur de point est détecté ;

- une premiére étape d’estimation pour estimer des délais de réception corrigés d’aberration pour les zones
a I'extérieur de ladite zone d’exclusion ;

- une deuxieme étape d’estimation pour estimer des délais de réception pour la zone d’exclusion sur la
base des délais estimés dans les zones a I'extérieur de ladite zone d’exclusion ;

- une étape de calcul pour calculer des signaux échographiques sur la base desdits délais estimés.

6. Produit de programme informatique qui est destiné a étre exécuté par un processeur incorporé a un appareil selon

I'une quelconque des revendications 1 a 4, caractérisé en ce que le produit de programme comprend un ensemble
d’instructions pour exécuter les étapes d’un procédé d’analyse selon la revendication 5.

10
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