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ULTRASOUND DIAGNOSIS APPARATUS AND
METHOD FOR CORRECTING IMAGE DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/IP2013/067563 filed on Jun.
26, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-143824, filed on
Jun. 27, 2012 and Japanese Patent Application No. 2013~
134193, filed on Jun. 26, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and a method for correct-
ing image data.

BACKGROUND

[0003] Conventionally, ultrasound diagnosis apparatuses
are used as non-invasive diagnosis apparatuses for making
observations on a regular basis of subjects suffering from a
disease having a high risk for cancer. Forexample, ultrasound
image diagnosis apparatuses are used for making observa-
tions on a regular basis of subjects suffering from a disease
having a high risk for liver cancer, such as hepatitis or hepatic
cirrhosis.

[0004] In recent years, a medical examination employing
an X-ray Computed Tomography (CT) apparatus or a Mag-
netic Resonance Imaging (MRI) apparatus is performed in
parallel with making observations using an ultrasound diag-
nosis apparatus as described above. For example, as for medi-
cal examinations using an X-ray CT apparatus or an MRI
apparatus, a lesion that exhibits a possibility of cancer may be
found during a medical examination using a contrast agent. In
that situation, a definite diagnosis is made, in more and more
occasions, after cytodiagnosis is performed by puncturing the
lesion while using an ultrasound image.

[0005] In this regard, an ultrasound diagnosis apparatus is
known, for example, that uses a technique by which a cross-
sectional plane scanned by an ultrasound probe is positionally
aligned with a CT image or an MRI image from which the
lesion has been detected while employing a magnetic position
sensor so that the ultrasound probe is navigated to the position
of the lesion while using the CT image or the MRI image as a
reference image. According to this conventional technique,
however, it is necessary to perform the registration every time
a transmitter moves, and the efficiency of the diagnosis pro-
cess is lowered in some situations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a drawing for explaining an overall con-
figuration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0007] FIG.2Ais a drawing for explaining an example of a
registration between images according to the first embodi-
ment;

[0008] FIG. 2B is a drawing of an example of displaying
positionally-aligned images side by side according to the first
embodiment;

[0009] FIG. 3 is a drawing for explaining a problem with a
conventional technique;
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[0010] FIG. 4 is a drawing for explaining exemplary con-
figurations of a position information obtaining device and a
controlling unit according to the first embodiment;

[0011] FIG. 5is a drawing for explaining an example of a
first correcting process according to the first embodiment;
[0012] FIG. 6 is a drawing for explaining an example of a
second correcting process according to the first embodiment;
[0013] FIG. 7 is a flowchart of a procedure in a process
performed by the ultrasound diagnosis apparatus according to
the first embodiment;

[0014] FIG. 8 is a drawing for explaining exemplary con-
figurations of a position information obtaining device and a
controlling unit according to a second embodiment;

[0015] FIG. 9 is a flowchart of a procedure in a process
performed by an ultrasound diagnosis apparatus according to
the second embodiment;

[0016] FIG. 10 is a drawing for explaining an example of a
correcting process according to a third embodiment; and
[0017] FIG. 11 is a flowchart of a procedure in a process
performed by an ultrasound diagnosis apparatus according to
the third embodiment.

DETAILED DESCRIPTION

[0018] According to embodiment, an ultrasound diagnosis
apparatus comprising, a transmitter, a position sensor, an
associating unit, a detecting unit and a correcting unit. The
transmitter transmits a reference signal. The position sensor
that obtains position information in a three-dimensional
space by receiving the reference signal. The an associating
unit that associates three-dimensional image data generated
by a medical image diagnosis apparatus with the three-di-
mensional space, on a basis of a registration between an
arbitrary cross-sectional plane in the three-dimensional
image data and a cross-sectional plane scanned by an ultra-
sound probe. The detecting unit that detects ifa position of the
transmitter has changed within the associated three-dimen-
sional space, on a basis of the position information obtained
by the position sensor. The correcting unit that, when the
change in the position of the transmitter has been detected,
corrects a misregistration between a cross-sectional plane in
the three-dimensional image data and a cross-sectional plane
scanned by the ultrasound probe, on a basis of a change
amount of the position of the transmitter.

[0019] First, an overall configuration of an ultrasound diag-
nosis apparatus according to a first embodiment will be
explained, with reference to FIG. 1. FIG. 1 is a drawing for
explaining an overall configuration of an ultrasound diagno-
sis apparatus 1 according to the first embodiment. As shown
in FIG. 1, the ultrasound diagnosis apparatus 1 according to
the first embodiment includes an ultrasound probe 11, an
input device 12, a monitor 13, a position information obtain-
ing device 14, and an apparatus main body 100 and is con-
nected to a network.

[0020] The ultrasound probe 11 includes a plurality of
piezoelectric transducer elements, which generate an ultra-
sound wave based on a drive signal supplied from a transmit-
ting and receiving unit 110 included in the apparatus main
body 100 (explained later) and which further receive a
reflected wave from an examined subject P and convert the
received reflected wave into an electric signal. Further, the
ultrasound probe 11 includes matching layers included in the
piezoelectric transducer elements, as well as a backing mem-
ber that prevents ultrasound waves from propagating rear-
ward from the piezoelectric transducer elements. For
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example, the ultrasound probe 11 is an ultrasound probe of a
sector-type, a linear-type, or a convex-type.

[0021] When an ultrasound wave is transmitted from the
ultrasound probe 11 to the subject P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of disconti-
nuity of acoustic impedances at a tissue in the body of the
subject P and is received as a reflected-wave signal by the
plurality of piezoelectric transducer elements included in the
ultrasound probe 11. The amplitude of the received reflected-
wave signal is dependent on the difference between the acous-
tic impedances on the surface of discontinuity on which the
ultrasound wave isreflected. When the transmitted ultrasound
pulse is reflected on the surface of a flowing bloodstream or a
cardiac wall, the reflected-wave signal is, due to the Doppler
effect, subject to a frequency shift, depending on a velocity
component of the moving members with respect to the ultra-
sound wave transmission direction.

[0022] The first embodiment is applicable to a situation
where the subject P is two-dimensionally scanned by using
the ultrasound probe 11 that is a one-dimensional ultrasound
probe in which the plurality of piezoelectric transducer ele-
ments are arranged in arow or to a situation where the subject
P is three-dimensionally scanned by using the ultrasound
probe 11 that is configured to mechanically swing the plural-
ity of piezoelectric transducer elements provided in a one-
dimensional ultrasound probe or by using the ultrasound
probe 11 that is configured with a two-dimensional ultra-
sound probe in which the plurality of piezoelectric transducer
elements are two-dimensionally arranged in a grid formation.
[0023] Theinput device 12 includes a trackball, a switch, a
button, a touch command screen, and the like. The input
device 12 is configured to receive various types of setting
requests from an operator of the ultrasound diagnosis appa-
ratus 1 and to transfer the received various types of setting
requests to the apparatus main body 100. For example, the
input device 12 receives various types of operations related to
a registration between an ultrasound image and an X-ray CT
image or the like.

[0024] The monitor 13 is configured to display a Graphical
User Interface (GUT) used by the operator of the ultrasound
diagnosis apparatus 1 to input the various types of setting
requests through the input device 12 and to display an ultra-
sound image generated by the apparatus main body 100 side
by side with an X-ray CT image or the like.

[0025] The position information obtaining device 14 is
configured to obtain position information of the ultrasound
probe 11. More specifically, the position information obtain-
ing device 14 obtains the position information indicating
where the ultrasound probe 11 is positioned. Examples of the
position information obtaining device 14 include a magnetic
sensor, an infrared sensor, an optical sensor, and a camera.
[0026] The apparatus main body 100 is an apparatus con-
figured to generate the ultrasound image based on the
reflected wave received by the ultrasound probe 11. As shown
in FI1G. 1, the apparatus main body 100 includes the transmit-
ting and receiving unit 110, a B-mode processing unit 120, a
Doppler processing unit 130, an image generating unit 140,
an image memory 150, a controlling unit 160, an internal
storage unit 170, and an interface unit 180.

[0027] The transmitting and receiving unit 110 includes a
trigger generating circuit, a delaying circuit, a pulser circuit,
and the like and is configured to supply the drive signal to the
ultrasound probe 11. The pulser circuit repeatedly generates a
rate pulse for forming a transmission ultrasound wave at a
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predetermined rate frequency. Further, the delaying circuit
applies a delay period that is required to converge the ultra-
sound wave generated by the ultrasound probe 11 into the
form of a beam and to determine transmission directionality
and that corresponds to each of the piezoelectric transducer
elements, to each of the rate pulses generated by the pulser
circuit. Further, the trigger generating circuit applies a drive
signal (a drive pulse) to the ultrasound probe 11 with timing
based on the rate pulses. In other words, the delaying circuit
arbitrarily adjusts the directions of the transmissions from the
piezoelectric transducer element surfaces, by varying the
delay periods applied to the rate pulses.

[0028] Further, the transmitting and receiving unit 110
includes an amplifier circuit, an Analog/Digital (A/D) con-
verter, an adder, and the like and is configured to generate
reflected-wave data by performing various types of processes
on the reflected-wave signal received by the ultrasound probe
11. The amplifier circuit amplifies the reflected-wave signal
for each of channels and performs a gain correcting process
thereon. The A/D converter applies an A/D conversion to the
gain-corrected reflected-wave signal and applies a delay
period required to determine reception directionality thereto.
The adder performs an adding process on the reflected-wave
signals processed by the A/D converter so as to generate the
reflected-wave data. As a result of the adding process per-
formed by the adder, reflected components from the direction
corresponding to the reception directionality of the reflected-
wave signals are emphasized.

[0029] As explained above, the transmitting and receiving
unit 110 controls the transmission directionality and the
reception directionality in the transmissions and receptions of
the ultrasound waves. The transmitting and receiving unit 110
has a function to be able to, under control of the controlling
unit 160 (explained later), instantly change the delay infor-
mation, the transmission frequency, the transmission drive
voltage, the number of aperture elements, and the like. In
particular, the configuration to change the transmission drive
voltage is realized by using a linear-amplifier-type oscillation
circuit of which the value can be instantly switched or by
using a mechanism configured to electrically switch between
aplurality of power source units. Further, the transmitting and
receiving unit 110 is also capable of transmitting and receiv-
ing a waveform that varies for each of the frames or for each
of different rates.

[0030] The B-mode processing unit 120 is configured to
receive, from the transmitting and receiving unit 110, the
reflected-wave data, which is represented by the processed
reflected-wave signals on which the gain correcting process,
the A/D conversion, and the adding process were performed,
and to further generate data (B-mode data) in which the
strength of each signal is expressed by a degree of brightness,
by performing a logarithmic amplification, an envelope
detection process, and the like on the received reflected-wave
data.

[0031] The Doppler processing unit 130 is configured to
extract bloodstreams, tissues, and contrast-agent echo com-
ponents under the influence of the Doppler effect by perform-
ing a frequency analysis so as to obtain velocity information
from the reflected-wave data received from the transmitting
and receiving unit 110, and to further generate data (Doppler
data) obtained by extracting moving member information
such as an average velocity, a dispersion, a power, and the like
for a plurality of points.
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[0032] Theimage generating unit 140 is configured to gen-
erate an ultrasound image from the B-mode data generated by
the B-mode processing unit 120 or from the Doppler data
generated by the Doppler processing unit 130. More specifi-
cally, the image generating unit 140 generates a display-
purpose ultrasound image (a B-mode image or a Doppler
image) from the B-mode data or the Doppler data, by con-
verting (by performing a scan convert process) a scanning line
signal sequence from an ultrasound scan into a scanning line
signal sequence in a video format used by, for example,
television. Further, under control of the controlling unit 160
(explained later), the image generating unit 140 is configured
to generate a two-dimensional image (e.g., a Multi-Planar
Reconstruction [MPR] image) from volume data in another
imaging modality stored in the internal storage unit 170.

[0033] The image memory 150 is configured to store
therein image data generated by the image generating unit
140 such as a contrast enhanced image and/or a tissue image.
Further, the image memory 150 is configured to store therein
data of the two-dimensional image (e.g., an MPR image) in
another imaging modality generated by the image generating
unit 140. Further, the image memory 150 is configured to
store therein results of processes performed by the image
generating unit 140 (explained later). Furthermore, the image
memory 150 is configured to store therein, as necessary,
output signals (radio frequency [RF]) immediately output
from the transmitting and receiving unit 110, brightness-level
signals of images, various types of raw data, image data
obtained via a network, and the like. The data format of the
image data stored in the image memory 150 may be a data
format resulting from a video format conversion intended for
the display on the monitor 13 realized under the control of the
controlling unit 160 (explained later) or may be a data format
prior to a coordinate transformation that is represented by raw
data generated by the B-mode processing unit 120 and the
Doppler processing unit 130.

[0034] The controlling unit 160 is configured to control
overall processes performed by the ultrasound diagnosis
apparatus 1. More specifically, based on the various types of
setting requests input by the operator via the input device 12
and various types of control computer programs (hereinafter,
“control programs”) and various types of setting information
read from the internal storage unit 170, the controlling unit
160 controls processes performed by the transmitting and
receiving unit 110, the B-mode processing unit 120, the Dop-
pler processing unit 130, and the image generating unit 140,
and also exercises control so that the monitor 13 displays the
ultrasound image and the like stored in the image memory
150. Further, the controlling unit 160 is configured to transmit
and receive, via a network, three-dimensional image data
(volume data) in another imaging modality (using, for
example, an X-ray CT apparatus or an MRI apparatus),
according to the specifications of the Digital Imaging and
Communications in Medicine (DICOM), for example. Fur-
ther, the controlling unit 160 is configured to associate three-
dimensional image data generated by a medical image diag-
nosis apparatus with a three-dimensional space, on the basis
of a registration between an arbitrary cross-sectional plane in
the three-dimensional image data and a cross-sectional plane
scanned by the ultrasound probe. The details of the process to
associate the three-dimensional image data with the three-
dimensional space will be explained later.

[0035] The internal storage unit 170 is configured to store
therein various types of data such a control program to realize
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ultrasound transmissions and receptions, image processing,
and display processing, as well as diagnosis information (e.g,,
subjects’ IDs, medical doctors® observations) and diagnosis
protocols. Further, the internal storage unit 170 may be used,
as necessary, for storing therein any of the images stored in
the image memory 150. Further, the internal storage unit 170
is configured to store therein volume data in another imaging
modality obtained under the control of the controlling unit
160. Further, the internal storage unit 170 is configured to
store therein various types of information used in processes
performed by the controlling unit 160. The various types of
information will be explained later.

[0036] The interface unit 180 is an interface configured to
control exchanges of various types of information among the
input device 12, the position information obtaining device 14,
the network, and the apparatus main body 100. For example,
the interface unit 180 controls the transfer of the position
information obtained by the position information obtaining
device 14 to the controlling unit 160.

[0037] An overall configuration of the ultrasound diagnosis
apparatus according to the first embodiment has thus been
explained. The ultrasound diagnosis apparatus 1 according to
the first embodiment configured as described above is
arranged to be able to improve the efficiency of the diagnosis
process by eliminating the need to perform a registration even
if the transmitter has moved, as a result of the processes
performed by the position information obtaining device 14
and the controlling unit 160 explained in details below.

[0038] Next, a registration between images will be
explained first with reference to FIGS. 2A and 2B, in a situ-
ation where a diagnosis process is performed by using a CT
image or an MRI image as a reference image. FIG. 2A is a
drawing for explaining an example of the registration
betweenimages according to the first embodiment. FIG. 2B is
a drawing of an example of displaying positionally-aligned
images side by side according to the first embodiment. In this
situation, FIGS. 2A and 2B illustrate an example in which an
MPR image (hereinafter, a “CT image”) generated from vol-
ume data acquired by an X-ray CT apparatus is used as an
image in another imaging modality. For example, when a
diagnosis process or a treatment is performed by using a CT
image as a reference image, the volume data acquired by the
X-ray CT apparatus is associated with an ultrasound image,
by using a sensor attached to an ultrasound probe, as shown in
FIG. 2A.

[0039] For example, when a magnetic sensor is used, the
three axes (X, Y, 7) of the ultrasound probe 11, to which the
magnetic sensor is attached, within a three-dimensional mag-
netic field formed by a transmitter is aligned with the three
axes of the volume data (called an “axis aligning process”). In
an example, the ultrasound probe to which the magnetic sen-
sor is attached is perpendicularly placed on the subject, and a
setting button is pressed in that state, so as to set the orienta-
tion of the magnetic sensor at that time as the vertical direc-
tion.

[0040] Subsequently. the ultrasound probe 11 is moved so
that a characteristic part that is the same as the characteristic
part rendered in the CT image is rendered in the ultrasound
image, and the position (the coordinates) of the magnetic
sensor at that time is associated with a position (coordinates)
in the volume data by pressing the setting button again. The
characteristic part may be, for example, a blood vessel or the
xiphisternum.
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[0041] By associating the orientation and the coordinates of
the magnetic sensor with the coordinates in the volume data in
the other imaging modality as described above, it becomes
possible for the ultrasound probe 11 to generate a two-dimen-
sional image taken in substantially same position as the cur-
rent scanned plane, from the volume data in the other imaging
modality. For example, as shown in FIG. 2B, it becomes
possible to display an MPR image (the image shown on the
left) taken on the same cross-sectional plane as that of the
ultrasound image (the image shown on the right), which
changes as the ultrasound probe moves. Further, for example,
by rendering and registering a lesion exhibiting a possibility
of cancer detected from an image in the other imaging modal-
ity as a tumor region (a Region Of Interest [ROI]) in the MPR
image, it is possible to append a mark within the ultrasound
image taken in substantially the same position. In another
example, by rendering an ROI in the ultrasound image, it is
possible to append a mark in substantially the same position
within the MPR image. As a result, a medical doctor is able to
perform a puncture process according to the marks appended
to the ultrasound image and the MPR image, while visually
comparing these images with each other, the two images
having mutually-different characteristics as images.

[0042] However, the technique described above is based on
the premise that the transmitter forming the three-dimen-
sional space used for defining the position of the position
sensor is not moved. In other words, if the transmitter moves
after the registration is performed to associate the position
(the coordinates) of the magnetic sensor with the position (the
coordinates) in the volume data, a misregistration occurs
between the two positions. FIG. 3 is a drawing for explaining
the problem with the conventional technique. F1G. 3 illus-
trates an example in which the transmitter moves on an X-Y
plane.

[0043] For example, as shown in FIG. 3(A), let us discuss a
situation where coordinates (X,,Y,) of the position sensor in
a space formed by the transmitter have been positionally
aligned with coordinates (X', Y';) in the volume data
acquired by an X-ray CT apparatus. As a result, as shown in
FIG. 3(A), an MPR image taken in substantially the same
position as the scanned plane of the ultrasound probe is gen-
erated from the volume data.

[0044] Inthissituation, for example, as shown in FIG. 3(B),
if the transmitter moves on the X-Y plane, the three-dimen-
sional space formed by the transmitter is shifted. Thus, the
coordinates of the ultrasound probe (the position sensor) in
the three-dimensional space change to (X,,Y,), although the
position of the ultrasound probe in the real space is the same
as the position shown in FIG. 3(A) (i.e., the ultrasound probe
has not moved). As a result of this misregistration, the MPR
image generated from the volume data turns out to be, unfor-
tunately, an image containing coordinates (X',,Y",) that cor-
respond to (X,, Y,). It means that the MPR image taken in a
position different from the plane that is actually scanned by
the ultrasound probe is displayed.

[0045] Consequently, according to the conventional tech-
nique, it is necessary to perform the registration described
above every time the transmitter has moved, and the effi-
ciency of the diagnosis process is lowered. For example,
when a medical examination or a treatment is performed by
using the technique described above, the user may, in some
situations, change the position of the transmitter after the
medical examination or the treatment is started, for the pur-
pose of improving the level of precision. More specifically,
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the strength of the magnetic field transmitted by the transmit-
ter becomes weaker, as the distance from the transmitter
becomes longer. Thus, the level of precision in the position
detecting process of the ultrasound probe 11 becomes lower,
as the distance of the magnetic sensor attached to the ultra-
sound probe 11 from the transmitter becomes longet.

[0046] To cope with this situation, when the distance
between a diagnosed site and the transmitter is long, it is
desirable to perform an image taking process by arranging the
transmitter to be positioned near the diagnosed site in
advance, so that the ultrasound probe 11 (the diagnosed site)
and the transmitter are positioned close to each other. Alter-
natively, ifthe poles of a bed on which the subject is placed are
made of' metal, the poles can disturb the magnetic field. Thus,
itisdesirable to perform an image taking process after arrang-
ing the transmitter to be in a position distant from the poles. In
these situations, according to the conventional technique, it is
necessary to perform the registration every time the transmit-
ter is moved. To cope with this issue, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured to
be able to improve the efficiency of a diagnosis process that is
performed while a reference image is being referred to, by
eliminating the registration required by moves of the trans-
mitter.

[0047] Next, processes performed by the position informa-
tion obtaining device 14 and the controlling unit 160 accord-
ing to the firstembodiment will be explained with reference to
FIG. 4 and so on. FIG. 4 is a drawing for explaining exem-
plary configurations of the position information obtaining
device 14 and the controlling unit 160 according to the first
embodiment. The position information obtaining device 14
according to the first embodiment includes, as shown in FIG.
4, a transmitter 14a, a position sensor 14b, a fixed position
sensor 14¢, and a controlling device 144. The position infor-
mation obtaining device 14 is connected to the controlling
unit 160 via the interface unit 180 (not shown).

[0048] The transmitter 14a is configured to transmit a ref-
erence signal. More specifically, the transmitter 14a is dis-
posed in an arbitrary position and is configured to form a
magnetic field that is centered on the transmitter 14a and
extends outwardly. The position sensor 144 is configured to
obtain position information in a three-dimensional space, by
receiving the reference signal. More specifically, the position
sensor 145 is attached to the surface of the ultrasound probe
11 and is configured to detect the three-dimensional magnetic
field formed by the transmitter 144, to convert information
about the detected magnetic field into a signal, and to output
the signal to the controlling device 14d.

[0049] The fixed position sensor 14¢ is configured to obtain
position information in the three-dimensional space by
receiving the reference signal. More specifically, the fixed
position sensor 14¢ is configured to detect the three-dimen-
sional magnetic field formed by the transmitter 144, to con-
vert information about the detected magnetic field into a
signal, and to output the signal to the controlling device 144.
In this situation, the fixed position sensor 14c is fixed in an
arbitrary position within the three-dimensional magnetic
field. For example, the fixed position sensor 14c may be
placed in the magnetic field by using a non-metallic arm
extending from the bed on which the subject is lying. Alter-
natively, the fixed position sensor 14¢ may be disposed on the
ultrasound diagnosis apparatus 1. In that situation, for
example, the fixed position sensor 14¢ may be provided on an
immobile part of an arm with which the ultrasound diagnosis
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apparatus 11is provided and which is configured to support the
transmitter 14a. Alternatively, of the ultrasound diagnosis
apparatus 1, the fixed position sensor 14¢ may be disposed in
a non-magnetic and non-metallic part within the magnetic
field. Alternatively, if the transmitter 14a is supported by a
pole, the fixed position sensor 14¢ may be disposed in an
immobile part of the pole, such as a supporting pillar of the
pole.

[0050] Further, the fixed position sensor 14¢ may be dis-
posed on the subject. For example, of the subject undergoing
a diagnosis process, the fixed position sensor 14¢ may be
disposed in a predetermined part that does not move. In that
situation, because the position of the fixed position sensor 14¢
with respect to the subject is supposed to be fixed, even if the
subject has moved, itis possible to calculate a moving amount
of the subject on the basis of an amount of change in the
coordinates of the fixed position sensor 14¢ and to correct, for
example, the association between the volume data and the
ultrasound image by using the calculated moving amount. As
described above, it is possible to dispose the fixed position
sensor 14¢ in various positions. Thus, the fixed position sen-
sor 14c is suitable for various situations as the occasion
demands.

[0051] The controlling device 14d is configured to, on the
basis of the signals received from the position sensor 145 and
the fixed position sensor 14c, calculate the coordinates and
the orientations of the position sensor 145 and the fixed posi-
tion sensor 14¢ in a space of which the origin is the transmitter
144 and to output the calculated coordinates and orientations
to the controlling unit 160. A diagnosis process is performed
on the subject P in such a magnetic field area where the
position sensor 145 attached to the ultrasound probe 11 is able
to accurately detect the magnetic field of the transmitter 14a.
[0052] The controlling unit 160 includes a detecting unit
161, a correcting unit 162, and a display controlling unit 163
and is connected to the position information obtaining device
14 and to the internal storage unit 170 viaa bus or the interface
unit 180 (not shown).

[0053] The internal storage unit 170 is configured to store
therein information about the coordinates of the fixed posi-
tion sensor 14¢ within the magnetic field formed by the trans-
mitter 14a. More specifically, the internal storage unit 170
stores therein the coordinates of the fixed position sensor 14¢
that are obtained and put therein by the detecting unit 161.
[0054] The detecting unit 161 is configured to, on the basis
of the position information obtained by the fixed position
sensor 1d¢, detect if the position of the transmitter has
changed within the associated three-dimensional space. In
other words, the detecting unit 161 detects if the position of
the transmitter 144 has changed, while a cross-sectional plane
in a medical image generated from three-dimensional image
data generated by a medical image diagnosis apparatus is
positionally aligned with the cross-sectional plane scanned
by the ultrasound probe 11, by associating the three-dimen-
sional image data with the three-dimensional space generated
by the transmitter 14a. More specifically, the detecting unit
161 detects a change, if any, in the position of the transmitter
144, by detecting a change in the coordinates of the fixed
position sensor 14¢ that is fixed in the arbitrary position
within the three-dimensional space generated by the trans-
mitter 14a.

[0055] Even more specifically, when the volume data
acquired in another imaging modality has positionally been
aligned with the scanned plane ofthe ultrasound probe 11, the
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detecting unit 161 first obtains the coordinates (hereinafter,
“initial coordinates”™) of the fixed position sensor 14¢ within
the magnetic field formed by the transmitter 14a from the
controlling device 144 and stores the obtained initial coordi-
nates into the internal storage unit 170. After that, the detect-
ing unit 161 obtains the coordinates of the fixed position
sensor 14¢, which are obtained with predetermined timing,
and calculates an amount of change (hereinafter, a “change
amount™) from the initial coordinates stored in the internal
storage unit 170.

[0056] In this situation, if the calculated change amount
exceeds a predetermined threshold value, the detecting umt
161 determines that the position of the transmitter 14a has
changed. On the contrary, if the calculated change amount
does not exceed the predetermined threshold value, the
detecting unit 161 determines that the position of the trans-
mitter 14a has not changed. In other words, the detecting unit
161 according to the first embodiment detects the change in
the coordinates of the fixed position sensor 14c¢ that is fixed in
the magnetic field formed by the transmitter 14qa, as the
change in the position of the transmitter 14a.

[0057] The threshold value described above used for judg-
ing whether the position of the transmitter 14¢ has changed or
not may arbitrarily be set by an operator or a designer. For
example, the threshold value may be set in accordance with
the level of precision in the acquisition of the coordinates of
the fixed position sensor 14¢. Gererally speaking, because
position information detected by magnetic sensors fluctuates,
it is desirable to set the threshold value while taking such
fluctuations into consideration.

[0058] The correcting unit 162 is configured to, if a change
in the position of the transmitter has been detected, correct a
misregistration between the cross-sectional plane in the
medical image (e.g., a cross-sectional plane in three-dimen-
sional image data generated by a medical image diagnosis
apparatus) and the cross-sectional plane scanned by the ultra-
sound probe 11, on the basis of the change amount of the
position of the transmitter 14a. More specifically, the correct-
ing unit 162 corrects the misregistration between the cross-
sectional plane in the medical image and the cross-sectional
plane scanned by the ultrasound probe 11, by transforming
the coordinates of the position sensor 145 that is attached to
the ultrasound probe 11 and is used for registration, on the
basis of the change amount of the coordinates of the fixed
position sensor 14¢. In another example, the correcting unit
162 corrects the misregistration between the cross-sectional
plane in the medical image and the cross-sectional plane
scanned by the ultrasound probe 11, by correcting the asso-
ciation between the three-dimensional image data and the
three-dimensional space on the basis of the change amount of
the coordinates of the fixed position sensor 14c.

[0059] As explained above, the correcting unit 162 accord-
ing to the first embodiment performs: a first correcting pro-
cess to correct the misregistration, by performing the coordi-
nate transformation on the obtained coordinates on the basis
of the change amount calculated by the detecting unit 161,
every time the coordinates of the position sensor 145 are
obtained by the controlling device 144, and a second correct-
ing process to correct the misregistration by performing the
coordinate transformation on the coordinates in the volume
data, on the basis of the change amount calculated by the
detecting unit 161.

[0060] Next, examples of the first correcting process and
the second correcting process performed by the correcting
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unit 162 according to the first embodiment will be explained,
with reference to FIGS. 5 and 6. FIG. 5 is a drawing for
explaining an example of the first correcting process accord-
ing to the first embodiment. FIG. 6 is a drawing for explaining
an example of the second correcting process according to the
first embodiment. FIGS. 5 and 6 illustrate examples in which
the position of the transmitter 14a on an X-Y plane changes.
[0061] First, an example of the first correcting process will
be explained. In the present example, let us discuss a situation
where, for instance, as shown in FIG. 5(A), the coordinates
(X,,Y,) of the position sensor 145 in a space formed by the
transmitter 14a have been positionally aligned with the coor-
dinates (X', Y",) in the volume data acquired by an X-ray CT
apparatus. As a result, an MPR image taken in substantially
the same position as the scanned plane of the ultrasound probe
11 is generated from the volume data.

[0062] In this situation, the ultrasound diagnosis apparatus
1 according to the first embodiment is configured so that the
fixed position sensor 14c¢ is fixed in the magnetic field, as
mentioned above, and coordinates (X, Y,) of the fixed posi-
tion sensor 14¢ are obtained, as shown in FIG. 5(A). The
detecting unit 161 obtains the coordinates (X5, Y;) of the
fixed position sensor 14¢ at the time when the coordinates
(X,,Y,) of the position sensor 144 are positionally aligned
with the coordinates (X';, Y',) in the volume data and stores
the obtained coordinates (X5, Y ;) into the internal storage unit
170.

[0063] Further, as shown in FIG. 5(B), for example, if the
position of the transmitter 14a has changed on an X-Y plane,
the three-dimensional space formed by the transmitter 14a is
shifted. Thus, the coordinates (X;,Y ) of the position sensor
14b change to (X,,Y,). In this situation, according to the first
embodiment, as shown in FIG. 5(A), the coordinates (X,,Y ;)
of the fixed position sensor 14c¢ also change to (X,,Y,). The
detecting unit 161 obtains the coordinates (X,, Y.) of the
fixed position sensor 14¢ and calculates a change amount
from the initial coordinates (X5, Y5) of the fixed position
sensor stored in the internal storage unit 170. In this situation,
if the calculated change amount exceeds the predetermined
threshold value, the detecting unit 161 determines that the
position of the transmitter 144 has changed.

[0064] After that, when the detecting unit 161 has deter-
mined that the position of the transmitter 14a has changed, the
correcting unit 162 corrects the misregistration by using the
change amount calculated by the detecting unit 161. In other
words, as shown in FIG. 5(B), the correcting unit 162 trans-
forms the coordinates of the position sensor 145 to (X, Y ),
by multiplying the coordinates (X,,Y,) of the position sensor
144 by a transformation coefficient “M,” used for transform-
ing the coordinates (X,, Y,,) of the fixed position sensor 14¢
into the initial coordinates (X5, Y3). As a result, it is possible
to change the coordinates of the position sensor 145 obtained
after the positional change of the transmitter 14a, back to the
coordinates prior to the positional change of the transmitter
14a. It is therefore possible to generate, from the volume data,
an MPR image taken substantially in the same position as the
scanned plane of the ultrasound probe 11.

[0065] Next, an example of the second correcting process
will be explained. In the present example, similarly to the first
correcting process, a change in the position of the transmitter
14a is detected by the detecting unit 161. After that, the
correcting unit 162 corrects the misregistration by using the
change amount calculated by the detecting unit 161. For
example, as shown in FIG. 6(A), let us discuss a situation
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where, as shown in FIG. 6(A), the coordinates (X,,Y,) ofthe
positionsensor 145 in the space formed by the transmitter 14a
are positionally aligned with the coordinates (X';,Y",) in the
volume data acquired by an X-ray CT apparatus, so that the
coordinates (X, Y) of the fixed position sensor 14¢ are
obtained.

[0066] Subsequently, after the position of the transmitter
14a has changed in the same manner as shown in FIG. 5, the
correcting unit 162 calculates, as shown in FIG. 6(B), the
coordinates (X,, Y,), by multiplying the coordinates (X,,Y,)
of the position sensor 145 by a transformation coefficient
“M,” used for transforming the initial coordinates (X5, Y3) of
the fixed position sensor 14¢ into coordinates (X,, Y,,). After
that, the correcting unit 162 positionally aligns, again, the
calculated coordinates (X,, Y,) with the coordinates (X', Y",)
in the volume data. As a result, it is possible to associate again
the coordinates in the magnetic field after the positional
change of the transmitter 14a with the volume data. In other
words, in the second correcting process, there is no need to
perform the correcting process every time the coordinates of
the position sensor 145 are obtained. It is therefore possible to
inhibit the processing load from increasing.

[0067] Returning to the description of FIG. 4, the display
controlling unit 163 is configured to display a two-dimen-
sional image (e.g., an MPR image) generated from volume
data in another imaging modality, side by side with an ultra-
sound image on the monitor 13. For example, the display
controlling unit 163 displays an MPR image taken in substan-
tially the same position as the scanned plane of the ultrasound
probe 11 side by side on the monitor 13.

[0068] Further, when the detecting unit 161 has determined
that the position of the transmitter 14a changed, the display
controlling unit 163 displays a message on the monitor 13.
Forexample, the display controlling unit 163 displays a warn-
ing message “the transmitter has moved” on the monitor 13.
[0069] Asanother example, the display controlling unit 163
displays a message “the misregistration due to the move ofthe
transmitter has been corrected” on the monitor 13.

[0070] As yet another example, the display controlling unit
163 displays, on the monitor 13, a message “Please adjust the
position of the transmitter” for the user, together with the
warning message “the transmitter has moved”. After that,
when the user has put the transmitter 14a back to the correct
position, the display controlling unit 163 displays a message
“the transmitter has returned to the normal position” on the
monitor 13. In this situation, the display controlling unit 163
may also display, on the monitor 13, a matching ratio between
the original position and the position to which the user has
moved the transmitter 14a (an index indicating the extent by
which the transmitter 14a has returned to the correct posi-
tion). With this arrangement, the user is able to manually
move the transmitter 14a while checking the matching ratio
and is therefore able to return the transmitter 144 to a more
accurate position. The matching ratio displayed by the dis-
play controlling unit 163 may be expressed with a numerical
value (%). Alternatively, the matching ratio displayed by the
display controlling unit 163 may be displayed as a chart on an
X-Y plane of which the origin corresponds the original posi-
tion (the position used in the registration) of the transmitter
14a and in which the current position of the transmitter 14a is
plotted. In that situation, the user can move the transmitter
14a in such a manner that the plotted point overlaps with the
origin. Alternatively, it is also acceptable to display a bar
expressing the X-axis and another bar expressing the Y-axis,
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s0 as to display the moving amount of the transmitter in each
of the axial directions. In other words, the user can move the
transmitterin the X-axis and Y-axis directions while checking
the bars.

[0071] Next, a process performed by the ultrasound diag-
nosis apparatus 1 according to the first embodiment will be
explained. FIG. 7 is a flowchart of a procedure in the process
performed by the ultrasound diagnosis apparatus 1 according
to the first embodiment. FIG. 7 illustrates the process per-
formed in a situation where the position sensor 145 and the
fixed position sensor 14¢ are positioned in a magnetic field
area that permits an accurate detection ofthe magnetic field of
the transmitter 14a.

[0072] As shown in FIG. 7, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment is configured so
that, when coordinates in the volume data are positionally
aligned with coordinates in the magnetic field (step S101:
Yes), the detecting unit 161 obtains the position information
(the coordinates in the magnetic field) of the fixed position
sensor 1dc¢ (step S102) and stores the obtained position infor-
mation into the internal storage unit 170.

[0073] After that, the position information obtaining device
14 obtains position information of the fixed position sensor
14c¢ with predetermined timing. In this situation, the timing
with which the position information of the fixed position
sensor 14¢ is obtained may arbitrarily set. For example, it is
acceptable to configure the timing so that the position infor-
mation of the fixed position sensor 14c is constantly obtained
while a scan is being performed. Alternatively, it is also
acceptable to configure the timing so that the position infor-
mation obtaining process is suspended when a freeze button
has been pressed and so that the position information is
obtained when the freeze is cancelled. Alternatively, another
arrangement is also acceptable in which a correction mode is
turned on and off by operations performed on a button, so that
the position information is constantly obtained while the cor-
rection mode is on.

[0074] When the position information of the fixed position
sensor 14¢ has been obtained with the timing described
above, the detecting unit 161 judges whether the transmitter
14a has moved or not (step S103). In this situation, when
having determined that the transmitter 144 has moved (step
S103: Yes). the detecting unit 161 calculates a change amount
of the coordinates of the fixed position sensor 14¢ (step
S104). After that, the correcting unit 162 corrects the position
of the ultrasound probe 11 (i.e., the coordinates obtained by
the position sensor 15), on the basis of the change amount of
the fixed position sensor 14¢ (step S105).

[0075] On the contrary, when having determined that the
transmitter 144 has not moved (step S103: No), the detecting
unit 161 continues to judge whether the transmitter 14a has
moved (step S103). The procedure in the process described
above refers to the example where the first correcting process
is performed. When the second correcting process is pet-
formed, the association between coordinates in the volume
data and coordinates in the magnetic field is corrected at step
S105, on the basis of the change amount of the position of the
fixed position sensor 14¢.

[0076] As explained above, according to the first embodi-
ment, the transmitter 14a transmits the reference signal. The
position sensor 145 and the fixed position sensor 14c¢ obtain
the position information in the three-dimensional space, by
receiving the reference signal. The controlling unit 160 asso-
ciates the three-dimensional image data generated by the
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medical image diagnosis apparatus with the three-dimen-
sional space, on the basis of the registration between the
arbitrary cross-sectional plane in the three-dimensional
image data and the cross-sectional plane scanned by the ultra-
sound probe 11. On the basis of the position information
obtained by the fixed position sensor 14¢, the detecting unit
161 detects if the position of the transmitter 14a has changed
within the associated three-dimensional space. When a
change in the position of the transmitter 14a has been
detected, the correcting unit 162 corrects the misregistration
between the cross-sectional plane in the medical image and
the cross-sectional plane scanned by the ultrasound probe 11,
on the basis of the change amount of the position of the
transmitter 14a. Accordingly, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment is able to eliminate
the registration required by the moves of the transmitter and
thus makes it possible to improve the efficiency of the diag-
nosis process that is performed while the reference image is
being referred to.

[0077] Further, according to the first embodiment, the
detecting unit 161 detects the change in the position of the
transmitter 14a, by detecting the change in the coordinates of
the fixed position sensor 14¢ fixed in the arbitrary position
within the three-dimensional space generated by the trans-
mitter 14a. Further, the correcting unit 162 corrects the mis-
registration between the cross-sectional plane in the medical
image and the cross-sectional plane scanned by the ultra-
sound probe 11, by transforming the coordinates of the posi-
tion sensor 145 that is attached to the ultrasound probe 11 and
is used for registration, on the basis of the change amount of
the coordinates of the fixed position sensor 14¢. Conse-
quently, with the simple configuration employing the fixed
position sensor 14¢, the ultrasound diagnosis apparatus 1
according to the first embodiment makes it possible to elimi-
nate the registration required by the moves of the transmitter
14a.

[0078] Further, according to the first embodiment, the cor-
recting unit 162 corrects the misregistration between the
cross-sectional plane in the medical image and the cross-
sectional plane scanned by the ultrasound probe 11, by cor-
recting the association between volume data and the three-
dimensional space, on the basis of the change amount of the
coordinates of the fixed position sensor 14¢. Consequently,
the ultrasound diagnosis apparatus 1 according to the first
embodiment makes it possible to generate, from the volume
data, the two-dimensional image taken in substantially the
same position as the scanned plane of the ultrasound probe
11, without the need to correct the coordinates of the position
sensor 145 every time. As a result, the ultrasound diagnosis
apparatus 1 according to the first embodiment makes it pos-
sible to reduce the processing load.

[0079] In the first embodiment described above, the
example is explained in which the change in the position of
the transmitter 14a is detected by using the fixed position
sensor 14¢. In a second embodiment, an example will be
explained in which a change in the position of the transmitter
14q is detected by using a fixed transmitter. FIG. 8 is a
drawing for explaining exemplary configurations of the posi-
tion information obtaining device 14 and the controlling unit
160 according to the second embodiment. The position infor-
mation obtaining device 14 and the controlling unit 160
according to the second embodiment are different from the
position information obtaining device 14 and the controlling
unit 160 according to the first embodiment in that the fixed
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position sensor 14¢ is omitted and that a fixed transmitter 14e
is newly provided, and in the specifics of the processes pet-
formed by the detecting unit 161. In the following sections,
the second embodiment will be explained while a focused is
placed on these differences.

[0080] The fixed transmitter 14e is disposed in an arbitrary
position and is configured to form a magnetic field that is
centered on the fixed transmitter 14¢ and extends outwardly.
More specifically, the fixed transmitter 14e is disposed in
such a position that the magnetic field is formed in the posi-
tion scanned by the ultrasound probe 11. In this situation, the
fixed transmitter 14e forms the magnetic field so that the
magnetic field formed thereby does not interfere with the
magnetic field formed by the transmitter 14a. For example,
the fixed transmitter 14e generates the magnetic field while
staggering the timing with which the magnetic field is gener-
ated or while varying the transmission frequency, so that the
magnetic field generated thereby does not overlap with the
magnetic field formed by the transmitter 14a. This type of
control is arbitrarily set by an operator or a designer and is
executed by the controlling device 14d.

[0081] The detecting unit 161 according to the second
embodiment is configured to detect a change in the corre-
spondence relationship between the coordinates of the posi-
tion sensor 14b within a three-dimensional space generated
by the transmitter 14a and the coordinates of the position
sensor 145 in a three-dimensional space generated by the
fixed transmitter 14e that is different from the transmitter 14a
and is used for correcting purposes, the position sensor 145
being attached to the ultrasound probe 11 and used for regis-
tration.

[0082] More specifically, when volume data acquired in an
another imaging modality has been positionally aligned with
the scanned plane of the ultrasound probe 11, the detecting
unit 161 first obtains the coordinates of the position sensor
145 in the magnetic field formed by the transmitter 14a and
the coordinates of the position sensor 145 in the magnetic
field formed by the fixed transmitter 14e, from the controlling
device 14d, and calculates the correspondence relationship
between the two sets of coordinates. For example, the detect-
ing unit 161 calculates the distance between the two sets of
coordinates or the like and stores the calculated distance into
the internal storage unit 170. After that, the detecting unit 161
obtains two sets of coordinates of the position sensor 145
obtained with predetermined timing, calculates the distance
between the two sets of coordinates, and further calculates a
change amount from the distance stored in the internal stor-
age unit 170.

[0083] In this situation, if the calculated change amount
exceeds a predetermined threshold value, the detecting unit
161 determines that the position of the transmitter 14a has
changed. On the contrary, if the calculated change amount
does not exceed the predetermined threshold value, the
detecting unit 161 determines that the position of the trans-
mitter 14a has not changed. In other words, the detecting unit
161 according to the second embodiment detects the change
in the positional relationship between the coordinates of the
position sensor 145 in the magnetic field formed by the trans-
mitter 14a and the coordinates of the position sensor 1454 in
the magnetic field formed by the fixed transmitter 14e, as the
change in the position of the transmitter 14a.

[0084] The threshold value described above used for judg-
ing whether the position of the transmitter 14¢ has changed or
not may arbitrarily be set by an operator or a designer. For
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example, the threshold value may be set in accordance with
the level of precision in the acquisition of the coordinates of
the position sensor 145.

[0085] The correcting unit 162 according to the second
embodiment is configured to, when the detecting unit 161 has
determined that the position of the transmitter 14a has
changed, correct a misregistration between a cross-sectional
plane in a medical image and the cross-sectional plane
scanned by the ultrasound probe 11, by correcting the asso-
ciation between the volume data and the three-dimensional
space, on the basis of the change amount of the correspon-
dence relationship calculated by the detecting unit 161.
[0086] For example, the correcting unit 162 corrects the
misregistration by transforming the coordinates in the mag-
netic field formed by the transmitter 14a, so that the distance
between the two sets of coordinates calculated by the detect-
ing unit 161 becomes equal to the distance stored in the
internal storage unit 170.

[0087] Next, a procedure in a process performed by the
ultrasound diagnosis apparatus 1 according to the second
embodiment will be explained. FIG. 9 is a flowchart of the
procedure in the process performed by the ultrasound diag-
nosis apparatus according to the second embodiment. F1IG. 9
illustrates the process performed in a situation where the
position sensor 145 is positioned in a magnetic field area that
permits an accurate detection of the magnetic fields of the
transmitter 14a and the fixed transmitter 14e.

[0088] As shown in FIG. 9, the ultrasound diagnosis appa-
ratus 1 according to the second embodiment is configured so
that, when coordinates in the volume data are positionally
aligned with coordinates in the magnetic field (step S201:
Yes), the detecting unit 161 obtains the position information
(the coordinates) of the position sensor 145 in each of the
three-dimensional spaces (the magnetic fields) formed by the
transmitter 14a and the fixed transmitter 14e (step S202).
After that, the detecting unit 161 stores the correspondence
relationship between the two sets of coordinates into the
internal storage unit 170.

[0089] Subsequently. with predetermined timing, the posi-
tion information obtaining device 14 obtains the position
information of the position sensor 145 in each ofthe magnetic
fields formed by the transmitter 14a and the fixed transmitter
14e. In this situation, the timing with which the position
information of the position sensor 146 is obtained may arbi-
trarily be set, like in the first embodiment.

[0090] When the position information of the position sen-
sor 145 has been obtained with the timing described above,
the detecting unit 161 judges whether the transmitter 14a has
moved or not (step S203). In this situation, when having
determined that the transmitter 14a has moved (step S203:
Yes), the detecting unit 161 calculates a change amount of the
transmitter 144, on the basis of the correspondence relation-
ship between the positions of the position sensor 14 before
and after the move in each of the magnetic fields formed by
the transmitter 14a and the fixed transmitter 14e (step S204).
After that, the correcting unit 162 corrects the position of the
transmitter 14a, on the basis of the change amount of the
transmitter 14a (step S205).

[0091] On the contrary, when having determined that the
transmitter 14a has not moved (step S203: No), the detecting
unit 161 continues to judge whether the transmitter 14a has
moved (step S203).

[0092] As explained above, according to the second
embodiment, the detecting unit 161 detects the change in the
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position of the transmitter 14a, by detecting the change in the
correspondence relationship between the coordinates of the
position sensor 145 in the three-dimensional space generated
by the transmitter 14a and the coordinates of the position
sensor 144 in the three-dimensional space generated by the
fixed transmitter 14e that is different from the transmitter 14a
and is used for the correcting processes, the position sensor
14bbeing attached to the ultrasound probe 11 and used forthe
registration. Further, the correcting unit 162 corrects the mis-
registration between the cross-sectional plane in the medical
image and the cross-sectional plane scanned by the ultra-
sound probe 11, by correcting the association between the
volume data and the three-dimensional space, on the basis of
the change amount of the correspondence relationship. Con-
sequently, with the simple configuration employing the fixed
transmitter 14e, the ultrasound diagnosis apparatus 1 accord-
ing to the second embodiment makes it possible to eliminate
the registration required by the moves of the transmitter 14a.

[0093] In the first and the second embodiments described
above, the examples are explained in which the change in the
position of the transmitter 14a is detected by using either the
fixed position sensor 14¢ or the fixed transmitter 1de. In a
third embodiment, an example will be explained in which a
change in the position of the transmitter 14a is detected with-
out additionally using the fixed position sensor 14¢ or the
fixed transmitter 14e. Configurations of the position informa-
tion obtaining device 14 and the controlling unit 160 accord-
ing to the third embodiment can be obtained by omitting the
fixed position sensor 14¢ from the configurations (see F1G. 4)
of the position information obtaining device 14 and the con-
trolling unit 160 according to the first embodiment. Thus, the
drawing thereof will be omitted.

[0094] The ultrasound diagnosis apparatus 1 according to
the third embodiment is configured by arranging the position
sensor 145 to have the function of the fixed position sensor
14¢ according to the first embodiment. In other words, in the
third embodiment, while the position sensor 144 is fixed in a
magnetic field, the position of the transmitter 14a is changed,
so that a correcting process is performed by using a change
amount of the coordinates of the position sensor 145. This
method is usable in a situation where, for example, the opera-
tor changes the position of the transmitter after a medical
examination or a treatment is started, for the purpose of
improving the level of precision. For example, the input
device 12 receives input operations indicating a start and an
end of the change in the position of the transmitter 14a. After
that, the detecting unit 161 calculates a change amount of the
position of the transmitter 14a on the basis of the position
information obtained by the position sensor 145 at the point in
time when the input operation indicating the start of the
change in the position of the transmitter 14a is received and
the position information obtained by the position sensor 145
at the point in time when the input operation indicating the
end of the change in the position of the transmitter 14a is
received. After that, the correcting unit 162 corrects the mis-
registration on the basis of the change amount of the position
of the transmitter 14a calculated by the detecting unit 161.

[0095] FIG. 10 is a drawing for explaining an example of
the correcting process according to the third embodiment.
FIG. 10 illustrates an example in which the position of the
transmitter 14a on an X-Y plane changes. For example, as
shown in FIG. 10(A), let us discuss a situation where the
coordinates (X,, Y,) of the position sensor 145 in a space
formed by the transmitter 14a have been positionally aligned
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with the coordinates (X',,Y",) in the volume data acquired by
an X-ray CT apparatus. As a result, an MPR image taken in
substantially the same position as the scanned plane of the
ultrasound probe 11 is generated from the volume data.
[0096] In this situation, for example, if the operator desires
to change the position of the transmitter 14« for the purpose of
improving the level of precision, the operator presses a cor-
rection button included in the input device 12, for example.
When the correction button has been pressed, for example,
the display controlling unit 163 displays, on the monitor 13, a
message “The transmitter will be moved. Please fix the ultra-
sound probe (the position sensor)”, so as to prompt the opera-
tor to fix the ultrasound probe 11.

[0097] In this situation, for example, as shown in FIG.
10(A), the detecting unit 161 according to the third embodi-
ment obtains the coordinates (X,, Y,) of the position sensor
145 and stores the obtained coordinates (X, Y,) into the
internal storage unit 170. When the coordinates (X,, Y,) of
the position sensor 145 have been stored, for example, the
display controlling unit 163 displays a message “Please move
the transmitter” on the monitor 13, so as to prompt the opera-
tor to move the transmitter 14a.

[0098] After that, for example, as shown in FIG. 10(B), the
detecting unit 161 obtains the coordinates (X,, Y,) of the
position sensor 145 after the positional change of the trans-
mitter 14a on an X-Y plane. In this situation, the detecting
unit 161 calculates a change amount between the obtained
coordinates (X,, Y,) of the position sensor 146 and the coor-
dinates (X, Y,) stored in the internal storage unit 170.
[0099] Subsequently. the correcting unit 162 according to
the third embodiment corrects the misregistration by using
the change amount calculated by the detecting unit 161. For
example, as shown in FIG. 10(B), the correcting unit 162
calculates a transformation coefficient “M” used for trans-
forming the coordinates (X, Y ) of the position sensor 145
into the coordinates (X,, Y,). After that, the correcting unit
162 performs a correcting process by using the calculated
transformation coefficient “M”. With this arrangement, it is
possible to associate again the coordinates in the magnetic
field obtained after the positional change of the transmitter
14a with the volume data.

[0100] Next, a procedure in a process performed by the
ultrasound diagnosis apparatus 1 according to the third
embodiment will be explained. FIG. 11 is a flowchart of the
procedure in the process performed by the ultrasound diag-
nosis apparatus 1 according to the third embodiment. FIG. 11
illustrates the process performed in a situation where the
position sensor 145 is positioned in a magnetic field area that
permits an accurate detection of the magnetic field of the
transmitter 14q.

[0101] AsshowninFIG. 11, the ultrasound diagnosis appa-
ratus 1 according to the third embodiment is configured so
that, when the correction button has been pressed (step S301:
Yes), the display controlling unit 163 displays, on the monitor
13, a message that prompts fixing the ultrasound probe 11
(step S302). Subsequently, the detecting unit 161 obtains the
position information (the coordinates) of the position sensor
145 prior to the move (step S303). After that, the detecting
unit 161 stores the obtained coordinates into the internal
storage unit 170.

[0102] Subsequently. the display controlling unit 163 dis-
plays a message that prompts moving the transmitter 14a on
the monitor 13 (step S304). After that, the detecting unit 161
judges whether the correction end button has been pressed
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(step S305). If the correction end button has been pressed
(step S305: Yes), the detecting unit 161 obtains the position
information of the position sensor 145 after the move (step
S306). Subsequently, the correcting unit 162 corrects the
position of the ultrasound probe 11, on the basis of the change
amount between the positions of the position sensor 145
before and after the move (step S307).

[0103] On the contrary, having determined that the correc-
tion end button has not been pressed (step S305: No), the
detecting unit 161 continues to judge whether the correction
end button has been pressed (step S305).

[0104] As explained above, in the third embodiment, the
ultrasound diagnosis apparatus 1 according to the third
embodiment performs the correcting process required by the
move of the transmitter 144, without using the fixed position
sensor 14¢ or the fixed transmitter 14e. Consequently, the
ultrasound diagnosis apparatus 1 according to the third
embodiment makes it possible to improve the efficiency of the
diagnosis process, by using the existing position information
obtaining device. The first, the second, and the third embodi-
ments have thus been explained. The disclosure herein, how-
ever, may be carried out in various modes other than those
described above in the first, the second, and the third embodi-
ments.

(1) Detecting a change in the position of the transmitter

[0105] In the first and the second embodiments described
above, the examples are explained in which the change in the
position of the transmitter 14a is detected by using the fixed
position sensor 14¢ and the fixed transmitter 14e, respec-
tively; however, possible embodiments are not limited to
these examples. For instance, it is acceptable to detect a
change in the position of the transmitter 14a by mechanically
measuring a move of the arm portion that is configured to fix
the transmitter 14a.

[0106] Inthatsituation, for example, a gear is provided in a
movable region of the arm fixing the transmitter, and a detect-
ing device is provided so as to detect how much the gear has
moved. Further, the detecting unit 161 obtains, from the
detecting device, the move of the gear due to the move of the
arm, so as to detect the obtained move of the gear as a change
in the position of the transmitter 14a. On the basis of the
moving amount of the gear, the correcting unit 162 corrects
the misregistration between a cross-sectional plane in a medi-
cal image and the cross-sectional plane scanned by the ultra-
sound probe 11.

[0107] In another example, a change in the position of the
transmitter 14a may be detected by performing an image
processing process using one or more cameras. In that situa-
tion, the ultrasound diagnosis apparatus 1 further includes
one or more cameras configured to take images of the trans-
mitter 14a and a reference point. For example, a plurality of
cameras may be provided so as to take images of the trans-
mitter 14a and the reference point from a plurality of view-
points. In this situation, any type of reference point may be
used, as long as the reference point is fixed. Further, the
detecting unit 161 identifies a relative positional relationship
between the transmitter 14a and the reference point by per-
forming an image recognition pattern matching process on
the images taken by the cameras. After that, the detecting unit
161 detects a change in the position of the transmitter 14a, on
the basis of a change in the identified correspondence rela-
tionship (e.g., the distance) between the transmitter 14a and
the reference point.
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[0108] The correcting unit 162 corrects the misregistration
between a cross-sectional plane in a medical image and the
cross-sectional plane scanned by the ultrasound probe 11, on
the basis of the change amount of the correspondence rela-
tionship between the transmitter 14a and the reference point
detected by the detecting unit 161.

(2) The position sensor

[0109] In the first, the second, and the third embodiments
described above, the examples are explained in which the
magnetic sensor is used as the position sensor; however,
possible embodiments are not limited to these examples. For
instance, it is also acceptable to use an infrared sensor.

(3) Targets of the correcting process

[0110] In the first, the second, and the third embodiments
described above, the correcting processes that are performed
when the transmitter 14a has moved two-dimensionally (i.e.,
on an X-Y plane) are explained; however, possible embodi-
ments are not limited to these examples. For instance, it is
possible to perform a correcting process in the same manner
as described above, even when the transmitter 14 has moved
three-dimensionally.

(4) Automatic correcting process

[0111] In the first, the second, and the third embodiments
described above, the examples in which the transmitter 14a is
moved manually are explained; however, possible embodi-
ments are not limited to these examples. For instance, it is
possible to perform a correcting process in the same manner
even when the transmitter 14a is disposed on an arm that
moves automatically. In that situation, an arrangement is also
acceptable in which, when a change in the position of the
transmitter 14a has been detected, control is exercised so as to
automatically return the transmitter 14a to the original posi-
tion.

(5) The fixed transmitter

[0112] In the second embodiment described above, the
example is explained in which, of the two transmitters, one is
the transmitter used for the registration with the volume data,
whereas the other transmitter is used as the fixed transmitter;
however, possible embodiments are not limited to this
example. It is acceptable to interchange the transmitters in
accordance with the levels of precision of the transmitters.
For example, the detecting unit 161 may use the transmitter
14a and the fixed transmitter 14e while interchanging these
transmitters on the basis of levels of precision of the three-
dimensional spaces generated by the transmitter 14¢ and the
fixed transmitter 14e.

[0113] In one example, the detecting unit 161 monitors
distortions (e.g., quality values) in the magnetic fields gener-
ated by the transmitter 14a and the fixed transmitter 14e and,
if the distortion in the magnetic field generated by the fixed
transmitter 14e is smaller than the distortion in the magnetic
field generated by the transmitter 14, the detecting unit 161
uses the transmitters after interchanging the two transmitters.
In other words, the detecting unit 161 obtains, from the con-
trolling device 144, the coordinates of the position sensor 14
in the magnetic field formed by the transmitter 14a and the
coordinates of the position sensor 145 in the magnetic field
formed by the fixed transmitter 14¢ and further calculates a
correspondence relationship between the two sets of coordi-
nates. After that, the detecting unit 161 obtains two sets of
coordinates of the position sensor 145 obtained with prede-
termined timing and calculates the distance between the two
sets of coordinates. If the calculated change amount exceeds
apredetermined threshold value, the detecting unit 161 deter-
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mines that the position of the fixed transmitter 14e has
changed. On the contrary, if the calculated change amount
does not exceed the predetermined threshold value, the
detecting unit 161 determines that the position of the fixed
transmitter 1de has not changed. In other words, the detecting
unit 161 detects the change in the positional relationship
between the coordinates of the position sensor 145 in the
magnetic field formed by the transmitter 14a and the coordi-
nates of the position sensor 145 in the magnetic field formed
by the fixed transmitter 14e, as the change in the position of
the fixed transmitter 14e.

[0114] Further, the correcting unit 162 corrects the misreg-
istration in accordance with the change amount of the posi-
tion of the fixed transmitter 14e detected by the detecting unit
161. When the transmitters are interchanged as described
above, the correspondence relationship between the ultra-
sound image and the volume data while the transmitter 14a is
used and the correspondence relationship between the ultra-
sound image and the volume data while the fixed transmitter
14e is used are stored, in advance, at the stage where the
volume data acquired by the medical image diagnosis appa-
ratus is positionally aligned with the ultrasound image. After
that, the correcting unit 162 performs a correcting process on
oneofthe correspondence relationships stored in advance. As
aresult, the ultrasound diagnosis apparatus 1 disclosed herein
makes it possible to perform the registration and the correct-
ing process more accurately.

[0115] Further, the transmitters may be interchanged as
described above occasionally or may be interchanged when,
for example, a freeze button has been pressed by the operator.
Inthe latter situation, when the freeze button has been pressed
by the operator, the detecting unit 161 compares distortions
with each other that are in the magnetic fields generated by the
transmitter 14a and the fixed transmitter 14e and interchanges
the transmitters, so that the transmitter having the smaller
distortion is used for the registration between the volume data
and the ultrasound image. With this arrangement, the ultra-
sound diagnosis apparatus 1 disclosed herein is able to pre-
vent the interchanges from occurring during diagnosis pro-
cesses and thus makes it possible to interchange the
transmitters in a smooth manner, while keeping the process-
ing load small.

(6) The fixed position sensor

[0116] In the first embodiment described above, the
example in which the fixed position sensor 14¢ is additionally
provided is explained; however, possible embodiments are
not limited to this example. For instance, it is also acceptable
to use a position sensor attached to an ultrasound probe that is
not in operation as the fixed position sensor 14¢. In that
situation, for example, a first probe position sensor that serves
as the position sensor 145 and a second probe position sensor
that serves as the fixed position sensor 14c are used as position
sensors. Further, for example, the detecting unit 161 detects a
change in the position of the transmitter 14a, by detecting a
change in the coordinates of the second probe position sensor
attached to an ultrasound probe that is disposed in an arbitrary
position within the three-dimensional space generated by the
transmitter 14a and is not in operation. After that, the correct-
ing unit 162 corrects the misregistration between a cross-
sectional plane in the medical image and the cross-sectional
plane scanned by the ultrasound probe 11, by transforming
the coordinates of the first probe position sensor that is
attached to the ultrasound probe 11 in operation and is used
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for registration, on the basis of the change amount of the
coordinates of the second probe position sensor.

[0117] Thecorrecting process using the second probe posi-
tion sensor may be performed as the process to correct the
misregistration by performing the coordinate transformation
on the basis of the change amount as described above (i.e., the
first correcting process in the first embodiment). Alterna-
tively, the correcting process using the second probe position
sensor may be performed as the process to correct the mis-
registration by performing the coordinate transformation on
coordinates in the volume data on the basis of the change
amount calculated by the detecting unit 161 (i.e., the second
correcting process in the first embodiment). Further, when the
second probe position sensor is used as described above, the
ultrasound probe that is not in operation and to which the
second probe position sensor is attached may be placed in a
probe holder or may be placed in a predetermined fixing
position. In either situation, the location in which the ultra-
sound probe is placed is a location within the magnetic field
where no magnetic material or metal is positioned nearby.
[0118] When the ultrasound diagnosis apparatus according
to at least one aspect of the exemplary embodiments is used,
it is possible to eliminate the need to perform the registration
even if the transmitter has moved, and it is therefore possible
to improve the efficiency of the diagnosis process.

[0119] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a transmitter that transmits a reference signal,

a position sensor that obtains position information in a
three-dimensional space by receiving the reference sig-
nal;

an associating unit that associates three-dimensional image
data generated by a medical image diagnosis apparatus
with the three-dimensional space, on a basis of a regis-
tration between an arbitrary cross-sectional plane in the
three-dimensional image data and a cross-sectional
plane scanned by an ultrasound probe;

a detecting unit that detects if a position of the transmitter
has changed within the associated three-dimensional
space, on a basis of the position information obtained by
the position sensor; and

acorrecting unit that, when the change in the position of the
transmitter has been detected, corrects a misregistration
between a cross-sectional plane in the three-dimensional
image data and a cross-sectional plane scanned by the
ultrasound probe, on a basis of a change amount of the
position of the transmitter.

2. The ultrasound diagnosis apparatus according to claim

1, wherein

the position sensor includes at least a fixed position sensor
and a probe position sensor,

the detecting unit detects the change in the position of the
transmitter by detecting a change in coordinates of the
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fixed position sensor fixed in an arbitrary position within
a three-dimensional space formed by the transmitter,
and
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by transforming coordinates of the probe
position sensor that is attached to the ultrasound probe
and is used for registration, on a basis of a change
amount of the coordinates of the fixed position sensor.
3. The ultrasound diagnosis apparatus according to claim
2, wherein the correcting unit corrects the misregistration
between the cross-sectional plane in the three-dimensional
image data and the cross-sectional plane scanned by the ultra-
sound probe, by correcting the association between the three-
dimensional image data and the three-dimensional space, on
the basis of the change amount of the coordinates of the fixed
position sensor.
4. The ultrasound diagnosis apparatus according to claim
2, wherein the fixed position sensor is disposed on one of the
following: a bed on which a subject is lying; an apparatus
main body, a pole supporting the transmitter; and the subject.
5. The ultrasound diagnosis apparatus according to claim
1, wherein
the position sensor includes at least a probe position sensor,
the detecting unit detects the change in the position of the
transmitter, by detecting a change in a correspondence
relationship between coordinates of the probe position
sensor in a three-dimensional space generated by the
transmitter and coordinates of the probe position sensor
in a three-dimensional space generated by a fixed trans-
mitter that is different from the transmitter and is used
for a correcting purpose, the probe position sensor being
attached to the ultrasound probe and used for registra-
tion, and
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by correcting the association between the
three-dimensional image data and the three-dimensional
space, on a basis of a change amount of the correspon-
dence relationship.
6. The ultrasound diagnosis apparatus according to claim
5, wherein the detecting unit uses the transmitter and the fixed
transmitter while interchanging the transmitters on a basis of
a precision level of each of the three-dimensional spaces
generated by the transmitter and the fixed transmitter.
7. The ultrasound diagnosis apparatus according to claim
1, further comprising: a receiving unit that receives input
operations indicating a start and an end of the change in the
position of the transmitter, wherein
the detecting unit calculates the change amount of the
position of the transmitter, on a basis of the position
information obtained by the position sensor at a point in
time when the input operation indicating the start of the
change in the position of the transmitter is received and
the position information obtained by the position sensor
at apoint in time when the input operation indicating the
end of the change in the position of the transmitter is
received, and
the correcting unit corrects the misregistration on the basis
of the change amount of the position of the transmitter
calculated by the detecting unit.
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8. The ultrasound diagnosis apparatus according to claim
1, wherein
the position sensor includes at least a first probe position
sensor and a second probe position sensor,
the detecting unit detects the change in the position of the
transmitter by detecting a change in coordinates of the
second probe position sensor attached to an ultrasound
probe that is disposed in an arbitrary position within a
three-dimensional space generated by the transmitter
and is not in operation, and
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by transforming coordinates of the first
probe position sensor that is attached to an ultrasound
probe in operation and is used for registration, on a basis
of a change amount of the coordinates of the second
probe position sensor.
9. The ultrasound diagnosis apparatus according to claim
1, wherein
the position sensor includes at least a probe position sensor,
the detecting unit detects the change in the position of the
transmitter, by detecting a move of a fixture used for
fixing the transmitter, and
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by transforming coordinates of the probe
position sensor that is attached to the ultrasound probe
and is used for registration, on a basis of a moving
amount of the fixture.
10. The ultrasound diagnosis apparatus according to claim
1, wherein
the position sensor includes at least a probe position sensor,
the detecting unit detects a change in a position of the probe
position sensor on a basis of position information of the
transmitter included in an image, and
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by transforming coordinates of the probe
position sensor that is attached to the ultrasound probe
and is used for registration, on the basis of the change
amount of the position of the transmitter.
11. The ultrasound diagnosis apparatus according to claim
1, wherein the correcting unit corrects the misregistration
between the cross-sectional plane in the three-dimensional
image data and the cross-sectional plane scanned by the ultra-
sound probe, by correcting a transformation coeflicient used
for associating the three-dimensional image data with the
three-dimensional space.
12. The ultrasound diagnosis apparatus according to claim
1, wherein
the position sensor includes at least a probe position sensor,
the correcting unit corrects the misregistration between the
cross-sectional plane in the three-dimensional image
data and the cross-sectional plane scanned by the ultra-
sound probe, by correcting position information
detected by the probe position sensor.
13. A correcting method to be implemented by a computer
for correcting image data, the correcting method comprising:
associating three-dimensional image data generated by a
medical image diagnosis apparatus with a three-dimen-
sional space based on a reference signal transmitted by a
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transmitter, on a basis of a registration between an arbi-
trary cross-sectional plane in the three-dimensional
image data and a cross-sectional plane scanned by an
ultrasound probe;

detecting if a position of the transmitter has changed within
the associated three-dimensional space, on a basis of
position information obtained by a position sensor con-
figured to obtain the position information in the three-
dimensional space by receiving the reference signal; and

correcting, when the change in the position of the trans-
mitter has been detected, a misregistration between a
cross-sectional plane in the three-dimensional image
data and a cross-sectional plane scanned by the ultra-
sound probe, on a basis of a change amount of the
position of the transmitter.
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