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(54) Ultrasonic imaging method and probe for 3D gynecologic inspection

(57) Ultrasonic imaging method particularly for 3D
gynaecologic inspections, which method comprises the
following steps: Providing a linear ultrasound probe (2)
comprising a certain number of transducers (120) which
are placed side by side along a line forming a so called
linear array (20); Providing a B-mode imaging scanning
unit to which the transducers are connected and which
scanning unit alternatively generates electric driving sig-
nals for each transducer of the probe for exciting the
transducers to emit ultrasound transmission signals and
receives the electric signals generated by each transduc-
er due to the excitation of the transducers by the ultra-
sound signals reflect form a target body against which
the ultrasound transmission signals has been emitted;
Defining a starting orientation of the direction of propa-
gation of the ultrasound transmission signals and of the
ultrasound reflected signals along which a first scanning
step is carried out; Carrying out the first scanning step
consisting in emitting the ultrasound transmission signals
and receiving the ultrasound reflection signals along the
said starting direction of propagation; Oscillating the
probe in a direction transversal to the longitudinal exten-
sion of the linear array of transducers and around an axis
coinciding or parallel to the said longitudinal extensions
or coinciding or parallel to the central longitudinal axis of
the linear array of transducers for modifying the orienta-
tion of the said direction of propagation of the ultrasound
transmission signals and of the ultrasound reflected sig-
nals;

Carrying out a scanning step along each new orient-
ed direction of propagation corresponding to a different
oscillation angle of the probe; Providing a 3D scan-con-
verter in which the received signals relating to the ultra-
sound reflected signals are stored; Providing B-mode im-
age producing means for generating an image from the
said received signals relating to the ultrasound reflected

signals are stored. According to the invention the follow-
ing further steps are provided: Steering the ultrasound
emitted beams so that the linear array of transducers
generates a trapezoidal scanning slice or plane diverging
in the direction of propagation of the beam and providing
a reflected beam signals focussing rule which generates
a trapezoidal image corresponding to the steered ultra-
sound beams.
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Description

[0001] The invention relates to an ultrasonic imaging
method for 3D gynaecologic inspections, which method
comprises the following steps:

Providing a linear ultrasound probe comprising a cer-
tain number of transducers which are placed side by
side along a line;
Providing a B-mode imaging scanning unit to which
the transducers are connected and which scanning
unit alternatively generates electric driving signals
for each transducer of the probe for exciting the
transducers to emit ultrasound transmission signals
and receives the electric signals generated by each
transducer due to the excitation of the transducers
by the ultrasound signals reflect form a target body
against which the ultrasound transmission signals
has been emitted;
Defining a starting orientation of the direction of prop-
agation of the ultrasound transmission signals and
of the ultrasound reflected signals along which a first
scanning step is carried out;
Carrying out the first scanning step consisting in
emitting the ultrasound transmission signals and re-
ceiving the ultrasound reflection signals along the
said starting direction of propagation;
Oscillating the probe in a direction transversal to the
longitudinal extension of the linear array of transduc-
ers and around an axis coinciding or parallel to the
said longitudinal extensions or coinciding or parallel
to the central longitudinal axis of the linear array of
transducers for modifying the orientation of the said
direction of propagation of the ultrasound transmis-
sion signals and of the ultrasound reflected signals;
Carrying out a scanning step along each new orient-
ed direction of propagation corresponding to a dif-
ferent oscillation angle of the probe;
Providing a 3D scan-converter in which the received
signals relating to the ultrasound reflected signals
are stored;
Providing B-mode image producing means for gen-
erating an image from the said received signals re-
lating to the ultrasound reflected signals are stored.

[0002] Visualizing the B-mode image on a monitor
screen.
[0003] An ultrasonic imaging method as disclosed
above, in combination with an ultrasound scanner for car-
rying out the said method and with a probe of the above
mentioned kind is known from US 6,572,548.
[0004] This document discloses with greater details a
particular 3D scanner and a particular method of produc-
ing an image form the collected received signals which
can also be applied as an example in combination with
the method according to this application.
[0005] The oscillation of the probe can be obtained by
manually oscillating the entire probe, or in an improved

manner which is also disclosed in the above mentioned
document by means of a so called 3D probe in which the
transducer array can be oscillated by means of a stepped
electric motor around an axis of rotation which is oriented
parallel or which is coincident with the longitudinal central
axis of the array of transducers.
[0006] Thus the oscillation of the array of transducers
can be driven by the ultrasound scanner and in a syn-
chronised manner with the ultrasound scanning shots
and the successive receipt of the reflected ultrasound
echoes. Thereby the probe can be held fixed in a con-
ventional position. 3D probes can be of several kind, such
as so called linear array probes being provided with a
linear array of transducers or so called convex probes
which are provided with a linear array of transducers
which are distributed on an arched line so to form an
arched front of transducers placed side by side.
[0007] Linear arrays of transducers in which the trans-
ducers are placed side by side along a straight line gen-
erate images which are corresponding to a scanning
plane perpendicular to the transducer frontal emitting and
receiving surface and which dimension in the longitudinal
direction of the transducers array is constant for the entire
scanning depth. Thus the images obtained are essen-
tially of a rectangular shape.
[0008] Convex linear arrays of transducers produce an
image having a trapezoidal shape, the dimension of the
imaged area and thus of the image obtained increasing
with the depth of penetration of the scanning pulse within
the target body.
[0009] When an oscillating transducer array is provid-
ed it is important that the axis of oscillation is coincident
as far as possible with the longitudinal central axis of the
array. This in order to reduce as far as possible vibrations
to the probe due to the oscillating mass. Also the request-
ed power for oscillating the array of transducers is re-
duced when the axis of oscillation is very near or coinci-
dent with the central longitudinal axis of the array.
[0010] Considering convex linear arrays, the axis of
oscillation can be a secant of the array or can be coinci-
dent with a line connecting the two end of the array or
even the axis of oscillation could be chosen as to be
tangent to the central point of the arched linear array.
Thus there are always parts of the array having a con-
siderable radial distance from the axis of rotation inducing
considerable angular momentums. Under this conditions
the power needed for oscillating the arched array is big-
ger than in the plane rectilinear array and the probe is
subjected to considerable vibrations. In addition, due to
the energy law of conservations the free orientation of
the probe particularly relatively to an axis of angular dis-
placement not parallel to the axis of oscillation of the array
of transducers is hindered so that the manipulation of the
probe becomes more difficult or uncomfortable.
[0011] The above mechanical effect is far from being
a negligible detail since it has to be considered that the
oscillation is an alternative motion. So the direction of
motion of the array of transducers has to reversed each
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time. This requests deceleration and acceleration of the
mass of the transducer. Furthermore the kinetic energy
is very high since the frequency of oscillation is very high,
particularly when a very high frame rate is desired. Ac-
cording to the above the motor for driving the array of
transducers has to furnish a sufficient power for rapidly
stopping and accelerating the array at a certain speed
and the effects of the mechanical inertia on the entire
probe form the point of view of the vibrations and of the
reduced handiness of the probe are considerable.
[0012] A further drawback in using a so called convex
array of transducers, this is an array of transducers
aligned along an arched line the emission surfaces of the
transducers being placed with the axis perpendicular to
the said emission surfaces oriented along the radial di-
rection of the curved line and away from the centre of
curvature, is that the trapezoidal surface covered by the
convex array of transducers is very wide so that often
problems arises of acoustic coupling in some areas of
the said surface.
[0013] In gynaecologic imaging for example of the foe-
tus, the width of the rectangular imaged zone obtained
by a normal linear array of transducers is not sufficient
in order to image the entire region, particularly at high
penetration depths at which at least part of the foetus is
located. A trapezoidal imaged area diverging in the di-
rection of penetration of the emitted ultrasound beams
would be more suited for the ultrasound foetal examina-
tion so that a convex probe would be the better one to
be applied. Nevertheless using such a convex probe
would cause the drawbacks indicated above if it is desired
to carry out a 3D (three dimensional) image acquisition.
[0014] The object of the present invention is to provide
for an ultrasonic imaging method for 3D gynaecologic
inspections which can overcome the drawback of the ac-
tual state of the art, by allowing a wider field of view or
imaged region, particularly a trapezoidal image region in
combination with an automatic oscillating array of trans-
ducers having vary limited inertial effects on the probe
and reducing the problem of acoustic coupling in the mar-
ginal areas of the imaged region.
[0015] A further object of the present invention is to
provide for an ultrasound probe which particularly adapt-
ed to carry out the above mentioned method.
[0016] Still another object of the present invention is
to provide an ultrasound imaging system particularly suit-
ed for carrying out the above mentioned method.
[0017] The invention achieves the above mentioned
aims by means of an ultrasonic imaging method for 3D
gynaecologic inspections of the kind described at the be-
ginning comprising the further steps of
[0018] Steering the ultrasound emitted beams so that
the linear array of transducers generates a trapezoidal
scanning slice or plane diverging in the direction of prop-
agation of the beam.
[0019] And providing a reflected beam signals focuss-
ing rule which generates a trapezoidal image corre-
sponding to the steered ultrasound beams.

[0020] The steering of the ultrasound emitted beams
can be obtained as known to the skilled person by pro-
viding transducers driving signals having delays in driving
each transducer of the array so that the emitted ultra-
sound beam is laterally steered outwards of the lateral
limits of the imaged area defined by the projection of the
linear array of transducers in a direction perpendicular
to the longitudinal extension of the said linear array.
[0021] As it is known to the skilled person each trans-
ducer of the array of transducers generates upon exci-
tation an ultrasound pulse which propagates from the
surface of the excited transducer. By exciting the different
transducers of the array to emission of the corresponding
ultrasound pulse at different instants it is possible to focus
the beam emitted by the array of transducers which is
formed by the contribution of the ultrasound pulse of each
transducer along a certain line. The excitation delays
among different transducers of the array defines the line
and the orientation of the line along which the single puls-
es emitted by the single transducers constructively inter-
fere so that a focalization on the said line is obtained.
[0022] Applying certain delays rules it is possible to
focus the emitted ultrasound beam on a line which is
diverging laterally outside the slice or surface defined by
the projection in the direction perpendicular to it of the
longitudinal extension of the array of transducers, thus
covering with the emitted ultrasound beams also two tri-
angular zones outside the typical rectangular image zone
of a linear array of transducers.
[0023] Obviously in order to generate an image the
same focussing rule must be applied for the reflected
beams.
[0024] Thus using a linear array of transducers it is
possible to virtually generate a trapezoidal image simi-
larly to a convex array of transducers avoiding in this
case the drawbacks relating to the oscillation of a convex
array of transducers and the drawbacks of acoustic cou-
pling problems of the said convex array of transducers.
[0025] Figures 1 and 2 illustrate the typical trapezoidal
image area of a convex probe and of a linear probe, while
figure 3 illustrates the trapezoidal image area obtained
by the beam steering step provided according the method
of the present invention.
[0026] As already said steering ultrasound beams in
the way it is done according to the present invention is
technically possible and the skilled person is aware on
how to carry out steering. US 5,447,158 discloses with
more detail a method of steering the ultrasound beams
emitted by a linear probe in such a way as to obtain a
trapezoidal scanning or image area.
[0027] Although steering of the ultrasound beams is a
known technique, the actual state of the art does not con-
sider the problem of applying steering as a solution to
the problem of improving a 3D ultrasound imaging meth-
od and system in order to overcome the drawbacks of a
3D ultrasound convex probe.
[0028] According to the present invention an ultra-
sound probe which is particularly adapted to carry out
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the above mentioned method and comprises a linear ar-
ray of ultrasound transducers, i.e. an array of transducers
arranged side-by-side along a straight line and supported
in such a manner as to swing about an axis which is
parallel to said straight line along which the transducer
array extends and which axis is near or passes through
the center of mass of the array of transducers there being
provided an electric motor which controls the oscillation
of the transducer array through a drive.
[0029] The electric motor and the drive for oscillating
the transducer array are housed inside a probe case.
[0030] The probe case includes a housing having an
end portion which is sealed and in which end portion the
linear transducer array the swing axis and the drive are
housed, and a housing for accommodating and allowing
the passage of the connecting wires and of the motor,
the two housings being separated from each other in a
liquid-tight manner and there being provided a liquid-tight
passage for the connecting wires and the motor shaft
from one housing to the other.
[0031] Relating to the trapezoidal scanning planes ob-
tained by laterally steering the ultrasound beams it has
to be highlighted that in the present invention the scan-
ning on the trapezoidal scanning plane is not obtained
by steering the ultrasound beams so to have inclined
parallel ultrasound beams, but the trapezoidal scanning
plane is covered by carrying out scanning along a number
of adjacent scanning lines which are not parallel but are
angularly displaced one from the other and are oriented
along different angular directions relatively to a common
center of angular displacement on which center fall the
prolongations of the scanning line in a backward direction
relatively to the propagation direction.
[0032] Furthermore the invention provides for an ultra-
sound imaging system particularly suited for carrying out
the above mentioned method comprising in combination
an ultrasound probe including a linear array of transduc-
ers which is swingable around an axis being parallel to
or coincident with the longitudinal axis of the linear array
of transducers and
Ultrasound image scanning means coupled to the probe
for scanning a slice of the interior of a target body having
a trapezoidal shape;
Ultrasound image producing means for producing image
data form the reflected ultrasound scanning beams;
Displaying means for displaying the image data.
[0033] The ultrasound image scanning means for
scanning a slice of the interior of a target body having a
trapezoidal shape comprises usually means for steering
the ultrasound beam formed by the contribution of the
emitted ultrasound pulse of each of the transducers of
the linear array of transducers so that the surface or slice
scanned by the ultrasound beam has a trapezoidal shape
having an increasing width in direction of propagation of
the ultrasound beams.
[0034] This steering means usually comprises means
for generating a sequence of time delayed excitation
pulses of the single transducers causing the transducers

to emit time delayed ultrasound pulses;
the time delays of the excitation pulses of each transduc-
ers being determined in such a way as to generate ultra-
sound beams focused on propagation directions which
sweeps the trapezoidal slice.
[0035] In a conventional ultrasound imaging system,
the said steering means are formed by a so called trans-
mission beamformer which is driven by a control unit ac-
cording to a selected time delay sequence of the trans-
ducers excitation pulses. This sequence can be retrieved
from a time delay sequence memory.
[0036] Several time delay sequences may be stored
in the memory which can be selected by selection input
means.
[0037] The image producing means which produces
image data out of the reflected image scanning beams
comprises a receive beamformer which reconstructs the
contributions of the single transducers in accordance with
the time delay sequence and which feeds a so called
scan converter generating the image data.
[0038] Further image processing units can be provided
before feeding the image data to a monitor on which the
image data is displayed as an image.
[0039] Alternatively to a so called three dimensional
scan converter as the one disclosed in US 6,572,548,
also a different technique can be used for generating an
image resembling a three dimensional image. In this case
the image data of each scanning plane are stored. Storing
is carried out slice by slice each slice being defined by a
scanning plane, while the stored image data of each slice
or canning plane is indexed by means of polar coordi-
nates the origin of which being the common axis of os-
cillation of the scanning planes. After storing a rendering
may be carried out by using a the image data and after
the rendering operation is carried out a conversion of the
image data in Cartesian coordinates can be executed in
order to print the images on a display. These operations
can be carried out in order to obtain a so called three
dimensional rendering in real time.
[0040] As a special case for the above mentioned
method of generating a three dimensional real time ren-
dering from the image data the method disclosed in US
6,582,372 can be used. The method disclosed in US
6,582,372 utilizes a probe in conjunction with little or no
specialized 3-D software/hardware to produce images
having depth cues. A control unit uses the probe to pro-
duce multiple slices of data, wherein each slice has a
plurality of lines of data points. The control unit oversees
the combination of data points from matched lines across
the slices so as to create an image on the display giving
the illusion of depth. Multiple scan slices are taken in
each scan frame wherein the 3-D position of each slice
is not necessarily chosen to produce a regularly spaced
plane for a volume shape, as in standard 3-D/4-D imag-
ing. Instead, the scan slices are oriented to be optimized
for the generation of a 3-D image at a desired viewing
angle. Rendering on a frame-by-frame basis is reduced
to a simple weighted addition of the acoustic intensity
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samples of the lines at the same index in successive
slices. Persistence is here employed to produce an im-
age with a depth component. Persistence works by av-
eraging weighted line data from the same scan line in
successive frames, favouring the most recently scanned
lines by using a higher weight in the average. In the sim-
plest implementation, scan slices within a frame are reg-
ularly spaced in the elevation dimension, such that there
is no lateral line shift from slice to slice. During rendering,
the lines of each slice are weighted and added to their
indexed lines in the other slices using descending
weights from one end of the slice sequence to the other.
The resulting 3-D image presents a viewing angle as
though the viewer were directly in front of the slice and
at an infinite distance. The front slice (defined to be the
one with the highest weighting) is most prominent, while
the slices behind the front slice are faded, which gives
the cue of depth to the viewer by creating a dimming
effect. A structure in the scanned medium which crosses
lateral line boundaries and extends back in the elevation
dimension will appear to fade back in the distance the
farther it is from the front slice.
[0041] Further improvements of the invention will form
the subject of the subclaims.
[0042] 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:

Figure 1 is a schematic view of the trapezoidal
shaped scanned slice of a so called convex probe.
Figure 2 is a schematic view of the rectangular
shaped scanned slices of a linear probe.
Figure 3 is a schematic view of the trapezoidal
scanned slice of a linear array probe according to
the present invention.
Figures 4 and 5 are two sectional views with respect
to two different perpendicular planes of a 3D linear
probe type according to the present invention.
Figure 6 is a schematic block diagram of an ultra-
sound imaging system according to the present in-
vention.
Figure 7 illustrates a lateral view of a convex array
of transducers and several possible positions of the
axis of oscillation, highlighting the fact that for each
choice some segments of the convex array have sig-
nificant radial distances from the axis of oscillation.
Figure 8 illustrates schematically a selector unit for
choosing steering sequences of the probe in order
to obtain a more or less trapezoidal scanning plane.

[0043] Figure 1 illustrates the volume V which is
canned by a so called convex array probe in which the
probe 2 or only the array of transducers is oscillated
around an axis A which is parallel to the axis connecting
the two ends of the array 201, 202. By swinging the probe
or the array of transducers a share of trapezoidal slices
of the target body are scanned. The slices S have a trap-

ezoidal shape with an arched basis.
[0044] As it appears clearly from figure 1, there are
always segments of the array which will have a certain
radial distance from the axis of oscillation event if the
said axis passes through the centre of mass of the convex
array.
[0045] Figure 7 illustrates schematically a convex ar-
ray of transducers 20 and three possible axis of oscillation
A, A’, A’’. One of which A connects the two end points
201, 202. The other A’ passing through the centre of mass
and the third one A’’ being tangential to the central point
of the array of transducers, it appears evident that for
each position of the axis of oscillation there a large sec-
tion of the array and thus a large number of transducers
are radially displaced from the axis, thus contributing to
a great mechanical inertia.
[0046] Figure 2 illustrates a condition in which a three
dimensional linear transducer array is used. In this case
the array is made of transducers aligned side by side on
a row along a straight line. Thus the axis of oscillation A
will have always the same radial distance from each part
of the array or from each transducer. More precisely said
the axis of oscillation passing the centre of mass of the
array will pass through the centre of mass of each trans-
ducer element. Due to the limited radial dimensions of
the cross section of the linear array. The volume scanned
by a 3D liner array probe namely a probe or an array
which is oscillated around an axis of oscillation A passing
through the centre of mass of the array and parallel to
the longitudinal axis of the said linear array is formed by
a series of differently oriented rectangular shaped scan-
ning planes or slices indicated by S1, S2, S3, Sn. Thus
the scanned area or volume has a constant width all over
the penetration depth Z in the body under examination.
In figure 2 the intersection of the scanning planes is
shown with an image plane P oriented in the x-z plane
as defined by the Cartesian system x, y, z. The intersec-
tion lines of the canning planes with the image plane are
indicated with L1, L2, L3, Ln. The image plane can have
any orientation in the three dimensional space and due
to the fact that a three dimensional volume is canned by
means of the scanning planes S1 to Sn, any plane can
be used in order to generate an image of the body under
examination along the chosen image plane.
[0047] Figure 3 illustrates schematically a probe 2 hav-
ing a linear array 20 of transducers 120. Each transducer
can be excited by an electric excitation signal separately
form the other transducers to emit an ultrasound pulse.
Furthermore each transducers can be excited by the re-
flected ultrasound beams impinging on it to generate a
corresponding electric signal which is then elaborated in
order to extract the information in the form of image data.
[0048] By exciting each transducer with an excitation
signal having a predetermined certain delay with respect
to the excitation of the preceding transducer in the array
the emitted pulses of the transducers of the array interfere
in such a way as to generate a beam B having a certain
direction ad location on the scanned slice. Thus a scan-
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ning beam can generated which sweeps a slice having
a trapezoidal form diverging in the direction of propaga-
tion of the ultrasound beams, i.e. in the direction of pen-
etration of the scanned slice in the examined body.
[0049] Small dotted lines are the scanning lines on
which the ultrasound beams are focused by so called
steering. This scanning lines diverges laterally outwards
from a rectangular slice defined by the projection of the
linear array in a direction perpendicular to its longitudinal
extension.
[0050] Analogously large dotted lines are the scanning
lines on which the ultrasound beams are focused by
steering the beams in the opposite direction. The axis or
oscillation of the linear array of transducers is indicated
by A.
[0051] It is evident that by oscillating the array of trans-
ducers to which the above mentioned steering law is ap-
plied a scanning volume can be obtained which has an
intermediate shape as the one of figure 1 and of figure 2.
[0052] In figures 4 and 5 an example of a so called
linear sector probe is illustrated. This probe 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 parallel
or substantially parallel to the probe axis and arranged
side-by-side to cover a whole predetermined section
plane of the object volume.
[0053] 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 as near as possible to the centre
of mass of the transducer array 20 and at a certain dis-
tance from the transmission surface of the transducer
array. The swinging 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 trans-
ducer array is outwardly covered by a cap 30 which is
connected to the rest of the probe body, formed by a case
for accommodating the connecting wires 31, the stepper
motor and the drive with the pinion and the circular rack.
The housing 32 for accommodating the transducer array,
the support 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, and in the passage contained in
the housing 32 for the stepper motor shaft and the con-
necting wires of the transducer array.
[0054] The transducers are arranged side-by-side
along a line and are electronically activated by the control
processor to generate an ultrasonic beam, whose focus-
ing point is displaced, by appropriately activating the in-
dividual transducers arranged in a straight line, along a
line parallel to the straight line wherein the transducers

are arranged.
[0055] 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.
[0056] 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. 3. 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. Each scanning line
SL of the trapezoidal scanning plane T along which the
ultrasound transmission beam is focused is oriented
along a direction which is angularly displaced from the
direction of the adjacent scanning lines by considering a
common center of angular displacement at which the
backwards prolongations of the scanning lines intersects
and which centre lies in a backward shifted position with
respect of the probe head from which the ultrasound
waves are transmitted and/or received.
[0057] The position of the swing axle of the probe is
chosen in such a way that the mechanical momentum
and thus inertia is reduced to a minimum and that the
transmission plane of the transducers 20 is maintained
at a substantially identical distance between the trans-
ducers and the facing wall of the covering cap 30 at each
angular position of the transducer array.
[0058] Figure 6 illustrates a simplified block diagram
of a ultrasound imaging system comprising the above
mentioned probe and designed for carrying out the meth-
od of the present invention.
[0059] The probe 2 is connected by means of a switch
12 respectively to a transmit beamformer 13 and to a
receive beamformer 14. Furthermore the probe is con-
nected to a motor control drive 11.
[0060] A beamformer control unit 15 generates the
electric excitation signals for each transducers with a pre-
determined frequency pattern. This signal is fed to the
Transmit beamformer together with the information re-
lating to the time delays for generating a sequence of
time delayed excitation of the single transducers of the
transducer array of the probe. This information is fur-
nished by a memory 16 in which a series of different time
delay sequences of the excitations of the single trans-
ducers of the array are stored in order to generate ultra-
sound beams focused along certain lines. This different
time delay sequences comprises also sequences corre-
sponding to different degrees of steering the ultrasound
beams so to obtain different diverging trapezoidal scan
planes. These different trapezoidal scan plane steering
options can be obtained by input or selection means 17.
[0061] In figure 6 this means which can be alternatively
or in combination of different type are summarized with
only one box. Nevertheless these means can comprise
in combination an input line for accessing the memory
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and storing therein time delay sequences which has been
prepared in a remote system and a user friendly selector
which allows the user to simply select one of the beam-
forming sequences of excitation of the transducers of the
array corresponding to a desired trapezoidal steering of
the scanning plane generated by the probe.
[0062] In figure 8 a simple selector is illustrated. A ro-
tatable selector knob can be rotated in several angular
positions, each position corresponding to the selection
command of a certain sequence of excitation of the trans-
ducers of the array corresponding to a desired trapezoi-
dal steering of the scanning plane generated by the probe
among the ones stored in the memory 16. Each position
is related to a scanning plane shape which is indicated
by means of an icon 217. Each icon 217 can be associ-
ated to a light signal which is activated when the corre-
sponding sequence of excitation pulses is selected. In
the example four different scanning plane shapes can be
selected starting form the rectangular to the maximum
diverging trapezoidal shape of the scanning plane and
providing two intermediate less diverging trapezoidal
shapes.
[0063] Obviously the selector can have other construc-
tive forms as the one illustrated in the example. The se-
lection knob could be avoided by providing a slider or
electronic pads. As a variant it is also possible to provide
a continuous selection instead of a stepwise selection.
[0064] Returning to the system of figure 6, the received
reflected ultrasound beams are transformed in electric
signals by the transducer array. The switch 12 allows
transmission of the received echo electric signals gen-
erated by the transducers to a receipt beamformer 14
and the signals are then sent to a image data producing
chain globally indicated by 18 and these data are finally
visualized on a monitor or/and stored on a storage media.
The image data producing chain 18 is well known to the
skilled person and is not the object of the present inven-
tion. Normally it comprises a so called scan converter
and one or more software/Hardware image processing
sections for optimising the feature extraction or highlight-
ing from the image data. In the present case since the
probe is a three dimensional scanning probe in the form
of a so called linear array sector probe the scan converter
is a 3D scan converter and for example a 3D scan con-
verter according to US 6,572,548.
 During an image acquisition session the stepped motor
of the probe allows to collect image data along each one
of several scanning planes so to cover an entire three
dimensional region of interest within the body in exami-
nation. Although a linear array probe is used the scanning
plane are essentially of the form according the ones gen-
erated by the convex array of figure 1. This image data
can be acquired by the linear array sector probe avoiding
the disadvantages of a convex array sector probe.
[0065] By providing input or selection means which en-
able the user to define the trapezoidal shape and/or the
dimensions of this trapezoidal shape of the scanning
plane two options are possible. Referring to the above

describe method which can be carried out with a selector
as illustrated in fig. 8 the method provides the steps of:

generating at least two or more different sequences
of time delayed excitation pulses of the transducers
of the linear array of transducers each of the said
sequences corresponding to a differently steered ul-
trasound beams and to different trapezoidal shapes;
selecting one of the said generated sequences of
time delayed excitation pulses according to one pre-
ferred shape and/or dimension of the trapezoidal
scanning plane;
applying the selected sequence of time delayed ex-
citation pulses to the transducer for at least part or
all of the scanning planes having different angular
orientations.

[0066] Alternatively or in combination a continuous
variation of the shape and or of the dimensions of the
scanning plane can be obtained by an algorithm for gen-
erating different sequences of time delayed excitation
pulses of the transducers of the linear array of transduc-
ers as a function of the geometrical parameters of the
shape and/or of the dimension the trapezoidal scanning
plane. In this case the input means 17 allow to input the
said parameters of shape and dimension of the scanning
plane according to a continuous scale of value of the said
parameters and the algorithm or the program is carried
out in the beamformer control unit 15 generating the se-
quence of time delayed excitation pulses of the single
transducers 120 that leads to the desired shape and di-
mension of the scanning plane.
[0067] Although the example describe is directed to a
a so called B-mode imaging mode it appears clear that
the present method probe and system can be used in
combination with other kinds of existing and widely used
ultrasound imaging modes such as for example harmonic
imaging, pulse inversion or other known ultrasound im-
aging modes.
[0068] According to a further improvement of the
present invention, the image data relatively to each scan-
ning plane are stored by identifying the said data by
means of the index of angular displacement of the said
scanning plane with reference to the other scanning
planes. A further index indicate the scanning line within
the said scanning plane. A correlation of scanning lines
between the different scanning planes can be provided
in order to generate an image form a weighted linear
combination of the image data obtained along each of
the said correlated scanning lines of the different scan-
ning planes. Rendering of this weighted linear combina-
tion allows to generate rendering images simulating a
three dimensional effect due to the consideration in the
image of the weighted image data of the correlated scan-
ning lines in the other canning planes. The resulting 3-D
image presents a viewing angle as though the viewer
were directly in front of the slice and at an infinite distance.
The front slice (defined to be the one with the highest
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weighting) is most prominent, while the slices behind the
front slice are faded, which gives the cue of depth to the
viewer by creating a dimming effect. A structure in the
scanned medium which crosses lateral line boundaries
and extends back in the elevation dimension will appear
to fade back in the distance the farther it is from the front
slice. Because the simple rendered view in accordance
with the present invention is an orthographic projection,
it does not include any scaling for depth perspective. That
is, structures further from the front slice will not be scaled
smaller as they would be in a real 3-D view. Because of
this distortion, the total depth and thus the total number
of slices should be limited so that the image has a high
width-to-depth ratio. This has been referred to as a "clam-
shell" 3-D image. In a typical 3-D ultrasound scan, even
rendered with perspective and arbitrary views, a limited
amount of depth information can be recognized and proc-
essed by the mind of the user. Accordingly, images pre-
sented in accordance with the present invention may pro-
vide just as much recognizable depth component as fully
rendered 3-D images.
[0069] This kind of rendering can be done in real time
and frame by frame. Considering also time in the render-
ing a so called four dimensional image can be printed on
the monitor, meaning a three dimensional time varying
image.

Claims

1. Ultrasonic imaging method particularly for 3D gy-
naecologic inspections, which method comprises
the following steps:

Providing a linear ultrasound probe (2) compris-
ing a certain number of transducers (120) which
are placed side by side along a line forming a
so called linear array (20);
Providing a B-mode imaging scanning unit to
which the transducers are connected and which
scanning unit alternatively generates electric
driving signals for each transducer of the probe
for exciting the transducers to emit ultrasound
transmission signals and receives the electric
signals generated by each transducer due to the
excitation of the transducers by the ultrasound
signals reflect form a target body against which
the ultrasound transmission signals has been
emitted;
Defining a starting orientation of the direction of
propagation of the ultrasound transmission sig-
nals and of the ultrasound reflected signals
along which a first scanning step is carried out;
Carrying out the first scanning step consisting
in emitting the ultrasound transmission signals
and receiving the ultrasound reflection signals
along the said starting direction of propagation;
Oscillating the probe in a direction transversal

to the longitudinal extension of the linear array
of transducers and around an axis coinciding or
parallel to the said longitudinal extensions or co-
inciding or parallel to the central longitudinal axis
of the linear array of transducers for modifying
the orientation of the said direction of propaga-
tion of the ultrasound transmission signals and
of the ultrasound reflected signals;
Carrying out a scanning step along each new
oriented direction of propagation corresponding
to a different oscillation angle of the probe;
Providing a 3D scan-converter in which the re-
ceived signals relating to the ultrasound reflect-
ed signals are stored;
Providing B-mode image producing means for
generating an image from the said received sig-
nals relating to the ultrasound reflected signals
are stored.

Characterised by the following further steps of
Steering the ultrasound emitted beams so that the
linear array of transducers generates a trapezoidal
scanning slice or plane diverging in the direction of
propagation of the beam;
And providing a reflected beam signals focussing
rule which generates a trapezoidal image corre-
sponding to the steered ultrasound beams.

2. A method according to claim 1, characterised in
that the steering of the ultrasound emitted beams is
obtained by providing transducers driving signals
having time delays in driving each transducer of the
array so that the emitted ultrasound beam is fo-
cussed on a laterally inclined propagation line devi-
ated outwards from the lateral limits of the imaged
area defined by the projection of the linear array of
transducers in a direction perpendicular to the lon-
gitudinal extension of the said linear array.

3. A method according to claim 1 or 2, characterised
in that it provides the following steps:

generating at least two or more different se-
quences of time delayed excitation pulses of the
transducers of the linear array of transducers
each of the said sequences corresponding to a
differently steered ultrasound beams and to dif-
ferent trapezoidal shapes;
selecting one of the said generated sequences
of time delayed excitation pulses according to
one preferred shape and/or dimension of the
trapezoidal scanning plane;
applying the selected sequence of time delayed
excitation pulses to the transducer for at least
part or all of the scanning planes having different
angular orientations.

4. A method according to claim 1 or 2, characterised
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in that there is provided an algorithm for generating
different sequences of time delayed excitation puls-
es of the transducers of the linear array of transduc-
ers as a function of the geometrical parameters of
the shape and/or of the dimension the trapezoidal
scanning plane and
means for inputting the said parameters of shape
and dimension of the scanning plane according to a
continuous scale of value of the said parameters.

5. A method according to one or more of the preced-
ing claims, characterised in that alternatively or in
combination different ultrasound imaging modes
such as harmonic imaging, pulse inversion imaging
are applied for extracting the image data from the
reflected ultrasound beams.

6. An ultrasound probe for carrying out the method
according to one or more of the preceding claims
characterised in that it comprises a linear array
(20) of ultrasound transducers (120), i.e. an array of
transducers arranged side-by-side along a straight
line and supported in such a manner as to swing
about an axis (A) which is parallel to said straight
line along which the transducer array extends and
which axis is near or passes through the center of
mass of the array of transducers (20) there being
provided an electric motor which controls the oscil-
lation of the transducer array through a drive.

6. An ultrasound probe according to claim 5, char-
acterized in that the electric motor and the drive for
oscillating the transducer array are housed inside a
probe case.

7. An ultrasound probe according to claim 5 or 6,
characterized in that the probe case includes a
housing having an end portion which is sealed and
in which end portion the linear transducer array the
swing axis and the drive are housed, and a housing
for accommodating and allowing the passage of the
connecting wires and of the motor, the two housings
being separated from each other in a liquid-tight
manner and there being provided a liquid-tight pas-
sage for the connecting wires and the motor shaft
from one housing to the other.

8. An ultrasound imaging system particularly suited
for carrying out the above mentioned method com-
prising in combination an ultrasound probe (2) in-
cluding a linear array (20) of transducers (120) which
is swingable around an axis (A) being parallel to or
coincident with the longitudinal axis of the linear ar-
ray of transducers and
Ultrasound image scanning means (11, 12, 12, 14,
15, 16, 17) coupled to the probe (2) for scanning a
slice (S) of the interior of a target body having a trap-
ezoidal shape;

Ultrasound image producing (18) means for produc-
ing image data form the reflected ultrasound scan-
ning beams;
Displaying means (19) for displaying the image data.

9. An ultrasound imaging system according to claim
8, characterised in that the ultrasound image scan-
ning means for scanning a slice of the interior of a
target body having a trapezoidal shape comprises
means (13, 15, 16, 17) for steering the ultrasound
beam formed by the contribution of the emitted ul-
trasound pulse of each of the transducers of the lin-
ear array of transducers so that the surface or slice
scanned by the ultrasound beam has a trapezoidal
shape having an increasing width in direction of prop-
agation of the ultrasound beams.

10. An ultrasound imaging system according to claim
9, characterised in that the means for steering the
ultrasound beam comprise means for generating a
sequence of time delayed excitation pulses of the
single transducers causing the transducers to emit
time delayed ultrasound pulses;
the time delays of the excitation pulses of each trans-
ducers being determined in such a way as to gener-
ate ultrasound beams focused on propagation direc-
tions which sweeps the trapezoidal slice.

11. An ultrasound imaging system comprising a a
transmission beamformer (13) connected to the
transducers of the probe by means of a switch (12),
a beamformer control unit (15) for driving the trans-
mission beamformer (13), the said beamformer con-
trol unit (15) being connected to a memory (16) in
which at least two or more sequences of differently
time delayed excitations pulses of the transducers
are stored or in which an algorithm or program for
generating different sequences of differently time de-
layed excitation pulses of the transducers as a func-
tion of geometric parameters of shape or dimensions
of the scanning plane is stored, input means being
provided for selecting one of the different sequences
of differently time delayed excitation pulses of the
transducers or for inputting shape and/or dimension
parameters for the scanning plane.

12. An ultrasound imaging system according to one
or more of the preceding claims 8 to 11, character-
ised in that the image producing means which pro-
duces image data out of the reflected image scan-
ning beams comprises a receive beamformer (14)
which reconstructs the contributions of the single
transducers in accordance with the time delay se-
quence and which feeds a so called scan converter
generating the image data.

13. An ultrasound imaging system according to claim
12, characterised in that a chain (18) of image
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processing units is provided generating the image
data fed to a monitor (19) on which the image data
is displayed as an image.
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摘要(译)

特别是用于3D妇科检查的超声成像方法，该方法包括以下步骤：提供包
括一定数量的换能器（120）的线性超声探头（2），所述换能器沿着一
条线并排放置，形成所谓的线性阵列（20） ）;提供连接换能器的B模式
成像扫描单元以及哪个扫描单元交替地为探头的每个换能器产生电驱动
信号，用于激励换能器发射超声传输信号并接收由每个换能器产生的电
信号。通过超声信号激励换能器反射形成目标体，超声传输信号已经发
射到目标体上;定义超声波发射信号和超声波反射信号的传播方向的起始
方向，沿着该超声波反射信号执行第一扫描步骤;执行第一个扫描步骤发
射超声波发射信号并沿所述起始传播方向接收超声波反射信号;在横向于
线性换能器阵列的纵向延伸的方向上并围绕与所述纵向延伸部重合或平
行的轴或者与线性换能器阵列的中心纵向轴重合或平行的方向振荡探
针，用于改变探针的取向。所述超声传输信号和超声反射信号的传播方
向;沿着每个新的定向传播方向执行扫描步骤，该扫描步骤对应于探针的
不同振荡角度;提供3D扫描转换器，其中存储与超声反射信号有关的接收
信号;提供B模式图像产生装置，用于根据与超声反射信号有关的所述接收信号产生图像。根据本发明提供了以下进一步的步骤：操
纵超声发射光束，使得线性阵列的换能器产生梯形扫描切片或平面在光束传播方向上发散，并提供反射光束信号聚焦规则，产生梯
形图像对应于转向超声波束。
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