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(57) ABSTRACT

The present invention relates to an ultrasound diagnostic
system and a method for rotating an ultrasound image
displayed on a display by using a 3D position sensor and/or
a joystick attached to a probe. A method for rotating the
ultrasound image comprises the steps of: a) activating the
probe and the 3D position sensor and/or the joystick; b)
forming and displaying the ultrasound image based on
ultrasound echo signals acquired through the probe; c)
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receiving information for rotating the displayed ultrasound
(30) Foreign Application Priority Data image through the 3D position sensor and/or the joystick;
and d) rotating the ultrasound image based on the informa-
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ULTRASOUND DIAGNOSTIC SYSTEM AND
METHOD FOR ROTATING ULTRASOUND IMAGE

FIELD OF THE INVENTION

[0001] The present invention generally relates to an ultra-
sound diagnostic system, and more particularly to an ultra-
sound diagnostic system and a method for rotating an
ultrasound image by using a three-dimensional (“3D”’) posi-
tion sensor or a joystick attached to a probe.

BACKGROUND OF THE INVENTION

[0002] Generally, an ultrasound diagnostic system is used
to obtain an image of soft tissue dislocation or blood flow by
irradiating ultrasound signals from a surface of the object to
a desired portion and using the information acquired from
reflected ultrasound signals (ultrasound echo signals). When
compared to other image diagnostic devices such as an
X-ray diagnostic device, an X-ray Computerized Tomogra-
phy (“CT”) Scanner, a Magnetic Resonance Image (“MRI”)
and a nuclear medicine diagnostic device, the ultrasound
diagnostic system is relatively small and inexpensive. Fur-
ther, the ultrasound diagnostic system can display the ultra-
sound image in real time and is fairly safe since there is no
exposure to X-rays. Thus, the ultrasound diagnostic system
is widely used for diagnosing a heart, an abdomen, a urinary
organ and obstetrics.

[0003] Particularly, the ultrasound diagnostic system com-
prises at least one probe, which has a plurality of one-
dimensional (“1D”) or two-dimensional (“2D)”) transducers
and properly adjusts the timing of applying input pulses to
the transducers in order to transmit the condensed ultrasound
beam along a transmission scan line to a target. Then, the
ultrasound echo signals reflected from the target are inputted
to the transducers at different timing. Each transducer then
outputs the ultrasound echo signals to a beam former.

[0004] As illustrated above, the conventional ultrasound
diagnostic system forms an ultrasound image (preferably a
3D ultrasound image) based on the ultrasound echo signals
acquired through the probe. It can also display the formed
ultrasound image on a display.

[0005] In the conventional ultrasound diagnostic system,
however, a user typically handles the probe with one hand
while using the other hand to handle the control panel of the
ultrasound diagnostic system. After displaying the obtained
ultrasound image on a display, the user then handles the
track ball and a number of buttons on the control panel in
order to rotate the displayed ultrasound image to a certain
direction or predetermined angle. Therefore, the conven-
tional ultrasound diagnostic system is disadvantageous since
it is difficult to rotate the displayed ultrasound image to the
predetermined direction or angle.

[0006] In order to solve the above deficiency, there is
provided an ultrasound diagnostic system and a method for
rotating the ultrasound image, which is displayed on a
display, based on the position information outputted from a
3D position sensor and/or a joystick that are attached to a
probe.

SUMMARY OF THE INVENTION

[0007] The ultrasound diagnostic system of the present
invention comprises: a probe; input means attached to the
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probe for receiving information for use in rotating an
ultrasound image in a predetermined direction; and control
means for rotating the ultrasound image based on the
information from the input means.

[0008] A method of the present invention for rotating an
ultrasound image by using input means attached to a probe
for receiving information to rotate an ultrasound image
comprises the steps of: a) activating the probe and the input
means; b) forming and displaying the ultrasound image
based on ultrasound echo signals acquired through the
probe; c) receiving information for rotating the displayed
ultrasound image through the input means; and d) rotating
the ultrasound image based on the information.

[0009] In accordance with the present invention, it is
possible for a user to easily rotate the displayed ultrasound
image with one hand by using the 3D position sensor and/or
the joystick, which are attached to the probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other objects and features of the
present invention will become apparent from the following
description of preferred embodiments given in conjunction
with the accompanying drawings, in which:

[0011] FIG. 1 is a block diagram showing an ultrasound

diagnostic system according to the first embodiment of the
present invention.

[0012] FIG. 2is a flowchart for describing the operation of
an ultrasound diagnostic system according to the first
embodiment of the present invention.

[0013] FIG. 3 is a block diagram for describing an ultra-
sound diagnostic system according to the second embodi-
ment of the present invention.

[0014] FIG. 4is a flowchart for describing the operation of
an ultrasound diagnostic system according to the second
embodiment of the present invention.

[0015] FIG. 5 is a block diagram for describing an ultra-
sound diagnostic system according to the third embodiment
of the present invention.

[0016] FIG. 6is a flowchart for describing the operation of
an ultrasound diagnostic system according to the third
embodiment of the present invention.

[0017] FIG. 7is a flowchart for describing the operation of
rotating an ultrasound image by using a 3D position sensor
according to the third embodiment of the present invention.

[0018] FIG. 8is a flowchart for describing the operation of
rotating an ultrasound image by using a joystick according
to the third embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT

INVENTION
[0019] (The First Embodiment)
[0020] FIG. 1 is a block diagram showing an ultrasound

diagnostic system, which is constructed in accordance with
the first embodiment of the present invention.

[0021] The ultrasound diagnostic system 100, which is
shown in FIG. 1, comprises a probe 110, a main body 120
and a display 130. The probe 110 comprises a 3D position
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sensor 111 and an input section 112. The probe 110 also
comptrises a plurality of 1D, 2D or 3D transducers (not
shown), which can send a condensed ultrasound beam along
the transmission scan line to a target (not shown) by properly
delaying the timing of applying input pulses. Such trans-
ducers further receive ultrasound echo signals reflected from
the target at different timing of reception.

[0022] The 3D position sensor 111 detects the present
position of the probe 110 and generates position information
of the probe 110. As for the 3D position sensor 111, any
device may be used as long as the device can detect the
position of the probe 110. For example, a gyro can be used
as the 3D position sensor 111. The input section 112 receives
ultrasound image information and reference position setting
information of the probe 110.

[0023] The main body 120 comprises a control section 121
and a memory 122 for composing an ultrasound image based
on the ultrasound echo signals acquired through the probe
110. 1t is further configured to display the composed ultra-
sound image on a display 130 and rotate the ultrasound
image on the display 130 according to the position change,
that is, the rotation of the probe 110. The main body 120 also
comprises a beam former, an image signal processor, a scan
converter and an image processor (not shown).

[0024] The control section 121 controls the overall opera-
tion of the ultrasound diagnostic system 100. Particularly,
the control section 121 rotates the ultrasound image dis-
played on the display 130 based on the position information
transmitted from the 3D position sensor 111 of the probe
110. The memory 122 stores the reference position infor-
mation for determining the position change of the probe 110.
The reference position information will be described below
in detail.

[0025] The operation of the ultrasound diagnostic system,
which is in accordance with the first embodiment of the
present invention, will be described below in view of FIGS.
1 and 2. FIG. 2 is a flowchart for describing the operation of
the ultrasound diagnostic system, which is in accordance
with the first embodiment of the present invention.

[0026] As illustrated in FIG. 2, if a user activates the probe
110 by operating the ultrasound diagnostic system 100 (step
S110), the control section 121 activates the 3D position
sensor 111 of the probe 110 (step S120). If the user then
selects the Freeze function for obtaining the ultrasound
image through the input section 112 (step S130), then the
control section 121 forms the ultrasound image based on the
ultrasound echo signals acquired through the probe 110 and
displays the formed image on the display 130 (step S140).

[0027] Subsequently, if the 3D position sensor 111 detects
the current position of the probe 110 (step S150), then the
control section 121 produces the position information cor-
responding to the detected current position (step S160). The
control section 121 also checks whether the reference posi-
tion information for detecting the position change is already
set (step S170).

[0028] In step S170, if it is determined that the reference
position of the probe 110 is not set, then the control section
121 sets the reference position of the probe 110 based on the
position information transmitted from the 3D position sen-
sor 111 (step S180) and stores the information related to the
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set reference position (hereinafter referred to as the refer-
ence position information) into the memory 122 (step S190).

[0029] On the other hand, if it is determined that the
reference position is already set (step S170), then the control
section 121 compares the position information transmitted
from the 3D position sensor 111 with the reference position
information stored in the memory 122 and produces the gap
between the position information and the reference position
information (step S210). The control section 121 then
checks whether the position information is the same as the
reference position information, that is, whether the gap is 0
or not (step S220). If it is determined that the position
information is the same as the reference position informa-
tion, then the process goes back to step S150. Otherwise, the
control section 121 changes, that is, the position of the
ultrasound image displayed on the display 130 rotates based
on the produced gap (step S230).

[0030] The control section 121 checks whether the ultra-
sound diagnostic system 100 is terminated. If it is deter-
mined that the ultrasound diagnostic system 100 is termi-
nated, all the processes are terminated. Otherwise, the
process goes back to step S150.

[0031] (The Second Embodiment)

[0032] FIG. 3 is a block diagram for describing an ultra-
sound diagnostic system 300, which is constructed in accor-
dance with the second embodiment of the present invention.

[0033] As shown in FIG. 3, the ultrasound diagnostic
system 300 of the second embodiment comprises a probe
310, a main body 320 and a display 330. The probe 310
comprises a joystick 311. The probe 310 also comprises a
plurality of 1D or 2D transducers (not shown), which can
send a condensed ultrasound beam along the transmission
scan line to a target (not shown) by properly adjusting the
timing of applying input pulses to the transducers. Such
transducers are also configured to receive the ultrasound
echo signals reflected from the target at different timing.

[0034] The joystick 311 is used to rotate the ultrasound
image, which is displayed on the display 330, in a plurality
of directions (i.e., up, down, left and right). The joystick 311
comprises a button 311 a for rotating the ultrasound image
in up, down, left and right directions. It also comprises a
selection button 3115 for acquiring an ultrasound image and
adjusting the acquired ultrasound image.

[0035] The main body 320 comprises a control section
321. The main body 320 also comprises a beam former, an
image signal processor, a scan converter and an image
processor (not shown).

[0036] The control section 321 controls the overall opera-
tion of the ultrasound diagnostic system 300. Particularly,
the control section 321 is configured to perform the follow-
ing: form an ultrasound image based on the ultrasound echo
signals acquired from the probe 310; display the formed
ultrasound image on the display 330; and change the posi-
tion of (i.e., rotates) the ultrasound image displayed on the
display 330 based on the input information of the joystick
311.

[0037] The operation of the ultrasound diagnostic system,
which is in accordance with the second embodiment of the
present invention, will be described below in view of FIGS.
3 and 4. FIG. 4 is a flowchart for describing the operation of
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the ultrasound diagnostic system, which is in accordance
with the second embodiment of the present invention.

[0038] Asillustrated in FIG. 4, if a user activates the probe
310 by operating the ultrasound diagnostic system 300 (step
S310), the control section 321 activates the joystick 311 of
the probe 310 (step S320). If the user then selects the Freeze
function for obtaining the ultrasound image through a selec-
tion button 3115 of the joystick 311 (step S330), then the
control section 321 forms the ultrasound image based on the
ultrasound echo signals acquired through the probe 310 and
displays the formed ultrasound image on the display 330
(step S340).

[0039] Subsequently, the control section 312 checks
whether the user selects the directional button 311a of the
joystick 311. If the user selects the directional button 311a
of the joystick 311 in step S350, then the control section 321
rotates the ultrasound image, which is displayed on the
display 330, based on the information corresponding to the
selected direction button 311a (hereinafter referred to as the
“up/downy/left/right information™) (step S360). However, if
the directional button 311a is not selected in step S350, then
the process goes to step S380.

[0040] In step S370, the control section 321 checks
whether the up/down/left/right information is successively
inputted or not. If it is determined that the up/down/left/right
information is successively inputted, step S360 is per-
formed. If it is determined that the up/down/left/right infor-
mation is not successively inputted, the process goes to step
S380. In step S380, it is checked whether the ultrasound
diagnostic system 300 is terminated or not. If it is deter-
mined that the ultrasound diagnostic system 300 is termi-
nated, all the processes are terminated. If it is determined
that the ultrasound diagnostic system 300 is not terminated,
the process goes back to step S350.

[0041] (The Third Embodiment)

[0042] FIG. 5 is a block diagram for describing an ultra-
sound diagnostic system 500, which is constructed in accor-
dance with the third embodiment of the present invention.
As shown in F1G. 5, the ultrasound diagnostic system 500 of
the third embodiment comprises a probe 510, a main body
520 and a display 530. The probe 510 comprises a 3D
position sensor 511 and a joystick 512. The probe 510 also
comprises a plurality of 1D or 2D transducers (not shown),
which can send a condensed ultrasound beam along the
transmission scan line to a target (not shown) by properly
adjusting the timing of applying input pulses to the trans-
ducers. Such transducers are further configured to receive
the ultrasound echo signals reflected from the target at
different timing.

[0043] The 3D position sensor 511 detects the present
position of the probe 510 and generates the position infor-
mation of the probe 510. Any device may be used as the 3D
position sensor 511 so long as the device can detect the
position of the probe 510. For example, a gyro can be used
as the 3D position sensor 511.

[0044] The joystick 512 is used to rotate the ultrasound
image displayed on the display 530 in various directions
(i.e., up, down, left and right). The joystick 512 comprises
an up/dowrn/left/right button 5124 for rotating the ultrasound
image in a number of directions, as well as a selection button
512b for acquiring an ultrasound image and adjusting the
acquired ultrasound image.
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[0045] The main body 520 comprises a control section 521
and a memory 522. The main body 520 is configured to
perform the following: form the ultrasound image based on
the ultrasound echo signals acquired from the probe 510;
display the formed ultrasound image on the display 530; and
rotate the ultrasound image displayed on the display 530
according to the change of position, that is, the rotation of
the probe 510. The main body 520 also comprises a beam
former, an image signal processor, a scan converter and an
image processor (not shown).

[0046] The control section 521 controls the overall opera-
tion of the ultrasound diagnostic system 500. Particularly,
the control section 521 rotates the ultrasound image dis-
played on the display 530 based on the position information
transmitted from the 3D position sensor 511 of the probe 510
and the up/down/lefi/right information transmitted from the
up/dowr/left/right button 512a of the joystick 512. The
memory 522 stores the reference position information for
determining the position change of the probe 510. The
reference position information will be described below in
detail.

[0047] The operation of the ultrasound diagnostic system,
which is in accordance with the second embodiment of the
present invention, will be described below in view of FIGS.
5 to 8. FIG. 6 is a flowchart for describing the operation of
the ultrasound diagnostic system, which is constructed in
accordance with the third embodiment of the present inven-
tion.

[0048] As illustrated in FIG. 6, if a user activates the probe
510 by operating the ultrasound diagnostic system 500 (step
S510), then the control section 521 activates the 3D position
sensor 511 and the joystick 512 of the probe 510 (step S520).
If the user then selects the Freeze function for obtaining the
ultrasound image through a selection button 5125 of the
joystick 512 (step S530), then the control section 521 forms
the ultrasound image based on the ultrasound echo signals
acquired through the probe 510 and displays the formed
ultrasound image on the display 530 (step S540).

[0049] Subsequently, the control section 521 checks
whether the user selects the 3D position sensor 511, that is,
whether the user rotates the probe 510, or whether the user
selects the joystick 512, that is, whether the user selects the
buttons 512a and 5125 of thejoystick 512 (step S550).

[0050] In step S550, if it is determined that the user
selected the 3D position sensor 511, then process A is
performed. If it is determined that the user selected the
joystick 512, then process B is performed. Processes A and
B will be described below in detail while referring to FIGS.
7 and 8.

[0051] Subsequently, the control section 521 checks
whether the ultrasound diagnostic system 500 is terminated
or not (step S560). If it is determined that the ultrasound
diagnostic system 500 is terminated, all the processes are
terminated. If it is determined that the ultrasound diagnostic
system 500 is not terminated, the process goes back to step
S550.

[0052] FIG. 7is a flowchart for describing the operation of
rotating the ultrasound image by using the 3D position
sensor according to the third embodiment of the present
invention. As illustrated in FIGS. 6 and 7, if the user selects
the 3D position sensor 511, the control section 521 enables
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the 3D position sensor 511 to detect the present position of
the probe 510 (step S610) and produce the position infor-
mation corresponding to the detected present position (step
S620). Subsequently, the control section 521 checks whether
the reference position information for sensing the change of
the position of the probe 510 is already set or not (step
S630).

[0053] Ifitis determined that the reference position is not
set, then the control section 521 sets the reference position
of the probe 510 based on the position information trans-
mitted from the 3D position sensor 511 (step S640) and
stores the set reference position information into the
memory 522 (step S650).

[0054] On the other hand, if it is determined that the
reference position is set, then the control section 521 com-
pares the position information transmitted from the 3D
position sensor 511 with the reference position information
stored in the memory 522 (step S660). It then produces the
gap between the position information and the reference
position information (step S670). The control section 121
then checks whether the position information is the same as
the reference position information, that is, whether the gap
is 0 or not (step S680). If it is determined that the position
information is the same as the reference position informa-
tion, then the process goes back to step S610. Otherwise, the
control section 521 changes, that is, the position of the
ultrasound image displayed on the display 530 is rotated
based on the produced gap (step S690).

[0055] FIG. 8is a flowchart for describing the operation of
rotating the ultrasound image by using the joystick accord-
ing to the third embodiment of the present invention. As
illustrated in FIG. 8, if the user selects the joystick 512, the
control section 521 checks whether the up/down/left/right
button 512a of the joystick 512 is selected or not (step
S710).

[0056] Ifitis determined that the up/down/left/right button
512a is not selected, then the process goes back to step S560.
Otherwise, the control section 521 rotates the ultrasound
image displayed on the display 530 based on the up/down/
left/right information corresponding to the selected
up/down/left/right button 512a (step S720).

[0057] In step S730, the control section 5021 checks
whether the up/down/left/right information is successively
inputted or not. If it is determined that the up/down/left/right
information is successively inputted, step S720 is per-
formed. If it is determined that the up/down/left/right infor-
mation is not successively inputted, the process goes to step
S560.

[0058] While the present invention has been described and
illustrated with respect to a preferred embodiment of the
invention, it will be apparent to those skilled in the art that
variations and modifications are possible without deviating
from the broad principles and teachings of the present
invention which should be limited solely by the scope of the
claims appended hereto.

What is claimed is:
1. An ultrasound diagnostic system, comprising:

a probe;
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input means attached to the probe for receiving informa-
tion for use in rotating an ultrasound image in a
predetermined direction; and

control means for rotating the ultrasound image based on
the information from the input means.
2. The ultrasound diagnostic system as recited in claim 1,
wherein the input means comprises:

a joystick for receiving up/down/left/right information to
rotate the ultrasound image in up/down/left/right direc-
tions.

3. The ultrasound diagnostic system as recited in claim 1,

wherein the input means comprises:

a position sensor for generating position information of
the probe by detecting position of the probe.
4. The ultrasound diagnostic system as recited in claim 1,
wherein the input means comprises:

a joystick for receiving up/down/left/right information to
rotate the ultrasound image in up/down/left/right direc-
tions; and

a position sensor for generating position information of
the probe by detecting position of the probe.
5. The ultrasound diagnostic system as recited in claim 3,
wherein the position sensor comprises:

a reference position information generation section for
determining a reference position of the probe and
generating reference position information correspond-
ing to the determined reference position; and

a position information generation section for generating
position information of the probe based on the refer-
ence position information.

6. The ultrasound diagnostic system as recited in claim 4,

wherein the position sensor comprises:

a reference position information generation section for
determining a reference position of the probe and
generating reference position information correspond-
ing to the determined reference position; and

a position information generation section for generating
position information of the probe based on the refer-
ence position information.

7. The ultrasound diagnostic system as recited in claim 5,

further comprising:

storage means for storing the reference position informa-
tion.
8. The ultrasound diagnostic system as recited in claim 6,
farther comprising:

storage means for storing the reference position informa-

tion.

9. A method for rotating an ultrasound image by using
input means attached to a probe for receiving information
for use in rotating an ultrasound image, comprising the steps
of:

a) activating the probe and the input means;

b) forming and displaying the ultrasound image based on
ultrasound echo signals acquired through the probe;

¢) receiving information for rotating the displayed ultra-
sound image through the input means; and

d) rotating the ultrasound image based on the information.
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10. The method as recited in claim 9, wherein the step c)
comptises the step of:

receiving information for rotating the ultrasound image in
up/down/left/right directions.
11. The method as recited in claim 9, wherein the step c)
comprises the steps of:

cl) generating reference position information by detet-
mining a reference position of the probe;

¢2) generating present position information by detecting a
present position of the probe; and

¢3) generating rotation information for rotating the ultra-
sound image based on the reference position informa-
tion and the present position information.
12. The method as recited in claim 9, wherein the step c)
comprises the steps of:
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el) analyzing information inputted through the input
means;

e2) if the information is information for rotating the
ultrasound image in up/down/left/right directions, per-
forming the step d);

€3) if the information is position information of the probe,
generating reference position information by determin-
ing a reference position of the probe;

e4) generating present position information by detecting a
present position of the probe; and

e5) generating rotation information for rotating the ultra-
sound image based on the reference position informa-
tion and the present position information.

* ok %k
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