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ULTRASONIC IMAGE DISPLAY APPARATUS AND
ULTRASONIC IMAGE DISPLAY METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic image
display apparatus and ultrasonic image display method for
producing an ultrasonic image based on an echo signal
output by an ultrasonic probe and displaying the ultrasonic
image on a monitor, and more particularly to an ultrasonic
image apparatus and ultrasonic image display method that
improve monitor display condition operating ease and
enable easy display of an arbitrary site.

[0002] Conventionally, an ultrasonic image display appa-
ratus for imaging the interior of a subject by applying
ultrasound to a region to be examined in the subject with an
abutting ultrasonic probe, and producing an image of an
echo signal of reflected waves of the applied ultrasound is
commonly used in non-destructive examination. Since ultra-
sound is harmless to a living body, the ultrasonic image
display apparatus is especially useful for medical applica-
tions and is used for detection of foreign material in the
living body, determination of lesion degree, observation of
a tumor or a fetus, and the like.

[0003] In the conventional ultrasonic image display appa-
ratus, in general, a display method of displaying a single
ultrasonic image produced based on an echo signal and a
display method of simultaneously displaying a plurality of
ultrasonic images are switchably used. The method of dis-
playing a single ultrasonic image is used for displaying the
whole ultrasonic image produced from an echo signal on a
monitor, and the method of simultaneously displaying a
plurality of ultrasonic images is used for comparison
between the ultrasonic images. When the plurality of ultra-
sonic images are displayed, the screen of the monitor must
be allocated among a plurality of display areas, and accord-
ingly the display area available for displaying each ultra-
sonic image becomes smaller. To display the ultrasonic
images in sufficient resolution and size, part of each ultra-
sonic image produced from an echo signal must be selec-
tively displayed. Therefore, the ultrasonic image display
apparatus selectively displays necessary parts of ultrasonic
images for comparison between the ultrasonic images by
switching the display between the single ultrasonic image
display and multiple ultrasonic image display.

[0004] Moreover, the ultrasonic image display apparatus
usually has a function of measuring distance, area, volume,
and the like in the ultrasonic image. In measuring distance
in the ultrasonic image, a pointing device capable of speci-
fying an arbitrary point on the monitor, such as a mouse, is
employed and two arbitrary points are specified to calculate
the distance therebetween; or an arbitrary curve is specified
using the pointing device to calculate the length thereof. In
measuring an area, an arbitrary region is specified using the
pointing device to calculate the area of that region. In
measuring volume, processing for calculating the volume
from area and distance measurements is executed. When
distance, area or volume is to be calculated as described
above, the single display by which the whole ultrasonic
image can be displayed is more suitable than the multiple
display by which only part of the ultrasonic image is
displayed, because the locations to be specified must be
displayed on the monitor.
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[0005] Furthermore, when an echo signal received by the
ultrasonic probe is displayed as an ultrasonic image, the
operator must hold the ultrasonic probe against the region to
be examined and operate the ultrasonic image display appa-
ratus at the same time. Usually, the ultrasonic image display
apparatus must be operated by one hand because the other
hand is used for holding the ultrasonic probe. Therefore,
ease of operation in operating the ultrasonic image apparatus
is very important. For example, it is desirable that the
operation for switching between the single display and
multiple display described above can be easily done by one
hand, and that a desired portion of the ultrasonic image can
be displayed.

[0006] In the conventional ultrasonic image display appa-
ratus described above, when part of an ultrasonic image is
displayed in the multiple display and a certain location of the
ultrasonic image not in that part is to be displayed, the
multiple display must be switched to the single display.
Therefore, when measurement of distance or area is to be
made on locations including those not displayed in the
multiple display, processing for switching from the multiple
display to the single display is required, thus imposing
limitation on the measurement in the multiple display. That
is, the conventional ultrasonic image display apparatus
requires the operator to conduct cumbersome operations,
leading to problems that ease of operation is reduced and the
time needed for the operations is increased.

SUMMARY OF THE INVENTION

[0007] Therefore, an object of the present invention is to
provide an ultrasonic image display apparatus and ultrasonic
image display method that improve monitor display condi-
tion operating ease and enable easy display of an arbitrary
site.

[0008] To solve the aforementioned problems and attain
the object, the present invention in accordance with a first
aspect provides an ultrasonic image display apparatus for
producing an ultrasonic image based on an echo signal
received by an ultrasonic probe and displaying said ultra-
sonic image on a monitor, said apparatus characterized in
comprising: display area forming means for forming on a
screen of said monitor a display area in which at least part
of said ultrasonic image is displayed; displayed range select-
ing means for selecting a displayed range to be displayed in
said display area from said ultrasonic image; displayed
range moving means for conducting movement of said
displayed range of said ultrasonic image; and movement
instruction inputting means for inputting a direction and an
amount of the movement of said displayed range to said
displayed range moving means.

[0009] According to the invention of the first aspect, the
ultrasonic image display apparatus produces an ultrasonic
image based on an echo signal received by an ultrasonic
probe, forms a display area for displaying the ultrasonic
image on a monitor screen, selects a displayed range to be
displayed in the display area from the ultrasonic image, and
allows scrolling of the displayed range of the ultrasonic
image.

[0010] The present invention in accordance with a second
aspect is, in the invention in accordance with the first aspect,
characterized in that said ultrasonic image display apparatus
further comprises position specifying means for specifying
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an arbitrary position on said monitor screen, and when the
position specified by said position specifying means is
moved from the inside to the outside of said display area,
said displayed range moving means conducts movement of
said displayed range according to the amount of said move-
ment.

[0011] According to the invention of the second aspect,
when an arbitrary position on the monitor screen specified
by the position specifying means is moved from the inside
to the outside of the display area, the ultrasonic image
display apparatus scrolls the displayed range according to
the amount of the movement.

[0012] The present invention in accordance with a third
aspect is, in the invention in accordance with the second
aspect, characterized in comprising a single user interface
that operates as said movement instruction inputting means
or said position specifying means by switching its operation.

[0013] According to the invention of the third aspect, the
scrolling of the displayed range can be conducted in a
plurality of methods by switchably using a single user
interface.

[0014] The present invention in accordance with a fourth
aspect is, in the invention in accordance with any one of the
first-third aspects, characterized in that said display area
forming means is capable of switching display between
single display in which a single display area is formed on
said monitor screen and multiple display in which a plurality
of display areas are formed on said monitor screen.

[0015] According to the invention of the fourth aspect, the
ultrasonic image display apparatus is capable of switching
display between single display in which a single display area
is displayed on the monitor screen and multiple display in
which a plurality of display areas are displayed, and allows
scrolling of the displayed range of an ultrasonic image in the
single or multiple display.

[0016] The present invention in accordance with a fifth
aspect is, in the invention in accordance with any one of the
first-fourth aspects, characterized in that said ultrasonic
image display apparatus further comprises image storing
means for storing an ultrasonic image converted from said
echo signal as still image data, and said displayed range
selecting means selects an ultrasonic image to be displayed
and its displayed range from among said ultrasonic image
converted from said echo signal and ultrasonic images
stored in said image storing means.

[0017] According to the invention of the fifth aspect, the
ultrasonic image display apparatus can arbitrarily select an
ultrasonic image to be displayed in a display area from
among a scan image produced from an echo signal and
ultrasonic images stored in the image storing means, and
allows scrolling of the displayed range.

[0018] The present invention in accordance with a sixth
aspect is, in the invention in accordance with any one of the
first-fifth aspects, characterized in that when said display
area forming means forms a plurality of display areas, said
displayed range selecting means selects ultrasonic images to
be displayed and their displayed ranges respectively for said
plurality of display areas.

[0019] According to the sixth aspect, when a plurality of
display areas are displayed on the monitor screen, the
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ultrasonic image display apparatus can arbitrarily select
ultrasonic images to be displayed in respective display areas
from among a scan image produced from an echo signal and
ultrasonic images stored in the image storing means, and
allows scrolling of the displayed ranges.

[0020] The present invention in accordance with a seventh
aspect is, in the invention in accordance with any one of the
fourth-sixth aspects, characterized in that when said display
area forming means switches display from the single display
to the multiple display, said displayed range selecting means
selects part of the ultrasonic image displayed in the single
display as said displayed range, and displays said displayed
range in at least one of said plurality of display areas.

[0021] According to the invention of the seventh aspect,
when display is switched from the single display to the
multiple display, the ultrasonic image display apparatus
selects part of the ultrasonic image displayed in the single
display as the displayed range, and displays it in at least one
of the plurality of display areas.

[0022] The present invention in accordance with an eighth
aspect is, in the invention in accordance with any one of the
first-seventh aspects, characterized in further comprising
displayed range rotating means for rotating said displayed
range of said ultrasonic image.

[0023] According to the invention of the eighth aspect, the
ultrasonic image display apparatus can rotate the displayed
range of an ultrasonic image displayed in a display area to
display the range at a desired angle.

[0024] The present invention in accordance with a ninth
aspect provides an ultrasonic image display method for
producing an ultrasonic image based on an echo signal
received by an ultrasonic probe and displaying said ultra-
sonic image on a monitor, said method characterized in
comprising: a display area forming step of forming on a
screen of said monitor a display area in which at least part
of said ultrasonic image is displayed; a displayed range
selecting step of selecting a displayed range to be displayed
in said display area from said ultrasonic image; a displayed
range moving step of conducting movement of said dis-
played range of said ultrasonic image; and a movement
instructing step of inputting a direction and an amount of the
movement of said displayed range to said displayed range
moving means.

[0025] According to the invention of the ninth aspect, the
ultrasonic image display method produces an ultrasonic
image based on an echo signal received by an ultrasonic
probe, forms a display area for displaying the ultrasonic
image on a monitor screen, selects a displayed range to be
displayed in the display area from the ultrasonic image, and
allows scrolling of the displayed range of the ultrasonic
image.

[0026] The present invention in accordance with a tenth
aspect is, in the invention in accordance with the ninth
aspect, characterized in that said ultrasonic image display
method further comprises a position specifying step of
specifying an arbitrary position on said monitor screen, and
when the position specified by said position specifying step
is moved from the inside to the outside of said display area,
said displayed range moving step conducts movement of
said displayed range according to the amount of said move-
ment.
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[0027] According to the invention of the tenth aspect,
when an arbitrary position on the monitor screen specified
by the position specifying means is moved from the inside
to the outside of the display area, the ultrasonic image
display method scrolls the displayed range according to the
amount of the movement.

[0028] The present invention in accordance with an elev-
enth aspect is, in the invention in accordance with the ninth
or tenth aspect, characterized in that said movement instruct-
ing step and said position specifying step are executed by a
single user interface.

[0029] According to the invention of the eleventh aspect,
the scrolling of the displayed range can be conducted in a
plurality of methods by switchably using a single user
interface.

[0030] The present invention in accordance with a twelfth
aspect is, in the invention in accordance with the ninth-
eleventh aspect, characterized in that said display area
forming step is capable of switching display between single
display in which a single display area is formed on said
monitor screen and multiple display in which a plurality of
display areas are formed on said monitor screen.

[0031] According to the invention of the twelfth aspect,
the ultrasonic image display method is capable of switching
display between single display in which a single display area
is displayed on the monitor screen and multiple display in
which a plurality of display areas are displayed, and allows
scrolling of the displayed range of an ultrasonic image in the
single or multiple display.

[0032] The present invention in accordance with a thir-
teenth aspect is, in the invention in accordance with any one
of the ninth-twelfth aspects, characterized in that said ultra-
sonic image display method further comprises an image
storing step of storing an ultrasonic image produced based
on said echo signal as still image data, and said displayed
range selecting step selects an ultrasonic image to be dis-
played and its displayed range from among said ultrasonic
image converted from said echo signal and ultrasonic
images stored by said image storing step.

[0033] According to the invention of the thirteenth aspect,
the ultrasonic image display method can arbitrarily select an
ultrasonic image to be displayed in a display area from
among a scan image produced from an echo signal and
ultrasonic images stored in the image storing means, and
allows scrolling of the displayed range.

[0034] The present invention in accordance with a four-
teenth aspect is, in the invention in accordance with any one
of the ninth-thirteenth aspects, characterized in that when
said display area forming step forms a plurality of display
areas, said displayed range selecting step selects ultrasonic
images to be displayed and their displayed ranges respec-
tively for said plurality of display areas.

[0035] According to the fourteenth aspect, when a plural-
ity of display areas are displayed on the monitor screen, the
ultrasonic image display method can arbitrarily select ultra-
sonic images to be displayed in respective display areas
from among a scan image produced from an echo signal and
ultrasonic images stored in the image storing means, and
allows scrolling of the displayed ranges.
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[0036] The present invention in accordance with a fif-
teenth aspect is, in the invention in accordance with the
twelfth-fourteenth aspect, characterized in that when said
display area forming step switches display from the single
display to the multiple display, said displayed range select-
ing step selects part of the ultrasonic image displayed in the
single display as said displayed range, and displays said
displayed range in at least one of said plurality of display
areas.

[0037] According to the invention of the fifteenth aspect,
when display is switched from the single display to the
multiple display, the ultrasonic image display method selects
part of the ultrasonic image displayed in the single display
as the displayed range, and displays it in at least one of the
plurality of display areas.

[0038] The present invention in accordance with a six-
teenth aspect is, in the invention in accordance with any one
of the ninth-fifteenth aspects, characterized in further com-
prising a displayed range rotating step of rotating said
displayed range of said ultrasonic image.

[0039] According to the invention of the sixteenth aspect,
the ultrasonic image display method can rotate the displayed
range of an ultrasonic image displayed in a display area to
display the range at a desired angle.

[0040] Therefore, in the ultrasonic image display appara-
tus and ultrasonic image display method in accordance with
the present invention for displaying an ultrasonic image
produced based on an echo signal output by an ultrasonic
probe in one or more display areas formed on the monitor
screen, a displayed range of the ultrasonic image displayed
in the display area can be scrolled in the display area; and
therefore, an effect that there are provided an ultrasonic
image display apparatus and ultrasonic image display
method that improve monitor display condition operating
ease and enable easy display of an arbitrary site is obtained.

[0041] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is an explanatory diagram for explaining
the overall configuration of an ultrasonic image display
apparatus in accordance with the present embodiment.

[0043] FIG. 2 is an explanatory diagram for explaining a
monitor screen when a display area forming section forms a
single display area.

[0044] FIG. 3 is an explanatory diagram for explaining a
monitor screen when the display area forming section forms
two display areas.

[0045] FIG. 4 is an explanatory diagram for explaining a
monitor screen in which two display areas are formed and an
edge portion of an ultrasonic image is displayed.

[0046] FIG. 51is an explanatory diagram for explaining an
operation for modifying a display area using a movement
instruction inputting section.

[0047] FIG. 6 is an explanatory diagram for explaining an
operation for modifying a display area using a position
specifying section.
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[0048] FIG. 7 is an explanatory diagram for explaining an
example of modification of a displayed range.

[0049] FIG. 8 is an explanatory diagram for explaining a
scroll operation by a pointing device in single display.

[0050] FIG. 9 is an explanatory diagram for explaining a
monitor screen in single display after switching a displayed
range by an operation of a pointing device.

[0051] FIG. 10 is an explanatory diagram for explaining
a monitor screen in the single display condition before
switching to multiple display.

[0052] FIG. 11 is an explanatory diagram for explaining a
monitor screen after switching from single display to mul-
tiple display.

[0053] FIG. 12 is an explanatory diagram for explaining
an operation for rotating a displayed range of an ultrasonic
image.

[0054] FIG. 13 is an explanatory diagram for explaining
a condition of an ultrasonic image displayed after rotation.

DETAILED DESCRIPTION OF THE
INVENTION

[0055] An ulirasonic image display apparatus in accor-
dance with an embodiment of the present invention will now
be described in detail with reference to the accompanying
drawings.

[0056] In this embodiment, an ultrasonic image display
apparatus that allows use of a whole ultrasonic image in a
limited display area by scrolling and rotating a portion of the
ultrasonic image that is displayed on a monitor will be
described.

[0057] FIG. 1 is an explanatory diagram for explaining
the overall configuration of the ultrasonic image display
apparatus in accordance with the present embodiment. In
FIG. 1, the ultrasonic image display apparatus 1 is con-
nected with a monitor 2, a pointing device 3, and an
ultrasonic probe 4. The monitor 2 employed may be of any
type, such as a CRT monitor or a liquid crystal monitor. The
pointing device 3 is implemented by means for specifying
arbitrary points on a screen of the monitor 2, such as a
mouse, trackball, cursor key or the like.

[0058] The ultrasonic image display apparatus 1 com-
prises therein a transmitting/receiving section 11 connected
to the ultrasonic probe 4, an image producing section 12 for
producing an ultrasonic image from an echo signal received
by the ultrasonic probe 4, an image database 13 for storing
images produced by the image producing section 12, a
display area forming section 17 for forming on the monitor
2 screen a display area in which the ultrasonic image is
displayed, a displayed range selecting section 14 for deter-
mining a range of the ultrasonic image that is to be displayed
in the display area, a displayed range moving section 15 for
scrolling the displayed range of the ultrasonic image, a
displayed range rotating section 16 for rotating the displayed
range of the ultrasonic image, and a control section 18
connected with the pointing device 3 and an input interface
which is not shown.

[0059] The control section 18 comprises therein a move-
ment instruction inputting section 18a and a position speci-
fying section 18b. The movement instruction inputting sec-
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tion 18a outputs to the displayed range moving section 15 a
direction and an amount of movement supplied by the
pointing device 3 as a direction and amount of movement of
the displayed range of the ultrasonic image. The position
specifying section 185 translates positional information sup-
plied by the pointing device 3 into a position on the monitor
2 screen, and also translates movement of the pointing
device 3 into movement on the screen. The control section
18 handles a plurality of types of processing in response to
inputs from the pointing device 3 by switchably using the
movement instruction inputting section 18a and position
specifying section 18b.

[0060] The control section 18 also supplies a driving
signal to the ultrasonic probe 4 via the transmitting/receiving
section 11 to transmit ultrasound. The ultrasonic probe 4
receives an echo signal of reflected waves of the transmitted
ultrasound and outputs the echo signal to the image produc-
ing section 12 via the transmitting/receiving section 11.

[0061] When an ultrasonic image is to be displayed using
the ultrasonic image display apparatus 1, the ultrasonic
probe 4 is first abutted against a region to be examined in a
subject to transmit ultrasound, and the ultrasonic probe 4
receives an echo signal of reflected waves of the transmitted
ultrasound. The image producing section 12 produces a scan
image representing the echo signal received by the ultra-
sonic probe 4 as an image in real time. Thus, if a change in
the echo signal received by the ultrasonic probe 4 arises, the
ultrasonic image produced by the image producing section
12 varies according to the change. The control section 18
transmits a control command for directing the image pro-
ducing section 12 to store the ultrasonic image when save of
the ultrasonic image is commanded using the pointing
device 3 or a console panel (not shown). When the control
command to store the ultrasonic image is received from the
control section 18, the image producing section 12 stores the
ultrasonic image that is a scan image at that time in the
image database 13.

[0062] The display area forming section 17 forms at least
one display area in which the ultrasonic image is displayed
on the monitor 2 screen. The displayed areas are defined by
specifying the number of display areas, their sizes, and their
locations. The displayed range selecting section 14 identifies
an ultrasonic image to be displayed in a display area formed
by the display area forming section 17, and its displayed
range to be displayed in the display area. When a plurality
of display areas are formed, the displayed range selecting
section 14 selects ultrasonic images to be displayed and their
displayed ranges for the respective display areas. Moreover,
the displayed range selecting section 14 can arbitrarily select
an ultrasonic image to be displayed in the display area from
among the scan image produced by the image producing
section 14 and the ultrasonic images stored in the image
database 13.

[0063] The monitor 2 displays the ultrasonic image and its
displayed range selected by the displayed range selecting
section 14 in the display area formed by the display area
forming section 17. By thus forming the display area by the
display area forming section 17 and determining an ultra-
sonic image to be displayed in the display area and its
displayed range by the displayed range selecting section 14,
an arbitrary ultrasonic image can be selected and displayed
to have a desired size, and ultrasonic image single display
and multiple display can be switched.
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[0064] Furthermore, the control section 18 modifies the
displayed range using the movement instruction inputting
section 18a or position specifying section 18b in response to
an input from the pointing device 3. Specifically, when
scrolling of the displayed range of the ultrasonic image is
specified, a control command to move the displayed range is
output to the displayed range moving section 15. When
rotation of the displayed range of the ultrasonic image is
specified, a control command to rotate the displayed range
is output to the displayed range rotating section 16.

[0065] The displayed range moving section 15 scrolls the
displayed range selected at that time by the displayed range
selecting section 14 in response to the control command
received from the control section 18. The displayed range
rotating section 16 rotates the displayed range selected at
that time by the displayed range selecting section 14 in an
arbitrary direction in response to the control command
received from the control section 13.

[0066] Next, description will be specifically made on a
screen displayed on the monitor 2 by the ultrasonic image
display apparatus 1 and modification of the display screen
using the pointing device 3 with reference to FIGS. 2-13.
FIG. 2 is an explanatory diagram for explaining a monitor
screen when the display area forming section 17 forms a
single display area. FIG. 3 is an explanatory diagram for
explaining a monitor screen when the display area forming
section 17 forms two display areas. In FIG. 2, the monitor
screen 20 comprises a display area 21, an information
display area 23, and an operation area 24; and an ultrasonic
image 22 is displayed in the display arca 21. In FIG, 3(b),
the monitor screen 30 comprises display areas 31 and 33, the
information display area 23, and the operation area 24; and
a displayed range 32 that is part of the ultrasonic image 22
is displayed in the display area 31, and a displayed range 34
of another ultrasonic image is displayed in the display area
33.

[0067] The information display area 23 is for displaying
information relating to the ultrasonic image and measure-
ment status, and the operation area 24 is for displaying
virtual buttons for operations by the pointing device. The
information display area 23 and operation area 24 may he in
any location and have any size as necessary.

[0068] Since the monitor screen 20 forms the single dis-
play, a display area 21 of sufficient size can be secured and
the whole ultrasonic image 22 can be displayed. On the other
hand, since two display areas must be secured in the monitor
screen 30, the display areas 31 and 33 are smaller than the
display area 21. Accordingly, an ultrasonic image cannot be
displayed as a whole in the display area 31 or 33, and a
partial region is selectively displayed. As shown in FIG.
3(a), in the display area 31, part of the ultrasonic image 22
is selected as the displayed range 32 for display. In FIG.
3(b), both in the display areas 32 and 34, portions near the
centers of the whole ultrasonic images are selected, and edge
portions are not displayed. FIG. 4 is an explanatory diagram
for explaining a monitor screen in which two display areas
are formed and an edge portion of an ultrasonic image is
displayed. In FIG. 4, the monitor screen 40 comprises the
display areas 31 and 33, information display arca 23 and
operation area 24; and a displayed range 41 that is part of the
ultrasonic image 22 near an edge portion is displayed in the
display area 31, and the displayed range 34 is displayed in
the display area 33.
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[0069] When such a plurality of display areas are formed,
an ultrasonic image cannot be displayed as a whole in a
display area, and therefore, a need to modify the displayed
range of the ultrasonic image in the display area arises. The
ultrasonic image display apparatus 1 modifies the displayed
range using the movement instruction inputting section 18a
or position specifying section 18b in response to an input
from the pointing device 3.

[0070] FIG. 5 is an explanatory diagram for explaining an
operation for modifying the display area using the move-
ment instruction inputting section 18a. When the pointing
device 3 is operated and moved, the movement instruction
inputting section 18a outputs the direction and amount of the
movement to the displayed range moving section 15 as a
direction and amount of movement of the displayed range of
the ultrasonic image 22. Thus, when the pointing device 3 is
moved from a position 3a to a position 3b (FIG. 5(¢)), the
displayed range of the ultrasonic image 22 is moved from
the displayed range 32 to the displayed range 41 (FIG. 5(a))
corresponding to the amount of pointing device movement
54. The amount of displayed range movement 52 in this case
is determined by the amount of the pointing device move-
ment 54. During the operation of the pointing device 3, a
monitor screen 50 sequentially changes and displays a
displayed range 51 corresponding to the operation of the
pointing device 3, as shown in FIG. 5(b). That is, the
displayed range 51 in the display area 31 scrolls in the
direction of movement 53. It should be noted that the
operation of the pointing device used for the movement of
the displayed range and the operation of the pointing device
used for specifying a position on the screen must be dis-
criminated. For example, if a mouse is employed as the
pointing device, a movement operation of the mouse with a
predetermined button on the mouse pressed, i.€., an opera-
tion generally referred to as dragging, causes the movement
of the displayed range; and a movement operation of the
mouse without pressing any button causes the position
specification on the screen, whereby the movement of the
displayed range and the position specification on the screen
can be discriminated.

[0071] Since the direction and amount of movement of the
display area can be directly input by an operation of the
pointing device 3 by the aforementioned operation for
modifying the display area using the movement instruction
inputting section 184, the display area can be modified by a
simple operation and a desired range of the ultrasonic image
22 can be displayed. While the description has been made on
a case in which the displayed range is modified in the display
area 31 that is one of two display arecas 31 and 33, the
displayed range can be modified in the other display range
33 by a similar operation. Which of the plurality of display
areas is affected by an operation of the pointing device 3 is
determined by a selective action ascribed to the pointing
device 3; for example, if a mouse is used as the pointing
device 3, the plurality of display areas may be switched from
one to another by clicking a predetermined button.

[0072] Next, an operation for modifying the display area
using the position specifying section 185 will be described.
FIG. 6 is an explanatory diagram for explaining an opera-
tion for modifying the display area using the position
specifying section 18b. The description hereinbelow will be
made on a case in which a subject image 61a is present
inside an ultrasonic image 61 and the length of the subject



US 2003/0199766 Al

image 61a is to be measured. FIG. 6(a) shows the ultrasonic
image 61, which is the whole ultrasonic image; and FIG.
6(b) shows a monitor screen 60. The ultrasonic image 61
contains the subject image 61a from the center to a portion
near an edge of the ultrasonic image 61. The monitor screen
60 comprises display areas 62 and 33, the information
display area 23, and the operation area 24; and a displayed
range 63 is displayed in the display area 62, and the
displayed range 34 is displayed in the display area 33. The
displayed range 63 represents a portion near the center of the
ultrasonic image 61, and the subject image 61« is partially
displayed.

[0073] When the length of the subject image 61a, ic., a
distance 64 between two points A and B shown in FIG. 6(a),
is to be measured, the pointing device 3 is first operated in
the condition of FIG. 6(b), and the measurement start point
As specified and selected by the position specifying section
18b. Then, the pointing device 3 is moved from a position
3¢ corresponding to the measurement start point A to move
the specified position in the display area 62, as shown in
FIG. 6(c). The amount of the specified position movement
65 on the monitor screen corresponds to the amount of the
pointing device movement 66.

[0074] If the specified position is moved outside the
display area 62 by the operation of the pointing device 3, the
position specifying section 185 outputs a command to
modify the displayed range to the displayed range moving
section 15. The modification of the displayed range is
achieved by scrolling the displayed range so that the desti-
nation of the movement of the specified position falls within
the display area 62. FIG. 7 is an explanatory diagram for
explaining an example of the modification of the displayed
range. As shown in FIG. 7(c), when the pointing device 3
has been moved to a position 3d corresponding to the
measurement end point B by the amount of pointing device
movement 66, the displayed range of the ultrasonic image 61
moves from the displayed range 63 to a displayed range 71
as shown in FIG. 7(a). Thus, the displayed range displayed
in the display area 62 is scrolled from the displayed range 63
to the displayed range 71 as shown in FIG. 7(b), and the
measurement end point B is displayed in the display arca 62.

[0075] When the specified position is thus moved from the
inside to the outside of the display area by the operation of
the pointing device 3, the displayed range of the ultrasonic
image is scrolled so that the destination of the movement
falls within the display area, whereby a desired range of the
ultrasonic image can be displayed without switching display
from multiple display to single display. Moreover, the move-
ment of the displayed range using the position specifying
section 18 can achieve specification of the distance to be
measured and scrolling of the displayed range at the same
time; and therefore, the need to switch the display mode in
order to display the whole site to be measured is eliminated,
and measurement may be started even if only part of the site
to be measured is displayed.

[0076] Such scrolling of the displayed range may be used
not only in the multiple display but in the single display.
FIG. 8 is an explanatory diagram for explaining a scroll
operation by the pointing device in the single display; and
FIG. 9 is an explanatory diagram for explaining a monitor
screen in the single display after switching the displayed
range by an operation of the pointing device. In FIG. 8, a
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monitor screen 80 comprises a display area 81, the infor-
mation display area 23, and the operation area 24; and a
displayed range 82 of the ultrasonic image with its central
portion enlarged is displayed in the display arca 81. In the
monitor screen 80, for example, when a specified position
specified by the pointing device 3 is moved from a specified
position A within the display area 81 to a position outside
thereof, as indicated by the amount of specified position
movement 83, the position specifying section 186 outputs a
command to the displayed range moving section 15 to move
the displayed range so that the destination of the movement
of the specified position falls within the display area 81. The
displayed range moving section 15 scrolls and moves the
displayed range selected by the displayed range selecting
section 14 in response to the command. After scrolling the
displayed range, the monitor 2 displays a monitor screen 90
shown in FIG. 9.

[0077] The monitor screen 90 comprises the display arca
81, information display area 23, and operation area 24; and
a displayed range 91 near the edge of the ultrasonic image
is displayed in the display area 81. The displayed range 91
represents an image after scrolling the displayed range 82 of
the ultrasonic image. The specified position A is identical to
that in the displayed range 82 of the ultrasonic image; and
a specified position B that is the destination of the movement
is further displayed. Thus, even if the ultrasonic image is
enlarged and displayed in a single display area and part of
the ultrasonic image is not displayed, when the specified
position is moved from the inside to the outside of the
display area by the pointing device 3, the selected range of
the ultrasonic image is scrolled so that the destination falls
within the display area, whereby a desired range of the
ultrasonic image can be displayed. While the description has
been made on scrolling of the displayed range by the
position specifying section 18b, the displayed range may be
moved by using the movement instruction inputting section
18a.

[0078] Next, switching from the single display to the
multiple display will be described. FIG. 10 is an explanatory
diagram for explaining a monitor screen in the single display
condition before switching to the multiple display; and FIG.
11 is an explanatory diagram for explaining a monitor screen
after switching from the single display to the multiple
display. In FIG. 10, a monitor screen 100 comprises a
display area 101, the information display area 23, and the
operation area 24; and an ultrasonic image 102 is displayed
in the display area 101. Here, the ultrasonic image 102 is
displayed as a whole. When a desired range of the ultrasonic
image 102 is selected as a specified range 103 by the
pointing device 3, the display area forming section 14
switches the display from the single display to the multiple
display, and the displayed range selecting section 14 dis-
plays the specified range 103 in one of the plurality of
display areas. At that time, the display area selecting section
14 displays the selected range of the ultrasonic image
enlarged as necessary. So that, when the specified range 103
is selected in the single display, it can be specified which is
to be executed between enlarged single display in which the
specified range 103 is enlarged and displayed in a single
display screen and multiple display in which the specified
range 103 is displayed in one of the plurality of display
areas, it is possible, for example, to display a menu on the
screen when the specified range 103 is selected to thereby
allow selection of the desired display mode from the menu.
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[0079] Thus, after switching from the single display to the
multiple display, the monitor 2 displays a monitor screen 110
shown in FIG. 11. The monitor screen 110 comprises
display areas 111 and 33, the information display area 23,
and the operation area 24; and the specified range 103 that
is a portion near the edge of the ultrasonic image 102 is
displayed enlarged in the display area 111. The ultrasonic
image displayed in the display area 111 may be a scan image
produced by the image producing section 12, or an ultra-
sonic image may be arbitrarily selected from the image
database 15 and displayed. Thus, when the display is
switched from the single display to the multiple display, a
desired range is selected from the ultrasonic image displayed
in the single display and the range is displayed in one of the
plurality of the display areas, whereby a desired display
condition can be directly achieved from the single display.

[0080] Next, rotation of the displayed range will be
described. If the plurality of display areas are displayed at
the same time, a plurality of ultrasonic images can be
compared; but, to achieve the comparison more easily, it is
desirable that the ultrasonic images be displayed at an
arbitrary inclination. For example, when ultrasonic images
of the right and left kidneys are to be compared, an ultra-
sonic image of one kidney is stored beforehand, and an
ultrasonic image obtained by scanning the other kidney is
compared with the stored ultrasonic image. However, since
the ultrasonic probe 3 receives an echo signal based on the
positional relationship with a subject to be examined and the
ultrasonic image is produced based on the echo signal, the
two ultrasonic images are not always acquired in the same
direction. Accordingly, the location at which the ultrasonic
probe is abutted is appropriately adjusted to acquire an
image similar to the previously acquired ultrasonic image.
The work for such a cumbersome operation can be reduced
by an arbitrarily rotatable ultrasonic image.

[0081] FIG. 12 is an explanatory diagram for explaining
an operation for rotating an ultrasonic image. In FIG. 12(a),
a display area 101 displays an ultrasonic image 102. When
a specified range 103 is selected in the ultrasonic image 102,
rotation markers 121a, 121b, 121¢ and 121d indicating that
the specified range is rotatable in the ultrasonic image 102
are displayed, as shown in FIG. 12(b). The user then sclects
one of the rotation markers 121a, 1215, 121c and 121d by
operating the pointing device 3, and specifies an amount of
rotation by moving the pointing device 3. The control
section 18 transmits the amount of rotation specified by the
operation of the pointing device 3 to the displayed range
rotating section 16. The displayed range rotating section 16
rotates the specified range based on the received amount of
rotation, and then displays a specified range 122 on the
monitor 2 as shown in FIG. 12(c). A specific operation for
this is as follows, for example: a mouse is employed as the
pointing device 3, the position is adjusted to the rotation
marker 121a, and a predetermined button on the mouse is
pressed to select the rotation marker 121a. Then, the mouse
is moved with the button pressed (the mouse is dragged) to
rotate the specified range 103 as the rotation marker 121a
follows the movement of the mouse.

[0082] After the user has specified a desired amount of
rotation, the display area forming section 17 switches the
screen display from the single display to the multiple
display, and displays the specified range after the rotation in
one of the plurality of display areas. FIG. 13 is an explana-
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tory diagram for explaining the ultrasonic image displayed
after the rotation. In FIG. 13, a monitor screen 130 com-
prises display areas 131 and 133, the information display
area 23, and the operation arca 24; and a displayed range 132
is displayed in the display area 131 and the ultrasonic image
34 is displayed in the display area 33. The displayed range
132 is identical to the specified range 122 determined in
FIG. 12(¢), and represents an image obtained by rotating the
ultrasonic image to a desired angle. Thus, by rotating the
display area using the pointing device, a desired displayed
range can be easily displayed at a desired angle.

[0083] The rotation of the displayed range can be done
arbitrarily on an ultrasonic image(s) being displayed in the
single display or multiple display. Moreover, the rotation
operation can be added to the switching from the single
display to the multiple display. By adding the rotation
operation to the switching from the single display to the
multiple display, an ultrasonic image of a desired displayed
range at a desired angle can be displayed by a single
operation.

[0084] As described above, in the ultrasonic image display
apparatus in accordance with the present embodiment, an
ultrasonic image based on an echo signal received by the
ultrasonic probe 3 is produced by the image producing
section 12, a display area is formed on the screen by the
display area forming section 17, a displayed range of the
ultrasonic image to be displayed in the display area is
selected by the displayed range selecting section 14, and
scrolling of a selected range and rotation of the displayed
range are achieved by the displayed range moving section 15
and displayed range rotating section 16, respectively, based
on a position on the monitor screen specified by the pointing
device 3; and therefore, a portion displayed on the monitor
can be scrolled and rotated to allow use of the whole
ultrasonic image in a limited display area, thus improving
monitor display condition operating case.

[0085] Although the preceding description of the embodi-
ment has been made on a case in which two display areas are
formed as an example of the multiple display and movement
and rotation of the displayed range are performed on one of
the two display areas, the number of display areas in the
multiple display is not limited to two but any number may
be used, and the movement and rotation operations on the
displayed range may be performed on any one of the number
of the display areas.

[0086] Moreover, while the description has been made on
a case in which the mouse is employed as the pointing
device 3 in the embodiment, any input device capable of
inputting a position on the monitor screen, such as a track-
ball or cursor key, may be used.

1. An ultrasonic image display apparatus for producing an
ultrasonic image based on an echo signal received by an
ultrasonic probe and displaying said ultrasonic image on a
monitor, said apparatus comprising:

display area forming means for forming on a screen of
said monitor a display area in which at least part of said
ultrasonic image is displayed;

displayed range selecting means for selecting a displayed
range to be displayed in said display area from said
ultrasonic image;
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displayed range moving means for conducting movement
of said displayed range of said ultrasonic image; and

movement instruction inputting means for inputting a
direction and an amount of the movement of said
displayed range to said displayed range moving means.

2. The ultrasonic image display apparatus of claim 1,
wherein said ultrasonic image display apparatus further
comprises position specifying means for specifying an arbi-
trary position on said monitor screen, and when the position
specified by said position specifying means is moved from
the inside to the outside of said display area, said displayed
range moving means conducts movement of said displayed
range according to the amount of said movement.

3. The ultrasonic image display apparatus of claim 1,
further comprising a single user interface that operates as
said movement instruction inputting means or said position
specifying means by switching its operation.

4. The ultrasonic image display apparatus of claim 1,
wherein said display area forming means is capable of
switching display between single display in which a single
display area is formed on said monitor screen and multiple
display in which a plurality of display areas are formed on
said monitor screen.

5. The ultrasonic image display apparatus of claim 1,
wherein said ultrasonic image display apparatus further
comprises image storing means for storing an ultrasonic
image converted from said echo signal as still image data,
and said displayed range selecting means selects an ultra-
sonic image to be displayed and its displayed range from
among said ultrasonic image converted from said echo
signal and ultrasonic images stored in said image storing
means.

6. The ultrasonic image display apparatus of claim 1,
wherein when said display area forming means forms a
plurality of display areas, said displayed range selecting
means selects ultrasonic images to be displayed and their
displayed ranges respectively for said plurality of display
areas.

7. The ultrasonic image display apparatus of claim 1,
wherein when said display area forming means switches
display from the single display to the multiple display, said
displayed range selecting means selects part of the ultrasonic
image displayed in the single display as said displayed
range, and displays said displayed range in at least one of
said plurality of display areas.

8. The ultrasonic image display apparatus of claim 1,
further comprising displayed range rotating means for rotat-
ing said displayed range of said ultrasonic image.

9. An ultrasonic image display method for producing an
ultrasonic image based on an echo signal received by an
ultrasonic probe and displaying said ultrasonic image on a
monitor, said method comprising the steps of:
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forming on a screen of said monitor a display area in
which at least part of said ultrasonic image is displayed,

selecting a displayed range to be displayed in said display
area from said ultrasonic image;

conducting movement of said displayed range of said
ultrasonic image; and

inputting a direction and an amount of the movement of
said displayed range to said displayed range moving
means.

10. The ultrasonic image display method of claim 9,
wherein said ultrasonic image display method further com-
prises a position specifying step of specifying an arbitrary
position on said monitor screen, and when the position
specified by said position specifying step is moved from the
inside to the outside of said display area, said displayed
range moving step conducts movement of said displayed
range according to the amount of said movement.

11. The ultrasonic image display method of claim 9,
wherein said movement instructing step and said position
specifying step are executed by a single user interface.

12. The ultrasonic image display method of claim 9,
wherein said display area forming step is capable of switch-
ing display between single display in which a single display
area is formed on said monitor screen and multiple display
in which a plurality of display areas are formed on said
monitor screen.

13. The ultrasonic image display method of claim 9,
wherein said ultrasonic image display method further com-
prises an image storing step of storing an ultrasonic image
converted from said echo signal as still image data, and said
displayed range selecting step selects an ultrasonic image to
be displayed and its displayed range from among said
ultrasonic image converted from said echo signal and ultra-
sonic images stored by said image storing step.

14. The ultrasonic image display method of claims 9,
wherein when said display area forming step forms a plu-
rality of display areas, said displayed range selecting step
selects ultrasonic images to be displayed and their displayed
ranges respectively for said plurality of display areas.

15. The ultrasonic image display method of claim 9,
wherein when said display area forming step switches
display from the single display to the multiple display, said
displayed range selecting step selects part of the ultrasonic
image displayed in the single display as said displayed
range, and displays said displayed range in at least one of
said plurality of display areas.

16. The ultrasonic image display method of claim 9,
further comprising a displayed range rotating step of rotating
said displayed range of said ultrasonic image.
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