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(7) ABSTRACT

An ultrasonic image display method for displaying a com-
posite image made from a B mode image and a tissue velocity
image of an object taken by means of ultrasound. The method
includes decreasing the weight of the B mode image while
increasing the weight of the tissue velocity image, in response
to increase of brightness of the B mode image, adding thus
weighted B mode image and tissue velocity image, and dis-
playing an image obtained by the addition.
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ULTRASONIC IMAGE DISPLAY METHOD
AND ULTRASONIC DIAGNOSIS APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Application
No. 2004-237926 filed Aug. 18, 2004.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic image display
method and an ultrasonic diagnosis apparatus. More specifi-
cally the present invention relates to an ultrasonic image
display method in which the composite image is displayed
from a B mode image and a tissue velocity image of an object,
taken by means of ultrasound, and to an ultrasonic diagnosis
apparatus, which takes the B mode image and tissue velocity
image of an object by means of ultrasound to display a com-
posite image of those two images.

The ultrasonic diagnosis apparatus takes a B mode image
and tissue velocity image of an object by means of ultrasound
to display a composite image of those two images. Doppler
signals of ultrasonic echo are used for the echogram of tissue
velocity images (for example, see Patent document 1).

Patent document 1: specification of U.S. Pat. No. 6,517,
485 (columns 7 to 13, and FIGS. 3 to 4)

The composite image is a superposition of a color tissue
velocity image on a monochrome B mode image. As the
impression of the color tissue velocity image is stronger and
the monochrome B mode image is barely seen, the composite
image of such kind is not always appropriate.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to achieve
an ultrasonic image display method and ultrasonic diagnosis
apparatus for displaying a composite image of B mode image
and a tissue velocity image in a fashion much suitable.

In an aspect for solving the problem, the present invention
provides an ultrasonic image display method for displaying a
composite image made from a B mode image and a tissue
velocity image of an object taken by means of ultrasound,
including decreasing the weight of the B mode image while
increasing the weight of the tissue velocity image, in response
to increase of brightness of the B mode image; adding thus
weighted B mode image and tissue velocity image; and dis-
playing an image obtained by the addition.

In another aspect for solving the problem, the present
invention provides ultrasonic diagnosis apparatus, for taking
a B mode image and a tissue velocity image of an object by
means of ultrasound to display a composite image of these
two images, including: a weight adjustor means for decreas-
ing the weight of B mode image in response to the increase of
brightness of B mode image, while increasing the weight of
tissue velocity image; an adder means for adding thus
weighted B mode image and tissue velocity image; and a
display means for displaying an image obtained from the
addition.

Itis preferable that the variation cha of the weight is alinear
function of the brightness, for the purpose of appropriate
adjustment of weight. It is also preferable that the linear
functionis a polygonal linear function for the purpose of more
appropriate adjustment of weight.

In addition, it is preferable that the linear function is a
concatenation of a plurality of linear functions for the purpose
of much easier setting of polygonal functions. It is further
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preferable that the joint of the plurality of linear functions is
variable, for the purpose of facilitating the modification of
polygonal linear function characteristics. It is also preferable
that the slope ofthe plurality of linear functions is variable for
the purpose of facilitating the modification of the polygonal
linear function characteristics.

It is preferable that for the B mode image and the tissue
velocity image, the black section where the brightness of B
mode image is below a predetermined threshold is nullified,
for the purpose of better display of a composite image. It is
furthermore preferable that the threshold is variable such that
the range of nullified black image is adjustable.

In accordance with the present invention, which allow dis-
playing a composite image of B mode image and tissue veloc-
ity image by decreasing the weight of weighted addition of B
mode image in the composite image while increasing the
weight of weighted addition of tissue velocity image in
response to the increase of brightness of the B mode image,
the composite image of B mode image and tissue velocity
image can be displayed appropriately.

Further objects and advantages of the present invention
will be apparent from the following description of the pre-
ferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic block diagram of an ultrasonic
diagnosis apparatus in accordance with one embodiment of
the best mode for carrying out the invention;

FIG. 2 shows a schematic block diagram of an image
processing unit;

FIG. 3 shows an exemplary graph used for the weight
adjustment;

FIG. 4 shows a schematic block diagram illustrating the
processor capability.

DETAILED DESCRIPTION OF THE INVENTION

Now the present invention will be described in greater
details herein below with reference to the accompanying
drawings. It should be noted that the description of embodi-
ment is not to be considered to limit the present invention.
FIG. 1 shows a schematic block diagram of an ultrasonic
diagnosis apparatus. The apparatus is an exemplary embodi-
ment for carrying out the invention. The structure of the
apparatus illustrates an example of the best mode for carrying
out the invention of ultrasonic diagnosis apparatus. The
operation of the apparatus illustrates an example of the best
mode for carrying out the invention of ultrasonic diagnosis
apparatus.

As shown in FIG. 1, the apparatus has an ultrasonic probe
2. The ultrasonic probe 2 has an array of a plurality of ultra-
sound transducers not shown in the figure. Each transducer is
made of a piezoelectric material, such as for example PZT
ceramics (Plumb Zirconate Titanate). An operator uses the
ultrasonic probe 2 by contacting the object 4.

The ultrasonic probe 2 is connected to a transceiver unit 6.
The transceiver unit 6 transmits driving signals to the ultra-
sonic probe 2 to generate ultrasound waves. The transceiver
unit 6 also receives the echo signals received by the ultrasonic
probe 2.

The transmission and reception of ultrasound waves is
conducted by scanning an imaging range with the ultrasonic
beam, i.e., sonic line. Types of sonic line scan include the
sector scan, convex scan, and linear scan.
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The transceiver unit 6 is connected to a B mode processing
unit 10 and to the Doppler processing unit 12. The echo
receiver signals for every sonic scan line output from the
transceiver unit 6 is input into the B mode processing unit 10
and the Doppler processing unit 12.

The B mode processing unit 10 generates a B mode image.
The B mode processing unit 10 retrieves signals indicative of
the intensity of echo at each reflection point on the sonic scan
line, namely A scope signals to use the transient amplitude of
A scope signals as brightness value to generate a B mode
image.

The Doppler processing unit 12 generates a tissue velocity
image. The Doppler processing unit 12 performs an orthogo-
nal detection of echo receiver signals to obtain 1, Q signals to
process in MTI (Moving Target Indication) to obtain echo
complex Doppler signals, and based on which it determines
the tissue velocity image for respective sonic scan line by a
predetermined operation.

Although Doppler signals includes the component ofblood
velocity in addition to the component of tissue velocity, only
the tissue velocity component is extracted by using the dif-
ference of velocity domain of both components to thereby
determine the tissue velocity image.

The B mode processing unit 10 and the Doppler processing
unit 12 are connected to an image processing unit 14. The
image processing unit 14 uses image data input from the B
mode processing unit 10 and the Doppler processing unit 12
to generate an image for display. The B mode image is gen-
erated as monochrome image. The tissue velocity image is
generated as color image. The color image represents the
velocity direction as color hue.

The image processing unit 14 includes, as shown in FIG. 2,
a input data memory 142, a digital scan converter 144, an
image memory 146, and a processor 148, all of which are
connected through a bus 140.

The B mode image and tissue velocity image input from the
B mode processing unit 10 and the Doppler processing unit 12
as sonic scan lines are stored in the input data memory 142.
The data in the input data memory 142 is scan-converted by
the digital scan converter 144 to store in the image memory
146. The processor 148 performs data processing for display
on the data in the input data memory 142 and in the image
memory 146. The data processing for display will be
described later.

The image processing unit 14 is connected to a display unit
16. The display unit 16 is fed with image signals from the
image processing unit 14 and based on which it displays an
image. The display unit 16 is an exemplary embodiment of
the display means in accordance with the present invention.
The display unit 16 is constituted of for example a graphic
display that can display color images.

A controller unit 18 is connected to the above-cited trans-
ceiver unit 6, B mode processing unit 10, Doppler processing
unit 12, image processing unit 14 and display unit 16. The
controller unit 18 supplies control signals to other units to
control the operation thereof. It receives various information
signals from those units under the control.

Under the control of the controller unit 18, B mode photo-
graphic operation and tissue velocity photographic operation
are performed. The controller unit 18 is connected to an
operation console unit 20. The operation console unit 20 is
operated by an operator to input appropriate instructions and
information to the controller unit 18. The operation console
unit 20 may be constituted of for example an operation panel
having a keyboard, a pointing device, and other operating
devices.
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Now the data processing for display will be described. The
data processing for display is a process for generating a com-
posite image made from a B mode image and a tissue velocity
image. The composite image can be generated by weighted
addition of a B mode image to a tissue velocity image.

FIG. 3 shows an example of graph used for weight control.
The graph shown in the figure uses the brightness value of B
mode image (B_Intensity) as its transverse axis and the trans-
parency coefficient a_Ib as its vertical axis. The range of
brightness values B_Intensity may be for example 0 to 255.
B_Intensity=0 indicates the lowest brightness, while B_In-
tensity=255 indicates the highest brightness. The range of
transparency coefficient a_Ib is from 0 to 1. a_Ib=0 indicates
complete opaque, while a_Ib=1 indicates complete transpar-
ency.

The transparency coefficient a_Ib indicates the degree of
transparency of the tissue velocity image when the composite
image is made by superposing the tissue velocity image on the
B mode image. This means that the tissue velocity image is
completely opaque when a_Ib=0. In this case, the underlying
B mode image is not visible, hidden by the tissue velocity
image, so that the composite image may become the image
made of solely the tissue velocity image. On the other hand,
when a_Ib=1, the tissue velocity image is completely trans-
parent. In this case, the tissue velocity image is invisible,
therefore the composite image is made of solely B mode
image. When O<a_Ib<1, the tissue velocity image is translu-
cent, corresponding to the value of a_Ib. In this case, the B
mode image can be seen through the tissue velocity image.

The composite image may be thought to be formed by
superposing a tissue velocity image on a B mode image. In
this context when a_Ib=0 the B mode image is totally trans-
parent, and when a_Ib=1 the B mode image is totally opaque,
and when 0<a_Ib<1 the B mode image is translucent. In this
situation, the composite image thus obtained is identical. In
the description which follows, the composite image is con-
sidered to be formed by superposing a tissue velocity image
on a B mode image, as a matter of convenience.

The line a, which constitutes part of the graph, is a linear
function that crosses the transversal axis at B_Intensity=255,
and vertical axis at a_Ib-Transparency, and may be given by
the following equation:

(256 — B_Intensity)

[b = trans X
a_l ransparency 356

The line b, which constitutes another part of the graph, is
another linear function that crosses the line a at the point D,
and the vertical line at a_Ib-Bth_Transparent, and may be
given by the following equation:

_ transparency X (256 — Bth_0)/256 — Bth_transparent «

alb Bth_ 0

B_Intensity+ Bth_transparent

The line ¢, which constitutes the rest of the graph, is a
zero-order function that crosses the vertical line at a_Ib=1.

For the brightness value B_Intensity, the setting point of
crossing B_th0 and the threshold value Threshold are config-
urable. The setting point of crossing B_th0 is a setting value
for specifying the position of point D, namely the position of
crossing of line a with line b. This specifies the joint between
the line a and the line b. The threshold value Threshold is a
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setting value that specifies the end point of line c. These
setting values B_th0 and Threshold can be arbitrarily set and
adjusted by the operator through the operation console unit
20.

The crossing points of vertical axis with lines a and b,
namely Transparency and Bth_transparent can be arbitrarily
set and adjusted through the operation console unit 20. The
adjustment of Transparency and Bth_transparent changes the
slope of lines a and b, respectively.

Using these three lines a, b, and ¢, the transparency of the
tissue velocity image in the composite image can be adjusted.
The transparency adjustment can be performed based on the
brightness value B_Intensity of each of the pixels that con-
stitute the B mode image.

When B_lIntensity<Threshold, the transparency coeffi-
cient of the tissue velocity image is determined by line c. This
makes a_Ib=1, resulting in the composite image derived from
solely B mode image, with the tissue velocity image being
completely transparent. Along with this processing, another
operation that makes B mode image with nullified black.
Since the tissue velocity image that is completely transparent
is nullified in black section, both images are nullified in black
section, accordingly.

As noted above, in the range  where
B_Intensity<Threshold, the B mode image and tissue veloc-
ity image are nullified in black section to prevent noises and
artifacts from becoming evident, allowing better image qual-
ity of composite image.

In the range where Threshold=B_Intensity<B_th0, the
transparent coefficient of the tissue velocity image is deter-
mined by line b. More specifically, the transparent coefficient
a_Jb is determined by equation (2). This makes the tissue
velocity image translucent, and B mode image can be seen
therethrough. The composite image that gives such impres-
sion may be generated by weighted addition of the tissue
velocity image on the B mode image. The weighted addition
uses the following equation:

RGB_Transparent=a_ Ib*RGB__B+(1.0-a_Ib)
*RGB_Color

Where RGB_Transparent is data of three fundamental col-
ors (R, G, B) indicative of the composite image. RGB_B is the
data of three fundamental color indicative of monochrome B
mode image. RGB_Color is the data of three fundamental
colors indicative of the color tissue velocity image. Each data
of three fundamental color is composed of 8 bits.

As shown in equation (3), the composite image is gener-
ated by adding the weight of B mode image as a_Ib, with the
weight of tissue velocity image as 1-a_Ib. In the equation (3)
above, the transparency coefficient a_Ib is used merely as the
value indicative of the weight. Thus, the graph of transparent
coefficient can be used as the graph of weights for weighted
addition. The transparent coeflicient a_Ib is called as weight
hereinbelow.

It should be noted here that a_Ib taken as the weight of B
mode image is reasonable, since when the transparency coef-
ficient a_Ib is larger the transparency of tissue velocity image
is increased so that the B mode image thereafter can be seen
better. In addition, when the transparency of tissue velocity
image increases the tissue velocity image may become less
visible, so that 1-a_Ib taken as the weight of tissue velocity
image is reasonable.
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When B_th0=B_Intensity, the weight is determined by
line a. More specifically. the weight a_Ib can be given by
equation (1). Then by substituting the weight of B mode
image with a_Ib, and the weight of tissue velocity image with
1-613a_Ib, the pixel values of the composite image can be
given by equation (3).

As can be seen from the foregoing, in the range of
Threshold=B_Intensity, a composite image of the B mode
image well matched with the tissue velocity image can be
given, by adding the weights of both B mode image and tissue
velocity image in a complementary manner in relation to
B_Intensity.

By appropriately using the equation of weight in response
to the range to which the B_Intensity belongs so as to give the
weight in relation to the polygonal linear function, the trans-
parency adjustment optimal to each section to which B_In-
tensity belongs can be performed.

It can be conceivable that a multi-step polygonal linear
function provides the weight by creating two or more setting
point of crossing B_th0. This makes a finer transparency
adjustment. Alternatively, the calculation of weight may be
operated with a function of quadric or higher dimension,
which yields a continuous curve.

InFIG. 4, there is shown a functional block diagram of the
processor 148 for performing the formation of composite
image as noted above. As can be seen in the figure, the
processor 148 weights a_Ib and 1-a_Ib for the B mode image
(B) and tissue velocity image (color) respectively, in the
weighting units 152 and 154; forms a composite image (RG-
B_Transparent) by adding both images in the adder unit 156,
then outputs through the black nullifying unit 158.

The weighting units 152 and 154 are an exemplary embodi-
ment of the weight adjustment means in accordance with the
present invention. The adder unit 156 is an exemplary
embodiment of the adder means in accordance with the
present invention. The black nullifying unit 158 is an exem-
plary embodiment of the black nullifying means in accor-
dance with the present invention.

Many widely different embodiments of the invention may
be configured without departing from the spirit and the scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments
described in the specification, except as defined in the
appended claims.

The invention claimed is:
1. An ultrasonic image display method for displaying a
composite image made from a B mode image and a tissue
velocity image of an object taken by means of an ultrasonic
imaging system, said method comprising:
receiving an echo receiver signal using a transceiver unit in
response to ultrasound waves transmitted into the object
by an ultrasonic probe, the echo receiver signal includ-
ing a Doppler signal and a signal indicative of an inten-
sity of echo at each reflection point on a sonic scan line;

processing a tissue velocity data component of the Doppler
signal using a Doppler processing unit in order to gen-
erate the tissue velocity image;

decreasing a weight of the B mode image using a B mode

processing unit while increasing a weight of the tissue
velocity image in response to an increase of a brightness
of the B mode image, the weight of the B mode image
decreased based on a linear function when the brightness
of the B mode image is less than a threshold and
decreased based on at least one linear function when the
brightness of the B mode image is greater than or equal
to the threshold;
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adding the weighted B mode image and the tissue velocity
image using an image processing unit coupled to the
Doppler processing unit and the B mode processing unit
in order to form a composite image that is expressed by

RGB_Transparent=a_ Ib*RGB__B+(1.0-a_Ib)*RGB_
Color; and

displaying the composite image using a composite image
display unit coupled to the image processing unit.

2. An ultrasonic image display method according to claim

1, wherein the linear function is a polygonal line function.

3. An ultrasonic image display method according to claim
2, wherein the polygonal line function is made of a concat-
enation of a plurality of linear functions.

4. An ultrasonic image display method according to claim
3, wherein a joint of the plurality of linear functions is vari-
able.

5. An ultrasonic image display method according to claim
3, wherein a slope of each linear function of the plurality of
linear functions is variable.

6. An ultrasonic image display method according to claim
1, wherein in a black section where the brightness of the B
mode image is less than the threshold, the B mode image and
the tissue velocity image are nullified.

7. An ultrasonic image display method according to claim
6, wherein the threshold is variable.

8. An ultrasonic image display method according to claim
1, wherein processing a tissue velocity component of a Dop-
pler signal comprises extracting the tissue velocity data com-
ponent from a Doppler signal that includes the tissue velocity
data component and a blood velocity data component.

9. An ultrasonic diagnosis apparatus for taking a B mode
image and a tissue velocity image of an object by means of
ultrasound to display a composite image of a weighted B
mode image and the tissue velocity image, said ultrasonic
diagnosis apparatus comprising:

a Doppler processing unit configured to process a tissue
velocity data component of a Doppler signal and to
generate the tissue velocity image based on the tissue
velocity data component;

aweight adjustor device configured to decrease a weight of
the B mode image in response to an increase of a bright-
ness of the B mode image, while increasing a weight of
the tissue velocity image, the weight of the B mode
image decreased based on a linear function when the
brightness of the B mode image is less than a threshold
and decreased based on at least one linear function when
the brightness of the B mode image is greater than or
equal to the threshold,

an adder device configured to add the weighted B mode
image and the tissue velocity image to obtain the com-
posite image based on the equation

RGB_Transparent=a__Ib*RGB_B+(1.0-a_Ib)*RGE
Color; and

adisplay device configured to display the composite image
obtained from the addition.

10. An ultrasonic diagnosis apparatus according to claim 9,
wherein the linear function is a polygonal linear function.

11. An ultrasonic diagnosis apparatus according to claim
10, wherein the polygonal linear function is made of a con-
catenation of a plurality of linear functions.

12. An ultrasonic diagnosis apparatus according to claim
11, wherein a joint of the plurality of liner functions is vari-
able.
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13. An ultrasonic diagnosis apparatus according to claim
11, wherein a slope of each linear function of the plurality of
linear functions is variable.

14. An ultrasonic diagnosis apparatus according to claim 9,
further comprising:

a black nullifying device configured to nullify the B mode
image and the tissue velocity image for ablack section in
which the brightness ofthe B mode image is less than the
threshold.

15. An ultrasonic diagnosis apparatus according to claim

14, wherein the threshold is variable.

16. An ultrasonic diagnosis apparatus according to claim 9,
wherein said Doppler processing unit is configured to extract
the tissue velocity data component from a Doppler signal that
includes the tissue velocity data component and a blood
velocity data component.

17. An ultrasonic diagnosis apparatus comprising:

an ultrasonic probe;

a transceiver coupled in signal communication to said
ultrasonic probe, said transceiver configured to transmit
driving signals to said ultrasonic probe to generate ultra-
sound waves and to receive echo signals from said ultra-
sonic probe, the echo signals generated in response to
the driving signals;

a B mode processing unit coupled in signal communication
to said transceiver, said B mode processing unit config-
ured to generate a B mode image based on the echo
signals received by said transceiver from said ultrasonic
probe and transmitted by said transceiver to said B mode
processing unit;

a Doppler processing unit coupled in signal communica-
tion to said transceiver, said Doppler processing unit
configured to generate a tissue velocity image based on
the echo signals received by said transceiver from said
ultrasonic probe and transmitted by said transceiver to
said Doppler processing unit, said Doppler processing
unit further configured to generate the tissue velocity
image by processing a tissue velocity data component of
the received echo signals; and

an image processing unit coupled in signal communication
to said B mode processing unit, said Doppler processing
unit, and a display device, said image processing unit
configured to:
decrease a weight of the B mode image in response to an

increase of a brightness of the B mode image, while
increasing a weight of the tissue velocity image, the
weight of the B mode image decreased based on a
linear function when the brightness of the B mode
image is less than a threshold and decreased based on
a plurality of linear functions when the brightness of
the B mode image is greater than or equal to the
threshold;
add a weighted B mode image and a weighted tissue
velocity image using the equation
RGB_Transparent=a__Ib*RGB__B+(1.0-a_Ib)*RGB_
Color; and

transmit a composite image obtained from the addition
to said display device.
18. An ultrasonic diagnosis apparatus according to claim
17, wherein the linear function is a polygonal linear function.
19. An ultrasonic diagnosis apparatus according to claim
18, wherein the polygonal linear function is made of a con-
catenation of a plurality of linear functions.
20. An ultrasonic diagnosis apparatus according to claim
19, wherein a joint of the plurality of liner functions is vari-
able.
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