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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates to ultrasound imaging of
a subject under study, and more particularly relates to
the simultaneous display of B-mode and Doppler flow
information.

[0002] In state-of-the-art multi-mode ultrasound scan-
ners, a pulsed Doppler sample gate (or range gate) can
be manually positioned via trackball control over the ves-
sel of interest in the B-mode image. For each Doppler
transmit firing, a segment of the received Doppler signal
is passed through a "sum and dump" operation which
produces one Doppler signal sample corresponding to
the desired sample volume. Doppler samples extracted
from many transmit firings over an analysis time interval
(typically 10 ms) are used to compute a Doppler frequen-
cy spectrum via standard Fast Fourier Transform (FFT)
spectral analysis. The resultant "instantaneous" Doppler
spectrum constitutes one vertical line in the frequency
versus time spectrogram display, in which the intensity
(or color) is modulated by the spectral magnitude. The
Doppler frequency shift fy, is often converted into flow
velocity (speed) v, based on the Doppler equation: v=cfy/
(2f,cos6), where f, is the transmit frequency, and 8 is the
Doppler angle, or angle between the ultrasound beam
and the velocity vector.

[0003] The advantage of the conventional spectral
Doppler technique described above is that it provides a
continuous display of the Doppler spectral distribution as
it evolves over the cardiac cycle, from which many diag-
nostic waveform indices such as the systolic-to-diastolic
ratio, are derived. The limitation is that only the Doppler
frequency distribution within a single sample volume can
be measured. Itis not possible to simultaneously observe
how the flow velocities are changing in two or more sam-
ple volumes across the vessel diameter.

[0004] Tortolietal. taughtin ("Spectral velocity profiles
for detailed ultrasound flow analysis" IEEE Trans. UFFC,
vol. 43, pp. 654-659, 1996) the operation of a multi-Dop-
pler system for measuring the time-varying flow velocity
profiles along a Doppler beam. The system is capable of
computing in real-time the FFT of Doppler signals detect-
ed from 64 equally spaced range gates. The resultant
data is displayed in a range versus velocity/frequency
format where the gray scale intensity is modulated by
spectral power. These spectral Doppler profiles provide
a direct and intuitive representation of the pulsatile flow
velocity profile across the blood vessel. However, no
background tissue anatomical data is available.

[0005] US-A-5 724 974 discloses a two dimensional
ultrasound display system. A velocity profile or the esti-
mated spectra at each point along a line of study are
displayed as a function of position along the line of study.
[0006] Today’s premium ultrasound scanners are gen-
erally capable of simultaneous acquisition of single-
range-gate spectral Doppler and B-mode data. To max-
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imize frame rate, usually a part or entire frame of B-vec-
tors are interleaved with the Doppler firings. If Doppler
needs to be suspended during the B-mode interval in
order to maintain an acceptable B-mode frame rate, a
time gap will occur in the Doppler data and is usually
filled in with synthesized Doppler data.

[0007] A scanner which can acquire, process and dis-
play B-mode and multi-gate spectral Doppler flow images
simultaneously would clearly provide a new useful tool
for vascular diagnosis. It will be especially interesting to
be able to monitor the flow profile changes in conjunction
with vessel wall movements over the cardiac cycle.

BRIEF SUMMARY OF THE INVENTION

[0008] Aspects of the present invention are defined in
the accompanying claims

[0009] The preferred embodiments are useful in an ul-
trasound system for acquiring and displaying Doppler
and B-mode data from a subject under study. In such an
environment, ultrasound waves are transmitted into the
subject under study, preferably by an ultrasound trans-
mitter. Backscattered signals are generated in response
to the ultrasound waves backscattered from the subject
under study, preferably by a receiver. A plurality of Dop-
pler signal samples representing different depth incre-
ments within the subject are generated, preferably by a
plurality of range gates responsive to the backscattered
signals. A plurality of Doppler frequency signals repre-
senting the different depth increments are generated in
response to the Doppler signal samples, preferably by a
logic unit. B-mode data is generated in response to the
backscattered signals, preferably by the logic unit. A B-
mode image is displayed in response to the B-mode data
and a Doppler image is displayed representing the Dop-
pler frequency along a first axis and representing the
depth increments along a second axis in response to the
Doppler frequency signals.

[0010] By using the foregoingtechniques, B-mode and
Doppler information can be displayed in a manner which
facilitates interpretation and diagnosis by ultrasound us-
ers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a schematic block diagram of a preferred
form of the invention.

Fig. 2 is a schematic block diagram and functional
diagram of a preferred form of Doppler apparatus
and processing according to a preferred form of the
invention.

Fig. 3 is a schematic diagram of one form of display
for the invention.
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Fig. 4 is a schematic diagram of a preferred form of
display for the invention.

Fig. 5 is a schematic diagram of the type of display
shown in Fig. 4 illustrating a preferred form of
processing at different frame rates.

Fig. 6 is a schematic diagram illustrating one form
of display for an embodiment of the invention using
two different transmit beams.

Fig. 7 is a schematic diagram illustrating a preferred
form of display for an embodiment of the invention
using two different transmit beams.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The preferred embodiments pertain mainly to
new data acquisition and display methods and apparatus
for simultaneous B-mode and multi-gate spectral Dop-
pler imaging by an ultrasound scanner system 10. Nei-
ther B-mode nor multi-gate Doppler processing is hew
by itself. Both can be implemented in hardware and/or
software. As a result, the preferred embodiments also
can be implemented in hardware and/or software and
are not limited to a particular platform implementation.
[0013] In the preferred embodiment shown in Fig. 1,
the B-mode data processing is implemented in a dedi-
cated B-mode logic unit in the form of a processor 20,
while the multi-gate processing of Doppler I/Q data, and
all the B-mode post-processing (scan conversion, video
processing) are effected on another logic unit in the form
of a programmable computer 30. Logic units 20 and 30
can be implemented by a variety of devices, including
microprocessors, digital signal processors or application
specific integrated circuits capable of logical and arith-
metic operations.

[0014] The "front-end" of the scanner system 10 in Fig.
1includes an ultrasound transducer array 40 and a trans-
mitter (Tx), receiver (Rx), Tx/Rx beamformer, demodu-
lator, decoder and filter module 50. Array 40 acts as a
transmitter of ultrasound waves into a subject under
study S. Ultrasound waves are backscattered from sub-
ject S in a well known manner. The demodulator within
module 50 shifts the received RF data (i.e., ultrasound
waves) into baseband to produce the in-phase (I) and
quadrature (Q) components for Doppler processing on a
bus 52. Some noise filters may be further applied to reject
out of band noise. If coded excitation techniques are
used, as taughtin U.S. Patent No. 5,964,706, issued Oc-
tober 12, 1999 in the names of Mo and Chiao, entitled
"Method and Apparatus for pulsed Doppler Imaging With
Coded Excitation On Transmit And Pulse Compression
On Receive," a decoder will be needed to effect pulse
compression either before or after demodulation. Pulse
compression may be especially useful for multi-gate
spectral Doppler since it can help achieve the highest
range resolution without comprising sensitivity as would
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occur if an uncoded long transmit burst is used.

[0015] B-mode data is generated from the backscat-
tered ultrasound waves by conventional envelope detec-
tion and logarithmic compression techniques in proces-
sor 20. The B-mode data is organized into frames of data
at a predetermined frame rate by computer 30 in a well
known manner. As shown in more detail in connection
with Fig. 5, the B-mode data resulting from one region of
interest within subject S may be processed at one frame
rate, and the B-mode data resulting from a second region
of interest with subject S may be processed at a second
frame rate different from the first frame rate.

[0016] Both B-mode data and Doppler signals may be
converted to images and displayed on a display unit 60
by well known techniques.

Simultaneous B-mode and Spectral Doppler Flow Imag-
ing

[0017] In general, scanner system 10 needs to alter-
nate between ultrasound B-mode and Doppler firings to
achieve simultaneous anatomical and spectral Doppler
flow imaging. For deep imaging, the two types of firing
may be interleaved to achieve continuous data acquisi-
tion in both modes. For shallower applications where
such interleaving is no longer possible, the Doppler ac-
quisition will be suspended during the B-mode imaging
intervals, as in conventional duplex scanning. B-mode
data processing is well-known and need not be further
described.

[0018] Multi-gate spectral Doppler processing is de-
scribed in Fig. 2. The key step is to apply different range
gates, such as gates 71-74, which represent different
depth increments within subject S, to the decoded Dop-
pler 1/Q data on bus 52. Each range gate is basically a
"sum and dump" operation that produces a Doppler sig-
nal sample at the pulse repetition frequency (PRF) of the
ultrasound waves generated by array 40.

[0019] Each Doppler signal sample represents a dif-
ferent depth increment with subject S. The rest of the
processing for each range gate output is the same as in
a conventional single-gate pulsed Doppler system. The
"slow time" Doppler data (sampled at PRF) is passed
through a wall filter function 80, windowed in a data win-
dow function 90 and then transformed via a fast Fourier
transform (FFT) in a power spectrum function 100 to gen-
erate Doppler frequency signals which then are com-
pressed in amplitude based on a typical display dynamic
range of 30-40 dB. Each range gate produces a spectral
line at its corresponding range which represents a depth
increment in subject S. The range gates are coupled to
wallfilterfunction 80 by a multiplex function schematically
represented by a switch 82. All functions within box 30
in Fig. 2 may be implemented by computer 30.
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B-mode and spectral flow images in different display win-
dows

[0020] Fig. 3 represents one form of display on a face
110 of display 60. A Doppler image DI representing the
Doppler frequency signals is displayed in a portion 120
of face 110 in which a vertical axis V represents range
position (i.e., depth increment within subject S) and a
horizontal axis H represents Doppler shift frequency or
velocity. (In this specification, Doppler velocity is consid-
ered to be a form of Doppler frequency.) A conventional
B-mode image derived from the B-mode data in a con-
ventional manner is displayed in a portion 130 of face
110. Portion 130 displays an image of a blood vessel BV.
A spectrum display box DB corresponding to gate cursor
GC is superimposed on the blood vessel image in order
to indicate the range of depth increments in subject S
represented by the Doppler image DI. A Doppler beam
cursor BC is superimposed on the display in order to
represent the direction of the Doppler beams generated
by array 40.

[0021] In this dual mode of display, even if the Doppler
firings need to be suspended in order to maintain a good
B-mode frame rate, there is no a need for a "Doppler gap
filler" for the video display on face 110. Time gaps in the
Doppler data set translate simply into a lower frame rate
for the spectral flow imaging.

[0022] As in conventional spectral display, the maxi-
mum and mean velocity/frequency traces can be super-
posed on the same spectral flow data, except these trac-
es will run vertically over depth. These traces can also
be displayed by themselves without the spectral flow da-
ta, and they are potentially useful for quantitative velocity
measurements such as mean velocity and shear rate/
shear stress.

Superpose spectral flow data onto B-image

[0023] According to the preferred display embodiment
of the invention, the spectral flow data is encoded via a
gray or color map, which is then superposed onto the B-
image as shown in Fig. 4 in portion 130 of face 110. A
graphics overlay may be used for the spectral flow data
in the video display.

[0024] According to another embodiment of the inven-
tion shown in Fig. 5, to maximize the B-mode frame rate
in region of interest 140 immediately surrounding the
spectrum display box DB, the "outer" or peripheral image
regions , such as regions 150 and 160 (Fig. 5) can be
either frozen or just updated occasionally as in conven-
tional update mode.

Simultaneous B-mode and Multiple multi-gated Spectral
Doppler Imaging

[0025] According to another embodiment of the inven-
tion, two or more independent Doppler beams are gen-
erated by the transmitter array 40 to sample different ves-
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sel locations (e.g. proximal and distal to an arterial ste-
nosis). The Doppler signal samples resulting from the
different Doppler beams are multi-gated and processed
separately to produce the corresponding spectral flow
data and corresponding different Doppler frequency sig-
nals. If the Doppler PRFs of the different Doppler beams
are sufficiently low, it may be possible to alternate be-
tween the different Doppler beam firings, for simultane-
ous multiple multi-gated Doppler velocity measurements.
In this case, two or more parallel Doppler processing
pipelines like that of FIG. 2 may be needed.

[0026] More specifically, ultrasound waves are gener-
ated by array 40 in the form of a first Doppler beam B1
directed to a first region of interest ROI 1 within subject
S and a second Doppler beam B2 directed to a second
region of interest ROI 2 within subject S. A first group of
backscattered waves from ROI 1 are used by module 50
to generate a first group of backscattered signals, and a
second group of backscattered waves from ROI 2 are
used by module 50 generate a second group of back-
scattered signals. A first group of Doppler signal samples
are generated by computer 30 in response to said first
group of backscattered signals and a second group of
Doppler signals are generated by computer 30 in re-
sponse to the second group of backscattered signals. A
first plurality of Doppler frequency signals are generated
by computer 30 in response to said first group of Doppler
signal samples and a second plurality of Doppler frequen-
cy signals generated by computer 30 in response to said
second group of Doppler signal samples.

[0027] Ifinterleaving is not possible, then the flow data
can be acquired and processed one Doppler beam at a
time together with an external trigger signal such as an
electrocardiogram (ECG) signal. The Doppler 1/Q data
on bus 52 for each Doppler beam and the corresponding
ECG data can be held in a buffer memory 32 of computer
30. While scanner 10 is acquiring a second set of Doppler
I/Q data (from another Doppler beam), the first set of I/Q
Doppler data can be processed (FIG. 2) and the result
can be stored in another buffer memory 34. When all the
data from multiple Doppler beams have been acquired,
the display can be generated via post-processing in
which the spectral flow data from different beams are
synchronized based on the cardiac timing ECG signal.
To obtain the background anatomical image, at least one
set of B-mode frames also will need to be acquired before
repeating the multiple Doppler firing sets.

[0028] Referring to Fig. 6, according to another display
embodiment of the invention useful for two or more Dop-
pler beams, additional but smaller windows are used to
display the multiple multi-gated Doppler and B-mode da-
ta. If there are only two sets of B-mode and Doppler data,
a split screen display format with, for example, area A1
and area A2 on the left side, and area A3 and area A4
on the right side of display face 110 may be used to dis-
play information. In such an arrangement, a B-mode im-
age resulting from beam B1 (similar to the image in area
130 (Fig. 3)) is displayed in area A1 and a corresponding
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Doppler image resulting from beam B1 (similar to the
image in area 120 (Fig. 3)) is displayed in area A2. A B-
mode image resulting from beam B2 (similar to the image
in area 130 (Fig. 3)) is displayed in area A3 and a corre-
sponding Doppler image resulting from beam B2 (similar
to the image in area 120 (Fig. 3)) is displayed in area A4.
It is also possible to display Doppler images from the
various beams plus just one of the multiple B-mode im-
ages, such as the most recent one.

[0029] Referring to Fig. 7, another preferred display
embodiment used in connection with two or more ultra-
sound beams may include a display image on the left
side of display face 110 like the image shown in Fig. 4.
As previously explained, in this display, a Doppler image
is superimposed over a B-mode display for the first region
of interest. On the right side of display face 110 is a sec-
ond Dopplerimage superimposed over a second B-mode
image. The second Doppler image is derived from the
scanning of the second region of interest ROl 2 and the
resulting Doppler frequency signals. The second B-mode
image is derived from the scanning of the second region
of interest ROI 2 and the resulting second B-mode data.
The right side display results in a spectrum display box
DB2, a Doppler beam cursor BC2 and a Doppler image
DI2 arranged as shown. Depending on whether the fir-
ings of the two Doppler beams can be interleaved, the
spectral flow images (and background B-mode image)
may be displayed "live," or upon playback from buffer
memories 32 and 34 in a synchronized manner based
on a cardiac timing signal.

[0030] Those skilled in the art will recognize that the
preferred embodiments may be altered and modified
without departing from the scope of the invention as de-
fined in the accompanying claims. For example, proces-
sor 20 and computer 30 may be combined in a single
logic unit.

Claims

1. Apparatus for acquiring and displaying Doppler and
B-mode data from a subject under study (S) in an
ultrasound system (10) comprising:

an ultrasound transmitter (50) adapted to trans-
mit ultrasound waves into the subject under
study;

a receiver (50) adapted to generate back-scat-
tered signals in response to the ultrasound
waves back-scattered from the subject under
study;

a logic unit (20, 30) for applying a plurality of
range gates (71-74) to the back-scattered sig-
nals to generate a plurality of Doppler signal
samples representing a predetermined range of
depth increments within said subject;

said logic unit (20, 30) responsive to the Doppler
signal samples to generate a plurality of Doppler
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frequency signals representing said range of
depth increments, and responsive to said back-
scattered signals to generate B-mode data rep-
resenting said range of depth increments; and

a display (60) responsive to said B-mode data
to generate a B-mode image representing the
portion of the subject within the range of depth
increments and responsive to said Doppler fre-
quency signals to generate a Doppler graph rep-
resenting said Doppler frequency signals along
a first axis and said range of depth increments
along a second axis, the portion of the Doppler
graph representing the range of depth incre-
ments being superimposed on the B-mode im-
age representing the portion of the subject within
the range of depth increments.

Apparatus, as claimed in claim 1, wherein said dis-
play comprises a first portion (130) and a second
portion (120), wherein said B-mode image is dis-
played in said first portion and wherein said Doppler
image is displayed in said second portion.

Apparatus, as claimed in claim 1 or 2, wherein said
back-scattered signals are received from a first re-
gion of interest (ROI1) within said subject resulting
in said Doppler signal samples and from a second
region of interest (ROI2) within said subject, wherein
said logic unit (20) generates said B-mode datain a
first group of frames representing said first region of
interest at a first frame rate and a second group of
frames representing said second region of interest
at a second frame rate less than said first frame rate.

Apparatus, as claimed in claim 1, wherein said ultra-
sound waves comprise a first Doppler beam (B1)
directed to afirst region of interest (ROI1) within said
subject and a second Doppler beam (B2) directed
to a second region of interest (ROI2) within said sub-
ject, wherein said back-scattered signals comprise
a first group of back-scattered signals generated in
response to the ultrasound waves back-scattered
from said first region of interest and a second group
of back-scattered signals generated in response to
ultrasound waves back-scattered from said second
region of interest, wherein said plurality of Doppler
signal samples comprise a first group of Doppler sig-
nal samples generated in response to said first group
of back-scattered signals and a second group of
Doppler signals generated in response to said sec-
ond group of back-scattered signals, wherein said
plurality of Doppler signal samples comprises a first
plurality of Doppler frequency signals generated in
response to said first group of Doppler signal sam-
ples and a second plurality of Doppler frequency sig-
nals generated in response to said second group of
Doppler signal samples, and wherein said Doppler
image comprises a first Doppler image generated in
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response to said first plurality of Doppler frequency
signals and a second Doppler image generated in
response to said second plurality of Doppler frequen-
cy signals.

A method for acquiring and displaying Doppler and
B-mode data from a subject under study in an ultra-
sound system (10) comprising:

transmitting ultrasound waves into the subject
under study;

generating back-scattered signals in response
to the ultrasound waves back-scattered from the
subject under study;

generating a plurality of Doppler signal samples
representing a predetermined range of depth in-
crements within said subject in response to said
back-scattered signals;

applying a plurality of range gates to said Dop-
pler signal samples, to generate a plurality of
Doppler frequency signals representing said
predetermined range of depth increments;
generating B-mode data for the range of depth
increments in response to said back-scattered
signals;

generating a B-mode image representing the
portion of the subject within the range of depth
increments in response to said B-mode data;
and

displaying a Doppler graph representing said
Doppler frequency signals along a first axis and
said range of depth increments along a second
axis in response to said Doppler frequency sig-
nals, the portion of the Doppler graph represent-
ing the range of depth increments being super-
imposed on the B-mode image representing the
portion of the subject within the range of depth
increments.

A method, as claimed in claim 5, wherein said dis-
playing comprises displaying said B-mode image in
a first area and displaying said Doppler image in a
second area.

A method, as claimed in claim 5, wherein said back-
scattered signals are received from a first region of
interest within said subject resulting in said Doppler
signal samples and from a second region of interest
within said subject, wherein said B-mode datais gen-
erated in a first group of frames representing said
first region of interest at a first frame rate and a sec-
ond group of frames representing said second region
of interest at a second frame rate less than said first
frame rate.

A method, as claimed in claim 5, wherein said ultra-
sound waves comprise a first Doppler beam directed
to a first region of interest within said subject and a
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second Doppler beam directed to a second region
of interest within said subject, wherein said back-
scattered signals comprise a first group of back-scat-
tered signals generated in response to the ultra-
sound waves back-scattered from said first region
of interest and a second group of back-scattered sig-
nals generated in response to ultrasound waves
back-scattered from said second region of interest,
wherein said plurality of Doppler signal samples
comprise a first group of Doppler signal samples
generated in response to said first group of back-
scattered signals and a second group of Doppler sig-
nals generated in response to said second group of
back-scattered signals, wherein said plurality of
Doppler signal samples comprises a first plurality of
Doppler frequency signals generated in response to
said first group of Doppler signal samples and a sec-
ond plurality of Doppler frequency signals generated
in response to said second group of Doppler signal
samples, and wherein said Doppler image compris-
es a first Doppler image generated in response to
said first plurality of Doppler frequency signals and
a second Doppler image generated in response to
said second plurality of Doppler frequency signals.

Patentanspriiche

1.

Vorrichtung zum Erfassen und Anzeigen von Dopp-
lerund B-Mode-Daten aus einem untersuchten Pa-
tienten (S) in einem Ultraschallsystem (10), aufwei-
send:

einen Ultraschallsender (50), der zum Senden
von Ultraschallwellen in den untersuchten Pati-
enten angepasst ist;

einen Empfanger (50), der zum Erzeugen riick-
gestreuter Signale in Reaktion auf die von dem
untersuchten Patienten riickgestreuten Ultra-
schallwellen angepasst ist;

eine Logikeinheit (20, 30) zum Anwenden meh-
rerer Bereichsfenster (41-74) auf die riickge-
streuten Signale, um mehrere Doppler-Si-
gnalabtastwerte zu erzeugen, die einen vorbe-
stimmten Bereich von Tiefeninkrementen in
dem Patienten reprasentieren;

wobei die Logikeinheit (20, 30) auf die Doppler-
Signalabtastwerte reagiert, indem sie mehrere
den Bereich von Tiefeninkrementen reprasen-
tierende Doppler-Frequenzsignale erzeugt und
auf die rlickgestreuten Signale reagiert, indem
sie den Bereich von Tiefeninkrementen repra-
sentierende B-Mode-Daten erzeugt; und

eine Anzeigeeinrichtung (60), die auf die B-Mo-
de-Daten reagiert, indem sie ein den Abschnitt
des Patienten in dem Bereich von Tiefeninkre-
menten anzeigendes B-Mode-Bild erzeugt und
auf die Doppler-Frequenzsignale reagiert, in-
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dem sie einen die Doppler-Frequenzsignale ent-
lang einer ersten Achse und des Bereichs von
Tiefeninkrementen entlang einer zweiten Achse
reprasentierenden Doppler-Graphen erzeugt,
wobei der den Bereich der Tiefeninkremente an-
zeigende Abschnitt des Doppler-Graphen dem
den Abschnitt des Patienten in dem Bereich der
Tiefeninkremente reprasentierenden B-Mode-
Bild Uberlagert ist.

Vorrichtung nach Anspruch 1, wobei die Anzeige-
einrichtung einen ersten Abschnitt (130) und einen
zweiten Abschnitt (120) aufweist, wobei das B-Mo-
de-Bild in dem ersten Abschnitt angezeigt wird und
wobei das Doppler-Bild in dem zweiten Abschnitt an-
gezeigt wird.

Vorrichtung nach Anspruch 1 oder 2, wobei die riick-
gestreuten Signale aus einem ersten interessieren-
den Bereich (ROI1) in dem Patienten, die zu den
Doppler-Signalabtastwerten flihren, und aus einem
zweiten interessierenden Bereich (ROI2) in dem Pa-
tienten empfangen werden, wobei die Logikeinheit
(20) die B-Mode-Daten in einer ersten Gruppe von
Einzelbildern (Frames), die den ersten interessie-
renden Bereich mit einer ersten Einzelbildgeschwin-
digkeit reprasentieren, und in einer zweiten Gruppe
von Einzelbildern erzeugt, die den zweiten interes-
sierenden Bereich mit einer zweiten Einzelbildge-
schwindigkeit reprasentieren, die kleiner als der er-
sten Einzelbildgeschwindigkeit ist.

Vorrichtung nach Anspruch 1, wobei die Ultraschall-
wellen ein auf einen ersten interessierenden Bereich
(ROI1) in dem Patienten gerichtetes erstes Doppler-
Blindel (B1) und ein auf einen zweiten interessieren-
den Bereich (ROI2) in dem Patienten gerichtetes
zweites Dopplerbliindel (B2) aufweisen, wobei die
riickgestreuten Signale eine erste Gruppe von riick-
gestreuten Signalen, die in Reaktion auf die von dem
ersten interessierenden Bereich riickgestreuten Ul-
traschallwellen erzeugt werden, und eine zweite
Gruppe von riickgestreuten Signalen aufweisen, die
in Reaktion auf von dem zweiten interessierenden
Bereich rickgestreuter Ultraschallwellen erzeugt
werden, wobei die mehreren Doppler-Signalabtast-
werte eine erste Gruppe von Doppler-Signalabtast-
werten, die in Reaktion auf die erste Gruppe riick-
gestreuter Signale erzeugt werden, und eine zweite
Gruppe von Doppler-Signalabtastwerten aufweisen,
die in Reaktion auf die zweite Gruppe riickgestreuter
Signale erzeugten werden, wobei die mehreren
Doppler-Signalabtastwerte mehrere erste Doppler-
Frequenzsignale, die in Reaktion auf die erste Grup-
pe von Doppler-Signalabtastwerten erzeugt werden,
und mehrere zweite Doppler-Frequenzsignale auf-
weisen, die in Reaktion auf die zweite Gruppe von
Doppler-Signalabtastwerten erzeugt werden, und
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wobei das Doppler-Bild ein in Reaktion auf die meh-
reren ersten Doppler-Frequenzsignale erzeugtes er-
stes Doppler-Bild und ein in Reaktion auf die meh-
reren zweiten Doppler-Frequenzsignale erzeugtes
zweites Doppler-Bild aufweist.

Verfahren zum Erfassen und Anzeigen von Doppler-
und B-Mode-Daten aus einem in einem Ultraschall-
system (10) untersuchten Patienten, mit den Schrit-
ten:

Senden von Ultraschallwellen in den untersuch-
ten Patienten;

Erzeugen riickgestreuter Signale in Reaktion
auf die von dem untersuchten Patienten riick-
gestreuten Ultraschallwellen;

Erzeugen mehrerer einen vorbestimmten Be-
reich von Tiefeninkrementen in dem Patienten
reprasentierender Doppler-Signalabtastwerte
in Reaktion auf die riickgestreuten Signale;
Anwenden mehrerer Bereichsfenster auf die
Doppler-Signalabtastwerte, um mehrere den
vorbestimmten Bereich von Tiefeninkrementen
reprasentierende Doppler-Frequenzsignale zu
erzeugen,

Erzeugen von B-Mode-Daten fiir den Bereich
der Tiefeninkremente in Reaktion auf die riick-
gestreuten Signale;

Erzeugen eines den Abschnitt des untersuchten
Patienten in dem Bereich von Tiefeninkremen-
ten reprasentierenden B-Mode-Bildes in Reak-
tion auf die B-Mode-Daten; und

Anzeigen eines die Doppler-Frequenzsignale
entlang einer ersten Achse und des Bereichs
der Tiefeninkremente entlang einer zweiten
Achse reprasentierenden Doppler-Graphen in
Reaktion auf die Doppler-Frequenzsignale, wo-
bei der den Bereich der Tiefeninkremente an-
zeigende Abschnitt des Doppler-Graphen dem
den Abschnitt des Patienten in dem Bereich der
Tiefeninkremente reprasentierenden B-Mode-
Bild Uberlagert ist.

Verfahren nach Anspruch 5, wobei das Anzeigen
das Anzeigen des B-Mode-Bildes in einem ersten
Bereich und das Anzeigen des Doppler-Bildes in ei-
nem zweiten Bereich umfasst.

Verfahren nach Anspruch 5, wobei die rlickgestreu-
ten Signale aus einem ersten interessierenden Be-
reichin dem Patienten, die zu den Doppler-Signalab-
tastwerten fihren, und aus einem zweiten interes-
sierenden Bereich in dem Patienten empfangen wer-
den, wobei die B-Mode-Datenin einer ersten Gruppe
von Einzelbildern, die den ersten interessierenden
Bereich mit einer ersten Einzelbildgeschwindigkeit
reprasentieren, und in einer zweiten Gruppe von Ein-
zelbildern erzeugt werden, die den zweiten interes-
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sierenden Bereich mit einer zweiten Einzelbildge-
schwindigkeit reprasentieren, die kleiner als die er-
ste Einzelbildgeschwindigkeit ist.

Verfahren nach Anspruch 5, wobei die Ultraschall-
wellen ein auf einen ersten interessierenden Bereich
in dem Patienten gerichtetes erstes Doppler-Biindel
und ein auf einen zweiten interessierenden Bereich
in dem Patienten gerichtetes zweites Dopplerbiindel
aufweisen, wobei die riickgestreuten Signale eine
erste Gruppe riickgestreuter Signale, die in Reaktion
auf die von dem ersten interessierenden Bereich
ruckgestreuten Ultraschallwellen erzeugt werden,
und eine zweite Gruppe riickgestreuter Signale auf-
weisen, die in Reaktion auf von dem zweiten inter-
essierenden Bereich riickgestreuter Ultraschallwel-
len erzeugt werden, wobei die mehreren Doppler-
Signalabtastwerte eine erste Gruppe von Doppler-
Signalabtastwerten, die in Reaktion auf die erste
Gruppe riickgestreuter Signale erzeugt werden, und
eine zweite Gruppe von Doppler-Signalabtastwer-
ten aufweisen, die in Reaktion auf die zweite Gruppe
ruckgestreuter Signale erzeugten werden, wobei die
mehreren Doppler-Signalabtastwerte mehrere erste
Doppler-Frequenzsignale, die in Reaktion auf die er-
ste Gruppe von Doppler-Signalabtastwerten erzeugt
werden, und mehrere zweite Doppler-Frequenzsi-
gnale aufweisen, die in Reaktion auf die zweite Grup-
pe von Doppler-Signalabtastwerten erzeugt werden,
und wobei das Doppler-Bild ein in Reaktion auf die
mehreren ersten Doppler-Frequenzsignale erzeug-
tes erstes Doppler-Bild und ein in Reaktion auf die
mehreren zweiten Doppler-Frequenzsignale er-
zeugtes zweites Doppler-Bild aufweist.

Revendications

Appareil d’acquisition et d’affichage de données
Doppler et en mode B d’'un sujet examiné (S) dans
un systéeme ultrasonore (10), comprenant :

un émetteur ultrasonore (50) congu pour émet-
tre des ondes ultrasonores vers le sujet
examiné ;

un récepteur (50) congu pour générer des si-
gnaux rétrodiffusés en réponse aux ondes ultra-
sonores rétrodiffusées par le sujet examiné ;
une unité logique (20, 30) pour appliquer une
pluralité de portes de distance (71-74) aux si-
gnaux rétrodiffusés afin de générer une pluralité
d’échantillons de signaux Doppler représentant
une plage prédéterminée d’incréments de pro-
fondeur dans ledit sujet ;

ladite unité logique (20, 30) étant sensible aux
échantillons de signaux Doppler pour générer
une pluralité de signaux de fréquence Doppler
représentant ladite plage d’'incréments de pro-
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fondeur, et étant sensible auxdits signaux rétro-
diffusés pour générer des données en mode B
représentant ladite plage d’incréments de
profondeur ; et

un dispositif d’affichage (60) sensible auxdites
données en mode B pour générer une image en
mode B représentant la partie du sujet dans la
plage d’incréments de profondeur et sensible
auxdits signaux de fréquence Doppler pour gé-
nérer un graphe Doppler représentant lesdits si-
gnaux de fréquence Doppler le long d’'un pre-
mier axe et ladite plage d’incréments de profon-
deurle long d’un second axe, la partie du graphe
Doppler quireprésente la plage d’incréments de
profondeur étant superposée al'image en mode
B représentant la partie du sujet dans la plage
d’'incréments de profondeur.

Appareil selon la revendication 1, dans lequel ledit
dispositif d’affichage comprend une premiére partie
(130) et une seconde partie (120), dans lequel ladite
image en mode B est affichée dans ladite premiére
partie et dans lequel ladite image Doppler est affi-
chée dans ladite seconde partie.

Appareil selon la revendication 1 ou 2, dans lequel
lesdits signaux rétrodiffusés sont regus en prove-
nance d’'une premiére région d’intérét (ROI1) dans
ledit sujet ayant pour résultat lesdits échantillons de
signaux Doppler et en provenance d’'une seconde
régiond’intérét (ROI2) dans ledit sujet, et dans lequel
ladite unité logique (20) génére lesdites données en
mode B dans un premier groupe d’'images représen-
tant ladite premiére région d’intérét a une premiére
fréquence d’'image et un second groupe d'images
représentant ladite seconde région d’'intérét a une
seconde fréquence d’image inférieure a ladite pre-
miére fréquence d’'image.

Appareil selon la revendication 1, dans lequel lesdi-
tes ondes ultrasonores comprennent un premier
faisceau Doppler (B1) dirigé vers une premiére ré-
gion d’intérét (ROI1) dans ledit sujet et un second
faisceau Doppler (B2) dirigé vers une seconde ré-
gion d’intérét (ROI2) dans ledit sujet, dans lequel
lesdits signaux rétrodiffusés comprennent un pre-
mier groupe de signaux rétrodiffusés généré en re-
ponse aux ondes ultrasonores rétrodiffusées par la-
dite premiére région d’intérét et un second groupe
de signaux rétrodiffusés généré en réponse a des
ondes ultrasonores rétrodiffusées par ladite secon-
de région d'intérét, dans lequel ladite pluralité
d’échantillons de signaux Doppler comprend un pre-
mier groupe d’échantillons de signaux Doppler gé-
néré en réponse audit premier groupe de signaux
rétrodiffusés et un second groupe d’échantillons de
signaux Doppler généré en réponse audit second
groupe de signaux rétrodiffusés, dans lequel ladite
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pluralité de signaux de fréquence Doppler comprend
une premiere pluralité de signaux de fréquence Dop-
pler générée en réponse audit premier groupe
d’échantillons de signaux Doppler et une seconde
pluralité de signaux de fréquence Doppler générée
en réponse audit second groupe d’échantillons de
signaux Doppler, etdans lequel ladite image Doppler
comprend une premiére image Doppler générée en
réponse a ladite premiere pluralité de signaux de
fréquence Doppler et une seconde image Doppler
générée en réponse a ladite seconde pluralité de
signaux de fréquence Doppler.

Procédé d’acquisition et d’affichage de données
Doppler et en mode B d’un sujet examiné dans un
systéme ultrasonore (10), comprenant :

I'émission d’ondes ultrasonores vers le sujet
examiné ;

la génération de signaux rétrodiffusés en répon-
se aux ondes ultrasonores rétrodiffusées par le
sujet examiné ;

la génération d’une pluralité d’échantillons de
signaux Doppler représentant une plage prédé-
terminée d’'incréments de profondeur dans ledit
sujet en réponse auxdits signaux rétrodiffusés ;
I'application d’'une pluralité de portes de distan-
ce auxdits échantillons de signaux Doppler afin
de générer une pluralité de signaux de fréquen-
ce Doppler représentant ladite plage prédéter-
minée d’incréments de profondeur ;

la génération de données en mode B pour la
plage d’'incréments de profondeur en réponse
auxdits signaux rétrodiffusés ;

la génération d’une image en mode B représen-
tantla partie du sujet dans la plage d’incréments
de profondeur en réponse auxdites données en
mode B ; et

I'affichage d’'un graphe Doppler représentant
lesdits signaux de fréquence Doppler le long
d’un premier axe et ladite plage d'incréments de
profondeur le long d’'un second axe en réponse
auxdits signaux de fréquence Doppler, la partie
du graphe Doppler qui représente la plage d’in-
créments de profondeur étant superposée a
'image en mode B représentant la partie du su-
jet dans la plage d’incréments de profondeur.

Procédé selon la revendication 5, dans lequel ledit
affichage comprend I'affichage de ladite image en
mode B dans une premiére zone et I'affichage de
ladite image Doppler dans une seconde zone.

Procédé selon la revendication 5, dans lequel lesdits
signaux rétrodiffusés sont regus en provenance
d’une premiére région d’intérét dans ledit sujet ayant
pour résultat lesdits échantillons de signaux Doppler
et en provenance d'une seconde région d'intérét

10

15

20

25

30

35

40

45

50

55

dans ledit sujet, et dans lequel lesdites données en
mode B sont générées dans un premier groupe
d’images représentant ladite premiére région d’inté-
rét a une premiére fréquence d’'image et un second
groupe d’images représentant ladite seconde région
d’intéréta une seconde fréquence d’'image inférieure
a ladite premiére fréquence d’'image.

Procédé selon la revendication 5, dans lequel lesdi-
tes ondes ultrasonores comprennent un premier
faisceau Doppler dirigé vers une premiére région
d’intérét dans ledit sujet et un second faisceau Dop-
pler dirigé vers une seconde région d’'intérét dans
ledit sujet, dans lequel lesdits signaux rétrodiffusés
comprennent un premier groupe de signaux rétro-
diffusés généré en réponse aux ondes ultrasonores
rétrodiffusées par ladite premiere région d’intérét et
un second groupe de signaux rétrodiffusés généré
en réponse a des ondes ultrasonores rétrodiffusées
par ladite seconde région d’intérét, dans lequel ladite
pluralité¢ d’échantillons de signaux Doppler com-
prend un premier groupe d’échantillons de signaux
Doppler généré en réponse audit premier groupe de
signaux rétrodiffusés et un second groupe d’échan-
tillons de signaux Doppler généré en réponse audit
second groupe de signaux rétrodiffusés, dans lequel
ladite pluralité de signaux de fréquence Doppler
comprend une premiére pluralité de signaux de fré-
quence Doppler générée en réponse audit premier
groupe d’échantillons de signaux Doppler et une se-
conde pluralité de signaux de fréquence Doppler gé-
nérée en réponse audit second groupe d’échan-
tillons de signaux Doppler, et dans lequel ladite ima-
ge Doppler comprend une premiére image Doppler
générée en réponse a ladite premiére pluralité de
signaux de fréquence Doppler et une seconde image
Doppler générée en réponse a ladite seconde plu-
ralité de signaux de fréquence Doppler.
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