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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonographic device by which a tomographic image of an examined
part inside a test subject is obtained and displayed using ultrasonic waves, and particularly relates to an ultrasonographic
device by which a distortion or an elastic modulus is calculated for each point on an image based on a group of RF
signal frame data arranged in time sequence, and is displayed as an elastic image indicating the hardness or softness
of living tissue in a quantitative manner.

BACKGROUND ART

[0002] A typical ultrasonographic device is conventionally constituted of an ultrasonic wave transmitter/receiver section
for transmitting and receiving ultrasonic waves to and from a test subject, a tomographic scanning section for repeatedly
obtaining tomographic image data in the test subject including motor tissue in a predetermined cycle by using a reflecting
echo signal from the ultrasonic wave transmitter/receiver section, and an image display section for displaying time-
sequence tomographic image data obtained by the tomographic scanning section. Further, the structure of living tissue
in the test subject is displayed as, e.g., a B-mode image.
[0003] In relation to this device, in recent years, an external force is artificially applied from the body surface of the
test subject through a pressurizer or an ultrasound probe to measure a distortion and/or elastic modulus of living tissue
of an examined part, and the hardness of the tissue is displayed as an elastic image based on numeric data (elastic
frame data) of a distortion or elastic modulus by using the ultrasonographic device. Such an ultrasonographic device is
disclosed in JP-A-5-317313 or JP-A-2000-60853.
[0004] However, in the imaging of elastic frame data in the ultrasonographic device of the citations, a correlation
operation is used between two RF signal frame data which are obtained in a series of pressuring or decompressing
operations and are adjacent to each other in time sequence. Thus, when an amount of pressurization or decompression
applied in a time interval between RF signal frame data constituting a group of two or more RF signal frame data does
not sufficiently reach an amount of pressurization or decompression (generally about 1%) suitable for visualizing elastic
image data, it is difficult to properly visualize an elastic image of elastic frame data.
[0005] During a series of pressuring or decompressing operations, when an object is diagonally and/or unevenly
pressurized or decompressed, a time phase may occur in which a stress distribution in the object has a temporally
irregular change. In such a time phase, a coordinate area where a stress distribution has a temporally irregular change
appears in a series of elastic frame data (distortion data) in the time-base direction. Thus, an elastic image includes a
temporally irregular area as noise, so that image diagnosis becomes difficult.
[0006] An ultrasonographic device which has the features included in the first part of claim 1 is known from the article
by Mark A. Lubinski et al., "Adaptive Strain Estimation Using Retrospective Processing", IEEE TRANSACTIONS ON
ULTRASONICS, FERROELECTRICS, AND FREQUENCY CONTROL, vol. 46, No. 1, January 1999, pp. 97-107 and
also from WO 97/46160.

DISCLOSURE OF THE INVENTION

[0007] In consideration of the above-described point, it is an object of the present invention to provide an ultrasono-
graphic device by which a difference in elasticity can be effectively visualized as an image with a high S/N ratio and a
predetermined display gradation stably even in a given time phase.
[0008] This object is met by the ultrasonographic device and the ultrasonographic method defined in the independent
claims.
[0009] Other objects, features, and advantages of phasing addition circuit and makes variable a frame interval of
outputted RF signal frame data according to a change in pressure applied to the test subject, an elastic frame data
calculation section which is connected to the RF signal frame data selection section and generates elastic frame data
in time sequence based on a pair of the inputted RF signal frame data, the elastic frame data indicating a distortion or
an elastic modulus of each point on a tomographic image, and an elastic image generating section which is connected
to the elastic frame data calculation section and generates an elastic image based on the elastic frame data inputted
from the calculation section.
[0010] Further, in the ultrasonographic device of the present invention, the elastic image generating section includes
a statistical processing circuit for performing statistical processing on two or more elastic frame data corresponding to
a target processing area and determines a statistical characteristic amount, a circuit for setting the upper limit value and
the lower limit value of an imaging range of the elastic frame data based on the statistical characteristic amount, and a
circuit for generating elastic image data from the elastic frame data while matching the upper limit value and the lower



EP 1 591 068 B1

3

5

10

15

20

25

30

35

40

45

50

55

limit value with the range of a predetermined display gradation.
[0011] Other objects, features, and advantages of the present invention will become apparent from the following
description of examples with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a block diagram showing an embodiment of an ultrasonographic device according to the present invention;
Fig. 2 is a diagram showing an example of an RF signal frame data selection section shown in Fig. 1;
Fig. 3 is a diagram showing another example of the RF signal frame data selection section shown in Fig. 1;
Fig. 4 is a diagram showing an example of a method of measuring a pressure between the head of an ultrasound
probe and a test subject by means of a pressure measurement section (pressure sensor) attached to the probe;
Fig. 5 is a diagram showing an example of the operations of an elastic data processing section shown in Fig. 1;
Fig. 6 is a diagram showing another example of the operations of the elastic data processing section shown in Fig. 1;
Fig. 7 is a diagram showing a relationship before and after logarithmic transformation on elastic frame data in the
elastic data processing section;
Fig. 8 is a diagram showing an example in which two or more functions are combined to transform elastic frame
data in the elastic data processing section;
Fig. 9 is a diagram showing another example of the operations of the elastic data processing section shown in Fig. 1;
Fig. 10 is a diagram showing an example of the relationship between a temporal change in pressurization/decom-
pression speed and the timing for obtaining an RF signal;
Figs. 11A and 11B are diagrams showing a temporal change of an elastic image luminance distribution when the
upper limit value and the lower limit value of elastic frame data are set in a fixed manner;
Figs. 12A and 12B are diagrams showing a temporal change of the elastic image luminance distribution when the
upper limit value and the lower limit value of the elastic frame data are properly set under statistically shared conditions
in the elastic data processing section of Fig. 9; and
Fig. 13 is a diagram showing an example of the cooperative operations of the RF signal frame data selection section
and the elastic data processing section.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013] The following will specifically describe an embodiment of the present invention in accordance with the accom-
panying drawings. Fig. 1 is a block diagram showing an embodiment of an ultrasonographic device of the present
invention. With the ultrasonographic device, a tomographic image of an examined part of a test subject 100 is obtained
using ultrasonic waves, and an elastic image indicating the hardness or softness of living tissue can be displayed. As
shown in Fig. 1, the ultrasonographic device comprises an ultrasound probe 101, a radio transmitter circuit 102, a receiver
circuit 103, a phasing addition circuit 104, a signal processing section 105, a monochrome scan converter 106, an image
display device 107, an RF signal frame data selection section 108, a displacement measurement section 109, a pressure
measurement section 110, a distortion/elastic modulus calculation section 111, an elastic data processing section 112,
a color scan converter 113, and a change-over adder 114.
[0014] The ultrasound probe 101, the radio transmitter circuit 102, the receiver circuit 103, the phasing addition circuit
104, and the signal processing section 105 constitute an ultrasonic wave transmitter/receiver section. The ultrasonic
wave transmitter/receiver section causes an ultrasonic beam to scan the inside of the body of a test subject by using
the ultrasound probe 101 along a fixed direction, so that a tomographic image is obtained. The ultrasound probe 101 is
formed of a number of oscillators arranged like strips. The ultrasound probe 101 performs beam scanning mechanically
or electronically to transmit and receive ultrasonic waves to and from a test subject. The ultrasound probe 101 includes
oscillators (not shown) where ultrasonic waves are generated and reflecting echo is received. The oscillators are generally
formed with the function of converting an inputted pulse wave or a transmission signal of a continuous wave into an
ultrasonic wave and emitting the ultrasonic wave, and the function of receiving an ultrasonic wave reflected from the
inside of the test subject, converting the ultrasonic wave into a reception signal of an electric signal, and outputting the
signal.
[0015] The radio transmitter circuit 102 generates a transmission pulse for driving the ultrasound probe 101 and
generating ultrasonic waves, and sets the convergent point of a transmitted ultrasonic wave at a certain depth by means
of a transmission phasing addition circuit included in the radio transmitter circuit 102. The receiver circuit 103 amplifies
a reflecting echo signal, which has been received by the ultrasound probe 101, with a predetermined gain. Amplified
reception signals as many as the oscillators are inputted as independent reception signals to the phasing addition circuit
104. The phasing addition circuit 104 is fed with the reception signals having been amplified by the receiver circuit 103,
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controls the phases of the signals, and forms ultrasonic beams for one or more convergent points. The signal processing
section 105 is fed with the reception signals from the phasing addition circuit 104 and performs various kinds of signal
processing such as gain correction, log compression, detection, edge enhancement, and filter processing.
[0016] The monochrome scan converter 106 obtains RF signal frame data in the test subject 100 including motor
tissue in an ultrasonic cycle by using a reflecting echo signal outputted from the signal processing section 105 of the
ultrasonic wave transmitter/receiver section, and the monochrome scan converter 106 displays the RF signal frame data
on the image display device 107 via the change-over adder 114. One RF signal frame data constitutes an image.
Therefore, the monochrome scan converter 106 includes a tomographic scanning section for sequentially reading RF
signal frame data in a cycle of television system and various control circuits for controlling a system. For example, the
monochrome scan converter 106 includes an A/D converter for converting the reflecting echo signal from the signal
processing section 105 into a digital signal, a plurality of frame memories for storing tomographic image data, which has
been digitized by the A/D converter, in time sequence, and a controller for controlling these operations.
[0017] The image display device 107 displays the time-sequence tomographic image data having been obtained by
the monochrome scan converter 106. The image display device 107 is constituted of a D/A converter for converting
image data, which is outputted from the monochrome scan converter 106 via the change-over adder 114, into an analog
signal, and a color television monitor which is fed with an analog video signal from the D/A converter and displays the
signal as an image.
[0018] In this embodiment, the RF signal frame data selection section 108 and the displacement measurement section
109 are disposed so as to branch off from the output side of the phasing addition circuit 104, and the pressure measurement
section 110 is provided in parallel with the RF signal frame data selection section 108 and the displacement measurement
section 109. The distortion/elastic modulus calculation section 111, the elastic data processing section 112, and the
color scan converter 113 are provided in the subsequent stages of the displacement measurement section 109 and the
pressure measurement section 110. The change-over adder 114 is provided on the output side of the color scan converter
113 and the monochrome scan converter 106.
[0019] Referring to Fig. 2, the operations of the RF signal frame data selection section 108 will be discussed below
according to the present embodiment. Fig. 2 is a diagram showing an example of the RF signal frame data selection
section of Fig. 1. The RF signal frame data selection section 108 freely selects the number of past frames (the number
of frame intervals from the current frame data) as one RF signal frame data serving as the reference of displacement
measurement. In other words, the RF signal frame data selection section 108 sequentially obtains RF signal frame data,
which is successively outputted from the phasing addition circuit 104 in time sequence at the frame rate of the ultra-
sonographic device, in a frame memory 1081. The RF signal frame data selection section 108 sets the latest data, which
is currently obtained in the frame memory 1081, as RF signal frame data Q. The RF signal frame data selection section
108 selects one of the past RF signal frame data Q-1, Q-2, Q-3, ..., and Q-M in response to a control command from a
control section 200 of the ultrasonographic device, and temporarily stores the data as RF signal frame data R in an RF
signal frame data selection circuit 1082. The RF signal frame data selection section 108 outputs in parallel the latest RF
signal frame data Q stored in the frame memory 1081 and the RF signal frame data R stored in the RF signal frame
data selection circuit 1082 to the displacement measurement section 109.
[0020] In other words, first, the RF signal frame data selection section 108 can freely select not only the RF signal
frame data Q-1, which temporally adjoins to the current RF signal frame data Q, but also the RF signal frame data Q-
M, which is obtained by thinning out M frames (M = 1, 2, 3, ...), as the past RF signal frame data R constituting a group
of RF signal frame data to be sent to the displacement measurement section 109. Besides, M frame intervals (M = 1,
2, 3, ...) can be freely set and changed by the user interface of the ultrasonographic device when a change in pressure
applied to an examinee through the ultrasonic wave transmitter/receiver section cannot be sufficiently large.
[0021] Fig. 3 is a diagram showing another example of the RF signal frame data selection section of Fig. 1. The RF
signal frame data selection section 108 of Fig. 3 obtains RF signal frame data P, which has been obtained in a certain
time phase P of the past, in the frame memory 1081 in response to a control command from the control section 200 of
the ultrasonographic device. The RF signal frame data selection circuit 1082 always refers to the RF signal frame data
P, which is obtained in the frame memory 1081, as past RF signal frame data in a given time phase without updating.
Therefore, the displacement measurement section 109 obtains a group of RF signal frame data constituted of the currently
obtained RF signal frame data Q and the RF signal frame data P. Regarding whether to use the function of Fig. 3 or the
setting of the timing for obtaining the RF signal frame data P when the function is used, it is possible to freely make a
switching, setting, and change by the user interface of the ultrasonographic device when a change in pressure applied
to the examinee through the ultrasonic transmit/receive section cannot be increased sufficiently.
[0022] When an interval between past and current RF signal frame data constituting a group of RF signal frame data
is limited to adjacent frames, an amount of pressurization or decompression applied in a time interval between the RF
signal frame data may not sufficiently reach an amount of pressurization or decompression (generally about 1%) suitable
for visualizing elastic image data. The RF signal frame data constitutes a group of two or more RF signal frame data
having been obtained during a series of pressurizing or decompressing operations. In contrast, with the RF signal frame
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data selection section shown in Figs. 2 and 3, it is possible to sufficiently increase a frame interval between past and
current RF signal frame data, thereby properly visualizing an elastic image of elastic frame data. The RF signal frame
data selection section is particularly useful in a state in which a pressuring or decompressing speed cannot be sufficiently
increased in a series of pressurizing or decompressing operations in ultrasonography due to a physical restriction of the
build of the examinee. The frame interval can be freely set and changed after the user confirms a change of an elastic
image.
[0023] The displacement measurement section 109 performs a one-dimensional or two-dimensional correlation op-
eration based on the group of RF signal frame data having been selected by the RF signal frame data selection section
108, and measures a displacement or a mobile vector (the direction and amount of a displacement) of each point on a
tomographic image. A method of detecting the mobile vector includes, e.g., a block matching method and a gradient
method which are described in JP-A-5-317313. In the block matching method, an image is divided into, e.g., blocks of
N x N pixels, the previous frame is searched for a block the most analogous to a noticed block in the current frame, and
predictive coding is performed with reference to the block.
[0024] Also, a displacement or a mobile vector of each point on a tomographic image can be determined based on
an amount of movement of the probe from a surface of the test subject.
[0025] The amount of movement of the probe can be determined using a transmitter and a receiver, each of which
has a unique coordinate space of a three-axis orthogonal system as disclosed in JP-A-10-151131. When the receiver
is disposed in the probe and the transmitter is disposed near the test subject so as not to move, it is possible to locate
the receiver in the coordinate space set by the transmitter. With this configuration, it is possible to obtain the amount of
movement of the probe which moves with a pressure applied to the test subject. For example, the transmitter can be
composed of a magnetic field generating coil for generating a magnetic field of the three-axis orthogonal system, and
the receiver can be composed of a detection coil capable of detecting a magnetic field of the three-axis orthogonal
system. The transmitter and the receiver are disposed such that the coil surfaces of the magnetic field generating coil
and the magnetic field detection coil of the three-axis orthogonal system are orthogonal to each other. Alternating current
is applied to each coil of the transmitter to generate an alternating magnetic field. The generated alternating magnetic
field is detected by the detection coil of the receiver. Each directional component of the detected magnetic field and the
intensity of the magnetic field are calculated by an arithmetic unit (not shown), so that the positional relationship between
the transmitter and the receiver can be recognized. The amount of movement of the probe is calculated based on the
calculated positional relationship and is reflected on RF frame data to obtain elastic frame data. Alternatively, elastic
frame data is obtained from the calculated amount of movement.
[0026] The pressure measurement section 110 measures or estimates the in vivo pressure of an examined part of
the test subject 100. In the ultrasonographic device, the following method is used: while ultrasonic waves are transmitted
and received under the control of the control section 200 by using the ultrasound probe 101 disposed on the probe head
1011, a pressure is increased or reduced by using a pressurizer 115 disposed on a probe head 1011, so that a stress
distribution is provided in the body cavity of the examined part of the test subject 100. In this method, in order to measure
a pressure applied between the probe head 1011 and the test subject 100, a pressure sensor 1012 for detecting a
pressure applied to a rod-like member is attached to, e.g., the side of the probe head 1011 as shown in Fig. 4, a pressure
between the probe head 1011 and the test subject 100 is measured in a given time phase, and a measured pressure
value is transmitted to the distortion/elastic modulus calculation section 111. In Fig. 4, the pressurizer 115 may be
provided which is attached to the probe head 1011 and automatically pressurizes or decompresses a living body.
[0027] The distortion/elastic modulus calculation section 111 calculates a distortion and an elastic modulus of each
point on a tomographic image based on an amount of movement (displacement ΔL) and a change in pressure (ΔP)
which are outputted from the displacement measurement section 109 and the pressure measurement section 110,
respectively, to generate numeric data of a distortion and an elastic modulus (elastic frame data), and outputs the data
to the elastic data processing section 112. When a distortion is calculated by the distortion/elastic modulus calculation
section 111, the distortion may be calculated by, e.g., a space differentiation (ΔL/ΔX) performed on the displacement
ΔL without using pressure data. ΔX represents a displacement of a coordinate. A Young’s modulus Ym, which is one of
elastic moduli, may be calculated by the following equation in which a change in pressure is divided by a change in the
amount of movement: 

where L represents the original length.
[0028] Fig. 5 is a diagram showing an example of the operations of the elastic data processing section shown in Fig.
1. The elastic data processing section 112 sequentially obtains elastic frame data X, which is successively inputted from
the distortion/elastic modulus calculation section 111 in time sequence, in a frame memory 1121. The elastic data
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processing section 112 sets, as elastic frame data N, elastic frame data currently obtained in the frame memory 1121.
Therefore, elastic frame data N, N-1, N-2, ..., N-M are stored in this order in the frame memory 1121 in time sequence.
In response to a control command from the control section 200 of the ultrasonographic device, an addition/averaging
circuit 1122 selects elastic frame data of M frames in turn, starting from the most analogous data at the present time,
out of the elastic frame data having been obtained in the frame memory 1121. The addition/averaging circuit 1122
performs addition and averaging on the same coordinate data point based on the current elastic frame data N, which
has been selected from the frame memory 1121, and the past elastic frame data N-1, N-2, ... N-M of M frames. The
elastic frame data obtained by the addition and averaging is transmitted as current elastic frame data Y to the color scan
converter 113. Regarding the number M of past elastic frame data selected by the addition and averaging on elastic
frame data and a decision on whether to use the function of addition and averaging on elastic frame data, it is possible
to freely make a setting and change in the user interface of the ultrasonographic device.
[0029] The above operations are expressed by the following equation: 

where indexes i and j represent the coordinates of each frame data.
[0030] The addition/averaging circuit 1122 in the elastic data processing section of the present embodiment performs
addition and averaging on elastic frame data in the time-base direction. Thus, it is possible to smooth a temporally
irregular area of a stress distribution in an object into a continuous area, thereby reducing noise. The irregular area
occurs when the object is unevenly pressurized or decompressed in a diagonal direction.
[0031] Fig. 6 is a diagram showing another example of the operations of the elastic data processing section shown in
Fig. 1. The elastic data processing section 112 of this example performs logarithmic transformation on inputted elastic
frame data. The elastic data processing section 112 obtains elastic frame data X, which is successively outputted from
the distortion/elastic modulus calculation section 111 in time sequence, in a frame memory 1123, causes a compression
circuit 1124 to perform logarithmic transformation on the data according to a correspondence between elastic image
data and elastic frame data reflecting an instruction of a control command from the control section 200 of the ultrasono-
graphic device, and transmits the transformed elastic frame data as elastic frame data Y to the color scan converter
113. When inputted elastic frame data is expressed by [(elastic frame data X) i,j] and outputted elastic frame data is
expressed by [(elastic frame data Y) i,j], a logarithm operation performed by the elastic data processing section 112 of
Fig. 6 is expressed by the following equation: 

where indexes i and j represent the coordinates of each frame data, and A, B, and C represent certain constants.
Particularly regarding the combination of the constants A, B, and C in the above equation and a decision whether to use
the compressing function, it is possible to freely make a setting and change in the user interface of the ultrasonographic
device.
[0032] Particularly in image diagnosis using elastic images, it is highly significant to clearly detect a hard portion
suspected of being a cancer tissue. Thus, it is important to clearly visualize a hard area. There is a report describing a
property of a living tissue (T. A. Krouskop et al, Ultrasonic Imaging, 1998). According to this report, an adipose tissue
and a cancer tissue are different in hardness by several tens times in, e.g., a mammy gland area. However, regarding
the elastic imaging of elastic frame data in hue information converting means for color display or monochrome luminance
information converting means for monochrome display in the existing ultrasonographic device, the values of elastic
frame data and the values of elastic image data have a linear relationship as indicated by a broken line of Fig. 7. Thus,
in the case where a difference in the hardness of tissue is visualized in the same elastic image, in any area selected as
an imaging range in elastic frame data, the process of a spatial change in hardness between two areas of a soft area
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and a hard area can be expressed only by a linear relationship, so that it is difficult to clarify the hard area and recognize
the edge of a hardened portion. In other words, only two areas of an extremely soft area and an extremely hard area
are clearly visualized like a binarized image, and thus it has been difficult to properly express a large change in hardness
from the soft area to the hard area as hue information or monochrome luminance information. Therefore, in some cases,
it is difficult to determine the size of a hardened cancer tissue in elastic image diagnosis. In contrast, according to the
above-described embodiment in which the compression circuit 1124 is used in the elastic data processing section 112,
as indicated by a solid line of Fig. 7, an area having small values (hard area) becomes elastic frame data of values
sharply changing in a coordinate space and an area having large values (soft area) becomes elastic frame data of values
gradually changing in the coordinate space in inputted elastic frame data. When elastic image data is generated based
on elastic frame data outputted from the elastic data processing section 112, it is possible to clearly display a hard area,
thereby recognizing the edge of a hardened portion.
[0033] Logarithmic transformation was described as an example of data conversion performed by the compression
circuit 1124 of the elastic data processing section 112 shown in Fig. 6. Compression may be performed using another
transfer function having a property enabling the above-described object. For example, Y = A x (1 - Exp (-B x X)) or the
like may be used where A and B represent constants. Further, several kinds of transfer functions may be prepared and
freely set and changed by the user interface of the ultrasonographic device. Moreover, one transfer function may be
composed of, e.g., two or more curves as shown in Fig. 8. In the function of Fig. 8, an intersection point G may be freely
set and changed vertically and horizontally. Hence, it is possible to freely set the sensitivity of a hard portion and a soft
portion.
[0034] Fig. 9 is a diagram showing still another example of the operations of the elastic data processing section 112
shown in Fig. 1. The elastic data processing section 112 of Fig. 9 performs statistical processing on inputted elastic
frame data. Specifically, the elastic data processing section 112 of Fig. 9 obtains elastic frame data X, which is successively
outputted from the distortion/elastic modulus calculation section 111 in time sequence, in the frame memory 1123 of the
elastic data processing section 112. In a coordinate area of elastic frame data reflecting an instruction of a control
command (statistic processing area information 1126) from the control section 200 of the ultrasonographic device, a
statistical processing circuit 1125 of the elastic data processing section 112 performs statistical processing on the elastic
frame data. The statistical processing circuit 1125 determines, based on a statistical characteristic amount obtained as
a result, the upper limit value and the lower limit value of the elastic frame data selected as the range of image data
when elastic image data is generated, and transmits elastic frame data Y and the upper and lower limit values to the
color scan converter 113. The elastic frame data Y may be given elastic frame data X or an average value of a processing
area.
[0035] As a statistical characteristic amount in the statistical processing circuit 1125 of Fig. 9, for example, an average
value and a variance value may be obtained. The average value and the variance value are expressed by the following
equation: 

 where [(elastic frame data X) i,j] represents inputted elastic frame data. In this equation, E represents a sum of data
elements in the coordinate area of elastic frame data reflecting the statistical processing area information 1126, which
is a control command from the control section 200 of the ultrasonographic device.
[0036] As the upper limit value and the lower limit value of elastic frame data selected as a range of image data during
the generation of elastic image data, the following may be obtained: 
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[0037] The obtained upper limit value and lower limit value may be transmitted to the color scan converter 113. The
constant D or D’ and the constant E or E’ may be freely set and changed in the user interface of the ultrasonographic
device. Further, one of the upper limit value and the lower limit value may be set by the above equations and the other
may be set at a fixed value not reflecting the statistical characteristic of elastic frame data. For example, the lower limit
value may be fixed at a distortion amount of 0% and the upper limit value may be set to average value + 2 x variance value.
[0038] Fig. 10 is a diagram showing an example of the relationship between a temporal change in pressurization/de-
compression speed and the timing for obtaining an RF signal. As is evident from Fig. 10, when a pressurization or
decompression speed V varies during a series of pressurizing or decompressing operations, the same coordinate region
of elastic frame data E1 to E4 has a statistical distribution (histogram) schematically shown based on the same scale
in Figs. 11A and 11B. Elastic frame data calculated by a pair of RF signal frame data S1 and RF signal frame data S2
is represented as E1, elastic frame data calculated by a pair of RF signal frame data S2 and RF signal frame data S3
is represented as E2, elastic frame data calculated by a pair of RF signal frame data S3 and RF signal frame data S4
is represented as E3, and elastic frame data calculated by a pair of RF signal frame data S4 and RF signal frame data
S5 is represented as E4. The vertical axis represents the number of data elements and the horizontal axis represents
a distortion amount.
[0039] As shown in Fig. 11A, in a series of elastic frame data having been obtained in time series, the elastic frame
data E1 to E4 of the same area changes over time. In other words, when a pressurization or decompression speed
varies during a series of pressurizing or decompressing operations, elastic frame data of the same area varies according
to a change in pressurization or decompression speed, in the series of elastic frame data having been obtained in time
sequence. In the elastic imaging of elastic frame data in the hue information converting means and the monochrome
luminance information converting means of the conventional ultrasonographic device, the values of elastic frame data
and the values of elastic image data are fixed in a one-to-one correspondence. For example, elastic image data EP1 to
EP4 are generated while the upper limit value and the lower limit value obtained by optimization using the elastic frame
data E2 of Figs. 11A and 11B are used as the upper limit value and the lower limit value of the elastic frame data E1 to
E4 in a given time phase. In this case, in the time phase of the elastic frame data E3, the elastic image data EP3 is
obtained by which an area calculated with a relatively large distortion is not imaged. Conversely, in the time phase of
the elastic frame data E1, the elastic image data EP1 is obtained by which an area calculated with a relatively small
distortion is not imaged. Unlike a time phase when the elastic frame data E2 is obtained, elastic image data like the
elastic image data EP2 of optimized gradation cannot be always generated in a given time phase.
[0040] In this way, in the elastic imaging of elastic frame data in the color scan converter of the conventional ultra-
sonographic device, when a pressurization or decompression speed varies, an image (Fig. 11B) is obtained which varies
in monochrome luminance or hue in the same area of a series of elastic image data having been obtained in time
sequence, so that image diagnosis becomes difficult. In other words, in all time phases, the fixed correspondence does
not always optimize the contrast of an elastic image. In contrast, when the pressurization or decompression speed V
varies during a series of pressurizing or decompressing operations as shown in Fig. 10, the statistical processing circuit
of the elastic data processing section of Fig. 9 performs statistical processing on elastic frame data in a given time phase,
and sets the upper limit value and the lower limit value of an imaging range according to the statistical characteristic
amount. For example, (average value) 6 (constant D) x (variance value) shown in Fig. 12A is calculated as an imaging
range for the elastic frame data of a given time phase. In this case, the constant D is a shared value in the given time
phase. Thus, the optimum imaging range is set for each of the elastic frame data.
[0041] The statistically shared upper and lower limit values having been obtained thus for elastic frame data in a given
time phase are transmitted to the color scan converter, and elastic image data is generated within the range from the
upper limit value to the lower limit value, so that elastic image data EP11 to EP14 can be generated with the efficient
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gradation of elastic frame data elements in a given time phase as shown in Fig. 12B. With the statistical processing
circuit in the elastic data processing section of the present embodiment, even when a pressurization or decompression
speed varies, it is possible to reduce a change in the monochrome luminance or hue of the same area in a series of
elastic image data having been obtained in time sequence, and provide an image with predetermined display gradation
which is temporally stable, thereby facilitating image diagnosis. In other words, a ratio of the number of pixels exceeding
the upper limit value of display gradation in elastic image data and a ratio of the number of pixels falling below the lower
limit value can be standardized to a fixed distribution curve in a given time phase, and an image can be obtained with
a smaller change in monochrome luminance or hue.
[0042] In Figs. 12A and 12B, elastic image data is generated such that an average value of the distortions of elastic
frame data matches with the center of a predetermined display gradation range.
[0043] The foregoing example described, as one of the operations of the RF signal frame data selection section, the
case where a pair of RF signal frame data is selected and the number of frame intervals between the pair of RF signal
frame data is made variable. Further, the foregoing example described, as an example of an operation in the elastic
data processing section, the case where statistical processing is performed on elastic frame data in the statistical
processing circuit provided in the elastic data processing section. The following will describe the case where the RF
signal frame data selection section and the elastic data processing section operate in cooperation with each other.
[0044] Fig. 13 is a diagram showing an embodiment of the cooperative operation of the RF signal frame data selection
section and the elastic data processing section. First in the RF signal frame data selection section 108, information
(current frame interval number information 131) on the number of frame intervals between a pair of RF signal frame data
used for generating current elastic frame data is transmitted to a frame interval optimization circuit 1127 of the elastic
data processing section 112. Further, the statistical processing circuit 1125 of the elastic data processing section 112
performs statistical processing on current elastic frame data and transmits information on a statistical characteristic
amount as a processing result to the frame interval optimization circuit 1127. Based on the current frame interval number
information 131 outputted from the RF signal frame data selection circuit 1082 and the information on the statistical
characteristic amount of the current elastic frame data from the statistical processing circuit 1125, the frame interval
optimization circuit 1127 calculates the optimum number of frame intervals between a pair of RF signal frame data used
for generating the subsequent elastic frame data, and feeds back information on the optimum number of frame intervals
as subsequent frame interval number information 132 to the RF signal frame data selection circuit 1082. The RF signal
frame data selection circuit 1082 sets the number of frame intervals between the pair of RF signal frame data used for
generating the subsequent elastic frame data, based on the optimum number of frame intervals (subsequent frame
interval number information 132), the optimum number being outputted from the frame interval optimization circuit 1127.
[0045] The following will describe an example of the operations of the frame interval optimization circuit 1127. The
number of frame intervals (the current number of frame intervals) of a pair of RF signal frame data for generating current
elastic frame data and an average value of distortion amounts as a statistical processing result of the current elastic
frame data are inputted to the frame interval optimization circuit 1127. When a constant H is set to 0.5 to 2.5, the optimum
number of frame intervals is determined by the equation below: 

The closest natural number to the optimum number of frame intervals obtained thus is transmitted to the RF signal frame
data selection circuit 1082 as information (subsequent frame interval number information 132) on the number of frame
intervals of a pair of RF signal frame data for generating the subsequent elastic frame data. For example, when the
constant H is set to "1", the number of frame intervals expected to have a distortion amount of about 1% in the subsequent
elastic frame data is transmitted to the RF signal frame selection section.
[0046] In image diagnosis using an elastic image, the contrast resolution of a hard area and a soft area considerably
depends on a pressurization or decompression amount which is physically applied in a time interval during which a pair
of RF signal frame data is obtained. Generally, it is said that an elastic image having the highest contrast resolution is
consequently obtained in the range of pressurization or decompression amounts enabling a distortion amount of about
0.5 to 2.5%. As described in the embodiment shown in Fig. 13, when the RF signal frame data selection section 108
and the frame interval optimization circuit 1127 of the elastic data processing section 112 are configured in a cooperative
manner, even in a process where a large or small pressure is added or reduced so instantly as to considerably deviate
from the optimum range of distortion amounts as an elastic image, such a state is instantly handled by optimizing the
number of frame intervals between a pair of RF signal frame data, thereby visualizing a temporally stable elastic image
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with high contrast resolution.
[0047] The color scan converter 113 comprises a hue information conversion section which is fed with elastic frame
data outputted from the elastic data processing section 112 and a command outputted from the control section 200 of
the ultrasonographic device or the upper and lower limit values for determining a gradation selection range in elastic
frame data outputted from the elastic data processing section 112, and which adds hue information of red, green, blue
and the like when elastic image data is generated from the elastic frame data. For example, in elastic frame data outputted
from the elastic data processing section 112, the hue information conversion section operates so as to convert an area
having a large measured distortion into a red code in the elastic image data and conversely converts an area having a
small measured distortion into a blue code in the elastic image data. The color scan converter 113 may be constituted
of the monochrome scan converter 106. In this case, the area having a large measured distortion is increased in luminance
in the elastic image data and conversely the area having the small measured distortion is reduced in luminance in the
elastic image data. The elastic image data may be generated using the RF signal frame data selection section 108 of
Figs. 2 and 3, the color scan converter 113, and the elastic data processing section constituted of a combination of two
or more elastic data processing sections operating in different manners as shown in Fig. 5, 6, 9, or 13.
[0048] Further, the change-over adder 114 is means which is fed with monochrome tomographic image data from the
monochrome scan converter 106 and color elastic image data from the color scan converter 113 and adds or switches
images. Switching is made such that only monochrome tomographic image data or color elastic image data is outputted
or both image data is outputted after addition. For example, as described in JP-A-2000-60853, a monochrome tomo-
graphic image and a color elastic image or a monochrome elastic image obtained by the monochrome scan converter
may be simultaneously displayed on dual display. Image data outputted from the change-over adder 114 is outputted
to the image display device 107.
[0049] As another display example of an image, a monochrome tomographic image and a monochrome elastic image
may be transmitted to the image display device 107 without addition to display a monochrome tomographic image and
a color elastic image on one display screen in an overlapping manner. Alternatively, two screens of a monochrome
tomographic image and a monochrome elastic image may be simultaneously displayed on the same screen. The mon-
ochrome tomographic image is not particularly limited to an ordinary B image. A tissue harmonic tomographic image
may be used which is an image generated by selecting the harmonic content of a reception signal. Similarly a tissue
Doppler image may be displayed instead of the monochrome tomographic image. Additionally, images to be displayed
on dual screens may be selected from various combinations.
[0050] Regarding the formation of the elastic image, the above explanation described the case where elastic image
data is generated after a distortion or a Young’s modulus Ym of living tissue is obtained. The present invention is not
limited to this case. For example, an elastic modulus may be calculated using other parameters such as a stiffness
parameter β, a pressure elastic modulus Ep, and an incremental elastic modulus Einc (see JP-A-5-317313).
[0051] The embodiment shown in Fig. 1 described the case where an ultrasound probe is brought into contact with
the body surface of a test subject. The present invention is not limited to this case. A transoesophageal probe or an
intravascular probe may be similarly used. According to this embodiment, it is possible to achieve high reliability and
stability in the ultrasonographic device.
[0052] According to this invention, it is possible to stably visualize an elastic image with a high resolution at a given
time and simultaneously achieve means for visualizing, as an image sequence, the response of palpation conventionally
conducted by the doctor, thereby providing an ultrasonographic device which is clinically useful while keeping the real-
time performance and convenience of ultrasonography. Having described examples of the present invention, it will be
obvious to those skilled in the art that the present invention is not limited to these examples and various modifications
and variations are possible within the scope of the appended claims.

Claims

1. An ultrasonographic device, comprising:

an ultrasound probe (101) including an oscillator for generating an ultra-sonic wave;
ultrasonic wave transmitter/receiver means (102, 103) connected to the probe (101) for transmitting and receiving
the ultrasonic wave to and from a test subject;
phasing addition means (104) for controlling the phase of the received ultrasonic wave and generating RF signal
frame data;
a frame memory (1081) for storing the RF signal frame data in time sequence,
an RF signal frame data selection section (108);
an elastic frame data calculation section (111) for generating elastic frame data in time sequence based on a
pair of the RF signal frame data, the elastic frame data indicating a distortion or an elastic modulus of each
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point on a tomographic image; and
an elastic image generating section (112, 113) for generating an elastic image based on the elastic frame data,
statistical processing means (1125) for performing statistical processing on two or more of the elastic frame
data corresponding to a target processing area and obtaining a statistical characteristic amount;
characterised in that
the statistical processing means are adapted to set an upper limit value and a lower limit value for imaging the
elastic frame data, for each of the elastic frame data based on the statistical characteristic amount;
the elastic image generating section includes frame interval optimization means (1127) for receiving, from the
RF signal frame data selection section, the number of frame intervals between a pair of RF signal frame data
used for generating elastic frame data for a current image configuration, and calculating an optimum number
of frame intervals of a pair of RF signal frame data to be used for generating elastic frame data for a subsequent
image configuration, based on the received number of frame intervals and the statistical characteristic amount,
the RF signal frame data selection section (108) is adapted to determine the number of frame intervals between
past RF signal frame data and the latest RF signal frame data stored in the frame memory (1081) based on the
optimum number of frame intervals input from the frame interval optimization means, wherein the past signal
frame data and the latest RF signal frame data form the pair of RF signal frame data used for generating the
elastic frame data; and
the elastic image generating section is adapted to generate the elastic image from the elastic frame data while
matching the upper limit value and the lower limit value with a range of a predetermined display gradation.

2. The device of claim 1, wherein the elastic image generating section includes:

an elastic frame data processing section (112) for performing data conversion on the elastic frame data input
from the elastic frame data calculation section (111) and generating second elastic frame data in time sequence
so as to successively display elastic images with the predetermined display gradation; and
an elastic image data generating section (113) for generating elastic image data with the predetermined display
gradation based on the second elastic frame data.

3. The device of claim 2, wherein the elastic frame data processing section (112) includes addition/averaging means
(1122) for performing addition and averaging on the two or more elastic frame data corresponding to the same
coordinate and generating the second elastic frame data.

4. The device of claim 2, wherein the elastic frame data processing section (112) includes compression means (1124)
for compressing the elastic frame data and generating the second elastic frame data such that a change in an
amount of elastic frame data corresponding to a hard portion of tissue in the test subject is larger than a change in
an amount of elastic frame data corresponding to a soft portion of tissue.

5. The device of claim 4, wherein the compression means (1124) are adapted to perform logarithmic transformation
on the elastic frame data to generate the second elastic frame data.

6. The device of claim 4, wherein the elastic frame data processing section (112) includes processing means for forming
a transfer function of a first straight line for elastic frame data corresponding to the hard portion of tissue, and of a
second straight line for elastic frame data corresponding to the soft portion of tissue, for setting a point of intersection
of the first and second straight lines to a given position, and
wherein the compression means (1124) are adapted to generate the second elastic frame data by applying the
transfer function to the elastic frame data.

7. The device of claim 1, wherein the frame interval optimization means (1127) includes means for calculating the
optimum number of frame intervals based on the input number of frame intervals and an average value of distortion
amounts.

8. The device of claim 1, further comprising
a transmitter and a receiver each of which has a unique coordinate space of a three-axis orthogonal system,
wherein the probe (101) includes one of the transmitter and receiver, the other of the transmitter and receiver being
set near the probe (101) in a fixed manner,
the transmitter is adapted to generate a magnetic field which, when detected by the receiver, enables the recognition
of the positional relationship between the transmitter and the receiver, and
the elastic frame data calculation section (111) includes means for generating the elastic frame data based on
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detection data of the receiver.

9. A method of generating elastic image data in an ultrasonographic device comprising a transmitter/receiver section
(102, 103) for transmitting/receiving an ultrasonic wave, phasing addition means (104) for aligning a phase of a
received ultrasonic signal and generating RF signal frame data, and an elastic image data generating section for
generating elastic image data from the RF signal frame data,
the method comprising the steps of:

storing the RF signal frame data in time sequence in a frame memory (1081);
selecting two RF signal frame data separated by a number of frame intervals in time sequence;
generating elastic frame data in time sequence based on the selected two RF signal frame data, the elastic
frame data indicating a distortion or an elastic modulus on a tomographic image;
setting an imaging range for each of the elastic frame data and generating elastic image data from the elastic
frame data,
performing statistical processing on two or more of the elastic frame data corresponding to a target processing
area and obtaining a statistical characteristic amount;
characterised by
setting an upper limit value and a lower limit value for imaging the elastic frame data, for each of the elastic
frame data based on the statistical characteristic amount;
receiving
the number of frame intervals between a pair of RF signal frame data used for generating elastic frame data
for a current image configuration, and calculating an optimum number of frame intervals for a subsequent image
configuration, based on the received number of frame intervals and the statistical characteristic amount; and
determining the number of frame intervals between past RF signal frame data and the latest RF signal frame
data stored in the frame memory (1081) based on the optimum number of frame intervals wherein the past
signal frame data and the latest RF signal frame data form the pair of RF signal frame data used for generating
the elastic frame data;
wherein the elastic image is generated from the elastic frame data while matching the upper limit value and the
lower limit value with a range of a predetermined display gradation.

10. The method of claim 9, wherein the step of generating the elastic image data includes a step of generating the
elastic image data such that an average value of distortions of each elastic frame data matches with a center of the
predetermined display gradation range.

Patentansprüche

1. Ultraschallgerät, umfassend:

eine Ultraschallsonde (101), die einen Oszillator zum Erzeugen einer Ultraschallwelle enthält;
eine Ultraschallwellen-Übertragungs-/Empfangseinrichtung (102, 103), die mit der Sonde (101) verbunden ist,
zum Übertragen und Empfangen der Ultraschallwelle an ein Testobjekt bzw. von diesem;
Phasenadditionseinrichtung (104) zum Steuern der Phase der empfangenen Ultraschallwelle und zum Erzeugen
von Hochfrequenzsignal-Framedaten;
einen Frame-Speicher (1081) zum Speichern der Hochfrequenzsignal-Framedaten als Zeitsequenz,
eine Hochfrequenzsignal-Framedatenauswahlsektion (108);
eine Berechnungssektion (111) für elastische Framedaten zum Erzeugen elastischer Framedaten als Zeitse-
quenz auf der Grundlage eines Paars der Hochfrequenzsignal-Framedaten, wobei die elastischen Framedaten
eine Verzerrung oder einen Elastizitätsmodul jedes Punktes in einem tomographischen Bild angeben; und
eine Erzeugungssektion (112, 113) für elastische Bilder zum Erzeugen eines elastischen Bildes auf der Grund-
lage der elastischen Framedaten,
eine statistische Verarbeitungseinrichtung (1125) zum Ausführen statistischer Verarbeitung an zweien oder
mehreren der elastischen Framedaten, die einem Zielverarbeitungsbereich entsprechen und zum Erhalten
eines statistischen charakteristischen Maßes;
gekennzeichnet dadurch, dass
die statistische Verarbeitungseinrichtung dazu ausgelegt ist, einen oberen Grenzwert und einen unteren Grenz-
wert zur Bildgebung der elastischen Framedaten für alle der elastischen Framedaten auf der Grundlage des
statistischen charakteristischen Maßes einzustellen;
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die Erzeugungssektion für elastische Bilder eine Frameintervall-Optimierungseinrichtung (1127) zum Empfan-
gen der Anzahl von Frameintervallen zwischen einem Paar zur Erzeugung elastischer Framedaten für eine
aktuelle Bildzusammensetzung verwendeter Hochfrequenzsignal-Framedaten von der Hochfrequenzsignal-
Framedatenauswahlsektion und zum Berechnen einer optimalen Anzahl von Frameintervallen eines Paars von
zur Erzeugung elastischer Framedaten für eine darauffolgende Bildzusammensetzung zu verwendender Hoch-
frequenzsignal-Framedaten auf der Grundlage der empfangenen Anzahl von Frameintervallen und des statis-
tischen charakteristischen Maßes,
die Hochfrequenzsignal-Framedatenauswahlsektion (108) dazu ausgelegt ist, die Anzahl von Frameintervallen
zwischen vergangenen Hochfrequenzsignal-Framedaten und den letzten Hochfrequenzsignal-Framedaten, die
im Frame-Speicher (1081) gespeichert sind, auf der Grundlage der von der Frameintervall-Optimierungsein-
richtung eingegebenen optimalen Anzahl von Frameintervallen zu bestimmen, wobei die vergangenen Hoch-
frequenzsignal-Framedaten und die letzten Hochfrequenzsignal-Framedaten das für die Erzeugung der elas-
tischen Framedaten verwendete Paar von Hochfrequenzsignal-Framedaten bilden; und
die Erzeugungssektion für elastische Bilder dazu ausgelegt ist, das elastische Bild aus den elastischen Frame-
daten zu erzeugen, während der obere Grenzwert und der untere Grenzwert mit einem Bereich einer vorgege-
benen Anzeigegradierung in Übereinstimmung gehalten werden.

2. Gerät nach Anspruch 1, wobei die Erzeugungssektion für elastische Bilder enthält:

eine Verarbeitungssektion (112) für elastische Framedaten zum Ausführen von Datenumwandlung an den von
der Berechnungssektion (111) für elastische Framedaten eingegebenen elastischen Framedaten und zum
Erzeugen zweiter elastischer Framedaten als Zeitsequenz, um so sukzessive elastische Bilder mit der vorge-
gebenen Anzeigegradierung anzuzeigen; und
eine Erzeugungssektion (113) für elastische Bilddaten zum Erzeugen elastischer Bilddaten mit der vorgegebe-
nen Anzeigegradierung auf der Grundlage der zweiten elastischen Framedaten.

3. Gerät nach Anspruch 2, wobei die Verarbeitungssektion (112) für elastische Framedaten eine Additions-/Mittelungs-
einrichtung (1122) zum Ausführen von Addition und Mittelung bei den zwei oder mehreren elastischen Framedaten,
die der gleichen Koordinate entsprechen, und zum Erzeugen der zweiten elastischen Framedaten enthält.

4. Gerät nach Anspruch 2, wobei die Verarbeitungssektion (112) für elastische Framedaten eine Komprimierungsein-
richtung (1124) zum Komprimieren der elastischen Framedaten und zum Erzeugen der zweiten elastischen Frame-
daten enthält, sodass eine Änderung in einer Menge von elastischen Framedaten, die einem harten Gewebeabschnitt
im Testobjekt entsprechen, größer ist als eine Änderung in einer Menge von elastischen Framedaten, die einem
weichen Gewebeabschnitt entsprechen.

5. Gerät nach Anspruch 4, wobei die Komprimierungseinrichtung (1124) dazu ausgelegt ist, logarithmische Transfor-
mation an den elastischen Framedaten zum Erzeugen der zweiten elastischen Framedaten auszuführen.

6. Gerät nach Anspruch 4, wobei die Verarbeitungssektion (112) für elastische Framedaten eine Verarbeitungsein-
richtung zum Bilden einer Transferfunktion einer ersten geraden Linie für dem harten Gewebebereich entsprechende
elastische Framedaten und einer zweiten geraden Linie für dem weichen Gewebebereich entsprechende elastische
Framedaten zum Einstellen eines Schnittpunkts der ersten und der zweiten geraden Linie an eine gegebene Position
enthält, und
wobei die Komprimierungseinrichtung (1124) dazu ausgelegt ist, die zweiten elastischen Framedaten durch An-
wenden der Transferfunktion auf die elastischen Framedaten zu erzeugen.

7. Gerät nach Anspruch 1, wobei die Frameintervall-Optimierungseinrichtung (1127) eine Einrichtung zum Berechnen
der optimalen Anzahl von Frameintervallen auf der Grundlage der Eingabeanzahl von Frameintervallen und eines
Mittelwertes des Ausmaßes an Verzerrung enthält.

8. Gerät nach Anspruch 1, ferner umfassend
eine Übertragungseinrichtung und eine Empfangseinrichtung, die jeweils einen eindeutigen Koordinatenraum eines
orthogonalen Systems mit drei Achsen aufweisen,
wobei die Sonde (101) entweder die Übertragungseinrichtung oder die Empfangseinrichtung enthält, wobei die
jeweils andere der Übertragungseinrichtung und der Empfangseinrichtung in die Nähe der Sonde (101) fixiert an-
gesetzt ist,
wobei die Übertragungseinrichtung dazu ausgelegt ist, ein Magnetfeld zu erzeugen, das die Erkennung der Positi-
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onsbeziehung zwischen der Übertragungseinrichtung und der Empfangseinrichtung ermöglicht, wenn es von der
Empfangseinrichtung detektiert wird, und
die Berechnungssektion (111) für elastische Framedaten eine Einrichtung zum Erzeugen der elastischen Frame-
daten auf der Grundlage der Detektionsdaten der Empfangseinrichtung enthält.

9. Verfahren zum Erzeugen elastischer Bilddaten in einem Ultraschallgerät, das eine Übertragungs-/Empfangssektion
(102, 103) zum Übertragen/Empfangen einer Ultraschallwelle, eine Phasenadditionseinrichtung (104) zum Ausrich-
ten einer Phase eines empfangenen Ultraschallsignals und zum Erzeugen von Hochfrequenzsignal-Framedaten
und eine Erzeugungssektion für elastische Bilddaten zum Erzeugen elastischer Bilddaten aus den Hochfrequenz-
signal-Framedaten umfasst,
wobei das Verfahren die folgenden Schritte umfasst:

Speichern der Hochfrequenzsignal-Framedaten als Zeitsequenz in einem Frame-Speicher (1081);
Auswählen zweier Hochfrequenzsignal-Framedaten, die durch eine Anzahl von Frameintervallen getrennt sind,
als Zeitsequenz;
Erzeugen elastischer Framedaten als Zeitsequenz auf der Grundlage der ausgewählten zwei Hochfrequenz-
signal-Framedaten, wobei die elastischen Framedaten eine Verzerrung oder ein Elastizitätsmodul in einem
tomographischen Bild angeben;
Einstellen eines Bildgebungsbereichs für alle der elastischen Framedaten und zum Erzeugen elastischer Bild-
daten aus den elastischen Framedaten,
Ausführen statistischer Verarbeitung an den zwei oder mehreren der elastischen Framedaten, die einem Ziel-
verarbeitungsbereich entsprechen, und Erhalten eines statistischen charakteristischen Maßes;
gekennzeichnet durch
Einstellen eines oberen Grenzwerts und eines unteren Grenzwerts zur Bildgebung der elastischen Framedaten
für alle der elastischen Framedaten auf der Grundlage des statistischen charakteristischen Maßes;
Empfangen der Anzahl von Frameintervallen zwischen einem Paar von zur Erzeugung elastischer Framedaten
für eine aktuelle Bildzusammensetzung verwendeter Hochfrequenzsignal-Framedaten und Berechnen einer
optimalen Anzahl von Frameintervallen für eine darauffolgende Bildzusammensetzung auf der Grundlage der
empfangenen Anzahl von Frameintervallen und des statistischen charakteristischen Maßes; und
Bestimmen der Anzahl von Frameintervallen zwischen vergangenen Hochfrequenzsignal-Framedaten und den
letzten Hochfrequenzsignal-Framedaten, die im Frame-Speicher (1081) gespeichert sind, auf der Grundlage
der optimalen Anzahl von Frameintervallen, wobei die vergangenen Hochfrequenzsignal-Framedaten und die
letzten Hochfrequenzsignal-Framedaten das Paar von zur Erzeugung elastischer Framedaten verwendeten
Hochfrequenzsignal-Framedaten bilden;
wobei das elastische Bild aus den elastischen Framedaten erzeugt wird, während der obere Grenzwert und
der untere Grenzwert mit einem Bereich einer vorgegebenen Anzeigegradierung in Übereinstimmung gehalten
werden.

10. Verfahren nach Anspruch 9, wobei das Erzeugen der elastischen Bilddaten das Erzeugen der elastischen Bilddaten
auf solch eine Weise beinhaltet, dass ein Mittelwert von Verzerrungen der jeweiligen elastischen Framedaten mit
einem Mittelpunkt des vorgegebenen Anzeigegradierungsbereichs übereinstimmt.

Revendications

1. Dispositif ultrasonographique, comprenant :

une sonde à ultrasons (101) comportant un oscillateur pour générer une onde ultrasonore ;
un moyen émetteur/récepteur d’onde ultrasonore (102, 103) connecté à la sonde (101) pour émettre et recevoir
l’onde ultrasonore vers et à partir d’un sujet test ;
un moyen (104) d’adition de mise en phase pour commander la phase de l’onde ultrasonore reçue et générer
des données de trame de signal à haute fréquence ;
une mémoire de trame (1081) pour stocker les données de trame de signal à haute fréquence en séquence de
temps,
une section (108) de sélection de données de trame de signal à haute fréquence ;
une section (111) de calcul de données de trame élastique pour générer des données de trame élastique en
séquence de temps à partir d’une paire des données de trame de signal à haute fréquence, les données de
trame élastique indiquant une distorsion ou un module d’élasticité de chaque point sur une image



EP 1 591 068 B1

15

5

10

15

20

25

30

35

40

45

50

55

tomographique ; et
une section (112, 113) de génération d’image élastique pour générer une image élastique à partir des données
de trame élastique,
des moyens (1125) de traitement statistique pour effectuer un traitement statistique sur deux ou plus des
données de trame élastique correspondant à une région de traitement cible et pour obtenir une valeur carac-
téristique statistique ;
caractérisé en ce que
les moyens de traitement statistique sont adaptés pour fixer une valeur limite supérieure et une valeur limite
inférieure pour visualiser par imagerie les données de trame élastique, pour chacune des données de trame
élastique à partir de la valeur caractéristique statistique ;
la section de génération d’image élastique comprend un moyen (1127) d’optimisation d’intervalle de trame pour
recevoir, en provenance de la section de sélection de données de trame de signal à haute fréquence, le nombre
d’intervalles de trame entre une paire de données de trame de signal à haute fréquence utilisés pour générer
les données de trame élastique pour une configuration d’image en cours, et pour calculer un nombre optimal
d’intervalles de trame d’une paire de données de trame de signal à haute fréquence à utiliser pour générer des
données de trame élastique pour une configuration d’image suivante, à partir du nombre reçu d’intervalles de
trame et de la valeur caractéristique statistique,
la section (108) de sélection de données de trame de signal à haute fréquence est adaptée pour déterminer le
nombre d’intervalles de trame entre d’anciennes données de trame de signal à haute fréquence et les dernières
données de trame de signal à haute fréquence stockées dans la mémoire de trame (1081) à partir du nombre
optimal d’intervalles de trame entré depuis le moyen d’optimisation d’intervalle de trame, où les anciennes
données de trame de signal et les dernières données de trame de signal à haute fréquence forment la paire
de données de trame de signal à haute fréquence utilisée pour générer les données de trame élastique ; et
la section de génération d’image élastique est adaptée pour générer l’image élastique à partir des données de
trame élastique tout en adaptant la valeur limite supérieure et la valeur limite inférieure à une plage d’une
gradation d’affichage prédéterminée.

2. Dispositif selon la revendication 2, dans lequel la section de génération d’image élastique comprend :

une section (112) de traitement de données de trame élastique pour effectuer une conversion de données sur
les données de trame élastique entrées depuis la section (111) de calcul de données de trame élastique et
pour générer des secondes données de trame élastique en séquence de temps de manière à afficher succes-
sivement des images élastiques avec la gradation d’affichage prédéterminée ; et
une section (113) de génération de données d’image élastique pour générer des données d’image élastique
avec la gradation d’affichage prédéterminée à partir des secondes données de trame élastique.

3. Dispositif selon la revendication 2, dans lequel la section (112) de traitement de données de trame élastique comprend
des moyens d’addition/moyenne (1122) pour effectuer l’addition et la moyenne sur les deux ou plus données de
trame élastique correspondant à la même coordonnée et pour générer les secondes données de trame élastique.

4. Dispositif selon la revendication 2, dans lequel la section (112) de traitement de données de trame élastique comprend
des moyens de compression (1124) pour compresser les données de trame élastique et pour générer les secondes
données de trame élastique de sorte qu’un changement dans une valeur des données de trame élastique corres-
pondant à une partie dure de tissu chez le sujet test est supérieur à un changement dans une valeur des données
de trame élastique correspondant à une partie molle de tissu.

5. Dispositif selon la revendication 4, dans lequel les moyens de compression (1124) sont adaptés pour effectuer une
transformation logarithmique sur les données de trame élastique pour générer les secondes données de trame
élastique.

6. Dispositif selon la revendication 4, dans lequel la section (112) de traitement de données de trame élastique comprend
des moyens de traitement pour effectuer une fonction de transfert d’une première ligne droite pour des données de
trame élastique correspondant à la partie dure de tissu, et d’une seconde ligne droite pour des données de trame
élastique correspondant à la partie molle de tissu, pour fixer un point d’intersection des première et seconde lignes
droites en une position donnée, et
dans lequel les moyens de compression (1124) sont adaptés pour générer les secondes données de trame élastique
en appliquant la fonction de transfert aux données de trame élastique.
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7. Dispositif selon la revendication 1, dans lequel le moyen (1127) d’optimisation d’intervalle de trame comprend un
moyen pour calculer le nombre optimal d’intervalles de trame à partir du nombre entré d’intervalles de trame et une
valeur moyenne de valeurs de distorsion.

8. Dispositif selon la revendication 1, comprenant en outre
un émetteur et un récepteur, chacun d’eux ayant un espace de coordonnée unique d’un système orthogonal en
trois axes,
dans lequel la sonde (101) comprend l’un des éléments parmi l’émetteur et le récepteur, l’autre élément parmi
l’émetteur et le récepteur étant placé près de la sonde (101) de manière fixe,
l’émetteur est adapté pour générer un champ magnétique qui, une fois détecté par le récepteur, permet de reconnaître
la relation de position entre l’émetteur et le récepteur, et
la section (111) de calcul de données de trame élastique comprend un moyen pour générer les données de trame
élastique en fonction des données de détection du récepteur.

9. Procédé de génération de données d’image élastique dans un dispositif ultrasonographique comprenant une section
émetteur/récepteur (102, 103) pour émettre/recevoir une onde ultrasonore, un moyen (104) d’addition de mise en
phase pour aligner une phase d’un signal ultrasonore reçu et pour générer des données de trame de signal à haute
fréquence, et une section de génération de données d’image élastique pour générer des données d’image élastique
à partir des données de trame de signal à haute fréquence,
le procédé comprenant les étapes consistant à :

stocker les données de trame de signal à haute fréquence en séquence de temps dans une mémoire de trame
(1081) ;
sélectionner deux données de trame de signal à haute fréquence séparées par un nombre d’intervalles de
trame en séquence de temps ;
générer des données de rame élastique en séquence de temps à partir des deux données de trame de signal
à haute fréquence sélectionnées, les données de trame élastique indiquant une distorsion ou un module d’élas-
ticité sur une image tomographique ;
fixer une plage d’imagerie pour chacune des données de trame élastique et générer des données d’image
élastique à partir des données de trame élastique,
effectuer un traitement statistique sur deux ou plus des données de trame élastique correspondant à une région
de traitement cible et obtenir une valeur caractéristique statistique ;
caractérisé par les étapes consistant à :

fixer une valeur limite supérieure et une valeur limite inférieure pour visualiser par imagerie les données
de trame élastique, pour chacune des données de trame élastique à partir de la valeur caractéristique
statistique ;
recevoir le nombre d’intervalles de trame entre une paire de données de trame de signal à haute fréquence
utilisés pour générer des données de trame élastique pour une configuration d’image en cours, et calculer
un nombre optimal d’intervalles de trame pour une configuration d’image suivante, à partir du nombre reçu
d’intervalles de trame et de la valeur caractéristique statistique ; et
déterminer le nombre d’intervalles de trame entre d’anciennes données de trame de signal à haute fréquence
et les dernières données de trame de signal à haute fréquence stockées dans la mémoire de trame (1081)
à partir du nombre optimal d’intervalles de trame, où les anciennes données de trame de signal et les
dernières données de trame de signal à haute fréquence forment la paire de données de trame de signal
à haute fréquence utilisée pour générer les données de trame élastique ;
dans lequel l’image élastique est générée à partir des données de trame élastique tout en adaptant la valeur
limite supérieure et la valeur limite inférieure à une plage d’une gradation d’affichage prédéterminée.

10. Procédé selon la revendication 9, dans lequel l’étape consistant à générer les données d’image élastique comprend
une étape consistant à générer les données d’image élastique de telle sorte qu’une valeur moyenne de distorsions
de chaque donnée de trame élastique correspond au centre de la plage de gradation d’affichage prédéterminée.
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