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(54) ULTRASONOGRAPHIC DEVICE

(57)  An ultrasound diagnostic apparatus according
to the present invention includes means for generating
a tomographic image from a reflected echo signal re-
ceived by the probe corresponding to an ultrasound
wave transmitted by a probe put on an object to be ex-
amined, means for measuring a displacement of the ob-
ject's tissue and calculating elasticity information on the
basis of a reflected echo signal received from the object
corresponding to an ultrasound wave transmitted while
the pressure applied when the probe is put on the object

is changed, and generating a color elasticity image from
the elasticity information, means for generating a trans-
lucent image from the color elasticity image on the basis
of image information of either the tomographic image or
the color elasticity image, and overlapping the translu-
cent image and the tomographic image, and means for
displaying the combined image. With this structure, re-
lation between the tissue and its elastic behavior can be
properly diagnosed with the ultrasound diagnostic im-
age.
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Description
Technical Field

[0001] The presentinvention relates to a technique of forming a combined image using tomographic image informa-
tion of an object to be examined and elasticity image information presenting stiffness and softness and the like of the
object's tissue and displaying the combined image as a translucent image.

Background of the Invention

[0002] Inrecent years, in the field of ultrasound diagnostic apparatus it is proposed to form a combined image using
tomographic image information of an object to be examined and elasticity image information presenting stiffness and
softness of the object's tissue.

[0003] An example thereof is mentioned in Japanese Unexamined Patent Publication No0.2000-60853 (Patent doc-
ument 1). That is, the technique is designed to measure a displacement of the object's tissue on the basis of a time-
sequential reflected echo signal generated from the object, calculate the elasticity information such as stiffness, soft-
ness, distortion, an elasticity ratio of the tissue, and the like from the measured displacement, form a color elasticity
image from the calculated elasticity information, and judge a stiff region or a soft region of the object's tissue by su-
perposing the color elasticity image on an independently formed tomographic image and parallelizing them.

[0004] Onthe otherhand, Japanese Unexamined Patent Publication No.Hei.8-173428 (Patent document 2) discloses
a technique of turning a color Doppler image showing bloodstream information in color into a translucent image and
superposing it on a tomographic image in the display on the basis of their positional relation.

Summary of the Invention

[0005] An ultrasound diagnostic apparatus according to the present invention includes a probe put onto the object
for transmitting and receiving an ultrasound wave, means for generating a tomographic image from a reflected echo
signal received by the probe from the object corresponding to the transmitted ultrasound wave, means for measuring
the displacement of the object's tissue and calculating elasticity information on the basis of received reflected echo
signal corresponding to an ultrasound wave transmitted from the probe while pressure applied by the probe to the
object is varied, and generating a color elasticity image from the elasticity information, means for overlapping the
tomographic image and the color elasticity image into a translucent image on the basis of image information of at least
either the tomographic image or the color elasticity image, and means for selectively displaying the tomographic image,
the color elasticity image, and the translucent combined image.

[0006] With this structure, in the ultrasound diagnostic image the relation between the tissue and its elastic behavior
can be properly diagnosed.

[0007] According to one desired embodiment of the present invention, the translucent image generating means in-
cludes means for overlapping the tomographic image data and the color elasticity image data into a translucent image
data on the basis of combination ratios of the tomographic image data generated by the tomographic image generating
means and of the color elasticity image data generated by the elasticity image generating means.

[0008] Further, according to a desirable embodiment of the present invention, the combination ratios of the tomo-
graphic image data and of the color elasticity image data are determined on the basis of the elasticity information
calculated by the elasticity image generating unit. Further, pressure measuring unit for measuring pressure information
applied to the object by the probe is attached to the probe, and the combination ratios of the tomographic image data
and of the color elasticity image data are determined on the basis of the pressure information measured by the pressure
measuring unit. Further, the apparatus further includes means for calculating a mean value of the tomographic image,
means for calculating a mean value of color brightness of the elasticity image, means for calculating a coefficient with
which thus calculated mean values are equalized, and means for calculating a combination ratio of the elasticity image
by multiplying each image pixel by the calculated coefficient.

[0009] Further, according to a desired embodiment of the present invention, the apparatus further includes means
for variably setting a region of interest (ROI) of the color elasticity image data, and translucent image data is combined
in the ROI.

[0010] With this structure, a region to be calculated can be reduced by, e.g. making small a displayed region of the
elasticity image, whereby the frame rate is improved in the measurement of the tomographic image and the elasticity
image.

[0011] Further, according to a desirable embodiment of the present invention, the translucent image generating
means further includes calculating means for separating brightness information of the tomographic image into three
primary colors and calculating a translucent image information combined from thus separated three primary colors and
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hue information of the color elasticity image.

[0012] Further, according to a desirable embodiment of the present invention, the display means further includes
means for selectively displaying a numerical value of the combination ratio of either the elasticity image or the tomo-
graphic image on the display unit. The numerical value displayed by this display setting means can be arbitrarily
changed, and the display control means displays the changed numerical value in response to the change.

[0013] With this structure, the combination ratios of the tomographic image and of the elasticity image is apparently
shown, and the operator can arbitrarily set the combination ratios.

[0014] Further, according to a desirable embodiment of the present invention, the elasticity image generating unit
includes outline detecting means for detecting a borderline between tissues having different elastic behavior in the
color elasticity image on the basis of a predetermined threshold of the elasticity information and means for generating
a combined image of the detected borderline and the generated tomographic image.

[0015] Because the outline image of the elasticity image is superposed on the tomographic image in the display,
shape information obtained in the tomographic image is emphasized in the display and their positional relation becomes
more apparent.

[0016] Further, according to a desirable embodiment of the present invention, the display selecting means includes
means for storing the tomographic image data and the elasticity image data, and switches the stored tomographic
image data and elasticity image data to selectively display them on the display unit.

[0017] With this structure, the tomographic image and the elasticity image can be parallelized due to an afterimage
effect of the observer's eyes.

[0018] Further, according to a desirable embodiment of the present invention, the translucent image generating
means further includes display address calculating means for respectively calculating the image display address of
the tomographic image data and of the elasticity image data and image generating means for generating a combined
image by assigning pixels of the tomographic image data and of the elasticity image data to the calculated display
address.

[0019] With this structure, the tomographic image and the elasticity image are displayed in a striped pattern or in a
check pattern, whereby their positional relation can be easily grasped.

Brief Description of the Drawings

[0020] Fig.1 is a block diagram showing a desired embodiment of ultrasound diagnostic apparatus on the basis of
the present invention. Fig.2 is a block diagram showing one embodiment of image overlapping unit of Fig.1. Fig.3 is a
diagram showing an example of displaying the combined image in which a color elasticity image is turned into a trans-
lucent image and superposed on the tomographic image. Fig.4 is a graph showing relation between a mean value of
distortion due to pressing speed of the probe to the object and a color ratio in Fig.1. Fig.5 is a diagram showing an
example of numerical value display of the combination ratio in the case that the tomographic image and the color
elasticity image are displayed as a translucent image. Fig.6 is a diagram showing an example of simulatively displaying
a translucent image by displaying an outline extracted from the color elasticity image and the tomographic image
according to a desirable embodiment of the present invention. Fig.7 is a diagram showing an example of simulatively
displaying the translucent image by switching the tomographic image and the color elasticity image at every frame
according to another desirable embodiment of the present invention. Fig.8 is a diagram showing an example of dis-
playing the tomographic image and the color elasticity image on alternate lines according to another desirable embod-
iment. Fig.9 is a diagram showing an example of displaying the tomographic image and the color elasticity image on
alternate pixels according to another desirable embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0021] Hereinafter, a desirable embodiment of ultrasound diagnostic apparatus according to the present invention
will be described in detail with reference to the accompanying drawings.

(Embodiment 1)

[0022] A first embodiment of ultrasound diagnostic apparatus according to the present invention will be described
with reference to Figs.1 to 3.

[0023] As shown in Fig.1, ultrasound diagnostic apparatus 1 includes probe 10 put onto an object to be examined
in use, transmission unit 12 for transmitting an ultrasound wave to the object at time intervals through probe 10, re-
ception unit 14 for receiving a time-sequential reflected echo signal generated from the object, and phasing/addition
unit 16 for phasing and adding the received reflected echo and time-sequentially generating an RF signal frame data.
[0024] The apparatus also includes tomographic image generating unit 18 for generating a tomographic image, e.
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g. a monochrome tomographic image on the basis of the RF signal frame data from phasing/addition unit 16, and
elasticity image generating unit 20 for calculating elasticity data by measuring displacement of the object's tissue from
the RF signal frame data of phasing/addition unit 16 and generating a color elasticity image. Further, the apparatus
also includes image overlapping unit 22 for overlapping the monochrome tomographic image and the color elasticity
image and image display unit 24 for displaying the combined image.

[0025] Probe 10 is formed by arranging a plurality of transducers and has a function of transmitting and receiving
an ultrasound wave to/from the object via the transducers by electrically scanning a beam.

[0026] Transmission unit 12 has a function of generating a wave transmission pulse for driving probe 10 to generate
an ultrasound wave and of setting a focal point of the transmitted ultrasound wave at a certain depth. Further, reception
unit 14 is designed to amplify the reflected echo signal received by probe 10 with a predetermined gain and generate
an RF signal, i.e. a received signal.

[0027] Tomographic image generating unit 18 has signal processing unit 30 and monochrome scan converter 32.
Here, signal processing unit 30 is designed to obtain brightness information and tomographic image data by performing
signal processings such as gain correction, logarithmic compression, detection, edge enhancement, filtering process-
ing, and the like on the RF signal frame data input from phasing/addition unit 16. Further, monochrome scan converter
32 has an A/D converter for converting the tomographic image data from signal processing unit 30 into digital signals,
a frame memory for time-sequentially storing the converted plural tomographic image data, and a controller. Mono-
chrome converter 32 is designed to acquire as one image the tomographic frame data of inside of the object stored
by the controller into the frame memory and convert the acquired tomographic frame data into signals to be read out
in synchronism with television operation.

[0028] Further, tomographic image generating unit 20 has RF signal selecting unit 34, displacement measuring unit
35, pressure measuring unit 36, elasticity data calculating unit 37, elasticity signal processing unit 38, and color scan
converter 39, and is separately provided on the latter part of phasing/addition unit 16.

[0029] RF signal selecting unit 34 has a frame memory and a selecting unit. This RF signal selecting unit 34 is
designed to store plural RF signal frame data from phasing/addition unit 16 into the frame memory and select one pair,
i.e. two sets of RF signal frame data from the stored RF signal frame data group. For example, RF signal selecting
unit 34 is designed to sequentially keep into the frame memory the time-sequential RF signal frame data, i.e. the RF
signal frame data generated on the basis of the image frame rate, select as first data the presently kept RF signal
frame data (N) in response to a command from control unit 26, and simultaneously select one RF signal frame data
(X) from among the previously kept RF signal frame data group (N-1, N-2, N-3, ... N-M). Meanwhile, N, M, and X are
index numbers assigned to the RF signal frame data, being natural numbers.

[0030] Displacement measuring unit 35 is designed to calculate a displacement and the like of the tissue from a pair
set of RF signal frame data. For example, displacement measuring unit 35 performs a one-dimensional or two-dimen-
sional correlation processing from the pair set of data, i.e. RF signal frame data (N) and RF signal frame data (X)
selected by RF signal selecting unit 34, and calculates a one-dimensional or two-dimensional displacement distribution
concerning the displacement in the tissue, a moving vector i.e. the direction of the displacement, and the scale of the
displacement corresponding to each point of the tomographic image. Here, detection of the moving vector is performed
by means of a block matching method. The block matching method is such that an image is divided into blocks re-
spectively including N x M pixels, a block within an ROI is marked, a block which is most approximated to the marked
block is found from the previous frame, and a sample value is determined on the basis of predictive coding, i.e. difference
with reference to the approximated block.

[0031] Tomographic image generating unit 18 and elasticity image generating unit 20 may use RF signals of an
identical timing respectively to obtain a tomographic image and an elasticity image. With this structure, it is possible
to share both circuits and improve the frame rate in obtaining the tomographic image and the elasticity image.
[0032] Pressure measuring unit 36 is designed to measure and calculate an intracavitary pressure in a diagnostic
region of the object. For example, the pressure measuring unit having a pressure sensor is attached to probe 10 put
onto the object's body surface, and a stress distribution is given to the body cavity in the object's diagnostic region by
pressurizing and depressurizing the head of probe 10. At this time, in an arbitrary time phase, the pressure sensor
measures and maintains the pressure applied by the probe head to the body surface.

[0033] Elasticity data calculating unit 37 is designed to calculate a distortion and an elasticity ratio of the tissue
corresponding to each point of the tomographic image from a measured value, e.g. the moving vector from displacement
measuring unit 35 and a pressure value from pressure measuring unit 36, and generate an elasticity image signal, i.
e. elasticity frame data on the basis of the distortion and the elasticity ratio.

[0034] Here, the data of distortion are calculated by taking a spatial derivative of a distance, e.g. the displacement
of the tissue. Further, the data of elasticity ratio are calculated by dividing the pressure displacement by the distance
displacement. For example, provided that a displacement measured by displacement measuring unit 35 is AL and a
pressure measured by pressure measuring unit 36 is AP, the distortion (S) is calculated with a formula S=AL/AX as it
can be calculated by taking a spatial derivative of AL. Further, a Young's modulus Y, of the elasticity ratio data is
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calculated with a formula Y,,,=(AP)/(AL/L). Because the elasticity ratio of the tissue corresponding to each point of the
tomographic image can be calculated from this Young's modulus Y,,, two-dimensional elasticity image data can be
sequentially obtained. Meanwhile, a Young's modulus is a ratio of a simple tensile stress applied to an object to a
distortion generated in parallel to the tension.

[0035] Elasticity data processing unit 38 has a frame memory and an image processing unit, which is designed to
keep the elasticity frame data time-sequentially output from elasticity data calculating unit 37 into the frame memory
and perform image processings on the kept frame data into the image processing unit in response to a command of
control unit 26.

[0036] Color scan converter 39 is designed to convert the elasticity frame data from elasticity data processing unit
38 into hue information. That is, it is designed to convert the elasticity frame data into three primary colors, i.e. red (R),
green (G), and blue (B). For example, it converts the elasticity data of large distortion into a red code, and converts
the elasticity data of small distortion into a blue code.

[0037] As shown in Fig.2, image overlapping unit 22 has frame memory 50, image processing unit 51, and image
selecting unit 52. Here, frame memory 50 is designed to store the tomographic image data from monochrome scan
converter 32 and the elasticity image data from color scan converter 39. Image processing unit 51 is designed to add
and combine the tomographic image data and the elasticity image data kept in frame memory 50 at a combination
ratio in response to a command of control unit 26. The brightness information and the hue information of each pixel of
the combined image are obtained by adding the respective information of the monochrome tomographic image and
the color elasticity image at a combination ratio. Further, image selecting unit 52 is designed to select an image to be
displayed on image display unit 24 from among the tomographic image data and the elasticity image data in frame
memory 50 and the combined image data of image processing unit 51 in response to a command of control unit 26.
The ratio setting of combined image data may be performed by selecting at least either the pressure measured by the
pressure measuring unit or the elasticity information calculated by the elasticity image generating unit and setting a
ratio of overlapping the tomographic image and the elasticity image on the basis of the selected pressure or elasticity
information. Further, image overlapping unit 22 may variably set at least either the combination ratio or the ROI in
response to a command of control unit 26. By setting the ROI so as to display the elasticity image on a part of the
image display area, display time of the elasticity image is shortened, whereby the frame rate of the image combined
with the tomographic image can be improved. Further, the image information of the tomographic image may be the
brightness information of the tomographic image generated by the tomographic image generating unit. The image
information of the elasticity image may be the elasticity information calculated by the elasticity image generating unit.
Further, a pressure measuring unit for measuring a pressure of the probe may be provided, and the image information
of the elasticity image may be the pressure measured by the pressure measuring unit.

[0038] Operations of thus constructed ultrasound diagnostic apparatus 1 will be described. Ultrasound diagnostic
apparatus 1 repeatedly transmits ultrasound waves to the object at time intervals via probe 10 put onto the object.
Time-sequential reflected echo signals generated from the object are received by reception unit 14 are phased and
added to generate RF signal frame data. A tomographic image, e.g. a monochrome B-mode image is obtained by
tomographic image generating unit 18 on the basis of the RF signal frame data. At this time, one tomographic image
is obtained by scanning an ultrasonic beam in a plurality of directions. Meanwhile, a color elasticity image is obtained
by elasticity image generating unit 20 on the basis of the RF signal frame data phased and added by phasing/addition
unit 16. A combined image is formed by adding the obtained monochrome tomographic image and color elasticity
image in image overlapping unit 22.

[0039] Here, one example of processings of image overlapping unit 22 will be described. In the following description,
the tomographic image data input into image processing unit 51 is represented as (Tomographic image data)i’j and the
elasticity image data are represented as (Elasticity image data)i!j. Here, (i,j) represents a coordinate of a data element.
[0040] First, the tomographic image data including the monochrome brightness information is converted into hue
information. If the tomographic image data after conversion has the same bit length as that of the monochrome bright-
ness information, hue data, i.e. data of three primary colors (RGB) concerning the converted tomographic image data
are expressed as following formulas (1):

(Tomographic image data R)i,j = (Tomographic image data)i'j
(Tomographic image data G)i.j = (Tomographic image data)i'j

(Tomographic image data B)i.j = (Tomographic image data)i'j (1)

[0041] Next, the converted tomographic image data and the elasticity image data are added and combined at a
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combination ratio (o). Here, the combination ratio (o) is arbitrarily predetermined by the operator in accordance with
characteristics of the tissue, which is a value larger than zero and smaller than 1. With this combination ratio (a), the
combined image is generated as shown in formula (2). The combined image is selected by image selecting unit 52
and displayed on display unit 24.

(Combined image data R);

= (1-a) x (Tomographic image data R);; + o x (Elasticity image data R);;
(Combined image data G) ;;

= (1-a) x (Tomographic image data G);; + o x (Elasticity image data G);
(Combined image data B) ;

= (1-a) x (Tomographic image data B)i‘j + o x (Elasticity image data B)i,j 2)

[0042] Thus combined image will be described with reference to Figs.3. In Fig.3A, tumor 60 is displayed in a mon-
ochrome tomographic image. In Fig.3B, stiff region 61 in the tissue around tumor 60 is displayed as a color elasticity
image. In Fig.3C, an image obtained by image overlapping unit 22 overlapping the monochrome tomographic image
and the color elasticity image at a desired ratio is displayed.

[0043] As shown in Fig.3C, since the combined image is obtained by adding the monochrome tomographic image
of Fig.3A and the color elasticity image of Fig.3B in each coordinate at the combination ratio (o), the information of
both images is reflected. Accordingly, since in the image shown in Fig.3C a translucent tomographic image of tumor
60 is displayed on the image of stiff region 61, the size and position of tumor 60 can be recognized, whereby a region
removed in surgery can be properly determined.

[0044] If the superposed both images of the monochrome tomographic image and the color elasticity image can be
seen in the translucent display, image overlapping unit 22 may also process the images so that at least either of those
images is made translucent in the display.

[0045] Further, by changing the combination ratios of the tomographic image and of the elasticity image on the basis
of the information of the gain correction and the like of tomographic image, it is possible to display a properly colored
image of high diagnosability.

[0046] As described above, according to the ultrasound diagnostic apparatus of this embodiment, it is possible to
display the elastic behavior of the tissue based on the elasticity image and a distribution of the ultrasound reflection
strength, i.e. tissue shape which can be mutually compared on an identical screen, whereby the relation between the
tissue and its elastic behavior can be properly diagnosed.

(Embodiment 2)

[0047] Next, an example of displaying a numerical value of the combination ratio (cr) of the tomographic image and
of the elastographic image and variably setting the combination ratio will be described.

[0048] Image overlapping unit 22 has text information generating unit 26a included in control unit 26. Text information
generating unit 26a, such as a known character generator, is designed, e.g. to display the numerical value of the
combination ratio of the monochrome tomographic image data and the elasticity image data when they are superposed
in the display.

[0049] Here, the reason of displaying the combination ratio and variably setting it with the text information generating
unit will be described. As shown in Fig.4, according to a statistical work for a population of a distortion measuring point
group within one frame, a distortion image of highest color ratio, i.e. highest contrast is obtained with the distortion
amount of, e.g. 0.8% as a distortion mean value. The distortion mean value has characteristics that it correlates with
a pressurizing speed, and the mean value becomes higher as the pressing speed is higher and it becomes lower as
the pressing speed is lower.

[0050] Here, by comparing the distortion mean value with the color ratio, the color ratio becomes higher as the image
quality is higher (when the pressurizing speed is optimum). Accordingly, the operator who pressurizes the object with
the probe can realize optimum pressurizing movement by observing the elasticity image.

[0051] Further, for example, the following procedure is applicable so as to optimize the image quality of the combined
image data superposing the tomographic image data and the elasticity image data:
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(1) Calculate a mean value (Bmean) of brightness of the monochrome tomographic image data.

(2) Calculate a mean value (Emean) of color brightness of the elasticity image data.

(3) Calculate coefficient B of Bmean with which a ratio between Bmean and Emean becomes 1:1 (Bmean x § =
Emean).

(4) Combine the elasticity image data on the tomographic image data at a ratio of oo by multiplying each image
pixel of the tomographic image data by (.

[0052] Meanwhile, the above combination ratio may also be set in parallel with a gain of the tomographic image data.
[0053] After that, the calculated tomographic image data and color elasticity image data are combined by image
processing unit 51. As shown in Fig.5, the combined image is selected by image selecting unit 52 to be displayed, and
anumerical value of the combination ratio of the elasticity image data is displayed as, e.g. 0.7. Meanwhile, the procedure
of combination processings is the same as the procedure described in the first embodiment.

[0054] In this manner, the elasticity image including stiff region 61 and the tomographic image including tumor 60
are combined in the display on the basis of the combination ratio. Accordingly, by properly adjusting the combination
ratio, mutual relation between the shape of tissue and the elasticity information can be properly diagnosed.

[0055] In this case, the combination ratio may be freely set. The setting is arbitrarily changed with a user interface,
e.g. console 18. That is, the combination ratios of the tomographic image and of the elasticity image are set in the
apparatus in plural steps, e.g. in eight steps, such as o =0.0, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, and any one of the set
values can be changed by the user with up/down keys on the console in an arbitrary timing. Further, the combination
ratio may also be set at an arbitrary value in the region between 0 and 1, and it may be determined and changed with
a rotary key on the console.

[0056] Further, when the combination ratios of the tomographic image and of the color elasticity image are set on
the basis of the elasticity information calculated by the elasticity image generating unit or the pressure of the probe
measured by the pressure measuring unit, the automatically set combination ratio is displayed.

(Embodiment 3)

[0057] In this embodiment, an example of superposing an outline, i.e. a borderline of a stiff region of the elasticity
image on the tomographic image will be described.

[0058] Image overlapping unit 22 has outline detecting unit 26b included in control unit 26 shown in Fig.2. Outline
detecting unit 26b is designed to extract a borderline of regions having different elastic behavior in the tissue on the
basis of, e.g. a set threshold.

[0059] Here, outline detecting unit 26 will be described in detail. In the following description, tomographic image data
input to the outline detecting unit is (Tomographic image data X) ij and image data output from the outline detecting
unit is (Outline image data X); ;.

[0060] First, outline detecting unit 26b separates (Elasticity image data X)i’j into two values using an image processing
filter. For example, a smoothing filter and a median filter are done thereon, and (Image data X);; are separated into
two values on the basis of threshold (T1) preset by console 28. In this manner, (Elasticity image data X);; is distinctly
separated into a region smaller than threshold (T1) and a region larger than threshold (T1).

[0061] Next, for example, numerical value 1 is substituted for coordinate position (i, j) corresponding to the border
between two regions separated in (Elasticity image data X) i and numerical value 0 is substituted for other coordinates.
Because only the coordinates corresponding to the border of the two regions become numerical value 1, (Outline image
data X);; displaying only this border are generated.

[0062] Moreover, a borderline of other thresholds can also be pictured at the same time. For example, (Elasticity
image data X)i’j are separated into two regions on the basis of another threshold (T2) and, e.g. numerical value 2 is
substituted for coordinate (i, j) corresponding to the separating border. By extracting the coordinate substituted by
numerical value 2 and the coordinate substituted by numerical value 1, the outline image indicating two borderlines is
obtainable. In this manner, by setting the thresholds in accordance with the observer's need, an outline image including
a plurality of borderlines can be generated.

[0063] The obtained outline image and the tomographic image are added and combined by image processing unit
51 on the basis of the combination ratio (o). The combined image is selected by image selecting unit 52 and displayed
as a translucent image or in another display mode, whereby the positional relation between the tomographic image
and the elasticity image can be grasped.

[0064] A detailed example of display with this outline detecting processing will be described with reference to Fig.7.
Fig.6 is an example of image displayed by performing the processing for overlapping the monochrome tomographic
image and the outline image extracted from the elasticity image. As shown in Fig.6A, the displayed monochrome
tomographic image includes tumor 60. As shown in Fig.6B, the displayed outline image indicates first borderline 70
detected with the first threshold and second borderline 71 detected with the second threshold. As shown in Fig.6C, a
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combined image of the monochrome tomographic image and the outline image is displayed. Meanwhile, the procedure
of the combination processing is the same as that described in the first embodiment.

[0065] As described above, in the image of Fig.6C both borderline 70 of the stiff region including tumor 60 and
borderline 71 of, e.g. region 62 in which tissue is calcified are combined with the tomographic image in the display.
Accordingly, by observing the image shown in Fig.6C, the mutual relation between the tissue and the borderline indi-
cating elastic behavior difference can be properly diagnosed. In this manner, since shape information obtained in the
tomographic image is emphasized in the display, their positional relation becomes more apparent. For example, in the
cancer treatment, expanse of stiff region 61 with respect to expanse and size of tumor 60 can be obviously grasped
and a removal region of the object can be properly determined.

[0066] Further, although an outline image is formed on the basis of the elasticity image in the above example, the
outline image may also be made on the basis of the tomographic image. Further, determination of whether the threshold
value, the number of threshold, the combination ratio, i.e. overlapping ratio o, and the function of outline detecting unit
26b are available or void is arbitrarily changed respectively with the user interface, e.g. console 18.

[0067] Further, by displaying the outlines while changing at least one among size, color, and line type in accordance
with the size of the displacement and of the pressure, the displacement and the pressure can be identified from the
thickness of the outline or the like, whereby it is possible to provide information about the size of the displacement and
of the pressure to the operator and the observer.

(Embodiment 4)

[0068] Next, an example of simulatively displaying a translucent image by alternately displaying the frame of tomo-
graphic image and the frame of elasticity image, and parallelizing the tomographic image and the elasticity image by
means of afterimage effect of the observer's eyes will be described.

[0069] Image overlapping unit 22 has frame calculating unit 26¢ included in control unit 26 shown in Fig.2. Frame
calculating unit 26c calculates, e.g. a display order of frame memory storing the monochrome tomographic image and
the elasticity image.

[0070] Frame calculating unit 26¢ is designed to alternately display the tomographic image including tumor 60 as
shown in Figs.7A, 7C, and 7E and the elasticity image including stiff region 61 as shown in Figs.7B and 7D in the order
of Figs.7A, 7B, 7C, 7D, 7E.... This alternate display is commanded from console 28 to frame calculating unit 26¢ so
as to alternately display the tomographic images and the elasticity images one by one. Although in this example the
tomographic images and the elasticity images are alternately displayed one by one, it is needless to say that the display
mode may be freely set, e.g. to display the tomographic image twice and the elasticity image once. Further, in the
alternate display of the tomographic image data and the color elasticity image data, the tomographic image and the
elasticity image may be obtained by using different frequency to the respective RF signals. By doing so, the tomographic
image or the elasticity image of desired resolution is obtainable.

[0071] As described above, the elasticity image including stiff region 61 is combined with the tomographic image
including tumor 60 by integral effect in the display. Accordingly, when the image alternately showing the tomographic
image and the elasticity image is displayed on the image display unit 24 as shown in Fig.7, the tomographic image
and the elasticity image can be parallelized by means of the afterimage effect of the observer's eyes. In this manner,
e.g. in the cancer treatment, the expanse of stiff region 61 with respect to the expanse and the size of tumor 60 can
be mutually compared, whereby the relative difference in their expanse is apparently grasped and the removal region
of the object can be properly determined.

[0072] In this case, the mode of alternate image display may be freely set. The setting is arbitrarily changed with the
user interface, e.g. console 18.

(Embodiment 5)

[0073] In this embodiment, an example of displaying the elasticity image and the tomographic image alternately in
predetermined pixel rows (lines) or pixels will be described.

[0074] Image overlapping unit 22 has image address calculating unit 26d included in control unit 26 shown in Fig.2.
Image address calculating unit 26d is designed to calculate a display address of the monochrome tomographic image
data and the elasticity image data.

[0075] Image address calculating unit 26d is designed to calculate rows to display the tomographic image data in-
cluding tumor 60 as shown in Fig.8A and the elasticity image data including stiff region 61 as shown in Fig.8B. Here,
calculation is performed as shown in Fig.8, provided that an odd row shows the tomographic image data and an even
row shows the elasticity image data. It is needless to say that this calculation is a mere example, and various modes
of displaying those image data on alternate pixel rows (lines) by, e.g. counterchanging the odd and even rows, or by
applying the calculation to lines (depth direction) instead of rows, and the like, may be included.
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[0076] Further, image address calculating unit 26d is designed to calculate the pixels to display the tomographic
image data as shown in Fig.9A and the elasticity image data as shown in Fig.9B. Here, it is designed to calculate pixels
alternately displaying the tomographic image data and the elasticity image data.

[0077] Further, the translucent image data are simulatively generated from the calculated tomographic image data
and the calculated color elasticity image data on the basis of desired a.

[0078] As described above, in the images of Figs.8C and 9C the elasticity image data including stiff region 61 and
the tomographic image data including tumor 60 are alternately displayed in each pixel row (line) or in each pixel.
Accordingly, by observing the images shown in Figs.8C and 9C where the tomographic image and the elasticity image
are displayed in a striped pattern or in a check pattern, it becomes easy to grasp their positional relation. Therefore,
for example, in the cancer treatment the expanse of stiff region 61 can be compared with the expanse and the size of
tumor 60, whereby the relative difference in their expanse can be apparently grasped and the removal region of the
object can be properly determined.

[0079] Although rows, lines, or pixels are alternately displayed in this example, the alternate rows, lines, and pixels
may be freely set. The setting is arbitrarily changed with the user interface, e.g. console 18.

[0080] Although five desirable embodiments have been described above, the ultrasound diagnostic apparatus ac-
cording to the present invention is not limited thereto. For example, the combination processing can be performed by
image processing unit 22 on a predetermined particular display region (ROI). That is, when elasticity image generating
unit 20 generats a color elasticity image while adding hue to areas indicating different elastic behavior in the object's
tissue, it is possible to limit the region of image generation to a predetermined ROl in response to a command of control
unit 26 in generating an image. Accordingly, time taken for image generation can be shortened in comparison with the
case of generating the color elasticity image of the whole tissue of the object, whereby the frame rate of display image
can be improved. Meanwhile, the ROI, i.e. a set region on the display image can be arbitrarily changed with the user
interface, e.g. console 28. Further, each of those embodiments may be set as an individual display mode and selected
by image selecting unit 52, and a method of switching those display mode is also applicable.

[0081] Further, although image selecting unit 52 according to the above embodiments selects the combined image
of the monochrome tomographic image and the elasticity image to be displayed on display unit 24, it is also possible
to arbitrarily select the image to be displayed. For example, while a tomographic image, an elasticity image, a combined
image, an outline image of tomographic image, an outline image of elasticity image, and the like are generated, image
selecting unit 52 can select a plurality of arbitrary images among those generated images and display them on the
same screen. By doing so, for example, it is possible to select the tomographic image and the combined image and
arregion both of them in the display, whereby it is possible to recognize the mutual relation of the form and the elastic
behavior of the tissue on the combined image, and, after that, recheck the relation by comparing the combined image
with a tomographic image displayed on the same screen.

[0082] Further, although displacement measuring unit 35 according to the above embodiments uses the block match-
ing method in detecting a moving vector of the tissue corresponding to each point of the tomographic image, a technique
of a gradient method or the like may be used instead. For example, it is possible to use a method of calculating the
displacement by calculating autocorrelation of data on an identical region of two images.

[0083] Further, although probe 10 according to the above embodiments is the electric scan type formed by plurality
of arregiond transducers, it may be the mechanical scan type formed by one transducer. Further, while this probe 10
is put onto the object's body surface, the embodiments are also applicable to a transesophageal probe and an intra-
vascular probe.

[0084] Further, although in the image combination processing according to the above embodiments the monochrome
tomographic image and the color elasticity image are combined, the combination processing may be changed in ac-
cordance with characteristics of the tissue. For example, a tomographic image provided with blue hue and a shading
elasticity image provided with red hue may be combined.

[0085] Further, although elasticity data calculating unit 37 according to the above embodiments generates the elas-
ticity image data by calculating the distortion of tissue (S) and the Young's modulus Y,,, the elasticity ratio may be
generated instead by calculating parameters indicating stiffness and characteristics of arterial wall, such as a stiffness
parameter (B), pressure-elasticity coefficient (Ep), increment-elasticity coefficient (Einc), and the like.

[0086] According to those embodiments, since the brightness information and the hue information of each pixel of
the combined image are obtained by adding the pixel information of the tomographic image and of the color elasticity
image at a combination ratio, the combination image includes information of both images. Accordingly, in the combined
image, not only the border between different tissues and movement and shape displacement of the tissue are displayed,
but also the elasticity information of each region of those tissue are displayed as a color translucent image. Therefore,
the relation between the tissue and its elastic behavior is properly diagnosable.

[0087] As a result, for example, when the tumor exists in the tissue, a stiff region exists around the tissue and an
image reflecting both the size of the tumor and the expanse of the stiff region is obtained. Therefore, it is possible to
relatively compare the expanse of the stiff region and the size of the tumor and properly determine the removal region
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of cancer or the like.

[0088] In this case, by weighting the combination ratio, i.e. weighting at least either the tomographic image data or
the color elasticity image, it is possible to obtain a desired translucent image which emphasizes either image of tissue
shape based on the tomographic image or the color elasticity image.

[0089] Further, when a combined image is formed, it is desirable that the image generating unit converts the bright-
ness information of the tomographic image into light's three primary colors, i.e. RGB signals and adds the converted
signals to the hue information of the color elasticity image at the combination ratio.

[0090] Further, it is desirable to form a color elasticity image of a predetermined ROI. By doing so, the elasticity
image generating unit can generate a color elasticity image of a particular tissue within the ROI of the object. Accord-
ingly, in comparison with the case of generating a color elasticity image of the whole tissue, time for generating the
color image can be shortened and the frame rate of the display image can be improved.

[0091] Further, the combination ratio and the ROl may be variably set, whereby it is possible to arbitrarily set the
respective parameters including the combination ratio and the ROI in accordance with characteristics of the object's
tissue observed.

[0092] Further, instead of adding and overlapping the tomographic image and the color elasticity image at the com-
bination ratio, it is also desirable to provide an outline detecting unit for detecting a borderline between tissues having
different elastic behavior in the color elasticity image on the basis of a set threshold of the elasticity information and
superpose thus-detected borderline on the tomographic image in the display.

[0093] By doing so, not only the movement and the shape displacement of the tissue are displayed, but also the
borderline, i.e. the outline between the tissues having different elastic behavior is superposed in the display at the
same time. Accordingly, the mutual relation between the movement and the shape displacement of the tissue and its
elastic behavior can be properly diagnosed.

[0094] Animage selecting unit for selecting at least two among four images of the above-formed tomographic image,
color elasticity image, combined image thereof, and borderline image is provided, whereby the selected two images
can be arregiond on two display area on the same screen of the display unit.

[0095] By doing so, for example, if the combined image and the tomographic image are selected and displayed, it
is possible to perceive the mutual relation between the shape and the elastic behavior of the tissue on the combined
image, and, after that, recheck this relation by comparing the combined image with the tomographic image displayed
on the screen.

[0096] Further, while those embodiments are described for a method of performing data processings on the image
data including the tomographic image data and the elasticity image data, the images may also be combined in the
display after changing the display memory of the tomographic image and of the elasticity image to adjust the display
position thereof.

Claims
1. An ultrasound diagnostic apparatus comprising:

a probe which is put onto an object to be examined for transmitting and receiving an ultrasound wave;
means for generating a tomographic image by receiving a reflected echo signal corresponding to the trans-
mitted ultrasound wave;

means for measuring a displacement of the object's tissue and calculating elasticity information from a reflected
echo signal corresponding to an ultrasound wave while a pressure to be applied is changed when the probe
is put on the object, and generating a color elasticity image from the elasticity information;

means for generating a translucent image on the basis of image information of at least one of the tomographic
image and the color elasticity image; and

means for selectively displaying the tomographic image, the color elasticity image, and the translucent image.

2. Anultrasound diagnostic apparatus according to claim 1, wherein the translucent image generating means further
includes means for overlapping the tomographic image generated by the tomographic image generating means
and the color elasticity image generated by the elasticity image generating means to generate a translucent image
on the basis of a desired overlapping ratio.

3. An ultrasound diagnostic apparatus according to claim 2, wherein the translucent image generating means gen-

erates a translucent image by determining the overlapping ratio between the tomographic image and of the color
elasticity image on the basis of the elasticity information calculated by the elasticity image generating means.
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An ultrasound diagnostic apparatus according to claim 2, wherein the translucent image generating means further
includes pressure measuring unit attached to the probe for measuring information of the pressure applied to the
object, and generates translucent image data by setting a desired combination ratio of the color elasticity image
data calculated by the elasticity image generating means and of the tomographic image data calculated by the
tomographic image generating means on the basis of the pressure information measured by the pressure meas-
uring unit.

An ultrasound diagnostic apparatus according to claim 2, wherein the translucent image generating means further
includes means for calculating a mean value of the tomographic image, means for calculating a mean value of
color brightness of the elasticity image, means for calculating a coefficient with which those calculated mean values
are equalized, and means for calculating a combination ratio of the elasticity image by multiplying each image
pixel of the tomographic image by the calculated coefficient.

An ultrasound diagnostic apparatus according to claim 4, wherein the translucent image generating means further
includes means for variably setting a region of interest (ROI) of the color elasticity image data, and forms translucent
combined image data of the ROI.

An ultrasound diagnostic apparatus according to claim 2, wherein the translucentimage generating means includes
calculating means for separating the brightness information of the tomographic image into three primary colors
and calculating translucent image information from the separated three primary colors and hue information of the
color elasticity image.

An ultrasound diagnostic apparatus according to claim 1, wherein the display means further includes means for
selectively displaying a numerical value of either combination ratio of the elasticity image or that of the tomographic
image.

An ultrasound diagnostic apparatus according to claim 1, wherein the translucent image generating means further
includes an outline detecting means for detecting a borderline between tissues having different elastic behavior
in the color elasticity image on the basis of the set threshold of the elasticity information calculated by the elasticity
image generating unit and means for generating a combined image of the detected outline and the generated
tomographic image.

An ultrasound diagnostic apparatus according to claim 8, wherein the outline detecting means changes at least
one among thickness, color, and line type of the borderline on the basis of the elasticity information calculated by
the elasticity image generating means.

An ultrasound diagnostic apparatus according to claim 1, wherein the display selecting means further includes
means for respectively storing the tomographic image information, the elasticity image information, and the trans-
lucent combined image information, and switches the stored tomographic image information and elasticity image
information to selectively display them on the display unit.

An ultrasound diagnostic apparatus according to claim 11, wherein the storing means further includes means for
storing the tomographic image data, the elasticity image data, and the translucent combined image data and ar-
bitrarily setting a timing of switching those image data.

An ultrasound diagnostic apparatus according to claim 1, wherein the translucent image generating means further
includes display address calculating means for respectively calculating an image display address of the tomo-
graphic image data and of the elasticity image data, and image generating means for assigning pixels of the
tomographic image data and the elasticity image data to the calculated display address and generating the com-
bined image.

An ultrasound diagnostic apparatus according to claim 13, wherein the display address calculating means performs
calculation so as to display the tomographic image data and the color elasticity image data in a striped pattern.

An ultrasound diagnostic apparatus according to claim 13, wherein the display address calculating means performs
calculation so as to display the tomographic image data and the color elasticity image data in a check pattern.

An ultrasound diagnostic apparatus according to claim 1, wherein the image information of the tomographic image
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is gain information of the tomographic image generated by the tomographic image generating means.

An ultrasound diagnostic apparatus according to claim 1, wherein the image information of the color elasticity
image is the elasticity information calculated by the elasticity image generating unit.

An ultrasound diagnostic apparatus according to claim 1, wherein the translucent image generating means further
includes means for forming a translucent combined image of the tomographic image generated by the tomographic
image generating means and the color elasticity image generated by the elasticity image generating means on
the basis of a desired combination ratio.

An ultrasound diagnostic apparatus according to claim 2, wherein the translucent image generating means forms
a translucent combined image while setting combination ratios of the tomographic image and of the color elasticity
image on the basis of the elasticity information calculated by the elasticity image generating unit.

An ultrasound diagnostic apparatus according to claim 2, wherein the translucent image generating means further
includes pressure measuring means attached to the probe for measuring information of the pressure applied by
the probe to the object, and obtains a translucent image data while setting a desired combination ratio of the
tomographic image data and of the color elasticity image data on the basis of the pressure information measured
by the pressure measuring unit.
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