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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasound diag-

nosis apparatus for diagnosing a bone.
[0003] 2. Related Art

[0004] Simple quantitative measurement of mechanical
characteristics such as bone strength is desired for diagnosing
bone metabolic diseases such as osteoporosis, for judging
fracture risk, and for quantitatively diagnosing bone union
after treatment of bone fracture.

[0005] The evaluation of bone formation and bone union
depends largely on X-ray photography, but quantitatively
diagnosing bone strength by means of X-ray photography is
very difficult. As a method of measuring bone strength in the
related art, there is known a strength test of a sample bone of
a measurement target. However, this method requires an
extraction operation for obtaining a sample bone, and the
method is thus invasive. A method of measuring an amount of
bone and a bone density has employed devices such as gen-
eral-purpose X-ray, CT and DXA (dual-energy X-ray absorp-
tiometry). However, these devices are merely means for mea-
suring the amount of bone and cannot provide an evaluation
of bone strength. Moreover, in light of the fact that tissue is
irradiated with X-rays in these methods, these methods can-
not be considered non-invasive.

[0006] Other attempts to quantitatively evaluate bone
strength include a strain gauge method in which a strain gauge
is mounted on an external fixator and the strain of the external
fixator is measured; a vibration wave method in which a
vibration is applied to a bone from the outside and a charac-
teristic frequency is evaluated; and an acoustic emission
method in which acoustic waves generated by a bone which
has reached yield stress are detected. These methods, how-
ever, suffer from various problems in that a limitation is
imposed on the treatment to which these methods can be
applied, that the bone is subjected to invasion, and that evalu-
ation precision is insufficient.

[0007] Inview of the above circumstances, the inventors of
the present invention have proposed an ultrasound diagnosis
apparatus for noninvasively and quantitatively evaluating the
mechanical characteristics of bone (refer to, for example,
Japanese Patent Publication JP 2005-152079 A).

[0008] JP 2005-152079 A discloses a technique in which a
plurality of ultrasound beams are formed for a bone, a plural-
ity of echo signals corresponding to the ultrasound beams are
obtained to identify a surface point corresponding to a bone
surface for each echo signal, and a bent angle of bone is
calculated based on the plurality of surface points obtained
from the plurality of echo signals. With this configuration,
this echo-tracking technique allows non-invasive and quanti-
tative evaluation of mechanical characteristics of a bone in a
living body based on shape data such as the bent angle of the
bone obtained based on the echo signals.

[0009] The present inventors have researched and devel-
oped improved techniques for the echo-tracking technique of
JP 2005-152079 A. Inparticular, the present inventors studied
atechnique for obtaining a satisfactory reception signal from
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abone. In order to obtain a satisfactory reception signal, it is
desirable to form a satisfactory ultrasound beam.

SUMMARY

[0010] The present invention was conceived in view of the
above-described circumstances, and an advantage of the
present invention is that a technique for evaluating a forma-
tion state of an ultrasound beam with respect to a bone is
provided.

[0011] According to one aspect of the present invention,
there is provided an ultrasound diagnosis apparatus compris-
ing a probe having a plurality of transducer elements which
transmit and receive an ultrasound to and from a bone, a
transmission and reception unit which controls the plurality
of transducer elements, to form an ultrasound beam which
intersects the bone, and which obtains a reception signal, and
an evaluating unit which evaluates an intersection state of the
ultrasound beam with respect to the bone based on a shape of
an envelope of the reception signal.

[0012] According to this aspect of the present invention, an
intersection state of an ultrasound beam with respect to the
bone is evaluated. The intersection state includes, for
example, a position of an intersection between the bone and
the ultrasound beam and an angle of the ultrasound beam with
respect to the bone. Based on an evaluation result of the
intersection state of the ultrasound beam with respect to the
bone, for example, a position and an orientation of the probe
are adjusted. Alternatively, in place of or in addition to the
adjustment of the position and orientation of the probe, it is
also possible to electronically or mechanically adjust the
position and direction of the ultrasound beam.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Exemplary embodiment(s) of the present invention
will be described in detail based on the following figures,
wherein:

[0014] FIG. 1 is a functional block diagram showing an
overall structure of an ultrasound diagnosis apparatus accord-
ing to a preferred embodiment of the present invention;
[0015] FIG. 2 is a diagram for explaining a diagnosis of a
bone according to a preferred embodiment of the present
invention;

[0016] FIG. 3 is a diagram for explaining a tomographic
image corresponding to each probe;

[0017] FIG. 4 is a diagram for explaining an envelope of a
reception signal;

[0018] FIG. 5 is a diagram for explaining evaluation by a
beam evaluating unit; and

[0019] FIG. 6 is a diagram exemplifying a bar graph dis-
play.

DETAILED DESCRIPTION
[0020] A preferred embodiment of the present invention

will now be described with reference to the drawings.

[0021] FIG. 1 shows a preferred embodiment of an ultra-
sound diagnosis apparatus according to the present invention.
FIG. 1 is a functional block diagram showing an overall
structure of the ultrasound diagnosis apparatus of the pre-
ferred embodiment of the present invention. A first probe 11
and a second probe 12 are ultrasound probes which are used
in contact with a surface of a body of a subject 50. The first
probe 11 and the second probe 12 are, for example, linear
electronic scan probes (linear probes), and each of the first



US 2009/0069683 A1

probe 11 and the second probe 12 comprises a plurality of
transducer elements. The first probe 11 and the second probe
12 form ultrasound beams 40 toward a bone 52 within the
body of the subject 50, electronically scan the ultrasound
beams 40, and collect data for a tomographic image of the
bone 52. In FIG. 1, only four ultrasound beams 40 for echo
tracking to be described later are shown. For each ultrasound
beam 40 for echo tracking, a surface point 60 corresponding
to the surface of the bone 52 is detected.

[0022] FIG. 2 is a diagram for explaining diagnosis of a
bone using the ultrasound diagnosis apparatus of the present
embodiment. The ultrasound diagnosis apparatus of the
present embodiment is a device suitable for evaluating
mechanical characteristics or the like of the bone 52 in the
subject 50. The bone 52 is, for example, a fibula or a tibia
within a human body.

[0023] The first probe 11 and the second probe 12 are
placed in line along an axial direction of the bone 52. The first
probe 11 and the second probe 12 are, for example, adhered
on a surface of the body of the subject 50. An acoustic coupler
or the like may be inserted between the first probe 11 and the
subject 50 or between the second probe 12 and the subject 50.
The first probe 11 and the second probe 12 are supported by
a fixing arm 13.

[0024] During measurement, the first probe 11 and the sec-
ond probe 12 are fixed to each other by the fixing arm 13 so
that the first probe 11 and the second probe 12 do not move
relative to each other. A load is applied from a surface of the
body of the subject 50 to the bone 52 at a position between the
first probe 11 and the second probe 12. Each of the first probe
11 and the second probe 12 which are placed in line along the
axial direction of the bone 52 forms ultrasound beams toward
the bone 52.

[0025] In this manner, in the present embodiment,
mechanical characteristics or the like of the bone 52 are
measured using two probes (11, 12). In some measurements,
for example, in a plasticity measurement of the bone 52, only
one of the first probe 11 and the second probe 12 may be used
for the measurement.

[0026] Referring again to FIG. 1, the transmission and
reception unit 14 controls two probes (11, 12) to electroni-
cally scan the ultrasound beams 40 in a tomographic plane
(cut surface of the subject 50 shown in FIG. 1, that is, cross
sectional surface along major axis of the bone 52). For
example, for each probe (11, 12), a plurality of ultrasound
beams 40 (only four ultrasound beams for echo tracking to be
described later are shown in FIG. 1) are consecutively elec-
tronically scanned, and an echo signal (reception signal) is
obtained for each ultrasound beam 40. For example, for each
ultrasound beam 40, a phase-array addition process is applied
to signals obtained from the plurality of transducer elements
and an echo signal is formed. The plurality of echo signals
obtained through the plurality of ultrasound beams 40 are
output to a tomographic image forming unit 18, and the
tomographic image forming unit 18 forms a tomographic
image (B mode image) of the bone based on the plurality of
echo signals. The formed B mode image is displayed on a
display 34 through a display image forming unit 32.

[0027] The echo signal obtained in the transmission and
reception unit 14 is also output to an echo tracking processor
20. The echo tracking processor 20 applies an echo tracking
process in which abone surface portion is extracted from each
echo signal and is tracked. For the echo tracking process, for
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example, the technique detailed in JP 2001-309918 A may be
used. This technique will briefly be described next.

[0028] The echo signal obtained from the probes (11, 12)
has a large amplitude on a portion corresponding to a bone
surface. When the bone surface portion is captured simply as
aportion having a large amplitude, it is not clear which part in
the area of the large amplitude corresponds to the surface
portion. As a result, an extraction error in a degree of area of
the large amplitude (approximately 0.2 mm in a normal ultra-
sound diagnosis apparatus) occurs. In the echo tracking pro-
cess, a zero-cross point is detected as a representative point of
the echo signal and the detected zero-cross point is tracked, so
that the extraction precision is significantly improved (the
precision can be improved to approximately 0.002 mm). The
zero-cross point is detected as a timing in a tracking gate
period in which a polarity of the amplitude of the echo signal
changes from positive to negative or from negative to posi-
tive. When the zero-cross point is detected, a new tracking
gate is set with the detected zero-cross point as a center. In the
echo signal obtained at the next timing, the zero-cross point is
detected in the newly set tracking gate period. In this manner,
the zero-cross point of the echo signal is tracked as a surface
point 60 for each ultrasound beam, and the position of the
bone surface is highly precisely measured with the probes
(11, 12) as a reference.

[0029] In the echo tracking process, for example, four
tracking echo signals obtained from four ultrasound beams 40
for echo tracking are used. The position or the like of the four
echo tracking ultrasound beams 40 is set, for example, by a
user (inspector) controlling a transmission and reception con-
troller 15 through an operation panel 16. The tracking echo
signal may be selected from among the echo signals used for
formation of the tomographic image or the tomographic
image formation may be interrupted and only the four track-
ing echo signals may be obtained.

[0030] A shape measuring unit 22 calculates a measured
amount reflecting a shape of the bone surface based on the
plurality of detected surface points (tracking points) 60. An
example of the measured amount would be a bent angle of the
bone 52. When the bent angle or the like is to be measured, a
suitable load is applied to the bone 52 (refer to FIG. 2). The
load applied to the bone 52 is applied, for example, in an
approximately perpendicular direction with respect to the
axis of the bone 52 at a position between two probes (11,12)
while the ends of the bone 52 in the axial direction are sup-
ported. In other words, a method such as a three-point bend-
ing method in which both ends are supported and a load is
applied to a point near the center is employed. The amount of
load or the like should be set with great care according to the
state of the bone 52.

[0031] The display image forming unit 32 forms a display
image which shows the tomographic image formed by the
tomographic image forming unit 18, the measured amount
calculated by the shape measuring unit 22, an evaluation
result by the beam evaluating unit 24, etc. The formed display
image is displayed on the display 34.

[0032] Thebeam evaluating unit 24 evaluates a state of the
ultrasound beam 40. In particular, in the present embodiment,
fourultrasound beams 40 for echo tracking are evaluated. The
beam evaluating unit 24 evaluates, for each echo tracking
ultrasound beam 40, an intersection state of the ultrasound
beam 40 with respect to the bone 52. The evaluation of the
intersection state of the ultrasound beam 40 in the present
embodiment will now be described in detail. For elements
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(structures) already shown in FIG. 1, reference numerals
identical to those in FIG. 1 will be used.

[0033] Asshownin FIG. 2, the first probe 11 and the second
probe 12 are placed in line along the axial direction of the
bone 52, and tomographic images corresponding to the first
probe 11 and the second probe 12 are formed.

[0034] FIG. 3 is a diagram for explaining a tomographic
image corresponding to each probe. FIG. 3 shows a tomo-
graphic image corresponding to one of the two probes (11,
12), for example, the first probe 11. The tomographic image is
formed by the tomographic image forming unit 18 based on
an echo signal obtained by the first probe 11 electronically
and linearly scanning the ultrasound beam 40, and is dis-
played on the display 34 through the display image forming
unit 32.

[0035] The tomographic image of FIG. 3 shows a probe
surface 62, a skin surface 64 of the subject 50, and a bone
surface 66 in the subject 50. The tomographic image of FIG.
3 also shows two echo tracking ultrasound beams formed by
the first probe 11, that is, a first ET beam and a second ET
beam. FIG. 3 shows a tomographic image when an acoustic
coupler (not shown) is provided between the probe surface 62
and the subject 50.

[0036] A user (inspector) who uses the ultrasound diagno-
sis apparatus of the present embodiment moves a pointer ofa
mouse or the like on, for example, an image while viewing the
tomographic image of FIG. 3 displayed on the display 34, and
sets a depth D, between the skin surface 64 and the bone
surface 66. Alternatively, it is also possible to place a scroll
bar in the depth direction and set the depth D, through the
scroll bar.

[0037] When the depth D, is set, the user switches the
ultrasound diagnosis apparatus to a transmission mode for
echo tracking using the operation panel 16 or the like and sets
the ultrasound beams for echo tracking (first ET beam and
second ET beam). A reception signal is then obtained for each
ultrasound beam for echo tracking. The intersection state of
each ultrasound beam is evaluated based on a shape of an
envelope of the reception signal thus obtained.

[0038] Alternatively, it is also possible to employ a configu-
rationinwhich the information of the depth D, whichis set by
the user is sent to the echo tracking processor 20 and the echo
tracking processor 20 sets the position of the tracking gate
which is used for the tracking process based on the depth D,,.

[0039] FIG. 4 is a diagram for explaining an envelope of a
reception signal obtained from each ultrasound beam for echo
tracking. FIG. 4A shows a reception waveform when the
intersection relationship between the ultrasound beam and
the bone is satisfactory. More specifically, FIG. 4A shows a
receptions signal shown with a narrow line and an envelope
with a wide line which is an envelope of the reception signal.
FIG. 4B shows a reception waveform when the intersection
relationship between the ultrasound beam and the bone is
unsatisfactory. More specifically, FIG. 4B shows a reception
signal shown with a narrow line and an envelope with a wide
line which is an envelope of the reception signal.

[0040] Each of the envelopes of the two reception wave-
forms of FIGS. 4A and 4B has three hills, including a hill
corresponding to a probe surface around the origin, a hill
corresponding to a skin surface at a position progressed along
the time axis direction from the first hill, and a hill corre-
sponding to a bone surface which is shown surrounded by a
circle of a dotted line.
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[0041] Inthe present embodiment, an intersection relation-
ship between the ultrasound beam and the bone is evaluated
based on a shape of the hill corresponding to the bone surface
in the reception waveform. In general, when the ultrasound
beam intersects the bone surface in a perpendicular angle, the
peak of the hill corresponding to the bone surface is large, the
shape of the hill is approximately symmetric in the horizontal
direction, and the slope of the hill is steep. The reception
waveform shown in FIG. 4A corresponds to a waveform
when the ultrasound beam is close to perpendicular to the
surface of the bone.

[0042] On the other hand, for example, as the angle of the
ultrasound beam with respect to the surface of the bone is
deviated from a perpendicular angle, the peak of the hill
corresponding to the bone surface is reduced, the shape of the
hill becomes asymmetric in the horizontal direction, and the
slope of the hill becomes gentle. The reception wave form of
FIG. 4B corresponds to a waveform when the angle of the
ultrasound beam with respect to the surface of the bone is
significantly deviated from a perpendicular angle. The beam
evaluating unit 24 evaluates the quality of the reception sig-
nal, that is, the quality of the intersection relationship
between the ultrasound beam and the bone based on the shape
of the hill corresponding to the bone surface included in the
reception waveform shown in FIG. 4.

[0043] FIG. 5is a diagram for explaining evaluation by the
beam evaluating unit 24. FIG. 5 shows a hill corresponding to
the bone surface included in the reception waveform and an
envelope near the hill (corresponding to the portion sur-
rounded by a circle of a dotted line in FIG. 4). The beam
evaluating unit 24 searches, on the time axis shown in FIG. 5,
for a first peak value A, along a direction toward a deeper
depth, that is, a positive direction on the time axis from a
position of the depth Dy, (refer to FIG. 3) which is set by the
user, and records the position (depth) D of the peak value A,
on the time axis. The depth D, is assumed to be the peak
position of the hill corresponding to the bone surface.
[0044] The beam evaluating unit 24 further searches, from
the depth D, toward a shallower depth, for a depth in which
the amplitude is, for example, A /2 and sets the found depth
as D,. The beam evaluating unit 24 then searches, from the
depth D, toward a deeper depth, for a depth in which the
amplitude is, for example, A/2, and sets the found depth as
D,. The beam evaluating unit 24 calculates a slope A, of the
left-side inclination of the hill and the slope A, of the right-
side inclination of the hill with the following equations.

A=105*4p/(Dp=D)) O
A=10.5%4p/(D5-Dp)| @
[0045] The beam evaluating unit 24 determines that the

reception signal from the bone surface is satisfactory when
the peak value A and the slopes A, and A, satisfy the follow-
ing equation.

Apan<dpand Apa <Ay and Asyzy<Ay ib3)

[0046] The values A, v, Aj s a0d A,y which form the
determination standard are suitably set according to, for
example, the type of the bone to be diagnosed and the diag-
nosis content. Alternatively, it is also possible to employ a
configuration in which the user can suitably correct these
determination standards.

[0047] The beam evaluating unit 24 determines the quality
of the reception signal of each ultrasound beam, based on the
equations (1)-(3), for example, for all of four ultrasound
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beams for echo tracking. When the beam evaluating unit 24
determines that the reception signal is satisfactory, for
example, the beam evaluating unit 24 displays, on the display
34, through the display image forming unit 32, that the recep-
tion signal is satisfactory. Alternatively, it is also possible to
light a lamp or the like on the operation panel 16 indicating
that the reception signal is satisfactory. Alternatively, it is also
possible to employ a configuration in which the lamp or the
like is caused to blink until the beam evaluating unit 24
determines that the reception signal is satisfactory and the
lamp may be switched from blinking to continuous lighting
when the beam evaluating unit 24 determines that the recep-
tion signal is satisfactory.

[0048] When the reception signal is not satisfactory, the
user adjusts, for example, the position and the orientation of
the probe, to adjust the intersection state between the ultra-
sound beam and the bone. In place of or in addition to the
adjustment of the position and orientation of the probe, it is
also possible to electronically or mechanically adjust the
position and direction of the ultrasound beam.

[0049] Itis also possible to employ a configuration in which
abar graph or a meter is displayed on the display 34 or the like
indicating the degree of quality of the reception signal, so that
the user can visually understand whether the adjustment of
the probe or the like by the user is in a direction improving or
degrading the quality of the reception signal.

[0050] FIG. 6 is a diagram exemplifying a bar graph dis-
play. When the bar graph is to be formed, the beam evaluating
unit 24 converts, for example, the values of the peak value A,
and the slopes A, and A, into points. For example, points such
as 40 points, 30 points, and 30 points may be distributed to the
three information of A, A, and A,. The total point is set, for
example, at 100 points.

[0051] Thenumerical measurement range of the peak value
Ay is set to 0% to 100%, and 40 points are set to A, when a
value of 100% is obtained. The maximum values for A, and
A, are, in angles, +90° and -90°, respectively. Therefore, the
angles 0°~+90° of A, are correlated to 0% to 100%, the angles
0°~=90° of A, are correlated to 0% to 100%, and, for
example, when a value of 100% is obtained, 30 points are set
to A, or A,. A total of the obtained points of the three infor-
mation of A, A, and A, is displayed as a bar graph. The
points are calculated for each ultrasound beam.

[0052] FIG. 6 shows bar graphs corresponding to the four
echo tracking ultrasound beams (first beam—fourth beam).
For example, the height of the bar graph corresponding to the
beam (number of lighted display segments) is changed based
on the points for the beam. With this structure, the user can
understand, based on the height of the bar graph, whether or
not the reception signal is satisfactory for each beam or
whether or not the adjustment is in a direction of improving
the reception signal.

[0053] A preferred embodiment of the present invention
has been described. With the preferred embodiment of the
present invention, it is possible to adjust, for example, the
position of the probe or the like so that the reception signal is
improved, without depending on the experience or the like of
the user. In addition, because the quality determination is
automated, the user does not need to determine the quality of
the waveform by viewing the shape of the actual waveform or
the like, and, thus, the load of the user is reduced. Moreover,
the time required for adjustment of the position or the like of
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the probe can be shortened and the measurement time is
shortened, and, as a consequence, the load to the subject is
also reduced.

[0054] The above-described embodiment is merely exem-
plary in all aspects, and is not intended to limit the scope of the
present invention. In the present invention, for example, it is
also possible to employ a configuration in which a portion
corresponding to the surface of the bone included in the
envelope of a satisfactory reception signal is set as a reference
waveform, a correlation value between a portion correspond-
ing to the surface of the bone included in the envelope of the
actually obtained reception signal and the reference wave-
form is calculated, and the quality of the reception signal is
determined based on the correlation value.

[0055] Alternatively, the determination result of the equal-
ity may be output as a sound. For example, four types of sound
intervals may be prepared corresponding to the four ultra-
sound beams for echo tracking, and sound corresponding to
the ultrasound beam may be muted when the reception signal
of the ultrasound beam is satisfactory. The present invention
includes various modifications that falls in the scope and
spirit of the present invention.

What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
a probe having a plurality of transducer elements which
transmit and receive an ultrasound to and from a bone;
a transmission and reception unit which controls the plu-
rality of transducer elements, to form an ultrasound
beam which intersects the bone, and which obtains a
reception signal; and
an evaluating unit which evaluates an intersection state of
the ultrasound beam with respect to the bone based on a
shape of an envelope of the reception signal.
2. The ultrasound diagnosis apparatus according to claim
1, wherein
the evaluating unit evaluates the intersection state based on
a shape of a portion, included in the envelope, corre-
sponding to a surface of the bone.
3. The ultrasound diagnosis apparatus according to claim
2, wherein
the evaluating unit evaluates the intersection state based on
a height of a hill-like portion, included in the envelope,
corresponding to the surface of the bone.
4. The ultrasound diagnosis apparatus according to claim
2, wherein
the evaluating unit evaluates the intersection state based on
a slope of a hill-like portion, included in the envelope,
corresponding to the surface of the bone.
5. The ultrasound diagnosis apparatus according to claim
2, wherein
the evaluating unit evaluates the intersection state based on
aheight and a slope of a hill-like portion, included in the
envelope, corresponding to the surface of the bone.
6. The ultra sound diagnosis apparatus according to claim
5, wherein
the evaluating unit determines that the reception signal
from the surface of the bone is satisfactory and the
intersection state is satisfactory when the height and the
slope of the hill-like portion are superior compared to
respective determination standards.
7. The ultra sound diagnosis apparatus according to claim
5, wherein
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the evaluating unit calculates an evaluation value related to
the intersection state based on the height and the slope of
the hill-like portion, and

the evaluation value calculated by the evaluating unit is
displayed in a form of a graph.

8. The ultrasound diagnosis apparatus according to claim

1, wherein

the transmission and reception unit forms a plurality of
ultrasound beams which intersect the bone and obtains a
reception signal for each of the ultrasound beams,

the ultrasound diagnosis apparatus further comprises a sur-
face tracking unit which detects a surface point corre-
sponding to a surface of the bone based on a reception
signal obtained for each of the ultrasound beams and
tracks a plurality of the surface points detected based on
a plurality of the ultrasound beams, and

the evaluating unit evaluates the intersection state with
respect to the bone based on a shape of an envelope of the
reception signal for each ultrasound beam of the plural-
ity of the ultrasound beams which are used for tracking
the plurality of surface points.

9. The ultrasound diagnosis apparatus according to claim

8, wherein

the evaluating unit evaluates the intersection state based on
a shape of a portion, included in the envelope, corre-
sponding to the surface of the bone for each of the
ultrasound beams.
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10. The ultrasound diagnosis apparatus according to claim
9, wherein

the evaluating unit evaluates the intersection state based on
aheight and a slope of a hill-like portion, included in the
envelope, corresponding to the surface of the bone, for
each of the ultrasound beams.

11. The ultrasound diagnosis apparatus according to claim
10, wherein

the evaluating unit determines that the reception signal
from the surface of the bone is satisfactory and the
intersection state is satisfactory when the height and the
slope of the hill-like portion are superior compared to
respective determination standards, for each of the ultra-
sound beams.

12. The ultrasound diagnosis apparatus according to claim
10, wherein
the evaluating unit calculates an evaluation value related to
the intersection state based on the height and the slope of
the hill-like portion for each of the ultrasound beams,
and
the evaluation value calculated by the evaluating unit is

displayed in a form of a graph for each of the ultrasound
beams.
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