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Description
Technical Field

[0001] The present invention relates to an ultrasono-
graph and a method of diagnosis using the same.

Background Art

[0002] Recently, an ultrasonograph has drawn atten-
tion as, for example, an instrument for determining a ca-
rotid condition, and has been know as being configured
as described below.

[0003] For example, a conventional ultrasonograph
comprises a probe, a controller connected to the probe,
and a display connected to the controller. In the conven-
tional ultrasonograph, a detected image of a target object
(carotid artery) detected by the probe is displayed on the
display (for example, see Non Patent Literature 1).
[0004] With the conventional ultrasonograph, howev-
er, it has been difficult for a person who is not a fully
trained expert to take accurate measurements in deter-
mining a condition of a target object, or a carotid artery.
[0005] In this respect, when the conventional ultra-
sonograph is used to determine a carotid condition, the
probe must be applied to a position bisecting a carotid
artery longitudinally along the center line. However, dif-
ferent individuals have different locations and shapes of
carotid arteries and the carotid arteries are not visible
from the surface of the body.

[0006] Therefore, only a fully trained expert has been
able to apply the probe accurately to a position bisecting
a carotid artery longitudinally along the center line, and
as a result, it has been difficult to take accurate meas-
urements.

Citation list

Non Patent Literature

[0007]
Non Patent Literature 1: Journal of the American So-
ciety of Echocardiography February 2008 (p.p. 93 to
111)

Summary of Invention

Technical Problem

[0008] The present invention has been made under

such circumstances. It is an object of the invention to

provide an ultrasonograph and a method of diagnosis

that enable even a non-expert to easily position a probe

on the center line of a carotid artery so as to take accurate
measurements.
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Solution to Problem

[0009] One aspect of the invention is an ultrasono-
graph. The ultrasonograph comprises a controller to
which a probe and a display are connected, wherein the
controller causes the display to display a detected image
of a target object detected by the probe and an angular
position relationship image showing a relative angular
position of the probe to the detected image of the target
object.

[0010] As described below, the present invention has
other aspects. Therefore, the disclosure of the invention
is intended to provide some of the aspects of the inven-
tion, and is not intended to limit the scope of the invention
as described and claimed herein.

Brief Description of Drawings
[0011]

[Figure 1] Figure 1 is a diagram for illustrating an
ultrasonograph of Embodiment 1 according to the
present invention.

[Figure 2] Figure 2 is a perspective view showing a
probe of the ultrasonograph of Embodiment 1 ac-
cording to the present invention.

[Figure 3] Figure 3 is a control block diagram of the
ultrasonograph of Embodiment 1 according to the
present invention.

[Figure 4] Figures 4 are diagrams of cross sections
of a carotid artery for illustrating an operation of the
ultrasonograph: Figure 4(a) is a diagram for illustrat-
ing a target object (region A) of the carotid artery;
Figure 4(b) is a cross-sectional view taken at a plane
perpendicular to the center line of the carotid artery
and is for illustrating the membrane arrangement;
Figure 4(c) is a cross-sectional view taken at a plane
perpendicular to the center line of the carotid artery
and is for illustrating a plaque; Figure 4(d) is a cross-
sectional view taken at a plane including the center
axis of the carotid artery and shows no particular
condition;

Figure 4(e) is a cross-sectional view taken at a plane
including the center axis of the carotid artery and
shows a condition where careful watching is needed;
and Figure 4(f) is a cross-sectional view taken at a
plane including the center axis of the carotid artery
and shows a diseased condition.

[Figure 5] Figures 5 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
5(a) shows the short axis scan state where the probe
is perpendicular to the carotid artery; Figure 5(b)
shows the probe in rotation; and Figure 5(c) shows
the long axis scan state.

[Figure 6] Figures 6 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
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6(a) is a schematic diagram of a carotid artery; and
Figure 6(b) is a schematic diagram of the probe.
[Figure 7] Figures 7 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
7(a)isadiagramin which the centerin the lengthwise
direction is aligned with the carotid artery; Figure 7
(b) is a diagram for illustrating an image from a trans-
ducer array 8; Figure 7(c) is a diagram for illustrating
an image from a transducer array 9; Figure 7(d) is a
diagram for illustrating an image from a transducer
array 10; and

Figure 7(e) is a diagram for illustrating an angular
position relationship display image.

[Figure 8] Figures 8 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
8(a) is a diagram of a state where the center in the
lengthwise direction is displaced to the side of a
probe origin 1a; Figure 8(b) is a diagram for illustrat-
ing an image from a transducer array 8; Figure 8(c)
is a diagram for illustrating an image from a trans-
ducer array 9;

Figure 8(d) is a diagram for illustrating animage from
a transducer array 10; and Figure 8(e) is a diagram
for illustrating an angular position relationship dis-
play image.

[Figure 9] Figures 9 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
9(a) is a diagram of a state where the center in the
lengthwise direction is displaced to the opposite side
of the probe origin 1a; Figure 9(b) is a diagram for
illustrating an image from a transducer array 8; Fig-
ure 9(c) is a diagram for illustrating an image from a
transducer array 9; Figure 9(d) is a diagram for illus-
trating an image from a transducer array 10; and
Figure 9(e) is a diagram for illustrating an angular
position relationship display image.

[Figure 10] Figures 10 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
10(a) is a diagram for illustrating a positional rela-
tionship between a carotid artery 6 and transducer
arrays in the course of rotation; Figure 10(b) is a
diagram for illustrating an image from a transducer
array 8; Figure 10(c) is a diagram for illustrating an
image from a transducer array 9; Figure 10(d) is a
diagram for illustrating an image from a transducer
array 10; and

Figure 10(e) is a diagram for illustrating an angular
position relationship image.

[Figure 11] Figures 11 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
11(a) is a diagram for illustrating a positional rela-
tionship between a carotid artery 6 and transducer
arrays immediately before the end of rotation; Figure
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11(b) is a diagram for illustrating an image from a
transducer array 8; Figure 11(c) is a diagram for il-
lustrating an image from a transducer array 9; Figure
11(d) is a diagram for illustrating an image from a
transducer array 10; and

Figure 11(e) is a diagram for illustrating an angular
position relationship image.

[Figure 12] Figures 12 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
12(a) is a diagram for illustrating a positional rela-
tionship when the carotid artery 6 and the long axis
of the transducer array 9 are aligned; Figure 12(b)
is a diagram for illustrating an image from a trans-
ducer array 8;

Figure 12(c) is a diagram for illustrating an image
from a transducer array 9; Figure 12(d) is a diagram
for illustrating an image from a transducer array 10;
and

Figure 12(e) is a diagram for illustrating an angular
position relationship image.

[Figure 13] Figures 13 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
13(a) is a diagram for illustrating a positional rela-
tionship when the probe is over-rotated; Figure 13
(b) is a diagram for illustrating an image from a trans-
ducer array 8;

Figure 13(c) is a diagram for illustrating an image
from a transducer array 9; Figure 13(d) is a diagram
for illustrating an image from a transducer array 10;
and

Figure 13(e) is a diagram for illustrating an angular
position relationship image.

[Figure 14] Figures 14 are diagrams for illustrating a
rotating operation of the probe from the short axis
scan to the long axis scan of the carotid artery: Figure
14(a) is a diagram for illustrating a positional rela-
tionship when the carotid artery 6 and the long axis
of the transducer array 9 are in parallel but displaced
sideways; Figure 14(b) is a diagram for illustrating
an image from a transducer array 8; Figure 14(c) is
a diagram for illustrating an image from a transducer
array 9; Figure 14(d) is a diagram for illustrating an
image from a transducer array 10; and Figure 14(e)
is a diagram for illustrating an angular position rela-
tionship image.

[Figure 15] Figure 15 is a block diagram of Embod-
iment 2 according to the present invention.

[Figure 16] Figure 16 is a block diagram of Embod-
iment 3 according to the present invention.

Description of Embodiments

[0012] The present invention will now be described in
detail. However, the detailed description below and at-
tached drawings are not intended to limit the present in-
vention.
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[0013] The presentinvention attains main objects with
an arrangement comprising a controller to which a probe
and a display are connected, wherein the controller caus-
es the display to display a detected image of a target
object detected by the probe and an angular position re-
lationship image showing a relative angular position of
the probe to the detected image of the target object.
[0014] As described above, the present invention pro-
vides an arrangement comprising a controller to which a
probe and a display are connected, wherein the controller
causes the display to display a detected image of a target
object detected by the probe and an angular position re-
lationship image showing a relative angular position of
the probe to the detected image of the target object.
Therefore, even a non-expert can take accurate meas-
urements.

[0015] According to the present invention, the control-
ler can cause the display to display a detected image of
a target object detected by the probe and an angular
position relationship image showing a relative angular
position of the probe to the target object. Therefore, the
probe can be placed correctly with respect to the target
object while the operator is viewing the images displayed
on the display, and as a result, even a non-expert can
take accurate measurements.

[0016] Embodiments of the present invention will now
be described below with reference to appended draw-
ings.

(Embodiment 1)

[0017] Figure 1 is a diagram for illustrating an ultra-
sonograph of Embodiment 1 according to the present
invention. The ultrasonograph of the embodiment com-
prises aprobe 1, a controller 3 with the probe 1 connected
thereto by a cable 2, a display 4 connected to the con-
troller 3, and a foot switch 5.

[0018] The controller 3 is configured to cause the dis-
play 4 to display a detected image of a carotid artery 6
(an exemplary target object of a subject) detected by the
probe 1 and an angular position relationship image show-
ing arelative angular position of the probe 1 to the carotid
artery 6.

[0019] The probe 1 is composed of a number of (for
example, three) transducer arrays 8 to 10 arranged in
parallel to each other on the front side (or the side of a
contact section with the subject) of a body casing 7, as
shown in Figure 2.

[0020] The probe 1 is also provided with a grip section
7a of a smaller diameter on an area of the cable 2 side
of the body casing 7. The probe 1 is also provided with
a contact section 7b that is oblong and has a larger di-
ameter on an area opposite from the cable 2.

[0021] As shown in Figure 2, a number of transducer
arrays 8 to 10 extend in the lengthwise direction of the
front surface (contact surface) of the contact section 7b.
These extending transducer arrays 8 to 10 are spaced
in parallel to each other.
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[0022] Each of these transducer arrays 8 to 10 is com-
posed of a number of ultrasonic transducers 11 arranged
inline. As is well known, each of these transducer arrays
8 to 10 is arranged to obtain a wide detected image by
sequentially switching a number of ultrasonic transduc-
ers 11 to change focus positions while the transducers
are being driven.

[0023] Further, the transducer arrays 8 to 10 thus ar-
ranged in parallel to each other can provide a detected
image of a strip-shaped area having a width.

[0024] As shown in Figure 2, the probe 1 is also pro-
vided with a probe origin marker 12 on the top of the
contact section 7b of the body casing 7 on one end side
of the transducer arrays 8 to 10. As described below, the
operator refers to the position of the probe origin marker
12 to adjust the position the probe 1.

[0025] Figure 3 is an electrical block diagram of the
ultrasonograph. As shownin Figure 3, atransducer group
selecting unit 13 is connected to the transducer arrays 8
to 10 of the probe 1.

[0026] Anelectrical signal sentfrom an ultrasonicwave
transmitting/receiving unit 14 of the controller 3 causes
the transducer group selecting unit 13 to sequentially
switch a number of ultrasonic transducers 11 to drive the
transducers on each transducer array 8 to 10 basis.
[0027] With the electrical signal is applied, the ultra-
sonic transducers 11 of the transducer arrays 8 to 10
radiate ultrasonic waves toward the carotid artery 6 por-
tion. Reflected waves from the carotid artery 6 portion
are received by the ultrasonic transducers 11 that have
previously radiated ultrasonic waves and converted to
an electrical signal by the ultrasonic transducers 11.
[0028] The converted electrical signal is then sent to
the ultrasonic wave transmitting/receiving unit 14 through
the transducer group selecting unit 13. The sequence of
control is performed in a transmission/reception control-
ling unit 15. The signal sent to the ultrasonic wave trans-
mitting/receiving unit 14 is then processed in a signal
processing unit 16. Thereafter, an image signal is gen-
erated in an image creating unit 17.

[0029] The image signal generated in the image cre-
ating unit 17 is then processed in an image analyzing
unit 18, an item position analyzing unit 19, and a probe
guiding image creating unit 20, in this order, and is sent
to a display synthesizer unit 21.

[0030] The display synthesizer unit 21 has been sup-
plied with an image signal generated in the image creat-
ing unit 17. Therefore, a probe guiding image generated
in the probe guiding image creating unit 20 is superim-
posed on the image signal generated in the image cre-
ating unit 17, as described below.

[0031] The display synthesizer unit 21 is also adapted
to be supplied with data calculated in an IMT CALCU-
LATING unit 22. Therefore, the data is also superim-
posed on the image signal generated in the image cre-
ating unit 17 as visual information.

[0032] Figure 4(a) is a diagram showing a carotid ar-
tery 6 (target object (region A)) portion of a human body
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(subject) 23. After images in Figures 6 to 13, which will
be described below, are displayed, any image in Figures
4(d) to 4(f) is displayed on the display 4. Figures 4(d) to
4(f) show detected images of the carotid artery 6 bisected
longitudinally at a plane including the center line of the
carotid artery. Figure 4(d) is an image showing no par-
ticular condition, Figure 4(e) is an image showing a con-
dition where careful watching is needed, and Figure 4(f)
is an image showing a diseased condition.

[0033] These conditions will be described with refer-
ence to Figure 4(b). As shown in Figure 4(b), the carotid
artery 6 is composed of an endothelial cell 6a, a tunica
intima 6b, a tunica media 6¢, and a tunica adventitia 6d,
from the inside to the outside.

[0034] In the case of Figure 4(b), since neither en-
dothelial cell 6a, tunica intima 6b, nor tunica media 6¢ is
raised toward a blood flowing area 6e, a large opening
area of the blood flowing area 6e is observed. Therefore,
the condition of Figure 4(b) is normal, showing no par-
ticular condition. On the other hand, in the case of Figure
4(c), since the endothelial cell 6a, the tunica intima 6b,
and the tunica media 6¢ are raised toward a blood flowing
area 6e due to plaque development (region B), the open-
ing area of the blood flowing area 6e is reduced. There-
fore, Figure 4(c) shows a diseased condition.

[0035] Figure 4(d) is an image showing no particular
condition. In Figure 4(d), as an example, data calculated
inthe IMT CALCULATING unit 22 in Figure 3 is displayed
as 0.6 mm. Similarly, it is displayed as 1.3 mm in Figure
4(e). In Figure 4(f), the displayed image shows a much
higher level due to plaque development.

[0036] Both of the value 0.6 mm in Figure 4(d) and the
value 1.3 mm in Figure 4(e) are referred to as an IMT
value (a value of combined thickness of the endothelial
cell 6a and the tunica media 6¢). Since the case where
the IMT value is at or above 1.1 mm is defined as a dis-
eased condition according to the criteria of The Japan
Academy of Neurosonology, it is determined that Figure
4(d) shows no particular condition, Figure 4(e) shows a
condition where careful watching is needed, and Figure
4(f) shows a diseased condition, as described above.
[0037] The facts shown in Figures 4 are well known
and further description will be omitted. In order to ac-
quired such detected images as shown in Figures 4(d)
to 4(f) with the conventional art, however, a fully trained
expert must operate the probe 1.

[0038] In contrast, according to the ultrasonograph of
the embodiment, even a non-expert can merely operate
the probe as shown in Figures 5(a) to 5(c) to easily ac-
quire detected images as shown in Figures 4(d) to 4(f).
In the operation in Figure 5(a), the operator first presses
the probe 1 against a neck 23 with the lengthwise direc-
tion of the transducer arrays 8 to 10 of the probe 1 (see
Figure 2) being substantially perpendicular to the neck
23 (carotid artery 6). Essentially, the probe 1 is in the
short axis scan state relative to the carotid artery 6.
[0039] Atthis time, the operator determines where the
carotid artery 6 runs on the probe 1. From this state, as
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in the operation in Figure 5(b), the operator slowly rotates
the probe 1 in a plane substantially in parallel to the con-
tact surface into an upright position such that the length-
wise direction is along the center line of the carotid artery.
[0040] In the operation in Figure 5(c), the lengthwise
direction of the carotid artery 6 is aligned with the length-
wise direction of the transducer arrays 8 to 10; the probe
1 is essentially rotated from the short axis scan state to
the long axis scan state relative to the carotid artery 6.
In this way, detected images of the longitudinally bisected
carotid artery 6 as shown in Figures 4(d) to 4(f) can be
acquired.

[0041] At this time, the display 4 displays angular po-
sition relationship images of the probe 1 generated in the
probe guiding image creating unit 20, so that even a non-
expert can align the probe 1 with appropriate positions
of the carotid artery 6 based on the display.

[0042] The sequence of operation will now be de-
scribed with reference to Figures 6 to 14. Figure 6(a) is
a schematic view of the carotid artery 6. Figure 6(a)
shows a tunica adventitia 6d, the center axis 6f of the
carotid artery 6, and detectable limits indicative of a de-
tection range 6g on both sides of the center axis 6f.
[0043] Figure 6(b) is a schematic view of the probe 1.
As shown in Figure 6(b), a probe origin 1a is located on
one end side of the transducer arrays 8 to 10. The probe
origin 1a is located on the same side as the probe origin
marker 12 on the body casing 7 of the probe 1 (see Figure
2).

[0044] Figures 7 to 9 show display contents in associ-
ation with the operation in Figure 5 (a) . Specifically, Fig-
ures 7 to 9 show display contents for the display 4 when
the probe 1is pressed against the neck 23 with the length-
wise direction of the transducer arrays 8 to 10 of the probe
1 (see Figure 2) being substantially perpendicular to the
carotid artery 6.

[0045] Figure 7(a) is a diagram of a state where the
lengthwise direction of the transducer arrays 8 to 10 is
substantially perpendicular in the center to the carotid
artery 6 as in the operation in Figure 5(b), and in any of
the images from the transducer arrays 8 to 10 shown in
Figures 7(b) to 7(d), horizontal sections of the carotid
artery 6 that can be seen therein are located on the center
line 4a.

[0046] Further, at this time, an angular position rela-
tionship image shown in Figures 7(e) also shows a state
where a probe symbol 1b is perpendicular to a carotid
center line symbol 1c and a middle point 1d of the probe
symbol 1b is on the carotid center line symbol 1c.
[0047] The display 4 is now displaying the images in
Figures 7(c) and 7(e). Specifically, the display 4 displays
a large version of the image in Figure 7(c) and a smaller
angular position relationship image shown in Figure 7(e)
is displayed within a part of the image.

[0048] The image in Figures 7(e) is generated based
on the images in Figures 7(b) to 7(d). Specifically, the
images in Figures 7(b) and 7(d), as well as the image in
Figure 7(c), are analyzed in the image analyzing unit 18
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and the item position analyzing unit 19 to determine what
state the transducer arrays 8 to 10 of the probe 1 are
placed in with respect to the carotid artery 6 based on
positions, sizes, shapes, and the like of the three images,
and the probe guiding image creating unit 20 generates
an angular position relationship image as shown in Figure
7(e). The angular position relationship image thus gen-
erated is displayed on the display 4.

[0049] The angular position relationship image shown
in Figure 7(e) constitutes a guiding screen (operation
navigating information screen) for the probe 1. Watching
the image in Figure 7(e), the operator then rotate and
move the probe 1.

[0050] For example, when the display in the display 4
is in the state shown in Figure 7(e), the lengthwise direc-
tion of the transducer arrays 8 to 10 (the position indicated
by the center line symbol 1c, which will be represented
by 1c hereinafter) is perpendicular in the center to the
carotid artery 6. At this time, in any of the images from
the transducer arrays 8 to 10 shown in Figures 7(b) to 7
(d), horizontal sections of the carotid artery 6 that can be
seen therein are located on the center line 4a, as de-
scribed above, and position adjustment for aligning the
center of the transducer arrays 8 to 10 with the carotid
artery 6 is completed.

[0051] In contrast, Figures 8 show a state where the
lengthwise direction of the probe 1 (or transducer arrays
8 to 10) is still perpendicular to the carotid artery 6, while
the center 1c in the lengthwise direction of the probe 1
(or transducer arrays 8 to 10) is displaced to the side of
a probe origin 1a (or the side of the probe origin marker
12 on the body casing 7) in the lengthwise direction of
the probe 1 (or transducer arrays 8 to 10).

[0052] Further, Figures 9 show a state where the
lengthwise direction of the probe 1 is still perpendicular
to the carotid artery 6, while the center in the lengthwise
direction of the probe 1 (or transducer arrays 8 to 10) is
displaced to the opposite side of a probe origin 1a (or the
probe origin marker 12 on the body casing 7) of the probe
1. During operation in Figures 7 to 9, the images in Fig-
ures 7(c), 7(e), 8(c), 8(e), 9(c) and 9(e) are displayed on
the display 4 as probe guiding images.

[0053] Forexample, when the images in Figures 8 are
displayed, the operator moves the probe 1 horizontally
along the neck 23 so as to place the middle point 1d of
the probe symbol 1b on the carotid center line symbol
1c, based on the positional relationship between the mid-
dle point 1d of the probe symbol 1b in Figure 8(e) and
the probe origin 1a (or the probe origin marker 12 on the
body casing 7) .

[0054] Forexample, when the images in Figures 9 are
displayed, the operator moves (in the direction opposite
from that in Figures 8) the probe 1 horizontally along the
neck 23 so as to place the middle point 1d of the probe
symbol 1b on the carotid center line symbol 1c, based
on the positional relationship between the middle point
1d of the probe symbol 1b in Figure 9(e) and the probe
origin 1a (or the probe origin marker 12 on the body cas-
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ing 7).

[0055] After the operator has made correction from
the state shown in Figures 8 or 9 to the state shown in
Figures 7, the operator rotates the probe 1 in a direction
so as to align with the longitudinal direction of the carotid
artery 6, as shown in Figure 5(b).

[0056] As shown in Figure 5(b), at a point where the
probe is in rotation from the state shown in Figure 5(a)
to the state shown in Figure 5(c), detected images of the
carotid artery 6 are elliptical. In this case, only the image
in Figures 10(c) is displayed on the display 4 among the
images in Figures 10(b) and 10(d).

[0057] Further in this case, the operation navigating
information screen (angular position relationship image)
shows a state where the probe symbol 1b is oblique with
respect to the carotid center line symbol 1c, as shown in
Figure 10(e). At this time, the image in Figure 10(e) is
also generated based on the images in Figures 10(b) to
10(d). Specifically, the three images in Figures 10(b) to
10(d) are analyzed in the image analyzing unit 18 and
the item position analyzing unit 19 to determine what
state the transducer arrays 8 to 10 of the probe 1 are
placed in with respect to the carotid artery 6 based on
positions, sizes, shapes, and the like of the three images,
and the probe guiding image creating unit 20 generates
an angular position relationship image as shown in Figure
10(e). The angular position relationship image thus gen-
erated is displayed on the display 4.

[0058] Inthis case, as shown in Figure 10(e), while the
middle point 1d of the probe symbol 1b intersects the
carotid center line symbol 1c, the operator moves the
probe 1 vertically along the neck 23 because the probe
symbol 1b is largely oblique with respect to the carotid
center line symbol 1c.

[0059] The angular position relationship image shown
in Figure 10(e) therefore constitutes a guiding screen for
the probe 1. Watching the image in Figure 10(e), the op-
erator then rotates the probe 1. During the rotation, how-
ever, the middle point 1d of the probe symbol 1b still
intersects the carotid center line symbol 1c.

[0060] During the rotation of the probe 1, if the middle
point 1d of the probe symbol 1b is displaced and it no
longer intersects the carotid center line symbol 1c, the
operator first repositions the middle point 1d of the probe
symbol 1b to intersect the carotid center line symbol 1c
as a corrective operation.

[0061] During the corrective operation, the position of
the probe origin 1a (or the probe origin marker 12 on the
body casing 7) in the image on the display 4 may also
be viewed for reference, which can be relied upon to re-
store the middle point 1d of the probe symbol 1b into the
state where it intersects the carotid center line symbol
1c. The operator then rotates the probe 1 again from the
state shown in Figure 5(b) to the state shown in Figure
5(c).

[0062] Figures 11 show immediately before the final
state during the rotation from the state shown in Figure
5(b) to the state shown in Figure 5(c). In this state, as
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shown in Figure 11(a), the probe symbol 1b is closer to
a horizontal state than the state shown in Figure 10(e).
[0063] Whilethe strip-shaped carotid artery 6is emerg-
ing in Figure 11(c), there are an unclear portion 4b and
a clear portion 4c that is somewhat clearer than the un-
clear portion 4b in Figures 11(b) to 11(d). Therefore, an
angular position relationship image in Figures 11(e) is
generated based on information of the unclear portions
4b in Figures 11(b) to 11(d).

[0064] Figures 12 show a state where the probe 1 is
adjusted to a position bisecting a carotid artery 6 longi-
tudinally along the center axis. In this case, as shown in
Figure 12(a), the probe symbol 1b coincides with the ca-
rotid center line symbol 1c. An angular position relation-
ship image in Figure 12(e) is generated based on clear
appearance of the strip-shaped carotid artery 6 and the
absence of any unclear portion 4b in Figure 12(c) and
the presence of unclear portions 4b in Figures 12(b) and
12 (d) .

[0065] Figures 13 show a state where the probe 1
passes over a position bisecting a carotid artery 6 longi-
tudinally along the center axis and further over-rotated.
In this case, as shown in Figure 13(a), the probe symbol
1bis oblique with respect to the carotid center line symbol
1c toward the opposite side from that in Figure 11(e). An
angular position relationship image in Figure 13(e) is gen-
erated based on appearance of the strip-shaped carotid
artery 6 in Figure 13(c) and the presence of unclear por-
tions 4b in Figures 13(b) and 13(d), which also takes into
consideration information indicative of difference in the
position of the probe origin 1a from that in Figures 11.
[0066] Figures 14 show a state where the probe 1
passes over horizontally a position bisecting a carotid
artery 6 longitudinally along the center axis (or a state
where the probe 1 is displaced sideways (horizontally)
in Figure 5(c)). In this case, an angular position relation-
ship image in Figure 14(e) is generated based on ap-
pearance of the strip-shaped carotid artery 6, the pres-
ence of strip-shaped unclear portions 4b, and the like in
Figure 14 (c).

[0067] Asunderstoodinthe above description, accord-
ing to the embodiment, the operator can easily move and
adjust the probe 1 to an appropriate portion of the carotid
artery 6 based on the angular position relationship imag-
es (those in Figures 7(e) to 14(e)) displayed on the dis-
play 4, which provides improved operability.

(Embodiment 2)

[0068] In Embodiment 1 described above, a number
of transducer arrays 8 to 10 are used to acquire detected
images of the carotid artery 6 as shown in Figure 2. How-
ever, the probe 1 may be configured to move (swing) a
single transducer array 9 (see Figure 15) to left and right
from the center so as to provide three pseudo-transducer
arrays 8 to 10 in a similar way to Figure 2.

[0069] In this case, displays in Figures 7 to 14 can be
acquired from images at the center and images at the
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both sides from the center, which also allows the operator
to easily move and adjust the probe 1 to an appropriate
portion of the carotid artery 6, which provides improved
operability.

[0070] Figure 15 is an electrical block diagram of an
ultrasonograph according to the embodiment. In the ul-
trasonograph of the embodiment, the transducer array
is provided with a Driver 24 for swinging the transducer
array, and the Driver 24 is controlled by a swing control-
ling unit 25.

[0071] Depending on results of analysis by the item
position analyzing unit 19, the range of left and right
movement of the transducer array 9 may be varied. In
this way, the amount of displacement of the carotid artery
6 such as shown in Figure 10 can be increased, and as
a result, the accuracy of analysis by the item position
analyzing unit 19 can be improved.

(Embodiment 3)

[0072] In Embodiments 1 and 2 described above, a
single display unit 4 is adapted to display a detected im-
age of the carotid artery 6 simultaneously with an angular
position relationship image that shows an angular posi-
tion relationship between the probe 1 and the carotid ar-
tery 6 by using the display synthesizer unit 21, as shown
in Figures 2 and 15. However, as shown in Figure 16,
the display unit 4 may be modified to have two or more
display units (41 and 42) and each display unit may be
configured to allow selection between displaying only the
detected image of the carotid artery 6, displaying only
the angular position relationship image that shows an
angular position relationship between the probe 1 and
the carotid artery 6, and displaying the detected image
of the carotid artery 6 simultaneously with the angular
position relationship image that shows an angular posi-
tion relationship between the probe 1 and the carotid ar-
tery 6.

[0073] Figure 16 is an electrical block diagram of an
ultrasonograph according to the embodiment. The ultra-
sonograph of the embodiment is provided with a display
synthesizer/selection unit 26 in place of the display syn-
thesizer unit 21, and is configured to control two or more
(two in the embodiment) display units 41 and 42 for dis-
play.

[0074] Here, the display synthesizer/selection unit 26
can control any of the display units and images independ-
ently in any combination thereof and cause the display
units 41 and 42 to display only the detected image of the
carotid artery 6, display only the angular position rela-
tionship image that shows an angular position relation-
ship between the probe 1 and the carotid artery 6, or
display the detected image of the carotid artery 6 simul-
taneously with the angular position relationship image
that shows an angular position relationship between the
probe 1 and the carotid artery 6.

[0075] With such a configuration, another display unit
can be provided separately from a display unit provided
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in the ultrasonograph main unit. In the description below,
the display unit provided in the ultrasonograph main unit
is referred to as a display unit 41, and the other display
unit provided separately from the display unit provided
in the ultrasonograph main unit is referred to as a display
42.

[0076] In this case, the display unit 42 may be located
near the probe 1 or incorporated into the probe 1. There-
fore, when the probe 1 is used to search the position of
center of the carotid artery 6, the operator can operate
the probe 1 while the operator is viewing an angular po-
sition relationship image displayed on the display unit42.
Therefore, aforced unnatural posture and eye movement
of the operator can be reduced as much as possible,
which provides improved operability.

[0077] Although currently possible preferred embodi-
ments of the invention have been described above, it is
understood that various modifications can be made to
the embodiments and it is intended that all such modifi-
cations that fall within the true spirit and scope of the
invention are covered by the attached claims.

Industrial Applicability

[0078] As described above, the present invention pro-
vides an arrangement comprising a controller to which a
probe and a display are connected, wherein the controller
causes the display to display a detected image of a target
object detected by the probe and an angular position re-
lationship image showing a relative angular position of
the probe to the detected image of the target object.
Therefore, even a non-expert can take accurate meas-
urements. According to the present invention, the con-
troller can cause the display to display a detected image
of a target object detected by the probe and an angular
position relationship image showing a relative angular
position of the probe to the target object. Therefore, the
operator can place the probe correctly with respect to the
target object while the operator is viewing the images
displayed on the display, and as a result, even a non-
expert can take accurate measurements.

[0079] The ultrasonograph of the present invention is
therefore expected to be widely utilized in examination
of, for example, a carotid artery.

Reference Signs List

[0080]

1 Probe

1a Probe origin

1b Probe symbol

1c Carotid center line symbol
1d Middle point 1d

2 Cable

3 Controller

4 Display

4a Center line
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4b Unclear portion

5 Foot switch

6 Carotid artery (an exemplary target object)
6a Endothelial cell

6b Tunica intima

6c Tunica media

6d Tunica adventitia

6e Blood flowing area

6f Center axis of carotid artery 6

69 Detection range

7 Body casing

7a Grip section

7b Contact section

8,9,10 Transducer array

11 Ultrasonic transducer

13 Transducer group selecting unit

14 Ultrasonic wave transmitting/receiving unit
15 Transmission/reception controlling unit
16 Signal processing unit

17 Image creating unit

18 Image analyzing unit

19 Item position analyzing unit

20 Probe guiding image creating unit

21 Display synthesizer unit

22 IMT CALCULATING unit

23 Neck

24 Driver

25 Swing controlling unit

26 Display synthesizer/selection unit

41 Display unit

42 Display unit

Claims

1. An ultrasonograph comprising a controller to which

a probe and a display are connected,

wherein based on an analysis on a detected image
of atarget object detected by the probe, the controller
generates a positional relationship image showing a
positional relationship between the probe and the
target object, and causes the display to display the
positional relationship image.

The ultrasonograph according to claim 1, wherein
the controller is capable of having a plurality of dis-
plays connected thereto, and

wherein the controller generates a detected image
of a target object detected by the probe, generates
a positional relationship image showing a positional
relationship between the probe and the target object
based on an analysis on the generated detected im-
age, and causes at least one of the plurality of dis-
plays to display the positional relationship image.

The ultrasonograph according to claim 2, wherein
the controller causes any of the plurality of displays
to display the detected image.



10.

11.

12.

13.

14.
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The ultrasonograph according to any of claims 1 to
3, further comprising the probe connected to the con-
troller.

The ultrasonograph according to any one of claims
1 to 4, further comprising the display connected to
the controller.

The ultrasonograph according to any one of claims
1 to 5, wherein the positional relationship image is
displayed on a part of the detected image.

The ultrasonograph according to claim 6, wherein a
center line of the target object and a probe symbol
indicative of a positional state of the probe including
obliqueness of the probe with respect to the center
line are displayed in the positional relationship im-
age.

The ultrasonograph according to claim 7, wherein a
probe origin indicative of position of origin of the
probe is displayed in the positional relationship im-
age.

The ultrasonograph according to claim 7 or 8, where-
in detectable limits are displayed on both sides of
the center line of the target object in the positional
relationship image.

The ultrasonograph according to any one of claims
1 to 9, wherein the probe is composed of a plurality
of transducer arrays arranged in parallel to each oth-
er, and each of the plurality of transducer arrays is
composed of a plurality of ultrasonic transducers ar-
ranged in line.

The ultrasonograph according to claim 10, wherein
the display unit displays an image of the target object
acquired by the plurality of transducer arrays as an
image showing a positional relationship including ob-
liqueness of the probe with respect to the target ob-
ject.

The ultrasonograph according to any one of claims
1 to 9, wherein the probe is composed of a single
transducer array movable to a plurality of parallel
positions, and the transducer array is composed of
a plurality of ultrasonic transducers arranged in line.

The ultrasonograph according to claim 12, wherein
the display unit displays an image of the target object
acquired by moving the single transducer array to
the plurality of parallel positions as animage showing
a relative angular position of the probe to the target
object.

The ultrasonograph according to any one of claims
1 to 12, wherein the probe is provided with a probe
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origin marker.

15. A diagnosis method using an ultrasonograph, com-

prising:

contacting a probe of an ultrasonograph with a
detected area, and causing a display to display
an image of positional relationship between a
target object in the detected area and the probe;
rotating the probe while viewing the positional
relationship image, and adjusting the rotation of
the probe based on the positional relationship
image of the probe with respect to the target
object displayed on the display; and

causing a display to display an ultrasonic image
of the target object.

16. The diagnosis method using an ultrasonograph ac-

cording to claim 15, wherein the detected area is a
neck and the target object is a carotid artery.
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