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7) ABSTRACT

An ultrasound imaging apparatus includes an ultrasonic
probe configured to transmit an ultrasonic beam to an object
and receive a reflective ultrasonic signal, a controller con-
figured to control the ultrasonic probe such that the ultra-
sonic beam is focussed on focus positions in at least two
directions, each of which is substantially perpendicular to a
transmission and reception direction, an image generation
unit configured to generate an ultrasonic image based on the
reflective ultrasonic signal and a display unit configured to
display the at least two focus positions or the focus position
in the direction which is substantially perpendicular to the
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200 MAIN PART
: /270
OPERATIO!
' : PANNEL
mmm e mmmnnmnn 260 HOST CBM__ . 1 ..
. TRANSMITTING PART | )
= TN T i S o 281 :
08J 4| car f{ DELAY | ! ) : '
N 100 : SAR CR_ | ; /
\ = ! - ,
4+ e— ) SPLAY o1 2251 ] b 247 '
ARRAY | 1 220 ULTRASONIC i
PROBE /. RECEIVING PART :
PO 297" 224 f
v\ xiReemion |ii —5 =5 L= i
DIRECTION Ut PRE. Lo DELAY [+ ADDER E
t| A | lor N ;
t 1254§

300 MONITOR |




US 2005/0256407 A1

2005 Sheet 1 of 9

’

Patent Application Publication Nov. 17

= [ 'DId

D | wounom ot

lllll el ‘-
h 1]
it i :
“ mvmﬁl.-yl - 2 Bt el - —————— A A S S ®a o “
13 . ot~ . . ) i
i - oI - '
" o g div 1
". . €62 . . y3Iaav ’l—‘\rjmn— — ud 7 ZO_PU.WE—O
. e . t1| NOLLOIHIGX |
; ) LS e 1HVd DNIAEOTY ¢ 3908d
m : | A DINOSWVHLTIN 022 AVIRIY
HCA: TS S TRl : ac
: m ; 101 NN
m . ' oor -/ . .,///
b ] ; r=0
1 “ '
frec= " L
" cue LY oSV LN 012
' 4 '
-4-:--{----------?"._0 ISOHGge i
T3INNVd ’ )
OLLYH3IdO
OLS o . : 3
1HVd NIVIN 8~,L = -



Patent Application Publication Nov. 17,2005 Sheet 2 of 9 US 2005/0256407 A1

e 420’

M

N:ﬂ
432

<

.
. S S S

FIG. 2



Patent Application Publication Nov. 17,2005 Sheet 3 of 9 US 2005/0256407 A1

ARROWR
v .

Y DIRECTION

—»
X DIRECTION

FIG. 3



Patent Application Publication Nov. 17,2005 Sheet 4 of 9 US 2005/0256407 A1

4;12/(421

431

FIG. 4



Patent Application Publication Nov. 17,2005 Sheet 5 of 9 US 2005/0256407 A1

J"420
. ? 431
432

FIG. 5



Patent Application Publication Nov. 17,2005 Sheet 6 of 9 US 2005/0256407 A1
421
422 ‘
442 441

431

FIG. 6



Patent Application Publication Nov. 17,2005 Sheet 7 of 9 US 2005/0256407 A1

[ START

NO.

Y

FOCUS POSITION CHANGED | St
BY OPERATOR WITH OPERATION |
PANNEL 270

FOCUS POSITION SET BY | ~S2
ULTRASONIC BEAM FORM SETTING |
PART 261

IMAGE DATA INDICATING FOCUS
POSITION IN Y DIRECTION BY s
Y DIRECTION FOCUS POSITION .
GENERATION PART 252

S3

FOCAL POINT lMAGE DATA AND ULT- '
RASONIC IMAGE DATA SUPERIMPOSED[ /~S4
BY IMAGE SUPERIMPOSING PART 254
AND DISPLAYED

FOCAL POINT
LOCATED ON DESIRED

POSITION?

END

FIG.7



Patent Application Publication Nov. 17,2005 Sheet 8 of 9 US 2005/0256407 A1

(ﬁ-START:]'

'l.
- IMAGE DATA _S11
GENERATED -

ULTRASONIC BEAM FORM
SET BY OPERATOR

CONTRAST ECHO | ~s13
" | METHOD PERFORMED |

v

CONTRAST IMAGE DATA | ~st4
GENERATED

v

[ END

FIG. 8



Patent Application Publication Nov. 17,2005 Sheet 9 of 9 US 2005/0256407 A1

TRANSMISSION RECEPTION

410

Ry




US 2005/0256407 Al

ULTRASOUND IMAGING APPARATUS AND
METHOD OF ULTRASOUND IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. P2004-141432 filed on May 11, 2004, the entire con-
tents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention is related to an ultrasound
imaging apparatus and method of ultrasound imaging, and
especially the apparatus and the method that displays a focus
position.

BACKGROUND

[0003] An ultrasound imaging apparatus transmits an
ultrasonic beam generated from an ultrasonic transducer in
an ultrasonic probe to a patient, receives an ultrasonic
reflective wave produced according to difference in sound
impedance of a tissue of the patient with the ultrasonic
transducer, and displays an ultrasonic image on a monitor.
Since a 2-dimensional image can be observed easily in real
time by easy operation, such as contacting the ultrasonic
probe to a body surface, the ultrasound imaging method is
widely used for functional diagnosis or morphological diag-
nosis of various internal organs of the patient.

[0004] As an example of a scan method of the ultrasonic
imaging apparatus, there is an electronic scan method. In the
electronic scan method, timing of transmission of the ultra-
sonic wave and timing of generation of received signals of
ultrasonic transducers that are arranged at a tip of the
ultrasonic probe are controlled by electronic switches and
delay circuits, in order that an direction of the ultrasonic
beam according to an arranging direction and a focus
position are freely changed.

[0005] From the focus position where the ultrasonic beam
is most focused, relatively stronger reflective wave of the
ultrasonic beam can be obtained than that from other posi-
tions. In other words, a high resolution image is obtained
near the focus position, and a low resolution image is
obtained on other positions far from the focus position.

[0006] Predetermined amount of delay is given by each
delay circuit connected to each ultrasonic transducer so that
the focus position corresponds to a region to be observed in
the patient.

[0007] However, it is difficult to recognize the focus
position only from the image of the ultrasonic wave. In order
to showing where the focus position located in the image,
the ultrasound imaging apparatus, such as disclosed in
Japanese Patent (Kokoku) No. 62-25375, is known. The
ultrasound imaging apparatus includes a beam character
recognition part that recognizes the focus position of the
ultrasonic beam and a display part that displays the focus
position recognized by the beam character recognition part.
According to the ultrasound imaging apparatus, it is possible
to recognize which portion is the highest or relatively higher
resolution in the displayed ultrasonic image obtained by the
transmission and reception of the ultrasonic wave.
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[0008] By the way, in various cases, homogeneity of
intensity of the ultrasonic wave in a transmission and
reception direction of an ultrasonic beam or homogeneity of
resolution is important. For example, in a technique called
Contrast Echo method, a harmonic signal generated by
destruction of small air bubbles injected into the patient
according to a high power ultrasonic wave is measured.
Unless the high power ultrasonic wave is uniform, destruc-
tion of the bubbles is not performed homogeneously, and a
blood vessel to be observed cannot be recognized correctly.

[0009] In Color Flow Mapping (CFM) method, informa-
tion of flow velocity, such as blood flow velocity, obtained
by Doppler method, is superimposed on the ultrasonic image
that shows a shape. Also in this method, the homogeneity of
quality of image is required since comparison of the blood
vessels to be observed is performed in a wide range.

[0010] Furthermore, when a biopsy needle is inserted into
the patient, the ultrasound imaging apparatus is used for
checking a location of the inserted needle. In this case, it is
desirable that a wide range from a surface of the patient to
a portion which the biopsy needle is injected to is displayed
homogeneously in order that an insertion path can be easily
recognized.

[0011] Thus, in various methods, homogeneity of intensity
of the ultrasonic wave or whole homogeneity of resolution
of image is more important than local high resolution of
image. Therefore, when using the above mentioned conven-
tional methods, it is generally known that defocusing ultra-
sonic beam is used or the ultrasonic beam is repeatedly
transmitted or received several times during changing the
focus position, called as multi focus method, to improve the
homogeneity of the image by homogenizing the resolution
of the image.

[0012] Also in this case, the technology disclosed in
Japanese Patent (Kokoku) No. 62-25375 is useful. By refer-
ring displayed beam characteristics and adjusting the focus
position, a desired quality of image can be obtained.

[0013] By the way, in a 2-dimensional array probe pro-
posed in recent vears, ultrasonic transducers arranged in
2-directions, and delay control can be performed in the
2-directions. For example, when the homogeneity of the
image should be important as mentioned above, the focus
position is controlled in the 2-directions independently, two
focus positions are located in different locations between
region of interest. Thereby, the region of interest is displayed
homogeneously.

[0014] A method where the beam focus positions can be
located in different locations in 2-directions is useful, espe-
cially when the homogeneity of the image is improved by
beam defocusing method or the multi-focus method, since
the both methods have problems, such as deterioration of
image or frame rate.

[0015] However, in the conventional technology as dis-
closed in Japanese Patent (Kokoku) No. 62-25375, an ultra-
sonic scan is performed only one direction along an arrange-
ment of ultrasonic transducers, and a single focus position is
displayed in the direction.

[0016] In other words, Japanese Patent (Kokoku) No.
62-25375 does not disclose the focus positions of the
2-dimensional array probe are controlled and displayed in
2-dimension.
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[0017] Even if the 2-dimensional array probe is adopted to
the conventional technique as disclosed in Japanese Patent
(Kokoku) No. 62-25375, it is difficult to recognize and set
the focus positions in 2-dimension is consideration for
relationship of the focus positions.

SUMMARY

[0018] One object of the present invention is to ameliorate
the above-mentioned problems and to provide an ultrasound
imaging apparatus or method by which focus positions in
predetermined directions can be easily recognized.

[0019] According to one aspect of the present invention,
there is provided an ultrasound imaging apparatus comprises
an ultrasonic probe configured to transmit an ultrasonic
beam to an object and receive a reflective ultrasonic signal,
a controller configured to control the ultrasonic probe such
that the ultrasonic beam is focussed on focus positions in at
least two directions, each of which is substantially perpen-
dicular to a transmission and reception direction, an image
generation unit configured to generate an ultrasonic image
based on the reflective ultrasonic signal, and a display unit
configured to display the at least two focus positions in the
at least two directions with the ultrasonic image.

[0020] According to another aspect of the present inven-
tion, there is provided an ultrasound imaging apparatus
comprises an ultrasonic probe configured to transmit an
ultrasonic beam to an object and receive a reflective ultra-
sonic signal, a controller configured to control the ultrasonic
probe such that the ultrasonic beam is focussed on focus
positions in at least two directions, each of which is sub-
stantially perpendicular to a transmission and reception
direction, an image generation unit configured to generate an
ultrasonic image based on the reflective ultrasonic signal,
and a display unit configured to display the focus position in
the direction which is substantially perpendicular to the
ultrasonic image with the ultrasonic image.

[0021] According to another aspect of the present inven-
tion, there is provided a method of ultrasound imaging
comprises transmitting an ultrasonic beam to an object and
receiving a reflective ultrasonic signal, controlling the ultra-
sonic probe such that the ultrasonic beam is focussed on
focus positions in at least two directions, each of which is
substantially perpendicular to a transmission and reception
direction, generating an ultrasonic image based on the
reflective ultrasonic signal, and displaying the at least two
focus positions in the at least two directions with the
ultrasonic image.

[0022] According to another aspect of the present inven-
tion, there is provided a method of ultrasound imaging
comprises transmitting an ultrasonic beam to an object and
receiving a reflective ultrasonic signal, controlling the ultra-
sonic probe such that the ultrasonic beam is focussed on
focus positions in at least two directions, each of which is
substantially perpendicular to a transmission and reception
direction, generating an ultrasonic image based on the
reflective ultrasonic signal, and displaying the focus position
in the direction which is substantially perpendicular to the
ultrasonic image with the ultrasonic image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
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obtained as the same becomes better understood by refer-
ence to the detailed description when considered in connec-
tion with the accompanying drawings. In the drawings:

[0024] FIG.1is a block diagram of an ultrasound imaging
apparatus;
[0025] FIG. 2 is a first exemplary illustration of image

displayed in a monitor;

[0026] FIG. 3 is an illustration for explaining relationship
between a focus position and an ultrasonic beam form;

[0027] FIG. 4 is a second exemplary illustration of image
displayed in a monitor;

[0028] FIG. 5 is a third exemplary illustration of image
displayed in a monitor;

[0029] FIG. 6 is a fourth exemplary illustration of image
displayed in a monitor;

[0030] FIG. 7 is a flow chart showing an operation of
change of a focus position,

[0031] FIG. 8 is a flow chart showing an operation in
Contrast Echo method; and

[0032] FIG. 9 is a modified exemplary illustration of
image displayed in a monitor.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] Hereafter, an embodiment of an ultrasound appa-
ratus is explained with reference to a drawing. The ultra-
sound imaging apparatus shown in FIG. 1 scans an ultra-
sonic beam in 2-dimension to obtain 3-dimensional image
and includes a 2-dimensional array probe 100 by which
2-dimensional scan can be performed, a main part 200 to
which the 2-dimensional array probe 100 is connected, and
a monitor 300 connected to the main part 200.

[0034] Inthe 2-dimensional array probe 100, a plurality of
ultrasonic transducers 101 are arranged in 2-dimension in X
and Y directions. Each ultrasonic transducer is driven under
control of the main part 200, and according to a predeter-
mined ultrasonic beam form, the ultrasonic beam is trans-
mitted to a diagnostic part in a patient OBJ.

[0035] The 2-dimensional array probe receives an ultra-
sonic echo signal which reflects on sound impedance bound-
ary in the patient or is scattered by a small clutter, changes
the ultrasonic echo signal into an electric echo signal of
voltage, and sends the electric echo signal the main part 200.

[0036] The main part 200 is connected to the 2-dimensinal
array probe 100 and includes an ultrasonic transmitting part
210, an ultrasonic receiving part 220, an image-processing
part 240 connected to output side of the ultrasonic receiving
part 220, a display processing part 250 connected to the
image-processing part 240, an operation panel 270 and a
host CPU 260 connected to the parts.

[0037] The ultrasonic transmitting part 210 includes a
pulsar 211 and a transmitting delay circuit 212. When pulses
to which delay is given by the transmitting delay circuit 212
is generated in the pulsar 211 and drives the 2-dimensional
array probe 100 drive, a pulse-shaped ultrasonic wave is
transmitted to the region of interest in the patient OBJ. The
focus position the ultrasonic wave transmitted from the
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2-dimensional array probe 100 is controlled by delay pro-
cessing of the transmitting delay circuit 212.

[0038] In this embodiment, since the 2-dimensional array
probe is used, the control of the focus position can be
performed in X and Y directions by the delay processing in
the X and Y directions along arrangement of the ultrasonic
transducers 101.

[0039] The ultrasonic receiving part 220 includes a pream-
plifier 221, a reception delay circuit 222, an adder 223 and
a receiver part 224. The received signal that is outputted
from each channel of the 2-dimensional array probe 100 is
amplified by the preamplifier 221 and A/D converted. Delay
time required to determine reception direction is given to an
output signal from the preamplifier 221 in the reception
delay circuit 222. An output signal from the reception delay
circuit 222 is added in the adder 223. The received signal
from the direction along the reception direction is empha-
sized by the adding. The receiver part 224 includes a
logarithmic amplifier and an envelope detection circuit
which receive an output signal from the adder 223 and
outputs a signal to the image-processing part 240.

[0040] The image-processing part 240 includes an echo
processor 241 and a Doppler processor 242, and outputs a
received signal from the receiver part 224 if needed. The
echo processor 241 performs quadrature detection using
predetermined reference frequency to a received signal from
the reception delay circuit 222, generates 3-dimensional
special distribution image data which shows a 3-dimensional
form information (contrast image data in which information
of contrast agent is also included when the contrast agent is
injected) in the patient OBJ according to signal amplitude of
the detection signal, and sends the image data to the display
processing part 250. Moreover, by measuring time change of
phase of the received signal from the reception delay circuit
5, the Doppler processor 242 generates 3-dimensional spe-
cial distribution image data, such as speed, power and
distribution which show blood-flow information in the
patient, sends the image data to the display processing part
250.

[0041] The display processing part 250 includes an ultra-
sonic image generation part 253, an X direction focus
position generation part 251, a Y direction focus position
generation part 252 and an image superimposing part 254.
The ultrasonic image generation part 253 extracts an arbi-
trary sectional data from 3-dimensional image data or per-
forms mapping of the image data on a 2-dimensional plane
from an arbitrary viewpoint using a predetermined 2-dimen-
sional mapping method to generate ultrasonic image data to
be sent to the image superimposing part 254.

[0042] The X direction focus position generation part 251
obtains the focus position information in the X direction
along the arrangement of the ultrasonic transducers 101
from the host CPU 260, and creates image data of the focus
position in the X direction of the ultrasonic beam. The image
data of the X directional focus position is sent to the image
superimposing part 254. The Y direction focus position
generation part 252 creates image data of Y directional focus
position and sends the image data to the image superimpos-
ing part 254 as well. The image superimposing part 254
superimposes the X directional focus position image data,
the Y directional focus position image data and the ultra-
sonic image data and changes the image data into display
image data according to screen line of the monitor 300.
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[0043] The host CPU 260 includes an ultrasonic beam
form setting part 261, an amount calculation part 262 of X
direction delay, an amount calculation part 263 of Y direc-
tion delay, a transmitting delay signal generation part 264,
and a reception delay signal generation part 265. Moreover,
the host CPU has a function for controlling whole parts.

[0044] The ultrasonic beam form setting part 261 sets the
ultrasonic beam form in ultrasonic transmission. An opera-
tion of the setting of the ultrasonic beam form in ultrasonic
transmission is performed by input from the operation panel
270. Moreover, the received ultrasonic beam form is auto-
matically set according to period between the transmission
and reception of the ultrasonic wave, since the reflective
ultrasonic wave is received in turn according to distance
between a portion in the patient and the 2-dimensional array
probe 100. The focus position can be changed in turn even
by a single transmission and reception of the ultrasonic
wave.

[0045] The ultrasonic beam form setting part 261 sends
information showing the ultrasonic beam form to the amount
calculation part 262 of X direction delay and the amount
calculation part 263 of Y direction delay. Moreover, the
ultrasonic beam form setting part 261 sends information
which shows the focus position to the display processing
part 250 based on the set ultrasonic beam form.

[0046] The amount calculation part 262 of X direction
delay and the amount calculation part 263 of Y direction
delay calculates amount of delay corresponding to the delay
of X and Y directions based on the ultrasonic beam form set
with the ultrasonic beam form setting means 261.

[0047] The calculated amount of delay corresponding to
the X and Y directions is sent to the transmitting delay signal
generation part 264 and the reception delay signal genera-
tion part 263. The transmitting delay signal generation part
264 and the reception delay signal generation part 265
generate the transmission delay signal and the reception
delay signal to ultrasonic transducers 101 based on the
amount of delay. The transmission delay signal is sent to the
ultrasonic transmitting part 210 and delay processing of the
ultrasonic transmission signal is performed in the transmit-
ting delay circuit 212. The reception delay signal is sent to
the ultrasonic receiving part 220 and delay processing of the
ultrasonic reception signal is performed in the reception
delay circuit 222.

[0048] The operation panel 270 includes an input device,
such as a joystick or a trackball, for setting or changing
conditions of the transmission and reception of the ultra-
sonic beam in addition to a switch, various buttons, a
keyboard, etc. Instruction information inputted by an opera-
tor is sent to the host CPU 260 and the setting or the
changing is performed in each part of the main part 200. For
example, when the operator operates the operation panel
270, watching a screen of the monitor 300, the setting or the
changing of the focus position of the ultrasonic beam can be
performed. The setting or the changing method of the focus
position is explained below.

[0049] A display of the focus position is explained refer-
ring FIG. 2 through FIG. 6. FIG. 2 shows an example of
image generated in the display processing part 250. An
image generated in the display processing part 250 includes
2-dimensional sectional image 410, a direction line 420 that
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is located beside the sectional image 410 and indicates the
direction of the ultrasonic beam transmitted by the 2-dimen-
sional array probe 100 and focal points 431 and 432 indi-
cating the focus positions.

[0050] These focal points 431 and 432 are related to a
plane near a center line L in the 2-dimensional sectional
image 410 and a plane of the 2-dimensional sectional image
410 in a lateral direction, respectively. The operator recog-
nizes where the focus positions are located in the 2-dimen-
sional sectional image 410, observing the superimposed
image including the focal points 431 and 432 and the
2-dimensional sectional image 410. For example, the opera-
tor refers the focal point M shown in FIG. 2 and recognizes
that the ultrasonic beam is focused on near an arc N in the
2-dimensional sectional image 410. The line L and arc N
may not be displayed.

[0051] In this embodiment, although it is explained that a
sector type in which the ultrasonic scan is performed in fan
shape is used by the delay control of the arranged ultrasonic
transducers 101, a liner type in which the ultrasonic wave is
scanned in a perpendicular direction to the arrangement
direction of the ultrasonic transducers may be adopted. In
that case, the focal points 431 and 432 and the 2-dimensional
sectional image 410 are displayed in the lateral direction.

[0052] The focal points 431 and 432 are displayed as two
kinds of features as shown in FIG. 2. Each focal point
corresponds to each focus position in each different plane
where the ultrasonic beam is projected. The different planes
are planes A and B located along the X and Y directions. The
plane A is crossed with the plane B perpendicularly on an
arrow R that is along the transmission direction as shown in
FIG. 3.

[0053] The 2-dimensional sectional image 410 can be
located in an arbitrary section as a function included in the
ultrasonic image generation part 253. In this case, relation-
ship between the X and Y directions corresponding to the
focal points 431 and 432 and the 2-dimensional sectional
image is displayed. In FIG. 2, when the 2-dimensional
sectional image 410 is located in parallel to the X direction,
an arrow S is displayed and the relationship between the
sectional plane and the planes corresponding to the focal
points 431 and 432. The arrow S is displayed in the lateral
direction, and the operator easily recognizes that the focal
point 431 corresponds to the plane parallel to the 2-dimen-
sional sectional image.

[0054] In this case of FIG. 2, the focal point 431 is a focal
point obtained based on a cross region of the plane A shown
in FIG. 3 and the transmitted ultrasonic beam. The focal
point 432 is a focal point obtained based on a cross region
of the plane B and the transmitted ultrasonic beam.

[0055] When the multi-focus method in which the trans-
mission and reception of the ultrasonic wave is performed
several times while the focus position is changed is used, the
focal points 431 and 432 whose number corresponds to the
number of transmission and reception are displayed. For
example, when performing ultrasonic wave transmission to
the same direction twice, two focal points 431 and two focal
points 432 are created, respectively.

[0056] As a display mode of the focal points 431 and 432
and the direction line 410, the following modes may be used
instead of the display mode shown in FIG. 2. In FIG. 4,
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direction lines 421 and 422 are displayed, the focal point 431
is located on the direction line 421 which indicates the
ultrasonic beam focus in the plane A, and the focal point 432
is located on the direction line 433 which indicates the
ultrasonic beam focus in the plane B.

[0057] In FIG. 5, the focal point 431 and the focal point
432 are displayed in different color to be easily discrimi-
nated. In FIG. 6, beam form marks 441 and 442 which
shows the ultrasonic beam form projected on the planes A
and B are displayed.

[0058] Next, an operation of setting or changing of the
focal point is explained with FIG. 7. Although the setting or
the changing of the focal point is performed each direction
of X and Y, the setting or the changing of the Y directional
focal point is mainly explained. The focal point is displayed
on the monitor 300 based on the ultrasonic beam form that
is set in advance, as shown in FIG. 2, etc. The displayed
2-dimensional sectional image 410 is obtained by scanning
the region of interest of the patient OBJ and may be a real
time image or a still image that is obtained in advance.
Hereinafter, it is explained that the 2-dimensional sectional
image 410 is a real-time image.

[0059] InStep S1, the operator observes the 2-dimensional
sectional image 410 and changes the focus position in the Y
direction with the operation panel 270 so that the region of
interest is displayed homogeneously. The information
related to the amount of change of the focus position is sent
from the operation panel 270 to the host CPU 260 when the
operator operates the switch, a mouse or the trackball, etc in
the operation panel 270.

[0060] In Step S2, the ultrasonic beam form setting part
261 in the host CPU 260 sets the ultrasonic beam form based
on the information of the amount of change of the focus
position. The ultrasonic beam form setting part 261 calcu-
lates a relative focus position of the set ultrasonic beam form
to the direction line 420 displayed on the monitor 300. The
position information of the calculated focal point 432 is
transmitted to the Y direction focus position generation part
252. The information of the ultrasonic beam form is sent to
the amount calculation part 263 of Y direction delay, and the
patient OBJ is scanned on condition of the changed ultra-
sonic beam form.

[0061] In Step S3,the image data of the focal point 432 is
created based on the information obtained in Step S2. The
image data is sent to the image superimposing part 254.

[0062] 1In Step S4, the image data is superimposed on the
2-dimensional sectional image generated in the ultrasonic
image generation part 253, and the superimposed image data
is sent to the monitor 300. The focal point 432 according to
the change of the focus position is displayed on the monitor
300.

[0063] 1In Step S5, the operator checks whether the focus
position is located on a desired position with reference to the
image displayed on the monitor 300. In detail, the operator
checks positional relationship between the region of interest
of the 2-dimensional sectional image 410 and the focal
points 431 and 432 and image quality on the region of
interest of the 2-dimenstional sectional image 410, and
determines whether the focus position is appropriate. When
the focus position is appropriate, the operator gives a diag-
nosis or adjusts other parameters. Otherwise, Step S1 is
performed again.
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[0064] Thus, the focal points 431 and 432 is updated when
the focus position is changed the ultrasonic image and the
beam information on the two planes A and B are displayed
in real time.

[0065] Next, an operation of the Contrast Echo method is
explained with reference to FIG. 8. In the Contrast Echo
method, the contrast agent including the small air bubbles is
injected into the patient OBJ, the small air bubbles are
destroyed by the ultrasonic wave transmitted from the
2-dimenstional array probe, and the harmonic signal gener-
ated by the destruction is measured.

[0066] In Step S11, the operator instructs scanning of the
region of interest in the patient OBJ by the ultrasonic beam
transmitted from the 2-dimenstional array probe 100. The
2-dimensional sectional image is generated in the main part
200 to be displayed on the monitor 300 as shown in FIG. 2,
etc. The focal points 431 and 432 are displayed on prede-
termined positions based on the beam form that is set in
advance.

[0067] In Step S12, the operator sets the ultrasonic beam
form, referring to the displayed 2-dimensional sectional
image 410. The setting is performed by operation of the
operation panel 270 to change the focal points 431 and 432.
The operator changes the focal points 431 and 432 so that
the ultrasonic beam is focused on the region of interest
homogeneously.

[0068] The operation information is sent to the host CPU
260 from the operation panel 270, the ultrasonic beam form
is set, and the amount of delay of the ultrasonic transmission
and reception to be given to each ultrasonic transducer is
calculated.

[0069] InStep S3,the Contrast Echo method is performed.
In detail, the ultrasonic beam formed based on memorized
amount of delay is transmitted to the region of interest of the
patient OBJ homogeneously, the contrast agent is destroyed
homogeneously in the region of interest, and the harmonic
signal generated by the destruction is measured.

[0070] In Step S14, the echo processor 241 generates
3-dimensional contrast image data based on the obtained
harmonic signal. The generated 3-dimensional contrast
image data is sent to the display processing part 250, the
display processing part 250 generates a plurality of sets of
2-dimensional sectional image data on a predetermined
section, sectional images are displayed on the monitor 300
with or without a 3-dimensional contrast image.

[0071] When a position of the biopsy needle during being
inserted into to the patient OBJ is confirmed or when
continuity of a blood vessel is confirmed using the Color
Flow Mapping method in which a B-mode sectional image
is superimposed on color blood vessel image, the focal
position is adjusted since the homogeneity of image is
required. In this case, an operation of the ultrasound imaging
apparatus is the same as or similar to the operation shown in
FIG. 8. Referring to the 2-dimensional sectional image of
the patient OBI, the operator adjusts the focus position so
that a region from a surface of the patient to a portion which
the biopsy needle is injected to is displayed homogeneously.

[0072] Next, a modification of the embodiment is
explained with reference to FIG. 9. Although it is explained
that only transmitted ultrasonic beam form is set, as an

Nov. 17, 2005

example, in the above embodiment, a focus point in recep-
tion can be also set with the operation panel 270 in the
modification. In this case, as shown in FIG. 9, the focus
position in transmission and the focus position in reception
are displayed in different mode according to number of
transmission and reception. In detail, as well as transmis-
sion, the focal points of reception in X and Y directions are
displayed on a direction line 520 in different mode. The
operator confirms and sets the ultrasonic beam form in
reception with reference to the focal points 531 and 532.

[0073] Although it is explained the 2-dimensional array
probe is used in the above embodiment or modification,
another ultrasound imaging apparatus which can set the
focal points in at least two different planes respectively may
be used. For example, a 1.5 D array probe which also
controls the focus positions in two directions may be used.

[0074] As explained above, according to the embodiment
and modification, the ultrasound imaging apparatus in which
the focus positions in at least two directions is easily
recognized and set can be provided.

[0075] Moreover, when the focal points in two directions
are displayed with the 2-dimensional sectional image, the
operator can recognize the ultrasonic beam form more
easily. The operator can easily recognize the positional
relationship between the region of interest and the ultrasonic
beam form by referring to the simultancously displayed
2-dimensional sectional image.

[0076] Furthermore, since the ulirasonic beam form is set
or changed by moving the two focal points, referring to the
2-dimensional sectional image, the setting of the ultrasonic
beam forms in the two directions is easily performed.

[0077] Since the focal points can be set in two directions,
the ultrasonic beam form whose focus is homogeneous in a
wide region can be set when the focus positions are different
in the plane A and plane B as shown in FIG. 3. In the
conventional multi-focus method, the frame rate or the
image quality of defocus of the ultrasonic beam is reduced,
however in the ultrasonic imaging apparatus in the embodi-
ment or modification, a high frame rate or a high quality of
image in a wide region can be achieved.

[0078] The homogeneous image of high quality in a wide
range is very useful, especially in the Contrast Echo method
or in the Color Flow Mapping or the biopsy needle insertion
method. Therefore, according to the embodiment or modi-
fication, it is easy to find or treat a diseased region.

[0079] The present invention may not be limited to the
above embodiment or modification, and may also include
other modifications. For example, although it is explained
that the focus positions in two directions are displayed
simultaneously in the above embodiment and modification,
the focus positions may be displayed alternatively under
control of an additional selecting part. Further, it may be
selected with the selecting part whether the focus position is
displayed or not. Moreover, although it is explained that the
2-dimensitonal array probe is used in the above embodiment
and the modification, an 1-dimensional array probe which
can move the focus points in two directions electrically and
mechanically may be used.
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What is claimed is:
1. An ultrasound imaging apparatus, comprising:

an ultrasonic probe configured to transmit an ultrasonic
beam to an object and receive a reflective ultrasonic
signal;

a controller configured to control the ultrasonic probe
such that the ultrasonic beam is focussed on focus
positions in at least two directions, each of which is
substantially perpendicular to a transmission and recep-
tion direction;

an image generation unit configured to generate an ultra-
sonic image based on the reflective ultrasonic signal;
and

a display unit configured to display the at least two focus
positions in the at least two directions with the ultra-
sonic image.

2. The ultrasound imaging apparatus according to claim 1,
wherein the ultrasonic probe includes a plurality of ultra-
sonic transducers arranged in two directions.

3. The ultrasound imaging apparatus according to claim 2,
wherein the controller controls delay time in transmission
and reception of the ultrasonic beam in the two directions of
arrangement of the ultrasonic transducers.

4. The ultrasound imaging apparatus according to claim 2,
wherein the ultrasonic transducers are arranged in the two
arrangement directions corresponding to the two directions
of the focus positions.

5. The ultrasound imaging apparatus according to claim 1,
wherein the display unit displays the focus positions in at
least one of different positions, different colors and different
shapes in response to the at least two directions.

6. The ultrasound imaging apparatus according to claim 1,
wherein the display unit displays a transmission beam form
of the ultrasonic beam.

7. An ultrasound imaging apparatus, comprising;

an ultrasonic probe configured to transmit an ultrasonic
beam to an object and receive a reflective ultrasonic
signal;

a controller configured to control the ultrasonic probe
such that the ultrasonic beam is focussed on focus
positions in at least two directions, each of which is
substantially perpendicular to a transmission and recep-
tion direction;

an image generation unit configured to generate an ultra-
sonic image based on the reflective ultrasonic signal;
and

a display unit configured to display the focus position in
the direction which is substantially perpendicular to the
ultrasonic image with the ultrasonic image.

8. The ultrasound imaging apparatus according to claim 7,
wherein the ultrasonic probe includes a plurality of ultra-
sonic transducers arranged in two directions.

9. The ultrasound imaging apparatus according to claim 8§,
wherein the controller controls delay time in transmission
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and reception of the ultrasonic beam in the two directions of
arrangement of the ultrasonic transducers.

10. The ultrasound imaging apparatus according to claim
8, wherein the ultrasonic transducers are arranged in the two
arrangement directions corresponding to the two directions
of the focus positions.

11. The ultrasound imaging apparatus according to claim
7, wherein the display unit displays a transmission beam
form of the ultrasonic beam.

12. The ultrasound imaging apparatus according to claim
7, further comprising a selection unit configured to select
whether the focus position is displayed on the display unit or
not.

13. A method of ultrasound imaging, comprising:

transmitting an ultrasonic beam to an object and receiving
a reflective ultrasonic signal,

controlling the ultrasonic probe such that the ultrasonic
beam is focussed on focus positions in at least two
directions, each of which is substantially perpendicular
to a transmission and reception direction;

generating an ultrasonic image based on the reflective
ultrasonic signal; and

displaying the at least two focus positions in the at least

two directions with the ultrasonic image.

14. The method of ultrasound imaging according to claim
13, wherein the displaying includes displaying the focus
positions in at least one of different positions, different
colors and different shapes in response to the at least two
directions.

15. The method of ultrasound imaging according to claim
13, wherein the displaying includes displaying a transmis-
sion beam form of the ultrasonic beam.

16. A method of ultrasound imaging, comprising:

transmitting an ultrasonic beam to an object and receiving
a reflective ultrasonic signal;

controlling the ultrasonic probe such that the ultrasonic
beam is focussed on focus positions in at least two
directions, each of which is substantially perpendicular
to a transmission and reception direction;

generating an ultrasonic image based on the reflective
ultrasonic signal; and

displaying the focus position in the direction which is
substantially perpendicular to the ultrasonic image with
the ultrasonic image.

17. The method of ultrasound imaging according to claim
16, wherein the displaying includes displaying the focus
positions in at least one of different positions, different
colors and different shapes in response to the at least two
directions.

18. The method of ultrasound imaging according to claim
16, wherein the displaying includes displaying a transmis-
sion beam form of the ultrasonic beam.



patsnap

TRAFROE) BEREIEZES K &G E
NIF(2E)E US20050256407A1 K (2E)R 2005-11-17
HiES US11/125174 HiEA 2005-05-10

RIRBE(ERFR)AGE) HKASHFRZ
FZEFREKRA 24

RE(EFR)AGE) KRRALHFRZ
REETREGENT

HARBEEARAGE) RZETRELT

FRIRBAA HAMADA KENJI

REAA HAMADA, KENJI

IPCH %S A61B8/00 A61B8/06 A61B8/12 A61B8/14 G01S7/52 G01S15/89

CPCH %S A61B8/06 A61B8/13 A61B8/14 A61B8/145 G01S15/8988 G01S7/52041 G01S7/52063 G01S15/8925

A61B8/461 A61B8/463

11 4% 2004141432 2004-05-11 JP
H 0 FF 32k USs7972270
SAEBEE Espacenet USPTO
RHE(R)
BERGIRREIE BERL , BEENTE S KR EIEB I ER :
REBERES 245 , HEENRHBSERL  FEBERARE e
EELHENFOLOERNE  SIEEA LBEETRENBRSEE o o e
RRERET  HREHNETRABFESLRBFRARURLTE AV [T m '
7T, EENEEARALERSRALLNELANESNERERMLERBE N
FEGEBETBEEE, [ —
PROBE 7Y ) RECENNGPART /¢
" x-umzcﬂo:li FHi ;
DIRECTION :

mouowToRf\



https://share-analytics.zhihuiya.com/view/e8e8ff13-3a6a-44ff-be48-142631df4a5e
https://worldwide.espacenet.com/patent/search/family/035310325/publication/US2005256407A1?q=US2005256407A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050256407%22.PGNR.&OS=DN/20050256407&RS=DN/20050256407

