a9y United States

US 20170150948A1

12) Patent Application Publication (o) Pub. No.: US 2017/0150948 A1

KANAYAMA (43) Pub. Date: Jun, 1, 2017
(54) SIGNAL PROCESSING DEVICE, Publication Classification
ULTRASONIC DIAGNOSTIC APPARATUS, (1) Int.Cl
AND METHOD AGIB 8/08 (2006.01)
. . . A6IB 8/00 (2006.01)
(71)  Applicant: Toshiba Medlcal Systems AGIB 8/14 (2006.01)
Corporation, Otawara-shi (JP) (52) US.CL
] . CPC ..o A61B 8/5215 (2013.01); A61B 8/14
(72) Inventor: Yuko KANAYAMA, Kawasaki (IP) (2013.01), A61B 8/461 (2013.01); A61B 8/56
(2013.01); A61B 8/5207 (2013.01); A61B
(73) Assignee: Toshiba Medical Systems 8/469 (2013.01): AGIB 8/488 (2013.01)
Corporation, Otawara-shi (JP) (57 ABSTRACT
A signal processing device according to an embodiment
(21)  Appl. No.: 15/353,086 includes adjustment circuitry and processing circuitry. The
o ’ adjustment circuitry adjusts a received signal based on an
echo of an ultrasonic wave transmitted to a subject with gain
(22) Filed: Nov. 16, 2016 corresponding to a location at which the echo has been
generated. The processing circuitry corrects the received
(30) Foreign Application Priority Data signal that has been adjusted by the adjustment circuitry and
calculates an index value relating to attenuation by using the
Nov. 26, 2015 (JP) oo 2015-230901 corrected received signal.
52
APPARATUS BODY
10N MONITOR
INPUT DEVICE
<13 ; ¢15 b
B-MODE | IMAGE GENERA-
PROCESSING 1 LTION CIRCUITRY
CIRCUITRY. 16
s IMAGE MEMORY
DOPPLER
PROCESSING
CIRCUITRY
<12
RECEPTION GIRCUITRY
1 s12a ¢ 12¢
REGEPRTION -
PREAMPLIFIERF® DELAY' %  ADDER
CIRCUITRY
¢ 17
ULTRASONIC 11 CONTROLLER
PROBE v 3
TRANSMISSION CIRCUITRY - 5178
s1to s11b <Ma PROCESSING
TRANSMIS- CULSE | FUNCTION
1 PULSER SION DELAY [+
: CIRCUITRY. GENERATOR
<18
INTERNAL
- STORAGE
CIRCUITRY




US 2017/0150948 A1

Jun. 1, 2017 Sheet 1 of 6

Patent Application Publication

ARLNoHID
IOVHOLS |
TYNYILNI
w.wm.
_ TALNoUD —
HOLYHINTD L sf AVITIANOIS [~ ¥ISING s
NOILONd 7 .mﬁ.wz«mh v
ONISSIDONHd il ail oL}
2113 — AHLINOHID NOISSINSNYHL
T 290d
HITIOHLNOD JINOSYRELIN
I
TALoa0
H3aay AY130 HIHANY S
— | NOILJF0FY
oz azLs ez Y
ASLINDHID NOHLJI03Y d
A
AULINOYID
| ONISSIO0Hd  |—b
4400
AHOWIW ZDVAI | 3.3
CLM— g8
T aS RO 1 H SSIT0H:
. “YH3NTO 3oVl [ 3a0n4
% mrh wvh
IDIATA 1NANI
HOLNOW S <&é
AQOSQ SNLVHVdd .
25 1 Old



Patent Application Publication  Jun. 1,2017 Sheet 2 of 6 US 2017/0150948 A1

FIG.2

( START ’

TRANSMIT AND RECEIVE ULTRASONIC
PULSES

GAIN ADJUSTMENT PROCESSING

B-MODE PROCESSING (QUADRATURE
DETECTION, LOW- PASS FILTER,
AMPLIFICATION CALCULATION, LOG

COMPRESSION)

v gS104 ' (5108
GAIN CORRECTION I GENERATE B-MODE IMAGE I

(5105

ACOUSTIC FIELD CORRECTION

(5108

CALCULATE ATTENUATION
PARAMETERS

g8107

GENERATE ATTENUATION IMAGE

Y

SUPERIMPOSE ATTENUATION IMAGE
ON B-MCDE IMAGE

END



Patent Application Publication  Jun. 1,2017 Sheet 3 of 6 US 2017/0150948 A1

FIG.3

GAIN VALUE
A

G2 B o o o o B R 0 0 S O O

1|

REFERENCE GAIN G R SR

>
P1 ™ DEPTH



Patent Application Publication  Jun. 1,2017 Sheet 4 of 6 US 2017/0150948 A1

1.0 dB/em/MHz

NG
VBN
DR

0.0 dB/cm/MHz

43




Patent Application Publication

Jun. 1, 2017 Sheet 5 of 6

US 2017/0150948 A1

FIG.5

( START ’

i\ (5201

TRANSMIT AND RECEIVE ULTRASONIC
PULSES FOR ATTENUATION IMAGE

5202

I (5208

TRANSMIT AND RECEIVE ULTRASONIC
PULSES FOR B-MODE IMAGE

¢S5209

GAIN ADJUSTMENT PROCESSING FOR
ATTENUATION IMAGE

(5203

GAIN ADJUSTMENT PROCESSING FOR

B-MODE IMAGE

(8210

B-MODE PROCESSING FOR
ATTENUATION IMAGE

(5204

B-MODE PROCESSING FOR B-MODE
IMAGE

(5211

GAIN CORRECTION

(5205

ACOQUSTIC FIELD CORRECTION

gSZOS
CALCULATE ATTENUATION

PARAMETERS

53207

GENERATE ATTENUATION IMAGE

GENERATE B-MODE IMAGE I

SUPERIMPOSE ATTENLUATION IMAGE
ON B-MODE IMAGE




Patent Application Publication  Jun. 1,2017 Sheet 6 of 6 US 2017/0150948 A1

FIG.6
(12

RECEPTION CIRCUITRY

ATGC

RF SIGNALl (13

B-MODE PROCESSING
CIRCUITRY

DTGC

MIXER

DYNAMIC FILTER

AMPLITUDE
DETECTION

LOG COMPRESSION

RAW DATA
l ¢15

IMAGE GENERATION
CIRCUITRY

SCAN CONVERSION

BRIGHTNESS
ADJUSTMENT

IMAGE DATAl



US 2017/0150948 A1

SIGNAL PROCESSING DEVICE,
ULTRASONIC DIAGNOSTIC APPARATUS,
AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-230901, filed on Nov. 26, 2015; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
signal processing device, an ultrasonic diagnostic apparatus,
and a method.

BACKGROUND

[0003] Conventional ultrasonic diagnostic apparatuses
display, for example, the amplitude of received signals of
ultrasonic waves transmitted from an ultrasonic probe in
terms of brightness to visualize the anatomy of a body tissue.
The ultrasonic received signals contain various types of
physical information in addition to the information on the
anatomy of the body tissue. For example, observing the
attenuation of the received signals allows an observer to
estimate the characteristics of a body tissue. Specifically,
when the received signals from the liver are significantly
attenuated, it is suspected that the liver contains many lipid
droplets and the subject has a fatty liver. When the subject
suffers from liver cirrhosis, significantly attenuated signals
may be received.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a diagram illustrating an example of a
configuration of an ultrasonic diagnostic apparatus accord-
ing to a first embodiment;

[0005] FIG. 2 is a flowchart illustrating the process per-
formed in the ultrasonic diagnostic apparatus according to
the first embodiment;

[0006] FIG. 3 is a graph for explaining gain adjustment
processing according to the first embodiment;

[0007] FIG. 4 is a diagram illustrating an example of a
superimposed image according to the first embodiment;
[0008] FIG. 5 is a flowchart illustrating the process per-
formed in an ultrasonic diagnostic apparatus according to a
second embodiment;

[0009] FIG. 6 is a diagram illustrating gain adjustment
processing according to another embodiment.

DETAILED DESCRIPTION

[0010] The following describes a signal processing device,
an ultrasonic diagnostic apparatus, and a method according
to embodiments with reference to the accompanying draw-
ings. Embodiments are not limited to the embodiments
described below. Descriptions in one embodiment are basi-
cally applicable to other embodiments in the same manner.

First Embodiment

[0011] Described first is an example of a configuration of
an ultrasonic diagnostic apparatus according to a first
embodiment. FIG. 1 is a diagram illustrating an example of
a configuration of the ultrasonic diagnostic apparatus
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according to the first embodiment. As illustrated in FIG. 1,
the ultrasonic diagnostic apparatus according to the first
embodiment includes an ultrasonic probe 1, a monitor 2, an
input device 3, and an apparatus body 10.

[0012] The ultrasonic probe 1 includes a plurality of
piezoelectric transducer elements. Each piezoelectric trans-
ducer element generates an ultrasonic wave based on a drive
signal provided by later-described transmission circuitry 11
included in the apparatus body 10. The ultrasonic probe 1
receives returning signals from a subject P and converts
them into electric signals. The ultrasonic probe 1 includes,
for example, a matching layer and an acoustic lens provided
on the piezoelectric transducer elements and a backing
material that prevents propagation of ultrasonic waves from
the piezoelectric transducer elements backwards. The ultra-
sonic probe 1 is detachably coupled to the apparatus body
10.

[0013] When the ultrasonic probe 1 transmits an ultrasonic
wave to the subject P, the transmitted ultrasonic wave is
subsequently reflected by discontinuities of acoustic imped-
ance in inner tissues of the subject P, and the reflected waves
are received by each of the piezoelectric transducer elements
included in the ultrasonic probe 1 as received signals. The
amplitude of a received signal depends on the difference in
acoustic impedance between discontinuities by which the
ultrasonic wave is reflected. When an ultrasonic pulse is
transmitted and reflected by a surface of a moving blood
flow or a moving cardiac wall, the received signal has been
frequency-shifted (Doppler-shifted) due to the Doppler
effect. The extent of the shift depends on a velocity com-
ponent of the moving object relative to the transmitting
direction of the ultrasonic pulse.

[0014] The first embodiment is applicable to a case in
which the subject P is two-dimensionally scanned with a
one-dimensional ultrasonic probe 1 including a plurality of
piezoelectric transducer elements arranged in a row, a case
in which the subject P is three-dimensionally scanned with
a one-dimensional ultrasonic probe 1 including a mechanism
that swings the piezoelectric transducer elements aligned in
arow, and a case in which the subject P is three-dimension-
ally scanned with a two-dimensional ultrasonic probe 1
including a plurality of piezoelectric transducer elements
that are two-dimensionally arranged in matrix. it is also
possible for the one-dimensional ultrasonic probe to one-
dimensionally scan the subject P with a single scan line, or
for the two-dimensional ultrasonic probe to two-dimension-
ally scan the subject P by transmitting focused ultrasonic
waves. In the following description, scan is performed with
a one-dimensional ultrasonic probe 1 (also referred to as a
1D array probe) including a plurality of piezoelectric trans-
ducer elements arranged in a row.

[0015] The input device 3 includes, for example, a mouse,
a keyboard, buttons, a panel switch, a touch command
screen, a foot switch, and a trackball. The input device 3
receives various types of setting requests from an operator of
the ultrasonic diagnostic apparatus and transfers the received
setting requests to the apparatus body 10.

[0016] The input device 3 receives, from the operator,
requests on, for example, setting of a region of interest (ROI)
on which image processing is performed by image genera-
tion circuitry 15 to be described later, and setting of a sample
volume as the ROI. The ROI received by the input device 3
will be described in detail later in the first embodiment.
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[0017] The monitor 2 displays, for example, a graphical
user interface (GUI) for allowing the operator of the ultra-
sonic diagnostic apparatus to input various types of setting
requests by using the input device 3, or displays ultrasonic
images generated in the apparatus body 10.

[0018] The apparatus body 10 generates ultrasonic images
based on received signals received by the ultrasonic probe 1.
As illustrated in FIG. 1, the apparatus body 10 includes the
transmission circuitry 11, reception circuitry 12, B-mode
processing circuitry 13, Doppler processing circuitry 14, the
image generation circuitry 15, an image memory 16, a
controller 17, and internal storage circuitry 18.

[0019] The transmission circuitry 11 includes a pulse
generator 11q, transmission delay circuitry 114, and a pulser
11c. The transmission circuitry 11 provides drive signals to
the ultrasonic probe 1. The pulse generator 11a repeatedly
generates a rate pulse for forming transmission ultrasonic
waves at a certain pulse repetition frequency (PRF). The
PRF is also referred to as a rate frequency. The transmission
delay circuitry 115 gives transmission delay time to each
rate pulse generated by the pulse generator 11a. The trans-
mission delay time is applied to each piezoelectric trans-
ducer element to focus the ultrasonic waves generated by the
ultrasonic probe 1 into a beam for each channel, which is
necessary for determining transmission directivity. The
transmission direction or the transmission delay time for
determining the transmission direction is stored in the inter-
nal storage circuitry 18, and is referred to when the beam is
transmitted. The pulser 11c¢ applies a drive signal (a drive
pulse) to the ultrasonic probe 1 at a timing based on the rate
pulse. In other words, the transmission delay circuitry 115
gives different transmission delay time to each rate pulse to
control the ultrasonic waves transmitted from the surfaces of
the piezoelectric transducer elements to travel in certain
directions. With this configuration, the transmission cit-
cuitry 11 controls the transmission directivity of the ultra-
sonic waves.

[0020] The transmission circuitry 11 has capability of
instantly changing a transmission frequency, a transmission
drive voltage, and other transmission properties under the
instructions of the controller 17 to be described later to
execute a certain scan sequence. Changing the transmission
drive voltage, in particular, is implemented by linear ampli-
fier oscillation circuitry that can instantly changing the
voltage values, or a mechanism that electrically switches a
plurality of power units.

[0021] The reception circuitry 12 includes a preamplifier
reception delay circuitry 125, and an adder 12¢. The recep-
tion circuitry 12 performs various types of processing on the
received signals received by the ultrasonic probe 1 to
generate echo data.

[0022] The preamplifier 12a performs gain adjustment
processing to adjust received signals received via the ultra-
sonic probe 1 for each channel. In other words, the pream-
plifier 12a adjusts the received signals output from the
piezoelectric transducer elements with gain. For example,
the preamplifier 12¢ adjusts a received signal based on an
echo of an ultrasonic wave transmitted to the subject P with
gain corresponding to a location at which the echo has been
generated. For example, the preamplifier 12¢ adjusts a
received signal based on an echo of an ultrasonic wave
transmitted to the subject P with gain corresponding to a
depth level. The gain adjustment processing performed by
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the preamplifier 12a will be described later. The preamplifier
12a is an example of adjustment circuitry.

[0023] The reception circuitry 12 includes an analog to
digital (A/D) converter, which is not illustrated. The A/D
converter converts gain-corrected received signals from
analog to digital. The reception delay circuitry 126 gives
digital data the reception delay time necessary for determin-
ing reception directivity. In other words, the reception delay
circuitry 12b performs delay processing on a plurality of
received signals that have been adjusted by the preamplifier
12a. The adder 12¢ performs addition processing on the
received signals that have been processed by the reception
delay circuitry 12b. In other words, the adder 12¢ performs
addition processing on a plurality of received signals that
have been adjusted by the preamplifier 12¢ The addition
processing performed by the adder 12¢ enhances reflection
components of the received signals from directions based on
the reception directivity. With this configuration, the recep-
tion circuitry 12 controls the reception directivity in receiv-
ing the ultrasonic waves.

[0024] The B-mode processing circuitry 12 receives echo
data generated by the reception circuitry 12 and performs
processing such as logarithm amplification, envelope detec-
tion, and logarithmic compression on the received echo data
to generate data (B-mode data) in which signal intensity is
represented by a degree of brightness.

[0025] The Doppler processing circuitry 14 receives echo
data generated by the reception circuitry 12 and performs
frequency analysis on the received echo data to extract
Doppler shift (Doppler shift frequency). The Doppler pro-
cessing circuitry 14 uses the Doppler shift to extract echo
components affected by the Doppler effect from blood flow,
tissues, or contrast agent, and to generate data (Doppler
data) of moving object information such as an average
velocity, variance, and power that has been extracted with
respect to many points or a single point.

[0026] The B-mode processing circuitry 13 and the Dop-
pler processing circuitry 14 include quadrature detector
circuitry, which is not illustrated. The quadrature detector
circuitry converts an output signal from the adder 12¢ into
an in-phase signal (I signal) and a quadrature-phase signal
(Q signal) in baseband. The B-mode processing circuitry 13
uses the I signal and the Q signal (hereinafter referred to as
1/Q, signals) as the echo data, and performs processing such
as logarithm amplification, envelope detection, and logarith-
mic compression on the echo data to generate B-mode data.
The Doppler processing circuitry 14 uses the 1/Q signals as
the echo data, and performs frequency analysis on the echo
data to generate Doppler data.

[0027] The image generation circuitry 15 generates image
data for display from the data generated by the B-mode
processing circuitry 13 and the Doppler processing circuitry
14. In other words, the image generation circuitry 15 gen-
erates a B-mode image from the B-mode data generated by
the B-mode processing circuitry 13. The B-mode image is
composed of received signals, the intensity of which is
represented by degrees of brightness. The image generation
circuitry 15 generates a color Doppler image from the
Doppler data generated by the Doppler processing circuitry
14. The color Doppler image includes a velocity image, a
dispersion image, a power image or any combinations
thereof each representing moving object information on
blood flow (blood flow information). For example, the
image generation circuitry 15 generates a power image that
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displays the blood flow information in red tones correspond-
ing to the levels of power. In addition to the color Doppler
image for a color display, the image generation circuitry 15
can generate, for example, a gray-scale power image in
which the degree of brightness is represented in gray scale
in accordance with the levels of the power.

[0028] The image generation circuitry 15 generates Dop-
pler waveforms from the Doppler data generated by the
Doppler processing circuitry 14. The Doppler waveforms
represent speed information on the blood flow plotted over
time. Specifically, the image generation circuitry 15 gener-
ates a time-varying curve with the vertical axis representing
the velocity of the blood flow in a sample volume and the
horizontal axis representing time. The image generation
circuitry 15 sets a range in the vertical axis direction in
accordance with the variance of the blood flow in the sample
volume and sets brightness values in accordance with the
power values of the blood flow in the sample volume.

[0029] The image generation circuitry 15 ordinarily con-
verts (scan-converts) a sequence of scan-line signals of
ultrasonic scan into a sequence of scan-line signals in a
video format typically used for, for example, televisions, and
generates an ultrasonic image (B-mode image or blood flow
image) as a display image. Specifically, the image genera-
tion circuitry 15 performs coordinates transformation in
accordance with the mode of ultrasonic scan of the ultra-
sonic probe 1, and generates the ultrasonic image as a
display image. The image generation circuitry 15 performs
various types of image processing in addition to scan
conversion. For example, the image generation circuitry 15
performs image processing using a plurality of image frames
after the scan conversion to regenerate an image of averaged
brightness values (smoothing processing). For another
example, the image generation circuitry 15 performs image
processing using a differential filter in an image (edge
enhancement processing).

[0030] When the ultrasonic waves are two-dimensionally
transmitted and received, the image generation circuitry 15
performs coordinates transformation to generate a two-
dimensional B-mode image or a two-dimensional blood
flow image as a display image. When the ultrasonic waves
are three-dimensionally transmitted and received, the image
generation circuitry 15 generates volume data (three-dimen-
sional B-mode image or three-dimensional blood flow
image), and performs various types of rendering processing
on the volume data to generate, from the volume data, a
two-dimensional image to be displayed on the monitor 2.

[0031] The image generation circuitry 15 combines infor-
mation such as character information of various parameters,
a scale, and a body mark with these images to generate
composite images. The image generation circuitry 15 gen-
erates various superimposed images composed of any com-
bination of the images, such as a superimposed image of the
B-mode image and the color Doppler image. The image
generation circuitry 15 generates an image including differ-
ent types of images displayed side by side.

[0032] The image memory 16 stores therein various types
of data generated by the image generation circuitry 15. The
image memory 16 can store therein data (raw data) gener-
ated by the B-mode processing circuitry 13 or the Doppler
processing circuitry 14. The image memory 16 can store
therein echo data generated by the reception circuitry 12 as
necessary.
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[0033] The internal storage circuitry 18 stores therein
control programs for performing transmission and reception
of ultrasonic waves, image processing, and display process-
ing, and stores various types of data such as diagnostic
information (patient 1Ds, doctor’s opinions, for example),
diagnostic protocols, and various body marks. The internal
storage circuitry 18 is also used to store, for example, data
stored in the image memory 16 as necessary. The data stored
in the internal storage circuitry 18 can be transferred to an
external peripheral via an interface, which is not illustrated.
[0034] The controller 17 controls the entire processing of
the ultrasonic diagnostic apparatus. Specifically, the control-
ler 17 controls processing of the transmission circuitry 11,
the reception circuitry 12, the B-mode processing circuitry
13, the Doppler processing circuitry 14, and the image
generation circuitry 15 in accordance with setting requests
input from the operator through the input device 3, and
control programs and data read from the internal storage
circuitry 18. The controller 17 controls the monitor 2 to
display data stored in the image memory 16 or GUIs for use
by the operator to specify each type of processing.

[0035] The controller 17 executes a processing function
17a illustrated in FIG. 1. Functions performed by the
processing function 17a that is a component of the controller
17 illustrated in FIG. 1 are stored in the internal storage
circuitry 18 as computer programs in a computer-executable
format. The controller 17 is a processor that reads the
computer programs from the internal storage circuitry 18
and executes them to implement functions corresponding to
the respective computer programs. In other words, the
controller 17 that has read a computer program has the
function of the program in the controller 17 in FIG. 1. The
processing function 17a is also referred to as processing
circuitry.

[0036] The entire configuration of the ultrasonic diagnos-
tic apparatus according to the first embodiment has been
described. The ultrasonic diagnostic apparatus according to
the first embodiment configured as such visualizes, in an
ordinary operation, the anatomy of a body tissue by repre-
senting the amplitude of echo data in terms of brightness by
the B-mode processing circuitry 13, and visualizes moving
object information by performing frequency analysis on the
echo data by the Doppler processing circuitry 14. However,
the ultrasonic received signals contain various types of
physical information in addition to the anatomical informa-
tion on a body tissue or the moving object information.
[0037] For example, each body tissue has a specific
attenuation characteristic. A technique for quantifying
attenuation of an echo by using an ultrasonic received signal
is known. An ultrasonic wave transmitted to the subject P
propagates in the body while being attenuated. If the ultra-
sonic wave is largely attenuated, no signal may he received
that is strong enough to be used as a received signal. In
another aspect, observing the attenuation of received signals
allows the observer to obtain the characteristics of the body
tissue. Specifically, when the received signals derived from
the liver of the subject P are significantly attenuated, it is
suspected that the liver contains many lipid droplets and the
subject P has a fatty liver. In an observation of a subject P
who suffers from liver cirrhosis, the received signals are, in
some cases, significantly attenuated as well.

[0038] Some techniques have been disclosed for quanti-
fying the extent of attenuation of ultrasonic waves. It is
known that, for example, the extent of attenuation of ultra-
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sonic waves in a biological body varies with the frequency.
A method for obtaining the value specific to a monitored
tissue is known. This method compares changes in intensity
of a plurality of signals having different frequencies. In this
method, a plurality of ultrasonic pulses having different
center frequencies are transmitted and received, and changes
in intensity of the received signals are compared with
respect to the depth levels. With this method, the extent of
attenuation specific to the subject P is estimated. Moreover,
a method for displaying more diverse anatomical charactet-
istics is known. In this method, attenuation coefficients for
the respective frequencies are obtained, and the ratios of the
obtained attenuation coeflicients are displayed.

[0039] As another technique, a method of transmitting and
receiving one ultrasonic pulse wave having a wide band-
width is known. In this method, the ultrasonic pulse is
transmitted in each direction to obtain the same effect as that
of the method of transmitting and receiving a plurality of
ultrasonic pulses having different center frequencies. How-
ever, this method using wide-band pulse generates a signal
having high-frequency components when a low-frequency
range signal propagates within the tissue, and such a high-
frequency signal may cause errors in estimating the attenu-
ation specific to the subject P. To solve this problem, a
method has been developed in which two ultrasonic pulses
whose polarity is inverted are transmitted in a single direc-
tion, and a difference calculation is performed on the result-
ing received signals to eliminate the high-frequency com-
ponents that have been generated during propagation and
estimate the attenuation specific to the subject P.

[0040] However, such conventional techniques are based
on transmitting and receiving ultrasonic waves having dif-
ferent frequencies. Such technologies require a more com-
plicated circuit than a circuit that processes transmission and
reception signals to obtain an ordinary B-mode image. Thus,
installing a new signal processing circuit for quantifying the
attenuation of echoes in the ultrasonic diagnostic apparatus
may result in a further increase in the size and the cost of the
ultrasonic diagnostic apparatus.

[0041] In the first embodiment, the controller 17 executes
the processing function 17a to quantify the attenuation of
echoes by a simple configuration. In other words, the
processing function 17a corrects a received signal that has
been adjusted by the preamplifier 12a in accordance with
gain, and calculates an index value relating to attenuation by
using the corrected received signal. For example, the pro-
cessing function 17a corrects a received signal after delay
addition processing in accordance with gain, and calculates
an index value by using the corrected received signal. The
following describes the process performed in the ultrasonic
diagnostic apparatus according to the first embodiment with
reference to FIG. 2.

[0042] FIG. 2 is a flowchart illustrating the process per-
formed in the ultrasonic diagnostic apparatus according to
the first embodiment. The process illustrated in FIG. 2
describes ultrasonic scan for quantifying attenuation of
echoes with no contrast agent administered to the subject P.
The flowchart in FIG. 2 illustrates operations performed in
the ultrasonic diagnostic apparatus according to the first
embodiment as a whole. In the description hereof, which
component of the ultrasonic diagnostic apparatus performs
which step of the flowchart will be explained.

[0043] Step S101 is performed by the ultrasonic probe 1.
At Step S101, the ultrasonic probe 1 transmits and receives
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ultrasonic pulses. For example, when the input device 3
receives, from the operator, a setting of “attenuation quan-
tification mode”, which is a scan mode for quantifying the
attenuation of echoes, the controller 17 sets ultrasonic trans-
mission conditions for the attenuation quantification mode t
the transmission circuitry 11. The transmission circuitry 11
then sets the ultrasonic transmission conditions in accor-
dance with the setting for the attenuation quantification
mode, and ultrasonic waves are transmitted to the subject P
from the ultrasonic probe 1. As an ultrasonic transmission
condition for the attenuation quantification mode, the trans-
mission bandwidth is determined based on the frequency
characteristic of the probe. For example, the transmission
bandwidth of the pulse is a narrow bandwidth including the
center frequency. Specifically, the transmission bandwidth
of the pulse is a narrow bandwidth including a single
frequency, and is determined depending on the subject
region to be monitored. When, for example, the subject
region is abdomen, the transmission bandwidth is to 3 MHz.
The transmitted ultrasonic pulses are scattered by structures
in the subject P, and received by the ultrasonic probe 1.
[0044] Step S102 is performed by the preamplifier 12a. At
Step S102, the preamplifier 12¢ performs gain adjustment
processing. For example, the received signals output from
the ultrasonic probe 1 are transmitted to the reception
circuitry 12. The preamplifier 12a in the reception circuitry
12 performs the gain adjustment processing on the received
signals. The preamplifier 12a adjusts the received signals by
using gain that varies with time response that has been
determined in advance.

[0045] Specifically, the preamplifier 124 performs the gain
adjustment processing for the following three purposes. That
1s, the preamplifier 12a performs first gain adjustment pro-
cessing to compensate for the lack of depth sensitivity,
second gain adjustment processing to reduce excessive
shallow sensitivity, and third gain adjustment processing to
achieve the purposes of the first and second gain adjustment
processing. For example, in the first gain adjustment pro-
cessing, the preamplifier 12a sets the gain with respect to a
received signal based on an echo coming from a greater
depth to larger than one. In the second gain adjustment
processing, the preamplifier 12a sets the gain with respect to
a received signal based on an echo coming from a shallow
depth to smaller than one. In the third gain adjustment
processing, the preamplifier 12a sets the gain with respect to
a received signal based on an echo coming from a greater
depth to larger than one, and sets the gain with respect to a
received signal based on an echo coming from a shallow
depth to smaller than one.

[0046] An example of the gain adjustment processing will
be described with reference to FIG. 3. FIG. 3 is a graph for
explaining the gain adjustment processing according to the
first embodiment. With reference to FIG. 3, the first gain
adjustment processing for compensating for the lack of
depth sensitivity is described.

[0047] The horizontal axis in FIG. 3 represents depth and
the vertical axis in FIG. 3 represents the gain value. In the
example illustrated in FIG. 3, a reference gain G0 is set. The
reference gain GO indicates a reference adjustment value
without regard to the location at which the echo has been
generated. In the example in FIG. 3, G0>1. The gain value
is adjusted from the reference gain GO in accordance with
the location at which the echo has been generated. As
illustrated in FIG. 3, for example, the gain value increases
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with the depth of the location at which the echo has been
generated. For example, the echo generated at a location of
depth P1 corresponds to a gain value G1, and the echo
generated at a location at depth P2 corresponds to a gain
value G2. That is, at the depth P1, the adjustment value
corresponding to the location at which the echo has been
generated is calculated as G1-G0, and at the depth P2, the
adjustment value of the location at which the echo has been
generated is calculated as G2-G0. As described above, the
gain value varies in accordance with the location at which
the echo has been generated. In other words, the preamplifier
12a changes the gain value in accordance with the time
response that has been determined in advance. The time
response of a gain by which a reception signal is multiplied
in the preamplifier 12a is stored in the internal storage
circuitry 18.

[0048] Step S103 is performed by the B-mode processing
circuitry 13. At Step S103, the B-mode processing circuitry
13 performs B-mode processing on the received signals that
have been adjusted by the preamplifier 12a For example, the
gain-adjusted received signals are transmitted to the recep-
tion delay circuitry 124 and to the adder 12¢, at which beam
forming processing is performed, and are transmitted to the
B-mode processing circuitry 13. The B-mode processing
circuitry 13 performs B-mode processing such as quadrature
detection, low-pass filter, amplification calculation, and log
compression on the gain-adjusted received signals. To cor-
rectly measure the ultrasonic attenuation within the subject
P, the B-mode processing circuitry 13 limits the reception
bandwidth to a narrow bandwidth around the transmission
center frequency. This configuration allows the B-mode
processing circuitry 13 to remove tissue harmonic signal
components.

[0049] The B-mode processing circuitry 13 makes no
change to the reception bandwidth at each depth level. In
some cases, for example, the B-mode processing circuitry 13
is set to detect a lower-frequency band region depending on
the depth of the location at which the echo has been
generated because a higher-frequency echo is more signifi-
cantly attenuated. In the attenuation quantification mode,
however, the B-mode processing circuitry 13 makes no
change to the reception bandwidth at each depth level, and
sets the reception bandwidth to a narrow bandwidth around
the transmission center frequency. B-mode data generated
by the B-mode processing circuitry 13 is referred to as raw
data.

[0050] Step S104 is performed by the processing function
17a. At Step S104, the processing function 17 performs
gain correction processing on the raw data. The gain cor-
rection processing is performed to cancel the gain adjust-
ment to the raw data based on the time response of the gain
stored in the internal storage circuitry 18. For example, the
processing function 17a corrects a received signal that has
been adjusted by the preamplifier 12a such that the process-
ing function 17a cancels an adjustment value with which the
preamplifier 124 has adjusted the received signal. In other
words, the processing function 17a performs correction on
the raw data such that it cancels both reference gain and
adjustment value corresponding to a location at which an
echo has been generated.

[0051] For example, the processing function 174 may be
configured to correct a received signal that has been adjusted
by the preamplifier 12a such that the processing function
17a equalizes an adjustment value with which the pream-
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plifier 124 has adjusted the received signal. The adjustment
value corresponds to the location (depth) at which the echo
has been generated. In other words, the processing function
17a performs correction on the raw data such that the
processing function 17a equalizes adjustment values corre-
sponding to different depth levels at which the echoes have
been generated. In this case, the processing function 17a
does not cancel the adjustment value based on the reference
gain.

[0052] Step S105 is performed by the processing function
17a. At Step S105, the processing function 17a¢ performs
acoustic field correction processing. For example, the pro-
cessing function 17a performs acoustic field correction
processing to cancel an effect of the acoustic field on the
basis of acoustic field data stored in the internal storage
circuitry 18. In other words, the processing function 17a
corrects a received signal that has been adjusted by the
preamplifier 12a in accordance with an acoustic field deter-
mined by at least one of a transmission condition of the
ultrasonic wave and a reception condition of the echo.
Specifically, performing transmit focusing on the ultrasonic
waves in transmission varies the intensity of the transmitted
ultrasonic waves between the focal position and other posi-
tions out of the focal position in the same scan line. In the
acoustic field correction, the processing function 17a cor-
rects the received signal such that the transmitted ultrasonic
waves at the focal position have the same intensity as that of
the transmitted ultrasonic waves at other positions out of the
focal position in the same scan line. The acoustic field data
is determined by the ultrasonic probe 1 or in accordance with
transmission and reception conditions including, for
example, frequency, focusing, and opening. Acoustic field
data corresponding to possible conditions is stored in the
internal storage circuitry 18 in advance. After the gain
correction processing at Step S104 and the acoustic field
correction processing at Step S105, the processing function
17a obtains ultrasonic received signals on which only dis-
tribution information on scatters and attenuation information
on a tissue are reflected.

[0053] Step S106 is performed by the processing function
17a. At Step S106, the processing function 17a calculates
attenuation parameters. In other words, the processing func-
tion 17a calculates an attenuation parameter by using a
received signal that has been corrected in accordance with
the gain and the acoustic field. For example, supposing that
the scatters in a tissue are uniformly distributed, the pro-
cessing function 17a detects the change of the corrected
ultrasonic received signal in the depth direction and calcu-
lates the attenuation parameter of the ultrasonic wave at each
location in the depth direction. For example, the processing
function 17a calculates a gradient of an ultrasonic received
signal in the depth direction within a certain depth range,
and the calculated gradient in the depth direction is multi-
plied by the transmission and reception frequency, whereby
an attenuation constant (dB/cm/MHz) is calculated as the
attenuation parameter. The attenuation parameter is an
example of an index value.

[0054] Step S107 is performed by the image generation
circuitry 15. At Step S107, the image generation circuitry 15
generates an attenuation image. In other words, the process-
ing function 17a generates an attenuation image based on
attenuation parameters corresponding to a plurality of loca-
tions at which echoes have been generated. For example,
upon calculating attenuation constants with respect to the
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locations in a scan range, the image generation circuitry 15
generates an attenuation image that visualizes the attenua-
tion constants with respect to the locations on the basis of a
color map set in advance and calculation results of the
attenuation constants. The image generation circuitry 15
generates the attenuation image by using received signals
based on the echoes of ultrasonic waves transmitted in a
narrow transmission bandwidth including the center fre-
quency. The image generation circuitry 15 may generate the
attenuation image as a color image or may generate it in gray
scale.

[0055] Step S108 is performed by the image generation
circuitry 15. At Step S108, the image generation circuitry 15
generates a B-mode image based on the raw data generated.
Step S103.

[0056] Step S109 is performed by the image generation
circuitry 15. At Step S109, the image generation circuitry 15
displays the B-mode image and the attenuation image that
have been generated based on the received signals from a
single scanned section as a superimposed image. For
example, the image generation circuitry 15 combines the
attenuation image generated at Step S107 and the B-mode
image generated at Step S108 to generate a superimposed
image. The image generation circuitry 15 displays the gen-
erated superimposed image on the monitor 2. FIG. 4 is a
diagram illustrating an example of the superimposed image
according to the first embodiment.

[0057] FIG. 4 illustrates an example of a superimposed
image in an observation of a uniform phantom having an
attenuation constant of 0.5 dB/cmyMHz. The superimposed
image illustrated in FIG. 4 includes an attenuation image 43
superimposed on a B-mode image 42. The attenuation image
43 is generated by using attenuation parameters with respect
to the locations within an ROI set on, for example, the
B-mode image 42. As illustrated in FIG. 4, values of the
attenuation constants are associated with colors by a color
map 44. With this configuration, the operator can see a
spatial distribution of the attenuation constants by referring
to the attenuvation image 43.

[0058] An ROI 45 for measurement may be set on the
attenuation image 43 through the input device 3. In this case,
a representative value of the attenuation parameters in the
measurement ROI 45 may be additionally displayed in a
numerical value. In other words, the processing function 17a
calculates the representative value by using the attenuation
parameters corresponding to the locations at which echoes
have been generated, and displays the calculated represen-
tative value on the monitor 2. The representative value is, for
example, a mean value of the attenuation constants in the
measurement ROI 45. In the example in FIG. 4, a numerical
value of 0.4 db/cm/MHz is displayed to indicate the repre-
sentative value of the attenuation constants in the measure-
ment ROI 45. The representative value may be a maximum
value or a minimum value of the attenuation constants in the
measurement ROI 45.

[0059] In the first embodiment described above, attenua-
tion of echoes can be quantified with a simple configuration.
[0060] Although, in the first embodiment, the processing
at Step S103 is performed by the B-mode processing cir-
cuitry 13, embodiments are not limited to this. The process-
ing at Step S103 may be performed by the processing
function 17a, for example. Although, in the first embodi-
ment, the processing from Step S107 to Step S109 is
performed by the image generation circuitry 15, embodi-
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ments are not limited to this. The processing from Step S107
to Step S109 may be performed by the processing function
17a, for example. In other words, the processing function
17a may generate the B-mode image by using the received
signals that have been adjusted by the preamplifier 12,
superimpose the attenuation image on the generated B-mode
image, and display the superimposed image on the monitor
2.

Second Embodiment

[0061] In the first embodiment, the attenuation image and
the B-mode image are generated from the same received
signals. The transmission and reception signals for the
attenuation image are set within a narrow bandwidth exclud-
ing tissue harmonic signals. Such transmission and reception
signals for the attenuation image, when used for generating
a B-mode image, may result in lower spatial resolution or
lower contrast resolution of the B-mode image.

[0062] If ultrasonic waves different from those for quan-
tifying the attenuation are transmitted and received to gen-
erate a B-mode image, transmission and reception of ultra-
sonic waves for generating the B-mode image are no longer
relevant to the accuracy of the quantification of attenuation.
In this case, ultrasonic waves in a wider bandwidth can be
transmitted and received, and received signals can contain
tissue harmonic signals to generate the B-mode image,
thereby enhancing visibility of the B-mode image in the
background. In a second embodiment, ultrasonic waves
different from the ultrasonic waves for quantifying the
attenuation are transmitted and received for generating the
B-mode image.

[0063] The configuration of the ultrasonic diagnostic
apparatus according to the second embodiment is the same
as the ultrasonic diagnostic apparatus according to the first
embodiment illustrated in FIG. 1 except a part of the
functions of the controller 17 and a part of the functions of
the processing function 17a executed by the controller 17.
Thus, the configuration of the ultrasonic diagnostic appara-
tus according to the second embodiment is not fully
described except the configuration of the controller 17 and
the processing function 17a.

[0064] FIG. 5 is a flowchart illustrating the process per-
formed in the ultrasonic diagnostic apparatus according to
the second embodiment. The flowchart in FIG. 5 illustrates
operations performed in the ultrasonic diagnostic apparatus
according to the second embodiment as a whole. In the
description hereof, which component of the ultrasonic diag-
nostic apparatus performs which step of the flowchart will
be explained. In FIG. 5, the processing from Step S201 to
Step S207 corresponds to the processing from Step S101 to
Step 8107 in FIG. 2, respectively. Thus, the processing from
Step S201 to Step S207 will not be fully described here.
[0065] Step S208 is performed by the ultrasonic probe 1.
At Step S208, the ultrasonic probe 1 transmits and receives
ultrasonic pulses for the B-mode image. At Step S208, the
ultrasonic probe 1 transmits ultrasonic waves having a
frequency band different from that of the ultrasonic waves
transmitted at Step S101 or Step S201. For example, the
ultrasonic probe 1 transmits wide-band ultrasonic waves. In
the example of FIG. 5, the ultrasonic probe 1 performs the
pulse inversion (PI) technique to extract tissue harmonic
signals. In other words, the ultrasonic probe 1 transmits
ultrasonic waves twice. In the second transmission, the
ultrasonic probe 1 transmits ultrasonic waves having a
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waveform phase-shifted by 180 degrees (phase-inverted
waveform) with respect to the waveform of the ultrasonic
waves in the first. transmission. The ultrasonic probe 1
generates echo data in the first and the second transmissions.
The ultrasonic probe 1 may extract a tissue harmonic signal
by using techniques other than the PI technique, such as the
amplitude modulation (AM) or the amplitude modulation
phase modulation (AMPM).

[0066] Step S209 is performed by the preamplifier 12a. At
Step S209, the preamplifier 12a performs the gain adjust-
ment processing in the same manner as in Step S102 and
Step S202.

[0067] Step S210 is performed by the B-mode processing
circuitry 13. At Step S210, the B-mode processing circuitry
13 extracts a tissue harmonic signal by using, for example,
the PI technique to improve the spatial resolution and the
contrast resolution. Wide-band signals from greater depths
are more likely to be attenuated, and thus the B-mode
processing circuitry 13 may detect signals in a lower-band
region with respect to the received signals coming from such
greater depths.

[0068] Step S211 is performed by the image generation
circuitry 15. At Step S211, the image generation circuitry 15
generates a B-mode image based on the raw data generated
at Step S210. The image generation circuitry 15 generates,
at Step S207, an attenuation image by using a received
signal having a narrower bandwidth than a bandwidth of
frequency components used for generating the B-mode
image in the received signal that has been adjusted by the
preamplifier 12a.

[0069] Step S212 is performed by the image generation
circuitry 15. At Step S212, the image generation circuitry 15
combines, for example, the attenuation image generated at
Step S207 and the B-mode image generated at Step S211 to
generate a superimposed image.

[0070] In the second embodiment as described above,
ultrasonic waves for generating the B-mode image are
transmitted and received separately from the ultrasonic
waves transmitted and received for generating the attenua-
tion image. With this configuration, transmission and recep-
tion of ultrasonic waves for generating the B-mode image
are no longer relevant to the accuracy of the quantification
of attenuation. Thus, ultrasonic waves in a wider bandwidth
can be transmitted and received, and received signals can
contain tissue harmonic signals, for example. According to
the second embodiment, the visibility of the B-mode image
in the background can be improved.

[0071] According to the second embodiment, the spatial
resolution and the contrast resolution of the B-mode image
on which the attenuation image is superimposed can be
improved. Thus, the operator can more easily read the color
information of the attenuation parameters on a structure such
as a tumor. Moreover, the operator can more easily recog-
nize the target region in setting a measurement ROI, and thus
the operator can more accurately set the measurement ROIL
[0072] Although the ultrasonic diagnostic apparatus
according to the second embodiment transmits ultrasonic
waves for generating the B-mode image by using the PI
technique to extract the tissue harmonic signals, embodi-
ments are not limited to this. The ultrasonic diagnostic
apparatus does not necessarily use the PI technique in
transmitting ultrasonic waves, or receive tissue harmonic
signals to generate the B-mode image. For example, the
ultrasonic diagnostic apparatus may use fundamental com-
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ponents in transmitting and receiving ultrasonic waves for
generating the B-mode image in the same manner as trans-
mitting and receiving ultrasonic waves for quantifying the
attenuation. In this case, the ultrasonic diagnostic apparatus
transmits and receives the ultrasonic waves for generating
the B-mode image separately from the ultrasonic waves for
quantifying attenuation. The ultrasonic diagnostic apparatus
then, for example, uses higher-frequency components to
generate a B-mode image, or increases the shift of the
reception center frequency between a shallow and a greater
depth to improve depth sensitivity. With this configuration,
the ultrasonic diagnostic apparatus can improve the image
quality of the B-mode image.

[0073] Although, in the second embodiment, the process-
ing at Step S210 is performed by the B-mode processing
circuitry 13, embodiments are not limited to this. The
processing at Step S210 may be performed by the processing
function 174, for example. Although, in the second embodi-
ment, the processing at Step S211 and processing at Step
S212 are performed by the image generation circuitry 15,
embodiments are not limited to this. The processing at Step
S211 and Step S212 may be performed by the processing
function 174, for example. In this case, the processing
function 17a generates the B-mode image by using received
signals different from the received signals for generating the
attenuation image, superimposes the attenuation image on
the generated B-mode image, and displays the superimposed
image on the monitor 2.

Modifications of Second Embodiment

[0074] Although, in the second embodiment described
above, ultrasonic waves for generating the B-mode image
are transmitted and received separately from the ultrasonic
waves for quantifying the attenuation, embodiments are not
limited to this. For example, ultrasonic waves commonly
used for generating the B-mode image and for quantifying
attenuation may be transmitted once. In this case, for
example, received signals after the addition processing by
the adder 12¢ are separated into a reception band of the
ultrasonic waves for generating the B-mode image and a
reception band of the ultrasonic waves for quantifying
attenuation. Specifically, the B-mode processing circuitry 13
separates a single received signal received by the ultrasonic
probe 1 into a reception band of the ultrasonic wave for
generating the B-mode image and a reception band of the
ultrasonic wave for quantifying attenuation, and generates
raw data for generating the B-mode image and raw data for
quantifying the attenuation. The processing function 17a
performs the gain correction processing and the acoustic
field correction processing on the raw data for quantifying
attenuation, and calculates attenuation parameters. With this
configuration, the ultrasonic diagnostic apparatus generates
an attenuation image and a B-mode image each having a
different reception band by using the same transmission and
reception signals. This configuration eliminates repetition of
scan processes for the same section with two types of
transmission pluses, thereby increasing the frame rate.

[0075] When the ultrasonic diagnostic apparatus generates
an attenuation image and a B-mode image each having a
different reception band by using the same transmission and
reception signals, the ultrasonic diagnostic apparatus can
select transmission of wide-band ultrasonic waves or trans-
mission of narrow-band ultrasonic waves including the
center frequency. When, for example, wide-band ultrasonic
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waves are transmitted, the reception bandwidth for quanti-
fying the attenuation is set to a narrow bandwidth around the
transmission center frequency, whereas the reception band-
width for generating the B-mode image is set to a wide
bandwidth. When, for example, narrow-band ultrasounds
are transmitted, the reception bandwidth for quantifying the
attenuation is set to a narrow bandwidth around the center
frequency, and the reception bandwidth for generating the
B-mode image is set to a bandwidth of harmonic compo-
nents having a frequency twice the transmission frequency.
Although, in the second embodiment, the B-mode process-
ing circuitry 13 separates the reception band of the ultra-
sonic waves for generating the B-mode image from the
reception band of the ultrasonic waves for quantifying the
attenuation, embodiments are not limited to this. For
example, the reception circuitry 12 may separate the recep-
tion band of the ultrasonic waves for generating the B-mode
image from the reception band of the ultrasonic waves for
quantifying the attenuation. If the reception circuitry 12 is
configured to separate the reception bands, the reception
circuitry 12 includes a first system for separating the recep-
tion band of the ultrasonic waves for generating the B-mode
image and a second system for separating the reception band
of the ultrasonic waves for quantifying the attenuation.

Other Embodiments

[0076] Embodiments are not limited to the first and second
embodiments described above.

[0077] Although, in the first and second embodiments, the
superimposed image of an attenuation image and a B-mode
image is displayed on the monitor 2, embodiments are not
limited to this. For example, the ultrasonic diagnostic appa-
ratus may display the attenuation image on the monitor 2
alone. The ultrasonic diagnostic apparatus may display the
attenuation image and the B-mode image side by side on the
monitor without superimposing each other.

[0078] In the first and second embodiments, the reception
circuitry 12 is disposed in the apparatus body 10 when the
ultrasonic probe 1 is a one-dimensional ultrasonic probe
including a plurality of piezoelectric transducer elements
arranged in a row, but embodiments are not limited to this.
For example, the reception circuitry 12 may be disposed in
the ultrasonic, probe 1 when the ultrasonic probe 1 is a
one-dimensional ultrasonic probe.

[0079] Although, in the first and second embodiments, the
ultrasonic probe 1 is a 1D array probe, embodiments are not
limited to this. For example, the ultrasonic probe 1 may be
a two-dimensional ultrasonic probe also referred to as “2D
array probe”) including a plurality of piezoelectric trans-
ducer elements that are two-dimensionally arranged in
matrix. When, for example, the ultrasonic probe 1 is a 2D
array probe, the reception circuitry 12 may be disposed in
the ultrasonic, probe 1 or in the apparatus body 10 in the
same manner as the 1D array probe.

[0080] Although, in the first and second embodiments, the
preamplifier 12a is an example of the adjustment circuitry,
and the gain adjustment processing is performed by an
analog circuit, embodiments are not limited to this. For
example, the gain adjustment processing may be performed
by a digital circuit. FIG. 6 is a diagram illustrating the gain
adjustment processing according to another embodiment.
[0081] FIG. 6 only illustrates the reception circuitry 12,
the B-mode processing circuitry 13, and the image genera-
tion circuitry 15 in the apparatus body 10, and illustrates a
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signal and data transmitted between the circuits. “Analog
time gain control (ATGC)” illustrated in FIG. 6 indicates
analog gain adjustment processing performed by the pream-
plifier 12a in the reception circuitry 12. The received signals
generated in the reception circuitry 12 are transmitted to the
B-mode processing circuitry 13 as radio frequency (RF)
signals.

[0082] “Digital time gain control (DTGC)” in the B-mode
processing circuitry 13 indicates digital gain adjustment
processing. “Mixer” indicates processing in which output
signals after DTGC are multiplied by a reference signal
having a sine component and multiplied by a reference
signal having a cosine component. “Dynamic filter” indi-
cates processing of removing unnecessary frequency com-
ponents (such as harmonic component from each type of
output signals from Mixer. “Amplitude detection” indicates
envelope detection. “Log compression” indicates logarith-
mic compression. The B-mode processing circuitry 13 trans-
mits data after log compression to the image generation
circuitry 15 as raw data.

[0083] “Scan conversion” in the image generation cir-
cuitry 15 indicates scan conversion processing that converts
the raw data into image data. “Brightness adjustment”
indicates adjustment processing on display brightness of the
image data.

[0084] In the apparatus body 10, gain adjustment can be
performed in “DTGC” and “brightness adjustment™ illus-
trated in FIG. 6 as well as in “ATGC”. “Dynamic filter” and
“log compression” in the apparatus body 10 may be con-
figured to perform the gain adjustment. Thus, any one of
“ATGC”, “DTGC”, “brightness adjustment”, “dynamic fil-
ter”, and “log compression” or any combination thereof may
be configured as the adjustment circuitry.

[0085] When, for example, the ultrasonic probe 1 is a 1D
array probe, the gain adjustment processing may be per-
formed on the received signals after the delay addition
processing. When the ultrasonic probe 1 is a two-dimen-
sional ultrasonic probe, the gain adjustment processing may
be performed on the received signals before the delay
addition processing performed sub-array by sub-array, or
may be performed on the received signals after the delay
addition processing performed between the sub-arrays.
When, for example, the ultrasonic probe 1 is a 2D array
probe, the gain adjustment processing using an analog
circuit is typically performed after the delay addition pro-
cessing performed sub-array by sub-array in the probe and
before the delay addition processing performed between the
sub-arrays in the apparatus body 10. The gain adjustment
processing may be performed on the received signals before
the delay addition processing performed on sub-array by
sub-array, or on the received signals after the delay addition
processing performed between the sub-arrays.

[0086] Although, in the first and second embodiments, the
processing function 17a calculates attenuation constants as
attenuation parameters at Step S106 and Step S206, embodi-
ments are not limited to this. For example, the processing
function 17a may calculate other values that reflect attenu-
ation than the attenuation coeflicients as the attenuation
parameters at Step S106 and Step S206. Specifically, the
processing function 17¢ may calculate a gradient of the
brightness of a received echo in the depth direction, which
is not divided by the frequency. and calculate a value in a
unit of dB/cm or dB/m as an attenuation parameter. The
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processing function 17a may use, for example, Neper
instead of dB in the unit of the attenuation parameter.
[0087] Although, in the first and second embodiments, the
B-mode processing circuitry 13 and the Doppler processing
circuitry 14 include a quadrature detector, embodiments are
not limited to this. For example, the reception circuitry 12
may include a quadrature detector. In this case, the quadra-
ture detector in the reception circuitry 12 converts, for
example, output signals from the adder 12¢ into I signals and
Q signals. The quadrature detector transmits the 1 signals
and the Q signals to the B-mode processing circuitry 13 and
the Doppler processing circuitry 14. The B-mode processing
circuitry 13 generates B-mode data by using the I signals and
the Q signals, and the Doppler processing circuitry 14
generates Doppler data by using the 1 signals and the Q
signals.

[0088] Although, in the first and second embodiments, the
controller 17 executes the processing function 17a, embodi-
ments are not limited to this. For example, the apparatus
body 10 may be provided with attenuation parameter cal-
culation circuitry, and the attenuation parameter calculation
circuitry may be configured to execute the same function as
the processing function 17a.

[0089] Quantification of Attenuation in Presence of Con-
trast Agent
[0090] Although, in the first and the second embodiments,

quantification of attenuation is performed in the absence of
any contrast agent, embodiments are not limited to this. For
example, such quantification of attenuation can be applied to
ultrasonic scan in which contrast agent is administered to the
subject. For example, the operator analyzes the change in
brightness after the administration of contrast agent with
respect to a normal site and a lesion site. When the normal
site and the lesion site are located at different depth levels,
the change in brightness cannot be easily compared because
attenuation of ultrasonic waves varies depending on the
depth. For this reason, attenuation of ultrasonic waves with
respect to the normal site and the lesion site is quantified
before the contrast agent is administered. This operation
enables the operator who analyzes the change in brightness
to correct the attenuation of ultrasonic waves and compare
the change in brightness after the administration of the
contrast agent.

[0091] The normal site and the lesion site may take
different amounts of contrast agent in some cases. When the
operator checks a test site that is known to vary the attenu-
ation in accordance with the amount of contrast agent that
the test site takes, the operator quantifies the attenuation
before and after the administration of the contrast agent, and
compares the attenuations. With this operation, the operator
can determine whether the test site is normal.

[0092] The components of the devices in the drawings
referred to in the description of the embodiments above are
presented based on functional concepts, and are not neces-
sarily physically configured as illustrated in the drawings. In
other words, the specific modes of distribution and integra-
tion of the components are not limited to those illustrated in
the drawings. All or part of the components can be func-
tionally or physically distributed or integrated in any units
depending on various loads and the status of use. Further, all
or certain part of the processing functions performed in the
components may be implemented by a CPU and a computer
program that is analyzed and executed by the CPU or may
be implemented as hardware using wired logic.
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[0093] The control method described in the embodiments
above can be implemented by having a computer such as a
personal computer or a work station execute a control
program prepared in advance. The control program can be
distributed via a network such as the Internet. The control
program is recorded in a computer-readable recording
medium such as a hard disk, a flexible disk (FD), compact
disc read only memory (CD-ROM), a magneto-optical
(MO), and a digital versatile disc (DVD), and can be
executed by being read by a computer from the recording
medium.

[0094] Signal Processing Device

[0095] As described above, the signal processing method
described in the first and the second embodiments and the
modifications thereof is performed by the ultrasonic diag-
nostic apparatus. However, the signal processing method
described in the first and the second embodiments and the
modifications thereof may be performed by a signal pro-
cessing device that can acquire signals received by the
ultrasonic probe 1. The ultrasonic diagnostic apparatus may
include the signal processing device that performs the signal
processing method described in the first and the second
embodiments and the modifications thereof.

[0096] According to at least one of the embodiments
above, attenuation of echoes can be quantified with a simple
configuration.

[0097] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A signal processing device comprising:

adjustment circuitry configured to adjust a received signal

based on an echo of an ultrasonic wave transmitted to
a subject with gain corresponding to a location at which
the echo has been generated; and

processing circuitry configured to correct the received

signal that has been adjusted by the adjustment cir-
cuitry in accordance with the gain and to calculate an
index value relating to attenuation by using the cor-
rected received signal.

2. The signal processing device according to claim 1,
wherein the processing circuitry corrects the received signal
that has been adjusted by the adjustment circuitry such that
the processing circuitry cancels an adjustment value with
which the adjustment circuitry has adjusted the received
signal.

3. The signal processing device according to claim 1,
wherein the processing circuitry corrects the received signal
that has been adjusted by the adjustment circuitry such that
the processing circuitry equalizes an adjustment value with
which the adjustment circuitry has adjusted the received
signal, the adjustment value corresponding to the location at
which the echo has been generated.

4. The signal processing device according to claim 1,
wherein the processing circuitry corrects the received signal
that has been adjusted by the adjustment circuitry in accor-
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dance with an acoustic field determined by at least one of a
transmission condition of the ultrasonic wave and a recep-
tion condition of the echo, and calculates the index value by
using the received signal that has been corrected in accor-
dance with the gain and the acoustic field.

5. The signal processing device according to claim 2,
wherein the processing circuitry corrects the received signal
that has been adjusted by the adjustment circuitry in accot-
dance with an acoustic field determined by at least one of a
transmission condition of the ultrasonic wave and a recep-
tion condition of the echo, and calculates the index value by
using the received signal that has been corrected in accor-
dance with the gain and the acoustic field.

6. The signal processing device according to claim 3,
wherein the processing circuitry corrects the received signal
that has been adjusted by the adjustment circuitry in accor-
dance with an acoustic field determined by at least one of a
transmission condition of the ultrasonic wave and a recep-
tion condition of the echo, and calculates the index value by
using the received signal that has been corrected in accor-
dance with the gain and the acoustic field.

7. The signal processing device according to claim 1,
wherein the index value is an attenuation constant.

8. The signal processing device according to claim 1,
wherein the processing circuitry generates an attenuation
image based on index values corresponding to a plurality of
locations at which echoes have been generated, and displays
the generated attenuation image on a display.

9. The signal processing device according to claim 1,
wherein the processing circuitry calculates a representative
value by using index values corresponding to a plurality of
locations at which echoes have been generated, and displays
the calculated representative value on a display.

10. The signal processing device according to claim 8,
wherein the processing circuitry generates a B-mode image
by using the received signal that has been adjusted by the
adjustment circuitry, and displays the attenuation image on
the generated B-mode image.

11. The signal processing device according to claim 10,
wherein the processing circuitry generates the attenuation
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image by using a received signal having a narrower band-
width than a bandwidth of frequency components in the
adjusted received signal, the frequency components being
used for generating the B-mode image.

12. The signal processing device according to claim 11,
wherein the received signal having a narrower bandwidth is
a received signal based on an echo of an ultrasonic wave
transmitted in a narrow transmission bandwidth including a
center frequency.

13. The signal processing device according to claim 12,
wherein the transmission bandwidth is determined based on
a frequency characteristic of a probe.

14. The signal processing device according to claim 8,
wherein the processing circuitry generates a B-mode image
by using a received signal different from the received signal
used for generating the attenuation image, and displays the
attenuation image on the generated B-mode image.

15. The signal processing device according to claim 1,
wherein

the adjustment circuitry adjusts received signals output

from a plurality of transducer elements with gain,

the signal processing device further comprising delay

addition circuitry configured to perform delay addition
processing on the received signals that have been
adjusted by the adjustment circuitry, wherein

the processing circuitry corrects the received signals after

the delay addition processing in accordance with the
gain, and calculates index values by using the corrected
received signals.

16. An ultrasonic diagnostic apparatus comprising the
signal processing device according to claim 1.

17. A method comprising:

adjusting a received signal based on an echo of an

ultrasonic wave transmitted to a subject with gain
corresponding to a location at which the echo has been
generated; and

correcting the adjusted received signal in accordance with

the gain and calculating an index value relating to
attenuation by using the corrected received signal.
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