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(57) Disclosed is an ultrasonic apparatus and meth-
od for automatically measuring the velocities of objects
within the human body by using the Doppler effect. The
ultrasound apparatus comprises a sample data gener-
ator for generating sample data, a data generator for
generating frequency distribution data containing a ve-
locity component of tissue and a velocity component of
blood flow, a detecting unit for extracting frequency dis-

Ultrasonic apparatus and method for measuring the velocities of human tissues using the

tribution data corresponding to the velocity component
of the tissue, and a display for displaying the extracted
frequency distribution data. The method comprises the
steps of generating sample data, generating frequency
distribution data containing a velocity component of the
tissue and a velocity component of blood flow, extracting
frequency distribution data corresponding to the velocity
component of the tissue, and displaying the extracted
frequency distribution data.
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Description

[0001] The present invention relates generally to an
ultrasound diagnostic system, and more particularly, to
an ultrasonic 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 Dop-
pler effect are well known in the art and typically used
for detection of the velocities of blood flows and tissues
within the human body. These conventional ultrasound
diagnostic systems determine the velocity of a target ob-
ject, such as a red 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 ul-
trasound signals toward target object 101, and repeats
sampling operations upon the echo signals reflected
fromtarget 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 cal-
culated according to Equation 1 below:

Agho

VT or (Ea. 1)

where Tpgge is 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 ultra-
sound 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 ve-
locity of the target object.

[0005] Referring to Fig. 2, which shows a block dia-
gram of a conventional ultrasound diagnostic apparatus
for measuring the velocity of blood flow and human tis-
sue, ultrasound diagnostic apparatus 200 comprises
transducer array 103, pre-amplifier 104, time gain con-
trol (TGC) amplifier 105, analog-to-digital (A/D) convert-
er 106, quadrature demodulator 107, digital signal proc-
essor 108, and display 109.

[0006] Transducerarray 103 transmits ultrasound sig-
nals 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 am-
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plifies 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 re-
peating transmission of an ultrasound signal toward the
target object, 2N times, and transmits the detected ve-
locity to display 109.

[0007] The ultrasound signals transmitted by trans-
ducer array 103 are reflected from blood, tissues, mus-
cles, and the like within the human body. In the case of
blood, the ultrasound signals are reflected from a plu-
rality 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 com-
ponents, digital signal processor 108 computes a veloc-
ity distribution spectrum of the sampled data and trans-
mits 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 dia-
gram of digital signal processor 108 shown in Fig. 2, dig-
ital signal processor 108 comprises clutter filtering part
301, fast Fourier transform (FFT) part 302, and post-
processing part 303. Where ultrasound diagnostic ap-
paratus 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 re-
flected from blood. In order to compute the velocity com-
ponent 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 dis-
tribution data containing 2N number of frequency com-
ponents. 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 as log compres-
sion and base line shifting, in order to obtain improved
image quality. The frequency distribution data, i.e., the
velocity distribution data of the target object, outputted
from digital signal processor 108, is displayed on display
109.

[0011] Referringto Fig. 4, which shows a graph of typ-
ical frequency distribution data, the X-axis represents
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frequency components and Y-axis represents the
strength of the frequency components. The frequency
distribution data may represent the strength of the fre-
quency 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 di-
rection. Thatis, "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. Calculat-
ing a cut-off frequency to precisely discriminate the ve-
locity 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 var-
ied is also very difficult.

[0013] Fig. 5 shows a diagram of a conventional low-
pass filtering scheme for isolating the velocity compo-
nent 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 fil-
tering scheme in a conventional ultrasound diagnostic
apparatus.

[0014] Referring to Fig. 5, in a conventional ultra-
sound diagnostic apparatus, a low-pass filter 703 is de-
signed 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 dis-
criminating 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 em-
ployed.

[0015] If the velocity component of tissue is limited to
a predetermined velocity range, designing low-pass fil-
ter 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 compo-
nent 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 re-
sults in the decrease in the velocity component of tissue
701, by as much as portion 701-2, while designing afilter
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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] Another drawback is that the velocity compo-
nent of tissue within the human body may be erroneous-
ly calculated due to aliasing when a digital signal is proc-
essed. Referring to Fig. 7, the velocity component of tis-
sue 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 ve-
locity component of tissue 701 will appear greater than
its actual value. Thus, frequencies of the velocity com-
ponent 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] Yet another 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 fil-
ter order is very difficult. Although designing a filter hav-
ing a desired cut-off frequency by increasing the filter
order is possible, delays corresponding to (the filter or-
der (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 a timing 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 spec-
trum gap filling. Here, B and D modes are used for ob-
taining a tomograph image and Doppler data, respec-
tively. 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 se-
quence shown in Fig. 8, raising a Doppler PRF to a suf-
ficient level is difficult. For example, where blood flow
within the heart is observed in a pulsed-wave (PW) Dop-
pler simultaneous mode, aliasing greatly affects the
Doppler spectrum so that analyzing the Doppler spec-
trum may be very difficult.

[0021] However, raising the Doppler PRF by two
times is possible by implementing PW Doppler simulta-
neous mode with the timing sequence shown in Fig. 9
and approximately reconstructing the time gap in the
PW Doppler simultaneous mode with image/audio arti-
facts from previous and next Doppler signals. In Fig. 9,
a time interval required to obtain the B mode is associ-
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ated with a minimum B mode frame rate that is synchro-
nized with the PRF. Thus, the time interval acts as a time
gap so that filling the time gap may increase the relia-
bility of measured data.

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

[0023] Referring to Fig. 11, the number of data inter-
vals, 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 degrad-
ed.

[0025] Due to the afore-mentioned drawbacks, a con-
ventional ultrasound diagnostic apparatus cannot effec-
tively 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 inven-
tion is to provide an ultrasound diagnostic apparatus
and method for effectively measuring the velocity of tis-
sue within the human body by using the Doppler effect.
[0027] Another objective is to provide an ultrasound
diagnostic apparatus and method for measuring the ve-
locity of tissue within the human body in real-time with-
out using a low-pass filter.

[0028] Yet another objective is to provide an ultra-
sound 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] In accordance with one aspect of the present
invention, an ultrasound diagnostic apparatus is provid-
ed for measuring a velocity component of tissue and
blood flow within a human body, comprising: a sample
data generator for generating sample data by transmit-
ting ultrasound signals to and sampling echo signals re-
flected from the human body; generating means for gen-
erating frequency distribution data containing the veloc-
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ity 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 ve-
locity component of tissue flow from the frequency dis-
tribution 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] In accordance with another aspect of the
present invention, a method is provided for measuring
a velocity component of tissue and blood flow within a
human body, comprising the steps of: generating sam-
ple data by transmitting ultrasound signals to and sam-
pling echo signals reflected from the human body; gen-
erating frequency distribution data containing the veloc-
ity 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 dis-
tribution 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 dis-
tribution data.

[0031] The features of the present invention, which
are believed to be novel, are set forth with particularity
in the appended claims. The present invention, 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 descrip-
tion, taken in conjunction with the accompanying draw-
ings.

[0032] Fig. 1 shows a view 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 ve-
locity of blood flow and tissue.

[0034] Fig. 3 shows a block diagram of the digital sig-
nal 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 design-
ing 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 ultra-
sound diagnostic apparatus.

[0038] Fig. 7 shows a diagram of the velocity compo-
nent of blood flow contained in the velocity component
of tissue due to aliasing.

[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
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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 sig-
nal processor for measuring the velocity of tissue within
the human body in accordance with the present inven-
tion.

[0045] Fig. 14 shows a gain level determined accord-
ing 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 repre-
senting 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 dia-
gram of a digital signal processor for measuring the ve-
locity of tissue within a human body in accordance with
the present invention, for simplicity, elements of an ul-
trasound diagnostic apparatus in accordance with the
present invention that are identical to those of a conven-
tional 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 tis-
sue 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 compo-
nent of blood flow among the sampled data, i.e., I/Q da-
ta, 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 fre-
quency 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
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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 exam-
ple, since the velocity component of blood flow in a car-
diac valve is periodically repeated in sync with the heart-
beat, producing a maximum value of the velocity com-
ponent 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 compo-
nent of blood flow depending on the maximum value of
the velocity component of blood flow produced as de-
scribed above. That s, 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 mul-
tiplying 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 compo-
nent 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 sam-
pled 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 com-
ponent oftissue. As a result, detecting unit 400 may sep-
arate 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 fre-
quency component. The frequency distribution data cor-
responds to a velocity distribution spectrum of the ve-
locity component of tissue within the human body. Post-
processing unit 405 processes the frequency distribu-
tion data, by using known log compression and base line
shifting techniques, in order to obtain an improved diag-
nostic image. Since the amplitude of the velocity com-
ponent 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 predeter-
mined gain level to the velocity component of tissue. The
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processed frequency distribution data, i.e., the velocity
distribution spectrum representative of the velocity com-
ponent of tissue, from post-processing unit 405, is in-
putted to display 109 shown in Fig. 2.

[0054] As described above, the ultrasound diagnostic
apparatus according to the present invention multiplies
avalue 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 compo-
nent of blood flow having a value relatively less than that
of the velocity component of tissue.

[0055] Referring to 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 ultra-
sound diagnostic apparatus in accordance with the
present invention, the ultrasound diagnostic apparatus
has the following advantages.

[0056] First, in order to measure the velocity compo-
nent 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 meth-
od capable of eliminating the velocity component of
blood flow. As a result, the ultrasound diagnostic appa-
ratus 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 em-
ployed in the ultrasound diagnostic apparatus according
to the present invention.

[0057] Second, where the ultrasound diagnostic ap-
paratus measures velocity and power components, dis-
tortion 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 proce-
dure to entirely block the distortion of the amplitude of
the velocity component of tissue. As a result, the ultra-
sound diagnostic apparatus according to the presentin-
vention avoids calculation error due to aliasing and
thereby increases the reliability of measured data.
[0058] Third, since the ultrasound diagnostic appara-
tus does not employ a low-pass filter to measure the ve-
locity component of tissue within the human body, de-
lays 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 embodi-
ments, those skilled in the art will recognize that many
changes and modifications may be made without de-
parting from the scope of the invention as defined in the
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appended claims.

Claims

1. An ultrasound diagnostic apparatus for measuring
a velocity component of a target object within a hu-
man body, comprising:

a sample data generator for generating sample
data by transmitting ultrasound signals to the
target object arid sampling reflected signals;
generating means for generating frequency
distribution data containing a velocity compo-
nent of the target object by processing the sam-
ple data, wherein the frequency distribution da-
ta contains a plurality of frequency compo-
nents, each of which has a strength level;
extracting means for extracting frequency dis-
tribution data, corresponding to the velocity
component of the target object, out of the fre-
quency distribution data; and

a display coupled for displaying the extracted
frequency distribution data.

2. 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 hu-
man body;

generating means for generating frequency
distribution data containing the velocity compo-
nent of tissue and blood flow by processing the
sample data, wherein the frequency distribution
data contains a plurality of frequency compo-
nents, 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.

3. The apparatus of Claim 2, wherein the detecting
means further comprises:

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

eliminating means for eliminating a direct-cur-
rent (DC) component of the frequency distribu-
tion data;

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

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

a gain level decider for deciding a gain level;
and

a multiplier for multiplying the frequency distri-
bution data by the decided gain level.

The apparatus of Claim 3, wherein the gain level is
determined such that multiplying the frequency dis-
tribution data by the decided gain level makes the
maximum value of the extracted velocity compo-
nent of blood flow equal to zero.

The apparatus of Claim 3, wherein the maximum
value is determined based on a mean value of the
velocity component of blood flow during a predeter-
mined time.

The apparatus of Claim 3, 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 a
target object within a human body, comprising the
steps of:

generating sample data by transmitting ultra-
sound signals to the target object and sampling
reflected signals;

generating frequency distribution data contain-
ing a velocity component of the target object by
processing the sample data, wherein the fre-
quency distribution data contains a plurality of
frequency components, each of which has a
strength level;

extracting frequency distribution data, corre-
sponding to the velocity component of the tar-
get object, out of the frequency distribution da-
ta; and

displaying the extracted frequency distribution
data.

8. Amethod for measuring a velocity component of tis-

sue and blood flow within a human body, comprising
the steps of:

generating sample data by transmitting ultra-
sound signals to and sampling echo signals re-
flected from the human body;

generating frequency distribution data contain-
ing the velocity component of tissue and blood
flow by processing the sample data, wherein
the frequency distribution data contains a plu-
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9.

10.

1.

12.

rality of frequency components, each of which
has a power level;

extracting the frequency distribution data cor-
responding to the velocity component of tissue
flow from the frequency distribution data, by us-
ing a maximum value of the velocity component
of blood flow; and

displaying the extracted frequency distribution
data.

The method of Claim 8, wherein the extracting step
further comprises the steps of:

receiving the frequency distribution data con-
taining 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; and

multiplying the frequency distribution data by
the decided gain level.

The method of Claim 9, wherein the gain level is
determined such that multiplying the frequency dis-
tribution data by the decided gain level makes the
maximum value of the extracted velocity compo-
nent of blood flow equal to zero.

The method of Claim 9, wherein the maximum value
is determined based on a mean value of the velocity
component of blood flow during a predetermined
time.

The method of Claim 9, wherein the extracting step
further comprises multiplying the extracted frequen-
cy distribution data by the decided gain level to com-
pensate for amplitude loss of the velocity compo-
nent of tissue.
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