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Description

[0001] Theinvention relates to a method of ultrasound
imaging, including the following steps:

transmitting ultrasonic beams generated by trans-
ducers into an object volume corresponding to an
object body or a part thereof;

receiving and storing echo signals generated by the
ultrasonic beams in said object volume;

processing the received signals into image data as-
sociated to image dots or lines of a video display;
displaying at least a few image data on the display
in accordance with parameters set by the user and
related to a predetermined section or projection
plane of the image of said object volume;
processing of ultrasonic beams and/or displaying be-
ing specifically predetermined with reference to a
preliminary selection of a section plane or an image
projection plane of the object volume to be imaged.

[0002] Methods of this type are known, for instance,
from US 5,396,890 or EP 952,463 or US 5,226,113, US
5,928,151 and US 5,497,776.

[0003] These known methods aim at performing three-
dimensional ultrasound imaging by a number of different
techniques, e.g. acquiring a succession of section planes
of the object body, processing the individual reflected
echoes in each plane and constructing a three-dimen-
sional image memory in which the received echo signals
are associated to a set of voxels, i.e. image dots of a
three-dimensional image, while accounting for the rela-
tive position of the individual scan planes.

[0004] During image acquisition, the whole object vol-
ume is generally scanned, through successive two-di-
mensional section planes staggered to a predetermined
extent to cover the whole object volume. Then, the sig-
nals of the reflected echoes are processed and trans-
formed intoimage data in the form of a three-dimensional
matrix of image dots. This process must be substantially
exhaustive to allow the desired image to be displayed in
a plane having any spatial orientation and crossing the
object volume. Hence, a selected image may be dis-
played only after scanning the whole volume and, above
all, after completely processing the echo signals to gen-
erate the three-dimensional image data matrices. There-
fore, image displaying times are relatively long and re-
quire highly powerful and costly hardware to obtain an
acceptable processing time. Moreover, these very long
displaying times are a severe shortcoming when related
to the difficulties the patient encounters in keeping per-
fectly still for long periods of time and when transient
events are to be observed whose starting time is not ex-
actly predefined. An important example consists in the
combined use of ultrasound imaging with the so-called
contrast agents. These substances are injected into the
tissues under examination. A certain time, of a few tens
of seconds, passes before they reach the object region.
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Further, the time during which contrast agents remain in
the object tissues, as regards both their passage there-
through and their decay, is short, also being of the order
of a few tens of seconds. Hence, by using prior art im-
aging methods, it may be frequent that scanning is per-
formed when contrast agents have notreached the object
region yet. If this is the case, the doctor or the user will
only be able to assess this condition later, when process-
ing is completed, hence in unfavorable conditions, and
will not have the time for a new image acquisition in order
that imaging may take place when contrast agents are
present or have not decayed in the object region. In this
case, a new injection of contrast agents will be required
to repeat scanning. Such a situation is definitely unde-
sirable, as it reduces the non-invasiveness degree of the
ultrasound imaging method.

[0005] Identical or similar problems are encountered
when the probe is not properly positioned, whereby even
though scanning is performed while contrast agents are
present in the object region, it must be repeated, for in-
stance if probe orientation does not allow scanning of the
volume of interest and provides an unusable or anyway
useless image.

[0006] The multiple techniques described in the above
documents are based on a concept shared by all ultra-
sound imaging methods or systems, i.e. that the user
may first select an imaging type, related to an imaging
mode, e.g. the so-called B-mode, Doppler, Power Dop-
pler, harmonic imaging, etc.

[0007] The selection of the view or section plane of
interest takes place afterimage acquisition and process-
ing ofimage data matrices. These steps are substantially
preset in the apparatus.

[0008] The invention has the object of providing an ul-
trasound imaging method, particularly in three dimen-
sions, which allows to obviate the drawbacks of prior art
methods, without requiring any considerable complica-
tion of the method and higher costs of the apparatus for
implementing it, while allowing a real time image display
in section or projection planes having any orientation in
space and with reference to the volume of interest.
[0009] The invention achieves the above purposes by
providing a method of ultrasound imaging as described
above, which has the additional steps as set out in claim
1.

[0010] This method drastically reduces the number of
steps required for image data processing from the re-
ceived signals and considerably speeds up such
processing. In fact, thanks to the preliminary selection of
the section plane of the object body or part thereof to be
imaged, the method restricts not only the amount of sig-
nals to be processed for imaging, but also scanning
times, with the probe transmitting and receiving not along
the whole scan plane thereof, but only for a limited slice,
coinciding with said projection region of the selected sec-
tion plane, along which imaging is to be performed.
[0011] It will be understood that the principle of this
method is reversed as compared to the one currently in
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use. At present, as stated above, the modes of transmit-
ting and receiving ultrasonic signals and processing re-
flected echoes are preset and independent from the sec-
tion plane or projection plane of the object volume to be
imaged and the selection of said planes, or more partic-
ularly of their orientation with respect to the object volume
takes place a posteriori, i.e. when substantially all useful
signals have been converted to image data by scan con-
verters. In the present invention, it is the selection of the
section plane or of the projection plane to be imaged
which determines the modes of transmitting and receiv-
ing ultrasonic signals, as well as processing modes,
aimed at generating the image data three-dimensional
matrix, wherefrom images are generated. From said
transmission and reception, i.e. from the scanning oper-
ation, all the regions which do not intersect or fall within
the selected section plane along which imaging is to be
performed, are excluded, to filter out all the signal por-
tions which do not contribute to form dots, lines or unit
volumes of the image coinciding with or belonging to the
section plane to be imaged.

[0012] It is important to observe that the principle of
the method of the invention may apply to any type of
ultrasound imaging, for instance B-Mode, Doppler, Pow-
er Doppler, Harmonic Imaging, and even to combinations
of said modes.

[0013] The above principle also applies to all types of
probes.

[0014] Particularly, said principle is suitable for a real
time display of so-called three-dimensional ultrasound
images.

[0015] According to the invention, it is possible to re-
ceive and store reflected echo signals even of regions
which are not coincident with the selected section plane
or with the selected projection plane to be imaged and
to provide, simultaneously to or after image processing
of signals coinciding with said planes, even processing
of the remaining signals or signal portions into image
data.

[0016] As a furtherimprovement, there may be provid-
ed several modes of transmitting and receiving ultrasonic
signals along the different scan lines which form each
scan plane of the probe, depending on their being coin-
cident with the section plane to be imaged or not coinci-
dent therewith. In fact, it is possible to perform scanning
with non optimal parameters, hence in a shorter time, for
the scan lines which do not coincide with the section
plane along which imaging is to be performed, whereas
parameters are optimized for the lines which coincide
with the section plane along which imaging is to be per-
formed. The regions which do not coincide with the sec-
tion plane to be imaged may be also scanned along a
reduced number of scan lines or by a reduced number
of transducers, as compared with the number of lines or
number of transducers activated in the regions of the
scan plane of the probe which coincide with the section
plane along which imaging is to be performed.

[0017] With particular reference to three-dimensional
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ultrasound imaging techniques, the invention provides
the combination with a three-dimensional scanning
method including the following steps:

performing a three-dimensional scan of the object
volume, i.e. transmitting ultrasonic signals into the
object body while focusing them along individual sec-
tion planes having different orientations and posi-
tions and such that all the individual section planes
together cover different and predetermined sections
arranged over the extension of the whole object vol-
ume, or focused on individual adjacent unit volumes
which cover, as a whole, all the object body, and
receiving the corresponding reflected echoes, each
section plane being formed by a series of parallel
and adjacent section lines, or each section slice be-
ing formed by a plurality of unit scan volumes, which
are formed, in turn, by a plurality of adjacent scan
lines;

and processing the received echo signals into image
data in relation to their position in space with refer-
ence to scan modes;

storing image data in a memory and transforming
them into image dots or lines on a video display;
the method being further characterized by the fol-
lowing steps:

generating a virtual volume, containing or coin-
ciding atleast partly with the volume of the object
body or part thereof or a three-dimensional ref-
erence system, provided it has a precise orien-
tation with respect to the imaging planes gener-
ated by the ultrasound probe;

setting or selecting the orientation of a predeter-
mined section plane of the object volume or of
a predetermined projection plane of said object
volume prior to the scanning, processing and
displaying process;

determining the lines of said selected section or
projection plane which intersect the individual
scan planes and/or the unit volumes coinciding
with said section or scan plane.

only transmitting ultrasonic signals and receiv-
ing echoes therefrom along said lines of said
selected section or projection plane which inter-
sect the individual scan planes and/or the unit
volumes coinciding with said section or scan
plane.

only processing into image data and into signals
for controlling the video display such reflected
signals or parts thereof which are related to said
lines intersecting the selected section plane or
projection plane to be displayed.

[0018] In accordance with an additional improvement,
the method includes the following steps:

defining a virtual volume, which at least partially co-
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incides with or encloses the objectbody or part there-
of or a three-dimensional reference system, with re-
spect to a first scan plane of the ultrasound probe.
selecting and setting position and orientation param-
eters of the section plane or of the projection plane
to be imaged, relative to said virtual volume;
identifying the transmission signals and the corre-
sponding echoes which relate to dots, unit volumes,
lines or discrete bands or slices coincident or sub-
stantially coincident with said section plane or with
said projection plane to be imaged by simply com-
paring the position references of the dots and/or lines
contained in said section plane or in said projection
plane to be imaged with the scan planes of the probe;
three-dimensionally scanning the object volume only
in the region coinciding with the section plane along
which imaging is to be performed, and storing the
received echo signals and spatial position referenc-
es univocally related thereto, with reference to indi-
vidual discrete dots or unit volumes and/or to discrete
scanning lines or bands or slices;

relating position and orientation parameters for the
section plane or projection plane which has been
predetermined forimaging with the references to the
spatial position of each received signal;

only processing such received echo signals which
relate to dots or lines coincident or substantially co-
incident with the dots orlines contained in the section
plane or in the projection plane to be imaged.

[0019] Advantageously, it may be arranged that the
transmitted signals are only focused in certain regions or
along certain lines, with reference to the lines (L1, L2,
L3, Ln) or volumes of each scan plane (S1, S2, S3, Sn)
and/or scan unit volume respectively, which intersect
said selected section plane (P) or projection plane.
[0020] When a mixed mode in used, in which the ul-
trasonic signals that do not coincide with the selected
section plane along which imaging is to be performed are
also transmitted and received with faster and less accu-
rate techniques, then complete processing of reflected
signals is possible, simultaneously with or after process-
ing of the signals of each line intersecting each scan
plane or scan volume, i.e. even signals from regions that
do not coincide with said section plane along which im-
aging is performed may be processed, to generate image
data for the whole volume of interest, having a lower ac-
curacy, sharpness, definition, hence a lower quality, yet
being useful to complete the image near the region of
interest, which coincides with the section plane along
which imaging has been performed.

[0021] In order to ensure a certain reliability, scanning
tolerances may be set to provide that scanningis not only
performed along lines or unit volumes coinciding with the
section plane along which imaging is to be performed or
with the projection thereof, but also, within predetermined
limits, directly adjacent to said section plane or to the
projection thereof.
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[0022] Three-dimensional scan modes are well-known
and are addressed by several published documents,
such as, for instance the ones mentioned above. Partic-
ularly, there are scan modes which perform scans of the
volume along an array of successive planes having such
mutual positions and orientations as to cover a succes-
sion of sections arranged over the whole extension of
the object volume.

[0023] To this end, itis possible to use common linear
electronic or mechanical probes, or the so-called phased
array probes, or probes whose transducers are arranged
on a two-dimensional surface, the so-called 2D array
probes.

[0024] The displacement of probes in the third dimen-
sion, i.e. in a direction substantially transverse to scan
planes or scan volumes may occur in a manual, mechan-
ical or motorized manner, by linear indexing or by oscil-
lation or rotation. The relative position of the individual
planes is determined by comparison to areference plane,
e.g. the plane of the first scan and through position sen-
sors which detectthe position and orientation of the probe
or, in the case of motorized means, through predeter-
mined steps of the probe from its starting position.
[0025] The advantages of the present invention are
self-evident in the above description. With a probe for
three-dimensional imaging having substantially constant
optimized scanning times, by only scanning the lines or
unit volumes substantially coinciding with the section
plane along which imaging is to be performed and by
only processing into image data the signals pertaining to
said lines or unit volumes, imaging times are drastically
reduced. Moreover, by providing a complete scan with a
rougher process outside the region coincident with the
section plane to be imaged, a panoramic image may be
obtained, which contains low-definition, low-quality infor-
mation of the regions around the section plane to be im-
aged and high-quality information along the selected sec-
tion plane. It should be also noted that the method of the
invention even allows to perform complete state-of-the-
artthree-dimensional scans with no construction change.
[0026] Fast processing to transform the received sig-
nals into an image of the selected section plane may
allow to immediately assess if the conditions in which the
volume of interest has been scanned are appropriate and
to possibly perform new scans with no decay of the con-
ditions desired for imaging.

[0027] Thisis particularly advantageous when contrast
agents are used, as it allows to perform 3D scanning or
imaging operations and to assess in real time if they were
performed at the right time, i.e. when the object volume
was reached by contrast agents.

[0028] If this is not the case, the immediate display of
the desired image plane will allow to immediately perform
a second scan without the long waiting times required by
prior art methods, whereby said second additional scan
will be certainly performed before contrast agents decay
in their effect or leave the object volume.

[0029] Times are so fast that they allow to perform a
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succession of several scans before decay of contrast
agents or departure thereof from the object volume. This
is advantageous to assess the spread of the contrast
agent in the object volume in relation to time.

[0030] To this end, the method may also include par-
allel or separate processing of the other received signals,
unrelated to the scan lines which coincide with the section
plane or projection plane selected for real time display.
[0031] The invention also relates to an ultrasound Im-
aging apparatus, particularly for three-dimensional ultra-
sound imaging, including:

a probe having transducers for generating ultrasonic
pulses and transducers for receiving said pulses;

a unit for controlling, generating and focusing said
transmitted ultrasonic pulses in accordance with pre-
defined scan modes;

a unit for reconstructing reflected echo signals with
reference to focusing modes;

a unit for converting echo signals received and re-
constructed into image data and a unit for storing
said image data in which said image data are related
to position parameters based on scan modes;

a unit for processing said image data into signals for
controlling a displaying monitor;

a unit for setting spatial orientation parameters of the
section and projection planes of the object volume
along which imaging is to be performed;

a unit for controlling access to image data memories
and processing of said data into control signals for
the displaying monitor, based on the settings of spa-
tial orientation parameters of section or projection
planes of the object volume to be imaged;

the unit for controlling the scanning process and the
unit for controlling access to image data memories
and processing of said data into control signals for
the displaying monitor being controlled based on the
settings of spatial orientation parameters of section
or projection planes of the object volume to be im-
aged for transmission and reception, as well as for
processing and storage of such signals which only
relate to dots, lines or unit volumes coinciding with
said selected section or projection planes along
which imaging is to be performed.

[0032] The apparatus further includes a main proces-
sor whereto the means for inputting the selected orien-
tation of the plane to be imaged and the selected ultra-
sound imaging modes (B-mode, Doppler, Power Dop-
pler, Harmonic Imaging, etc.) are associated, which con-
trols a scan control processor whereto the scanning
probe is connected, a processor for converting image
data into monitor control signals and a storage control
processor, whereto means for storage onto physical me-
dia are connected; a RAM unit whereto the positions of
the individual scanning dots, planes or unit volumes are
provided by the scan processor and whereto the storage
control processor and the processor for converting scans
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into image data, as well as the displaying monitor, are
connected.

[0033] Several types of probes may be used to imple-
ment the method and in combination with the above ap-
paratus, and particular advantages are obtained with
BISCAN probes, i.e. those performing two perpendicular
scans, at least one of them being motorized. These
probes may be of the sector-sector, linear-sector and
phased array-sector type.

[0034] Nevertheless, other types of probes may be al-
so used, such as those described in US 5,899,861, US
6,036,646, US 6,059,728, US 5,487,338, US 5,159,931
and US 5,740,804.

[0035] An accurate description of the scan modes of
these probes is provided in US 5,928,151.

[0036] Furtherimprovements of the invention will form
the subject of the subclaims.

[0037] The characteristics of the invention and the ad-
vantages derived therefrom will appear more clearly from
the following description of a non limiting embodiment,
illustrated in the annexed drawings, in which:

Figs. 1A, 1B and 1C schematically show the principle
of the method according to the presentinvention with
reference to a swinging probe like any one of those
shown in Figs. 3 to 8, and with section planes along
which imaging is performed, which have three differ-
ent orientations.

Figs. 1D to 1F are cross sectional views of Figures
1A to 1C.

Fig. 2 is a block diagram of an apparatus for imple-
menting the method of the invention.

Figs. 3 and 4 are two sectional views with respect to
two different perpendicular planes of a first probe of
the linear-sector type.

Figs. 5 and 6 are two sectional views like those of
Figs. 3 and 4 of a probe of the sector-sector type.
Figs. 7 and 8 are two sectional views like those of
the preceding figures of a probe of the phased array-
sector type.

Fig. 1 shows in a very simplified manner the opera-
tion of the principle whereon the method of the in-
vention is based, with reference to the use of a three-
dimensional scanning probe of the swinging trans-
ducer type as shown in Figures 3 to 8. As will be
apparent from the detailed description of said
probes, the transducers thereof can provide scan-
ning in a plane which contains the direction of prop-
agation of the ultrasonic signals illuminating the ob-
ject volume, i.e. the probe axis parallel to said prop-
agation or shot direction and an axis perpendicular
thereto and parallel to the transverse extension of
the transducer array. The transducer array is swung
about an axis parallel to said transverse axis (which
also forms the second scanning dimension of the
probe) by means of a motor and of an appropriate
drive. The activation of the probe to transmit or re-
ceive is synchronized with the advance in such a
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manner as to cover the object volume V with a suc-
cession of scan planes having different predeter-
mined orientations in space and a fanlike arrange-
ment as illustrated and denoted as S1, S2, S3 and
Snin Fig. 1.

[0038] Inprior art, all echo signals relating to the whole
three-dimensional scan were collected, i.e. for each scan
plane. These signals were processed to obtain from re-
flected echoes image data which, being univocally relat-
ed to orientations or positions of planes with respect to
a reference plane, were all processed before an image
could be displayed. The operating personnel had the op-
portunity to indicate one or more section or projection
planes having any spatial orientation, obviously related
to the object volume. This selection was set in an image
reconstructing processor which, based on position and
orientation parameters of the selected plane/s to be dis-
played, selected data from the image data memory and
generated the image. However, this process requires
long processing times and when these times have to
meet acceptable limits, they require the provision of pow-
erful and relatively costly hardware. Nevertheless, prior
art methods do not allow to obtain real images in real
time, thereby causing the shortcomings discussed in the
introduction of the present invention.

[0039] Figs. 1A and 1C show the method of the inven-
tion in principle, which consists in setting, prior to scan-
ning, the orientation and/or position parameters of the
section or projection plane/s of the object volume to be
displayed. With the positions of the scan planes S1, S2,
S3, Sn being presumptively known, with respect to a ref-
erence scan plane for the probe, the method provides
that scanning is only performed in each scan plane along
the lines which form each scan plane and coincide with
or intersect the lines L1, L2, L3, Ln, i.e. the lines of the
selected imaging planes intersecting each scan plane
S1, S2, S3, Sn. The positions of these lines in space can
be presumptively determined by the main processor,
based on the well-known relative position of the individual
scan planes and on the user-preset orientation and po-
sition parameters of the planes to be displayed.

[0040] Therefore, in this case, scanning is not per-
formed on the whole volume, whereby imaging times are
drastically reduced and image processing is considera-
bly speeded up, and imaging is actually performed in real
time, thereby allowing the operating personnel to imme-
diately make sure that scanning took place in the condi-
tions required therefor.

[0041] Referringtothe embodiments of Figures 1A and
1C, different planes P are shown which have different
orientations. The most favorable situation is shown in
Figure 1A. In this Figure, the section plane P along which
imaging is to be performed is perpendicular to the array
of scan planes Sn of the probe. It is apparent that, in an
ideal situation, scanning shall be performed along a sin-
gle line for each plane, i.e. along the line coinciding with
the lines Ln of the section plane P along which imaging
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is to be performed, which intersect the scan planes Sn
of the probe. This is clearly shown in Figure 1D in which
the scan line is denoted as SCNL.

[0042] In Fig. 1B, the section plane P along which im-
aging is to be performed is inclined with respect to the
scan lines forming each scan plane Sn of the probe.
Hence, for each scan plane Sn, scanning is performed
along all the scan lines which are coincident or intersect
the corresponding intersection line Ln between the indi-
vidual scan plane Sn of the probe and the section plane
P along which imaging is to be performed. This is appar-
ent in Figure 1E, in which the two extreme scan lines
SCNL(1) and SCNL(1+n) are shown.

[0043] Fig. 1C shows the most unfavorable condition,
in which the section plane P along which imaging is to
be performed fully cuts the scan planes Sn of the probe.
In this condition, although scanning must be performed
along all the lines of each scan plane, the invention allows
to focus the transmitted signals on the intersection lines
Ln between the section plane P along which imaging is
performed and each scan plane, thereby achieving con-
siderable quality results. This situation is also shown
more clearly in Figure 1F, in which the scan lines SCNL
(1) and SCNL(1+m) are shown.

[0044] Since processing, as will be more apparent
hereafter, is also only performed with reference to the
datarelating to the intersection lines Ln between the sec-
tion plane P along which imaging is to be performed and
the scan planes Sn of the probe, considerable reductions
of imaging times are obtained.

[0045] Advantageously, the signals transmitted by the
probe may be focused in a differentiated along the dif-
ferent scan lines which form the scan planes Sn even in
the case of Fig. 1B. In fact, by presumptively knowing
the orientation and length of the intersection lines Ln be-
tween the section plane P along which imaging is to be
performed and the scan planes Sn of the probe, the fo-
cusing rule may be differentiated along the adjacent sec-
tion lines, so that for each scan line of each scan plane
Sn, the transmitted beam is focused on the point inter-
secting the corresponding line Ln.

[0046] Obviously, in order to ensure imaging in any
case, scanning may be performed for each scan plane
Sn of the probe, even along lines directly adjacent to the
scan lines intersecting the section plane P along which
imaging is to be performed. This prevents any error
caused by an imperfect correspondence between theo-
retical settings and the actual situation, e.g. errors and
tolerances in the definition of univocal references be-
tween the actual position of the probe and the selected
section plane along which imaging is to be performed.
Anyway, the number of scan lines for each scan plane
Sn of the probe is reduced. The above situation is shown
in Figures 1D to 1F with the extreme and delimiting scan
lines of the region scanned to ensure reliability being de-
noted as SCNL(T) and SCNL(T).

[0047] It shall be noted that the above method may
also apply to probes which have a two-dimensional trans-
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ducer arrangement and hence do not scan planes, but
slices having a predetermined volume and comprising
several adjacent scan planes together. In this case, the
concept of a scan line may be applied to a scan band or
unit volume. In accordance with an additional improve-
ment of the invention, when desired or compatible with
the times required for the examination, the whole scan
of each scan plane Sn of the probe may be performed,
while limiting scan parameters for the lines which do not
intersect or coincide with the section plane P along which
imaging is to be performed, or possibly even the number
of lines not intersecting said section plane P, to speed
up both scanning and processing and storage to the det-
riment of quality, but anyway obtaining an image, even
though of low quality, of the regions which do not coincide
with the section plane P along which imaging is to be
performed. Theseimage data may be combined with high
quality data processed along the section plane P. This
may be of help when the selected section plane P, along
which imaging is to be performed, does not coincide with
the actually desired one, thereby allowing to verify that
the slightly different settings of the orientation parameters
forthe section plane P provide the actually desired image.
[0048] This scanning method provides considerable
advantages particularly when image scanning must be
synchronized with transient events, specifically with the
injection of contrast agents.

[0049] These contrast agents are used to display the
behavior of flows, such as blood flow or else, and have
specific ultrasound reflecting characteristics, to allow an
optimal imaging of the flow which is naturally composed
of particles having little echogenicity, or anyway a much
lower echogenicity level than static tissues, which are
typically hyperechogenic.

[0050] Contrast agents naturally take well-known
times to reach the object volume, e.g. an organ or part
thereof, of ahuman body or of any other animal or vegetal
living creature. Moreover, contrast agents tend to leave
rapidly the region of interest and/or to arather fast decay.
[0051] Hence, the possibility of providing a three-di-
mensional complete scan of the object volume (which is
typically relatively time-consuming for a single image dis-
play) in addition to the possibility of obtaining a real time
image of the conditions of the object volume while the
latter is scanned allows to promptly evaluate if scanning
took place when contrast agents were present, or too
early with respect to the passage thereof in the object
volume and to perform a new scan, if needed, in time for
synchronization with the passage of contrast agents.
[0052] Within the time range of contrast agent spread
in the object volume, the method according to the inven-
tion also allows to perform several successive scans
which provide information about perfusion of the flow
through the object volume.

[0053] As afurtherimprovement, even several parallel
and adjacent section planes, covering a volumetric sec-
tion slice, may be imaged. Imaging may be also per-
formed on several spaced section planes P, which may
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be parallel and/or even transverse or intersecting each
other.

[0054] It shall be noted that these possibilities do not
require any change neitherin the basic steps of the meth-
od of the invention nor of any apparatus used to imple-
ment the method.

[0055] Itis apparent from the above disclosure that the
method of the invention shall not be intended to be limited
to the use in combination with the probes as shown in
Figs. 4 to 8, but may also apply to any type of probe or
probe system being adapted to particularly perform a
three-dimensional scan.

[0056] Inaccordance with animprovementofthe meth-
od, since the spatial relation of the displaying plane to
the scan planes depends on the relative position of the
probe and the object volume, for example in the case of
a combined use with contrast means, but without limita-
tion thereto, it is possible to perform afirst scan for setting
the relative positions of the scan planes and the display-
ing plane, whereby position relations are defined more
accurately. Imaging with contrast agents my be effected
by performing a first scan without these agents and then,
with the probe in position, by performing a continuous
succession of scans while contrast agents are injected.
Thanks to the possibility of always having a real time
image displaying the conditions of the object volume, the
operating personnel may decide to remove the unnec-
essary scans from the succession, for example those
performed before contrast agents reach the object vol-
ume.

[0057] The present ultrasound imaging method is par-
ticularly effective and suitable for ultrasound imaging of
the liver.

[0058] Fig. 2is a highly simplified block diagram of the
construction of an ultrasound apparatus forimplementing
said method.

[0059] The apparatus has a scan control section, in-
cluding a scan control processor 1 whereto a scanning
probe 2 is connected, particularly a three-dimensional
scanning probe and preferably a probe as shown in Figs.
410 8.

[0060] In this case the processor controls the position
of the transducers to univocally relate the received ech-
oes with the scan plane and provides spatial position
data to a four-input RAM unit, denoted as 3. Position
parameters (here being referred to cartesian coordinates
but referable to any coordinate model for volume defini-
tion), form addresses 1, univocally related to the data
address 1 of the RAM unit, whereto the probe supplies,
after appropriate and usual processing, the data relating
to the received echo signals. In this manner, the memory
3 becomes a three-dimensional memory in the form of a
three-dimensional matrix in which the spaces of the im-
age data memory are identified by an address corre-
sponding or relating to the spatial location whereto image
data are referred.

[0061] With particular reference to the illustrated em-
bodiment, but with no limitation thereto as regards the
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implementability of the method and of the apparatus of
the invention, scanning takes place through lines in two
orthogonal directions denoted by lines x and y, whereas
the third position coordinate is given by depth. The car-
tesian system is shown in Figs. 1A to 1C. Obviously, the
scan planes as shown in Figs. 1A to 1C in a fanlike ar-
rangement are better described with reference to an an-
gle. Anyway, the transformation of a system into another
simply consists of a transformation between reference
systems and is obtained by the application of a simple
transformation formula. The third depth dimension may
be detected and obtained based on reflection time. The
RF signal received for each scan line has a time devel-
opment and the portions arriving earlier relate to smaller
depths as compared with the signal portions of the same
scan line which arrive progressively later.

[0062] Obviously, echo signals are appropriately sam-
pled on a predetermined time base to obtain discrete
dots. Discretization obtained by sampling, i.e. sampling
frequency affects the definition of the desired image.
[0063] The scan control processor is controlled by a
main processor 5 which is connected to means 6 for set-
ting the imaging mode or type, e.g. B-Mode, Doppler,
Power Doppler or Harmonic Imaging, and to means 7 for
setting orientation and/or position parameters of the sec-
tion plane or of the projection plane to be displayed. Phys-
ically, these means may consist of handles, selectors,
keyboards, etc., not shown in detail and possibly intend-
ed to load predetermined modes or orientation and po-
sition parameters.

[0064] The main processor 5 controls both the execu-
tion of imaging modes, thereby controlling the scan con-
trol processor 1, and a scan conversion processor, the
so-called scan converter, which determines, based on
the orientation and/or position parameters of the plane/s
to be imaged, the lines L1, L2, L3, Ln of said planes to
be imaged P intersecting the individual scan planes and
identifies the memory addresses corresponding to image
data along said intersecting lines, loads said data and
transforms them into signals for controlling a monitor 8,
by associating them to video addresses, at the inputs/
outputs for addresses 3 and data 3 of the four input RAM
unit 3. These data are read by the displaying monitor
(data 2 and addresses 2 of the RAM unit 3) and are trans-
formedinto image lines, while the set ofimage lines forms
the image relating to the section or projection plane to
be displayed.

[0065] The data pertaining to the lines L1, L2, L3, Ln
of said planes to be imaged P intersecting the individual
scan planes Sn are also sent to the scan control proces-
sor, for determining the scan lines to be followed for each
scan plane Sn.

[0066] The scan converter 4 is well-known and widely
used in the art of ultrasound apparatuses and anyway is
meant to process information with reference to a set of
lines. Therefore, it might be a linear or two-dimensional
scan converter.

[0067] The implementation of three-dimensional con-
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version, i.e. a conversion through imaging planes having
any orientationin space, with respectto the object volume
is achieved thanks to the combination of a linear or two-
dimensional scan converter with the main processor, the
scan control processor and the fourinput RAM unit, which
allows to store and recall information collected upon
scanning while constantly keeping it related to its proper
position in space which is properly encoded by using data
storage addresses. During processing, data are always
univocally identifiable as regards their proper position in
space and this ensures discrimination of the data per-
taining to the lines of the displaying plane which intersect
the scan planes for the purpose of reading them, process-
ing them into display controls, and storing them in the
form of image data in said memory, and finally recalling
and displaying them on the monitor.

[0068] A storage control processor 9 is connected to
the inputs/outputs of data 4 addresses 4 of the RAM unit
3 and controls, under the supervision of the main proc-
essor 5, the storage of data onto physical storage media,
such as hard disks 10, floppy disks, CD rewritable 12.
[0069] Asdescribedabove, the method oftheinvention
is particularly effective with scanning probes of the three-
dimensional motorized type, although it will be under-
stood that the implementation of the method is not limited
to the use of these probes.

[0070] The preferred design of these probes includes
a transducer array 20 for performing a two-dimensional
scan, i.e. a scan following a plurality of lines, named lines
of view, or: beams, named sector beams, oriented par-
allel or substantially parallel to the probe axis and ar-
ranged side-by-side to cover a whole predetermined sec-
tion plane of the object volume.

[0071] The transducer array 20 is mounted inside a
housing of a support 23 at an end of the probe. The sup-
port is mounted in such a manner as to swing about an
axle 24 parallel to the extension of the scan planes. The
swing axle 24 is provided at a certain distance from the
transmission surface of the transducer array. The swing-
ing support 23 has a toothed circular sector, i.e. a circular
rack 25 on the side diametrically opposite to the axle 24,
which circular rack 25 cooperates with a pinion 26. The
pinion 26 is rotatably driven by a stepper motor 27
through a drive consisting of a gear 28 splined to the
motor shaft and of a worm 29. The transducer array is
outwardly covered by a cap 30 which is connected to the
rest of the probe body, formed by a case for accommo-
dating the connecting wires 31, the stepper motor and
the drive with the pinion and the circular rack. The hous-
ing 32 for accommodating the transducer array, the sup-
port for the transducers and the circular rack, as well as
the drive, is filled with an acoustic coupling liquid which
is known and widely used in the art. The cap has sealing
means, such as an o-ring 33, for contact with the rest of
the probe body, andinthe passage containedin the hous-
ing 32 for the stepper motor shaft and the connecting
wires of the transducer array.

[0072] The probe as shown in Figs. 3 and 4 is a so-



15 EP 1 167 996 B1 16

called linear-sector probe. The transducers are arranged
side-by-side along a line and are electronically activated
by the control processor to generate an ultrasonic beam,
whose focusing point is displaced, by appropriately acti-
vating the individual transducers arranged in a straight
line, along a line parallel to the straight line wherein the
transducers are arranged.

[0073] Hence, for each angular position of the trans-
ducer array, the plane oriented in the ultrasonic beam
transmission direction and parallel to the line wherein the
adjacent transducers are arranged is scanned.

[0074] This process is repeated for each of the prede-
termined angular positions of the transducer array,
whereby a succession of scan planes is obtained which
covers the whole extension of the object volume, as
shown in Fig. 1. Essentially, each scan plane consists of
a set of lines of view along which the transmitted ultra-
sonic beam is focused at a certain depth or distance from
the surface of the transducers, the focusing rule remain-
ing the same for each line of view.

[0075] It will be understood that the swing axle is set
back from the transmission plane of the transducers 20,
which allows to maintain a substantially identical distance
between the transducers and the facing wall of the cov-
ering cap 30.

[0076] The probe as shown in Figures 5 and 6 has a
construction which is substantially similar to the above
described probe of Figures 3 and 4. However, in this
case, the transducer is a phased-array transducer, dif-
fering in that the focusing rule varies according to the line
of view.

[0077] The transducer array 20 according to the two
preceding examples may be linear, as described above,
or two-dimensional, i.e. having transducers arranged in
two directions, i.e. over a surface. In this case, a section
slice of the object volume may be scanned instead of a
section plane. This does not change the operation of the
apparatus and the steps of the method according to the
present invention which, though being described with
specific reference to probes having a linear transducer
array, may also apply to probes with two-dimensional
transducers, by simply modifying the scanning and
processing control rule, based on the fact thatinformation
to be obtained has to relate not only to several scan
planes but to several scanning slices, or three-dimen-
sional scanning sections.

[0078] The probe as shown in Figures 7 and 8 is an
additional example useful for understanding the inven-
tion of the above described probes. In this probe, the
transducer array 20 swings about the axis of a first axle
parallel to the extension of the adjacently arranged trans-
ducers by means of the same mechanism as previously
described with reference to the probes of Figs. 3 to 6.
However, the transducer is mounted in such a manner
as to additionally swing about the axis of another axle
40, perpendicular to the first swing axle and parallel to
the plane containing said first swing axle. This arrange-
ment allows to scan a section plane by swinging the trans-
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ducer array about the axis of the second swing axle and
this allows to use annular or mono transducers.

[0079] Obviously, the transducer array may also have
a two-dimensional transducer arrangement, i.e. dis-
posed over a surface, as described above for the probes
of Figs. 3 to 6.

[0080] In this probe, the transducer array 20, the sup-
port 23 swinging about the axis of first axle 24 parallel to
the extension of the scan planes, the supports of said
swing axle 24, the toothed circular sector 25 integral with
the transducer array support 23, the pinion 26 cooperat-
ing therewith, as well as the first stepper motor 27, are
mounted on a support stirrup 41 which is supported so
as to oscillate about the axis of the axle 40. The stirrup
41 is integral, on the side diametrically opposite to the
axle 40, and like the mechanism allowing oscillation
aboutthe axle 24, with acircular rack 42 which is engaged
with a driving pinion 45, rotatably driven by a second
motor 44.

[0081] Unlike the above examples, the two motors 27
and 44 cooperate directly with the circular rack 25, 42,
with no drive intervening therebetween.

[0082] In this case, as stated above, the scan control
processor has to control two motors 27 and 44 in a syn-
chronized manner.

[0083] However, this example provides an increased
flexibility in handling imaging modes, as it allows to han-
dle the combinations of swinging steps in the two direc-
tions in a simple and specific manner, so as to define
arrays of scan planes whose orientations may differ from
those imposed by linear probes, or by probes with a two-
dimensional transducer arrangement only swinging
about one axis.

[0084] The probe according to this example may be
easily used, by an appropriate focusing rule, variable with
the inclinations of the two axles 24 and 40, to perform
targeted scans of a few lines of view only, without having
to scan whole volumes.

[0085] Theoretically, the two above probes might as
well perform a similar targeted and selective scan, but,
besides the electronic control for management of the fo-
cusing rule, the rule for sweeping the lines of view which
form the scan plane should also be changed electroni-
cally, whereas, in the probe of Figs. 7 and 8, the control
is limited to the simple physical oscillation of the trans-
ducer array.

[0086] When a two-dimensional transducer array is
used, the probe of Figs. 7 and 8 allows to scan individual
unit volumes of the object volume.

[0087] An advantage of the probes according to the
three different described examples, when combined with
a transducer array having a side-by-side arrangement in
two spatial directions, i.e. over a surface, is that it allows
to obtain so-called three-dimensional transducer arrays,
which can perform a three-dimensional scan only elec-
tronically, by varying the transducer activation rule,
and/or by varying the focusing rule, ensuring, with a lim-
ited number and extension of transducers, the whole ob-
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ject volume is covered.

[0088] In fact, the oscillation of the transducer array
ensures that the probe is swept to scan the whole object
volume, which would require very large two-dimensional
transducer arrays. In this case, transducers may be still
provided in small numbers, and the small scanning ex-
tension in the direction of the size of the two-dimensional
transducer array is obviated by the oscillation of the trans-
ducer array in said direction. The arrangement to provide
small numbers of transducers in the probe is important,
since each transducer must be connected by a dedicated
wire. Therefore, in prior art probes having two-dimen-
sional transducer arrays with a great number of trans-
ducers, a great number of connecting wires are required,
which makes the probe difficult or complex to manufac-
ture, particularly when a small size of the probe is desired,
to ensure access even in restricted space conditions,
whereas in the described probe, the smaller number of
transducers eliminates or reduces both probe connection
and size problems.

[0089] Particular advantages are provided by the dou-
ble mechanical oscillation probe as shown in Figs. 7 and
8. In this case, the transducers arranged in two directions
may be provided in very small numbers, with reference
to the extension of the transducer array in both directions.
The oscillation in the two transverse, particularly perpen-
dicular directions allows to obviate the restriction of the
probe effectiveness range. The arrangement of this ex-
ample also provides a probe, whose transducers are ar-
ranged on a plane, i.e. in two dimensions, which has a
very small size, at least as regards the probe head.
[0090] This type of probe is well adapted to the use for
imaging volumes or organs whose windows of view have
very small sizes, such as for intercostal imaging, or the
like.

[0091] Obviously, the invention is not limited to what
is described and illustrated herein, but defined by the
claims below. In particular, the invention may be used in
combination of any kind of imaging mode or method
known in the art, with or without the use of contrast agents
or the like.

Claims

1. A method of ultrasound imaging, including the fol-
lowing steps:

- transmitting ultrasonic beams generated by
transducers (20) into an object volume (v) cor-
responding to an object body or a part thereof;
-receiving (20) and storing (3) signals generated
by the ultrasonic beams in said object volume;
- processing the received signals into image da-
ta associated to image dots or lines of a video
display (8);

- displaying at least a few image data on the
display (8) in accordance with parameters set
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by a user and related to a predetermined section
or projection plane of the image of said object
volume,

processing of ultrasonic beams and/or display-
ing being specifically predetermined with refer-
enceto apreliminary selection of a section plane
or an image projection plane of the object vol-
ume to be imaged;

- defining a virtual volume coincident with the
objectbody or part thereof or a three-dimension-
al reference system, provided it has a definite
orientation with respect to the imaging planes
generated by the ultrasound probe;

- selecting the section plane of the object body
and/or part thereof along which ultrasound im-
aging is to be performed;

- determining the position-defining coordinates
for the dots which form said section plane along
which imaging is to be performed, with reference
to the virtual volume;

- restricting the scanning operation to the region
which coincides with said section plane along
which imaging is to be performed;

- transmitting the transmission signals and re-
ceiving the reflected echoes only along such
lines of view of the probe which coincide with
the surface or the projection slice of the selected
section plane along which imaging is to be per-
formed;

- only processing and displaying the received
echo signals;

said method being provided in combination with so-
called three-dimensional ultrasound imaging.
characterized in that ultrasound scanning of the
whole object volume is performed by receiving and
storing reflected echo signals even of regions which
are not coincident with the selected section plane or
with the selected projection plane to be imaged while
there is provided, simultaneously to or after image
processing of signals coinciding with said planes (P),
even processing of the remaining signals or signal
portions into image data, there being provided dif-
ferent ultrasonic signal transmission and reception
modes along the different scan lines which form each
scan plane of the probe depending on whether the
lines (SCNL, SCNL(1), SCNL(1+N), SCNL(1+m))
are coincident with the section plane (P) to beimaged
or non coincident therewith.

A method as claimed in claim 1, characterized in
that scanning is performed with non optimal param-
eters, henceinashortertime, forthe scanlines which
do not coincide with the section plane (P) along which
imaging is to be performed, whereas scan parame-
ters are optimized for the scan lines which coincide
with the section plane (P) along which imaging is to
be performed.
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A method as claimed in claims 1 or 2, characterized
in thatthe number of scanlinesis reduced or a small-
er number of transducers is activated to scan along
the scan lines which do not coincide with the scan
plane (P) to be imaged, as compared with the
number of lines or the number of transducers acti-
vated in the regions of the scan plane of the probe
which coincide with the section plane (P) along which
imaging is to be performed.

A method as claimed in one or more of the preceding
claims, including the following steps:

- performing a three-dimensional scan of the ob-
ject volume, i.e. transmitting ultrasonic signals
into the object body while focusing them along
individual section planes (S1, S2, S3, Sn) having
different orientations or positions and such that
all the individual section planes (S1, S2, S3, Sn)
together cover different and predetermined sec-
tions arranged over the extension of the whole
object volume, or focused on individual adjacent
unit volumes which cover, as a whole, all the
object volume, and receiving the corresponding
reflected echoes, each section plane being
formed by a series of parallel and adjacent sec-
tion lines, or each section slice being formed by
a plurality of unit scan volumes, which are
formed, in turn, by a plurality of adjacent scan
lines;

- processing the received echo signals into im-
age datain relation to their position in space with
reference to scan modes;

- storing image data in a memory in univocal
relation to the corresponding spatial position in-
formation and transforming them into image
dots or lines on a video display;

- the method being further characterized by the
following steps:

- generating a virtual volume, containing or co-
inciding at least partly with the volume of the
object body or part thereof or a three-dimension-
al reference system, provided it has a precise
orientation with respect to the imaging planes
generated by the ultrasound probe;

- setting or selecting the orientation of a prede-
termined section plane (P) of the object volume
(V) or of a predetermined projection plane of said
object volume prior to the scanning, processing
and displaying process;

- determining the lines (L1, L2, L3, Ln) of said
selected section or projection plane (P) which
intersect the individual scan planes (S1, S2, S3,
Sn) and/or the unit volumes coinciding with said
section or scan plane.

- only transmitting ultrasonic signals and receiv-
ing echoes therefrom along said lines of said
selected section or projection plane which inter-
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sect the individual scan planes and/or the unit
volumes coinciding with said section or scan
plane.

- processing into image data and into signals for
controlling the video display (8) only such re-
flected signals or parts thereof which are related
to said lines (L1, L2, L3, Ln) intersecting the se-
lected section plane or projection plane (P) to
be displayed.

A method as claimed in one or more of the preceding
claims, characterized in that it includes the follow-
ing steps: defining a virtual volume, which at least
partially coincides with or encloses the object body
or part thereof or a three-dimensional reference sys-
tem, with respect to a first scan plane of the ultra-
sound probe.

- selecting and setting position and orientation
parameters of the section plane (P) or of the
projection plane (P) to be imaged, relative to said
virtual volume;

- identifying the transmission signals and the
corresponding echoes which relate to dots, unit
volumes, lines or discrete bands or slices coin-
cident or substantially coincident with said sec-
tion plane or with said projection plane to be im-
aged by simply comparing the position referenc-
es of the dots and/or lines contained in said sec-
tion plane or in said projection plane to be im-
aged with the scan planes of the probe;

- three-dimensionally scanning the object vol-
ume (V) only in the region coinciding with the
section plane (P) along which imaging is to be
performed, and storing the received echo sig-
nals and spatial position references univocally
related thereto, with reference to individual dis-
crete dots or unit volumes and/or to discrete
scanning lines or bands or slices;

- relating position and orientation parameters for
the section plane (P) or projection plane which
has been predetermined forimaging with the ref-
erences to the spatial position of each received
signal;

- only processing the received echo signals re-
lating to dots or lines which coincide or substan-
tially coincide with the dots or lines contained in
the section plane (P) or in the projection plane
to be displayed.

6. A method as claimed in one or more of the preceding

claims, characterized in that it may be arranged
that only certain ultrasonic signals are transmitted
and/or that focusing is performed only in certain re-
gions or along certain lines, with reference to the
lines (L1, L2, L3, Ln) or volumes of each scan plane
(S1,S2, S3, Sn) and/or scan unit volume respective-
ly, which intersect with said selected section plane
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(P) or projection plane.

A method as claimed in one or more of the preceding
claims, characterized in that, in order to ensure a
certain reliability, scanning tolerances may be set to
provide that scanning is not only performed along
lines or unit volumes coinciding with the section
plane (P) along which imaging is to be performed or
with the projection thereof, but also, within predeter-
mined limits, in the regions directly adjacent to said
section plane or to the projection thereof.

A method as claimed in one or more of the preceding
claims, characterized in that it is provided in com-
bination with scanning probes of the so-called linear
electronic or mechanical or phased array type, or
with so called sector-sector probes or with probes of
the above or different type having transducers ar-
ranged over a two-dimensional surface, named 2D
array probes.

A method as claimed in one or more of the preceding
claims, characterized in that it provides that probes
are displaced along a dimension of the object vol-
ume, i.e. in a direction substantially transverse to the
scan planes (S1, S2, S3, Sn) or to scan volumes in
a manual, mechanical or motorized manner, by lin-
ear indexing, or by oscillation or rotation, the relative
position of the individual planes being determined
with reference to a reference plane, e.g. the plane
(S1) of the first scan and by means of position sen-
sors which detect the position and the orientation of
the probe or, in the case of motorized means, thanks
to the prefixed steps of the probe from the starting
position to scan the first scan plane (S1).

A method as claimed in one or more of the preceding
claims, wherein all received signals related to the
whole volume scan are stored and processed offline,
i.e. parallel to or after the signals to be displayed in
real time, and are stored in appropriate physical or
electronic mass-memory units to be possibly re-
called by the operating personnel to display, at a
later time, images of any section or projection plane
or images obtained from the combination of said im-
ages.

An ultrasound imaging apparatus, particularly for
three-dimensional ultrasound imaging, according to
the method as claimed in one or more of claims 1 to
10, comprising:

a probe (2) having transducers (20) for gener-
ating ultrasonic pulses and receiving said puls-
es;

a control unit for generating and focusing said
transmitted ultrasonic pulses in accordance with
predefined scan modes (1);
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a unit for reconstructing reflected echo signals
with reference to focusing modes;

a unit for converting echo signals received and
reconstructed into image data (4) and a unit for
storing said image data in which said image data
are related to position parameters based on
scan modes;

a unitfor processing said image data into signals
for controlling a displaying monitor;

a unit (6) for setting spatial orientation parame-
ters of the section and projection planes of the
object volume along which imaging is to be per-
formed;

a unit for controlling access to the image data
memory and processing of said data into control
signals for the displaying monitor based on the
settings of spatial orientation parameters of sec-
tion or projection planes of the object volume to
be displayed;

the unit for controlling the scanning process and
the unit (4) for controlling access to the image
data memory (3) and processing of said data
into control signals for the displaying monitor be-
ing controlled based on the settings of spatial
orientation parameters of section or projection
planes of the object volume to be imaged for
transmission and reception, as well as for
processing and storage of such signals which
only relate to dots, lines or unit volumes coincid-
ing with said selected section or projection
planes along which imaging is to be performed;
said apparatus includes a main processor (5)
whereto the means (7) for inputting the selected
orientation of the plane (P) to be imaged and (6)
the selected ultrasound imaging modes (B-
mode, Doppler, Power Doppler, Harmonic Im-
aging, etc.) are associated, which controls a
scan control processor (1) whereto the scanning
probe (2) is connected, a processor (4) for con-
verting image data into monitor control signals
and a storage control processor (9), whereto
means for storage onto physical media (10, 12)
are connected; a RAM unit (3) whereto the po-
sitions of the individual scanning dots, planes or
unit volumes (S1, S2, S3, Sn) are provided by
the scan processor (1) and whereto the storage
control processor (9) and the processor (4) for
converting scans into image data, as well as the
displaying monitor (8) are connected;
characterized in that the RAM unit (3) is a four
input/output memory.

12. An apparatus as claimed in claim 11, characterized

in that the RAM unit (3) includes inputs/outputs for
data and addresses, the addresses being intended
to univocally define the spatial positions of image
data being univocally related thereto.
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An apparatus as claimed in claims 11 and 12, char-
acterized in that the probe 1 is connected, by its
echo signal output to the dedicated data input (DATA
1) ofthe RAM unit (3), whereas the scan control proc-
essor (1) is connected to the dedicated address input
(addresses 1) of the RAM unit (3), and the scan con-
verting processor (4), the so-called scan converter
is connected to a dedicated input/output (data 3) and
to the dedicated address input (addresses 3) of said
memory.

An apparatus as claimed in one or more of the pre-
ceding claims 11 to 13, characterized in that the
scan converting processor (4) is a so-called linear
or two-dimensional converter.

An apparatus as claimed in one or more of the pre-
ceding claims 11 to 14, characterized in that the
displaying monitor is connected to a dedicated data
input/output (data 2) and to a dedicated address in-
put/output (addresses 2) of the RAM unit (3).

An apparatus as claimed in one or more of the pre-
ceding claims, characterized in that the storage
control processor (9) is connected to a dedicated
data input/output (data 4) and to a dedicated address
input/output (addresses 4).

An apparatus as claimed in claims 11 to 16, char-
acterized in that it provides the use of probes for
three-dimensional imaging, particularly linear motor-
ized probes of the electronic or mechanical type
and/or of the so-called phased array type.

Patentanspriiche

1.

Verfahren zur Ultraschallabbildung, welches die
Schritte umfasst, dass:

- von einem Signalgeber (20) erzeugte Ultra-
schallstrahlenin ein Objektvolumen (v), welches
einem Objektkdrper oder einem Teil von diesem
entspricht, hinein ausgesendet werden;

- Signale, welche durch die Ultraschallstrahlen
indem Objektvolumen erzeugt werden, empfan-
gen (20) und gespeichert (3) werden;

- die empfangenen Signale zu Bilddaten verar-
beitet werden, welche Bildpunkten oder - linien
auf einem Videoanzeigegerat (8) zugeordnet
werden;

- zumindest einige Bilddaten auf dem Anzeige-
gerat (8) in Ubereinstimmung mit Parametern
angezeigt werden, die von einem Benutzer ge-
setzt werden und mit einer vorbestimmten
Schnitt- oder Projektionsebene des Bildes des
Objektvolumens in Beziehung gesetzt werden;
wobei die Verarbeitung von Ultraschallstrahlen
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und/oder die Anzeige mit Bezugnahme auf eine
Vorauswahl einer Schnittebene oder einer Bild-
projektionsebene des abzubildenden Objektvo-
lumens spezifisch vorbestimmt werden;

- ein mit dem Objektkérper oder mit einem Teil
von diesem Ubereinstimmendes, virtuelles Vo-
lumen oder ein dreidimensionales Bezugssy-
stem definiert wird, unter der Voraussetzung,
dass dieses eine klar definierte Ausrichtung in
Bezug auf die von der Ultraschallsonde erzeug-
ten Abbildungsebenen aufweist;

- die Schnittebene des Objektkdrpers und/oder
des Teils von diesem, entlang welchem die Ul-
traschallabbildung erfolgen soll, ausgewahlt
wird;

- die positionsdefinierenden Koordinaten fir je-
ne Punkte, welche die Schnittebene bilden, ent-
lang derer die Abbildung erfolgen soll, mit Be-
zugnahme auf das virtuelle Volumen bestimmt
werden;

- der Abtastvorgang auf jenen Bereich be-
schrankt wird, welcher mit der Schnittebene,
entlang derer die Abbildung erfolgen soll, tber-
einstimmt;

- die Sendesignale ausgesendet werden und die
reflektierten Signalechos nur entlang jener
Sichtlinien der Sonde empfangen werden, wel-
che mit der Oberflache oder der Projektions-
schicht der ausgewahlten Schnittebene, ent-
lang welcher die Abbildung erfolgen soll, tber-
einstimmen;

- nur die empfangenen Echosignale verarbeitet
und angezeigt werden;

wobei das Verfahren in Verbindung mit der so-
genannten dreidimensionalen Ultraschallabbil-
dung bereitgestellt wird,

dadurch gekennzeichnet, dass eine Ultra-
schallabtastung des gesamten Objektvolumens
durchgefiihrt wird, indem reflektierte Echosi-
gnale selbst jener Bereiche empfangen und ab-
gespeichert werden, welche nicht mit der aus-
gewahlten Schnittebene oder mit der ausge-
wahlten, abzubildenden Projektionsebene
Ubereinstimmen, wahrend gleichzeitig mit der,
oder im Anschluss an die Bildverarbeitung von
Signalen, die mit den Ebenen (P) Ubereinstim-
men, auch eine Verarbeitung der verbleibenden
Signale oder Signalabschnitte zu Bilddaten er-
folgt, wobei unterschiedliche Ultraschallsignal-
Ubertragungs- und - empfangsmodi entlang un-
terschiedlicher Abtastlinien, welche die einzel-
nen Abtastebenen der Sonde bilden, bereitge-
stellt werden, je nachdem, ob die Linien (SCNL,
SCNL(1), SCNL(1+N), SCNL(1+m)) mit der ab-
zubildenden Schnittebene (P) ibereinstimmen
oder nicht Gbereinstimmen.

2. Verfahren nach Anspruch 1, dadurch gekenn-
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zeichnet, dass die Abtastung fiir jene Abtastlinien,
die nicht mit der Schnittebene (P), entlang derer die
Abbildung erfolgen soll, libereinstimmen, mit nicht
optimalen Parametern, und daher in einer kiirzeren
Zeit erfolgt, wohingegen die Abtastparameter fiir je-
ne Abtastlinien, die mit der Schnittebene (P), entlang
derer die Abbildung erfolgen soll, ibereinstimmen,
optimiert werden.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass fiir die Abtastung der Abtastli-
nien, die nicht mit der abzubildenden Abtastebene
(P) Ubereinstimmen, die Anzahl der Abtastlinien re-
duziert wird oder eine geringere Anzahl von Signal-
gebern aktiviert wird, verglichen mit der Anzahl der
Linien oder der Anzahl der Signalgeber, die in jenen
Bereichen der Abtastebene der Sonde aktiviert sind,
die mit der Schnittebene (P), entlang derer die Ab-
bildung erfolgen soll, Gibereinstimmen.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriche, welches die Schritte umfasst,
dass

- eine dreidimensionale Abtastung des Objekt-
volumens durchgeflhrt wird, d.h. Ultraschallsi-
gnale in den Objektkdrper hinein ausgesendet
werden und diese gleichzeitig entlang einzelner
Schnittebenen (S1, S2, S3, Sn) mit unterschied-
lichen Ausrichtungen oder Positionen dergestalt
gebiindelt werden, dass alle einzelnen Schnit-
tebenen (S1, S2, S3, Sn) zusammen genom-
men verschiedene, vorbestimmte Abschnitte
abdecken, die sich lber die Ausdehnung des
gesamten Objektvolumens hinweg erstrecken,
oder die auf einzelne nebeneinanderliegende
Einheitsvolumina gebiindelt sind, die als Gan-
zes das gesamte Objektvolumen abdecken, und
dass die entsprechenden, reflektierten Echos
empfangen werden, wobei eine jede Schnitte-
bene durch eine Reihe von parallelen und be-
nachbarten Schnittlinien gebildet wird, oder jede
Schnittschicht durch eine Mehrzahl von Abtast-
volumina gebildet wird, die ihrerseits durch eine
Mehrzahl von benachbarten Abtastlinien gebil-
det werden;

- die empfangenen Echosignale in Relation zu
ihrer Position im Raum in Bezug auf die Abtast-
modi zu Bilddaten verarbeiten werden;

- die Bilddaten in eindeutiger Beziehung zu den
entsprechenden raumlichen Positionsdaten in
einem Speicher abgespeichert werden und zu
Bildpunkten oder -linien auf einem Videoanzei-
gegerat umgewandelt werden;

-wobeidas Verfahren weiterhin durch die Schrit-
te gekennzeichnet ist, dass:

- ein virtuelles Volumen erzeugt wird, wel-
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ches das Volumen des Objektkdrpers oder
einen Teil davon oder ein dreidimensiona-
les Bezugssystem enthalt oder zumindest
teilweise damit Ubereinstimmt, unter der
Voraussetzung, dass dieses eine prazise
Ausrichtung in Bezug auf die von der Ultra-
schallsonde erzeugten Abbildungsebenen
aufweist;

- die Ausrichtung einer vorbestimmten
Schnittebene (P) des Objektvolumens (V)
oder einer vorbestimmten Projektionsebe-
ne des Objektvolumens festgelegt oder
ausgewahlt wird, bevor der Abtast-, Verar-
beitungs- und Anzeigevorgang erfolgt;

- die Linien (L1, L2, L3, Ln) der ausgewahl-
ten Schnitt- oder Projektionsebene (P) be-
stimmt werden, welche die einzelnen Ab-
tastebenen (S1, S2, S3, Sn) und/oder die
Einheitsvolumina, die mit der Schnitt- oder
Abtastebene (ibereinstimmen, schneiden;

- die Aussendung von Ultraschallsignalen
und der Empfang von deren Signalechos
nur entlang der Linien der ausgewahlten
Schnitt- oder Projektionsebene erfolgt, wel-
che die einzelnen Abtastebenen und/oder
die Einheitsvolumina, die mit der Schnitt-
oder Abtastebene (ibereinstimmen, schnei-
den;

- nur solche reflektierten Signale und Teile
davon zu Bilddaten und zu Signalen zum
Steuern des Videoanzeigegerats (8) verar-
beitet werden, die mit den Linien (L1, L2,
L3, Ln) in Beziehung stehen, welche die
ausgewahlte Schnittebene oder die anzu-
zeigende Projektionsebene (P) schneiden.

5. Verfahren nach einem oder mehreren der vorange-

gangenen Anspriiche, dadurch gekennzeichnet,
dass es die Schritte umfasst, dass:

- ein virtuelles Volumen definiert wird, welches
zumindest teilweise mit dem Objektkérper oder
einem Teil davon oder mit einem dreidimensio-
nalen Bezugssystem Ubereinstimmt, oder diese
mit Bezug auf eine erste Abtastebene der Ultra-
schallsonde umgibt;

- die Positions- und Ausrichtungsparameter der
Schnittebene (P) oder der abzubildenden Pro-
jektionsebene (P) relativ zu dem virtuellen Vo-
lumen ausgewahlt und festgelegt werden;

- die Ubertragungssignale und die entsprechen-
den Signalechos, welche mit Punkten, Einheits-
volumina, Linien oder diskreten Streifen oder
Schichten zusammenhdngen, die mit der
Schnittebene oder mit der abzubildenden Pro-
jektionsebene libereinstimmen oderim Wesent-
lichen Ubereinstimmen, identifiziert werden, in-
dem einfach die Positionsbezlige der in der
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Schnittebene oder in der abzubildenden Projek-
tionsebene enthaltenen Punkte und/oder Linien
mit den Abtastebenen der Sonde verglichen
werden;

- das Objektvolumen (V) nur in jenem Bereich
dreidimensional abgetastet wird, der mit der
Schnittebene (P), entlang welcher die Abbildung
erfolgen soll, ibereinstimmt und die damit ein-
deutig in Beziehung gebrachten, empfangenen
Echosignale und raumlichen Positionsbeziige
unter Bezugnahme auf die einzelnen diskreten
Punkte oder Einheitsvolumina und/oder die dis-
kreten Abtastlinien oder Streifen oder Schichten
abgespeichert werden;

- die Positions- und Ausrichtungsparameter fiir
die Schnittebene (P) oder Projektionsebene, die
fur die Abbildung vorbestimmt worden ist, mit
den Beziigen zu der rédumlichen Position eines
jeden empfangenen Signals in Beziehung ge-
setzt werden;

- nur diejenigen empfangenen Echosignale, die
mit Punkten oder Linien in Bezug stehen, welche
mit den in der Schnittebene (P) oder in der ab-
zubildenden Projektionsebene (P) enthaltenen
Punkten oder Linien bereinstimmen oder im
Wesentlichen Gibereinstimmen, verarbeitet wer-
den.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriiche, dadurch gekennzeichnet,
dass es so eingerichtet sein kann, dass nur be-
stimmte Ultraschallsignale ausgesendet werden
und/oder dass eine Blindelung nur in bestimmten
Bereichen oder entlang bestimmter Linien erfolgt,
und zwar jeweils unter Bezugnahme auf die Linien
(L1, L2, L3, Ln) oder die Volumina einer jeden Ab-
tastebene (S1, S2, S3, Sn) und/oder eines jeden Ab-
tast-Einheitsvolumens, die sich mit der ausgewahl-
ten Schnittebene (P) oder Projektionsebene schnei-
den.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriiche, dadurch gekennzeichnet,
dass zur Gewahrleistung einer bestimmten Zuver-
lassigkeit die Abtast-Toleranzen so eingestellt wer-
denkdnnen, dass vorgesehen ist, dass ein Abtasten
nicht nur entlang von Linien oder Einheitsvolumina
erfolgt, die mit der Schnittebene (P), entlang derer
die Abbildung erfolgen soll, oder mit deren Projektion
Ubereinstimmen, sondern auch, innerhalb vorbe-
stimmter Grenzen, in den Bereichen, die zu dieser
Schnittebene oder zu deren Projektion unmittelbar
benachbart sind.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriiche, dadurch gekennzeichnet,
dass dieses in Verbindung mit Abtastsonden des
sogenannten linear-elektronischen oder mechani-
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schen Typs oder mit Phased-Array-Sonden oder so-
genannten Sektor-Sektor-Sonden, oder mit Sonden
des obigen Typs oder andersartigen Sonden mit
Uber eine zweidimensionale Oberflache hinweg an-
geordneten Signalgebern, sogenannten 2D-Array-
Sonden, bereitgestellt wird.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriiche, dadurch gekennzeichnet,
dassdieses vorsieht,dass Sonden entlang einer Ab-
messung des Objektvolumens, d.h. in einer Rich-
tung im Wesentlichen quer zu den Abtastebenen
(S1, S2, S3, Sn) oder zu den Abtastvolumina auf
manuelle, mechanische oder motorbetriebene Wei-
se durch lineares Takten oder durch Schwingung
oder Drehung verschoben werden, wobei die relati-
ve Position der einzelnen Ebenen unter Bezugnah-
me auf eine Referenzebene, d.h. die Ebene (S1) der
ersten Abtastung, mittels Positionssensoren be-
stimmt wird, welche die Position und die Ausrichtung
der Sonde detektieren, oder, im Fall einer motori-
sierten Einrichtung, dank der fiir die Abtastung der
ersten Abtastebene vorbestimmten Schritte der
Sonde ausgehend von der Ausgangsposition be-
stimmt wird.

Verfahren nach einem oder mehreren der vorange-
gangenen Anspriiche, wobei sdmtliche empfange-
nen Signale in Verbindung mit der Gesamtvolumen-
abtastung rechnerunabhéngig, d.h. parallel zu oder
anschlieRend an die Echtzeit-Anzeige der Signale,
gespeichert und verarbeitet werden und in geeigne-
ten physischen oder elektronischen Massenspei-
chereinheiten gespeichert werden, so dass sie ge-
gebenenfalls durch das Bedienpersonal wieder auf-
gerufen werden kénnen, um zu einem spéateren Zeit-
punkt Bilder jeder beliebigen Schnitt- oder Projekti-
onsebene oder Bilder, die aus der Kombination die-
ser Bilder gewonnen werden, anzuzeigen.

Ultraschallabbildungsvorrichtung, insbesondere fir
dreidimensionale Ultraschallabbildung gemafR dem
Verfahren nach einem oder mehreren der Ansprii-
che 1

- 10, welche umfasst:

- eine Sonde (2) mit Signalgebern (20) zum
Erzeugen von Ultraschallimpulsen und zum
Empfangen der Impulse;

- eine Steuereinheit zum Erzeugen und
Blndeln der ausgesendeten Ultraschallim-
pulse gemal vorbestimmter Abtastmodi
(1;

- eine Einheit zum Rekonstruieren reflek-
tierter Echosignale unter Bezugnahme auf
Blindelungsmodi;

- eine Einheit zum Umwandeln von empfan-
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genen und rekonstruierten Echosignalen in
Bilddaten (4) und eine Einheit zum Abspei-
chern der Bilddaten, in welcher die Bildda-
ten mit Positionsparametern, die auf den
Abtastmodi basieren, in Beziehung gesetzt
werden;

- eine Einheit zum Verarbeiten der Bildda-
ten zu Signalen fiir die Steuerung eines An-
zeigebildschirms;

- eine Einheit (6) zum Festlegen von rdum-
lichen Ausrichtungsparametern der Schnit-
tebene und der Projektionsebene des Ob-
jektvolumens, entlang welcher die Abbil-
dung erfolgen soll;

- eine Einheit zum Steuern des Zugriffs auf
den Bilddatenspeicher und zur Verarbei-
tung dieser Daten zu Steuersignalen fiirden
Anzeigebildschirm basierend auf den Ein-
stellungen der raumlichen Ausrichtungspa-
rameter der Schnitt- oder Projektionsebe-
nen des anzuzeigenden Objektvolumens;
- wobei die Einheit zum Steuern des Abtast-
vorgangs und die Einheit (4) zum Steuern
des Zugriffs auf den Bilddatenspeicher (3)
und zur Verarbeitung dieser Daten zu Steu-
ersignalen fir den Anzeigebildschirm ba-
sierend auf den Einstellungen der raumli-
chen Ausrichtungsparameter der Schnitt-
oder Projektionsebenen des abzubilden-
den Objektvolumens dergestalt gesteuert
werden, dass nur diejenigen Signale, wel-
che mit Punkten, Linien oder Einheitsvolu-
mina, die mit den ausgewahlten Schnitt-
oder Projektionsebenen, entlang derer die
Abbildung erfolgen soll, Ubereinstimmen,
bei der Aussendung und beim Empfang, so-
wie bei der Verarbeitung und der Speiche-
rung beriicksichtigt werden;

wobei die Vorrichtung umfasst: einen Hauptprozes-
sor (5), welchem die Vorrichtung (7) zum Eingeben
der ausgewahlten Ausrichtung der abzubildenden
Ebene (P) und (6) der ausgewahlten Ultraschallab-
bildungsmodi (B-Modus, Doppler, Power-Doppler,
harmonische Bildgebung, usw.) zugeordnet ist, wel-
cher einen Abtast-Steuerprozessor (1) steuert, mit
dem die Abtastsonde (2) verbunden ist, einen Pro-
zessor (4) zum Umwandeln von Bilddaten in Bild-
schirm-Steuersignale, und einen Speicher-Steuer-
prozessor (9), mit welchem eine Vorrichtung zum
Speichern auf physischen Medien (10, 12) verbun-
den ist; eine RAM-Arbeitsspeichereinheit (3), wel-
cher die Positionen der einzelnen Abtastpunkte,
Ebenen oder Einheitsvolumina (S1, S2, S3, Sn)
durch den Abtastprozessor (1) bereitgestellt werden
und mit welcher der Speicher-Steuerprozessor (9)
und der Prozessor (4) zum Umwandeln von Abtast-
werten in Bilddaten, sowie der Anzeigebildschirm (8)
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verbunden sind;

dadurch gekennzeichnet, dass es sich bei der
RAM-Arbeitsspeichereinheit (3) um einen Vier-Ein-
gang-/Ausgangspeicher handelt.

Vorrichtung nach Anspruch 11, dadurch gekenn-
zeichnet, dass die RAM-Arbeitsspeichereinheit (3)
Eingdnge/Ausgange fir Daten und Adressen um-
fasst, wobei die Adressen dafiir bestimmt sind, auf
eindeutige Weise die rdumlichen Positionen von
Bilddaten zu definieren, die diesen eindeutig zuge-
ordnet sind.

Vorrichtung nach den Anspriichen 11 und 12, da-
durch gekennzeichnet, dass die Sonde 1 mitihrem
Echosignal-Ausgang mitdem fest zugeordneten Da-
teneingang (DATA 1) der RAM-Arbeitsspeicherein-
heit (3) verbunden ist, wohingegen der Abtast-Steu-
erprozessor (1) mit dem fest zugeordneten Adres-
seingang (addresses 1) der RAM-Arbeitsspeicher-
einheit (3) verbunden ist und der Abtastwert-Um-
wandlungsprozessor (4), der sogenannte Abtast-
Umwandler, mit einem fest zugeordneten Eingang/
Ausgang (data 3) und mit dem fest zugeordneten
Adresseingang (addresses 3) des Speichers ver-
bunden ist.

Vorrichtung nach einem oder mehreren der voran-
gegangenen Anspriche 11 bis 13, dadurch ge-
kennzeichnet, dass es sich bei dem Abtastwert-
Umwandlungsprozessor (4) um einen sogenannten
linearen oder zweidimensionalen Umwandler han-
delt.

Vorrichtung nach einem oder mehreren der voran-
gegangenen Anspriche 11 bis 14, dadurch ge-
kennzeichnet, dass der Anzeigebildschirm mit ei-
nem fest zugeordneten Daten-Eingang/Ausgang
(data 2) und mit einem fest zugeordneten Adressen-
Eingang/Ausgang (addresses 2) der RAM-Arbeits-
speichereinheit (3) verbunden ist.

Vorrichtung nach einem oder mehreren der voran-
gegangenen Anspriche, dadurch gekennzeich-
net, dass der Speicher-Steuerprozessor (9) mit ei-
nem fest zugeordneten Daten-Eingang/Ausgang
(data 4) und mit einem fest zugeordneten Adressen-
Eingang/Ausgang (addresses 4) verbunden ist.

Vorrichtung nach den Anspriichen 11 bis 16, da-
durch gekennzeichnet, dass sie den Einsatz von
Sonden fiir dreidimensionale Abbildung, insbeson-
dere von linearmotorbetriebenen Sonden vom elek-
tronischen oder mechanischen Typ und/oder von so-
genannten Phased-Array-Sonden unterstutzt.
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Revendications

Procédé d’imagerie par ultrasons, comprenant les
étapes suivantes consistant a :

- transmettre des faisceaux d’ultrasons produits
par des transducteurs (20) dans un volume objet
(v) correspondant a un corps d’objet ou une par-
tie de celui-ci ;

- recevoir (20) et mémoriser (3) des signaux pro-
duits par des faisceaux d’ultrasons dans le vo-
lume objet ;

- traiter les signaux regus en données d’'image
associées a des points ou des lignes d'image
d’'un affichage vidéo (8) ;

- afficher au moins quelques données d'image
sur I'affichage (8) conformément a des parame-
tres établis par un utilisateur et relatifs a un plan
prédéterminé de section ou de projection de
l'image du volume objet,

- traiter des faisceaux d’ultrasons et/ou afficher
ceux-ci, qui sont prédéterminés de maniére spé-
cifique enréférence a une sélection préliminaire
d’'un plan de section ou d’un plan de projection
d’'image du volume objet a imager ;

- définir un volume virtuel coincidant avec le
corps d’objet ou une partie de celui-ci ou un sys-
téme de référence tridimensionnel, pourvu qu'il
ait une orientation définie par rapport au plan
d’'imagerie produit par la sonde ultrasonore ;

- sélectionner le plan de section et le corps d’ob-
jetet/ou la partie de celui-ci le long desquels une
imagerie ultrasonore doit étre effectuée ;

- déterminer les coordonnées définissant une
position pour les points qui forment le plan de
section le long de duquel 'imagerie doit étre ef-
fectuée, en référence au volume virtuel ;

- limiter I'opération de balayage a la zone qui
coincide avec le plan de section le long duquel
l'imagerie doit étre effectuée ;

- transmettre les signaux de transmission et re-
cevoir les échos réfléchis uniquement le long
des lignes de vision de la sonde qui coincident
avec la surface ou la tranche de projection du
plan de section sélectionné le long duquel I'ima-
gerie doit étre effectuée ;

- traiter et afficher uniquement les signaux
d’écho regus ;

le procédé étant fourni en combinaison avec ce
qu’on appelle une imagerie par ultrasons tridimen-
sionnelle,

caractérisé en ce qu’un balayage d’ultrasons du
volume objet entier est effectué par la réception et
la mémorisation des signaux d’écho réfléchis méme
de zones qui ne coincident pas avec le plan de sec-
tion sélectionné ou avec le plan de projection sélec-
tionné aimager alors qu’il est prévu, simultanément
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ou ultérieurement par rapport au traitement de si-
gnaux d’images coincidant avec les plans (P), de
traiter méme les signaux restants ou les parties de
signal en données d'image, en étant fournis des mo-
des de transmission et de réception de signal ultra-
sonore différents le long des lignes de balayage dif-
férentes qui forment chaque plan de balayage de la
sonde enfonction dufaitque les lignes (SCNL, SCNL
(1), SCNL (1+N), SCNL (1+m)) coincident avec le
plan de section (P) a imager ou ne coincident pas
avec celui-ci.

Procédé selon larevendication 1, caractérisé en ce
que le balayage est effectué avec des parameétres
non optimaux, par conséquent dans un temps plus
court, pour les lignes de balayage qui ne coincident
pas avec le plan de section (P) le long duquel I'ima-
gerie doit étre effectuée, alors que des parameétres
de balayage sont optimisés pour les lignes de ba-
layage qui coincident avec le plan de section (P) le
long duquel une imagerie doit étre effectuée.

Procédé selon les revendications 1 ou 2, caractéri-
sé en ce que le nombre de lignes de balayage est
réduit ou un nombre plus petit de transducteurs est
activé pour balayer le long des lignes de balayage
qui ne coincident pas avec le plan de balayage (P)
a imager, par comparaison au nombre de lignes ou
au nombre de transducteurs activés dans les zones
du plan de balayage de la sonde qui coincident avec
le plan de section (P) le long duquel I'imagerie doit
étre effectuée.

Procédé selon une ou plusieurs des revendications
précédentes, comprenant les étapes suivantes con-
sistant a :

- effectuer un balayage tridimensionnel du vo-
lume objet, c’est-a-dire transmettre des signaux
ultrasonores dans le corps de I'objet tout en les
focalisant le long de plans de sections indivi-
duelles (S1, S2, S3, Sn) ayant des orientations
ou positions différentes et de sorte que tous les
plans de sectionindividuels (S1,S2, S3, Sn) réu-
nis recouvrent des sections différentes et pré-
déterminées agencées sur I'étendue du volume
de 'objet entier, ou sont focalisés sur des volu-
mes unitaires adjacents individuels qui recou-
vrent, sous la forme d’un tout, tout le volume de
I'objet, etrecevoir les échos réfléchis correspon-
dant, chaque plan de section étant formé par
une série de lignes de section paralléles et ad-
jacentes, ou chaque tranche de section étant
formée par plusieurs volumes de balayage uni-
taires, qui sont formés, a leur tour, par plusieurs
lignes de balayage adjacentes ;

- traiter les signaux d’écho regus en données
d’'image en fonction de leur position dans I'es-
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pace en référence aux modes de balayage ;
-mémoriser des données d'image dans une mé-
moire dans une relation univoque avec les in-
formations de position spatiale correspondan-
tes et les transformer en points ou lignes d’ima-
ge sur un affichage vidéo ;

- le procédé étant en outre caractérisé par les
étapes suivantes consistant a :

- engendrer un volume virtuel, contenant le
volume du corps de I'objet ou une partie de
celui-ci ou un systéme de référence tridi-
mensionnel, ou coincidant au moins partiel-
lement avec ceux-ci, pourvu qu’il ait une
orientation précise par rapport aux plans
d'imagerie engendrés par la sonde
ultrasonore ;

- fixer ou sélectionner 'orientation d’un plan
de section prédéterminé (P) du volume ob-
jet (v) ou d’un plan de projection prédéter-
miné du volume objet avant le balayage, le
processus de traitement, et d’affichage ;

- déterminer les lignes (L1, L2, L3, Ln) des
plans de section ou de projection (P) sélec-
tionnés quirecoupentles plans de balayage
individuels (S1, S2, S3, Sn) et/ou les volu-
mes unitaires coincidant avec le plan de
section ou de balayage,

- ne transmettre que des signaux ultraso-
nores et recevoir des échos provenant de
ceux-cile long des lignes du plan de section
ou de projection sélectionné qui recoupent
les plans de balayage individuels et/ou les
volumes unitaires coincidant avec le plan
de section ou de balayage,

- traiter en données d’'image et en signaux
destinés a commander I'affichage vidéo (8)
les seuls signaux réfléchis ou parties de
ceux-Ci qui concernent les lignes (L1, L2,
L3, Ln) recoupant le plan de section ou le
plan de projection (P) sélectionné a afficher.

Procédeé selon une ou plusieurs des revendications
précédentes, caractérisé en ce qu’il comprend les
étapes suivantes consistant a : définir un volume vir-
tuel, qui coincide avec le corps de I'objet ou une par-
tie de celui-ci ou un systeme de référence tridimen-
sionnel ou les entoure au moins partiellement, en ce
qui concerne un premier plan de balayage de la son-
de ultrasonore,

- sélectionner et fixer des paramétres de position
etd’orientation du plan de section (P) ou du plan
de projection (P) a imager, par rapport au volu-
me virtuel ;

- identifier les signaux de transmission et les
échos qui concernent des points, des volumes
unitaires, des lignes ou des bandes séparées
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ou des tranches coincidant ou coincidant sen-
siblementavecle plan de section ou avec le plan
de projection a imager en comparant simple-
ment les références de position des points et/ou
lignes contenus dans le plan de section ou dans
le plan de projection a imager avec les plans de
balayage de la sonde ;

- faire un balayage tridimensionnel du volume
objet (v) uniquement dans la zone coincidant
avec le plan de section (P) le long duquel 'ima-
gerie doit étre effectuée, et mémoriser les si-
gnauxd’échorecgus et les références de position
spatiale en rapport de maniére univoque avec
ceux-ci, en référence a des points ou volumes
unitaires et/ou lignes de balayage ou bandes ou
tranches séparés individuels;

- rendre compte des parameétres de position et
d’orientation pour le plan de section (P) ou le
plan de projection qui a été prédéterminé pour
I'imagerie avec les références a la position spa-
tiale de chaque signal regu ;

- traiter uniquement les signaux d’écho regus
concernant des points ou des lignes qui coinci-
dentou coincident sensiblement avec les points
ou lignes contenus dans le plan de section (P)
ou dans le plan de projection a afficher.

Procédé selon une ou plusieurs des revendications
précédentes, caractérisé en ce qu’il peut étre agen-
cé de sorte que seuls certains signaux ultrasonores
sont transmis et/ou qu’une focalisation est effectuée
uniqguement dans certaines zones ou le long de cer-
taines lignes, en référence aux lignes (L1, L2, L3,
Ln) ou aux volumes de chaque plan de balayage
(S1, S2, S3, Sn) et/ou a un volume unitaire de ba-
layage respectivement, qui se recoupent avec le
plan de section (P) ou le plan de projection sélec-
tionné.

Procédé selon une ou plusieurs des revendications
précédentes, caractérisé en ce que, afin d’assurer
une certaine fiabilité, des tolérances de balayage
peuvent étre fixées pour assurer que le balayage est
non seulement effectué le long de lignes ou de vo-
lumes unitaires coincidant avec le plan de section
(P) le long duquel I'imagerie doit étre effectuée ou
avec la projection de celui-ci, mais également, dans
des limites prédéterminées, dans les zones directe-
ment adjacentes au plan de section ou a la projection
de celui-ci.

Procédé selon une ou plusieurs des revendications
précédentes, caractérisé en ce qu’il est fourni en
combinaison avec des sondes de balayage appe-
Iées du type a réseau électronique ou mécanique ou
a phase linéaire, ou avec ce qu’on appelle des son-
des secteur-secteur ou avec des sondes du type ci-
dessus ou différent ayant des transducteurs agen-
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cés sur une surface bidimensionnelle, appelées son-
des a réseau 2D.

Procédeé selon une ou plusieurs des revendications
précédentes, caractérisé en ce qu’ilassure que des
sondes sont déplacées le long d’une dimension du
volume objet, c’est-a-dire dans une direction sensi-
blement transversale par rapport aux plans de ba-
layage (S1, S2, S3, Sn) ou balayent des volumes
d’une maniére manuelle, mécanique ou motorisée,
par indexage linéaire ou par oscillation ou rotation,
la position relative des plans individuels étant déter-
minée en référence a un plan de référence, par
exemple le plan (S1) du premier balayage et par I'in-
termédiaire de capteurs de position qui détectent la
position et I'orientation de la sonde ou, dans le cas
de moyens motorisés, grace aux étapes prédéfinies
de la sonde a partir de la position de démarrage pour
balayer le premier plan de balayage (S1).

Procédeé selon une ou plusieurs des revendications
précédentes, dans lequel tous les signaux regus re-
latifs au balayage du volume complet sont mémori-
sés et traités en ligne, c’est-a-dire parallelement aux
signaux ou apres les signaux a afficher en temps
réel, et sont mémorisés dans des unités de mémoire
de masse physique ou électronique appropriée pour
étre rappelés de maniére possible par le personnel
d’exploitation pour afficher, a un moment ultérieur,
des images d’'un plan de section ou de projection
quelconque ou des images obtenues a partir de la
combinaison des images.

Appareil d'imagerie par ultrasons en particulier pour
une imagerie par ultrasons tridimensionnelle, selon
le procédé revendiqué dans une ou plusieurs des
revendications 1 a 10, comprenant :

une sonde (2) ayantdes transducteurs (20) pour
engendrer des impulsions ultrasonores et rece-
voir les impulsions ;

une unité de commande pour engendrer et fo-
caliser les impulsions ultrasonores transmises
conformément a des modes de balayage pré-
défini (1) ;

une unité pour reconstruire des signaux d’écho
réfléchis en référence aux modes de
focalisation ;

une unité pour convertir des signaux d’écho re-
cus et reconstruits en données d'images (4) et
une unité pour mémoriser les données d’'image
dans lesquelles les données d'image sont rela-
tives a des parameétres de position sur la base
des modes de balayage ;

une unité pour traiter les données d’'image en
signaux pour commander un écran d’affichage ;
une unité (6) pour fixer des paramétres d’orien-
tation spatiale des plans de section et de pro-
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12.

13.

36

jection du volume objet le long desquels l'ima-
gerie doit étre effectuée ;

une unité pour commander 'accés ala mémoire
de données d’image et traiter les données en
signaux de commande pour I'écran d’affichage
sur la base des réglages des parametres
d’orientation spatiale des plans de section oude
projection du volume objet a afficher ;

I'unité pour commander le processus de balaya-
ge et I'unité (4) pour commander 'accés a la
mémoire de données d’'image (3) et traiter les
données en signaux de commande de I'écran
d’affichage étant commandées sur la base des
réglages des parameétres d’orientation spatiale
des plans de section ou de projection du volume
objet a imager pour transmission et réception,
ainsi que pourtraitementetmémorisation de tels
signaux qui ne concernent que des points, des
lignes ou des volumes unitaires coincidant avec
les plans de section ou de projection sélection-
nés le long desquels limagerie doit étre
effectuée ;

I'appareil comprend un processeur principal (5)
auquel les moyens (7) pour entrer 'orientation
sélectionnée du plan (P) a imager et (6) les mo-
des d’imagerie par ultrasons sélectionnés (mo-
de B, Doppler, Puissance Doppler, imagerie
d’harmoniques, etc.) sont associés, qui com-
mandent un processeur de commande de ba-
layage (1) auquel est reliée la sonde de balaya-
ge (2),un processeur (4) pour convertir des don-
nées d’image en signaux de commande d’écran
et un processeur de commande de mémorisa-
tion (9), auquel des moyens de mémorisation
situés sur un support physique (10, 12) sont
reliés ;

une unité de mémoire vive RAM (3) a laquelle
les positions des points, plans ou volumes uni-
taires (S1, S2, S3, Sn) de balayage individuels
sont fournis par le processeur de balayage (1)
et auquel le processeur de commande de mé-
morisation (9) le processeur (4) de conversion
des balayages en données d'image, ainsi que
I’écran d’affichage (8) sont reliés ;

caractérisé en ce que l'unité de RAM (3) est
une mémoire a quatre entrées/sorties.

Appareil selon la revendication 11, caractérisé en
ce que l'unité de RAM (3) comprend des entrées/
sorties pourdes données etdes adresses, les adres-
ses étant prévues pour définir de maniéere univoque
les positions spatiales des données d'image qui con-
cernent de maniére univoque celles-ci.

Appareil selon les revendications 11 et 12, caracté-
risé en ce que la sonde (1) est reliée, par sa sortie
de signal d’écho al'entrée de données dédiées (DA-
TA 1) de I'unité de RAM (3), alors que le processeur
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de commande de balayage (1) est relié a I'entrée
d’adresses dédiées (addresses 1) de I'unité de RAM
(3) et le processeur de conversion de balayage (4),
ce qu’on appelle un convertisseur de balayage, est
relié a une entrée /sortie dédiée (data 3) eta I'entrée
d’adresse dédiée (addresses 3) de la mémoire.

Appareil selon une ou plusieurs des revendications
11 a 13, caractérisé en ce que le processeur de
conversion de balayage (4) est ce qu'on appelle un
convertisseur linéaire ou bidimensionnel.

Appareil selon une ou plusieurs des revendications
11a 14 qui précedent, caractérisé en ce que I'écran
d’affichage est relié a une entrée/sortie de données
dédiées (data 2) et a une entrée/sortie d’adresse dé-
diée (addresses 2) de I'unité de RAM (3).

Appareil selon une ou plusieurs des revendications
précédentes, caractérisé en ce que le processeur
de commande de mémorisation (9) est relié a une
entrée/sortie de données dédiées (data 4) et a une
entrée/sortie d’adresse dédiée (addresses 4).

Appareil selon les revendications 11 a 16, caracté-
risé en ce qu’il fournit l'utilisation de sondes pour
une imagerie tridimensionnelle, en particulier des
sondes motorisées linéaires du type électronique ou
mécanique et/ou du type appelé réseau a comman-
de de phase.
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