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Description
RELATED APPLICATION

[0001] This is a divisional application of United States
patentapplication serialnumber 10/231,704, filed August
29,2002 and published as US 2003/0023166 on January
30, 2003, which is a continuation in part application of
United States patent application serial number
09/641,306, filed August 17, 2000 and now US Patent
6,443,896.

TECHNICAL FIELD

[0002] Thisinvention relates generally to ultrasonicim-
aging and, more particularly, to creating multiple planar
ultrasonic images of a volumetric region of the body in
real-time.

BACKGROUND

[0003] A major advantage of three-dimensional ultra-
sonic imaging is the ability it provides to obtain unique
image planes through the volume of an object such as a
human body, image planes not available through con-
ventional two-dimensional scanning. For example,
through three-dimensional imaging techniques one can
look simultaneously at several different cut planes of a
region of tissue to thereby observe features from different
angles or views. Alternatively, it may be desirable in cer-
taininstances, to view animage plane at a constant depth
below the object surface such as the skin; such animage
plane cannot be obtained with normal two-dimensional
scanning because of the orientation of the ultrasonic
probe relative to the object.

[0004] With the ability to acquire multiple image planes
of a volumetric region comes the need to define the
planes to be imaged, their relationship to each other in
space, and the best way to display the images. In the
past, a common display technique has been to display
three ultrasound images of a volumetric region which are
of mutually orthogonal planes. Each image has two or-
thogonal cross-hairs displayed over it, depicting the po-
sitions of the other two orthogonal image planes. As the
cross-hairs are dragged to different positions, a new par-
allel image plane in that dimension is selected and dis-
played. This display technique enables the clinician to
survey and define tissue structures in a volumetric region
by their appearances in intersecting image planes.
[0005] Such adisplay is useful for static image data of
a volumetric region, which can readily be appropriately
readdressed for display of different image planes as the
selection cross-hairs are moved. The display technique
does notlend itselfto real-time imaging, as the complexity
of control and display would be increased significantly
for real-time imaging. Furthermore, such a real-time dis-
play can present too much information for the clinician
to analyze in a methodical or organized manner. Hence
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there is a need for effective display and control of multiple
real-time planar images of a volumetric region.

[0006] US patent6,245,017 describes a 3-D ultrasonic
diagnostic apparatus that schematically displays a 3-D
region using a wire-frame model. Two plane sections A
and B within the 3-D region are alternately subjected to
a 2-D scan. The resulting tomography data for those two
plane sections are superimposed on the wire-frame mod-
el. A 3-D region guide figure, which is displayed at the
upper right of the display screen, facilitates the under-
standing of the positional relationship between two plane
sections that are to be 2-D scanned and sets such two
plane sections. The two plane sections can be changed
or shifted by operating on the guide figure with a pointing
device. When the plane sections are changed, the con-
ditions under which a probe is driven are changed ac-
cordingly, whereby the 2-D scanned plane sections are
changed automatically.

SUMMARY OF THE INVENTION

[0007] Inone aspect of the invention, there is provided
an ultrasonic diagnostic imaging system as defined in
claim 1. In another aspect of the invention, there is pro-
vided a method of displaying ultrasonic information of a
volumetric region as defined in claim 10.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a block diagram of an ultrasonic diagnostic
imaging system constructed in accordance with the
principles of the present invention.

Figs.2A and 2B show a display, inreal time, of planar
images created by use of a two dimensional array
transducer with the system of Fig. 1.

Fig. 3 illustrates in block diagram form a second em-
bodiment of an ultrasonic diagnostic imaging system
constructed in accordance with the principles of the
present invention.

Fig. 4 illustrates a biplane display when operating in
the "rotate" mode.

Figs. 5A-5D illustrate the plane orientation icon of
Fig. 4 for different image plane orientations.

Fig. 6 illustrates a biplane display when operating in
the "tilt" mode.

Fig. 7 is a photograph of an actual ultrasound system
display when operating in the rotate mode in accord-
ance with the principles of the present invention.

DETAILED DESCRIPTION

[0009] Fig. 1is a block diagram of an ultrasonic diag-
nostic imaging system 100 with which methods and ap-
paratus in accordance with the invention can be used. It
should be understood that the invention is not limited to
use with this imaging system but is shown implemented
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therein only as an example. In the imaging system 100,
a central controller 120 commands a transmit frequency
control 117 to transmit a desired transmit frequency
band. The parameters of the transmit frequency band,
fi, are coupled to the transmit frequency control 117,
which causes a transducer 112 of an ultrasonic probe
110 to transmit ultrasonic waves in the selected frequen-
cy band. It will be understood, of course, that any ultra-
sonic frequency or group of frequencies, known as a fre-
quency signature, may be used, with due consideration
of the desired depth of penetration and the sensitivity of
the transducer and ultrasonic system.

[0010] The transducer112 of the probe 110 comprises
an array of discrete elements that transmit ultrasonic en-
ergy in the form of a beam, and receive echo signals
returned in response to this transmission. The beam can
be steered to scan different parts of an object by me-
chanically moving the probe or, preferably, by electron-
ically adjusting the timing of the transmission for the var-
ious array elements. In image system 100, this steering
is controlled by central controller 120. The controller 120,
in turn, responds to commands from a user entered via
a user interface 119 that includes an interface program
and a pointing device (such as a mouse, trackball, stylus,
tablet, touch screen or other pointing device), keyboard,
or other input device for conveying instructions to the
central controller. Alternatively, the controller may be pro-
grammed to steer the beam automatically in a predeter-
mined, default manner. The received signals are coupled
through a transmit/receive (T/R) switch 114 and digitized
by an analog-to-digital converter 115. The sampling fre-
quency fg of the A/D converter is controlled by the central
controller 120. The desired sampling rate dictated by
sampling theory is at least twice the highest frequency f,
of the received echoes. Sampling rates higher than the
minimum requirement can also be used. The signal sam-
ples are delayed and summed by a beam former 116 to
form coherent echo signals. The coherent echo signals
are then filtered by a digital filter 118 to a desired pass-
band. The digital filter 118 can also shift the frequency
band to a lower or baseband frequency range. The char-
acteristics of the digital filter are controlled by the central
controller 120, which provides the filter with multiplier
weights and decimation control. Preferably the arrange-
ment is controlled to operate as a finite impulse response
(FIR) filter, and performs both filtering and decimation. A
wide range of filter characteristics is possible through pro-
gramming of the weighting and decimation rates of the
filter, under control of the central controller 120. The use
of a digital filter allows the advantage of flexibility in pro-
viding different filter characteristics. A digital filter can be
programmed to pass received fundamental frequencies
at one moment, and harmonic frequencies at the next.
The digital filter can thus be operated to alternately pro-
duce images or lines of fundamental and harmonic digital
signals, or lines of different alternating harmonics in a
time-interleaved sequence, simply by changing the filter
coefficients during signal processing.
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[0011] From the digital filter 118, the filtered echo sig-
nals are detected and processed by a B mode processor
137, a contrast signal detector 128, or a Doppler proc-
essor 130. The B mode processor performs functions
that include, but are not limited to, frequency compound-
ing, spatial compounding, harmonic image formation,
and other typical B mode functions that are well known
in the art. The Doppler processor applies conventional
Doppler processing to the echo signals to produce ve-
locity and power Doppler signals. The outputs of the proc-
essors 137 and 130 and contrast signal detector 128 are
coupled to a video processor 140 for display as a two-
dimensional ultrasonic image on the display 150. The
central controller 120 keeps track of the sequence of the
incoming signals, and so enables the video processor
140 to place the current data in the forming image. As
signals are received by the video processor 140, the data
is fed to the display, producing rasterized images. The
outputs of the two processors and contrast signal detec-
tor are also coupled to a three-dimensional image ren-
dering processor 162 for the rendering of three-dimen-
sional images, which are stored in a 3D image memory
164 and provided from there to the video processor 140.
Three-dimensional rendering may be performed ina con-
ventional manner. With this arrangement, an operator
can select among the outputs of the contrast signal de-
tector 128 and the processors 137 and 130 for two- or
three-dimensional display of an ultrasonic image.
[0012] The system of Fig. 1, through the operation and
control of the probe 110, transducer 112, the video proc-
essor 140, and/or the image rendering processor 162,
provides the ability to create multiple real-time planar im-
ages of a volumetric region of an object such as a human
body, while the body is being scanned. These planar im-
ages, when taken as slices through a body, have known
geometric relationships to each other, enabling a diag-
nostician to view body features from different orienta-
tions. The clinician may wish to adjust the relative angles
of the slices to visualize spatial relationships of tissue
features. Through user interface 119, an operator can
adjust the orientation of the slices displayed to align them
with the features of interest in the image. Real-time per-
formance is achieved by generating only certain ultra-
sonic beams needed to construct the desired planar im-
ages, rather than the much greater number of beams that
would have to be transmitted to scan the entire volumetric
region.

[0013] Figs. 2A and 2B show an embodiment of a
transducer 500 that can be used to obtain data from a
set of planes 510 and 512. This embodiment generates
beams such as beam 504 that lies in plane 510, inter-
secting points 514 and 506; also beam 505 that lies on
plane 512, intersecting points 516 and 508. The rays em-
anating from two-dimensional array transducer 500 can
be electronically steered in three dimensions, thus avoid-
ing the need to mechanically sweep the transducer
across the volumetric region of interest. In similar fashion,
data is received from the lines of interest in the respective
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planes using well-known beam steering and focusing
and/or gating techniques applicable to a two-dimensional
array transducer.

[0014] The above scanning method for generating two
planar images is preferred because of its speed, but is
not exclusive. Variations are possible. If desired, addi-
tional beams can be generated which lie in and thereby
define additional planes, or intersect additional surfaces.
Each additional beam, of course, takes additional time
to generate and therefore affects the sweep rate. The
desired number of planes and their orientation is con-
veyed to central controller 120 through user interface
119. In addition, the transducer 112 can be controlled to
emit beams directed toward more than one pointin each
plane. Alternatively, the transducer can be controlled to
emit beams at fewer than all surfaces at each sampling
position, as long as the beams lie in at least two planes,
or intersect at least two non-planar surfaces, or lie in at
least one plane and intersect at least one non-planar sur-
face, per sweep. These and other obvious variations can
produce multiple planar images in real-time, but at differ-
entrates and with different resolutions, depending on the
variation chosen. Furthermore, any two-dimensional ul-
trasonic imaging technique, for example, B mode, con-
trast signal detection, harmonic imaging, or Doppler im-
aging, can be applied equally well with this data acquisi-
tion scheme.

[0015] The data acquired from the two planes 510 and
512 are used by one or more of the processors 137, 130,
or the contrast signal detector 128 to construct the cor-
responding planar images. The planar images are pref-
erably created at a scanning rate to provide real-time
imaging. The planar images can be simultaneously dis-
played side-by-side by the video processor 140, or in a
three dimensional perspective view on the display 150
as the volumetric region is continuously scanned, or
viewed later.

[0016] Fig. 3 illustrates another embodiment of an ul-
trasound system constructed in accordance with the prin-
ciples of the present invention. In this embodiment the
probe 110 includes a two dimensional array transducer
500 and a micro-beamformer 502. The micro-beamform-
er contains circuitry which control the signals applied to
groups of elements ("patches") of the array transducer
500 and does some processing of the echo signals re-
ceived by elements of each group. Micro-beamforming
in the probe advantageously reduces the number of con-
ductors in the cable 503 between the probe and the ul-
trasound system and is described in US Pat. 5,997,479
(Savord et al.) and in US Pat. 6,436,048 (Pesque).
[0017] The probe is coupled to the scanner 310 of the
ultrasound system. The scanner includes a beamform
controller 312 which is responsive to a user control and
provides control signals to the microbeamformer 502 in-
structing the probe as to the timing, frequency, direction
and focusing of transmit beams. The beamform controller
also control the beamforming of received echo signals
by its coupling to the analog-to-digital (A/D) converters
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316 and the beamformer 116. Echo signals received by
the probe are amplified by preamplifier and TGC (time
gain control) circuitry 314 in the scanner, then digitized
by the A/D converters 316. The digitized echo signals
are then formed into beams by a beamformer 116. The
echo signals are then processed by an image processor
318 which performs digital filtering, B mode detection,
and Doppler processing as described above, and can
also perform other signal processing such as harmonic
separation, speckle reduction through frequency com-
pounding, and other desired image processing.

[0018] The echo signals produced by the scanner 310
are coupled to the digital display subsystem 320, which
processes the echo signals for display in the desired im-
age format. The echo signals are processed by animage
line processor 322, which is capable of sampling the echo
signals, splicing segments of beams into complete line
signals, and averaging line signals for signal-to-noise im-
provement or flow persistence. The image lines are scan
converted into the desired image format by a scan con-
verter 324 which performs R-theta conversion as is
known in the art. The image is then stored in an image
memory 328 from which it can be displayed on the display
150. The image in memory is also overlayed with graph-
ics to be displayed with the image, which are generated
by a graphics generator 330 which is responsive to a
user control. Individual images or image sequences can
be stored in a cine memory 326 during capture of image
loops.

[0019] For real-time volumetric imaging the display
subsystem 320 also includes the 3D image rendering
processor 162 which receives image lines from the image
line processor 322 for the rendering of a real-time three
dimensionalimage which is displayed on the display 150.
[0020] In accordance with the principles of the present
invention, two images, referred to herein as biplane im-
ages, are acquired by the probe in real time and displayed
in a side by side display format. Since the 2D array 500
has the ability to steer transmitted and received beams
in any direction and at any inclination in front of the array,
the planes of the biplane image can have any orientation
with respect to the array and to each other, as shown by
the orientation of image planes 510, 512 to the array 500
in Figs. 2A and 2B. However in a preferred embodiment
the two image planes intersect the center of the array
500 and are orthogonal to the sides of the array as shown
by planes L and R in Fig. 5B, in which the planes are
viewed "edge-on" from the array transducer. In the ex-
amples given below the image format is the sectorimage
format, with the image lines emanating from a near-field
apex. However, linear or steered linear scan formats can
also be employed.

[0021] The biplaneimages in the twoimage planes are
acquired by transmitting and receiving beams of each
image as exemplified by the acquisition of beams 504
and 505 in the respective image planes of Fig. 2A. Var-
ious acquisition sequences can be performed. All of the
scanlines of one image can be acquired, followed by ac-
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quisition of all of the scanlines of the other image. Alter-
natively, acquisition of the lines of the two images can
be time interleaved. For instance, line 1 of one image
can be acquired, followed by the acquisition of line 1 of
the otherimage. This would be followed by the acquisition
of line 2 of each image, then line 3 of each image, and
so forth. This may be advantageous when doing Doppler
image of low flow velocities, as the interval between in-
terrogations of an ensemble of lines can be lengthened.
It also advantageously results in the lines at the intersec-
tion of the two planes being acquired in succession, which
prevents rapidly moving tissue at the image intersection
from appearing different in the two images. The lines can
be acquired in their spatial progression in the image, or
sequentially from separated portions of the image. For
instance, the four edge lines can be acquired first, fol-
lowed by the four central lines around the intersection of
the planes, then progressing alternately toward and away
from the intersection.

[0022] When all of the lines of both images have been
received by the scanner 310 and forwarded to the display
subsystem 320, the scanner sends an "EK" signal over
control lines 340 to the display subsystem, telling the
display subsystem that all of the lines for the current dis-
play frame have been sent for display. The display sub-
system then processes the image lines for display. For
the biplane format described below, one image is proc-
essed, formatted and mapped for display on one side of
the display screen and the other image is processed,
formatted and mapped for display on the other side of
the display screen. After the images have been proc-
essed the display subsystem returns an "FRQ" control
signal to the scanner, informing the scanner that the dis-
play subsystem is requesting another image frame for
processing. The complete screen display of two side-by-
side images is overlaid with the graphics for the images
and displayed on the display 150. The display subsystem
then awaits the completion of another scanning of the
two images as indicated by the concluding receipt of an-
other EK signal, at which time the processing and display
of another real time display frame proceeds again.
[0023] It is also possible to use a communication ar-
chitecture in which each image is concluded with an EK
signal and the transmission and receipt of both biplane
images, each concluded by an EK signal and responded
to by an FRQ signal, is done before a two-image display
frame is produced by the display subsystem.

[0024] Theimages are displayed side-by-side as illus-
trated graphically by images L and R in Fig. 4 and by the
photograph of the system display shown in Fig. 7. In a
preferred embodiment the image plane orientations are
selected by one of two selection modes, "rotate" or "tilt."
In a preferred embodiment, the orientation of one image,
the left image L in Fig. 4, is fixed in relation to the trans-
ducer array. The L image is always in a plane which is
orthogonal to the plane of the array, extending through
the center of the array as shown in Fig. 2B. The plane of
the right image R can be rotated or tilted by user control
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relative to the plane of image L. In the rotate mode, the
two images always share a common center line during
sector imaging, and the plane of the right image R can
be rotated by manipulation of a user control such as a
trackball or knob. The right image can be rotated from
being co-planar with the left reference image to a 90°
orientation and through to co-planar again. A full 360° of
rotation is possible either by manipulation of the user
control or by left-to-right inversion of the image. In the tilt
mode the center of the right image R always intersects
the reference image, but can be tilted to intersect different
lines of the reference image as if the sector is swinging
from the common apex of the two images.

[0025] Intheinvention, the probe 110 has a marker on
it which identifies a given side of the image. Generally
this marker is a physical protrusion or color on one side
of the probe case. Clinicians use this marker to relate the
orientation of the probe to the orientation of the image
on the display. It is customary to display the marker on
the display screen as shown by dot 402 in Fig. 4. The
clinician will generally always hold the probe with the
probe marker in the same position so that the image al-
ways is shown with an orientation which the clinician pre-
fers. In accordance with the present invention, the sec-
ond image R is also shown with an orientation marker
404. In the rotate mode the two images can both be im-
aging the same plane when scanning is initiated, in which
case the markers are spatially aligned. The clinician can
then rotate the right image plane from the common start-
ing orientation. In a constructed embodiment the initial
condition of the two biplane images is that the two are
aligned untilted along a common center line and rotated
90° with respect to each as shown in Fig. 7.

[0026] In accordance with the present invention, an
icon 400 is displayed on the biplane display to graphically
indicate the relative orientation of the two image planes.
The icon 400 in Fig. 4 represents a view of the image
planes from the transducer array and has a circle 410
which graphically represents the space in which the base
of the sector R can rotate. The dot 406 corresponds to
the dot 402 of the left reference image L and indicates
that the plane of the reference image is in a horizontal
orientation across the circle 410 with the marker at the
right of the image. The line 412 of the icon indicates that
the right image R is in the same orientation with the right
image marker 408 (corresponding to dot 404) at the right
side of the image.

[0027] Figs.5A-5D illustrate how the icon 400 changes
as the right image is rotated. When the right image is
rotated 30° from the plane of the reference image, the
icon 400 will appear as shown in Fig. 5a, in which the
line 412 and dot 408 representing the plane of the right
image have rotated thirty degrees. The number 30 also
appears below the icon. The right image plane can be
rotated another 180°, in which case the line 412 and
marker dot 408 will appear as shown in Fig. 5B. The
number below the icon changes to 210 to indicate a 210
degree orientation to the reference image plane. Alter-
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natively, in the preferred embodiment the user interface
of the ultrasound system includes a "right image invert"
control. When this control is actuated, the rightimage will
immediately invert laterally by 180°, and the icon will cor-
respondingly switch from that shown in Fig. 5A to that
shown in Fig. 5B.

[0028] Similarly, the preferred embodiment includes a
"left image invert" control which laterally inverts the left
image. Fig. 5C illustrates the icon when the reference
image has been inverted, in which case the marker dot
406 is at the left side of the icon. In Fig. 5C the rightimage
is at a 210 degree orientation to the original (uninverted)
position of the reference image as shown by line 412 and
the number below the image. In Fig. 5D the reference
image has been inverted with the right image at a 30°
orientation to the original position of the left reference
image.

[0029] An advantage of the common display of the bi-
plane images and the icon is that when the images on
the display screen are saved, the icon is also saved with-
out further effort by the sonographer. During later review
of the images by a clinician the orientation of the two
image planes is shown on the display or in the print of
the screen. The screen display can be saved either in
hard copy or electronically, and can be retrieved and re-
ferred to later to enable the patient to be scanned again
with the same biplane image orientation.

[0030] It may be desirable to have the icon 400 graph-
ically indicate the portion of the rotational circle 410 which
corresponds to 0°-180°, and the portion which corre-
sponds to 181°-359° in the numeric notation displayed
below the icon. This may be done by using visibly distin-
guishable graphics for the lower and upper halves of the
circle 410. For instance the lower half of the circle 410
could be displayed with a brighter or bolder line than the
upper half, or could be dotted or dashed while the upper
half is drawn with a solid line. Alternatively, the lower and
upper halves could be differently colored, blue and green
for instance, with the color of the numeric notation
changed correspondingly with changes in the rotational
angle of the right plane R.

[0031] Fig. 6 illustrates the display screen when oper-
ating in the "tilt" mode. In this mode the plane of the left
image L is again fixed relative to the plane of the trans-
ducer array, and the right image R can be tilted from one
side of the reference image to the other as if swinging
from the common apex of the two images. In a construct-
ed embodiment the two planes are always oriented 90°
to each other in the lateral (rotational) spatial dimension.
In a preferred embodiment the center line of the right
sector image R always intersects the reference image,
but at a line of the left sector which is selected by the
user. An icon 600 indicates the relative orientation of the
two image planes. In the icon 600 the small graphical
sector 602 represents the fixed position of the left refer-
ence image. A cursor line 604 represents the rightimage
viewed "edge-on" from the side. In this example the right
image plane is tilted 30° from a nominal orientation in
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which the center lines of the two images are aligned,
which is a 0° reference orientation. In the nominal (initial)
orientation the cursor line is vertically oriented in the icon
600.

[0032] Asan alternative to the icon 600, the cursor line
604 can be displayed over the reference image L. The
user can manipulate a user control to change the tilt of
the right plane R, or can drag the cursor line from one
side of the image R to the other to change the tilt of the
right plane. Cursor display types other than a line, such
as dots or pointers, can also be used for cursor 604.
[0033] The tilt mode is particularly useful for conduct-
ing longitudinal studies of infarcts. Suppose that cardiac
imaging of a patient reveals abnormal heart wall motion
in the vicinity of the papillary muscle tips. With conven-
tional 2D imaging, the clinician may try to image the inf-
arcted wall by first acquiring an image of the papillary
muscle in a long axis view of the heart, then rotating the
probe ninety degrees to image the infarct location in a
short axis view. However, if the probe (and hence the
image plane) is not precisely rotated, the clinician can
miss the infarct location. With the biplane tilt mode, the
clinician can move the probe until the papillary muscle is
shown in the reference image in a long axis view, then
can tilt the cursor line 604 to point to or overlay the pap-
illary muscle tips in the long axis reference image, thereby
bringing the infarcted location into view in the tilted right
image R in a short axis view. When the clinician wants
to view the same section of the heart wall in a short axis
view three or six months later in a longitudinal study, the
process of imaging the papillary muscle in a long axis
view in the left image, pointing the tilt cursor 604 in the
same inclination, and viewing the infarcted region in a
short axis view in the right image can be precisely re-
peated, thereby improving the diagnostic efficacy of the
longitudinal study.

[0034] Fig. 7 shows two biplane images in the rotate
mode. The icon between the two images in the center of
the screen shows that the right image plane has been
rotated ninety degrees from alignment with the left refer-
ence image plane. The marker dots are clearly visible in
the icon and on the right sides of the apexes of the two
sector images. For completeness of a cardiac study the
EKG trace is also shown below the biplane images.
[0035] An advantage of the present invention is that
since only two planes of a volumetric region are being
imaged, acquisition of the two images can be done rapidly
enough so that the two images can both be real-time
ultrasonic images at a relatively high frame rate of dis-
play. A further advantage is that the ultrasound system
need be only a conventional two dimensional imaging
system. As Fig. 3 shows, the display subsystem for bi-
plane imaging can be a conventional two dimensional
image processing subsystem, which means that biplane
imaging in accordance with the present invention can be
done with the two dimensional ultrasound systems cur-
rently in the hands of clinicians. The scanner and display
subsystem of Fig. 3 needs no unique 3D capabilities in
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order to produce the biplane image shown in Fig. 7.
[0036] The tilt and rotate modes can be combined, en-
abling a user to view biplane images which are both tilted
and rotated relative to each other.

Claims

1. Anultrasonic diagnostic imaging system (100) com-
prising:

an ultrasound probe (110) which acts to scan
two different image planes (L, R) in real time,
the ultrasound probe comprising a physical
marker that identifies a given side of an image
plane;

a controller (120), coupled to the ultrasound
probe (110), which controls the relative orienta-
tion of the image planes to be scanned by the
probe (110);

a user control (119), coupled to the controller
(120), by which a user can vary the relative ori-
entations of the image planes; and

a display (150), coupled to the probe (110),
which simultaneously displays images of the two
image planes and an indicator of the relative ori-
entation of the image planes, the indicator com-
prising respective display markers (406,408) for
the respective image planes, the respective dis-
play markers corresponding with the physical
marker of the ultrasound probe.

2. The ultrasonic diagnostic imaging system (100) of
Claim 1, wherein the indicator is responsive to vari-
ation of the user control (119) to indicate the relative
orientation of the image planes.

3. The ultrasonic diagnostic imaging system (100) of
Claim 1, wherein the ultrasound probe (110) acts to
scan a first plane in a predetermined orientation rel-
ative to the probe (110), and to scan a second plane
in an orientation to the first plane which is user se-
lectable,
wherein the user control (119) is variable to change
the orientation of the second plane.

4. The ultrasonic diagnostic imaging system (100) of
Claim 3, wherein the user control (119) is variable
to change the angle of rotation of the second plane
in relation to the first plane,
wherein the indicator indicates the angle of rotation
of the second plane in relation to the first plane.

5. The ultrasonic diagnostic imaging system (100) of
Claim 3, wherein the user control (119) is variable
to change the angle of inclination of the second plane
in relation to the first plane,
wherein the indicator indicates the angle of inclina-
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tion of the second plane in relation to the first plane.

The ultrasonic diagnostic diagnostic imaging system
(100) of Claim 1, wherein the indicator depicts the
image planes from the perspective of the transducer
(112).

The ultrasonic diagnostic diagnostic imaging system
(100) of Claim 1, wherein the indicator depicts at
least one of the image planes from an edge-on per-
spective.

The ultrasonic diagnostic diagnostic imaging system
(100) of Claim 1, wherein the indicator further com-
prises a representation of a first image plane in the
plane of the display screen, and a representation of
a second image plane orthogonal to the plane of the
display screen (150).

The ultrasonic diagnostic diagnostic imaging system
(100) of Claim 1, wherein the indicator further com-
prises a depiction of the range of variation of at least
one of the image planes.

A method of displaying ultrasonic information of a
volumetric region comprising:

acquiring ultrasonic signals from at least two dif-
ferent planar areas (510, 512) of the volumetric
region by means of an ultrasound probe (110)
comprising a physical marker that identifies a
given side of a planar area;

processing the ultrasonic signals to develop im-
ages of the planar areas (510, 512); and
simultaneously displaying on an image display
(150) the images of the planar areas (510, 512)
and an indicator of the spatial relationship of the
planes of the planar areas (510, 512), the indi-
cator comprising respective display markers
(406, 408) for the respective planar areas, the
respective display markers corresponding with
the physical marker of the ultrasound probe.

The method of Claim 10, wherein acquiring further
comprises acquiring ultrasonic signals from the dif-
ferent planar areas (510, 512) in a time interleaved
manner which is sufficiently rapid to display real-time
images of the planar areas(510, 512); and

wherein simultaneously displaying further compris-
es simultaneously displaying on the image display
(150) real-time images of the planar areas (510,
512).

The method of Claim 11, further comprising varying
the spatial relationship of the planar areas from
which ultrasonic signals are acquired.
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Patentanspriiche

Diagnostisches
(100) mit:

Ultraschallbildgebungssystem

einer Ultraschallsonde (110) zum Abtasten von
zwei verschiedenen Bildebenen (L, R) in Echt-
zeit, wobei die Ultraschallsonde eine physikali-
sche Markierung umfasst, die eine gegebene
Seite einer Bildebene identifiziert;

einer mit der Ultraschallsonde (110) gekoppel-
ten Steuereinheit (120), die die relative Ausrich-
tung der durch die Sonde (110) abzutastenden
Bildebenen steuert;

einer mit der Steuereinheit (120) gekoppelten
Benutzersteuerung (119), durch die ein Benut-
zer die relativen Ausrichtungen der Bildebenen
variieren kann, und

einer mit der Sonde (110) gekoppelten Anzeige
(150), die gleichzeitig Bilder der beiden Bildebe-
nen und einen Indikator fur die relative Ausrich-
tung der Bildebenen anzeigt, wobei der Indikator
jeweilige Anzeigemarkierungen (406, 408) fur
die jeweiligen Bildebenen umfasst, wobei die je-
weiligen Anzeigemarkierungen der physikali-
schen Markierung der Ultraschallsonde ent-
sprechen.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei der Indikator auf die
Veranderung der Benutzersteuerung (119) reagiert,
um die relative Ausrichtung der Bildebenen anzuge-
ben.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei die Ultraschallsonde
(110) zum Abtasten einer ersten Ebene in einer vor-
gegebenen Ausrichtung relativ zu der Sonde (110)
und zum Abtasten einer zweiten Ebene in einer vom
Benutzer wahlbaren Ausrichtung zu der ersten Ebe-
ne fungiert,

wobei die Benutzersteuerung (119) variierbarist, um
die Ausrichtung der zweiten Ebene zu verandern.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 3, wobei die Benutzersteue-
rung (119) variierbar ist, um den Winkel der Drehung
der zweiten Ebene relativ zu der ersten Ebene zu
verandern,

wobei der Indikator den Winkel der Drehung der
zweiten Ebene relativ zu der ersten Ebene angibt.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 3, wobei die Benutzersteue-
rung (119) variierbar ist, um den Winkel der Neigung
der zweiten Ebene relativ zu der ersten Ebene zu
verandern,

wobei der Indikator den Winkel der Neigung der
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zweiten Ebene relativ zu der ersten Ebene angibt.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei der Indikator die Bild-
ebenen aus der Perspektive des Wandlers (112) dar-
stellt.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei der Indikator minde-
stens eine der Bildebenen aus einer Hochkant-Per-
spektive darstellt.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei der Indikator weiterhin
eine Darstellung einer ersten Bildebene in der Ebene
des Anzeigebildschirms und eine Darstellung einer
zweiten Bildebene orthogonal zu der Ebene des An-
zeigebildschirms (150) umfasst.

Diagnostisches Ultraschallbildgebungssystem
(100) nach Anspruch 1, wobei der Indikator weiterhin
eine Darstellung des Variationsbereichs von minde-
stens einer der Bildebenen umfasst.

Verfahren zum Anzeigen von Ultraschallinformatio-
nen einer volumetrischen Region, das Folgendes
umfasst:

Erfassen von Ultraschallsignalen von minde-
stens zwei verschiedenen planaren Bereichen
(510, 512) der volumetrischen Region mit Hilfe
einer Ultraschallsonde (110), die eine physika-
lische Markierung umfasst, welche eine gege-
bene Seite eines planaren Bereichs identifiziert;
Verarbeiten der Ultraschallsignale, um Bilder
der planaren Bereiche (510, 512) zu entwickeln,
und

gleichzeitiges Anzeigen der Bilder der planaren
Bereiche (510, 512) und eines Indikators der
raumlichen Beziehung der Ebenen der planaren
Bereiche (510, 512) auf einer Bildanzeige (150),
wobei der Indikator jeweilige Anzeigemarkie-
rungen (406, 408) fur die jeweiligen planaren
Bereiche umfasst, wobei die jeweiligen Anzei-
gemarkierungen mit der physikalischen Markie-
rung der Ultraschallsonde Ubereinstimmen.

Verfahren nach Anspruch 10, wobei das Erfassen
weiterhin das Erfassen von Ultraschallsignalen aus
den verschiedenen planaren Bereichen (510, 512)
auf eine zeitverschachtelte Weise umfasst, die aus-
reichend schnell ist, um Echtzeitbilder der planaren
Bereiche (510, 512) anzuzeigen; und

wobei das gleichzeitige Anzeigen weiterhin das
gleichzeitige Anzeigen von Echtzeitbildern der pla-
naren Bereiche (510, 512) auf der Bildanzeige (150)
umfasst.
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12. Verfahren nach Anspruch 11, weiterhin umfassend

das Variieren des rdumlichen Verhaltnisses der pla-
naren Bereiche, aus denen Ultraschallsignale er-
fasst werden.

Revendications

Systéme d’imagerie diagnostique a ultrasons (100)
comprenant :

une sonde a ultrasons (110) qui agit pour ba-
layer deux plans image différents (L,R) en temps
réel, la sonde a ultrasons comprenant un mar-
queur physique qui identifie un c6té donné d’un
plan image;

un contrdleur (120), couplé a la sonde a ultra-
sons (110), qui commande I'orientation relative
des plans image a scanner par la sonde (110);
une commande d'utilisateur (119), couplée au
contrbleur (120), par laquelle un utilisateur peut
varier les orientations relatives des plansimage;
et

un afficheur (150), couplé a la sonde (110), qui
affiche simultanément les images des deux
plans images et un indicateur de I'orientation re-
lative des plans image, l'indicateur comprenant
les marqueurs d’affichage respectifs (406,408)
pour les plans images respectifs, les marqueurs
d’affichage respectifs correspondant au mar-
queur physique de la sonde a ultrasons.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1, dans lequel I'indicateur est
sensible a la variation de la commande d'utilisateur
(119) pour indiquer l'orientation relative des plans
image.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1, dans lequel la sonde a ul-
trasons (110) agit pour balayer un premier plan dans
une orientation prédéterminée par rapport a la son-
de, et pour balayer un second plan dans une orien-
tation par rapport au premier plan qui peut étre sé-
lectionnée par I'utilisateur, dans lequel la commande
d'utilisateur (119) est variable pour changer I'orien-
tation du second plan image.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 3, dans lequel la commande
d’utilisateur (119) est variable pour changer I'angle
de rotation du second plan par rapport au premier
plan,

dans lequel I'indicateur indique I'angle de rotation du
second plan par rapport au premier plan.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 3,
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dans lequel la commande d’utilisateur (119) est va-
riable pour changer I'angle d’inclinaison du second
plan par rapport au premier plan,

dans lequel l'indicateur indique I'angle d’inclinaison
du second plan par rapport au premier plan.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1,

dans lequel l'indicateur visualise les plans image se-
lon la perspective du transducteur (112).

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1,

dans lequel lindicateur visualise au moins un des
plans image selon une perspective a partir du bord.

Systéme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1,

dans lequel l'indicateur comprend en outre une re-
présentation d’'un premier plan image dans le plan
de I'écran d’affichage, et une représentation d'un se-
cond plan image orthogonal au plan de I'écran d’af-
fichage (150).

Systeme d’imagerie diagnostique a ultrasons (100)
selon la revendication 1,

dans lequel I'indicateur comprend en outre une vi-
sualisation de la gamme de variation d’au moins un
des plans image.

Procédé d’affichage d’information a ultrasons d’une
région volumétrique comprenant :

I'acquisition des signaux a ultrasons a partird’au
moins deux secteurs planaires différents
(510,512) de la région volumétrique au moyen
d’'une sonde a ultrasons (110) comprenant un
marqueur physique qui identifie un c6té donné
d’un secteur planaire;

le traitement des signaux a ultrasons pour dé-
velopper des images des secteurs planaires
(510,512); et

I'affichage simultané sur un afficheur d'image
(150) des images des secteurs planaires
(510,512) et d’un indicateur de la relation spa-
tiale des plans des secteurs planaires
(510,512), lindicateur comprenant les mar-
queurs d'affichages respectifs (406,408) pour
les secteurs planaires respectifs, les marqueurs
d’'affichage respectifs correspondant au mar-
queur physique de la sonde a ultrasons.

Procédé selon la revendication 10, dans lequel I'ac-
quisition comprend en outre l'acquisition des si-
gnaux a ultrasons des différents secteurs planaires
(510,512) d’'une maniére entrelacée dans le temps
qui soit suffisamment rapide pour afficher des ima-
ges en temps réel des secteurs planaires (510,512);
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et

dans lequel I'affichage simultané comprend en outre
I'affichage simultané sur l'afficheur d’image (150)
des images en temps réel des secteurs planaires
(510,512).

Procédé selon la revendication 11, comprenant en
outre la variation de la relation spatiale des secteurs
planaires a partir desquels les signaux a ultrasons
sont regus.
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FIG. 2A
FIG. 2B
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