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ULTRASONIC DIAGNOSTIC APPARATUS
AND SENSOR SELECTION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/IP2013/066974, filed Jun. 20,
2013 and based upon and claiming the benefit of priority from
Japanese Patent Application No. 2012-147412, filed Jun. 29,
2012, the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus which images the inside of
the body of a patient with ultrasonic waves and a sensor
selection apparatus.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus is an apparatus
which acquires and displays an ultrasonic image of biological
information. This apparatus is inexpensive and free from
X-ray exposure as compared with other types of image diag-
nostic apparatuses such as X-ray diagnostic apparatuses and
X-ray computerized tomography (CT) apparatuses, and is
used as a useful apparatus for observing the inside ofthe body
of a patient in real time.

[0004] An ultrasonic diagnostic apparatus is high in
demand for applications making the most of the real-time
performance of ultrasonic diagnosis such as a biopsy for
definitive diagnosis in cancer screening and puncture guid-
ance for radio-frequency ablation (RFA) treatment. Recently,
in particular, there has been developed a technique of attach-
ing a sensor for position and direction detection to an ultra-
sonic probe, displaying a CT image or magnetic resonance
imaging (MRI) image including a morbid region as a refer-
ence image together with an ultrasonic image, and synchro-
nously switching between the reference image and the ultra-
sonic image based on the position and direction detected by
the sensor, thereby navigating an ultrasonic probe to the posi-
tion of the morbid region.

[0005] When performing medical treatment using an ultra-
sonic diagnostic apparatus, the operator sometimes proceeds
with operation while switching the probes to be used. For
example, the operator uses a general-purpose ultrasonic
probeto observe the inside of the body ofa patient and uses an
ultrasonic probe dedicated to puncture to perform puncturing
operation.

[0006] Assume that only one sensor like that described
above is prepared. In this case, when switching between
ultrasonic probes, the operator needs to change the position of
the sensor from the switching source probe to the switching
destination probe. This is cumbersome operation. On the
other hand, preparing sensors like those described above for
the respective ultrasonic probes may cause erroneous recog-
nition of the correspondence relationship between the sensors
and the ultrasonic probes. This may lead to diagnosis errors.

[0007] Various kinds of problems arise in diagnosis, medi-
cal treatment, and the like executed upon attachment of a
sensor for detecting a position and direction to an ultrasonic
probe.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 11isa block diagram showing the arrangement
of the main part of an ultrasonic diagnostic apparatus (sensor
selection apparatus) according to an embodiment;

[0009] FIG. 2 is a block diagram showing the arrangement
of the main part of a positional information acquisition appa-
ratus according to the above embodiment;

[0010] FIG. 3 is a perspective view showing an example of
an attachment form of a magnetic sensor for the ultrasonic
probe according to the above embodiment;

[0011] FIG. 4is a view showing an example of anavigation
window in the above embodiment;

[0012] FIG. 5 is a flowchart showing a procedure for the
operation of the ultrasonic diagnostic apparatus according to
the above embodiment;

[0013] FIG. 6 is a flowchart showing a procedure for sensor
selection processing included in the flowchart of F1G. 5;
[0014] FIG. 71s a view showing an example of a navigation
window on which a histogram is placed according to the
above embodiment; and

[0015] FIG. 8is a view showing an example of anavigation
window on which a histogram is placed according to the
above embodiment.

DETAILED DESCRIPTION

[0016] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus consists of a probe switching unit
and a sensor selection unit. The probe switching unit switches
an ultrasonic probe to be used for ultrasonic transmission/
reception among a plurality of ultrasonic probes to which
sensors configured to detect positions and directions in a
predetermined space are respectively attached. The sensor
selection unit selects, when the probe switching unit performs
switching between ultrasonic probes used for ultrasonic
transmission/reception, a sensor attached to an ultrasonic
probe to be used for ultrasonic transmission/reception from
the respective sensors upon the switching based on a change
in at least one of a position and a direction specified from a
detection result from each of the sensors.

[0017] An embodiment will be described with reference to
the accompanying drawings.

[Ultrasonic Diagnostic Apparatus]

[0018] FIG. 11isablock diagram showing the arrangement
of the main part of an ultrasonic diagnostic apparatus 1 (sen-
sor selection apparatus) according to an embodiment. As
shown in FIG. 1, the ultrasonic diagnostic apparatus 1 accord-
ing to this embodiment includes a plurality of ultrasonic
probes 2, an apparatus main body 3, a monitor 4, an input
apparatus 5, and a positional information acquisition appara-
tus 6. In the embodiment, in particular, the ultrasonic diag-
nostic apparatus 1 includes four ultrasonic probes 2a, 26, 2¢,
and 2d. The number of ultrasonic probes of the ultrasonic
diagnostic apparatus 1 is less than four or equal to or more
than five. In the following description, ultrasonic probes 24,
2b, 2¢, and 2d will each be simply referred to as the ultrasonic
probe 2 unless they are specifically discriminated from each
other.

[0019] Theultrasonic probe 2 includes a plurality of piezo-
electric transducers, a matching layer provided for each
piezoelectric transducer, and a backing member which pre-
vents ultrasonic waves from propagating backward from each
piezoelectric transducer. Each piezoelectric transducer gen-
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erates ultrasonic waves based on the driving signals supplied
from the apparatus main body 3. Each piezoelectric trans-
ducer receives reflected waves from a patient P and outputs an
electrical signal corresponding to the received reflected
waves. The ultrasonic probe 2 may be any type of probe such
as a sector type, linear type, or convex type probe.

[0020] When the ultrasonic probe 2 transmits ultrasonic
waves to the patient P, the transmitted ultrasonic waves are
sequentially reflected by a discontinuity surface of acoustic
impedance of living tissue in the patient P. The plurality of
piezoelectric transducers of the ultrasonic probe 2 receive the
reflected ultrasonic waves as reflected wave signals. The
amplitude of each received reflected wave signal depends on
an acoustic impedance difference on the discontinuity surface
by which ultrasonic waves are reflected. Each reflected wave
signal produced when a transmitted ultrasonic pulse is
reflected by a moving blood flow, the surface of the cardiac
wall, or the like is subjected to a frequency shift depending on
the velocity component of the moving body in the ultrasonic
transmission direction due to the Doppler effect.

[0021] The input apparatus 5 includes a mouse, trackball,
keyboard, and touch panel which are used to input, to the
apparatus main body 3, various types of instructions, an
instruction to set a region of interest (ROI), instructions con-
cerning various types of image quality condition setting, and
the like from the operator.

[0022] The monitor 4 displays a graphical user interface
(GUI) for allowing the operator of the ultrasonic diagnostic
apparatus 1 to input various types of instructions by using the
input apparatus 5, and also displays the ultrasonic images
generated by the apparatus main body 3.

[0023] The positional information acquisition apparatus 6
acquires information concerning the position and direction of
the ultrasonic probe 2 in a predetermined space. The detailed
arrangement of the positional information acquisition appa-
ratus 6 will be described later with reference to FIG. 2.
[0024] The apparatus main body 3 includes a probe con-
nector 10, a transmission/reception unit 11, a B-mode pro-
cessing unit 12, a Doppler processing unit 13, an image gen-
eration unit 14, an image memory 15, an internal storage unit
16, an interface unit 17, and a control unit 18.

[0025] The probe connector 10 connects a probe cable 20a
which extends from ultrasonic probe 2a, a probe cable 205
which extends from ultrasonic probe 25, a probe cable 20¢
which extends from ultrasonic probe 2¢, and a probe cable
20d which extends from ultrasonic probe 24. In the following
description, probe cables 20a, 205, 20c, and 204 will each be
simply referred to as the probe cable 20 unless they are
specifically discriminated from each other. The probe cable
20 is in charge of supplying power and transferring informa-
tion between the apparatus main body 3 and the ultrasonic
probe 2.

[0026] The transmission/reception unit 11 includes a trig-
ger generation circuit, a delay circuit, and a pulser circuit as
circuits belonging to the transmission system. The pulser
circuit repeatedly generates rate pulses for the formation of
transmission ultrasonic waves at a predetermined rate fre-
quency. The delay circuit gives each rate pulse generated by
the pulser circuit a delay time necessary to focus an ultrasonic
wave generated by the ultrasonic probe 2 into a beam and
determine transmission directivity for each channel. The trig-
ger generation circuit supplies a driving signal (driving pulse)
to the ultrasonic probe 2 at the timing based on this rate pulse.
That 1s, the delay circuit arbitrarily adjusts the transmission
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direction from each piezoelectric transducer surface by
changing the delay time given to each rate pulse.

[0027] The transmission/reception unit 11 includes an
amplifier circuit, an analog-to-digital converter, and an adder
as circuits belonging to the reception system. The amplifier
circuit performs gain correction processing by amplifying the
reflected wave signal received by the ultrasonic probe 2 for
each channel. The analog-to-digital converter gives the gain-
corrected reflected wave signals delay times necessary to
determine reception directivities. The adder generates
reflected wave data by performing addition processing for the
reflected wave signals processed by the analog-to-digital con-
verter. This addition processing performed by the adder
enhances a reflection component from a direction corre-
sponding to the reception directivity of the reflected wave
signal.

[0028] The B-mode processing unit 12 receives reflected
wave data from the transmission/reception unit 11, and per-
forms logarithmic amplification, envelope detection process-
ing, and the like for the received reflected wave data to gen-
erate data (B-mode data) whose signal intensity is expressed
by a luminance level.

[0029] The Doppler processing unit 13 frequency-analyzes
velocity information from the reflected wave data received
from the transmission/reception unit 11 to extract a blood
flow and tissue by the Doppler effect, and generates data
(Doppler data) by extracting moving object information such
as an average velocity, variance, and power at multiple points.

[0030] The image generation unit 14 generates ultrasonic
image data from the B-mode data generated by the B-mode
processing unit 12 and the Doppler data generated by the
Doppler processing unit 13. More specifically, the image
generation unit 14 converts a scanning line signal string for
ultrasonic scanning into a scanning line signal string in a
general video format typified by a TV format, thereby gener-
ating ultrasonic image data (B-mode image data or Doppler
image data) for display from the B-mode data and the Doppler
data.

[0031] The image memory 15 stores the ultrasonic image
data generated by the image generation unit 14. The image
memory 15 also stores an output signal (radio frequency
[RF]) and image luminance signal immediately after passing
through the transmission/reception unit 11, various types of
raw data, image data acquired via the network, and the like, as
needed. The data format of image data stored in the image
memory 15 may be that after video format conversion dis-
played on the monitor 4 or that before coordinate conversion
whichisraw data generated by the B-mode processing unit 12
and the Doppler processing unit 13.

[0032] The internal storage unit 16 stores various types of
data such as diagnostic information (for example, patient IDs
and findings by doctors) and diagnostic protocols, a database
160, and volume data 161. The internal storage unit 16 is also
used to, for example, archive the image data stored in the
image memory 15, as needed. The application of the database
160 will be described later with reference to FIGS. 5 and 6.
The volume data 161 concerns a predetermined region of the
patient P, which is generated by another modality such as an
X-ray CT apparatus or MRT apparatus.

[0033] The interface unit 17 controls transmission/recep-
tion of various types of information among the input appara-
tus 5, the positional information acquisition apparatus 6, a
network or the like, and the apparatus main body 3.
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[0034] The control unit 18 includes a central processing
unit (CPU), a read-only memory (ROM), and a random
access memory (RAM). The control unit 18 comprehensively
controls the ultrasonic diagnostic apparatus 1. More specifi-
cally, the control unit 18 controls the operation of the trans-
mission/reception unit 11, B-mode processing unit 12, Dop-
pler processing unit 13, and image generation unit 14 based
on various types of setting requests input by the operator via
the input apparatus 5 and various types of control programs
and various types of setting information read from the internal
storage unit 16, the above ROM, or the like, and causes the
monitor 4 to display the ultrasonic image data and the like
stored in the image memory 15.

[0035] Inthis embodiment, in particular, the control unit 18
implements functions as amain processing unit 100, a display
processing unit 101, a probe switching unit 102, a position
recording unit 103, a histogram generation unit 104, a sensor
selection unit 105, and a notification unit 106 by causing the
above CPU to execute the control programs stored in the
above ROM and or the like. These units will be described in
detail below.

[Positional Information Acquisition Apparatus]

[0036] The positional information acquisition apparatus 6
will be described in detail next.

[0037] FIG. 2 is a block diagram showing the arrangement
of the main part of the positional information acquisition
apparatus 6. The positional information acquisition apparatus
6 includes a transmitter 7 (magnetic field source), a plurality
of magnetic sensors 8, and an apparatus main body 9. In this
embodiment, in particular, the positional information acqui-
sition apparatus 6 includes four magnetic sensors 84, 85, 8¢,
and 8d4. The number of magnetic sensors 8 of the positional
information acquisition apparatus 6 may be less than four or
equal to more than five. In the following description, mag-
netic sensors 8a, 8b, 8¢, and 84 will each be simply referred to
as the magnetic sensor 8 unless they are specifically discrimi-
nated from each other.

[0038] Thetransmitter 7 forms a magnetic field centered on
itself and extending to the outside.

[0039] The magnetic sensor 8 detects the strength and
direction of the three-dimensional magnetic field formed by
the transmitter 7, generates a signal corresponding to the
detection result, and outputs it to the apparatus main body 9.
[0040] The apparatus main body 9 of the positional infor-
mation acquisition apparatus 6 includes a connector 90, an
interface unit 91, and a control unit 92.

[0041] The transmitter 7 is connected to the connector 90
via a transmitter cable 70. Magnetic sensor 8a is connected to
the connector 90 via a sensor cable 80a. Magnetic sensor 85
is connected to the connector 90 via a sensor cable §05.
Magnetic sensor 8¢ is connected to the connector 90 via a
sensor cable 80c. Magnetic sensor 84 is connected to the
connector 90 via a sensor cable 80d. In the following descrip-
tion, sensor cables 80a, 805, 80c¢, and 804 will each be simply
referred to as the sensor cable 80 unless they are specifically
discriminated from each other. The transmitter cable 70 is in
charge of transferring information between the apparatus
main body 9 and the transmitter 7. The sensor cable 80 is in
charge of transferring information between the apparatus
main body 9 and the magnetic sensors §.

[0042] The interface unit 91 controls transmission/recep-
tion of various types of information between the apparatus

Jan. 23,2014

main body 3 of the ultrasonic diagnostic apparatus 1 and the
apparatus main body 9 of the positional information acquisi-
tion apparatus 6.

[0043] The control unit 92 includes a CPU, a ROM, and a
RAM and comprehensively controls the positional informa-
tion acquisition apparatus 6.

[0044] The magnetic sensor 8 is attached to or detached
from the ultrasonic probe 2. FIG. 3 shows an example of a
form of attaching the magnetic sensor 8 to the ultrasonic
probe 2. In this example, the magnetic sensor 8 is attached to
the base portion of the probe cable 20 connected to the ultra-
sonic probe 2 through a detachable mechanism having an
arbitrary shape. Note however that the position at which the
magnetic sensor 8 is attached to the ultrasonic probe 2 may be
another position.

[0045] The control unit 92 calculates a position (X, y, z) and
direction (8x, Oy, 6z) of the magnetic sensor 8 in a three-
dimensional coordinate space (X, Y, Z) defined by the X-.Y-,
and Z-axes, with, for example, the transmitter 7 being the
origin, based on the signal received from the magnetic sensor
8. In this case, let 6x be the rotational angle of the magnetic
sensor 8 centered on the X-axis, 0y be the rotational angle of
the magnetic sensor 8 centered on the Y-axis, and 6z be the
rotational angle of the magnetic sensor 8 centered on the
7-axis.

[0046] The control unit 92 calculates a quality index (QI)
value representing a magnetic field disturbance strength (the
change frequency of magnetic field per unit time) at the
position of the magnetic sensor 8. The control unit 92 calcu-
lates this QI value by substituting the change count or change
amount of the position (x, y, z) and direction (6x, 8y, 6z) per
unit time into a predetermined mathematical expression.
Assume that in this embodiment, this mathematical expres-
sion is defined to increase the QI value with an increase in
magnetic field disturbance, decrease the QI value with a
decrease in magnetic field disturbance, and make the QI value
reflect a low-frequency change in position (%, y, z) and direc-
tion (6%, By, 8z) than a high-frequency change in them. The
abovelow-frequency change occurs when the operator moves
the magnetic sensor 8 with his/her hand. The above high-
frequency change originates from, for example, magnetic
field disturbance or the like due to a metal existing near the
magnetic sensor 8.

[0047] The control unit 92 outputs the calculated position
(X, y, z), direction (6x, By, 6z), and QI value to the apparatus
main body 3 of the ultrasonic diagnostic apparatus 1 via the
interface unit 91.

[0048] As described above, ultrasonic probes 2a to 2d are
connected to the probe connector 10 and magnetic sensors 8a
to 84 are connected to the connector 90. Namely, the means of
connection of ultrasonic probes 2a to 2d and the means of
connection of magnetic sensors 8a to 84 are different from
each other. Consequently, ultrasonic probes 2a to 24 and
magnetic sensors 8a to 84 may be independently controlled to
switch.

[Navigation Function]

[0049] A form of diagnosis and medical treatment executed
by using the ultrasonic diagnostic apparatus 1 having the
above arrangement will be described.

[0050] The ultrasonic diagnostic apparatus 1 has a naviga-
tion function of guiding the position and direction of the
ultrasonic probe 2 to a target such as a tumor found in diag-
nosis using the volume data 161 by displaying an ultrasonic
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image and a reference image in the same window and switch-
ing the reference image in synchronism with a change in
ultrasonic image in accordance with the operation of the
ultrasonic probe 2. In this embodiment, the above ultrasonic
image is the B-mode image obtained by transmission/recep-
tion of ultrasonic waves using the ultrasonic probe 2. The
above two-dimensional image is the one generated from the
volume data 161 obtained by another modality.

[0051] The main processing unit 100 executes the main
processing associated with the navigation function. In addi-
tion, the display processing unit 101, the probe switching unit
102, the position recording unit 103, the histogram generation
unit 104, the sensor selection unit 105, and the notification
unit 106 execute auxiliary processing.

[0052] When using the navigation function, the operator
attaches the magnetic sensor 8 to the ultrasonic probe 2 to be
used for transmission/reception of ultrasonic waves (to be
referred to as the use target ultrasonic probe 2 hereinafter) and
places the transmitter 7 near the range of use of the ultrasonic
probe 2 50 as to guarantee the accurate detection of the posi-
tion (X, v, z) and direction (0x, Oy, 0z). As preparatory work
for navigation, the operator sets a target such as a tumor,
aligns the volume data 161 with the axis (angle) of the ultra-
sonic probe 2, and performs mark alignment of aligning one
point among the coordinates after axis alignment with
another corresponding point. Assume that in this embodi-
ment, when the operator performs this preparatory work, a
combination of the use target ultrasonic probe 2 and the
magnetic sensor 8 attached to the ultrasonic probe 2 is known.
[0053] When setting a target, the operator designates the
central position and range of a tumor or the like included in
the volume data 161 by operating the input apparatus 5. When
the operator performs this operation, the main processing unit
100 performs the processing for setting the coordinates of the
designated central position and range to the target.

[0054] When performing axis alignment, the operator
places the use target ultrasonic probe 2 in a direction perpen-
dicular to the body axis of the patient P (in the axial plane
direction) and issues an instruction to execute axis alignment
by operating the input apparatus 5. In accordance with this
instruction, the main processing unit 100 performs the pro-
cessing for aligning the three axes, i.e., the X-, Y-, and Z-axes
of the magnetic sensor 8 attached to the ultrasonic probe 2
with the three axes of the volume data 161.

[0055] When performing mark alignment, the operator can
operate the input apparatus 5 to designate the feature portion
depicted on both the ultrasonic image obtained by causing the
use target ultrasonic probe 2 to transmit and receive ultrasonic
waves and the reference image generated by the volume data
161. In accordance with this designation, the main processing
unit 100 performs the processing for associating the volume
data 161 with the coordinates of the magnetic sensor 8.
[0056] Through the above preparation processing, it is pos-
sible to generate a reference image concerning the same slice
as that of the ultrasonic image obtained by the ultrasonic
probe 2 from the volume data 161 and navigate the use target
ultrasonic probe 2 to the target.

[0057] After the completion of the preparation processing,
the display processing unit 101 causes the monitor 4 to dis-
play a navigation window 200 including a real-time ultra-
sonic image 201 and a reference image 202 generated from
the volume data 161, as shown in, for example, FIG. 4.
[0058] Every time the image generation unit 14 generates
ultrasonic image data concerning the use target ultrasonic
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probe 2 and the image memory 15 stores the ultrasonic image
data, the display processing unit 101 replaces the ultrasonic
image 201 with the image based on the ultrasonic image data.
With this operation, the ultrasonic image 201 depicting the
inside of the body of the patient P is displayed in real time.
The display processing unit 101 generates the two-dimen-
sional image data of a slice corresponding to the ultrasonic
image 201 from the volume data 161 based on the position (x,
y, z) and direction (8x, Oy, 0z) of the magnetic sensor 8
attached to the use target ultrasonic probe 2, and replaces the
reference image 202 with the image based on this two-dimen-
sional image data. This synchronizes the ultrasonic image
201 with the reference image 202. In addition, when a target
is set on the ultrasonic image 201 and the reference image
202, the display processing unit 101 emphasizes the target by
adding markers on the two images 201 and 202.

[Switching Between Ultrasonic Probes and Selection of
Magnetic Sensor]

[0059] It is sometimes necessary to switch the use target
ultrasonic probe 2 among ultrasonic probes 2a to 2d during
diagnosis or medical treatment using the above navigation.
When, for example, performing RFA treatment, the operator
generally performs the above preparatory work by using a
large-diameter convex probe configured to obtain an image
depicting with a high resolution and high contrast from a
shallow portion to a deep portion and performs subsequent
puncturing operation by using a small-diameter convex
probe.

[0060] When switching the use target ultrasonic probe 2,
the operator designates a probe to be used after switching
from ultrasonic probes 2a to 2d by operating the input appa-
ratus 5. The operator may perform this designating operation
by operating buttons corresponding to the respective connect-
ing terminals ofthe probe connector 10 which are provided on
the input apparatus 5.

[0061] When the operator designates the ultrasonic probe 2
to be used after switching, the probe switching unit 102 issues
an instruction to the transmission/reception unit 11 to set the
designated ultrasonic probe as the ultrasonic probe 2 as an
input/output destination of driving pulses and reflected wave
signals. Upon receiving this instruction, the transmission/
reception unit 11 generates ultrasonic waves by sequentially
supplying driving pulses to the designated ultrasonic probe 2
and generates reflected wave data by sequentially receiving
reflected wave signals from the ultrasonic probe 2. Ultrasonic
image data based on the reflected wave data is generated
through the B-mode processing unit 12 and the image gen-
eration unit 14, and is stored in the image memory 15. There-
fore, the ultrasonic image 201 displayed on the navigation
window 200 is also the image obtained by using the ultrasonic
probe 2 after the switching operation.

[0062] Upon switching the use target ultrasonic probe 2, the
ultrasonic diagnostic apparatus 1 needs to recognize the mag-
netic sensor 8 attached to the ultrasonic probe 2 after switch-
ing. In this embodiment, when switching the use target ultra-
sonic probe 2, the control unit 18, more specifically, the
position recording unit 103, the histogram generation unit
104, the sensor selection unit 105, and the notification unit
106 execute the processing shown in the flowcharts of FIGS.
5 and 6 to automate a procedure associated with this recog-
nition,

[0063] These flowcharts will be described below. Assume
that the positional information acquisition apparatus 6 peri-
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odically calculates the position (x, y, z), direction (8%, 0y, 6z),
and QI value of each of magnetic sensots 8a to 84 and trans-
mits them to the apparatus main body 3 of the ultrasonic
diagnostic apparatus 1.

[0064] In the flowchart of FIG. 5, first of all, the position
recording unit 103 writes, in the database 160, the positions
(%, v, z) and directions (0x, 0y, 0z) of magnetic sensors 8a to
8d transmitted from the positional information acquisition
apparatus 6 to the interface unit 17, and QI values (step S1).
[0065] Subsequently, the histogram generation unit 104
generates the histogram data of pixels included in a predeter-
mined region defined in the currently displayed ultrasonic
image 201 (step S2). This histogram data is data representing
the distribution of the numbers of pixels for each luminance.
The above predetermined region is, for example, a region
defined in advance near the focus point of ultrasonic trans-
mission or near the central portion of a displayed image or a
region such as an ROI arbitrarily set by the operator.

[0066] The histogram based on the histogram data gener-
ated in step S2 may be displayed on the navigation window
200. FIGS. 7 and 8 each show an example of the navigation
window 200 displaying a histogram 203 based on histogram
data. A rectangular broken line 204 in each of FIGS. 7 and 8
represents the above predetermined region. The abscissa and
ordinate of the histogram 203 respectively represent lumi-
nance and number of pixels. The navigation window 200
shown in FIG. 7 1s an example of the window displayed while
the use target ultrasonic probe 2 is not placed near the body
surface of the patient P. In this case, since almost no reflected
wave is obtained from the inside of the field of view, the
ultrasonic image 201 becomes an image having the lowest
luminance as a whole. Therefore, the histogram 203 hardly
shows the distribution of the numbers of pixels. In contrast,
the navigation window 200 shown in FIG. 8 is an example of
the window displayed while the use target ultrasonic probe 2
is in contact with the body surface of the patient P. In this case,
since proper reflected waves can be obtained from the inside
of the field of view, the ultrasonic image 201 becomes an
image having high luminance as a whole. Therefore, the
histogram 203 shows the clear distribution of the numbers of
pixels.

[0067] After step S2, the histogram generation unit 104
determines, based on the histogram data currently generated
in step S2 and the histogram data previously generated in step
S2, whether the use target ultrasonic probe 2 which has not
been in contact with the body surface of the patient P has
moved to come into contact with the body surface of the
patient P (step S3). Note that no previous histogram data
exists at the start of the processing shown in the flowchart of
FIG. 5. In this case, the histogram generation unit 104 deter-
mines whether the use target ultrasonic probe 2 has not moved
to come into contact with the body surface of the patient P
(NO in step S3), and executes steps S1 and S2 again.

[0068] Itis possible to perform the determination in step S3
by using, for example, the average luminance value obtained
from histogram data. That is, the histogram generation umt
104 calculates an average luminance value B1 of the currently
generated histogram data and an average luminance value B2
of the previously generated histogram data, and compares a
difference AB(=B1-B2) between them and a predetermined
threshold Bs. The threshold Bs is used to determine whether
the use target ultrasonic probe 2 which is not in contact with
the body surface of the patient P has come into contact with or
come close to the body surface of the patient P. The concrete
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value of the threshold Bs may be determined experimentally,
empirically, or theoretically. If the comparison result indi-
cates that AB=Bs, the histogram generation unit 104 deter-
mines that the use target ultrasonic probe 2 has not moved to
come into contact with the body surface of the patient P (No
in step S3). In this case, the histogram generation unit 104
executes steps S1 and S2 again.

[0069] If AB>Bs, the histogram generation unit 104 deter-
mines that the operator has moved the use target ultrasonic
probe 2 to bring it into contact with the body surface of the
patient P (YES in step S3). In this case, the sensor selection
unit 105 executes sensor selection processing (step S4).
[0070] In sensor selection processing, the sensor selection
unit 105 operates in accordance with the flowchart of FIG. 6.
When the use target ultrasonic probe 2 comes into contact
with the body surface of the patient P, the sensor selection unit
105 specifies the magnetic sensor 8 whose at least one of the
position (X, y, 7z) and the direction (6x, 8y, 0z) has changed
(step S41). More specifically, the sensor selection unit 105
refers to the database 160 to specify the magnetic sensor 8
whose position (X, y, z) has changed to a predetermined
distance Ds or more or whose at least one of angles 6x, 8y, and
6z has changed to a predetermined angle Os or more at almost
the time of ultrasonic transmission/reception to obtain ultra-
sonic image data as the generation source of histogram data in
immediately preceding step S2. The distance Ds and the angle
0s both are thresholds to determine whether the magnetic
sensor 8 has moved together with the use target ultrasonic
probe 2. The concrete values of the distance Ds and angle 8s
may be determined experimentally, empirically, or theoreti-
cally.

[0071] Subsequently. the sensor selection unit 105 deter-
mines whether at least one of the magnetic sensors 8 has been
able to be specified in step S41 (step S42). If at least one
magnetic sensor 8 has been able to be specified (YES in step
S42), the sensor selection unit 105 determines whether only
one magnetic sensor 8 has been able to be specified (step
S43). If only one magnetic sensor 8 has been able to be
specified (YES in step S43), the sensor selection unit 105
selects the magnetic sensor 8 as the magnetic sensor attached
to the use target ultrasonic probe 2 (step S44).

[0072] Ifthere are a plurality of magnetic sensors 8 which
have been able to be specified in step S41 (NO in step S43),
the sensor selection unit 105 selects one of the magnetic
sensors 8 (step S45). More specifically, the sensor selection
unit 105 refers to the database 160 to select the magnetic
sensor 8 whose QI value is minimum (most preferable) at
almost the time of ultrasonic transmission/reception to obtain
ultrasonic image data as the generation source of the histo-
gram data in immediately preceding step S2 as the magnetic
sensor attached to the use target ultrasonic probe 2. As a QI
value, it is possible to use a value at one specific time point or
an average value in a predetermined period of time.

[0073] With step S44 or S45, the sensor selection unit 105
terminates the sensor selection processing. [fthe sensor selec-
tion unit 105 could not specify any of the magnetic sensors 8
in step S41 (NO in step S42), the sensor selection unit 105
terminates the sensor selection processing without selecting
any magnetic sensor 8.

[0074] After the sensor selection processing, as indicated
by the flowchart of FIG. 5, the main processing unit 100
determines whether the magnetic sensor 8 attached to the use
target ultrasonic probe 2 has been selected in the sensor
selection processing (step S5). If the sensor selection process-
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ing has been complete through step S44 or S45, the main
processing unit 100 determines that the magnetic sensor 8 has
been selected (YES in step S5), and sets the selected magnetic
sensor 8 for subsequent navigation (step S6). With step S6,
the processing shown in the flowchart of FIG. 5 is complete.
Subsequently, the display processing unit 101 generates the
two-dimensional image data of a slice corresponding to the
ultrasonic image 201 from the volume data 161 based on the
position (X, y, z) and direction (0%, 8y, 0z) of the magnetic
sensor 8 set in step S6, and replaces the reference image 202
with the image based on the two-dimensional image data.

[0075] If no magnetic sensor 8 has been selected in the
sensor selection processing (NO in step S5), the notification
unit 106 notifies an error (step S7). The notification unit 106
may perform this notification by, for example, displaying, on
the monitor 4, a message stating that the magnetic sensor 8 is
not properly attached to the use target ultrasonic probe 2.
After this notification, the process returns to step S1. At this
time, when the operator separates the use target ultrasonic
probe 2 from the body surface of the patient P, attaches any
one of the magnetic sensors 8, and brings the ultrasonic probe
2 into contact with the body surface of the patient P again, the
magnetic sensor 8 is selected by sensor selection processing.
The selected magnetic sensor 8 is set for navigation, and the
processing shown in the flowchart of FIG. 5 is complete.

[0076] As described above, when the operator switches the
use target ultrasonic probe 2 among ultrasonic probes 2a to
2d, the ultrasonic diagnostic apparatus 1 selects the magnetic
sensor attached to the ultrasonic probe 2 newly set as a use
target by the above switching operation based on a change in
at least one of the position (x, y, z) and direction (0%, 8y, 02)
specified from outputs from magnetic sensors 8a to 84. This
arrangement makes it unnecessary for the operator to desig-
nate the magnetic sensor 8 attached to the ultrasonic probe 2
upon switching of the use target ultrasonic probe 2. When the
operator is to designate the magnetic sensor 8, there is a
danger that the operator may erroneously determine the cor-
respondence relationship between the ultrasonic probe 2 and
the magnetic sensor 8 to lead to a diagnosis error. The
arrangement of this embodiment is free from such a situation.

[0077] More specifically, the ultrasonic diagnostic appara-
tus 1 selects a sensor, of magnetic sensors 8a to 84, whose
change in at least one of the direction (x, y, z) and the direction
(0x, Oy, 0z) specified from outputs from the respective mag-
netic sensors exceeds a predetermined threshold as a sensor
attached to the use target ultrasonic probe 2. If there are a
plurality of sensors whose changes in at least one of the
direction (X, y, z) and the direction (0%, Oy, 0z) exceed the
above threshold, the ultrasonic diagnostic apparatus 1 selects
a selector whose QI value calculated from an output from it is
minimum as a sensor attached to the use target ultrasonic
probe 2. In general, the transmitter 7 and its peripheral
devices are arranged so as to make the magnetic sensor 8
attached to the ultrasonic probe 2 have good magnetic field
detection sensitivity while the use target ultrasonic probe 2 is
in contact with the body surface of the patient P. For this
reason, while the use target ultrasonic probe 2 is in contact
with the body surface of the patient P, the QI value concerning
the magnetic sensor 8 attached to the ultrasonic probe 2 is
estimated to exhibit a good value (small value). Considering
the QI value as in this embodiment can therefore accurately
select the magnetic sensor § attached to the use target ultra-
sonic probe 2.
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[0078] The ultrasonic diagnostic apparatus 1 selects, as the
sensor attached to the use target ultrasonic probe 2, the mag-
netic sensor § whose at least one of the position (x, y, z) and
the direction (0%, Oy, 8z) has changed when a histogram
concerning the luminances of pixels included in a predeter-
mined region in the ultrasonic image 201 undergoes a prede-
termined change (a change in average luminance value
exceeding the threshold Bs). When the histogram changes in
this manner, it is assumed that the operator has moved the use
target ultrasonic probe 2 to bring it into contact with the body
surface of the patient P. At this timing, the magnetic sensor 8
attached to the ultrasonic probe 2 should have moved. There-
fore, considering a change in the position (x, y, z) and direc-
tion (6%, By, 8z) of each of magnetic sensors 8a to 84 at the
same timing will improve the accuracy of the selection of the
magnetic sensor 8.

[0079] When failing to select the magnetic sensor 8
attached to the use target ultrasonic probe 2, the ultrasonic
diagnostic apparatus 1 further notifies an error. This notifica-
tion can make the operator notice that, for example, he/she
has forgotten to attach the magnetic sensor 8 to the use target
ultrasonic probe 2.

[0080] In this manner, the arrangement according to this
embodiment can greatly improve the convenience in diagno-
sis, medical treatment, or the like executed upon attaching the
magnetic sensor 8 to the ultrasonic probe 2.

[Modification]

[0081] Note that the arrangement disclosed in the above
embodiment can be variously modified and executed.

[0082] For example, the above embodiment has exempli-
fied the use of the magnetic sensor 8 as a sensor for detecting
the position (x, y, z) and the direction (8%, 8y, 6z). However,
it is possible to use a sensor configured to detect a physical
quantity other than a magnetic field representing the position
(X, , z) and the direction (6%, 8y, 8z) instead of the magnetic
sensor 8. It is possible to use, as such a sensor, an optical
sensor which outputs a signal corresponding to received light.

[0083] In addition, the above embodiment has exemplified
the case in which the apparatus performs the determination in
step S3 by using the average luminance value obtained from
histogram data. However, the apparatus may perform the
determination in step S3 by using a parameter other than an
average luminance value. It is possible to use, as such a
parameter, for example, the variance value obtained from
histogram data.

[0084] Furthermore, in the above embodiment, the appara-
tus generates the image data of the reference image 202 from
the volume data 161 based on the position (X, y, z) of the
magnetic sensor 8 attached to the use target ultrasonic probe
2. However, since it is also assumed that the attachment
position of the magnetic sensor 8 on the ultrasonic probe 2
changes depending on the shape or the like of the ultrasonic
probe 2, if the attachment position of the magnetic sensor 8 on
the ultrasonic probe 2 changes before and after switching
operation, the position (X, y, z) changes before and after the
switching operation. In this case, it is necessary to execute
preparatory work for mark alignment or the like again. In
consideration of this point, it is possible to eliminate the
necessity to perform preparatory work again by correcting the
position (X, y, z) used for navigation by considering the
attachment positions and the like of the magnetic sensor 8 on
the ultrasonic probe 2 before and after switching operation.
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[0085] The control unit 92 which the apparatus main body
9 of the positional information acquisition apparatus 6 has
may implement some or all of the main processing unit 100,
the display processing unit 101, the probe switching unit 102,
the position recording unit 103, the histogram generation unit
104, the sensor selection unit 105, and the notification unit
106 which are implemented by the control unit 18 of the
apparatus main body 3 of the ultrasonic diagnostic apparatus
1 in the above embodiment. When the control unit 92 imple-
ments elements including the sensor selection unit 105, in
particular, the positional information acquisition apparatus 6
functions as a sensor selection apparatus.

[0086] 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 ultrasonic diagnostic apparatus comprising:

a probe switching unit configured to switch an ultrasonic
probe to be used for ultrasonic transmission/reception
among a plurality of ultrasonic probes to which sensors
configured to detect positions and directions in a prede-
termined space are respectively attached; and

asensor selection unit configured to select, when the probe
switching unit performs switching between ultrasonic
probes used for ultrasonic transmission/reception, a sen-
sor attached to an ultrasonic probe to be used for ultra-
sonic transmission/reception from the respective sen-
sors upon the switching based on a change in at least one
of a position and a direction specified from a detection
result from each of the sensors.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
each of the sensors detects a magnetic field generated from a
magnetic field source as the physical quantity, and

the sensor selection unit selects a sensor, of the respective
sensors, whose at least one of a position and a direction
specified from adetection result from each of the respec-
tive sensors exceeds a predetermined threshold as a sen-
sor attached to an ultrasonic probe to be used for ultra-
sonic transmission/reception upon switching by the
probe switching unit, and if there are a plurality of sen-
sors whose change in at least one of the position and the
direction exceeds the threshold, selects a sensor whose
index indicating a magnetic field disturbance derived
from a detection result from each of the sensors is opti-
mal as a sensor attached to an ultrasonic probe to be used
for ultrasonic transmission/reception upon the switch-
ing.

3. The ultrasonic diagnostic apparatus of claim 1, further
comprising a histogram generation unit configured to gener-
ate a histogram concerning luminances of pixels included in
an ultrasonic image obtained by using an ultrasonic probe to
be used for ultrasonic transmission/reception upon switching
by the probe switching unit,

wherein when a histogram generated by the histogram
generation unit undergoes a predetermined change, the
sensor selection unit selects a sensor whose at least one
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of a position and a direction specified by a detection
result has changed as a sensor attached to an ultrasonic
probe to be used for ultrasonic transmission/reception
upon switching by the probe switching unit.

4. The ultrasonic diagnostic apparatus of claim 3, wherein
the histogram generation unit generates a histogram concern-
ing luminances of pixels included in any one of a region set
near a focus point of ultrasonic transmission by an ultrasonic
probe to be used for ultrasonic transmission/reception upon
switching by the probe switching unit, a region set near a
central portion of the ultrasonic image, and an arbitrary
region designated by an operator.

5. The ultrasonic diagnostic apparatus of claim 1, further
comprising a notification unit configured to notify an error
when the sensor selection unit is not configured to select any
Sensor.

6. A sensor selection apparatus comprising a sensor selec-
tion unit configured to select, when an ultrasonic probe to be
used for ultrasonic transmission/reception is switched among
aplurality ofultrasonic probes to which sensors configured to
detect positions and directions in a predetermined space are
respectively attached, a sensor attached to an ultrasonic probe
to be used for ultrasonic transmission/reception upon the
switching from the sensors based on a change in at least one
of a position and a direction specified from a detection result
from each of the sensors.

7. The sensor selection apparatus of claim 6, wherein each
of the sensors detects a magnetic field generated from a mag-
netic field source as the physical quantity, and

the sensor selection unit selects a sensor, of the respective

sensors, whose at least one of a position and a direction
specified from a detection result from each ofthe respec-
tive sensors exceeds a predetermined threshold as a sen-
sor attached to an ultrasonic probe to be used for ultra-
sonic transmission/reception upon the switching, and if
there are a plurality of sensors whose change in at least
one of the position and the direction exceeds the thresh-
old, selects a sensor whose index indicating a magnetic
field disturbance derived from a detection result from
each of the sensors is optimal as a sensor attached to an
ultrasonic probe to be used for ultrasonic transmission/
reception upon switching.

8. The sensor selection apparatus of claim 6, further com-
prising a histogram generation unit configured to generate a
histogram concerning luminances of pixels included in an
ultrasonic image obtained by using an ultrasonic probe to be
used for ultrasonic transmission/reception upon the switch-
ing,

wherein when a histogram generated by the histogram

generation unit undergoes a predetermined change, the
sensor selection unit selects a sensor whose at least one
of a position and a direction specified by a detection
result has changed as a sensor attached to an ultrasonic
probe to be used for ultrasonic transmission/reception
upon switching,

9. The sensor selection apparatus of claim 6, wherein the
histogram generation unit generates a histogram concerning
luminances of pixels included in any one of a region set near
a focus point of ultrasonic transmission by an ultrasonic
probe to be used for ultrasonic transmission/reception upon
the switching, a region set near a central portion of the ultra-
sonic image, and an arbitrary region designated by an opera-
tor.
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10. The sensor selection apparatus of claim 6, further com-
prising a notification unit configured to notify an error when
the sensor selection unit is not configured to select any sensor.
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