US 20090171215A1

12) Patent Application Publication (o) Pub. No.: US 2009/0171215 Al

a9y United States

Kato et al. 43) Pub. Date: Jul. 2, 2009
(54) ULTRASONIC IMAGING APPARATUS (52) US.Cl v 600/458
(57) ABSTRACT

(76) Inventors: Sei Kato, Tokyo (JP); Takanori . ) ) o
Saito, Tokyo (JP) An uhra.somc. imaging apparatus 1npludes an image obtalplng
unit for irradiating an imaging region in a subject to which a
contrast agent is injected with an ultrasonic wave and obtain-
Correspondence Address: ing tomographic image information that draws the imaging
PATRICK W. RASCHE (20459) region, an input unit for inputting scan parameter value infor-
ARMSTRONG TEASDALE LLP mation which is set in the image obtaining unit and a target
ONE METROPOLITAN SQUARE, SUITE 2600 sound pressure parameter value of a sound pressure param-
ST. LOUIS, MO 63102-2740 (US) eter as an index of an estimated sound pressure in the subject,
an estimated maximum sound pressure parameter value cal-
(21) Appl. No.: 12/342,185 culating device, at the time of performing the irradiation, for
calculating an estimated maximum sound pressure parameter
. value in the subject on the basis of the scan parameter value
(22) Filed: Dec. 23, 2008 information an(i maximum drive voltage iIIIJfOI'IIlaﬁOIl of a
piezoelectric transducer group for generating the ultrasonic
(30) Foreign Application Priority Data wave, and a maximum drive voltage optimization device,
each time the scan parameter value information is changed,
Dec. 26,2007  (JP) oo 2007-334438 for comparing the estimated maximum sound pressure

Publication Classification

(51) Int.CL

parameter value calculated by using the estimated maximum
sound pressure parameter value calculating device and the
target sound pressure parameter value with each other and
optimizing the maximum drive voltage value of the maximum

A61B 8/14 (2006.01) drive voltage information.
109
image obtaining unit
- 102 103 105 106
transmission/ S S
reception unit —
_ . |reception signal _| image display display
1 [maximum drive " | processing unit controller unit
voltage varying L 4~12 L Iy
device
A 104
¥ S
Y image
memory
probe 101 1
ulfrasonic waves 1 ?8 107
Y

\

1 subject

control unit |

Tpu‘m

100 ultrasonic imaging apparatus



US 2009/0171215 A1

Jul. 2,2009 Sheet 1 of 9

Patent Application Publication

smesedde Buibew oluosenin Q0|

Jun Induy

LOl

SOAEM Jluosed}in

nun
Rejdsip

jun josuoo
m A
801
¥
J3||o5u0D

Reydsip abew

Aowsw
abew

[ 4
0l

10

AA

901

)

GOt

Ll "Old

Y

adsIAap

Y Al BuiAien abejon
pun Buissaooud | 9AUp Wwinuixew
jeubis uondaonal :

yun uondoaoal
w Juoissiwisuesy
€01 ¢01—
yun Buuieigo abew
601"~




US 2009/0171215 A1

Jul. 2,2009 Sheet 2 of 9

Patent Application Publication

¢ Old

pun induy

Juswainseaw €L~___

80IABP

Bumas spow Buibews 8L

A3y uoios|as

|[EAIBIUI SDEJOA YIYS 9/ —
gouy Jndul anjea jesuswinu [/~
L&y uonos|as ainssaid G/—

pUNOS 2AIONJ}S3p-UoU

ao1aap Bumes anjen | 19618y YL
£ay Buiyss pjoysaiys |y 19b61e) 64—

pieoqhay 0L

[[EQ®oES]

)

yunindur LO1

yun
Buneubisap
uaned

~--2L



US 2009/0171215 A1

Jul. 2,2009 Sheet 3 of 9

Patent Application Publication

€ Old

L8
(

é8

18—

Z | 921nep Builiea

)

2oi1nap Bunejnojes anjea

A

Y

T ™~

[ Wnwixew pajewiyss

A

ao1nap Bunjes <
aniedas anjea abeyjon [
|

a01nap BuIseaI08p SNOU |

~ -0jououl anje abelon |

20B}|OA BAIIPp BY] O] €

GO} 49]|0JJu00 )
Ae|dsip abew ay} o]

aoiaap uoneziwndo
abe}joA aAup wnuwixew

68—

p0L Alowaw auId By} 0] >

601 Jun Bujuieyqo
abewr ay) oL |

/ 01 Hun

llun joiuo2 Buiueyqo abew

ww\|\

Jun |jouod

801

N ndul wos4



US 2009/0171215 A1

Jul. 2,2009 Sheet 4 of 9

Patent Application Publication

(wo 17) ydag

¥ Old

>

a4 Co_:woa €004

0

-

(Z)

(anjeA W wnuwixew)
Xed ainssaid
punos Wnwixe

(edN "’
ainssaid punog)
Y wy




Patent Application Publication Jul. 2,2009 Sheet 5 of 9 US 2009/0171215 A1

( st )
'

set upper limit Ml
value

~—S501

'

set scan parameter
value

~S5502

i

maximum drive
voltage optimization
process

~—S5903

;

perform imaging

~S504

|
=D

FIG. 5



Patent Application Publication Jul. 2,2009 Sheet 6 of 9 US 2009/0171215 A1

Maximum drive voltage
optimization process

VC «—maximum drive
voltage upper limit value ~S601

g

VCe=VC-AV  |-_S§02

Y

calculate estimated
maximum Ml value S603

. S604
estimated

maximum MI value > upper
limit Ml value ?

YES

maximum drive voltage—VC |—~—S609

Y

set maximum drive voltage __S606

Y
( Return )

FIG. 6



US 2009/0171215 A1

Jul. 2,2009 Sheet 7 of 9

. 9Old

Patent Application Publication

0 =
anjen

anjea < ] ~—— Bumpas abejjon
IN Jebie] —> Te SALP WNWIXEN

. 3 R

. AV |

- YT

4 an(eA Yy
A ~— Jaddn abejoa
Y AVY BALID WNWIXBN
INd _
SN|EA |IN OA

WNWIXew pajewns3 a|qelien abejjop



Patent Application Publication

FIG. 8

Jul. 2,2009 Sheet 8 of 9

Maximum drive voltage
optimization process

Y

)

US 2009/0171215 A1

set first drive voltage V1 and
second drive voltage V2

~—S801

.
Y

A
5805
V2
V 2 e~
2

'S804 ‘

obtain estimated maximum
Vieva Ml value by using V2 —S802
A
. S803
YES estimated
maximum M| value > upper
limit M! value?
f/S807
V2 V1 -; V2
S806

A NO upper limit M

value - estimated maximum
Ml value < 0 ?
maximum drive voltage—V2 ~—S808
Y

set maximum drive voltage | $S809

Y
C Return )




Patent Application Publication Jul. 2, 2009

FIG. 9A

Voltage variable
V1,v2

A
Vi +

Sheet 9 of 9 US 2009/0171215 A1

Estimated maximum
MI value

PMI
A

. _
V1 <«— V2 —/—‘t—ﬂ—— Target Ml value

V2 <— Bl >

Y
o

FIG. 9B

Voltage variable
V1,v2

A
V14

v o M1V 2l

Estimated maximum
MI value
PMI

A

3

V2 —\ ~—Target Ml value




US 2009/0171215 Al

ULTRASONIC IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2007-334438 filed Dec. 26, 2007,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The embodiments described herein relate to an
ultrasonic imaging apparatus for obtaining an image of a
subject to which a contrast agent is injected.

[0003] Inrecentyears, animage ofa contrast agent injected
to a subject is obtained by using an ultrasonic imaging appa-
ratus. Ultrasound examinations using a contrast agent
includes an examination of destroying the contrast agent and
observing ultrasonic waves generated at the time of destruc-
tion and an examination of, without destroying the contrast
agent, repeatedly irradiating the contrast agent with ultra-
sonic waves and observing a harmonic content in reflected
ultrasonic waves from the contrast agent.

[0004] The contrast agent is destroved by being irradiated
with an ultrasonic wave of high sound pressure. Therefore, at
the time of repetitively irradiating the contrast agent with
ultrasonic waves and observing reflected ultrasound, the
sound pressure of the ultrasonic wave to be applied has to be
suppressed to a destruction sound pressure or less.

[0005] The ultrasonic sound pressure in the subject is
expressed by using an MI (mechanical index) as an index of
an action on a living body by ultrasonic cavitation. The MI
value shows an amount proportional to the negative sound
pressure in the ultrasonic wave in the subject and reflects the
sound pressure in the subject (refer to, for example, “Revised
medical ultrasonic equipment handbook” edited by Elec-
tronic Industries Association of Japan, Corona Publishing
Co., Ltd., Janvary 20, 1997, pp. 52 to 58). An estimated
maximum MI value in a subject calculated by using scan
parameter values or the like at the time of performing imaging
is displayed on a display screen. The operator adjusts the
magnitude of a maximum drive voltage at the time of driving
piezoelectric transducers so that the estimated maximum MI
value does not exceed a value at which the contrast agent is
destroyed.

[0006] However, in the background art, each time the scan
parameter value used for imaging is changed, the magnitude
of the maximum drive voltage has to be re-adjusted. Specifi-
cally, in the case of changing the scan parameter values such
as the electronic focus position and the aperture width, the
maximum sound pressure generated in the subject changes,
so that the estimated maximum MI value of a display screen
to be calculated also changes.

[0007] Therefore, in the case of changing the scan param-
eter values, the operator has to simultaneously re-adjust the
maximum drive voltage so as to maintain the estimated maxi-
mum MI value constant. It is a factor of deteriorating the
operability in an examination using a contrast agent.

[0008] Consequently, it is important to realize an ultrasonic
imaging apparatus in which the estimated maximum Ml value
in a subject is maintained at a predetermined value also in the
case of changing the scan parameter values.

[0009] Itis desirable that the problem described previously
is solved.
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BRIEF DESCRIPTION OF THE INVENTION

[0010] An ultrasonic imaging apparatus according to of a
first aspect includes: an image obtaining unit for irradiating
an imaging region in a subject to which a contrast agent is
injected with an ultrasonic wave and obtaining tomographic
image information that draws the imaging region; an input
unit for inputting scan parameter value information which is
set in the image obtaining unit and a target sound pressure
parameter value of a sound pressure parameter as an index of
an estimated sound pressure in the subject; an estimated
maximum sound pressure parameter value calculating
device, at the time of performing the irradiation, for calculat-
ing an estimated maximum sound pressure parameter value in
the subject on the basis of the scan parameter value informa-
tion and maximum drive voltage information of a piezoelec-
tric transducer group for generating the ultrasonic wave; and
a maximum drive voltage optimization device, each time the
scan parameter value information is changed, for comparing
the estimated maximum sound pressure parameter value cal-
culated by using the estimated maximum sound pressure
parameter value calculating device and the target sound pres-
sure parameter value with each other and optimizing the
maximum drive voltage value of the maximum drive voltage
information.

[0011] In the first aspect, each time the scan parameter
value information is changed, the estimated maximum sound
pressure parameter value and the target sound pressure
parameter value are compared with each other, and the maxi-
mum drive voltage information is optimized by the maximum
drive voltage optimization device.

[0012] An ultrasonic imaging apparatus according to a sec-
ond aspect includes: animage obtaining unit for irradiating an
imaging region in a subject to which a contrast agent is
injected with an ultrasonic wave and obtaining tomographic
image information that draws the imaging region; an input
unit for inputting scan parameter value information which is
set in the image obtaining unit and a target MI value in the
subject; an estimated maximum MI value calculating device,
at the time of performing the irradiation, for calculating an
estimated maximum MI value in the subject on the basis of
the scan parameter value information and maximum drive
voltage information of a piezoelectric transducer group for
generating the ultrasonic wave; and a maximum drive voltage
optimization device, each time the scan parameter value
information is changed, for comparing the estimated maxi-
mum MI value calculated by using the estimated maximum
MI value calculating device and the target M1 value with each
other and optimizing the maximum drive voltage value of the
maximum drive voltage information.

[0013] In the second aspect, each time the scan parameter
value information is changed, the estimated maximum MI
value and the target MI value are compared with each other,
and the maximum drive voltage information is optimized by
the maximum drive voltage optimization device.

[0014] Inathird aspect, in the ultrasonic imaging apparatus
according to the second aspect, the maximum drive voltage
optimization device changes the maximum drive voltage
value to perform optimization so that the estimated maximum
MI value becomes equal to or less than the target MI value.
[0015] In the third aspect, in the case where the target M1
value is the upper limit value of the MI value at which the
contrast agent is not destroyed, the maximum drive voltage is
set to a voltage at which the contrast agent is not destroyed.
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[0016] Inafourth aspect, in the ultrasonic imaging appara-
tus according to the third aspect, the maximum drive voltage
optimization device has a voltage value monotonous decreas-
ing device for gradually decreasing a drive voltage value of
the piezoelectric transducer group from an overvoltage value
at which the estimated maximum MI value exceeds the target
MI value at predetermined voltage intervals.

[0017] In the fourth aspect, the optimum value is searched
in order from the largest maximum drive voltage value by the
voltage value monotonous decreasing device.

[0018] Inafifth aspect, in the ultrasonic imaging apparatus
according to the fourth aspect, the input unit has a voltage
interval setting device for setting the voltage interval.

[0019] In the fifth aspect, precision for optimization and
search time is adjusted.

[0020] Inasixthaspect,intheultrasonic imaging apparatus
according to the fourth or fifth aspect, the maximum drive
voltage optimization device sets an initial maximum drive
voltage value at which the estimated maximum MI value
becomes equal to or less than the target MI value to an
optimized maximum drive voltage value.

[0021] In the sixth aspect, the estimated maximum MI
value is set as the highest value equal to or less than the target
MI value, and high-sensitivity tomographic image informa-
tion is obtained.

[0022] In aseventh aspect, in the ultrasonic imaging appa-
ratus according to the third aspect, the maximum drive volt-
age optimization device has, as the maximum drive voltage
information, a first maximum drive voltage value at which the
estimated maximum MI value exceeds the target MI value
and a second maximum drive voltage value smaller than the
first maximum drive voltage value.

[0023] In the seventh aspect, as variables of optimization,
the first and second maximum drive voltage values are used.
[0024] In an eighth aspect, in the ultrasonic imaging appa-
ratus according to the seventh aspect, the maximum drive
voltage optimization device has a voltage value repetitive
setting device for newly setting, when a second estimated
maximum MI value calculated by using the second maximum
drive voltage value exceeds the target MI value, the second
maximum drive voltage value to the first maximum drive
voltage value, and newly setting a value of the half of the
second maximum drive voltage value to the second maximum
drive voltage value.

[0025] In the eighth aspect, the voltage value repetitive
setting device makes the second maximum drive voltage
value to be close to an optimum value.

[0026] Inaninthaspect,inthe ultrasonic imaging apparatus
according to the eighth aspect, when a second estimated
maximum MI value calculated by using the second maximum
drive voltage value is equal to or less than the target M1 value,
the voltage value repetitive setting device newly sets an aver-
age value of the first and second maximum drive voltage
values to the first maximum drive voltage value.

[0027] In the ninth aspect, the voltage value repetitive set-
ting device sets the second maximum drive voltage value
close to an optimum value.

[0028] Inatenthaspect,inthe ultrasonic imaging apparatus
according to the ninth aspect, when a second estimated maxi-
mum MI value calculated by using the second maximum
drive voltage value is equal to or less than the target MI value
and the difference between the target M1 value and the second
estimated maximum MI value does not exceed a target MI
threshold, the maximum drive voltage optimization device
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sets the second maximum drive voltage value as an optimized
maximum drive voltage value.

[0029] In the tenth aspect, a value at which the difference
between the target MI value and the second estimated maxi-
mum MI value does not exceed the target MI threshold is set
as an optimum value.

[0030] In an eleventh aspect, in the ultrasonic imaging
apparatus according to the tenth aspect, the input umit
includes a target MI threshold setting device for inputting the
target MI threshold.

[0031] In the eleventh aspect, precision of optimization is
adjusted.
[0032] In atwelfth aspect, in the ultrasonic imaging appa-

ratus according to any one of the second to eleventh aspects,
at the time of obtaining the tomographic image information
by using a plurality of imaging modes having different scan
parameter value information, the maximum drive voltage
optimization device optimizes the maximum drive voltage
value in each of the imaging modes.

[0033] In the twelfth aspect, the maximum drive voltage
value is optimized in each of the imaging modes, so that
non-destruction of the contrast agent is made more reliably.
[0034] In a thirteenth aspect, in the ultrasonic imaging
apparatus according to the twelfth aspect, the input unit inputs
target MI value information for each of the imaging modes.
[0035] In the thirteenth aspect, the target MI value infor-
mation is optimized on the imaging mode unit basis.

[0036] In a fourteenth aspect, in the ultrasonic imaging
apparatus according to the thirteenth aspect, the imaging
modes include a contrast agent imaging mode and a B-mode.
[0037] In the fourteenth aspect, the imaging mode is set so
as to be adapted to obtain an image of a contrast agent.
[0038] Ina fifteenth aspect, in the ultrasonic imaging appa-
ratus according to the fourteenth aspect, the input unit inputs,
as a target MI value in the B-mode, a safety factor of a value
equal to or less than 1 and exceeding 0, with which a target M1
value in the contrast agent imaging mode is multiplied.
[0039] In the fifteenth aspect, at the time of performing
imaging in the B-mode, non-destruction of a contrast agent is
made reliably.

[0040] Inasixteenth aspect,inthe ultrasonic imaging appa-
ratus according to the fourteenth aspect, the input unit inputs,
as a target MI value in the B-mode, a predetermined value to
be subtracted from a target MI value in the contrast agent
imaging mode.

[0041] In the sixteenth aspect, at the time of performing
imaging in the B-mode, non-destruction of a contrast agent is
made reliably.

[0042] In a seventeenth aspect, in the ultrasonic imaging
apparatus according to the twelfth aspect, the maximum drive
voltage optimization device has a target Ml value calculating
device for automatically calculating a target MI value for each
of the imaging modes on the basis of the target MI value.
[0043] In the seventeenth aspect, the target MI value by
mode is automatically calculated.

[0044] In an eighteenth aspect, in the ultrasonic imaging
apparatus according to the seventeenth aspect, the imaging
modes include a contrast agent imaging mode and a B-mode.
[0045] Inthe eighteenth aspect, the imaging mode is set so
as to be adapted to obtain an image of a contrast agent.
[0046] In a nineteenth aspect, in the ultrasonic imaging
apparatus according to the eighteenth aspect, when the target
MI value is for the contrast agent imaging mode, the target M1
value calculating device calculates a target MI value in the



US 2009/0171215 Al

B-mode by multiplying the target MI value with a safety
factor of a value equal to or less than 1 and exceeding 0.
[0047] In a twentieth aspect, in the ultrasonic imaging
apparatus according to the eighteenth aspect, when the target
MI value is for the contrast agent imaging mode, the target MI
value calculating device calculates a target MI value in the
B-mode by subtracting a predetermined value from the target
MI value.

[0048] When scan parameter value information is changed
in an examination using a contrast agent, a work for manually
re-setting the maximum drive voltage of a piezoelectric trans-
ducer is eliminated, thereby improving operability. In addi-
tion, also in the case where the examination includes a plu-
rality of imaging modes, the maximum drive voltage is
optimized on the imaging mode unit basis, so that non-de-
struction of the contrast agent can be made more reliably.
[0049] Further objects and advantages of the present inven-
tion will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a block diagram showing a general con-
figuration of an ultrasonic imaging apparatus.

[0051] FIG. 2 is an appearance view showing the appear-
ance of an input unit in the embodiment.

[0052] FIG. 3isablock diagram showing the configuration
of a control unit in the embodiment.

[0053] FIG. 4 is an explanatory diagram showing an
example of a sound pressure distribution in the depth direc-
tion.

[0054] FIG. 5 is a flowchart showing operations of the
control unit in the embodiment.

[0055] FIG. 6 is a flowchart showing operations of maxi-
mum drive voltage optimization process using a voltage value
monotonous decreasing device.

[0056] FIG. 7 is an explanatory diagram schematically
showing operations of the voltage value monotonous decreas-
ing device.

[0057] FIG. 8 is a flowchart showing operations of the
maximum drive voltage optimization process using a voltage
value repetitive setting device.

[0058] FIGS. 9A and 9B are explanatory diagrams sche-
matically showing operations of the voltage value repetitive
setting device.

DETAILED DESCRIPTION OF THE INVENTION

[0059] Embodiments of an ultrasonic imaging apparatus
will be described below with reference to the appended draw-
ings. However, the invention is not limited to the embodi-
ments described herein.

[0060] First, a general configuration of an ultrasonic imag-
ing apparatus 100 of the embodiment will be described. FIG.
1 is a block diagram showing a general configuration of the
ultrasonic imaging apparatus 100 of the embodiment. The
ultrasonic imaging apparatus 100 includes a probe 101, an
image obtaining unit 109, a cine memory 104, an image
display controller 105, a display unit 106, an input unit 107,
and a control unit 108. The image obtaining unit 109 further
includes a transmission/reception unit 102 and a reception
signal processing unit 103.

[0061] The probe 101 repeatedly emits ultrasonic waves to
a part for transmitting/receiving the ultrasonic waves, that is,
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in a specific direction of a tomographic section in a subject 1
and receives an ultrasonic signal reflected from the inside of
the subject 1 as time-sequential sound rays. The probe 101
performs an electronic scan while sequentially switching the
ultrasonic wave irradiation direction. In the probe 101, not-
shown piezoelectric transducers are arranged in an array.
[0062] The transmission/reception unit 102 is connected to
the probe 101 via a coaxial cable and performs initial ampli-
fication on an electric signal for driving the piezoelectric
transducers in the probe 101 and an ultrasonic signal received.
The transmission/reception unit 102 includes a maximum
drive voltage varying device 12. The maximum drive voltage
varying device 12 changes the maximum drive voltage for
driving the piezoelectric transducers in accordance with a
control signal from the control unit 108. Therefore, the maxi-
mum drive voltage varying device 12 changes the maximum
sound pressure of the ultrasonic wave emitted to the subject.
The control unit 108 determines the maximum drive voltage
on the basis of the value of a power level PL set from the input
unit 107,

[0063] The reception signal processing unit 103 generates
an electric signal for driving the transmission/reception umt
102 and generates tomographic image information such as
B-mode image information from an ultrasonic signal ampli-
fied by the transmission/reception unit 102. Particularly, in
the case of injecting a contrast agent to the subject 1, a
contrast agent mode process in which a scan parameter value
1s optimized to imaging with a contrast agent is performed to
obtain contrast agent mode image information.

[0064] In the case of transmitting ultrasonic waves, the
reception signal processing unit 103 delays a transmission
signal so that focus is adjusted to a focal position. In the case
of receiving ultrasonic waves, the reception signal processing
unit 103 performs a process of delaying and adding a received
ultrasonic signal, an AID (analog/digital) converting process,
a process of writing the converted digital information as
tomographic image information into the cine memory 104
which will be described later, and the like.

[0065] The cine memory 104 stores tomographic image
information and the like generated in the contrast imaging
mode process. Particularly, the cine memory 104 stores the
tomographic image information which changes with time
together with information of time at which the information is
obtained using a frame indicative of a single piece of tomo-
graphic image information of the imaging region as the mini-
mum unit.

[0066] The image display controller 105 performs conver-
sion of a display frame rate of the tomographic image infor-
mation or the like generated by the reception signal process-
ing unit 103, colour display control, and controls on the
shapes and positions of a display image of the tomographic
image information. The image display controller 105 displays
an ROI (Region Of Interest) and the like on a display image of
the tomographic image information and the like.

[0067] The display unit 106 visibly displays image infor-
mation output from the image display controller 105 to the
operator by using a CRT (Cathode Ray Tube), an LCD (Lig-
uid Crystal Display), or the like. The display unit 106 can
display a color image in accordance with an instruction from
the image display controller 105.

[0068] The control unit 108 controls operations of the parts
in the ultrasonic imaging apparatus 100 on the basis of an
operation input signal from the input unit 107, a prestored
program, and data, and displays a B-mode image or the like as
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the tomographic image information on the display unit 106.
The control unit 108 will be described in detail later.

[0069] Theinputunit107 is made by akeyboard, a pointing
device, and the like. An operation input signal for selecting an
imaging mode, a scan parameter value used at the time of
obtaining an image, and the like are input by the operator and
transmitted to the control unit 108.

[0070] FIG. 2 is a view illustrating an example of the input
unit 107. The input unit 107 includes a keyboard 70, a TGC
(Time Gain Controller) 71, a patient designating unit 72
including a new patient key, a measurement input unit 73
including a track ball and also a sewing as ROI (Region Of
Interest) setting device, an imaging mode setting device 78,
and a target MI value setting device 74.

[0071] The TGC 71 adjusts the gain in the depth direction
of tomographic image information displayed. The patient
designating unit 72 includes a key selected in the case of
obtaining an image of a new subject. The measurement input
unit 73 has keys for setting the shape, position, size, and the
like of a region of interest at the time of setting a region of
interest in the display unit 106, and the function of measuring
a pixel value and the like in the set region of interest. The
target MI value setting device 74 inputs non-destructive
sound pressure information as the upper limit value of sound
pressure at which the contrast agent is not destroyed in the
case of performing imaging using the contrast agent.

[0072] The target MI value setting device 74 is constructed
by a nondestructive sound pressure selection key 75, a shift
voltage interval selection key 76, a target MI threshold setting
key 79, and a numerical value input knob 77. In the case
where the non-destructive sound pressure selection key 75 is
turned on, numerical value information input from the
numerical value input knob 77 indicates the upper limit value
of the non-destructive sound pressure of the contrast agent
using MI. In the case where the shift voltage interval selection
key 76 is turned on, numerical value information input from
the numerical value input knob 77 indicates the value of a
variation width AV of the maximum drive voltage used in a
voltage monotonous decreasing device of a maximum drive
voltage optimization which will be described later. In the case
where the target MI threshold setting key 79 is turned on,
numerical value information input from the numerical value
input knob 77 becomes a target MI threshold d for determin-
ing the magnitude of the difference between a target M1 value
which will be described later and an estimated maximum MI
value.

[0073] Theimaging mode setting device 78 is used to select
an imaging mode such as a contrast agent imaging mode or a
B-mode. Keys corresponding to the imaging modes exist, and
the imaging mode corresponding to a depressed key is
executed. Synchronously with the selection of the key, a key
input in the target M1 value setting device 74 also corresponds
to the selected imaging mode.

[0074] FIG. 3isablock diagram showing the configuration
ofthe controlunit 108. The control unit 108 includes an image
obtaining control unit 88, a maximum drive voltage optimi-
zation device 89, and an estimated maximum MI value cal-
culating device 87.

[0075] The image obtaining control unit 88 performs an
ultrasonic scan on the basis of scan parameter value informa-
tion such as imaging mode designation information, maxi-
mum drive voltage information, focal position information,
and drive frequency information, and obtains tomographic
image information.
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[0076] The estimated maximum MI value calculating
device 87 calculates an estimated maximum MI value PMI in
the subject 1 on the basis of the scan parameter value infor-
mation and the maximum drive voltage information. A
method of calculating the estimated maximum MI value will
be described. MI expresses an index indicative of sound pres-
sure in the subject 1. A negative sound pressure Pr3 (Mpa:
mega-pascal) in a tissue in the subject 1 has the following
relation.

MI=Pr3/f2 Eq. (1)

where f (MHz: mega-hertz) denotes the center frequency of
the ultrasonic wave. From the relation, the value of MI is
calculated by using the value of Pr3.

[0077] The negative sound pressure Pr3 in thee tissue has
the following relation using the negative sound pressure Pr
under water and a conversion factor k.

Pri3=kxPr Eq.(2)

[0078] From the relation, the value of Pr3 is calculated
using the value of the negative sound pressure Prunder water.
[0079] The negative sound pressure Pr under water has the
following relation to a sound pressure amplitude Pm of the
sound pressure that varies sinusoidally under water.

Pr=Pm-Ps Eq.(3)

where Ps denotes static pressure (normal one atmospheric
pressure). On the basis of the relation, the value of the nega-
tive sound pressure Ps under water is calculated by using the
sound pressure amplitude Pm under water.

[0080] The sound pressure amplitude Pm under water is
obtained from the scan parameter value and the sound pres-
sure distribution under water experimentally calculated. The
distribution of the sound pressure amplitude Pm under water
based on a predetermined scan parameter value is experimen-
tally calculated by, for example, moving a hydrophone
mounted under water or the like. The distribution information
of the sound pressure amplitude Pm is pre-set in the estimated
maximum MI value calculating device 87 as nonvolatile
information manually input from the input unit 107 or written
in a ROM or the like.

[0081] FIG. 4 is an explanatory diagram showing an
example of a sound pressure distribution function obtained.
The depth direction from the probe 101 to the inside of the
subject 1 is set in the horizontal axis (z axis), and the sound
pressure amplitude Pm of an ultrasonic wave emitted is set in
the vertical axis. The origin of the z-axis as the horizontal axis
is the surface of the probe 101 that comes into contact with the
subject 1. The sound pressure distribution in the depth direc-
tion shows maximum sound pressure Pmax around the focal
position FD and, after that, the sound pressure decreases
gradually. The estimated maximum MI value calculating
device 87 calculates the estimated maximum MI value PMI
by using the above-described conversion formula using the
maximum sound pressure PMax. The distribution function in
the case of using the sound pressure parameter such as M,
Pr3, Pr, or the like is the same as that in the case of using the
sound pressure amplitude Pm.

[0082] The sound pressure distribution information Pm(Z)
as shown in FIG. 4 varies with changes in the scan parameter
value. Examples of the scan parameter value which changes
the sound pressure distribution are probe information Ty
including resonance frequency, focal position FD of an elec-
tronic focus achieved in the scan direction, aperture width
AW indicative of the number of piezoelectric transducers
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simultaneously driven in the scan direction, apodization
information AP, and maximum drive voltage MV for driving
the piezoelectric transducers. With the scan parameter values,
the sound pressure distribution information Pm(Z) experi-
mentally obtained and the maximum MI value are corrected
to proper ones. The estimated maximum MI value PMI can be
expressed as follows when the correction factor is indicated
as “f”.

PMI=f{MV, 3, FD, AW, 4P,.. . Eq. (4)

[0083] The correction factor “f” has a complicated function
form. It is easy to obtain PMI on the left side from the
operation part on the right side. However, it is not easy to
determine one variable in the right-side operation part, for
example, the maximum drive voltage MV by using PMI as an
independent variation.

[0084] Referring again to FIG. 3, the maximum drive volt-
age optimization device 89 optimizes the maximum drive
voltage MV by using the correction factor “f”. In the optimi-
zation, the maximum drive voltage MV when the estimated
maximum MI value PMI becomes the maximum at the target
MI value or less is obtained. At the maximum drive voltage
MYV, the sound pressure in the subject 1 does not exceed the
target M1 value, destruction of the contrast agent is prevented,
and tomographic image information of the maximum sensi-
tivity is obtained under this condition.

[0085] The maximum drive voltage optimization device 89
includes a voltage value monotonous decreasing device 81
and a voltage value repetitive setting device 82. The voltage
value monotonous decreasing device 81 and the voltage value
repetitive setting device 82 include two different methods of
optimizing the maximum drive voltage DV. Any one of the
methods is selected and executed. The functions and opera-
tions of the voltage value monotonous decrease device 81 and
the voltage value repetitive setting device 82 will be described
in detail in the following explanation of the operation of the
control unit 108.

[0086] The operation of the control unit 108 in the embodi-
ment will now be described. FIG. 5 is a flowchart showing the
operation of the control unit 108. First, the operator enters the
target MI value indicative of the upper limit of the non-
destructive sound pressure of the contrast agent by using the
target M1 value setting device 74 in the input unit 107 (step
S501). In the case of optimizing the maximum drive voltage
by using the voltage value monotonous decreasing device 81,
the operator simultaneously selects the shift voltage interval
selecting key 76 to enter the shift voltage interval AV as a
variation width at the time of varying the maximum drive
voltage.

[0087] After that, the operator sets the scan parameter val-
ues for imaging (step S502). The operator sets focal position,
aperture width, and the like optimum to draw the contrast
agent.

[0088] After that, the maximum drive voltage optimization
device 89 performs maximum drive voltage optimization pro-
cess using the target MI value and the scan parameter values
that are set (step S503). FIG. 6 is a flowchart showing the
maximum drive voltage optimization process in the case of
using the voltage value monotonous decreasing device 81.
First, the voltage value monotonous decreasing device 81 sets
the maximum drive voltage upper limit value which canbe set
in the maximum drive voltage varying device 12 for VC as a
voltage variable indicative of the maximum drive voltage
(step S601).
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[0089] Thevoltage value monotonous decreasing device 81
sets, as a new voltage variable VC, a value obtained by sub-
tracting the shift voltage interval AV entered by using the
target MI value setting device 74 from VC as a voltage vari-
able (step S602). The voltage interval ofabout 1% to a few %
of the maximum drive voltage upper limit value is set, and the
shift voltage interval AV entered by using the target MI value
setting device 74 is determined in consideration of precision
of optimization and computation time.

[0090] The maximum drive voltage optimization device 89
transmits the information of the value of the voltage variable
VC to the estimated maximum MI value calculating device
87, and calculates the estimated maximum MI value PMI
(step S603). The maximum drive voltage optimization device
89 transmits information of the calculated estimated maxi-
mum MI value from the estimated maximum MI value cal-
culating device 87 to the voltage value monotonous decreas-
ing device 81.

[0091] After that, the voltage value monotonous decreasing
device 81 determines whether the calculated estimated maxi-
mum MI value is larger than the target M1 value or not (step
S604). When the estimated maximum MI value is larger than
the target MI value (YES in step S604), due to the possibility
that the contrast agent is destroyed, the voltage value monoto-
nous decreasing device 81 shifts to step S602 and decreases
the value of the voltage variable VC only by the shift voltage
interval AV, and the steps S603 and S604 are repeated.

[0092] Inthe case where the estimated maximum MI value
is equal to or less than the target MI value (NO in step S604),
the contrast agent is not destroyed, so that the voltage value
monotonous decreasing device 81 sets the value of the voltage
variable VC as the value of the maximum drive voltage (step
S605). The voltage value monotonous decreasing device 81
sets the value of the maximum drive voltage as the maximum
drive voltage ofthe maximum drive voltage varying device 12
(step S606).

[0093] When the estimated maximum MI value is set to the
target M1 value or less and the voltage variable VC is changed
in the shift voltage interval AV, the value of the maximum
drive voltage is used to set the maximum estimated maximum
MI value at the target MI value or less.

[0094] FIG. 7 is a schematic diagram schematically show-
ing processes for setting the maximum drive voltage. The
vertical axis on the left side indicates the value of the voltage
variable VC, and the vertical axis on the right side indicates
the estimated maximum MI value PMI obtained by using the
function “f”. In the axes, the higher, the larger the value is.
The function “f” is a monotonous increase function with
which the estimated maximum MI value also increases as the
voltage variable VC increases. Initially, using a value close to
the maximum drive voltage upper limit value as the voltage
variable VC, the estimated maximum MI value is calculated.
After that, the value of the voltage value VC is gradually
decreased, and the value of the maximum drive voltage at
which the estimated maximum MI value becomes the initial
MI value or less is used as a set value of the maximum drive
voltage varying device 12.

[0095] Inthe maximum drive voltage optimization process
in the step S503, the example using the voltage value monoto-
nous decreasing device 81 has been described. Alternately,
the maximum drive voltage optimization process can be also
performed by using the voltage value repetitive setting device
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82.FIG. 8 is a flowchart showing the maximum drive voltage
optimization process in the case of using the voltage value
repetitive setting device 82.

[0096] First, the voltage value repetitive setting device 82
sets, as initial values, a first maximum drive voltage V1 and a
second maximum drive voltage V2 smaller than the first
maximum drive voltage V1 (step S801). The first maximum
drive voltage V1 is, for example, the maximum drive voltage
upper limit value of the maximum drive voltage varying
device 12. The second maximum drive voltage V2 is set to a
value that is the half of the maximum drive voltage upper limit
value. The maximum drive voltage optimization device 89
transmits the second maximum drive voltage V2 to the esti-
mated maximum MI value calculating device 87.

[0097] After that, the estimated maximum MI value calcu-
lating device 87 calculates the estimated maximum MI value
PMI by using the second maximum drive voltage V2 (step
S802). The estimated maximum MI value is sent back to the
voltage value repetitive setting device 82. The voltage value
repetitive setting device 82 determines whether the estimated
maximum MI value is larger than the target MI value or not
(step S803). When the estimated maximum MI value is larger
than the target MI value (YES in step S803), the voltage value
repetitive setting device 82 newly sets the value of the second
maximum drive voltage V2 as a value of the first maximum
drive voltage V1 (step S 804), newly sets the value of the half
of the second maximum drive voltage V2 as a value of the
second maximum drive voltage V2 (step S805), and shifts to
the step S802.

[0098] FIG. 9A is a schematic diagram similar to FIG. 7,
schematically showing the processes in the steps S803 to
S805. The vertical axis on the left side of FIG. 9A indicates
the values of the voltage variables V1 and V2, and the vertical
axis on the right side indicates the estimated maximum MI
value. One estimated maximum MI value is calculated by
using the function “f” for one value of the voltage variable.
FIG. 9A shows the processes performed in the case of YES in
step S 803. In the case where the estimated maximum MI
value of the voltage variable V2 exceeds the target M1 value,
the second maximum drive voltage V2 is newly set as the first
maximum drive voltage V1, and the value of the half of the
second maximum drive voltage V2 is newly set as the second
maximum drive voltage V2.

[0099] Referring again to FIG. 8, in the case where the
estimated maximum MI value is equal to or less than the
target M1 value (NO in step S803), the voltage value repetitive
setting device 82 determines whether the error obtained by
subtracting the estimated maximum MI value from the target
MI value is within the set target MI threshold  or not (step
S806). In this case, the target MI threshold 9 is a preset
empirical value. The smaller the target MI threshold d is, the
more the estimated maximum MI value becomes close to the
target MI value. The sensitivity of tomographic image infor-
mation obtained can be increased. On the other hand, com-
putation time necessary to optimize the second maximum
drive voltage V2 becomes longer.

[0100] When the error obtained by subtracting the esti-
mated maximum MI value from the target M1 value is out of
the target M1 threshold & (NO in step S806), the voltage value
repetitive setting device 82 newly sets an average value of the
first and second maximum drive voltages V1 and V2 as the
value of the second maximum drive voltage V2 (step S807),
and shifts to step S802.
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[0101] FIG. 9B is a schematic diagram similar to FIG. 9A,
schematically showing the processes in the steps S803, S806,
and S807. The vertical axis on the left side of FIG. 9B indi-
cates the values of the voltage variables V1 and V2, and the
vertical axis on the right side indicates the estimated maxi-
mum MI value. One estimated maximum MI value is calcu-
lated by using the function “f” for one value of the voltage
variable. FIG. 9B shows the processes performed in the case
of NO in steps S803 and S806. That is, FIG. 9B shows an
example in which when the estimated maximum MI value of
the voltage variable V2 is equal to or less than the target M1
value, whether the error obtained by subtracting the estimated
maximum MI value from the target M1 value lies in the target
MI threshold d or not. When the error is not included in the
error range of the target MI threshold 0, an average value of
the first and second maximum drive voltages V1 and V2 is
newly set as the second maximum drive voltage V2.

[0102] Referring again to FIG. 8, in the case where the error
obtained by subtracting the estimated maximum MI value
from the target MI value is within the target MI threshold &
(YES instep S806), the voltage value repetitive setting device
82 sets the value of the second maximum drive voltage V2 as
a maximum drive voltage to be obtained (step S808). The
value is set as the maximum drive voltage in the maximum
drive voltage varying device 12 (step S809), and the maxi-
mum drive voltage optimization process is finished.

[0103] After that, referring again to FIG. 5, the operator
injects the contrast agent to the subject 1, performs imaging
(step S504), and finishes the process.

[0104] As described above, in the embodiment, the maxi-
mum drive voltage at which the estimated maximum MI value
becomes the maximum value which does not exceed the set
target MI value is obtained by the maximum drive voltage
optimization device 89, and the maximum drive voltage is set
in the maximum drive voltage varying device 12. Conse-
quently, also in the case where the scan parameter values are
changed, the operator can perform a reliable contrast agent
examination that does not destroy the contrast agent without
an effort of resetting the maximum drive voltage.

[0105] In the embodiment, the maximum drive voltage
optimization device 89 performs the maximum drive voltage
optimization process in the specific imaging mode that is set
by the operator. The maximum drive voltage optimization
device 89 can perform the process also in the case where a
plurality of imaging modes are set mixedly. However, since
there is a case that the scam parameter values vary among the
imaging modes, the optimization is performed in each of the
imaging modes. For example, a scan using a phase inversion
method of obtaining an image of the contrast agent and a scan
using the B-mode of obtaining background image informa-
tion of the contrast agent are performed alternatively. In the
case of obtaining information of one tomographic image, the
scan parameter values of each of the imaging modes are used,
and the maximum drive voltage is optimized on the imaging
mode unit basis.

[0106] In the case where the plurality of imaging modes
exist, the target MI values to be set may vary among the
imaging modes. For example, in imaging in the B-mode
performed to obtain a background image, to reliably prevent
destruction of the contrast agent, a target MI value smaller
than the target MI value which is set in the imaging mode such
as the phase inversion method can be also set.

[0107] In this case, the target MI value setting device 74
inputs the target MI value in the imaging mode selected by the
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imaging mode setting device 78 from the numerical value
input knob 77. The numerical value information input from
the numerical value input knob 77 can be set as a safety factor
value “k” having a value satisfying therelation 0<k=1.0, with
which the target MI value set in the contrast agent imaging
mode is multiplied, or a predetermined MI value to be sub-
tracted from the target MI value set in the contrast agent
imaging mode.

[0108] In the case where the plurality of imaging modes
mixedly exist, a target MI value for each of the imaging
modes can be also automatically calculated and set. In this
case, the maximum drive voltage optimization device 89 has
a target MI value calculating device, and the target MI value
calculating device automatically calculates the target MI
value by imaging mode from the preset target MI value. In the
case where the imaging mode includes the contrast agent
imaging mode and the B-mode and the preset target MI value
is for the contrast agent imaging mode, the target MI value
calculating device sets a value obtained by multiplying the
target MI value with the safety factor “k” or a value obtained
by subtracting the predetermined MI value from the target M1
value as the target MI value of the B-mode.

[0109] Although the optimization process is performed by
using MI in the embodiment, similarly, optimization can be
also performed by using the sound pressure parameter as the
index of the sound pressure in the subject 1 such as the
negative sound pressures Pr3 and Pr or the sound pressure
amplitude Pm.

[0110] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic imaging apparatus comprising:

an image obtaining unit configured to irradiate an imaging
region in a subject into which a contrast agent is injected
with an ultrasonic wave, and to obtain tomographic
image information that draws the imaging region;

an input unit configured to input scan parameter value
information which is set in said image obtaining unit and
atarget sound pressure parameter value of a sound pres-
sure parameter as an index of an estimated sound pres-
sure in the subject;

an estimated maximum sound pressure parameter value
calculating device configured to calculate, at the time of
performing the irradiation, an estimated maximum
sound pressure parameter value in the subject based on
the scan parameter value information and maximum
drive voltage information of a piezoelectric transducer
group configured to generate the ultrasonic wave; and

a maximum drive voltage optimization device configured
to compare, each time the scan parameter value infor-
mation is changed, the estimated maximum sound pres-
sure parameter value and the target sound pressure
parameter value with each other and to optimize a maxi-
mum drive voltage value of the maximum drive voltage
information.

2. An ultrasonic imaging apparatus comptrising:

an image obtaining unit configured to irradiate an imaging
region in a subject into which a contrast agent is injected
with an ultrasonic wave, and to obtain tomographic
image information that draws the imaging region;
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an input unit configured to input scan parameter value
information which is set in said image obtaining unit and
a target MI value in the subject;

an estimated maximum MI value calculating device con-
figured to calculate, at the time of performing the irra-
diation, an estimated maximum MI value in the subject
based on the scan parameter value information and
maximum drive voltage information of a piezoelectric
transducer group for configured to generate the ultra-
sonic wave; and

a maximum drive voltage optimization device configured

to compare, each time the scan parameter value infor-
mation is changed, the estimated maximum MI value
and the target MI value with each other and to optimize
a maximum drive voltage value of the maximum drive
voltage information.

3. The ultrasonic imaging apparatus according to claim 2,
wherein said maximum drive voltage optimization device is
configured to change the maximum drive voltage value to
perform optimization so that the estimated maximum MI
value becomes equal to or less than the target MI value.

4. The ultrasonic imaging apparatus according to claim 3,
wherein said maximum drive voltage optimization device
comprises a voltage value monotonous decreasing device
configured to gradually decreasing a drive voltage value of
the piezoelectric transducer group from an overvoltage value
at which the estimated maximum MI value exceeds the target
MI value at a predetermined voltage interval.

5. The ultrasonic imaging apparatus according to claim 4,
wherein said input unit comprises a voltage interval setting
device configured to set the voltage interval.

6. The ultrasonic imaging apparatus according to claim 3,
wherein said maximum drive voltage optimization device is
configured to set an initial maximum drive voltage value at
which the estimated maximum MI value becomes equal to or
less than the target MI value to an optimized maximum drive
voltage value.

7. The ultrasonic imaging apparatus according to claim 3,
wherein the maximum drive voltage information, informa-
tion includes a first maximum drive voltage value at which the
estimated maximum MI value exceeds the target MI value
and a second maximum drive voltage value smaller than the
first maximum drive voltage value.

8. The ultrasonic imaging apparatus according to claim 7,
wherein said maximum drive voltage optimization device
comprises a voltage value repetitive setting device configured
to set, when a second estimated maximum MI value calcu-
lated by using the second maximum drive voltage value
exceeds the target MI value, the second maximum drive volt-
age value to the first maximum drive voltage value, and to set
avalue of half of the second maximum drive voltage value to
the second maximum drive voltage value.

9. The ultrasonic imaging apparatus according to claim §,
wherein when a second estimated maximum MI value calcu-
lated by using the second maximum drive voltage value is
equal to or less than the target M1 value, said voltage value
repetitive setting device newly is configured to set an average
value of the first and second maximum drive voltage values to
the first maximum drive voltage value.

10. The ultrasonic imaging apparatus according to claim 9,
wherein when a second estimated maximum MI value calcu-
lated by using the second maximum drive voltage value is
equal to or less than the target MI value and a difference
between the target M1 value and the second estimated maxi-
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mum MI value does not exceed a target MI threshold, said
maximum drive voltage optimization device is configured to
set the second maximum drive voltage value as an optimized
maximum drive voltage value.

11. The ultrasonic imaging apparatus according to claim
10, wherein said input unit comprises a target MI threshold
setting device configured to input the target MI threshold.

12. The ultrasonic imaging apparatus according to claim 2,
wherein at the time of obtaining the tomographic image infor-
mation by using a plurality of imaging modes having different
scan parameter value information, said maximum drive volt-
age optimization device is configured to optimize the maxi-
mum drive voltage value in each of the imaging modes.

13. The ultrasonic imaging apparatus according to claim
12, wherein said input unit is configured to input target MI
value information for each of the imaging modes.

14. The ultrasonic imaging apparatus according to claim
13, wherein the imaging modes include a contrast agent imag-
ing mode and a B-mode.

15. The ultrasonic imaging apparatus according to claim
14, wherein said input unit is configured to input, as a target
MI value in the B-mode, a safety factor of a value equal to or
less than 1 and exceeding 0, with which a target M1 value in
the contrast agent imaging mode is multiplied.
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16. The ultrasonic imaging apparatus according to claim
14, wherein said input unit is configured to input, as a target
MI value in the B-mode, a predetermined value to be sub-
tracted from a target MI value in the contrast agent imaging
mode.

17. The ultrasonic imaging apparatus according to claim
12, wherein said maximum drive voltage optimization device
comprises a target MI value calculating device configured to
automatically calculate a target MI value for each of the
imaging modes based on the target M1 value.

18. The ultrasonic imaging apparatus according to claim
17, wherein the imaging modes include a contrast agent imag-
ing mode and a B-mode.

19. The ultrasonic imaging apparatus according to claim
18, wherein when the target MI value is for the contrast agent
imaging mode, said target MI value calculating device is
configured to calculate a target MI value in the B-mode by
multiplying the target MI value with a safety factor of a value
equal to or less than 1 and exceeding 0.

20. The ultrasonic imaging apparatus according to claim
18, wherein when the target MI value is for the contrast agent
imaging mode, said target MI value calculating device is
configured to calculate a target MI value in the B-mode by
subtracting a predetermined value from the target MI value.
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