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Description

[0001] The present invention relates generally to an ultrasound diagnostic system, and more particularly, to an ultra-
sonic apparatus and method for automatically measuring the velocities of tissues within the human body by using the
Doppler effect.

[0002] Ultrasound diagnostic systems using the Doppler effect are well known in the art and typically used for detection
of the velocities of blood flows and tissues within the human body. One such system is known from US 5,582,176. These
conventional ultrasound diagnostic systems determine the velocity of a target object, such as ared blood cell, by detecting
a frequency or phase shift of echo signals, due to movement of the target object, which have been reflected from the
target object based on transmitted ultrasound signals.

[0003] Referring to Fig. 1, the principle of measuring the velocity of blood flow and tissue by using ultrasound signals
is explained. Transducer array 103 transmits ultrasound signals toward target object 101, and repeats sampling oper-
ations upon the echo signals reflected from target object 101, several times, e.g., 2N times. Fig. 1 exemplifies sampling
done at the timing, t=t;. As the target object moves, the phases of the signals sampled at the timing, t=t; change. From
the degree of the phase changes, the velocity of target object 101, v, may be calculated according to Equation 1 below:

Vv = _Aﬁ' . (Eq. 1)
27T ppr

where Tpgris an interval at which ultrasound signals are transmitted, i.e., the reciprocal of a pulse repetition frequency
(PRF), A is a center frequency of the ultrasound signals being transmitted, and Ag is a phase change.

[0004] As can be seen from Equation 1, the velocity of the target object is proportional to the phase change of the
echo signals reflected from the target object. Since the frequency shift of the signal is proportional to the phase change,
the velocity of the target object, v, is proportional to the frequency shift of the reflected echo signal. Therefore, measuring
the frequency of the echo signals reflected from the target object provides the velocity of the target object.

[0005] Referring to Fig. 2, which shows a block diagram of a conventional ultrasound diagnostic apparatus for meas-
uring the velocity of blood flow and human tissue, ultrasound diagnostic apparatus 200 comprises transducer array 103,
pre-amplifier 104, time gain control (TGC) amplifier 105, analog-to-digital (A/D) converter 106, quadrature demodulator
107, digital signal processor 108, and display 109.

[0006] Transducer array 103 transmits ultrasound signals toward the target object and receives echo signals reflected
from the target object. The echo signals are amplified by pre-amplifier 104. TGC amplifier 105 amplifies the pre-amplified
signals from pre-amplifier 104 while varying gain to compensate for attenuation of the ultrasound signals as they propagate
inside the human body. A/D converter 106 converts an output signal of TGC amplifier 105 from analog to digital and
quadrature demodulator 107 demodulates the signal to be inputted to digital signal processor 108. Digital signal processor
108 detects the velocity of the target object based on 2N number of sampled data, which are obtained by repeating
transmission of an ultrasound signal toward the target object, 2N times, and transmits the detected velocity to display 109.
[0007] The ultrasound signals transmitted by transducer array 103 are reflected from blood, tissues, muscles, and the
like within the human body. In the case of blood, the ultrasound signals are reflected from a plurality of red blood cells,
each of which has a different velocity. Since the sampled data being inputted to digital signal processor 108 contain a
plurality of velocity components, digital signal processor 108 computes a velocity distribution spectrum of the sampled
data and transmits the same to display 109. Display 109 then displays the velocity distribution spectrum of the sampled
data thereon.

[0008] Referring to Fig. 3, which shows a block diagram of digital signal processor 108 shown in Fig. 2, digital signal
processor 108 comprises clutter filtering part 301, fast Fourier transform (FFT) part 302, and post-processing part 303.
Where ultrasound diagnostic apparatus 200 is used for measuring the velocity of blood flow, clutter filtering part 301
cuts off echo signals (so called clutters) reflected from tissues and/or muscles within the human body. These echo
signals have low-band frequencies, since movement of tissue and muscle is slower than that of blood within the human
body. Thus, clutter filtering part 301 employs a high-pass filter for computing velocity of blood flow.

[0009] If ultrasound diagnostic apparatus 200 is used for measuring the velocity of tissue within the human body,
clutter filtering part 301 cuts off echo signals reflected from blood. In order to compute the velocity component of tissue,
clutter filtering part 301 employs a low-pass filter instead of the high-pass filter to cut off the velocity components of
blood flow.

[0010] FFT part 302 performs a Fourier transform on the 2N number of sampled data to create frequency distribution
data containing 2N number of frequency components. This frequency distribution data corresponds to the velocity
distribution data of the target object. Post-processing part 303 performs known signal processing on the frequency
distribution data, such aslog compression and base line shifting, in order to obtain improved image quality. The frequency



10

15

20

25

30

35

40

45

50

55

EP 1 354 556 B1

distribution data, i.e., the velocity distribution data of the target object, outputted from digital signal processor 108, is
displayed on display 109.

[0011] Referring to Fig. 4, which shows a graph of typical frequency distribution data, the X-axis represents frequency
components and Y-axis represents the strength of the frequency components. The frequency distribution data may
represent the strength of the frequency components or, alternatively, some other value, such as the square of the
strength. A positive frequency and a negative frequency represent signal components reflected from target objects that
move in opposite direction. That is, "positive" and "negative" denote relative direction of movement. As can be seen
from Fig. 4, the strength of the negative frequency component tends to be larger than that of the positive frequency
component. This means that the blood flows in a certain direction, such as away from transducer array 130.

[0012] Referring to Figs. 5 and 6, employing a low-pass filter to cut off the velocity component of blood flow in order
to measure the velocity component of tissue within the human body has some drawbacks. Calculating a cut-off frequency
to precisely discriminate the velocity component of tissue from that of blood flow within the human body is very difficult.
Changing the calculated cut-off frequency whenever the velocity of tissue is varied is also very difficult.

[0013] Fig. 5 shows a diagram of a conventional low-pass filtering scheme for isolating the velocity component of
tissue within the human body. Fig. 6 shows a diagram of a method for designing a cut-off frequency that discriminates
the velocity component of tissue from that of blood flow by using a conventional low-pass filtering scheme in a conventional
ultrasound diagnostic apparatus.

[0014] Referring to Fig. 5, in a conventional ultrasound diagnostic apparatus, a low-pass filter 703 is designed on the
basis of maximum frequency 701-1 in the frequency band representative of a velocity component of tissue 701, which
appears in a low frequency band, in order to isolate the velocity component of tissue 701. Determining a cut-off frequency
704 for precisely discriminating the velocity component of tissue 701 from that of blood flow 702 is very important.
However, the low-pass filtering scheme shown in Fig. 5 is difficult to adapt to an ultrasound diagnostic apparatus.
Therefore, in a conventional ultrasound diagnostic apparatus, a low-pass filter designed as shown in Fig. 6 may be
employed.

[0015] If the velocity component of tissue is limited to a predetermined velocity range, designing low-pass filter 703
on the basis of maximum frequency 701-1 of the velocity component of tissue 701 may be possible as shown in Fig. 5.
However, since the velocity component of tissue 701 is actually different for each target object to be measured, determining
a fixed cut-off frequency is very difficult.

[0016] As shown in Fig. 6, where the velocity component of tissue 701 is mixed with the velocity component of blood
flow 702 having a low frequency component, designing a filter 703-1 with a low cut-off frequency results in the decrease
in the velocity component of tissue 701, by as much as portion 701-2, while designing a filter 703-1 with a high cut-off
frequency results in the high cut-off frequency containing the velocity component of blood flow 702. Thus, determining
a cut-off frequency 704 for discriminating the velocity component of tissue 701 from the velocity component of blood
flow 702 is very difficult in designing a filter.

[0017] Anotherdrawback is that the velocity component of tissue within the human body may be erroneously calculated
due to aliasing when a digital signal is processed. Referring to Fig. 7, the velocity component of tissue appears in a low
frequency domain and the velocity component of blood flow appears in a high frequency domain. However, if the sampling
frequency does not have a sufficiently high frequency, aliasing occurs such that the velocity component of blood flow
702 appears in the frequency domain of the velocity component of tissue 701. That is, where the velocity component of
blood flow 702 appears within the velocity component of tissue 701 due to aliasing as shown in Fig. 7, the velocity
component of tissue 701 will appear greater than its actual value. Thus, frequencies of the velocity component and
power component are distorted whenever the velocity component of blood flow 702 is varied. This results in decreased
reliability of the measured data.

[0018] Yetanother drawback is that designing a filter with a cut-off frequency for discriminating the velocity component
of tissue from that of blood flow by means of a finite-impulse-response (FIR) filter with a limited filter order is very difficult.
Although designing a filter having a desired cut-off frequency by increasing the filter order is possible, delays corre-
sponding to (the filter order (N)-1)/2 degrade the real-time processing capability. Also, in a gap filling mode, data sections
(number of gaps + order of filter (N) - 1) have to be filled, as will be described in detail with reference to Figs. 8 to 12.
[0019] Fig. 8 shows atiming sequence in a typical brightness/Doppler (B/D) simultaneous mode. Fig. 9 shows a timing
sequence in a gap filling mode. Figs. 10A and 10B show views explaining the principle of spectrum gap filling. Here, B
and D modes are used for obtaining a tomograph image and Doppler data, respectively. The B/D simultaneous mode
is used for obtaining both a tomograph image and Doppler data.

[0020] In B/D simultaneous mode of a conventional ultrasound diagnostic apparatus employing a timing sequence
shown in Fig. 8, raising a Doppler PRF to a sufficient level is difficult. For example, where blood flow within the heart is
observed in a pulsed-wave (PW) Doppler simultaneous mode, aliasing greatly affects the Doppler spectrum so that
analyzing the Doppler spectrum may be very difficult.

[0021] However, raising the Doppler PRF by two times is possible by implementing PW Doppler simultaneous mode
with the timing sequence shown in Fig. 9 and approximately reconstructing the time gap in the PW Doppler simultaneous
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mode with image/audio artifacts from previous and next Doppler signals. In Fig. 9, a time interval required to obtain the
B mode is associated with a minimum B mode frame rate that is synchronized with the PRF. Thus, the time interval acts
as a time gap so that filling the time gap may increase the reliability of measured data.

[0022] Referring to Figs. 10A and 10B, which show views explaining the principle of spectrum gap filling, in a conven-
tional ultrasound diagnostic apparatus, a time gap, between t, to t,, is filled by using linear interpolation.

[0023] Referring to Fig. 11, the number of data intervals, as much as (number of gaps + order of the filter (N) - 1),
must be filled. For example, where the number of gaps is 4 and the order of filter is 5, the number of filtered data is 8.
This means that actually 8 gaps have to be filled despite the number of gap intervals being 4. If data in the gap interval
is distorted data or zero, the filtered data may be distorted. Also, as the filter order is increased, the number of gaps to
be filled is increased, so that discriminating the velocity component of tissue from the velocity component of blood flow
is difficult. As a result, increasing the filter order is practically limited.

[0024] As will be described in detail with reference to Fig. 12, where the filter order is increased under such limitation,
delays, (order of filter (N) - 1)/2), occur so that real-time processing capability may be degraded. As shown in Fig. 12, if
the filter order is 9, filtered data 1 can be outputted when data 1 to data 9 are inputted. In such a case, if the order of
the filter is increased, the delay is increased as mentioned above. Therefore, the delay interval is increased as the filter
order is increased so that real-time processing capability may be degraded.

[0025] Due to the afore-mentioned drawbacks, a conventional ultrasound diagnostic apparatus cannot effectively
measure the velocity component of tissue within the human body by using a low-pass filter, which results in decreased
reliability of the measured data.

[0026] Therefore, one objective of the present invention is to provide an ultrasound diagnostic apparatus and method
for effectively measuring the velocity of tissue within the human body by using the Doppler effect.

[0027] Another objective is to provide an ultrasound diagnostic apparatus and method for measuring the velocity of
tissue within the human body in real-time without using a low-pass filter.

[0028] Yet another objective is to provide an ultrasound diagnostic apparatus and method for effectively eliminating
the velocity component of blood flow without using a low-pass filter, to thereby reliably measure the velocity of tissue
within the human body.

[0029] An ultrasound diagnostic apparatus is provided for measuring a velocity component of tissue and blood flow
within a human body, comprising: a sample data generator for generating sample data by transmitting ultrasound signals
to and sampling echo signals reflected from the human body; generating means for generating frequency distribution
data containing the velocity component of tissue and blood flow by processing the sample data, wherein the frequency
distribution data contains a plurality of frequency components, each of which has a power level; detecting means for
extracting the frequency distribution data corresponding to the velocity component of tissue flow from the frequency
distribution data, by using a maximum value of the velocity component of blood flow; and a display coupled to the
detecting means for displaying the extracted frequency distribution data.

[0030] Further a method is provided for measuring a velocity component of tissue and blood flow within a human body,
comprising the steps of: generating sample data by transmitting ultrasound signals to and sampling echo signals reflected
from the human body; generating frequency distribution data containing the velocity component of tissue and blood flow
by processing the sample data, wherein the frequency distribution data contains a plurality of frequency components,
each of which has a power level; extracting the frequency distribution data corresponding to the velocity component of
tissue flow from the frequency distribution data, by using a maximum value of the velocity component of blood flow; and
displaying the extracted frequency distribution data.

[0031] The features of the present invention, which are believed to be novel, are set forth with particularity in the
appended claims. The presentinvention, both as to its organization and manner of operation, together with further objects
and advantages thereof, may best be understood with reference to the following description, taken in conjunction with
the accompanying drawings.

[0032] Fig. 1shows aview explaining the principle of measuring the velocity of blood flow and tissue by using ultrasound
signals.

[0033] Fig. 2 shows a block diagram of a conventional ultrasound diagnostic apparatus for measuring the velocity of
blood flow and tissue.

[0034] Fig. 3 shows a block diagram of the digital signal processor shown in Fig. 2.

[0035] Fig. 4 shows typical frequency distribution data calculated from echo signals.

[0036] Fig. 5 shows a diagram of a typical low-pass filtering scheme for measuring the velocity component of tissue
within the human body.

[0037] Fig. 6 shows a diagram of a method for designing a cut-off frequency that discriminates the velocity component
of tissue from that of blood flow by using the typical low-pass filtering scheme in a conventional ultrasound diagnostic
apparatus.

[0038] Fig. 7 shows a diagram of the velocity component of blood flow contained in the velocity component of tissue
due to aliasing.
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[0039] Fig. 8 shows a timing sequence in a typical brightness/Doppler (B/D) simultaneous mode.

[0040] Fig. 9 shows a timing sequence in a gap filling mode.

[0041] Figs. 10A and 10B show views explaining the principle of a spectrum gap filling.

[0042] Fig. 11 shows a relationship between the gap and the order of the filter in the gap filling mode.

[0043] Fig. 12 shows the increase in delay intervals as the order of the filter increases.

[0044] Fig. 13 shows a block diagram of a digital signal processor for measuring the velocity of tissue within the human
body in accordance with the present invention.

[0045] Fig. 14 shows a gain level determined according to a maximum of the velocity component of blood flow, as
well as the distribution of the velocity component of tissue and blood flow in a frequency domain of echo signals in
accordance with the present invention.

[0046] Fig. 15 shows an example of a picture representing the velocity of blood in a pericardium or a cardiac valve
measured by an ultrasound diagnostic apparatus in accordance with the present invention.

[0047] Referring to Fig. 13, which shows a block diagram of a digital signal processor for measuring the velocity of
tissue within a human body in accordance with the present invention, for simplicity, elements of an ultrasound diagnostic
apparatus in accordance with the present invention that are identical to those of a conventional ultrasound diagnostic
apparatus shown in Fig. 2 are omitted except for digital signal processor 208. As shown in Fig. 13, digital signal processor
208 comprises detecting unit 400 for detecting the velocity of tissue within the human body (instead of clutter filtering
unit 301 shown in Fig. 3), fast Fourier transform (FFT) unit 404, and post-processing unit 405. Detecting unit 400 includes
frequency analyzer 401, gain level decider 402, multiplier 403, and direct-current (DC) eliminator 406 for separating and
measuring the velocity component of tissue in the sampled data from quadrature demodulator 107 shown in Fig. 2.
[0048] For example, a number of the sampled data is 2N. Detecting unit 400 separates the velocity component of
blood flow among the sampled data, i.e., I/Q data, from quadrature demodulator 107 and effectively eliminates it, to
thereby output the velocity component of tissue within the human body.

[0049] The sampled data (i.e., echo signals reflected from the target object) from quadrature demodulator 107 contains
the velocity component of tissue 501 in a low frequency domain and the velocity component of blood flow 502 in a high
frequency domain, as shown in the frequency distribution of Fig. 14. The sampled data is simultaneously inputted to DC
eliminator 406 and frequency analyzer 401. Frequency analyzer 401 includes a high-pass filter for separating the velocity
component of blood flow 502 from the high frequency domain so that inputting the sampled data to frequency analyzer
401 separates the domain representing the velocity component of blood flow. After the sampled data passes the high-
pass filter, the velocity component of tissue 501 is eliminated so that only the velocity component of blood flow 502
remains in the sampled data. An FFT unit (not shown) of frequency analyzer 401 performs FFT on the filtered data to
produce frequency distribution data for the velocity component of blood flow 502.

[0050] Frequency analyzer 401 produces maximum value (i.e., a peak) 504 out of the frequency distribution data for
the velocity component of blood flow 502. To effectively produce maximum value 504, a mean time is defined, e.g., a
certain period of heartbeats. For example, since the velocity component of blood flow in a cardiac valve is periodically
repeated in sync with the heartbeat, producing a maximum value of the velocity component from the velocity component
of blood flow during a period of the heartbeat, rather than from the velocity component of blood flow during an arbitrary
period is preferable.

[0051] Gain level decider 402 decides a gain level suitable for effectively eliminating the velocity component of blood
flow depending on the maximum value of the velocity component of blood flow produced as described above. That is,
if the maximum value is "A," then the gain level is set to a value capable of making the maximum value "A" equal to
zero. For example, if multiplying the maximum value "A" by 0.03 makes "A" equal to zero, then the gain level used in
multiplier 403, which is connected to gain level decider 402, is set as 0.03. In a similar manner, if a maximum value were
two times "A," then the gain level decider 402 sets 0.015 as a gain level used in multiplier 403.

[0052] DC eliminator 406 eliminates the DC component of the sampled data from quardature demodulator 107 shown
in Fig. 2 to provide to multiplier 403. Multiplier 403 then multiplies the DC-component-eliminated sampled data from DC
eliminator 406 by a gain level 503 decided by gain level decider 402, as shown in Fig. 14, thereby eliminating the velocity
component of blood flow 502 from the sampled data containing the velocity component of tissue. As a result, detecting
unit400 may separate and measure the velocity component of tissue out of the sampled data from quadrature demodulator
107.

[0053] Thereafter, the velocity component of tissue measured by detecting unit 400 is inputted to FFT unit 404. FFT
unit 404 performs FFT on the sampled data containing the velocity component of tissue to produce frequency distribution
data containing 2N number of frequency component. The frequency distribution data corresponds to a velocity distribution
spectrum of the velocity component of tissue within the human body. Post-processing unit 405 processes the frequency
distribution data, by using known log compression and base line shifting techniques, in order to obtain an improved
diagnostic image. Since the amplitude of the velocity component of tissue, which is originally obtained, is reduced by
the gain level multiplied in multiplier 403, in order to compensate for the reduction of the amplitude, post-processing unit
405 additionally multiplies a predetermined gain level to the velocity component of tissue. The processed frequency
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distribution data, i.e., the velocity distribution spectrum representative of the velocity component of tissue, from post-
processing unit 405, is inputted to display 109 shown in Fig. 2.

[0054] As described above, the ultrasound diagnostic apparatus according to the present invention multiplies a value
of less than 1, e.g., 0.04 or 0.03, to echo signals that contain a velocity component of tissue and blood flow, thereby
effectively eliminating the velocity component of blood flow having a value relatively less than that of the velocity com-
ponent of tissue.

[0055] Referringto Fig. 15, which shows an example of a picture representing the velocity of blood flow in a pericardium
or a cardiac valve as measured by an ultrasound diagnostic apparatus in accordance with the present invention, the
ultrasound diagnostic apparatus has the following advantages.

[0056] First, in order to measure the velocity component of the tissue, the ultrasound diagnostic apparatus takes
advantage of a virtual low-pass filter by using the amplitude difference between the velocity component of tissue and
blood flow (instead of a low-pass filter in the prior art) and employing a gain level multiplication method capable of
eliminating the velocity component of blood flow. As a result, the ultrasound diagnostic apparatus sets a gain level
independent of the variation of the velocity component of tissue within the human body. Thus, unlike the prior art, changing
the cut-off frequency is not necessary because a low-pass filter is not employed in the ultrasound diagnostic apparatus
according to the present invention.

[0057] Second, where the ultrasound diagnostic apparatus measures velocity and power components, distortion is
limited to the amplitude component, since aliasing is eliminated by moving the velocity component of blood flow through
the application of an appropriate gain level. Distortion of the amplitude component may be fixed in the afore-mentioned
post-processing procedure to entirely block the distortion of the amplitude of the velocity component of tissue. As a
result, the ultrasound diagnostic apparatus according to the present invention avoids calculation error due to aliasing
and thereby increases the reliability of measured data.

[0058] Third, since the ultrasound diagnostic apparatus does not employ a low-pass filter to measure the velocity
component of tissue within the human body, delays due to the low-pass filter, as much as an order of filter (N) - 1)/2, do
not occur. The real-time processing capability is increased and the data sections to be filled are reduced by as much as
the filter order in the gap filling mode. As a result, the calculation process in the ultrasound diagnostic apparatus according
to the present invention is simpler than in the prior art.

[0059] While the present invention has been shown and described with respect to the particular embodiments, those
skilled in the art will recognize that many changes and modifications may be made without departing from the scope of
the invention as defined in the appended claims.

Claims

1. An ultrasound diagnostic apparatus for measuring a velocity component of tissue and blood flow within a human
body, comprising :

a sample data generator for generating sample data by transmitting ultrasound signals to and sampling echo
signals reflected from the human body;

generating means for generating frequency distribution data containing the velocity component of tissue and
blood flow by processing the sample data, wherein the frequency distribution data contains a plurality of frequency
components, each of which has a power level;

detecting means for extracting the frequency distribution data corresponding to the velocity component of tissue
flow from the frequency distribution data, by using a maximum value of the power level of the velocity component
of blood flow; and

a display coupled to the detecting means for displaying the extracted frequency distribution data,

wherein the detecting means comprises:

input means for inputting the frequency distribution data containing the velocity component of tissue and
blood flow;

eliminating means for eliminating a direct-current (DC) component of the frequency distribution data;
extracting means for extracting the velocity component of blood flow from the frequency distribution data;
determining means for determining the maximum value of the power level of the extracted velocity compo-
nent of blood flow;

a gain level decider for deciding a gain level based on said maximum value; and

a multiplier for multiplying the frequency distribution data by the decided gain level.

2. The apparatus of Claim 1, wherein the gain level is determined such that multiplying the frequency distribution data
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by the decided gain level makes the maximum value of the power level of the extracted velocity component of blood
flow equal to zero.

The apparatus of Claim 1, wherein the maximum value is determined based on a mean value of the power level of
the velocity component of blood flow during a predetermined time.

The apparatus of Claim 1, wherein the detecting means further comprises means for multiplying the extracted
frequency distribution data by the decided gain level to compensate for amplitude loss of the velocity component of
tissue.

A method for measuring a velocity component of tissue and blood flow within a human body, comprising the steps of:

generating sample data by transmitting ultrasound signals to and sampling echo signals reflected from the
human body;

generating frequency distribution data containing the velocity component of tissue and blood flow by processing
the sample data, wherein the frequency distribution data contains a plurality of frequency components, each of
which has a power level;

extracting the frequency distribution data corresponding to the velocity component of tissue flow from the fre-
quency distribution data, by using a maximum value of the power level of the velocity component of blood flow; and
displaying the extracted frequency distribution data,

wherein the extracting step further comprises the steps of:

receiving the frequency distribution data containing the velocity component of tissue and blood flow;
eliminating a direct-current (DC) component from the frequency distribution data;

extracting the velocity component of blood flow from the frequency distribution data;

determining a maximum value of the extracted velocity component of blood flow;

deciding a gain level based on said maximum value; and

multiplying the frequency distribution data by the decided gain level.

The method of Claim 5, wherein the gain level is determined such that multiplying the frequency distribution data
by the decided gain level makes the maximum value of the power level of the extracted velocity component of blood
flow equal to zero.

The method of Claim 5, wherein the maximum value is determined based on a mean value of the power level of the
velocity component of blood flow during a predetermined time.

The method of Claim 5, wherein the extracting step further comprises multiplying the extracted frequency distribution
data by the decided gain level to compensate for amplitude loss of the velocity component of tissue.

Patentanspriiche

Ultraschalldiagnostiziervorrichtung zum Messen einer Geschwindigkeitskomponente von Gewebe- und Blutfluss
innerhalb eines menschlichen Korpers, welche folgendes aufweist:

einen Abtastdatengenerator zum Erzeugen von Abtastdaten durch Ubertragen von Ultraschallsignalen zu einem
menschlichen Kérper und Abtasten von Echosignalen, die von demselben reflektiert werden;

eine Erzeugungseinrichtung zum Erzeugen von Frequenzverteilungsdaten, welche die Geschwindigkeitskom-
ponente des Gewebe- und Blutflusses beinhaltet, durch Verarbeiten der Abtastdaten, wobei die Frequenzver-
teilungsdaten eine Vielzahl von Frequenzkomponenten aufweisen, von denen jede einen Leistungspegel auf-
weist;

eine Erkennungseinrichtung zum Extrahieren der Frequenzverteilungsdaten entsprechend der Geschwindig-
keitskomponente des Gewebeflusses von den Frequenzverteilungsdaten durch Verwendung eines Maximal-
werts des Leistungspegels der Geschwindigkeitskomponente des Blutflusses; und

eine Anzeige, welche mit der Erkennungseinrichtung verbunden ist, zum Anzeigen der extrahierten Frequenz-
verteilungsdaten,

wobei die Erkennungseinrichtung folgendes aufweist:



10

15

20

25

30

35

40

45

50

55

EP 1 354 556 B1

eine Eingabeeinrichtung zum Eingeben der Frequenzverteilungsdaten, welche die Geschwindigkeitskompo-
nente des Gewebe- und Blutflusses aufweisen;

eine Eliminiereinrichtung zum Eliminieren einer Gleichstrom-(DC)-Komponente der Frequenzverteilungsdaten;
eine Extrahiereinrichtung zum Extrahieren der Geschwindigkeitskomponente des Blutflusses von den Frequenz-
verteilungsdaten;

eine Ermittlungseinrichtung zum Ermitteln des maximalen Werts des Leistungspegels der extrahierten Ge-
schwindigkeitskomponente des Blutflusses;

einen Verstarkungspegelentscheider zum Entscheiden Gber einen Verstarkungspegel, basierend auf dem ma-
ximalen Wert; und

einen Vervielfacher zum Vervielfachen der Frequenzverteilungsdaten mit dem entschiedenen Verstarkungs-

pegel.

Vorrichtung nach Anspruch 1, wobei der Steigerungspegel derart festgelegt ist, dass das Vervielfachen der Fre-
quenzverteilungsdaten um den festgelegten Verstarkungspegel den maximalen Wert des Leistungspegels der ex-
trahierten Geschwindigkeitskomponente des Blutflusses gleich Null macht.

Vorrichtung nach Anspruch 1, wobei der Maximalwert basierend auf einem Mittelwert des Leistungspegels der
Geschwindigkeitskomponente des Blutflusses wahrend einer festgelegten Zeit ermittelt wird.

Vorrichtung nach Anspruch 1, wobei die Erkennungseinrichtung des weiteren eine Einrichtung zum Vervielfachen
der extrahierten Frequenzverteilungsdaten mit dem festgelegten Verstarkungspegel aufweist, um den Amplituden-
verlust der Geschwindigkeitskomponente des Gewebes zu kompensieren.

Verfahren zum Messen einer Geschwindigkeitskomponente von Gewebe- und Blutfluss innerhalb eines menschli-
chen Korpers, welches die folgenden Schritte aufweist:

Erzeugen von Abtastdaten durch Ubertragen von Ultraschallsignalen zu einem menschlichen Kérper und Ab-
tasten von Echosignalen, die von demselben reflektiert werden;

Erzeugen von Frequenzverteilungsdaten, welche die Geschwindigkeitskomponente des Gewebe- und Blutflus-
ses beinhaltet, durch Verarbeiten der Abtastdaten, wobei die Frequenzverteilungsdaten eine Vielzahl von Fre-
quenzkomponenten aufweisen, von denen jede einen Leistungspegel aufweist;

Extrahieren der Frequenzverteilungsdaten entsprechend der Geschwindigkeitskomponente des Gewebeflus-
ses von den Frequenzverteilungsdaten durch Verwendung eines Maximalwerts des Leistungspegels der Ge-
schwindigkeitskomponente des Blutflusses; und

Anzeigen der extrahierten Frequenzverteilungsdaten,

wobei der Schritt des Extrahierens des weiteren die folgenden Schritte aufweist:

Empfangen der Frequenzverteilungsdaten, welche die Geschwindigkeitskomponente des Gewebe- und Blut-
flusses aufweisen;

Eliminieren einer Gleichstrom-(DC)-Komponente von den Frequenzverteilungsdaten;

Extrahieren der Geschwindigkeitskomponente des Blutflusses von den Frequenzverteilungsdaten;

Ermitteln eines maximalen Werts der extrahierten Geschwindigkeitskomponente des Blutflusses;
Entscheiden (iber einen Verstarkungspegel basierend auf dem maximalen Wert; und

Vervielfachen der Frequenzverteilungsdaten mit dem entschiedenen Verstarkungspegel.

Verfahren nach Anspruch 5, wobei der Steigerungspegel derart festgelegt wird, dass das Vervielfachen der Fre-
quenzverteilungsdaten um den festgelegten Verstarkungspegel den maximalen Wert des Leistungspegels der ex-
trahierten Geschwindigkeitskomponente des Blutflusses gleich Null macht.

Verfahren nach Anspruch 5, wobei der Maximalwert basierend auf einem Mittelwert des Leistungspegels der Ge-
schwindigkeitskomponente des Blutflusses wahrend einer festgelegten Zeit ermittelt wird.

Verfahren nach Anspruch 5, wobei der Schritt des Extrahierens des weiteren das Vervielfachen der extrahierten
Frequenzverteilungsdaten mit dem festgelegten Verstarkungspegel aufweist, um den Amplitudenverlust der Ge-
schwindigkeitskomponente des Gewebes zu kompensieren.
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Revendications

1. Appareil de diagnostic par ultrasons permettant de mesurer une composante de vitesse du débit d’'un tissu et du
débit sanguin a l'intérieur du corps humain, comprenant :

un générateur de données échantillon pour générer des données échantillon en transmettant des signaux
ultrasons vers le corps humain et en échantillonnant les signaux échos réfléchis par celui-ci ;

des moyens de génération pour générer des données de distribution de fréquences contenant la composante
de vitesse du débit d’un tissu et du débit sanguin en traitant les données échantillon, dans lesquels les données
de distribution de fréquences contiennent une pluralité de composantes de fréquences, chacune de ces com-
posantes de fréquences ayant un niveau d’énergie ;

des moyens de détection pour extraire les données de distribution de fréquences correspondant alacomposante
de vitesse du débit d’un tissu a partir des données de distribution de fréquences en utilisant une valeur maximale
du niveau d’énergie de la composante de vitesse du débit sanguin; et

un affichage relié aux moyens de détection pour afficher les données de distribution de fréquences extraites,

dans lequel les moyens de détection comprennent :

des moyens de saisie pour saisir les données de distribution de fréquences contenant la composante de vitesse
du débit d’un tissu et du débit sanguin;

des moyens de suppression pour supprimer une composante de courant continu (CC) des données de distri-
bution de fréquence ;

des moyens d’extraction pour extraire la composante de vitesse du débit sanguin des données de distribution
de fréquences ;

des moyens de détermination pour déterminer la valeur maximale du niveau d’énergie de la composante de
vitesse du débit sanguin extraite ;

un sélecteur de niveau de gain pour sélectionner un niveau de gain en fonction de ladite valeur maximale ; et
un multiplicateur pour multiplier les données de distribution de fréquences par le niveau de gain sélectionné.

2. Appareil de la revendication 1, dans lequel le niveau de gain est déterminé de telle facon que la multiplication des
données de distribution de fréquences par le niveau de gain sélectionné rend la valeur maximale du niveau d’énergie
de la composante de vitesse du débit sanguin extraite égale a zéro.

3. Appareil de la revendication 1, dans lequel la valeur maximale est déterminée en fonction d’'une valeur moyenne
du niveau d’énergie de la composante de vitesse du débit sanguin pendant une durée prédéterminée.

4. Appareil delarevendication 1, dans lequel les moyens de détection comprennent en outre des moyens pour multiplier
les données de distribution de fréquences extraites par le niveau de gain sélectionné pour compenser une perte
d’amplitude de la composante de vitesse du tissu.

5. Procédé pour mesurer une composante de vitesse du débit d’'un tissu ou de débit sanguin a l'intérieur d’'un corps
humain, comprenant les étapes de:

génération de données échantillon en transmettant des signaux ultrasons vers le corps humain et en échan-
tillonnant les signaux échos réfléchis par celui-ci ;

génération de données de distribution de fréquences contenant la composante de vitesse du débit d’un tissu
et du débit sanguin en traitant les données échantillon, dans laquelle les données de distribution de fréquences
contiennent une pluralité de composantes de fréquences, chacune de ces composantes de fréquences ayant
un niveau d’énergie ;

extraction de données de distribution de fréquences correspondant a la composante de vitesse du débit d’'un
tissu a partir des données de distribution de fréquences, en utilisant une valeur maximale du niveau d’énergie
de la composante de vitesse du débit sanguin; et

affichage des données de distribution de fréquences extraites,

dans lequel I'étape d’extraction comprend en outre les étapes de :

réception des données de distribution de fréquences contenant la composante de vitesse du débit d’un tissu
et du débit sanguin ;
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suppression d’une composante de courant continu (CC) des données de distribution de fréquence ;
extraction de la composante de vitesse du débit sanguin des données de distribution de fréquences ;
détermination d’'une valeur maximale de la composante de vitesse du débit sanguin extraite ;
sélection d’un niveau de gain en fonction de ladite valeur maximale ; et

multiplication des données de distribution de fréquence par le niveau de gain sélectionné.

Procédé de la revendication 5, dans lequel le niveau de gain est déterminé de telle fagon que la multiplication des
données de distribution de fréquences par le niveau de gain sélectionné rend la valeur maximale du niveau d’énergie
de la composante de vitesse du débit sanguin égale a zéro.

Procédé de la revendication 5, dans lequel la valeur maximale est déterminée en fonction d’'une valeur moyenne
du niveau d’énergie de la composante de vitesse du débit sanguin pendant une durée prédéterminée.

Procédé de la revendication 5, dans lequel I'étape d’extraction comprend en outre la multiplication des données de

distribution de fréquences extraites par le niveau de gain sélectionné pour compenser une perte d’'amplitude de la
composante de vitesse du tissu.

10
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Fig. 3
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