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ULTRASONIC DIAGNOSTIC APPARATUS,
DATA ANALYSIS METHOD, AND DATA
ANALYSIS PROGRAM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus for transmitting and receiving ultrasonic
waves to perform imaging of organs and so on within a living
body and generating ultrasonic images to be used for diag-
noses. Furthermore, the present invention relates to a data
analysis method and a data analysis program for performing
analysis of data obtained in the ultrasonic diagnostic appara-
tus.

[0003] 2. Description of a Related Art

[0004] In an ultrasonic diagnostic apparatus used for medi-
cal purposes, an ultrasonic probe is typically used to scan an
object to be inspected with an ultrasonic beam formed by
synthesizing plural ultrasonic waves and receive ultrasonic
echoes reflected within the object, and thereby, image infor-
mation on tissues of the object is obtained based on the
intensity of the ultrasonic echoes. According to the ultrasonic
diagnostic apparatus, a living body is acoustically measured
by utilizing ultrasonic waves, and therefore, tissue properties
of organs within the living body can be noninvasively diag-
nosed.

[0005] For example, the tissue property diagnosis of liver
using the ultrasonic diagnostic apparatus enables early detec-
tion of cirrhosis. The cirrhosis refers to a symptom in which
destruction and reproduction of liver cells are repeated and
fibrillated tissues are increased within the liver and the liver is
hardened and reduced. In this case, a feature appears in the
intensity pattern of ultrasonic echoes in an ultrasonic image
of the liver, and thus, the progression of the cirrhosis symp-
tom can be visually confirmed.

[0006] Sometimes, the tissue property diagnosis using the
ultrasonic diagnostic apparatus is made based on the pattern
of speckles that appear due to mutual interference of echo
signals reflected by a number of minute scatterers. For
example, in the case where the liver is in the normal condition,
the speckle pattern in the ultrasonic image is homogeneous.
On the other hand, in the case where the liver is in the wors-
ening cirrhosis symptom, the speckle pattern in the ultrasonic
image is inhomogeneous. However, the visual evaluation
largely depends on the experience of a person who makes a
diagnosis, and therefore, quantitative evaluation is desired for
homogeneousity of speckle pattern using the statistical nature
of speckle pattern.

[0007] Naohisa KAMIYAMA et al., “Tissue Characteriza-
tion Using Statistical Information from Ultrasound Echo Sig-
nals”, MEDICAL IMAGING TECHNOLOGY, Vol. 21, No. 2,
March 2003, pp. 112-116discloses a study on tissue property
diagnosis using speckle patterns obtained by an ultrasonic
diagnostic apparatus. According to KAMIYAMA et al., gen-
erally, the echo signal status from numerous random scatter-
ers is expressed as a probability density distribution function
and a liver condition can be diagnosed based on whether or
not the probability density distribution function is distributed
along a Rayleigh distribution. KAMIYAMA et al. also dis-
closes that such a statistical technique is realized as an image
filter.

[0008] Further, Yasutomo FUIII et al., “Texture Analysis
with the New Method of Segments the Region of Interest into
Multiple Layers for RF Amplitude Histogram Analysis in the
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Fibrous Liver of Rats”, J Med Ultrasonics, Vol. 28, No. 4,
2001, pp. J1681-1691 discloses that, utilizing the fact that the
histogram of enveloped-amplitude of RF (radio frequency)
signals obtained from a homogeneous scattering medium
resembles a Rayleigh distribution, a histogram analysis of
enveloped-amplitude of RF signals is performed by focusing
on the feature of the Rayleigh distribution function and seg-
menting ROI (Region of interest).

[0009] Furthermore, as a technology related to tissue prop-
erty diagnosis using an ultrasonic diagnostic apparatus, Japa-
nese Patent Application Publication JP-P2003-61964A dis-
closes an ultrasonic diagnostic apparatus including analyzing
and operating means for extracting a specific signal by using
the statistical nature of intensity or amplification information
of echo signals generated from a part of an object to be
inspected, and display means for displaying a result extracted
from the analyzing and operating means. According to the
ultrasonic diagnostic apparatus, not only the progression of
cirrhosis, but also a minute abnormal lesion in the homoge-
neous tissue structure can be observed by smoothing images
by using the statistical nature of speckle pattern and extract-
ing minute structures.

[0010] Further, Japanese Patent Application Publication
JP-P2004-41617A discloses an ultrasonic diagnostic appara-
tus including image forming means for forming ultrasonic
images based on echo data obtained by transmission and
reception of ultrasonic waves, binarizing means for generat-
ing plural binarized images by binarizing the ultrasonic
images while varying threshold levels, region counting means
for performing labeling processing with respect to each bina-
rized image to obtain the number of independent regions with
high brightness or low brightness, and graph creating means
for creating a speckle evaluation graph showing the number
of independent regions with respect to each threshold level.
According to the ultrasonic diagnostic apparatus, it is
described that, utilizing the phenomenon that appearance of
speckles or speckle pattern differs depending on tissue prop-
erties, tissue diagnoses can be made.

[0011] The tissue property diagnosis of liver, etc. may be
made in a medical checkup, for example, and it is desirable
that the evaluation result can be acquired in a short time
period. Further, it is desirable for the person who makes a
diagnosis or the person to be examined to easily understand
the acquired evaluation result. However, the signal processing
in the technology disclosed in the above documents is
extremely complicated, and it is difficult to acquire the evalu-
ation result in a short time period. Further, it is difficult for the
persons to easily understand the evaluation result.

SUMMARY OF THE INVENTION

[0012] The present invention has been achieved in view of
the above-mentioned problems. A purpose of the present
invention is to provide an ultrasonic diagnostic apparatus in
which a speckle analysis can be made in a simple manner by
using information obtained based on echo signals and an
analysis result can be promptly displayed.

[0013] In order to accomplish the above-mentioned pur-
pose, an ultrasonic diagnostic apparatus according to one
aspect of the present invention includes: a transmitting and
receiving unit for supplying drive signals to plural ultrasonic
transducers respectively to transmit ultrasonic waves and
converting reception signals, which are respectively output-
ted from the plural ultrasonic transducers receiving ultrasonic
echoes, into digital signals; signal processing means for per-
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forming reception focus processing and envelope detection
processing on the digital signals to sequentially generate
envelope data; a storage unit for storing the envelope data for
at least one frame generated by the signal processing means;
image data generating means for generating image data rep-
resenting an ultrasonic image based on the envelope data
supplied from the signal processing means or the storage unit;
speckle analyzing means for generating speckle analysis
result data representing a speckle analysis result based on the
envelope data supplied from the signal processing means or
the storage unit; display means for displaying the ultrasonic
image and the corresponding speckle analysis result on a
display unit based on the image data generated by the image
data generating means and the speckle analysis result data
generated by the speckle analyzing means; and ROI (region
of interest) setting means to be used for setting a ROI in the
ultrasonic image displayed on the display unit; wherein the
speckle analyzing means includes a memory for storing the
envelope data for at least one frame, and computing means for
generating the speckle analysis result data based on the enve-
lope data corresponding to the ROI set by using the ROI
setting means among the envelope data stored in the memory.

[0014] Further, a data analysis method according to one
aspect of the present invention is a method to be used in an
ultrasonic diagnostic apparatus for supplying drive signals to
plural ultrasonic transducers respectively to transmit ultra-
sonic waves and converting reception signals, which are
respectively outputted from said plural ultrasonic transducers
receiving ultrasonic echoes, into digital signals, and the
method includes the steps of: (a) performing reception focus
processing and envelope detection processing on the digital
signals to sequentially generate envelope data; (b) storing the
envelope data for at least one frame generated at step (a) in a
storage unit; (c) generating image data representing an ultra-
sonic image based on the envelope data generated at step (a)
or stored in the storage unit at step (b); (d) displaying the
ultrasonic image on a display unit based on the image data
generated at step (c); (e) setting a ROI (region of interest) in
the ultrasonic image displayed on the display unit; (f) storing
the envelope data for at least one frame in a memory and
generating speckle analysis result data representing a speckle
analysis result based on the envelope data corresponding to
the ROI set at step (¢) among the envelope data stored in the
memory; and (g) displaying the ultrasonic image and the
corresponding speckle analysis result on the display umt
based on the image data generated at step (c) and the speckle
analysis result data generated at step (f).

[0015] Furthermore, a data analysis program according to
oneaspect of the present invention is a program embodied on
a computer readable medium to be used in an ultrasonic
diagnostic apparatus for supplying drive signals to plural
ultrasonic transducers respectively to transmit ultrasonic
waves and converting reception signals, which are respec-
tively outputted from said plural ultrasonic transducers
receiving ultrasonic echoes, into digital signals, and the pro-
gram actuates a CPU to execute the procedures of: (a) per-
forming reception focus processing and envelope detection
processing on the digital signals to sequentially generate
envelope data; (b) storing the envelope data for at least one
frame generated at procedure (a) in a storage unit; (¢) gener-
ating image data representing an ultrasonic image based on
the envelope data generated at procedure (a) or stored in the
storage unit at procedure (b); (d) displaying the ultrasonic
image on a display unit based on the image data generated at
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procedure (c); (e) setting a ROI (region of interest) in the
ultrasonic image displayed on the display unit in accordance
with operation of an operator; (f) storing the envelope data for
at least one frame in a memory and generating speckle analy-
sis result data representing a speckle analysis result based on
the envelope data corresponding to the ROI set at procedure
(e) among the envelope data stored in the memory; and (g)
displaying the ultrasonic image and the corresponding
speckle analysis result on the display unit based on the image
data generated at procedure (¢) and the speckle analysis result
data generated at procedure (f).

[0016] According to the present invention, by generating
the speckle analysis result based on the envelope data corre-
sponding to the set ROl among the envelope data stored in the
memory, the speckle analysis can be performed in the simple
manner by using the information obtained based on the echo
signals and the analysis result can be promptly displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1is ablock diagram showing a configuration of
an ultrasonic diagnostic apparatus according to the first
embodiment of the present invention;

[0018] FIG. 2 shows an example of button arrangement in a
speckle analysis operation part shown in FIG. 1;

[0019] FIG. 3 shows anexample of an ultrasonic diagnostic
screen displayed on a display unit;

[0020] FIG. 4 shows values of the ratio of a probability
density distribution to a Rayleigh distribution.

[0021] FIG. 5 shows an example of a speckle analysis result
included in the ultrasonic diagnostic screen shown in FIG. 3;
[0022] FIGS. 6A-6C show the first to third examples of the
speckle analysis result, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Hereinafter, preferred embodiments of the present
invention will be explained in detail with reference to the
drawings. The same reference numbers are assigned to the
same component elements and the description thereof will be
omitted.

[0024] FIG. 1is ablock diagram showing a configuration of
an ultrasonic diagnostic apparatus according to the first
embodiment of the present invention. An ultrasonic diagnos-
tic apparatus 1 includes an ultrasonic probe 10, a transmitting
and receiving unit 20, an image generating section 30, a
display unit 40, an input unit 50, a control unit 60, a storage
unit 70, and a scan control unit 80.

[0025] The ultrasonic probe 10 may be a probe of convex
type, linear scan type, or sector scan type for use in contact
with an object to be inspected, a probe of transesophageal
type, or an ultrasonic endoscope of mechanical radial type or
electronic radial type. The ultrasonic probe 10 includes plural
ultrasonic transducers 10a that form a one-dimensional or
two-dimensional transducer array. The ultrasonic transducers
104 transmit ultrasonic beams to the object based on applied
drive signals, and receive ultrasonic echoes reflected from the
object to output reception signals.

[0026] Each ultrasonic transducer is configured by a vibra-
tor in which electrodes are formed on both ends of a material
having a piezoelectric property (piezoelectric material) such
as a piezoelectric ceramic represented by PZT (Pb(lead) zir-
conate titanate), a polymeric piezoelectric element repre-
sented by PVDF (polyvinylidene difluoride), or the like.
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When a voltage is applied to the electrodes of the vibrator by
outputting pulse or continuous wave electric signals, the
piezoelectric material expands and contracts. Due to the
expansion and contraction, pulse or continuous ultrasonic
waves are generated from the respective vibrators, and an
ultrasonic beam is formed by synthesizing these ultrasonic
waves. Further, the respective vibrators expand and contract
by receiving propagating ultrasonic waves and generate elec-
tric signals. These electric signals are outputted as reception
signals of ultrasonic waves.

[0027] Alternatively, as the ultrasonic transducers, plural
kinds of elements of different ultrasonic conversion types
may beused. For example, the above-mentioned vibrators are
used as elements for transmitting ultrasonic waves and photo-
detection type ultrasonic transducers are used as elements for
receiving ultrasonic waves. The photo-detection type ultra-
sonic transducer is for detecting ultrasonic signals by con-
verting the ultrasonic signals into optical signals, and config-
ured by a Fabry-Perot resonator or fiber Bragg grating, for
example.

[0028] The transmitting and receiving unit 20 includes a
transmission circuit 21, a reception circuit 22, and an A/D
converter 23. Further, the image generating section 30
includes a signal processing unit 31, a cine-memory 32, a
B-mode image data generating unit 33, aspeckle analysis unit
34, a DSC (Digital Scan Converter) 35, and a D/A converter
36.

[0029] The transmission circuit 21 generates drive signals
to be respectively applied to the plural ultrasonic transducers
10a. At this time, the transmission circuit 21 can provide
respective delay times to the drive signals based on the trans-
mission delay pattern selected by the scan control unit 80.
Here, the transmission circuit 21 may adjust the amounts of
delay of the drive signals and supply the drive signals to the
ultrasonic probe 10 such that the ultrasonic waves to be trans-
mitted from the plural ultrasonic transducers 10a form an
ultrasonic beam, or may supply drive signals to the ultrasonic
probe 10 such that the ultrasonic waves to be transmitted at
once from the plural ultrasonic transducers 10a reach the
entire imaging region of the object.

[0030] The reception circuit 22 amplifies the reception sig-
nals respectively outputted form the plural ultrasonic trans-
ducers 10q, and the A/D converter 23 converts the analog
reception signals amplified by the reception circuit 22 into
digital reception signals (in this application, also referred to
as “RF data”). The RF data outputted from the A/D converter
23 is inputted to the signal processing unit 31. The signal
processing unit 31 performs reception focus processing by
providing the respective delay times to the reception signals
represented by the RF data based on the reception delay
pattern selected by the scan control unit 80, and adding those
reception signals to one another. Through the reception focus
processing, sound ray data, in which the focal point of the
ultrasonic echoes is stopped down, is formed.

[0031] The scan control unit 80 sequentially sets a trans-
mission direction of an ultrasonic beam or a reception direc-
tion of ultrasonic echoes under the control of the control unit
60, and has a transmission control function for selecting a
transmission delay pattern according to the set transmission
direction and a reception control function for selecting a
reception delay pattern according to the set reception direc-
tion.

[0032] Here, the transmission delay pattern refers to adelay
time pattern to be provided to the drive signals in order to
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form an ultrasonic beam in a desired direction by using the
ultrasonic waves transmitted from the plural ultrasonic trans-
ducers 10a, and the reception delay pattern refers to a delay
time pattern to be provided to the reception signals in order to
extract ultrasonic echoes from the desired direction by using
the ultrasonic waves received by the plural ultrasonic trans-
ducers 10q. Plural transmission delay patterns and reception
delay patterns are stored in a memory or the like.

[0033] Furthermore, the signal processing unit 31 corrects
attenuation of the sound ray data due to distance in accor-
dance with the depths of the reflection positions of ultrasonic
waves through STC (sensitivity time gain control), and then,
performs envelope detection processing by using a low-pass
filter or the like thereon to generate envelope data.

[0034] The envelope data generated by the signal process-
ing unit 31 is sequentially stored in the cine-memory 32 and
supplied to the B-mode image data generating unit 33. The
cine-memory 32 has a memory capacity for storing envelope
data for at least one frame, preferably for plural frames. The
B-mode image data generating unit 33 performs pre-process
processing such as Log (logarithmic) compression and gain
adjustment on the envelope data to generate B-mode image
data, and outputs the generated B-mode image data to the
DSC 35.

[0035] The speckle analysis unit 34 includes an envelope
memory 341 and a computation part 342. When an operator
operates a speckle analysis operation part 52 to instruct a
speckle analysis, the envelope memory 341 stores the enve-
lope data supplied from the signal processing unit 31 in the
live mode, and stores the envelope data supplied from the
cine-memory 32 in the freeze mode. The computation part
342 reads the envelope data from the envelope memory 341
and performs predetermined computation processing on the
read envelope data to generate speckle analysis result data
representing a speckle analysis result, and outputs the gener-
ated speckle analysis result data to the DSC 35.

[0036] In the embodiment, the computation part 342 is
configured of a central processing unit (CPU) and software
(data analysis program) for actuating the CPU to execute
various kinds of processing. However, the computation part
342 may be configured of a digital circuit or analog circuit.
Further, the signal processing unit 31, the B-mode image data
generating unit 33, the DSC 35, the control unit 60, and the
scan control unit 80 are also configured of a CPU and soft-
ware. However, the signal processing unit 31, the B-mode
image data generating unit 33, and the DSC 35 may be con-
figured of a digital circuit or analog circuit. The above-men-
tioned software is stored in the storage unit 70 that is config-
ured of a hard disk, memory, or the like. In addition, the
transmission delay patterns and the reception delay patterns
to be selected by the scan control unit 80 may be stored in the
storage unit 70.

[0037] The DSC 35 converts (raster-converts) the B-mode
image data into ultrasonic image data that follows the normal
scan system of television signals, and performs necessary
image processing such as gradation processing thereon to
generate ultrasonic image data. Furthermore, the DSC 35
generates image data for display based on the ultrasonic
image data. In addition, when the operator instructs the
speckle analysis, the DSC 35 generates image data for display
by synthesizing the ultrasonic image data and the speckle
analysis result data in order to display the ultrasonic image
and the speckle analysis result within one screen.
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[0038] The D/A converter 36 converts the image data for
display outputted from the DSC 35 into an analog image
signal and outputs it to the display unit 40. Thereby, an ultra-
sonic diagnostic screen including the ultrasonic image and
the speckle analysis result, if needed, is displaved on the
display unit 40.

[0039] The input unit 50 includes a console 51 to be used
for the operator to operate the ultrasonic diagnostic apparatus
1, and a speckle analysis operation part 52 as operator inter-
face means for the operator to input instructions when the
speckle analysis is performed.

[0040] FIG. 2 shows an example of button arrangement in a
speckle analysis operation part shown in FIG. 1. In the
embodiment, the speckle analysis operation part 52 is pro-
vided with character input keys 521 for inputting various
kinds of instructions on data, a freeze button 522 for instruct-
ing switching between the live mode and freeze mode, a set
button 523 for setting an ROI (region of interest) within an
ultrasonic image, a track ball 524 for locating the RO, a save
button 525 for saving the ROI setting, a cancel button 526 for
canceling the ROI setting, and a speckle analysis button 527
for instructing a speckle analysis. By pushing down these
buttons, their instructions are informed to the control unit 60,
and the control unit 60 controls the respective units.

[0041] In the ultrasonic diagnostic apparatus according to
the embodiment, there are the live mode and the freeze mode,
and the speckle analysis can be performed in both of the
modes. Here, operations of the ultrasonic diagnostic appara-
tus in The respective modes will be explained with reference
to FIGS.1to 3.

[0042] The live mode refers to a mode in which moving
images are displayed based on the reception signals sequen-
tially obtained through the transmission and reception of
ultrasonic waves by the ultrasonic probe. In the live mode,
ultrasonic image data is generated based on the envelope data
outputted from the signal processing unit 31 based on the
sequentially obtained reception signals. Concurrently, the
cine-memory 32 sequentially stores the envelope data output-
ted from the signal processing unit 31.

[0043] During observation of moving images in the live
mode, the operator is able to switch to the freeze mode and
acquire a desired still image by pushing down the freeze
button 522 shown in FIG. 2. Since the envelope data for at
least one frame is stored in the cine-memory 32, in the freeze
mode, ultrasonic image data is generated based on the enve-
lope data read from the cine memory 32 without the need for
imaging the object.

[0044] Hereinafter, an example of a procedure to perform a
Speckle analysis in the freeze mode will be explained. First,
in the live mode, the operator acquires a desired still image as
an ultrasonic image by pushing down the freeze button 522
shown in FIG. 2.

[0045] FIG. 3 shows anexample of an ultrasonic diagnostic
screen displayed on a display unit. An ultrasonic diagnostic
screen 90 includes an examination date 91, patient informa-
tion 92, an ultrasonic image 93, and a speckle analysis result
94. In the ultrasonic image 93, an ROI is indicated. The
speckle analysis result 94 is displayed only when a speckle
analysis is performed.

[0046] The operator pushes down the set button 523 shown
in FIG. 2, and then searches for a position to be located as the
ROI in the ultrasonic image by operating the track ball 524
and sets the ROI by pushing down the save button 525. Then,
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when the operator pushes down the speckle analysis button
527, a speckle analysis is performed in the speckle analysis
unit 34.

[0047] When the speckle analysis button 527 is pushed
down in the freeze mode, the envelope data of the same frame
as the ultrasonic image frame displayed on the display unit 40
is read from the cine-memory 32 and stored in the envelope
memory 341. Furthermore, the computation part 342 reads
from the envelope memory 341 the envelope data correspond-
ing to the same region as the ROI set in the ultrasonic image
among a group of envelope data stored in the envelope
memory 341.

[0048] The computation part 342 calculates histogram
Hi(A) based on a value of the read envelope data, i.e., ampli-
tude “A” of the envelope (hereinafter, also referred to as
“brightness value™) A, calculates probability density distribu-
tion P(A) based on the histogram Hi(A) ,and calculates Ray-
leigh distribution R(A) based on the probability density dis-
tribution P(A). In the case with no attenuation, the Rayleigh
distribution R(A) can be expressed by the following equation

2

A [Az] ty)
R(A) = —exp|

Here, the parameter (Rayleigh coefficient) ¢ in the equation
(1) is a half of expectation <A>> of reception intensity and
proportional to the reception intensity.

[0049] Furthermore, the computation part 342 calculates a
value of the ratio P(A)/R(A) of the probability density distri-
bution P(A) to the Rayleigh distribution.

[0050] For example, if the envelope data is quantized with
an accuracy of eight bits, the possible brightness value “A” is
one 0f0t0 255. FIG. 4 shows an example of values of the ratio
P(A)/R(A) of the probability density distribution to the Ray-
leigh distribution. The computation part 342 calculates the
mean value of P(A)/R(A) as parameter “K”, and calculates
the mean value of the absolute values of (1-P(A)/R(A)) as
parameter “H”. The parameter “K” is expressed by the equa-
tion (2), and the parameter “H” is expressed by the equation
(3).

_ P(A) 2
k= zry)
P(A) 3
H=Avel - m

Here, the parameter “K” represents the similarity between the
probability density distribution P(A) and the Rayleigh distri-
bution R(A), and the parameter “H” represents the degree of
variations of the probability density distribution P(A) relative
to the Rayleigh distribution R(A).

[0051] The probability density distribution P(A), the Ray-
leigh distribution R(A), and the parameters “K” and “H” are
outputted to the DSC 35 as speckle analysis result data. The
DSC 35 generates image data for display by synthesizing the
ultrasonic image data and the speckle analysis data, and out-
puts the image data for display to the D/A converter 36. The
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D/ A converter 36 converts the inputted image data for display
into analog image signal and outputs it to the display unit 40.

[0052] FIG.5 shows an example of a speckle analysis result
included in the ultrasonic diagnostic screen shown in FIG. 3.
As shown in FIG. 5, in the speckle analysis result, the prob-
ability density distribution P(A) obtained from the histogram
of brightness “A” is indicated with the corresponding Ray-
leigh distribution R(A), and further, the values of the param-
eters “K” and “H” are also indicated. In FIG. 5, the solid line
shows the probability density distribution P(A), and the bro-
ken line shows the Rayleigh distribution R(A).

[0053] Next, information on tissue properties obtained
based on the speckle analysis result will be explained with
reference to FIGS.6A-6C. FIGS. 6A-6C show three examples
of the speckle analysis result.

[0054] In FIG. 6(A), the probability density distribution
P(A) obtained from the histogram is nearly conformable to
the Rayleigh distribution R(A). In this case, the parameter
“K” becomes nearly “1” and the parameter “H” becomes
nearly “0”, and the tissues of the liver and so on appearing in
the ROI in the ultrasonic image are judged to be normal.

[0055] InFIG. 6B, the probability density distribution P(A)
obtained from the histogram is like a line graph and deviates
from the Rayleigh distribution R(A). In this case, the param-
eter “K” becomes nearly “1” and the parameter “H” becomes
avalue between “0” and “1”, and it is judged that the number
of samples is insufficient due to the small ROI. Accordingly,
the operator can perform the speckle analysis again after the
ROI is enlarged and the sufficient number of samples is
secured.

[0056] InFIG. 6C, the probability density distribution P(A)
obtained from the histogram is a smooth curve but deviates
from the Rayleigh distribution R(A). In this case, the param-
eter “K” becomes larger than “1” and the parameter “H”
becomes a value between “0” and “1”, and the tissues of the
liver and so on appearing in the ROI in the ultrasonic image
are judged to have a hardened part. Therefore, for example, a
diagnosis that it is suspected to have cirrhosis may be made.

[0057] In the above-mentioned operation, threshold value
T, of the parameter “K” and threshold value TH of the param-
eter “H” may be set in advance and the judgment is automati-
cally made by comparing these parameters with the respec-
tive threshold values. For example, given that the threshold
values are set as T,=1.15 and T,=0.3, in the case where
K=T, and H=Ty, the tissues may be judged to be normal,
whilein the case where H>T , the tissues may be judged to be
abnormal if K>T, and the number of samples may be judged
to be insufficient if K=T,.

[0058] According to the embodiment, when the operator
sets an ROI based on an ultrasonic image in the live mode or
freeze mode, it is possible to easily perform a speckle analysis
ona desired part in the object and display the ultrasonic image
and the corresponding speckle analysis result in real time.

[0059] Further,. the operator may be able to arbitrarily set
an arithmetic expression to be used when a Rayleigh distri-
bution, parameters, and so on are calculated in the speckle
analysis by operating the character inputkeys and so on of the
speckle analysis operation part. For example, a speckle analy-
sis with higher accuracy can be performed by setting an
arithmetic expression that reflects frequency attenuation
when the Rayleigh distribution is calculated. Alternatively,
the operator may be able to set types of graphs and parameters
to be displayed as a speckle analysis result.
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[0060] Furthermore, when a speckle analysis result is dis-
played in the live mode, if the frame rate is high, the speckle
analysis result is difficult to be read. Accordingly, the operator
may be able to set the update rate at which the speckle analy-
sis result is displayed on the display unit by operating the
character input keys and so on of the speckle analysis opera-
tion part. Consequently, even when the frame rate of the
ultrasonic image is high, the speckle analysis result can be
easily read.

1. An ultrasonic diagnostic apparatus comprising:

a transmitting and receiving unit for supplying drive sig-
nals to plural ultrasonic transducers respectively to
transmit ultrasonic waves and converting reception sig-
nals, which are respectively outputted from said plural
ultrasonic transducers receiving ultrasonic echoes, into
digital signals;

signal processing means for performing reception focus
processing and envelope detection processing on the
digital signals to sequentially generate envelope data;

a storage unit for storing the envelope data for at least one
frame generated by said signal processing means;

image data generating means for generating image data
representing an ultrasonic image based on the envelope
data supplied from one of said signal processing means
and said storage unit;

speckle analyzing means for generating speckle analysis
result data representing a speckle analysis result based
on the envelope data supplied from one of said signal
processing means and said storage unit;

display means for displaying the ultrasonic image and the
corresponding speckle analysis result on a display umt
based on the image data generated by said image data
generating means and the speckle analysis result data
generated by said speckle analyzing means; and

ROI (region of interest) setting means to be used for setting
a ROl in the ultrasonic image displayed on said display
unit;

wherein said speckle analyzing means includes a memory
for storing the envelope data for at least one frame, and
computing means for generating the speckle analysis
result data based on the envelope data corresponding to
the ROI set by using said ROI setting means among the
envelope data stored in said memory.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein said computing means calculates a histogram, a
Probability density distribution, and a Rayleigh distribution
on values of the envelope data, and generates the speckle
analysis result data based on the calculated probability den-
sity distribution and Rayleigh distribution.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein said computing means calculates a first parameter
representing similarity between the probability density dis-
tribution and the Rayleigh distribution and a second param-
eter representing a degree of variations of the probability
density distribution relative to the Rayleigh distribution.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein said computing means calculates a mean value of
P(A)/R(A) as the first parameter and a mean value of absolute
values of (1-P(A)/R(A)) as the second parameter, where “A”
represents a possible value of the envelope data, P(A) repre-
sents the probability density distribution, and R(A) represents
the Rayleigh distribution.

5. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
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a speckle analysis operation part to be used for setting an
arithmetic expression to be used by said computing
means and/or a type of speckle analysis result to be
displayed on said display unit.

6. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

a speckle analysis operation part to be used for setting An
update rate at which the speckle analysis result is dis-
played on said display unit.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein said memory stores at least the envelope data of the
same frame as that of the ultrasonic image displayed on said
display unit, and said computing means generates the speckle
analysis result data based on the envelope data corresponding
to the ROT set by using said ROT setting means among the
envelope data of the same frame as that of the ultrasonic
image displayed on said display unit.

8. A data analysis method to be used in an ultrasonic
diagnostic apparatus for supplying drive signals to plural
ultrasonic transducers respectively to transmit ultrasonic
waves and converting reception signals, which are respec-
tively outputted from said plural ultrasonic transducers
receiving ultrasonic echoes, into digital signals, said method
comprising the steps of:

(a) performing reception focus processing and envelope
detection processing on the digital signals to sequen-
tially generate envelope data;

(b) storing the envelope data for at least one frame gener-
ated at step (a) in a storage unit;

(c) generating image data representing an ultrasonic image
based on one of the envelope data generated at step (a)
and the envelope data stored in said storage unit at step
(b):

(d) displaying the ultrasonic image on a display unit based
on the image data generated at step (c);

(e) setting a ROI (region of interest) in the ultrasonic image
displayed on said display unit;

(D storing the envelope data for at least one frame in a
memory and generating speckle analysis result data rep-
resenting a speckle analysis result based on the envelope
data corresponding to the ROI set at step (e) among the
envelope data stored in said memory; and

(g) displaying the ultrasonic image and the corresponding
speckle analysis result on said display unit based on the
image data generated at step (¢) and the speckle analysis
result data generated at step (f).

9. The data analysis method according to claim 8, wherein
step (f) includes calculating a histogram, a probability density
distribution, and a Rayleigh distribution on values of the
envelope data, and generating the speckle analysis result data
based on the calculated probability density distribution and
Rayleigh distribution.

10. The data analysis method according to claim 9, wherein
step () includes calculating a first parameter representing
similarity between the probability density distribution and the
Rayleigh distribution and a second parameter representing a
degree of variations of the probability density distribution
relative to the Rayleigh distribution.

11. The data analysis method according to claim 10,
wherein step (f) includes calculating a mean value of P(A)/R
(A) as the first parameter and a mean value of absolute values
of (1-P(A)YR(A)) as the second parameter, where “A” repre-
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sents a possible value of the envelope data, P(A) represents
the probability density distribution, and R(A) represents the
Rayleigh distribution.

12. The data analysis method according to claim 8, further
comprising the step of:

setting an arithmetic expression to be used at step (f) and/or
atype of speckle analysis result to be displayed on said
display unit.

13. The data analysis method according to claim 8, further

comprising the step of:

setting an update rate at which the speckle analysis result is
displayed on said display unit.

14. The data analysis method according to claim 8, wherein
step (D) includes storing at least the envelope data of the same
frame as that of the ultrasonic image displayed on said display
unit in said memory, and generating the speckle analysis
result data based on the envelope data corresponding to the
ROI set at step (e) among the envelope data of the same frame
as that of the ultrasonic image displayed on said display unit.

15. A data analysis program embodied on a computer read-
able medium to be used in an ultrasonic diagnostic apparatus
for supplying drive signals to plural ultrasonic transducers
respectively to transmit ultrasonic waves and converting
reception signals, which are respectively outputted from said
plural ultrasonic transducers receiving ultrasonic echoes, into
digital signals, said program actuating a CPU to execute the
procedures of:

(a) performing reception focus processing and envelope
detection processing on the digital signals to sequen-
tially generate envelope data;

(b) storing the envelope data for at least one frame gener-
ated at procedure (a) in a storage unit;

(c) generating image data representing an ultrasonic image
based on one ofthe envelope data generated at procedure
(a) and the envelope data stored in the storage unit at
procedure (b);

(d) displaying the ultrasonic image on a display unit based
on the image data generated at procedure (c);

(e) setting a ROI (region of interest) in the ultrasonic image
displayed on said display unit in accordance with opera-
tion of an operator;

(D) storing the envelope data for at least one frame in a
memory and generating speckle analysis result data rep-
resenting a speckle analysis result based on the envelope
data corresponding to the ROI set at procedure (e)
among the envelope data stored in said memory; and

¢) displaying the ultrasonic image and the corresponding
speckle analysis result on said display unit based on the
image data generated at procedure (¢) and the speckle
analysis result data generated at procedure ().

16. The data analysis program according to claim 15,
wherein procedure (f) includes calculating a histogram, a
probability density distribution, and a Rayleigh distribution
on values of the envelope data, and generating the speckle
analysis result data based on the calculated probability den-
sity distribution and Rayleigh distribution.

17. The data analysis program according to claim 16,
wherein procedure (f) includes calculating a first parameter
representing similarity between the probability density dis-
tribution and the Rayleigh distribution and a second param-
eter representing a degree of variations of the probability
density distribution relative to the Rayleigh distribution.

18. The data analysis program according to claim 17,
wherein procedure (f) includes calculating a mean value of
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P(A)/R(A) as the first parameter and a mean value of absolute
values of (1-P(A)/R(A)) as the second parameter, where “A”
represents a possible value of the envelope data, P(A) repre-
sents the probability density distribution, and R(A) represents
the Rayleigh distribution.
19. The data analysis program according to claim 15, fur-
ther actuating the CPU to execute the procedures of:
setting an arithmetic expression to be used at procedure (f)
and/or a type of speckle analysis result to be displayed
on said display unit.
20. The data analysis program according to claim 15, fur-
ther actuating the CPU to execute the procedures of:
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setting an update rate at which the speckle analysis result is

displayed on said display unit.

21. The data analysis program according to claim 15,
wherein procedure (f) includes storing at least the envelope
data of the same frame as that of the ultrasonic image dis-
played on said display unit in said memory, and generating
the speckle analysis result data based on the envelope data
corresponding to the ROI set at procedure (e) among the
envelope data of the same frame as that of the ultrasonic
image displayed on said display unit.

LI T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BEURE  BEINMAENBES TEF

US20080146929A1 AFF(AE)A 2008-06-19
US11/954512 HiE A 2007-12-12
ErRAH%KA 44
ErRA®RA 4
EXRA®RA S

PRI B A SATOH YOSHIAKI

KBA SATOH, YOSHIAKI

IPCH%S A61B8/00

CPCH %S A61B8/08 G01S7/52084 G01S7/52063

1 54X 2006335593 2006-12-13 JP

Hfth 23 FF 32k US8282551

SNERaE Espacenet USPTO

WE(®) i P

—MEERUNEE | Hh TUNAM RS RR TR  FRTL | Te | e o

REWETHNER, EFRVWRBDE  RENERET , ATH BB P B e

BRESHRRNBFES ESLELET , ATRERFESFEOEHR RecE- coﬁvoen-jﬂ{mg@s“sﬁm O e ok

EREREFEERET , ATETSRXEBERBGEE ¥R LT , crour] |_TeR_{| i SENERATING LAY TR
" . — I i il ANALOG

BT REOAKEERBHS FERIE TSR ATLRESEE [§| T i

MENNEHOMER.ROKRESE T , AT REBFERGBTHROLE - 1| LsgwveLopl co%zlfl“"

HIROIAEAXY MY BEBBE E R DT ERBEN T EI D

MEMORY| | papr |

FEMITETEERATEHESBENEHS , URATETSRE | DISPLAY
i SPECKLE ANALYSIS UNIT F+-34 UNIT
Il
21 ; CONSOLE

52
SPECKLE
ANALYSIS
OPERATICN PART

INPUT UNIT

50



https://share-analytics.zhihuiya.com/view/7933ecf6-86b1-4d9e-82e5-f91884159e27
https://worldwide.espacenet.com/patent/search/family/039528349/publication/US2008146929A1?q=US2008146929A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080146929%22.PGNR.&OS=DN/20080146929&RS=DN/20080146929

