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(57) ABSTRACT

According to one embodiment, an ultrasonic diagnostic appa-
ratus comprises an ultrasonic probe, a transmission unit, a
reception unit, a correction unit, an image processing unit and
a display unit. The ultrasonic probe includes a plurality of
ultrasonic transducer elements. The reception unit stores a
plurality of image generation reception signals corresponding
to the plurality of ultrasonic transducer elements, generates a
reception beam in accordance a predetermined reception con-
dition by using each of the stored image generation reception
signals, and stores a plurality of correction reception signals
corresponding to the plurality of ultrasonic transducer ele-
ments. The correction unit receives the plurality of correction
reception signals and corrects at least one of the transmission
conditions and the reception condition based on the plurality
of correction reception signals.

1
1)1 /
Apparatus main body 2 |
) 25 26 28 30
B-mode |, . L / { Iy
processing unit | ™| 2 am data] | Volume data Image Display i
Blood flow memory | |generation unit| " |processing unit M processing unif W
detection unit > A
N
24
| | Backend F27
12 22 processing unit
/ ! 31
Uttrasonic - Uttrasonic ) 4
probe [ reception unit Storage unit
1 -Apparatus control program
Ultrasonic *Image data
P fransmission unit 3)2 13
21 29 Interface unit Input device
/ Operation panel
Control CPU External storage device
| ontrol processor (CPU) I— Network
[
I
Network




l Ol

US 2014/0121519 A1

v_._o%mz - -
_
SOMBN
ao1nap abeso;s [eusaXg — (nd0) Josseooud jonuo) |
[aued uonessdp (
- 801Aep Induj Jiun aoeuaU| 62 17
s m | ( \
= £l ct JIUN UOISSIWSUE] d
3 ejep afiew|. oluosen|n
a7 weJsboud jos1u09 snjesreddy.
- Jun abeioyg Jun uojdaoal »| aqoud
= X 7 olUOSEN|N |- oluosesin
S IE ( (
— nun buisseooid] | 72 ZlL
5 jz~]  Ppusoeg
= ﬂm
Y ol | Junuonosiep |
Toinor < 1 {Hun Buissaooid| ,_fyun Buissaooud| _fyun uogesousbf | Alowsw mojpoag [+
_ﬂuﬁ. W Aeidsig abew) EIEP SWNIoA | E1ep vy | <] un Buisseooud |
¥l ( ( ( ( opou-g
| 0E 82 9z 14 ({
_ € Apoq trew snyeseddy

T

P )
3

Patent Application Publication



US 2014/0121519 A1

May 1, 2014 Sheet 2 of 11

Patent Application Publication

= ejep |auuey)

~TNnS weeg

an

l«—— |7 WOl

¢9Ol4
AN $09
Bl e WoW |
y B T s e VAV
\
L €09~ 05
I - WoW |
Rejeq aui4 —EAVAVERRS
—
29 EIST 209 08
T e UBW ]
fepqouy J~—o N\, wen
= —
O 45", 108, ¢0s
I - Wow |
fepqouy |~—o U\, wen
W~ 105~

L0V



€9Old

gjep HO/1awio weagq

US 2014/0121519 A1

<

= - | Peed

St v !

- \\\ ﬁ < - Au

m \\\ I - il B

2 ejep HO A 3819l NI Jv fiowapy
- 109 0105|9106 | Vi0S

— \\\ , A|\J.| A'“

m \\\\ ./l )III _h \\\\ %/ _‘<
- s S L
nVad v \\\\ ‘A~ 1
= . :

/ )

A/ o 4g

( o X Sl X HO ) onsnooy

A abewj Joj ueag v@A abew Joj ueog v

Patent Application Publication



Patent Application Publication = May 1,2014 Sheet 4 of 11 US 2014/0121519 A1

—

FIG. 4

1
-

=T

FIG.5



Patent Application Publication =~ May 1,2014 Sheet 5 of 11 US 2014/0121519 A1

-

small

F1G. 6A

W

Proper

FI1G.6B

-

Excess

FI1G.6C

FIG. 7TA



Patent Application Publication =~ May 1,2014 Sheet 6 of 11 US 2014/0121519 A1

==

i
| M
Pl
A

FIG. 7B

Ak
Y-l
o

Il

FIG.7C

.



Patent Application Publication = May 1,2014 Sheet 7 of 11 US 2014/0121519 A1

FI1G. 8A

F1G. 8B



Patent Application Publication

May 1, 2014 Sheet 8 of 11

b3 Lol

FI1G.10B

FI1G.10C

US 2014/0121519 A1



Patent Application Publication May 1, 2014 Sheet 9 of 11

Ultrasonic transmission unit

US 2014/0121519 A1

21
!
120
A |
Transducer unit
122
%

Sub-array beam former

.| Preamplification

Partial delay

From 11

circuit 1 addition circuit
{ \
) ]
122a 122b
/
12

FIG. 11

>To 22



US 2014/0121519 A1

May 1,2014 Sheet 10 of 11

Patent Application Publication

130} Weag-~-_.

6~

¢l Ol4d

wap
uole|8LI09 \\mom - i
| | uoposuog Reeqruren - 26— v Wwap
126~ AN uoneraLon 206
e~ AN wa
| waysAs Buisseooly e
] : - - .
Aejoq auiq d % =AVAVERRL | av
yi8~ 08"
Aejoqg au4 _ < =AVAVERRL | av
< e 08~
WNS weeg :
fepgauly [ AVAVERLE an
ae 208"
" Kejaq aun4 _ % =AVAVERCE N av
e 108~ |




€L ol

US 2014/0121519 A1

18104 Weag JeuwiioN
: <
— pesy
2 C____ [
A
= atos 2108 d108 | Vvi08 108 Aowapy
™ \\
z ( =~ > D)
= S
d 1 ]
s |

Ammsé X Z9L0XY X_eox@\ Ammooxm v@\mooxm X L00XY v 10 4g

/

( o X o ) onsnoay

Patent Application Publication



US 2014/0121519 Al

ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC
APPARATUS CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Applications No. 2011-
149343, filed Jul. 5, 2011, and No. 2012-150297, filed Jul. 4,
2012, the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
medical ultrasonic diagnostic apparatus equipped with a digi-
tal beam former and an ultrasonic diagnostic apparatus con-
trol method implemented in the ultrasonic diagnostic appa-
ratus.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus is a diagnostic
apparatus which displays an image of in vivo information.
This apparatus is used as a useful apparatus for noninvasive
real-time observation at low cost without exposure to radia-
tion as compared with other types of image diagnostic appa-
ratuses such as an X-ray diagnostic apparatus and an X-ray
computed tomography apparatus. Ultrasonic diagnostic
apparatuses are used in a wide application range including
diagnosis of circulatory organs such as the heart, abdominal
regions such as the liver and kidney and peripheral vessels,
diagnosis in obstetrics and gynecology, and breast cancer
diagnosis.

[0004] Such an ultrasonic diagnostic apparatus acquires
ultrasonic data from a tissue in a scanned region (a two-
dimensional region or three-dimensional region) in an object
by forming the directivity of a transmission/reception beam
using an array transducer and sequentially changing the
direction of the beam. The apparatus generates and displays a
plurality of tomographic images, volume rendering images,
or the like corresponding to the scanned region based on the
obtained ultrasonic data. An observer comprehends a tissue
shape in the object by observing the displayed images, and
uses the images for diagnosis.

[0005] The resolution of an ultrasonic image depends on
the width of an ultrasonic band in the distance direction, and
depends on the frequency, the distance, the width of a trans-
mission/reception aperture in the azimuth direction. Accord-
ing to this property, when, for example, an image is to be
formed through a homogenous medium, the resolution
increases as the aperture increases. In about 1980, an ultra-
sonic probe with an aperture of 30 to 40 elements was the
mainstream. Nowadays, however, an ultrasonic probe with an
increased aperture of about 100 elements has becomes the
mainstream. Further increasing the aperture of an ultrasonic
probe allows to expect to obtain images through homogenous
media. On the other hand, in a practical application to obtain
images through the skin, even increasing the aperture will not
increase the resolution because of the inhomogeneity of
acoustic properties of a subcutaneous tissue or the like. This
rather leads to a situation in which unnecessary responses
increase to output images unsuitable for diagnosis.
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[0006] Recently, studies have been made on a technique of
measuring biological inhomogeneity and correcting phase
and amplitude distortions due to the inhomogeneity.

[0007] FIG. 12 is a block diagram showing the flows of
reception signals in a conventional reception circuit. As
shown in FIG. 12, signals from the respective ultrasonic trans-
ducer elements are digitized by A/D conversion after prepro-
cessing and are sent to a beam former. In this case, memories
801 to 804 give the respective signals with delays on a clock
basis, and digital filters 811 to 814 give the resultant signals
with fine delays equal to or less than clocks, thereby adjusting
the signals from a predetermined direction and depth so as to
make them arrive at the same time. An addition circuit 821
adds the signals to form directivity. When performing simul-
taneous reception upon providing a plurality of predeter-
mined directions, the circuit is configured to perform this
delay/addition processing a plurality of number of times. On
the other hand, in a processing system 9 which optimizes
transmission/reception conditions for the digitized signals
independently of the beam former, a circuit 921 analyzes the
correlations between adjacent elements, estimates the inho-
mogeneity of a medium reaching the respective elements, and
calculates correction values for amplitudes and delays of
transmission/reception by using memories 901 to 903 which
store the waveforms of the respective elements and correla-
tion circuits 911 to 912 which calculate the correlations
between outputs from the memories.

[0008] FIG. 13 is a view for explaining the operation of the
memory ofa conventional reception circuit. As shown in FIG.
13, a signal from each ultrasonic transducer element is digi-
tized by A/C conversion after preprocessing and sent to the
beam former (RX01, RX02).

[0009] Thereception signal RX01 is sequentially written in
acorresponding address region 801B of the memory 801, and
the reception signal RX02 corresponding to the next trans-
mission is written in a different address region 801C. Setting
a wide address space so as to avoid overwriting by the next
signal in this manner allows to read one reception signal a
plurality of number of times. For example, it is possible to
form different focuses and directivities by reading out the
data of RX01 as RX01B1, RX01B2, and RX01B3 with dif-
ferent delay times. Such a function can improve the real-time
performance when implementing three-dimensional scan-
ning using two-dimensional array transducers. Read and
write clock speeds for the memory are determined as follows.
A write speed is determined by the band of acoustic signals.
Thinning out information in advance at a write speed of about
40 to 60 MHz to set a state in which write operation is
performed with lower-speed clocks. The read speed canbe set
to 100 MHz or more. In many cases, this allows to perform
read operation a plurality of number of times and spend much
time for read operation.

[0010] The conventional ultrasonic diagnostic apparatus,
however, needs to be provided with a processing system for
optimizing transmission/reception conditions separately
from the beam former. This increases the circuit size and leads
to increases in the size and cost of the apparatus, thereby
avoiding the provision of a practical apparatus. These prob-
lems especially noticeable in a two-dimensional array ultra-
sonic probe.

[0011] Inconsideration of the abovesituation, itis an object
to provide an ultrasonic diagnostic apparatus and ultrasonic
diagnostic apparatus control method which can optimize
transmission/reception conditions by receiving and analyzing
signals from elements simultaneously with the acquisition of
an image.
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SOLUTION TO PROBLEM

[0012] In order to achieve the above object, the following
measures are taken.

[0013] An ultrasonic diagnostic apparatus according to an
embodiment comprises an ultrasonic probe including a plu-
rality of ultrasonic transducer elements configured to transmit
ultrasonic waves to an object in response to supplied driving
signals and generate reception signals based on reflected
waves from the object; a transmission unit configured to
supply the driving signals to the plurality of ultrasonic trans-
ducer elements in accordance with a predetermined transmis-
sion condition; a reception unit configured to store a plurality
of image generation reception signals corresponding to the
plurality of ultrasonic transducer elements, generate a recep-
tion beam in accordance a predetermined reception condition
by using each of the stored image generation reception sig-
nals, and store a plurality of correction reception signals
corresponding to the plurality of ultrasonic transducer ele-
ments; a correction unit configured to receive the plurality of
correction reception signals and correct at least one of the
transmission condition and the reception condition based on
the plurality of correction reception signals; an image pro-
cessing unit configured to generate an ultrasonic image based
on the reception beam; and a display unit configured to dis-
play the ultrasonic image.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG.1isablock diagram of an ultrasonic diagnostic
apparatus 1 according to an embodiment.

[0015] FIG. 2 is a block diagram showing the arrangement
of an ultrasonic reception unit 22.

[0016] FIG.3 is aconceptual view for explaining a process-
ing procedure in a beam forming processing system and an
analysis correction processing system in a predetermined
channel.

[0017] FIG. 4 is a view for explaining a transmission/re-
ception condition optimization function.

[0018] FIG. 5§ is a view for explaining the transmission/
reception condition optimization function.

[0019] FIG. 6A is a view for explaining an application
example 1 of the transmission/reception condition optimiza-
tion function.

[0020] FIG. 6B is a view for explaining the application
example 1 of the transmission/reception condition optimiza-
tion function.

[0021] FIG. 6C is a view for explaining the application
example 1 of the transmission/reception condition optimiza-
tion function.

[0022] FIG. 7A is a view for explaining an application
example 2 of the transmission/reception condition optimiza-
tion function.

[0023] FIG. 7B is a view for explaining the application
example 2 of the transmission/reception condition optimiza-
tion function.

[0024] FIG. 7C is a view for explaining the application
example 2 of the transmission/reception condition optimiza-
tion function.

[0025] FIG. 8A is a view for explaining an application
example 3 of the transmission/reception condition optimiza-
tion function.

[0026] FIG. 8B is a view for explaining the application
example 3 of the transmission/reception condition optimiza-
tion function.
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[0027] FIG. 9 is a view for explaining an application
example 4 of the transmission/reception condition optimiza-
tion function.

[0028] FIG. 10A is a view for explaining the application
example 4 of the transmission/reception condition optimiza-
tion function.

[0029] FIG. 10B is a view for explaining the application
example 4 of the transmission/reception condition optimiza-
tion function.

[0030] FIG. 10C is a view for explaining the application
example 4 of the transmission/reception condition optimiza-
tion function.

[0031] FIG. 11 is a view for explaining the second embodi-
ment using a two-dimensional array probe.

[0032] FIG. 12 is a view for explaining reception process-
ing in a conventional ultrasonic diagnostic apparatus.

[0033] FIG. 13 is a view for explaining the operation of a
memory of a conventional reception circuit.

DESCRIPTION OF EMBODIMENTS

[0034] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus comprises an ultrasonic probe, a
transmission unit, a reception unit, a correction unit, an image
processing unit and a display unit. The ultrasonic probe
includes a plurality of ultrasonic transducer elements config-
ured to transmit ultrasonic waves to an object in response to
supplied driving signals and generate reception signals based
on reflected waves from the object. The transmission unit
supplies the driving signals to the plurality of ultrasonic trans-
ducer elements in accordance with a predetermined transmis-
sion condition. The reception unit stores a plurality of image
generation reception signals corresponding to the plurality of
ultrasonic transducer elements, generates a reception beam in
accordance a predetermined reception condition by using
each of the stored image generation reception signals, and
stores a plurality of correction reception signals correspond-
ing to the plurality of ultrasonic transducer elements. The
correction unit receives the plurality of correction reception
signals and corrects at least one of the transmission condi-
tions and the reception condition based on the plurality of
correction reception signals. The image processing unit gen-
erates an ultrasonic image based on the reception beam. The
display unit displays the ultrasonic image.

[0035] The first and second embodiments will be described
below with reference to the accompanying drawing. Note that
the same reference numerals in the following description
denote constituent elements having almost the same func-
tions and arrangements, and a repetitive description will be
made only when required.

[0036] FIG. 1isablock diagram of an ultrasonic diagnostic
apparatus 1 according to this embodiment. As shown in FIG.
1, the ultrasonic diagnostic apparatus 1 includes an ultrasonic
probe 12, an input device 13, a monitor 14, an ultrasonic
transmission unit 21, an ultrasonic reception unit 22, a
B-mode processing unit 23, a Doppler processing unit 24, a
RAW data memory 25, a volume data generation unit 26, an
image processing unit 28, a display processing unit 30, a
control processor 29, a storage unit 31, and an interface unit
32.

[0037] The ultrasonic probe 12 is a device (probe) which
transmits ultrasonic waves to an object and receives reflected
waves from the object based on the transmitted ultrasonic
waves. The ultrasonic probe 12 has, on its distal end, an array
of a plurality of piezoelectric transducers, a matching layer, a
backing member, and the like. The ultrasonic probe 12 is
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connected to an ultrasonic diagnostic apparatus main body 11
via a cable. Each ultrasonic transducer forms an independent
channel, transmits an ultrasonic wave in a desired direction in
a scan area based on a driving signal from the ultrasonic
transmission unit 21, and converts a reflected wave from the
object into an electrical signal. The matching layer is an
intermediate layer which is provided for the piezoelectric
transducers to make ultrasonic energy efficiently propagate.
The backing member prevents ultrasonic waves from propa-
gating backward from the piezoelectric transducers. When
the ultrasonic probe 12 transmits an ultrasonic wave to an
object P, the transmitted ultrasonic wave is sequentially
reflected by a discontinuity surface of acoustic impedance of
internal body tissue, and is received as an echo signal by the
ultrasonic probe 12. The amplitude of this echo signal
depends on an acoustic impedance difference on the discon-
tinuity surface by which the echo signal is reflected. The echo
produced when a transmitted ultrasonic pulse is reflected by a
moving blood flow is subjected to a frequency shift depend-
ing on the velocity component of the moving body in the
ultrasonic transmission/reception direction due to the Dop-
pler effect.

[0038] Note that the ultrasonic probe 12 according to this
embodiment may be either a one-dimensional probe (i.e., a
probe having a plurality of ultrasonic transducers arranged
along one direction) or a two-dimensional array probe (i.e., a
probe having ultrasonic transducers arranged in the form of a
two-dimensional matrix).

[0039] The input device 13 is connected to an apparatus
main body 11 and includes various types of switches, buttons,
a trackball, a mouse, and a keyboard which are used to input,
to the apparatus main body 11, various types of instructions,
conditions, an instruction to set a region of interest (ROI),
various types of image quality condition setting instructions,
and the like from an operator.

[0040] Themonitor 14 displays morphological information
and blood flow information in the living body as images based
on video signals from a display processing unit 27.

[0041] Theultrasonic transmission unit 21 includes a clock
generator, a frequency divider, a transmission delay circuit,
and a pulser. The frequency divider decreases the clock pulse
generated by the clock generator to a rate pulse of about 5
kHz. This rate pulse is supplied to the pulser via the transmis-
sion delay circuit to generate a high-frequency voltage pulse,
thereby driving each ultrasonic transducer of the ultrasonic
probe 12 (i.e., mechanically vibrates each ultrasonic trans-
ducer). The ultrasonic transmission unit 21 may be config-
ured to generate an arbitrary waveform. The ultrasonic wave
transmitted into the object via the ultrasonic probe 12 is
reflected by an acoustic impedance boundary in the living
body. Each ultrasonic transducer then converts mechanical
vibration into an electrical signal based on the reflected wave.

[0042] The ultrasonic reception unit 22 receives the elec-
trical signal originating from the reflected wave from each
ultrasonic transducer and performs predetermined processing
for the signal, thereby generating a signal having directivity
(echo signal). The ultrasonic reception unit 22 also analyzes
the inhomogeneity of the object (living body) and executes
processing for correcting it. The arrangement of the ultra-
sonic reception unit 22 will be described in detail later.

[0043] The B-mode processing unit 23 receives an echo
signal from the reception unit 22, and performs logarithmic
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amplification, envelope detection processing, and the like for
the signal to generate data whose signal intensity is expressed
by a luminance level.

[0044] The Doppler processing unit 24 is a unit which
implements so-called color Doppler imaging (CDI). First of
all, the Doppler processing unit 24 extracts a Doppler signal
having undergone a frequency shift from the echo signal from
a reception circuit 5. An MTI filter then transmits only a
specific frequency component of the extracted Doppler sig-
nal. An autocorrelator obtains the frequency of the signal
having passed through the filter. A computation unit com-
putes a mean velocity, variance, and power from this fre-
quency. Note that adjusting the pass band of the MTI filter
makes it possible to switch between a general Doppler mode
(image data obtained in this mode will be referred to as blood
flow Doppler image data) of mainly visualizing a blood flow
and a tissue Doppler mode (image data obtained in this mode
will be referred to as tissue Doppler image data) of mainly
visualizing an organ such as the cardiac muscle.

[0045] The raw data memory 25 generates B-mode raw
data as B-mode data on ultrasonic scanning lines by using a
plurality of B-mode data received from the B-mode process-
ing unit 23. The raw data memory 25 generates blood flow
raw data as blood flow data on three-dimensional ultrasonic
scanning lines by using a plurality of blood flow data received
from the blood flow detection unit 24. Note that for the pur-
pose of reducing noise or smooth concatenation of images, a
three-dimensional filter may be inserted after the raw data
memory 25 to perform spatial smoothing.

[0046] The volume data generation unit 26 generates
B-mode volume data from the B-mode raw data received
from the RAW data memory 25 or the volume data generation
unit 26 by converting raw data into a volume-based data
arrangement. This conversion is performed to generate
B-mode volume data on each visual line in a view volume
used in image generation processing by processing in consid-
eration of spatial position information. Note that this embodi-
ment has exemplified the case in which various types of
processing are executed by using the B-mode volume data
generated by the above conversion processing. However, the
embodiment is not limited to this case, and may execute
processing based on a high-resolution data acquisition func-
tion using the B-mode voxel volume generated by executing
raw-voxel conversion.

[0047] A backend processing unit 27 analyzes arrival time
differences between elements, phase distortions, amplitude
distortions, and the like by using reception signals from the
respective ultrasonic transducer elements under the control of
the control processor 29, and corrects transmission delays and
reception delays based on these results.

[0048] The image processing unit 28 performs predeter-
mined image processing such as volume rendering, MPR
(Multi Planar Reconstruction), and MIP (Maximum Intensity
Projection) by using the data received from the volume data
generation unit 26. Note that for the purpose of reducing noise
or smooth concatenation of images, a two-dimensional filter
may be inserted after the image processing unit 28 to perform
spatial smoothing.

[0049] The display processing unit 30 executes various
kinds of processes associated with a dynamic range, lumi-
nance (brightness), contrast, y curve correction, RGB conver-
sion, and the like for various kinds of image data generated/
processed by the image processing unit 28.
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[0050] The control processor 29 has the function of an
information processing apparatus (computer) and controls
the operation of the main body of this ultrasonic diagnostic
apparatus. In particular, the control processor 29 controls the
ultrasonic reception unit 22 to time-divisionally store an
image generation echo signal and a plurality of correction
echo signals in the transmission/reception condition optimi-
zation function. Alternatively, the control processor 29 con-
trols the reception unit 22 to store an image generation echo
signal and a plurality of correction echo signals in physically
different memory areas and output the respective signals at
different timings. With these control operations, the reception
unit 22 implements the following two functions at predeter-
mined timings under the control of the control processor 29:
the first function of outputting an echo signal corresponding
to an image generation reception beam; and the second func-
tion of outputting a correction echo signal.

[0051] The storage unit 31 stores diagnosis information
(patient ID, findings by doctors, and the like), a diagnostic
protocol, transmission/reception conditions, an image pro-
cessing program, a body mark generation program, a dedi-
cated program for implementing the transmission/reception
condition optimization function (to be described later), and
other data groups. The storage unit 31 is also used to store
images in the image memory (not shown), as needed. It is
possible to transfer data in the storage unit 31 to an external
peripheral device via the interface unit 32.

[0052] The interface unit 32 is an interface associated with
the input device 13, a network, and a new external storage
device (not shown). The interface unit 32 can transfer, via a
network, data such as ultrasonic images, analysis results, and
the like obtained by this apparatus to another apparatus.

(Transmission/Reception Condition Optimization Function)

[0053] The transmission/reception condition optimization
function of the ultrasonic diagnostic apparatus 1 will be
described next. This function analyzes the inhomogeneity of
an ultrasonic propagation medium by receiving and using an
echo signal while acquiring an echo single for each channel,
and optimizes transmission/reception conditions without
increasing the circuit size. The ultrasonic reception unit 22
executes the transmission/reception condition optimization
function under the control of the control processor 29.
[0054] FIG.2is a block diagram of the ultrasonic reception
unit 22. As shown in FIG. 2, the ultrasonic reception unit 22
includes an A/D converter 401, beam former memories 501 to
504, FIR filters 511 to 514, an adder 521, independent memo-
ries 601 to 604, filters 611 to 614, and a multiplexer 621. The
beam former memories 501 to 504, the FIR filters 511 to 514,
and the adder 521 constitute a beam forming processing sys-
tem. The independent memories 601 to 604, the filters 611 to
614, and the multiplexer 621 constitute a processing system
(analysis/correction processing system) for implementing the
transmission/reception condition optimization function. For
the sake of easy explanation, FIG. 2 exemplifies an arrange-
ment corresponding to four channels (four vltrasonic trans-
ducer elements). In practice, however, signal processing sys-
tems are individually provided for the respective ultrasonic
transducer elements.

[0055] As shown in FIG. 2, the A/D converter 401 digitizes
echo signals from the respective ultrasonic transducer ele-
ments after preprocessing, and sends the resultant signals to
the beam former memories 501 to 504. The beam former
memories 501 to 504 execute delays (relatively long delays)

May 1, 2014

on a clock basis. That is, in write or read operation with
respect to the beam former memories 501 to 504, differently
performing address control for the respective elements will
give delays to signals for each unit of sampling when digitiz-
ing them. Thereafter, the FIR filters 511 to 514 execute further
correct delay processing by giving the signals with fine delays
equal to or less than a clock. Echo signals corresponding to
the respective channels are adjusted by these delay processes
so as to make them from a predetermined direction/depth
arrive at the same time. The addition circuit 521 adds the
respective echo signals after the respective delay processes,
thereby forming a reception beam having high directivity.
Note that the addition circuit 521 has an arrangement for
forming different directivities for simultaneously and selec-
tively extracting signals from a plurality of directions and an
arrangement for repetitive reading.

[0056] In addition, the A/D converter 401 digitizes echo
signals from the respective ultrasonic transducer elements
after preprocessing, and simultaneously stores the resultant
signals in the independent memories 601 to 604 concurrently
with input processing to the beam former. The independent
memories 601 to 604 constitute a system logically indepen-
dent of beam forming. It is however possible to physically
isolate the areas of the beam former memories 501 to 504 and
store signals in the physical memories. The filters 611 to 614
filter the respective echo signals read out from the indepen-
dent memories 601 to 604 and extract signals in a predeter-
mined band. The multiplexer 621 generates channel data for
correcting amplitudes/delays for the respective channels and
outputs the data to the processing system on the subsequent
stage (the backend processing unit 27 and the like). The
control processor 29 estimates the inhomogeneity of paths
through which ultrasonic waves reach the respective ultra-
sonic transducers in the object by analyzing the cross-corre-
lations between channel data (echo signals in a predetermined
band) for the respective channels from the multiplexer 621
(the correlations between signals from adjacent ultrasonic
transducers).

[0057] FIG. 3is aconceptual view for explaining a process-
ing procedure in the beam forming processing system and the
analysis/correction processing system in a predetermined
channel (i.e., a predetermined ultrasonic transducer element).
[0058] As indicated by an arrow Al in FIG. 3, when the
beam former memory 501 receives digitized echo signals
RX01 and RX02 after preprocessing performed in accor-
dance with a predetermined channel, the reception signal
RX01 corresponding to (temporally preceding) previous
transmission TXO01 is sequentially written in an address
region 501B corresponding to the beam former memory 501.
The reception signal RX02 corresponding to next transmis-
sion TX02 is written in an address region 501C different from
the address region 501B. That is, before delays, the memory
501 stores simultaneously acquired signals upon dividing
them into packets gated in the distance direction.

[0059] On the other hand, the data of the ultrasonic trans-
ducer elements used for inhomogeneity analysis/correction
processing are written in the independent memory 601 and
held independently of beam forming CH data, as indicated by
an arrow A2 in FIG. 3.

[0060] Inbeam forming, one reception signal (e.g.. the data
of RX01) is read three times in RX01B1, RX01B2, and
RX01B3 with different delay times. In addition, CH data
corresponding to the ultrasonic transducer elements are sent
to the backend processing unit 27 via a filter and the like along
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the same path as that for beam former outputs in the remain-
ing time. Thereafter the control processor 29 executes corte-
lation calculation associated with the ultrasonic transducer
elements by using a signal for each channel stored in the
backend processing unit 27, thereby executing inhomogene-
ity analysis on a propagation medium while displaying an
image on the subsequent processing system.

[0061] If transmission/reception ultrasonic waves have
gone through a homogeneous propagation medium, signals
from the respective ultrasonic transducer elements arrive with
delay times corresponding to propagation distance differ-
ences as indicated by, for example, the left side of FIG. 4. If,
therefore, signals from the respective ultrasonic transducer
elements are delayed by predetermined delay times calcu-
lated from the propagation distances, the phases ofthe signals
can be matched with each other, as indicated by the right side
of FIG. 4. Adding these signals can enhance a signal from a
predetermined direction/distance and suppress signals from
other places.

[0062] If transmission/reception ultrasonic waves have
gone through an inhomogeneous propagation medium, sig-
nals from the respective ultrasonic transducer elements arrive
at times difference from delay times corresponding to propa-
gation distance differences as indicated by, for example, the
left side of FIG. 5. For this reason, even delaying the signals
from the respective ultrasonic transducer elements by prede-
termined delay times calculated from the propagation dis-
tances cannot match the phases of the signals, as indicated by
the right side of FIG. 5. Even if, therefore, these signals are
added, the enhancement of a signal from a predetermined
direction/distance decreases, and the suppression of signals
from other places reduces, leading to a deterioration in direc-
tivity and a decrease in the resolution of the image.

[0063] According to this transmission/reception condition
optimization function, the backend processing unit 27 ana-
lyzes the arrival time differences between signals at the
respective ultrasonic transducer elements and also analyzes
phase distortions and amplitude distortions, thereby correct-
ing transmission delays and reception delays based on these
results. This makes it possible to properly reduce a deterio-
ration in directivity.

APPLICATION EXAMPLE 1

[0064] Another application example of this transmission/
reception condition optimization function will be described
next. This application example is configured to analyze an
amplitude for each ultrasonic transducer element and prop-
erly perform sensitivity adjustment. Note that this apparatus
acquires the waveforms of signals from the respective ultra-
sonic transducer elements while performing beam forming
for displaying an image, and transfers the resultant signals to
the backend processing unit 27 in the same manner as
described above.

[0065] The transmission/reception condition optimization
function according to this application example corrects
reception sensitivity by analyzing the amplitudes of the sig-
nals acquired from the respective ultrasonic transducer ele-
ments in the following manner. That is, the backend process-
ing unit 27 checks whether each signal is too small in
amplitude as shown in FIG. 6A or too large in amplitude and
has a saturated waveform as shown in FIG. 6C. If a signal is
too small, the backend processing unit 27 increases the sen-
sitivity, and the vice versa, thereby correcting the waveform
to a proper waveform like that shown in FIG. 6B.
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APPLICATION EXAMPLE 2

[0066] The following is an example of detecting the move-
ment of the ultrasonic probe 12 relative to an imaging target
by using this transmission/reception condition optimization
fanction.

[0067] FIG. 7A shows an image example of a sector scan-
ning type. The image acquired by this scanning scheme
exhibits a narrow field of view at short distances. This makes
it difficult to detect a change in short-distance image due to
the movement of the ultrasonic probe 12. As shown in FIG.
7B, the apparatus detects a temporal change in the signal
received from each ultrasonic transducer element and detects
the movement of the ultrasonic probe 12 based on the detec-
tion result. When, for example, the ultrasonic probe 12 is
moved in the direction of an arrow in FIG. 7C, the detected
signals exhibit patterns representing the movement like that
shown in FIGS. 7B and 7C. The backend processing unit 27
detects the movement of the ultrasonic probe 12 based on
temporal changes in the signal patterns. Assume that the
apparatus determines based on a movement detection result
that there is no movement of the ultrasonic probe 12. In this
case, it 1s also possible to provide an image with a high
real-time property by making all the processing systems of
the ultrasonic reception unit 22 operate as beam formers.

APPLICATION EXAMPLE 3

[0068] The following is an application example of detect-
ing the floating of the ultrasonic probe 12 from an object
surface based on the amount of multiple reflection immedi-
ately under the ultrasonic transmission/reception surface of
the ultrasonic probe 12.

[0069] As shown in FIG. 8A, while the ultrasonic probe 12
does not float from the object surface, the magnitude of scat-
tering/reflection at short distances is not very large. In con-
trast, when the ultrasonic probe 12 floats from the object
surface, signals are generated (received) due to strong reflec-
tion at short distances and slowly attenuated. As shown in
FIG. 8(b), therefore, while the ultrasonic transducer elements
are partly floated from the object surface, large signals are
received from the floating ultrasonic transducer elements
(two elements in FIG. 8(5)) at short distances. The backend
processing unit 27 excludes reception signals from the ultra-
sonic transducer elements floating from the object surface
based on large signals at short distances which are generated
partly in this manner. This can suppress unnecessary
responses.

APPLICATION EXAMPLE 4

[0070] The following is an application example of forming
and comparing partial images upon a plurality of different
delay/amplitude corrections and re-setting delay/amplitude
conditions for transmission/reception in accordance with the
comparison results.

[0071] Assume that each ultrasonic transducer element
actually receives a signal with a small time difference as
compared with an arrival time difference B predicted from
propagation times, as shown in FIG. 9. In this case, the appa-
ratus forms partial images premised on three propagation
delay times like those indicated by reference symbols A, B,
and CinFIG. 9 by using the received signals for the respective
ultrasonic transducer elements, and displays the resultant
images as shown in FIGS. 10A, 10B, and 10C. The observer
can re-set delay/amplitude conditions for transmission/recep-
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tion by observing and comparing the displayed partial images
and selecting an image corresponding to a desired delay time
difference.

[0072] Comparing the examples shown in FIGS. 10A, 10B,
and 10C (i.e., the cases of the arrival time differences A, B,
and C shown in FIG. 9) leads to an image A with less blur at
which the time differences match each other. This makes it
possible to use conditions similar to actual time differences to
change transmission/reception conditions for the formation
of an image.

APPLICATION EXAMPLE 5

[0073] Conditions similar to actual time differences may be
changed to transmission/reception conditions for the forma-
tion of an image based on reception signals from a region of
interest set on an ultrasonic image via the ultrasonic trans-
ducer elements.

(Effects)

[0074] According to the above arrangement, the following
effects can be obtained.

[0075] This ultrasonic diagnostic apparatus receives a plu-
rality of reception signals for correction corresponding to the
respective ultrasonic transducer elements via the same path as
that for reception signals for the generation of an image, and
analyzes the delay time differences and amplitude differences
between elements, multiple reflection amounts, and the like
based on the plurality of reception signals for correction. At
least one of the transmission condition and the transmission/
reception condition is corrected based on this result. It is
therefore possible to optimize the transmission/reception
condition with low consumption power and small circuit size
by acquiring echo signals for the respective channels and
separately receiving echo signals, and analyzing the inhomo-
geneity of the ultrasonic wave propagation medium. This
makes it possible to provide an image with a high real-time
property and little deterioration with respect to even a patient
having a large inhomogeneous layer such as a fat layer.

Second Embodiment

[0076] The second embodiment implements a transmis-
sion/reception condition optimization function by using a
two-dimensional ultrasonic array probe.

[0077] FIG. 11 1s a block diagram of an ultrasonic probe 12
(two-dimensional ultrasonic array probe) according to this
embodiment. As shown in FIG. 11, the ultrasonic probe 12
includes a transducer unit 120, a sub-array beam former 122,
and an ultrasonic transmission unit 21.

[0078] An ultrasonic transmission unit 2 is the same as that
shown in FIG. 1.

[0079] Thetransducer unit 120 includes a plurality of ultra-
sonic transducers arrayed in a two-dimensional matrix.
[0080] The sub-array beam former 122 includes a pream-
plification circuit 122¢ and a partial delay addition circuit
122b. The preamplification circuit 122a amplifies an echo
signal for each channel which is received from the transducer
unit 120. The partial delay addition circuit 1225 partially
delays and adds the amplified channel-based echo signals in
units of several channels to ten-odd channels which are spa-
tially adjacent to each other to generate a plurality of partial
beams respectively corresponding to different local spaces in
a scan area.
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[0081] The echo signals as the plurality of partial beams
generated by the partial delay addition circuit 1225 are sent
out to an ultrasonic reception unit 22 on the subsequent state
which serves as a main beam former. The ultrasonic reception
unit 22 executes transmission/reception condition optimiza-
tion processing described in the first embodiment by using the
plurality of echo signals received from the partial delay addi-
tion circuit 1225,

[0082] This embodiment has exemplified the arrangement
having the ultrasonic transmission unit 21 and the sub-array
beam former 122 provided on the ultrasonic probe 12 side.
However, the embodiment is not limited to this, and may have
an arrangement having both the ultrasonic transmission unit
21 and the sub-array beam former 122 provided on the appa-
ratus main body 11 side or having either the ultrasonic trans-
mission unit 21 or the sub-array beam former 122 provided on
the apparatus main body 11 side. In addition, the embodiment
has exemplified the delay amount control for focusing the
data output from the beam former on a focus on straight lines
having the same directivity. However, this focus need not be
a focus on a continuous straight line, and it is possible to
perform delay addition control by discontinuously designat-
ing only necessary places for imaging.

[0083] According to the arrangement described above, it is
possible to implement a transmission/reception condition
optimization function even by using a two-dimensional ultra-
sonic array probe.

[0084] Note that the present invention is not limited to the
embodiment described above, and constituent elements can
be modified and embodied in the execution stage within the
spirit and scope of the invention. The following are concrete
modifications.

[0085] Each functionassociated with each embodiment can
also be implemented by installing programs for executing the
corresponding processing in a computer such as a worksta-
tion and expanding them in a memory. In this case, the pro-
grams which can cause the computer to execute the corre-
sponding techniques can be distributed by being stored in
recording media such as magnetic disks ((floppy®) disks,
hard disks, and the like), optical disks (CD-ROMs, DVDs,
and the like), and semiconductor memories.

[0086] In addition, various inventions can be formed by
proper combinations of a plurality of constituent elements
disclosed in the above embodiments. For example, several
constituent elements may be omitted from all the constituent
elements disclosed in the above embodiments. Furthermore,
constituent elements in the different embodiments may be
properly combined.

REFERENCE SIGNS LIST

[0087]

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe including a plurality of ultrasonic
transducer elements configured to transmit ultrasonic
waves to an object in response to supplied driving sig-
nals and generate reception signals based on reflected
waves from the object;

atransmission unit configured to supply the driving signals
to the plurality of ultrasonic transducer elements in
accordance with a predetermined transmission condi-
tion;

a reception unit configured to store a plurality of image
generation reception signals corresponding to the plu-
rality of ultrasonic transducer elements, generate a
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reception beam in accordance a predetermined reception
condition by using each of the stored image generation
reception signals, and store a plurality of correction
reception signals corresponding to the plurality of ultra-
sonic transducer elements;

a correction unit configured to receive the plurality of cor-
rection reception signals and correct at least one of the
transmission conditions and the reception condition
based on the plurality of correction reception signals;

an image processing unit configured to generate an ultra-
sonic image based on the reception beam; and

a display unit configured to display the ultrasonic image.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the reception unit comprises

a plurality of storage units provided for the respective
ultrasonic transducer elements and including a first area
used to store the image generation reception signal and a
second area used to store the correction reception signal,

a plurality of first filters used for signal processing for the
image generation reception signal corresponding to each
of the ultrasonic transducer elements, and

a plurality of second filters used for signal processing for
the correction reception signal corresponding to each of
the ultrasonic transducer elements.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the correction unit analyzes at least one of arrival time differ-
ences between the reception signals at the plurality of ultra-
sonic transducer elements, amplitude differences, and mul-
tiple reflection amounts at the plurality of ultrasonic
transducers based on the correction reception signal for each
ofthe ultrasonic transducer elements, and corrects at least one
of the transmission condition and the reception condition
based on the analysis result.

4. The ultrasonic diagnostic apparatus of claim 1, wherein
at least one of the transmission condition and the reception
condition is at least one of a sensitivity and delay time of each
of the ultrasonic transducer elements.

5. The ultrasonic diagnostic apparatus of claim 1, wherein
the correction unit analyzes amplitude differences between
the reception signals at the plurality of ultrasonic transducer
elements based on the correction reception signal for each of
the ultrasonic transducer elements, and corrects a sensitivity
of each of the ultrasonic transducer elements in accordance
with the analysis result.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the correction unit analyzes arrival time differences between
the reception signals at the plurality of ultrasonic transducer
elements based on the correction reception signal for each of
the ultrasonic transducer elements, and corrects at least one of
atransmission delay time and reception delay time of each of
the ultrasonic transducer elements in accordance with the
analysis result.

7. The ultrasonic diagnostic apparatus of claim 1, wherein
the correction unit analyzes multiple reflection amounts at the
plurality of ultrasonic transducer elements based on the cor-
rection reception signal for each of the ultrasonic transducer
elements, and selects an ultrasonic transducer element to be
used for the transmission and reception in accordance with
the analysis result.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
the image generation unit generates a plurality of partial
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images in accordance with the plurality of transmission con-
ditions and reception condition which are corrected by the
correction unit,

the display unit displays the plurality of partial images, and

the correction unit corrects at least one of the transmission

condition and the reception condition based on a partial
image, of the plurality of displayed partial images,
which is selected by the selection unit.

9. The ultrasonic diagnostic apparatus of claim 1, further
comprising a setting unit configured to set a region of interest
on an ultrasonic image displayed on the display unit,

wherein the correction unit corrects at least one of the

transmission condition and the reception condition
based on each reception signal from the region of inter-
est at the ultrasonic transducer element.
10. The ultrasonic diagnostic apparatus of claim 1, wherein
the correction unit receives the plurality of correction recep-
tion signals via the same path as that for the plurality of image
generation reception signals.
11. The ultrasonic diagnostic apparatus of claim 1, further
comprising a control unit configured to control the reception
unit so as to switch between a first function of outputting the
generated reception beam and a second function of outputting
the corrected reception signal at a predetermined timing.
12. The ultrasonic diagnostic apparatus of claim 11,
wherein the control unit controls the reception unit so as to
time-divisionally store the plurality of image generation
reception signals and the plurality of correction reception
signals.
13. The ultrasonic diagnostic apparatus of claim 11,
wherein the control unit controls the reception unit so as to
store the plurality of image generation reception signals and
the plurality of correction reception signals in physically
different memory areas and output the signals at different
timings.
14. The ultrasonic diagnostic apparatus of claim 1, wherein
the ultrasonic probe comprises a two-dimensional ultrasonic
probe.
15. An ultrasonic diagnostic apparatus control method
comprising:
supplying driving signals, in accordance with a predeter-
mined transmission condition, to a plurality of ultra-
sonic transducer elements configured to transmit ultra-
sonic waves to an object in response to supplied driving
signals and generate reception signals based on reflected
waves from the object;
storing a plurality of image generation reception signals
corresponding to the plurality of ultrasonic transducer
elements, generating a reception beam in accordance a
predetermined reception condition by using each of the
stored image generation reception signals, and storing a
plurality of correction reception signals corresponding
to the plurality of ultrasonic transducer elements;

receiving the plurality of correction reception signals and
correcting at least one of the transmission condition and
the reception condition based on the plurality of correc-
tion reception signals;

generating an ultrasonic image based on the reception

beam; and

displaying the ultrasonic image.
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