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ULTRASONIC DIAGNOSTIC APPARATUS
AND CATHETER TIP PART DETECTION
METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and a catheter tip part detection method,
and more particularly, to an ultrasonic diagnostic apparatus
and a catheter tip part detection method which make it
possible to detect a position coordinate of a tip part of a
catheter, an ultrasonic probe having a thin diameter or the
like inserted into a body of an object.

[0003] 2. Description of the Related Art

[0004] The ultrasonic diagnostic apparatus performs ultra-
sonic transmission/reception in a plurality of directions in a
patient body using an ultrasonic probe with a plurality of
transducers arranged therein, and displays, on a monitor,
ultrasonic image data generated based on reflected waves
obtained during the ultrasonic transmission/reception.
Because the ultrasonic diagnostic apparatus allows two-
dimensional images or three-dimensional images in the body
to be observed in real time by a simple operation of bringing
an ultrasonic probe into contact with the body surface, it is
extensively used for shape diagnosis or functional diagnosis
of various organs.

[0005] Performing a treatment such as transcatheter arte-
rial embolization (TAE), percutaneous transluminal coro-
nary angioplasty (PTCA), percutaneous transluminal coro-
nary recanalization (PTCR) or radiofrequency ablation
(RFA), or various diagnoses, while ascertaining the position
of the tip part of a catheter or a small-diameter ultrasonic
probe inserted into a blood vessel or a digestive tract, or a
puncture needle inserted into body tissues (hereinafter these
are collectively referred to as a “catheter”), under the
observation of real-time displayed ultrasonic image data,
allows the accuracy and safety in an examination or treat-
ment to be drastically improved. In addition, the diagnosis/
treating method using ultrasonic image data has an advan-
tage in being free of X-ray exposure compared with that
using X-ray image data which has hitherto been executed for
the same purpose.

[0006] However, when attempting to concurrently acquire
information on the body tissues and information on the
catheter tip part using the ultrasonic probe arranged on the
body surface of an object, it has been difficult to make a
constant observation of the catheter tip part, on the ultra-
sonic image data, because ultrasonic waves radiated from
the transducers in the ultrasonic probe make specular reflec-
tions (mirror reflections) on the smooth surface of the
catheter.

[0007] Specifically, since a diameter of a general catheter
is about 2-3 mm, it is impossible to observe a general
catheter on an ultrasonic image with enough accuracy
though the catheter can be observed to a certain extent.
Particularly, when an RITA (radio frequency interstitial
tissue ablation) needle is attached with a catheter for RFA,
it is impossible to observe the RITA needle on an ultrasonic
image absolutely since the diameter of the RITA needle is
not over 1 mm.

[0008] In order to solve such a problem, a method has
been proposed wherein a minute transducer for receiving
ultrasonic waves is mounted on the catheter tip part, and
ultrasonic waves radiated from transducers in the ultrasonic
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probe arranged on the body surface of the object are received
using the transducer at the catheter tip part to thereby detect
the tip position thereof (see, for example, Japanese Patent
Application (Laid-Open) No. 4-129543).

[0009] Another method has also been proposed wherein
ultrasonic waves radiated from the transducer mounted on
the catheter tip part are received by each of three discrete
transducers in the ultrasonic probe arranged on the body
surface of the object, and the tip position of the catheter is
detected based on delayed times between the three obtained
reception signals (see, for example, Japanese Patent Appli-
cation (Laid-Open) No. 2002-315754). According to this
method, a display of position information on the catheter tip
part can be superimposed on a display of three-dimensional
image data on blood vessels or the like acquired by the
ultrasonic probe, or a display of endoscopic image data as
seen from the viewpoint of the catheter tip part (so-called
fly-through image data) can be achieved.

[0010] By the above-described methods which are
described on Japanese Patent Application (Laid-Open) No.
4-129543 and Japanese Patent Application (Laid-Open) No.
2002-315754, the catheter tip part can be detected indepen-
dent of the material and the shape of the catheter, and the
incident angle of ultrasonic waves radiated from the trans-
ducers in the ultrasonic probe.

[0011] However, in these methods, broadband ultrasonic
pulses radiated from the transducer mounted on the catheter
tip part or the transducers in the ultrasonic probe arranged on
the body surface are received by the transducers in the
ultrasonic probe or the transducer mounted on the catheter
tip part, and arrival times (delayed times) of the obtained
pulses are measured to thereby detect the position of the
catheter tip part. Therefore, if a non-negligible ultrasonic
attenuation occurs in the body tissues intervening between
the ultrasonic probe and the catheter, the reception sensitiv-
ity of ultrasonic pulses in the transducers in the ultrasonic
probe or the transducer at the catheter tip part is deteriorated,
and also, in the above-described ultrasonic pulses having a
broadband frequency spectrum, the higher the frequency of
a pulse component, the larger becomes the attenuation that
the component undergoes. As a result, the waveforms of the
ultrasonic pulses are significantly deformed, thereby making
it difficult to accurately measure the arrival times of the
ultrasonic pulses.

[0012] Furthermore, according to the above-described
methods which are described on Japanese Patent Application
(Laid-Open) No. 4-129543 and Japanese Patent Application
(Laid-Open) No. 2002-315754, when sound speeds of ultra-
sonic waves in body tissues are uneven, it is undesirably
difficult to accurately detect the position of the catheter tip
part even if the above-described arrival times are accurately
measured, because the arrival times of ultrasonic pulses
depend on positions of transducers in the ultrasonic probe or
body tissues.

SUMMARY OF THE INVENTION

[0013] The present invention has been made in light of the
conventional situations, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus and
a catheter tip part detection method which make it possible
to detect a position coordinate of a tip part of a catheter or
the like inserted in a body of an object and display tip part
position information precisely without adverse effect due to
attenuation of an ultrasonic wave by tissue of a living body,
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nonuniformity of the sonic velocity or the like when the tip
part position information is to be displayed with overlapping
the information on ultrasonic image data.

[0014] The present invention provides an ultrasonic diag-
nostic apparatus comprising: plural ultrasonic transducers
arrayed two-dimensionally for transmitting and receiving
ultrasonic waves to and from an object; a catheter signal
detection unit configured to acquire a reception signal of a
frequency modulated continuous wave from reception sig-
nals from at least three of said plural ultrasonic transducers,
the frequency modulated continuous wave being transmitted
from a catheter inserted in the object; and a position detec-
tion unit configured to detect a position of the catheter based
on the acquired reception signal of the frequency modulated
continuous wave, in an aspect to achieve the object.
[0015] The present invention also provides a catheter tip
part detection method comprising: acquiring a reception
signal of a frequency modulated continuous wave from
reception signals from at least three of two-dimensionally
arrayed plural ultrasonic transducers, the frequency modu-
lated continuous wave being transmitted from a catheter
inserted in an object; and detecting a position of the catheter
based on the acquired reception signal of the frequency
modulated continuous wave, in an aspect to achieve the
object.

[0016] According to the present invention as described
above, it becomes possible to detect a position coordinate of
a tip part of a catheter or the like inserted in a body and
display tip part position information precisely without
adverse effect due to attenuation of an ultrasonic wave by
tissue of a living body, nonuniformity of the sonic velocity
or the like when the tip part position information is to be
displayed with overlapping the information on ultrasonic
image data. Consequently, accuracy and safety on diagnosis
and cure using a catheter are improved significantly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the accompanying drawings:

[0018] FIG. 1 is a block diagram showing a whole con-
figuration of an ultrasonic diagnostic apparatus according to
an embodiment of the present invention;

[0019] FIG. 2 is a block diagram showing a configuration
of the transmission/reception part and the volume data
generation unit included in the ultrasonic diagnostic appa-
ratus according to the embodiment;

[0020] FIG. 3 is a diagram explaining an FMCW gener-
ated by the FMCW generation unit of the embodiment;
[0021] FIG. 4 is a block diagram showing a configuration
of the beat frequency measuring unit included in the ultra-
sonic diagnostic apparatus according to the embodiment;
[0022] FIG. 5is a diagram showing a frequency spectrum
of a reception signal acquired by the ultrasonic probe
according to the embodiment;

[0023] FIG. 6 is a diagram explaining a method for
measuring a beat frequency by the beat frequency measuring
unit according to the embodiment;

[0024] FIG. 7 is a diagram explaining a method for
calculating a position coordinate of a tip part of a catheter by
the position coordinate calculation unit according to the
embodiment;

[0025] FIG. 8 is a flowchart showing a procedure for
displaying position information of a tip part of a catheter
according to the embodiment;
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[0026] FIG. 9 is a structural diagram showing an example
of plural transducers provided with a tip part of a catheter;
and

[0027] FIG. 10 is a block diagram showing an example
configuration of the position detection part in case of pro-
viding plural transducers with a tip part of a catheter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] An embodiment according to the present invention
will be described below with reference to the drawings.
[0029] According to the embodiment of the present inven-
tion described below, a linear Frequency Modulated (chirp
modulated) Continuous Wave (hereinafter called FMCW) of
which center is set to the first frequency fl is generated at a
desired period Tm firstly, and subsequently a minute trans-
ducer loaded to tip part of a catheter inserted in a body of an
object is driven by an FMCW drive signal generated based
on the FMCW to radiate the first ultrasonic wave. Then, the
first ultrasonic wave radiated from the transducer on the
catheter tip part is received by plural transducers selected
from transducers two-dimensionally-arrayed in an ultrasonic
probe arranged on the body surface of the object, and
subsequently a frequency of difference (beat frequency) is
detected by multiplication processing between the reception
signal and the FMCW described above. Further, a distance
between the transducer on the catheter tip part and each of
the plural transducers of the ultrasonic probe is calculated
based on the beat frequency, and subsequently a relative
position coordinate of the catheter tip part to the ultrasonic
probe is detected based on these distances.

[0030] On the other hand, an ultrasonic pulse (the second
ultrasonic wave) of which center frequency is the second
frequency {2 is transmitted to and received from three-
dimensional region, where the catheter tip part is positioned,
of the object using two-dimensionally arrayed transducers
by the ultrasonic probe, and subsequently three dimensional
image data is generated based on volume data obtained by
transmission and reception of the second ultrasonic wave.
Then, the positional information of the catheter tip part is
overlapped on the obtained three-dimensional image data to
be displayed on a display unit.

[0031] Incidentally, in the embodiment of the present
invention described below, a case where volume rendering
image data serving as three-dimensional image data is
generated based on B mode data will be described. However,
volume rendering image data based on other ultrasonic data
such as color Doppler data may be generated. Further, other
three-dimensional image data such as surface rendering
image data instead of volume rendering image data may be
generated.

(Configuration of Apparatus)

[0032] A configuration of an ultrasonic diagnostic appa-
ratus according to the present embodiment will be described
with reference to FIGS. 1 to 7. FIG. 1 is a block diagram
showing a whole configuration of the ultrasonic diagnostic
apparatus. FIG. 2 is a block diagram of a transmission/
reception part and a volume data generation unit included in
the ultrasonic diagnostic apparatus. FIG. 4 is a block dia-
gram showing a concrete configuration of a beat frequency
measuring unit included in the ultrasonic diagnostic appa-
ratus.
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[0033] The ultrasonic diagnostic apparatus 100 in this
embodiment shown in FIG. 1 includes an ultrasonic probe 3
having a plurality of transducers transmitting ultrasonic
pulses (second ultrasonic waves) into a three-dimensional
region in the object body with a catheter 91 inserted therein,
receiving the second ultrasonic waves reflected on the body
tissues and first ultrasonic wave radiated by a transducer 9
(to be described later) mounted on the tip part of the catheter
91, and converting them into electric signals (reception
signals); a transmission/reception part 2 that supplies the
plurality of transducers in the ultrasonic probe 3 with drive
signals for radiating the second ultrasonic waves in a pre-
determined direction in the object and that performs phas-
ing/adding of the reception signals from a plurality of
channels based on the second ultrasonic waves, received
from the predetermined direction by these transducers; a
volume data generation unit 4 that signal-processes the
reception signals after the phasing/adding to thereby gener-
ate B-mode data, and that stores the B-mode data obtained
while successively renewing the transmission/reception
direction of ultrasonic waves, relating to the transmission/
reception direction, to thereby generate volume data; and an
image data generation unit 5 that generates three-dimen-
sional image data by rendering processing the above-de-
scribed volume data.

[0034] The ultrasonic diagnostic apparatus 100 further
includes an FMCW generation unit 7 that generates an
FMCW that is linearly frequency-modulated at a predeter-
mined period; an FMCW drive unit 8 that amplifies the
FMCW into a predetermined amplitude to generate a drive
signal (FMCW drive signal), to thereby drive the transducer
9 mounted on the tip part of the catheter 91; a transducer 9
that is mounted on the tip part ofthe catheter 91 inserted into
the object body and that radiates the first ultrasonic wave in
a substantially omnidirectional manner under the drive by an
FMCW drive signal; a transducer group selection unit 10
that, in order to detect position coordinates of the transducer
9, selects a plurality of transducer groups in which three
transducers are grouped into one transducer group, from
among a plurality of transducers in the ultrasonic probe 3; a
beat frequency measuring unit 11 that multiplies the recep-
tion signal based on the first ultrasonic wave, obtained by
each of the three transducers in each of the selected trans-
ducer groups, by an FMCW generated by the FMCW
generation unit 7, to thereby measure a beat frequency; a
position detection part 12 that, based on this beat frequency,
calculates the distance between each of the three transducers
in each of the transducer groups and the transducer 9 at the
catheter tip part to thereby to detect position coordinates of
the catheter tip part with respect to each of the transducer
groups, and that, by applying an averaging process to these
position coordinates, detects relative position coordinates of
the catheter tip part with respect to the ultrasonic probe 3; a
display unit 13 that displays, in a superimposed manner, the
position information (marker) on the catheter tip part based
on the position coordinates on a display of the three-
dimensional image data generated by the image data gen-
eration unit 5; an input unit 14 that performs an input of
information on the object or a setting of three-dimensional
image data generation conditions; and a system control unit
15 that exerts general control over the above-described units
in the ultrasonic diagnostic apparatus 100.

[0035] The ultrasonic probe 3 transmits/receives ultra-
sonic pulses (second ultrasonic waves) with a center fre-

May 8, 2008

quency f2 into a three-dimensional region in the body by
bringing its front end part having N transducers (not shown)
two-dimensionally arranged, into contact with the body
surface, and further receives an ultrasonic FMCW (first
ultrasonic wave) with a center frequency f1, radiated from
the transducer 9 mounted on the tip part of the catheter 91.
The N transducers are electro-acoustic converters. During
transmission, the N transducers each have a function of
converting an electric pulse (a drive pulse) into an ultrasonic
wave pulse (transmission ultrasonic wave), and during
reception, they each have a function of converting a recep-
tion ultrasonic wave into an electric reception signal. Each
of the N transducers is connected to the transmission/
reception part 2 through an N channel multicore cable (not
shown). Here, the ultrasonic probe 3 includes a type adapt-
able to a sector scan, a type adaptable to a linear scan, and
a type adaptable to a convex scan. In this embodiment, the
description is made of the case where an ultrasonic probe for
the sector scan is used, but an ultrasonic probe adaptable to
the linear scan or the convex scan may also be used.
[0036] Next, the transmission/reception part 2 shown in
FIG. 2 includes a transmission unit 21 that supplies the drive
signals for radiating the second ultrasonic waves to the N
transducers in the ultrasonic probe 3; and a reception unit 22
that performs phasing/adding of N channel reception signals
based on the second ultrasonic waves, reflecting on the body
tissues and received by the above-described transducers.
[0037] The transmission unit 21 includes a rate pulse
generator 211 that generates a rate pulse determining a
transmission repetition period of the second ultrasonic
waves; a transmission delay circuit 212 that, during trans-
mission, provides the rate pulse with a delayed time for
converging the second ultrasonic waves to a predetermined
depth and a delayed time for transmitting them in a prede-
termined direction, and a drive circuit 213 that, based on the
delayed times of the rate pulse, generates a drive pulse to
drive each of the N transducers incorporated in the ultra-
sonic probe 3.

[0038] The reception unit 22 includes a band-pass filter
(BPF) 221 that eliminates reception signal component due to
the first ultrasonic wave having the center frequency fl,
from the N channel reception signals supplied from the
transducers in the ultrasonic probe 3, to extracts reception
signal component due to the second ultrasonic waves each
having a center frequency 2 (f2>f1); an A/D (analog-to-
digital) converter 222 that A/D converts N channel reception
signals based on the second ultrasonic waves; a reception
delay circuit 223 that provides each of the A/D converted
reception signals with a delayed time for converging the
second ultrasonic waves received from the predetermined
depth and a delayed time for setting a reception directivity
with respect to the second ultrasonic waves; and an adder
224 that adds and combines the reception signals outputted
from the reception delay circuit 223. The reception delay
circuit 223 and the adder 224 perform phasing/adding of the
N channel reception signals due to the second ultrasonic
waves, obtained from a predetermined direction of the
object.

[0039] The volume data generation unit 4 includes a
reception signal processing part 41 that signal-processes the
reception signals due to the second ultrasonic waves after
phasing/adding, outputted from the reception unit 22 in the
transmission/reception part 2, to thereby generate B-mode
data; a data storage 42 that successively stores the B-mode
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data relating to the transmission/reception direction of ultra-
sonic waves to generate volume data in a three-dimensional
region in the object. Here, the above-described reception
signal processing part 41 includes an envelope detector 411
that envelope-detects the reception signals supplied from the
adder 224 in the reception unit 22; and a logarithmic
converter 412 that converts the amplitudes of the reception
signals that have been envelope-detected into logarithms to
generate B-mode data. Meanwhile, the reception signal
processing part 41 may be configured to reverse the order of
the envelope detector 411 and the logarithmic converter 412.
[0040] Next, the image data generation unit 5 has a
function of rendering processing volume data generated by
the volume data generation unit 4 to generate three-dimen-
sional image data. For example, the image data generation
unit 5 includes an opacity/tone setting unit and a rendering
processing unit (neither of which is shown). The opacity/
tone setting unit sets, in units of voxel, an opacity or a tone
based on voxel values of the volume data read from the data
storage 42 in the volume data generation unit 4. On the other
hand, the rendering processing unit rendering processes the
volume data, based on information on the opacity or the tone
set by the opacity/tone setting unit to generate three-dimen-
sional image data. Here, specific methods for the rendering
processing are omitted from detailed description since they
are described on above-mentioned Japanese Patent Appli-
cation (Laid-Open) No. 2002-315754.

[0041] The FMCW generation unit 7 has, for example, a
voltage controlled oscillator (VCO) circuit and a saw-tooth
wave generation circuit (each not shown). The saw-tooth
wave generation circuit generates a saw-tooth wave based
on a repetition period Tm in frequency modulation, fre-
quency shift width Af in frequency modulation, and the
center frequency fl of the FMCW that are each supplied
from the system control unit 15. The VCO circuit generates
an FMCW of which the frequency continuously changes at
the period Tm based on the saw-tooth wave. F1G. 3(a) shows
a saw-tooth wave St generated by the saw-tooth wave
generation circuit, and FIG. 3(b) shows an FMCW generated
by the VCO circuit based on the saw-tooth wave St. As
shown in FIG. 3, the repetition period Tm for frequency
modulation in the FMCW is determined by the period Tmx
(Tmx=Tm) of the saw-tooth wave St, and the center fre-
quency f1, the maximum frequency (f1+Af/2), and the
minimum frequency (f1—Af/2) of the FMCW, respectively,
are determined by the average amplitude V1, the maximum
amplitude (V1+AV/2), and the minimum amplitude (V1—
AV/12) of the saw-tooth wave St.

[0042] Here, the above-described frequency components
(fl—-Af/2) to (f1+Af/2) included in the FMCW are set in
bandwidths such as not to overlap the frequency components
of the second ultrasonic waves used for the generation of
three-dimensional image data. For example, when the center
frequency 2 of the second ultrasonic wave is 2.2 MHz and
the bandwidth BW2 thereof is 2.4 MHz, the center fre-
quency f1 of the FMCW is set to 0.8 MHz and the bandwidth
BW1 (BW1~Af) thereof is set to 0.2 MHz.

[0043] Referring back to FIG. 1, the FMCW drive unit 8
has an amplifier circuit (not shown), which amplifies the
FMCW supplied from the FMCW generation unit 7 into a
predetermined amplitude to generate an FMCW drive sig-
nal, and which drives the transducer 9 mounted on the tip
part of the catheter 91 to radiate the first ultrasonic wave.
The transducer 9 is a minute electro-acoustic conversion
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element having substantially the same resonant frequency as
the center frequency f1 of the FMCW. Because the aperture
of the transducer 9 mounted on the tip part of the catheter 91,
having an outer diameter of about 1 mm is smaller than the
wavelength of the first ultrasonic wave having a center
frequency of 0.8 MHz, the radiation characteristic of the first
ultrasonic wave radiated from the transducer 9 driven by the
FMCW drive signal is substantially omnidirectional.
[0044] In order to detect the position coordinates of the
transducer 9 (i.e., the position coordinates of the catheter tip
part), the transducer group selection unit 10 selects trans-
ducers to receive the first ultrasonic wave radiated by this
transducer 9, from among a plurality of transducers two-
dimensionally arranged in the ultrasonic probe 3. In this
case, the transducer groups is selected in which three dis-
crete transducers that do not exist on the same straight line
are grouped into one transducer group. For example, when
the position coordinates of the transducer 9 are detected
using J transducer groups Nal to Nal, the transducer group
selection unit 10 selects Nx (Nx=3]) pieces, in total, of
transducers Qij (i=1 to 3, j=1 to J), from among the trans-
ducers two-dimensionally arranged in the ultrasonic probe 3.
However, mutually different transducer groups may be con-
stituted using a common transducer.

[0045] The position coordinates of the catheter tip part
with the transducer 9 mounted thereon can be detected by
one transducer group (e.g., the transducer group Nal con-
stituted of transducers Q11, Q21, and Q31). However, in this
embodiment, by using a plurality of transducer groups Nal
to Naj, the relative position coordinates of the catheter tip
part with respect to each of these transducer groups are
detected, and the J sets of position coordinates obtained are
subjected to averaging processing or statistical processing,
whereby the relative position coordinates of the catheter tip
part with respect to the ultrasonic probe 3 is detected with
high accuracy.

[0046] The selection of the transducer groups Nal to Nal
by the transducer group selection unit 10 is performed in
actuality by selecting reception signals in Nx (3J) pieces, in
total, of channels, received by the transducers Qij (i=1 to 3,
j=1 to J), from among N channel reception signals that are
supplied from each of the transducers of the ultrasonic probe
3 to the reception unit 22 in the transmission/reception part
2. Herein, the above-described reception signals selected
include reception signal component due to the second ultra-
sonic waves, radiated from the transducers in the ultrasonic
probe 3 and reflected on the body tissues; and reception
signal component due to the first ultrasonic wave, directly
propagating from the transducer 9 at the catheter tip part
through the body tissues.

[0047] Next, the configuration and operations of the beat
frequency measuring unit 11 will be described with refer-
ence to the block diagram in FIG. 4. The beat frequency
measuring unit 11 includes a band-pass filter (BPF) 111, a
mixer 112, a low-pass filter (LPF) 113, and a frequency
counter 114.

[0048] The BPF 111 eliminates the reception signal com-
ponent due to the second ultrasonic waves, out of the
reception signals obtained from the transducers of the ultra-
sonic probe 3, having been selected by the transducer group
selection unit 10, to extract only the reception signal com-
ponent due to the first ultrasonic wave. FIG. 5 shows a
frequency spectrum of reception signals obtained from the
transducers in the ultrasonic probe 3. This frequency spec-
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trum includes reception signal component S1 due to the first
ultrasonic wave and reception signal component S2 due to
the second ultrasonic waves.

[0049] Specifically, the above-described frequency spec-
trum is constituted of a frequency spectrum S1 of the first
ultrasonic wave having a center frequency f1 (f1=0.8 MHz)
and a bandwidth BW1 (BW1=0.2 MHz), and a frequency
spectrum S2 of the second ultrasonic wave having a center
frequency 2 (f2=2.2 MHz) and a bandwidth BW2
(BW2=2.4 MHz). By the BPF 111 of the beat frequency
measuring unit 11, having a filter pass characteristic shown
by a chain line C1 in FIG. 5, only the reception signal
component S1 due to the first ultrasonic wave is extracted
from each of the reception signals supplied by the transducer
group selection unit 10. On the other hand, a chain line C2
in FIG. 5 shows a filter pass characteristic of the BPF 221
provided in the reception unit 22 for eliminating the recep-
tion signal component S1 due to the first ultrasonic wave,
out of reception signals obtained from the transducers in the
ultrasonic probe 3, and for extracting only the reception
signal component due to the second ultrasonic waves.
[0050] Next, the mixer 112 shown in FIG. 4 multiplies the
reception signal component S1 due to the first ultrasonic
wave, outputted from the BPF 111 by the FMCW supplied
from the FMCW generation unit 7, and generates a reception
signal having a sum frequency and a reception signal having
a difference frequency (beat frequency). The low-pass filter
(LPF) 113 applies a filtering process to reception signals
outputted by the mixer 112 to detect reception signals with
a beat frequency. The frequency counter 114 is constituted,
e.g., of a zero-cross counter, and measures the beat fre-
quency of reception signals supplied from the LPF 113 in a
predetermined time period.

[0051] Returning now to FIG. 1, the position detection
part 12 includes a distance calculation unit 121 that, based
on the beat frequency measured by the frequency counter
114, calculates distances R1j, R2j, and R3j (j=1 to )
between three transducers Q1j, Q2j, and Q3j (j=1 to J) in
each of the transducer groups Naj (j=1 to J) selected in the
transducer group selection unit 10 and the transducer 9
mounted on the tip part of the catheter 91; a position
coordinate calculation unit 122 that, based on the obtained
distances R1j, R2j, and R3j (j=1 to J), detects relative
position coordinates (x0(j), yo(j), zo(j)) (G=1 to J) of the
catheter tip part with respect to each of the transducer groups
Naj (j=1 to J); and an average value calculation unit 123 that
calculates the relative position coordinates (x, y, z) of the
catheter tip part with respect to the ultrasonic probe 3 by
adding and averaging the position coordinates (xo(j), yo(j),
70(j) (=1 to J) with respect to the transducer groups Naj (j=1
to ).

[0052] Next, a method for measuring the beat frequency
by the above-described beat frequency measuring unit 11
will be now described in more detail with reference to FIG.
6. FIG. 6 is a diagram explaining operations of the beat
frequency measuring unit 11. Solid line Da in FIG. 6(a)
indicates a frequency of FMCW inputted into the mixer 112
in the beat frequency measuring unit 11 from the FMCW
generation unit 7. Dotted line Db in FIG. 6(¢) indicates a
frequency of reception signal due to the first ultrasonic
wave, the reception signal being received by a transducer in
the ultrasonic probe 3, distant from the catheter tip part by
a distance R to be described later, and being inputted into the
mixer 112 via the BPF 111 in the beat frequency measuring
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unit 11. On the other hand, FIG. 6(b) shows the beat
frequency of the reception signal outputted from the mixer
112 at this time.

[0053] In this case, the time AT required until the first
ultrasonic wave radiated from the transducer 9 at the cath-
eter tip part is received by a transducer in the ultrasonic
probe 3 is represented by At=R/C, where the distance
between the transducer 9 at the catheter tip part and the
transducer in the ultrasonic probe 3 is denoted by R, and the
sound speed in the body is denoted by C. That is, as shown
in FIG. 6(a), the above-described reception signal inputted
into the mixer 112 via the BPF 111 is delayed by At with
respect to an FMCW inputted from the FMCW generation
unit 7. The frequency fr of the FMCW that changes during
A7 can be expressed by the following expression (1).

A, R )

= 70" Tnc

[0054] Therefore, by multiplying the reception signal in
the mixer 112 by the FMCW, a reception signal having a
difference frequency of the reception signal and the FMCW
(beat frequency) fr is generated together with a reception
signal having a sum frequency thereof, in a time period Tmo
in FIG. 6(5). Then, the LPF 113 applies a filtering process to
the reception signals outputted from the mixer 112 to extract
only the reception signal with the beat frequency fr. The
frequency counter 114 measures the beat frequency fr of the
reception signal, e.g., by the zero-cross method.

[0055] Next, the distance calculation unit 121 in the posi-
tion detection part 12 calculates the distance R between the
transducer 9 at the catheter tip part and the transducer in the
ultrasonic probe 3, by substituting the beat frequency fr
measured in the beat frequency measuring unit 11 into the
following expression (2) obtained by deforming the above-
described expression (1).

_ frimC 2)
T OAf

[0056] A method for calculating the position coordinates
of the catheter tip part by the position coordinate calculation
unit 122 in the position detection part 12 will be now
described with reference to FIG. 7. Here, FIG. 7 is illustrated
regarding the case where, using transducer groups Naj
arbitrarily selected by the transducer group selection unit 10
from among the transducers two-dimensionally arranged in
the ultrasonic probe 3, relative position coordinates (xo, yo,
70) of the catheter tip part with respect to the transducer
groups Naj are detected. Here, the transducer group Naj are
constituted of three transducers Q1. Q2j and Q3; that are
discrete and do not exist on the same straight line. The
position coordinates (%o, yo, zo) of the catheter tip part with
the transducer 9 mounted thereon are calculated based on the
distances R1j, R2j, and R3j between the respective trans-
ducers Q17, Q2 and Q3j and the catheter tip part, the
distances having been calculated using the above-described
expression (2).

[0057] Hereinafter, a method for calculating the position
coordinates (xo, yo, zo) of the catheter tip part with respect
to the transducer groups Naj is shown using expressions (3)
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to (5). Where the position coordinates of the three transducers
Q1j, Q2j, and Q3j constituting the transducer group Naj,
respectively, are represented by (x1j, y1j, z1/), (x2/, v2j, 72j),
and (x3j, y3j, z3j), the distances R1j, R2j, and R3j can be
obtained by the following expression (3).

R1P=(xo—x1j+(yo—ylj)’+(zo—z1j)?
R2P=(xo—x2j +(yvo—y2j)*+ (2o —22j)>
R3P=(xo—x37° +(y—y3° +(zo—23) (3)

[0058] Then, by deforming the expression (3), the follow-
ing simultaneous equations (expression (4)) regarding the
relative position coordinates (xo, yo, zo) are obtained.

R12—R22=2(x2j —x1j)xo+(x12—x22)
2(y2j—yljyo+(y1j>—y2P)
22 —21j)zo+(z1 2 ~72?)
R27 —R37=2(x3j —x2)x0+ (x2/7—x3%)
23—y 2))yo+(y2*—y3)
2(23j—22))z0+(z2)°—23}%)
R3P—R1P=2(x1j —x3j)xo+(x377 —x17%)
2(y1j—y3)yo+(y3)>—y1j)

2(z1j—23))z0+(23j°—21}%) @

[0059] That is, the relative position coordinates (xo0, yo, zo)
of the catheter tip part with respect to the transducer groups
Naj can be calculated using the following matrix (expression
(5)), where [A] 1 shows an inverse matrix of [A].

2x2j-x1j) 2y2j-ylj) 22j-z1))
[A]=| 2037 -32)) 203j-)2)) 223j-22))

2xlj-s3j) 2ylj-3j) 20alj-z3))
RIF -Rf -1 -2 -1 -2/ - @ -22)
[B]= | R - B3 - (x2f - 33/ = (52 - 3 - @27 - 3
R -RLf = (B3 -5 ) - (B -y - @B -2l )

[0060] Here, letting the relative position coordinates (xo,
vo, zo) of the transducer 9, obtained by using the transducer
groups Naj be (xo(j), yo(j), zo(j)), the relative position coor-
dinates (X, y, z) of the catheter tip part with respect to the
ultrasonic probe 3 can be obtained by applying an averaging
process to the relative position coordinates (xo(j), yo(j), zo(j))
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(=1 to J) with respect to the transducer groups Naj (j=1 to J)
based on the following expression (6).

(6)

[0061] Referring back to FIG. 1, the display unit 13
includes a display data generation circuit, a conversion cit-
cuit, and a monitor (none of which is shown). Based on the
position coordinates (x, y, z) of the catheter tip part detected
by the position detection part 12. the display data generation
circuit superimposes position information (marker) showing
the catheter tip part on a display of three-dimensional image
data generated in the image data generation unit 5, and further
generates display data by adding ancillary information such
as object information to the image data. The conversion cit-
cuit applies a D/A (digital-to-analog) conversion and a dis-
play format conversion to the display data generated by the
display data generation circuit, and displays it in real time on
the monitor.

[0062] The input unit 14 includes input devices such as a
display panel, a keyboard, a trackball, and a mouse provided

on an operation panel. The input unit 14 performs the input of
object information; the setting of the repetition period Tm in
frequency modulation, the frequency shift width Af in fre-
quency modulation, and the center frequency fl1 for the gen-
eration of an FMCW; the setting of the center frequency f1
and the bandwidth BW1 with respect to the BPF 111; the
setting of the center frequency 2 and the bandwidth BW2
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with respect to the BPF 221; the selection of image data
acquisition mode, the setting of acquisition conditions or
display conditions for image data; and further the input of
various command signals.

[0063] The system control unit 15 includes a CPU (Central
Processing Unit) and a storage circuit (neither of which is
shown), and input/setting/selection information supplied
from the input unit 14 is stored in the storage circuit. Based on
these pieces of information, the CPU exerts general control
over all the above-described units, and performs a display of
three-dimensional image data on which the position informa-
tion on the catheter tip part is superimposed. Especially, the
CPU controls the delayed time in each of the transmission
delay circuit 212 in the transmission unit 21 and the reception
delay circuit 223 in the reception unit 22, each shown in FIG.
2, and performs a three-dimensional scan by ultrasonic waves
with respect to the pertinent object.

(Procedure for Displaying Positional Information of the
Catheter Tip Part)

[0064] Next, the displaying procedure of the position infor-
mation on the catheter tip part in the embodiment will be
described with reference to a flowchart in FIG. 8.

[0065] Prior to the acquisition of three-dimensional image
data regarding the object, an operator of the ultrasonic diag-
nostic apparatus 100 inputs object information such as an
object name and an object ID into the apparatus, and performs
the selection of volume data generation mode or three-dimen-
sional image data generation mode, and the setting of acqui-
sition conditions for the volume data or the three-dimensional
image data, with use of the input unit 14. The operator further
performs the setting of the repetition period Tm in frequency
modulation, and the frequency shift width Af in frequency
modulation, and the center frequency f1 for the generation of
an FMCW; the setting of the center frequency f1 and the
bandwidth BW1 with respect to the BPF 111; and the setting
of the center frequency f2 and the bandwidth BW2 with
respect to the BPF 221, with use of the input unit 14. Mean-
while, in this embodiment, the description is made of the case
where “B-mode volume data” is selected as a volume data
generation mode and “volume rendering image data” is
selected as a three-dimensional image data generation mode,
but these selections are not restrictive. The above-described
input information, selection information, and setting infor-
mation inputted through the input unit 14 are stored in the
storage circuit in the system control unit 15 (step S1 in FIG.
8).

[0066] Upon completion of the above-described initial set-
ting, the operator inserts a catheter 91 with a minute trans-
ducer 9 mounted on the tip part thereof into the body of the
object (step S2 in FIG. 8). Then, with the ultrasonic probe 3
brought into contact with the body surface of the object, a
three-dimensional image data acquisition start command is
inputted by the input unit 14 into the apparatus 100. When this
command signal is supplied to the system control unit 15, the
system control unit 15 starts the generation of three-dimen-
sional image data by the transmission/reception of the second
ultrasonic waves having the center frequency f2 and the band-
width BW2.

[0067] In generating the three-dimensional image data, the
rate pulse generator 211 of the transmission unit 21, shown in
FIG. 2 generates rate pulses in accordance with a control
signal supplied from the system control unit 15, and provides
them to the transmission delay circuit 212. The transmission
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delay circuit 212 provides the rate pulses with delayed times
for converging the second ultrasonic waves to a predetet-
mined depth to obtain a small beam width in the transmission
of the second ultrasonic waves, and delayed times for trans-
mitting the above-described second ultrasonic waves in an
original transmission/reception direction (01, ¢1), and sup-
plies this rate pulses to the N channel drive circuit 213. Then,
the drive circuit 213 generates drive signals having predeter-
mined delayed times based on the rate pulses supplied from
the transmission delay circuit 212, and supplies these drive
signals to N transducers two-dimensionally arranged in the
ultrasonic probe 3 to thereby radiate the second ultrasonic
waves into the object body.

[0068] Some oftheradiated second ultrasonic waves reflect
on boundary surfaces between organs, or tissues having
mutually different acoustic impedance, and after having been
received by the above-described transducers, they are con-
verted into N channel electric reception signals. Then, the N
channel reception signals due to the second ultrasonic waves
are bandwidth-limited by the BPF 221 in the reception umt
22, and converted into digital signals by the A/D converter
222. Thereafter, in the reception delay circuit 223, the N
channel reception signals due to the second ultrasonic waves
are provided with delayed times for converging the second
ultrasonic waves from the predetermined depth and delayed
times for setting a high reception directivity with respect to
the above-described second ultrasonic waves from the trans-
mission/reception direction (01, ¢1), and the N channel
reception signals are subjected to phasing/adding by the
adder 224,

[0069] In the reception signal processing part 41 of the
volume data generation unit 4 which has been supplied with
the reception signal after phasing/adding, the envelope detec-
tor 411 and the logarithmic converter 412, respectively, apply
envelope detection and logarithm conversion to the reception
signal to generate B-mode data, and store it in the data storage
42.

[0070] Upon completion of the generation and storage of
the B-mode data on the transmission/reception direction (61,
1), ultrasonic waves are transmitted/received using the same
procedure, in transmission/reception directions (01, ¢2 to
$Q) set to dg=d1+(q—1) Ad; (q=2 to Q) in which the
transmission/reception direction is renewed by Ad in the &
direction. At this time, the system control unit 15 renews, by
control signals thereof, the delay time used in each of the
transmission delay circuit 212 and the drive circuit 223, relat-
ing to the above-described transmission/reception directions.
[0071] Upon completing the ultrasonic wave transmission/
reception in the transmission/reception directions (01, ¢1 to
$Q)) using the above-described procedure, the transmission/
reception direction is set to 6p=01+(p—1) A8; (p=2to P) in
which the transmission/reception direction is renewed by A9
in the 6 direction, and the above-described ultrasonic wave
transmission/reception in the directions of &1 to ¢Q is
repeated with respect to each of the transmission/reception
directions of 02 to OP, whereby a three-dimensional scan with
respect to the object is performed. The B-mode data obtained
regarding each of the transmission/reception directions are
successively stored in the data storage 42, relating to the
above-described  transmission/reception  directions, to
thereby generate volume data (step S3 in FIG. 8).

[0072] Next, the opacity/tone setting unit in the image data
generation unit 5 sets, in units of voxel, opacities and tones
based on voxel values of the volume data read from the data
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storage 42 in the volume data generation unit 4. On the other
hand, the rendering processing unit in the image data genera-
tion unit 5 rendering-processes the volume data based on
information on the opacities and the tones set by the above-
described opacity/tone setting unit to generate three-dimen-
sional image data (step S4 in FIG. 8).

[0073] The saw-tooth wave generation circuit in the
FMCW generation unit 7 generates a saw-tooth wave based
on the repetition period Tm in frequency modulation, fre-
quency shift width Afin frequency modulation, and the center
frequency f1 of an FMCW that are each supplied from the
system control unit 15. The VCO circuit generates an FMCW
of which the frequency continuously changes at the period
Tm based on the saw-tooth wave (step S5 in FIG. 8). The
FMCW drive unit 8 amplifies the FMCW supplied from the
FMCW generation unit 7 into a predetermined amplitude to
generate an FMCW drive signal, and drives the transducer 9
mounted on the tip part of the catheter 91 to thereby radiate
the first ultrasonic wave (step S6 in FIG. 8).

[0074] Next, the transducer group selection unit 10 selects
transducer group Nal to receive the first ultrasonic wave
radiated by the transducer 9, from among the plurality of
transducers two-dimensionally arranged in the ultrasonic
probe 3, and areception signal due to the first ultrasonic wave,
received by each of the three transducers Q11, Q21, and Q31
in the transducer group Nal is supplied to the beat frequency
measuring unit 11, together with the above-described simul-
taneously received reception signal due to the second ultra-
sonic waves (step S7 in FIG. 8).

[0075] The BPF 111 in the beat frequency measuring unit
11 extracts the reception signal component due to the first
ultrasonic wave out of the reception signals obtained from the
transducer group Nal. The mixer 112 multiplies the reception
signal due to the first ultrasonic wave, outputted from the BPF
111 by the FMCW supplied from the FMCW generation unit
7, and generates a reception signal with a sum frequency and
a reception signal with a difference frequency (beat fre-
quency) fr. Then, LPF 113 applies a filtering process to the
reception signals outputted by the mixer 112 and extracts a
reception signal with the beat frequency fr, and the frequency
counter 114 measures the beat frequency fr of the reception
signal supplied from the LPF 113 in a predetermined time
period (step S8 in FIG. 8).

[0076] Next, the distance calculation unit 121 in the posi-
tion detection part 12 calculates the distances R11, R21, and
R31, respectively, from the transducers Q11, Q21, and Q31 of
the transducer group Nal to the transducer 9, by substituting
the beat frequency fr measured by the frequency counter 114
into the above-described expression (2) (step S9 in FIG. 8).
Based on the obtained distances R11, R21, and R31, the
position coordinate calculation unit 122 calculates the rela-
tive position coordinates (xo(1), yo(1), zo(1)) of the catheter
tip part with respect to the transducer group Nal (step S10 in
FIG. 8).

[0077] Upon completing the measurement of the position
coordinates (xo(1), yo(1), zo(1)) of the catheter tip part, using
the transducer group Nal, the transducer group selection unit
10 successively selects transducers Q17, Q2/, and Q3j =2 to
J) constituting the transducer groups Naj (j=2 to J), and the
beat frequency measuring unit 11 measures the beat fre-
quency fr of areception signal due to the first ultrasonic wave,
obtained here. Then, the position detection part 12 substitutes
the measured beat frequency fr into the expression (2) to
calculate distances Rij (i=1 to 3, j=2 to J). Furthermore, using
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the same procedure as that in the case where the transducer
group Nal was selected, the position detection part 12 calcu-
lates the position coordinates (xo(j), yo(j), zo(j)) (=2 to J) of
the catheter tip part with respect to each of the transducer
groups Naj (=2 to J) (steps S7 to S10 in FIG. 8).

[0078] Next, the average value calculation unit 123 in the
position detection part 12 adds and averages the calculated
position coordinates (xo(j), yo(j), zo(j)) =1 to J) based on the
expression (6), to thereby calculate relative position coordi-
nates (X, y, z) of the catheter tip part with respect to the
ultrasonic probe 3 (step S11 in FIG. 8).

[0079] Thedisplay unit 13 superimposes the position infor-
mation (marker) showing the catheter tip part, generated
based on the above-described position coordinates (x, y, z) on
three-dimensional image data generated in real time by the
image data generation unit 5, and displays display data gen-
erated with adding ancillary information such as object infor-
mation, on the display unit 13 (step S12 in FIG. 8).

[0080] According to the above-described embodiment of
the present invention, since the distance between the trans-
ducer at the catheter tip part and each transducer in the ultra-
sonic probe is measured by measuring the beat frequency
obtained by multiplying a reception signal due to the first
ultrasonic wave by an FMCW, it is possible to perform an
accurate distance measurement without being much influ-
enced by the waveform deterioration due to the ultrasonic
attenuation in body tissues or the waveform changes due to
the directivity characteristics of transducers for transmission.
[0081] Furthermore, since the center frequency fl1 of the
first ultrasonic wave as an FMCW can be set to a lower value
than the center frequency f2 of the second ultrasonic wave
used for the generation of three-dimensional image data, the
influence of the ultrasonic attenuation in body tissues can be
suppressed. Moreover, since the bandwidth of the first ultra-
sonic wave as the FMCW can be set to a narrower width
compared with that of the second ultrasonic wave, the influ-
ence of noises can be reduced.

[0082] Furthermore, according to the above-described
embodiment, a plurality of transducer groups is selected from
among a plurality of transducers two-dimensionally arranged
in the ultrasonic probe, and the position coordinates of the
catheter tip part, obtained using each of these transducer
groups are subjected to an averaging process, to thereby cal-
culate the position coordinates of the catheter tip part with
respect to the ultrasonic probe. Therefore, the influence of
uneven ultrasonic attenuation or sound speed in body tissues
can be cancelled out. This allows the position coordinates of
the catheter tip part to be measured with accuracy and stabil-
ity.

[0083] Moreover, in this embodiment, since the center fre-
quency and the bandwidth of each of the first ultrasonic wave
and the second ultrasonic wave are set so that the frequency
component of the first ultrasonic wave and that of the second
ultrasonic wave can be separated, the measurement of the
position coordinates of the catheter tip part and the generation
of three-dimensional image data can be concurrently pet-
formed. This allows the measurement of the position coordi-
nates of the catheter tip part to be continuously performed
without reducing the frame frequency (number of pieces of
image data displayable per unit time) in the display of three-
dimensional image data.

[0084] For the above-described reason, according to this
embodiment, since the catheter tip part inserted into the body
of the object can be accurately and stably monitored on the



US 2008/0108901 A1

three-dimensional image data, the stability in diagnosis/treat-
ment using a catheter is ensured, and also the efficiency of the
diagnosis/treatment is significantly enhanced.

[0085] Having described the embodiment of the present
invention, the present invention is not limited to the above-
described embodiment, and various modifications may be
made therein. For example, in the above-described embodi-
ment, the case has been described in which one transducer
group is constituted by three transducers that are discretely
disposed in the ultrasonic probe 3, but the transducer group
may be constituted by four transducers or more.

[0086] In addition, in the position detection part 12 in the
above-described embodiment, the case has been explained in
which the relative position coordinates (x, v, z) of the catheter
tip part with respect to the ultrasonic probe 3 are calculated by
adding and averaging the J sets of position coordinates (x0(j),
vo(j), zo(j)) (j=1 to J) calculated through the plurality of
transducer groups Naj (j=1 to J), but the above-described
position coordinates (X, y, z) can also be obtained by calcu-
lating the center value or the barycenter value of a histogram
based on the above-described position coordinates (xo(j),
yo()), z0()) =1 to J).

[0087] Further, though a case where volume rendering
image data is generated as three-dimensional image data
based on B mode data is described in the above-mentioned
embodiment, volume rendering image data based on other
ultrasonic data such as color Doppler data and/or other three-
dimensional image data such as surface rendering image data
instead of volume rendering image data may be generated, as
already described.

[0088] Further, a case where three-dimensionally posi-
tional information of the catheter tip part is overlapped on
three-dimensional image data generated by using the ultra-
sonic probe 3 having two-dimensionally arrayed transducers
to be displayed is described in the above-mentioned embodi-
ment. However, embodiments are not limited to the above-
mentioned case. For example, two-dimensionally positional
information of the catheter tip part may be overlapped onto
two-dimensional image data generated by using an ultrasonic
probe having one-dimensionally arrayed transducers to be
displayed.

[0089] Further, though a position of the tip part of the
catheter 91 is calculated by arranging a single transducer 9 on
the tip part of the catheter 91 and assuming a position of the
transducer 9 as the position of the tip part of the catheter 91 in
the above-mentioned embodiment, plural transducers 9 may
be provided with the tip part of the catheter 91. When plural
transducers 9 are provided with the tip part of the catheter 91,
a position of the tip part of the catheter 91 can be calculated
more precisely by the use of geometrical positional relation-
ship between the transducers 9.

[0090] FIG. 9 is a structural diagram showing an example
of plural transducers 9 provided with a tip part of a catheter
91. FIG. 10 is a block diagram showing an example configu-
ration of the position detection part 12 in case of providing
plural transducers 9 with a tip part of a catheter 91.

[0091] As shown in FIG. 9, plural transducers 9 can be
mounted at the tip part of the catheter 91. According to an
example shown in FIG. 9, nine transducers 9 are mounted at
the tip part of the catheter 91. That is, three transducers 9 are
mounted at approximate even intervals on an outer circum-
ference which is a distance d1 from the tip of the catheter 91.
Three transducers 9 are mounted at approximate even inter-
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vals on an outer circumference which is a distance d2 from
three transducers 9 mentioned above in the length direction of
the catheter 91. Further, three transducers 9 are mounted at
approximate even intervals on an outer circumference which
is a distance d3 from three transducers 9 mentioned above in
the length direction of the catheter 91. The positions of three
transducers 9 in the length direction of the catheter 91 can be
determined arbitrarily, according to an example shown in
FIG. 9, they are arranged collinearly.

[0092] Thus, when plural transducers 9 are mounted at the
different positions on the catheter 91, the position coordinates
of each transducer 9 can be calculated at the position detec-
tion part 12 under the method mentioned above after the first
ultrasonic wave transmitted from each transducer 9 is
received with the ultrasonic probe 3.

[0093] In this case, it is preferable to change a center fre-
quency to identify a transducer 9 transmitting each first ultra-
sonic wave. According to an example shown in FIG. 9, the
first ultrasonic waves are transmitted at a center frequency {11
from the three transducers 9 arranged at the positions which
are distance d1 from the tip of the catheter 91, the first ultra-
sonic waves are transmitted at a center frequency f12 from the
three transducers 9 arranged at the positions which are dis-
tance d1+d2 from the tip of the catheter 91, and the first
ultrasonic waves are transmitted at a center frequency 13
from the three transducers 9 arranged at the positions which
are distance d1+d2+d3 from the tip of the catheter 91.
[0094] The frequency band of the first ultrasonic wave hav-
ing each of the center frequencies f11, {12, f13 is set without
overlapping that of the second ultrasonic wave as mentioned
above. Further, when the band of the first ultrasonic wave
having the center frequency f11, that of the first ultrasonic
wave having the center frequency 12 and that of the first
ultrasonic wave having the center frequency f13 are set with-
out overlap mutually, it is possible to identify which trans-
ducer 9 transmits a first ultrasonic wave more satisfactory.
Note that, the first ultrasonic waves may be transmitted at the
mutually different center frequencies respectively from plural
transducers 9 which are at different positions in the direction
of the outer circumference in addition to or instead of the
length direction of the catheter 91.

[0095] Then, since relative positional relationship between
the respective transducers 9 is known, a position coordinate of
the tip of the catheter 91 can be calculated geometrically
using each position coordinates of at least two transducers
which are at mutually different positions in the length of the
catheter 91. On the other hand, since the diameter of the
catheter 91 is known, the position coordinates of the central
axis can be calculated geometrically using each position
coordinate of at least two transducers 9 which are at mutually
different positions in the direction of outer circumference of
the catheter 91. Note that, it is preferable on accuracy that
three and above transducers 9 are mounted at mutually dif-
ferent positions in the direction of the outer circumference of
the catheter 91 in the case of calculating the position coordi-
nates of the center axis of the catheter 91.

[0096] Further, when the number of transducers 9 arranged
at mutually different positions in the length direction or in the
outer circumference direction of the catheter 91 is increased
and the position coordinates of the tip and the central axis of
the catheter 91 are calculated with averaging processing,
accuracy of calculation can be improved. Therefore, it is
favorable on accuracy to set the distances d1, d2, and d3
longer. However, it is necessary to arrange the
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respective transducers 9 at positions where the first ultrasonic
waves can be receive with the ultrasonic probe 3. Conse-
quently, as a concrete example, the distances d1, d2, and d3
canbe determined to d1=d2=d3=approximate 1 mm. Accord-
ing to the calculation of position coordinates of the tip and the
central axis of the catheter 91 based on each position coordi-
nates of plural transducers 9, it is possible to calculate with
approximate dozens of um accuracy.

[0097] In the above-mentioned case, the tip part position
calculation unit 124 which has functions to calculate the
position coordinates of the tip and the central axis of the
catheter 91 geometrically based on each position coordinates
of plural transducers 9 described above and to perform aver-
aging processing is set subsequently to the average value
calculation unit 123. That s, the tip part position calculation
unit 124 calculates the position coordinates of the tip and the
central axis of the catheter 91 using the position coordinates
of each of the transducers 9 obtained from the average value
calculation unit 123 and gives the calculation result to the
display unit 13. This allows superimposed display of three-
dimensional ultrasonic image data and position information
which shows the tip part of the catheter 91 on the display unit
13.

[0098] Note that, the aperture of each transducer 9 is deter-
mined to be a size so that the first ultrasonic wave can be
received with the ultrasonic probe 3 under the condition that
the first ultrasonic wave can be considered as an omnidirec-
tional spherical wave enough. Specifically, as mentioned
above, the aperture of each transducer 9 is set to be smaller
than the wavelength of the first ultrasonic wave having 0.8
MHz center frequency.

[0099] Since the first ultrasonic wave transmitted from each
transducer 9 respectively is omnidirectional spherical wave,
there is possibility that the first ultrasonic wave does not be
transmitted toward the side of the ultrasonic probe 3 and can’t
be received with sufficient accuracy depending on a direction
of the catheter 91.

[0100] Therefore, when plural transducers 9 are arranged at
mutually different positions in the direction of the outer cir-
cumference of the catheter 91, it is possible not only to cal-
culate for the position coordinates of the center axis of the
catheter 91 as mentioned above but to transmit the first ultra-
sonic waves to plural directions. Therefore, even though the
ultrasonic probe 3 can’t receive the first ultrasonic waves
from a part of transducers 9 appropriately depending on the
direction of the catheter 91, since the first ultrasonic waves
from other transducers 9 are toward to the ultrasonic probe 3,
the first ultrasonic waves can be received with stability inde-
pendent of the direction of the catheter 91.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

plural ultrasonic transducers arrayed two-dimensionally
for transmitting and receiving ultrasonic waves to and
from an object;

a catheter signal detection unit configured to acquire a
reception signal of a frequency modulated continuous
wave from reception signals from at least three of said
plural ultrasonic transducers, the frequency modulated
continuous wave being transmitted from a catheter
inserted in the object; and

a position detection unit configured to detect a position of
the catheter based on the acquired reception signal of the
frequency modulated continuous wave.
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2. An ultrasonic diagnostic apparatus of claim 1,

wherein said position detection unit is configured to mea-
sure a beat frequency of the reception signal of the
frequency modulated continuous wave to detect the
position of the catheter based on the obtained beat fre-
quency.

3. An ultrasonic diagnostic apparatus of claim 1, further

comprising:

a transmission-and-reception unit configured to transmit
and receive pulse ultrasonic waves through said plural
ultrasonic transducers, the pulse ultrasonic waves each
having a frequency band different from that of the fre-
quency modulated continuous wave;

a signal separation unit configured to separate a first com-
ponent resulting from the frequency modulated continu-
ous wave from a second component resulting from the
pulse ultrasonic waves, the first and second components
being included in reception signals obtained by said
transmission-and-reception unit; and

an ultrasonic image generation unit configured to generate
an ultrasonic image using the second component
obtained by said signal separation unit,

wherein said catheter signal detection unit is configured to
acquire the first component obtained by said signal sepa-
ration unit as the reception signal of the frequency
modulated continuous wave.

4. An ultrasonic diagnostic apparatus of claim 1, further

comprising:

a transducer group selection unit configured to select at
least three ultrasonic transducers from said plural ultra-
sonic transducers, the three ultrasonic transducers being
for acquiring the reception signal of the frequency
modulated continuous wave.

5. An ultrasonic diagnostic apparatus of claim 1, further
comprising:

atransducer group selection unit configured to select plural
transducer groups each having at least three ultrasonic
transducers from said plural ultrasonic transducers, the
three ultrasonic transducers being for acquiring the
reception signal of the frequency modulated continuous
wave,

wherein said position detection unit is configured to mea-
sure a beat frequency of the reception signal of the
frequency modulated continuous wave, calculate
respective distances between the catheter and the three
ultrasonic transducers of each of the plural transducer
groups based on the obtained beat frequency, and per-
form average processing to positions of the catheter
respectively obtained for the plural transducer groups
based on the calculated respective distances.

6. An ultrasonic diagnostic apparatus of claim 1, further

comprising:

a transducer group selection unit configured to select at
least three discrete ultrasonic transducers from said plu-
ral ultrasonic transducers, the three ultrasonic transduc-
ers being for acquiring the reception signal of the fre-
quency modulated continuous wave.

7. An ultrasonic diagnostic apparatus of claim 3,

wherein said transmission-and-reception unit is configured
to transmit and receive the pulse ultrasonic waves having
a center frequency higher than that of the frequency
modulated continuous wave.
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8. An ultrasonic diagnostic apparatus of claim 3,

wherein said transmission-and-reception unitis configured
to transmit and receive the pulse ultrasonic waves so as
to make a center frequency of the frequency modulated
continuous wave outside a signal band of the pulse ultra-
sonic waves.

9. An ultrasonic diagnostic apparatus of claim 1,

wherein said catheter signal detection unit is configured to
acquire the reception signal of the frequency modulated
continuous wave from reception signals from plural
transducer groups each having at least three ultrasonic
transducers, and

said position detection unit includes:

a beat frequency measuring unit configured to measure a
beat frequency of the reception signal of the frequency
modulated continuous wave;

a distance calculation unit configured to calculate respec-
tive distances between the catheter and the three ultra-
sonic transducers of each of the plural transducer groups
based on the beat frequency measured by said beat fre-
quency measuring unit;

a first position calculation unit configured to calculate
respective positions of the catheter corresponding to the
plural transducer groups based on the respective dis-
tances; and

asecond position calculation unit configured to calculate a
relative position of the catheter to an ultrasonic probe
having said plural ultrasonic transducers by average pro-
cessing to the respective positions of the catheter corre-
sponding to the plural transducer groups.

10. An ultrasonic diagnostic apparatus of claim 1,

wherein said position detection unit is configured to mea-
sure a beat frequency of the reception signal of the
frequency modulated continuous wave by zero cross
count to detect the position of the catheter based on the
obtained beat frequency.

11. An ultrasonic diagnostic apparatus of claim 1,

wherein said catheter signal detection unit is configured to
acquire reception signals of frequency modulated con-
tinuous waves respectively transmitted from plural
ultrasonic transducers provided with the catheter.

12. An ultrasonic diagnostic apparatus of claim 1,

wherein said catheter signal detection unit is configured to
acquire reception signals of frequency modulated con-
tinuous waves respectively transmitted from plural
ultrasonic transducers provided with the catheter, and

said position detection unit is configured to detect the posi-
tion of the catheter based on the reception signals of the
frequency modulated continuous waves.

13. A catheter tip part detection method comprising:

acquiring a reception signal of a frequency modulated con-
tinuous wave from reception signals from at least three
of two-dimensionally arrayed plural ultrasonic trans-
ducers, the frequency modulated continuous wave being
transmitted from a catheter inserted in an object; and

detecting a position of the catheter based on the acquired
reception signal of the frequency modulated continuous
wave.

14. A catheter tip part detection method of claim 13,

wherein a beat frequency of the reception signal of the
frequency modulated continuous wave is measured to
detect the position of the catheter.

May 8, 2008

15. A catheter tip part detection method of claim 13, further
comptrising:

transmitting and receiving pulse ultrasonic waves through
the plural ultrasonic transducers, the pulse ultrasonic
waves each having a frequency band different from that
of the frequency modulated continuous wave;

separating a first component resulting from the frequency
modulated continuous wave from a second component
resulting from the pulse ultrasonic waves, the first and
second components being included in reception signals
obtained by the plural ultrasonic transducers; and

generating an ultrasonic image using the separated second
component,

wherein the separated first component is acquired as the
reception signal of the frequency modulated continuous
wave.

16. A catheter tip part detection method of claim 13, further
comprising:
selecting at least three ultrasonic transducers from the plu-
ral ultrasonic transducers, the three ultrasonic transduc-
ers being for acquiring the reception signal of the fre-
quency modulated continuous wave.

17. A catheter tip part detection method of claim 13, further
comprising:

selecting plural transducer groups each having at least
three ultrasonic transducers from the plural ultrasonic
transducers, the three ultrasonic transducers being for
acquiring the reception signal of the frequency modu-
lated continuous wave,

wherein a beat frequency of the reception signal of the
frequency modulated continuous wave is measured,
respective distances between the catheter and the three
ultrasonic transducers of each of the plural transducer
groups are calculated based on the obtained beat fre-
quency, and average processing is performed to posi-
tions of the catheter respectively obtained for the plural
transducer groups based on the calculated respective
distances.

18. A catheter tip part detection method of claim 13, further

comprising:

selecting at least three discrete ultrasonic transducers from
the plural ultrasonic transducers, the three ultrasonic
transducers being for acquiring the reception signal of
the frequency modulated continuous wave.

19. A catheter tip part detection method of claim 15,

wherein the pulse ultrasonic waves having a center fre-
quency higher than that of the frequency modulated
continuous wave are transmitted and received.

20. A catheter tip part detection method of claim 15,

wherein the pulse ultrasonic waves are transmitted and
received so as to make a center frequency of the fre-
quency modulated continuous wave outside a signal
band of the pulse ultrasonic waves.

21. A catheter tip part detection method of claim 13,

wherein the reception signal of the frequency modulated
continuous wave is acquired from reception signals from
plural transducer groups each having at least three ultra-
sonic transducers, and

detecting the position of the catheter includes:

measuring a beat frequency of the reception signal of the
frequency modulated continuous wave;
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calculating respective distances between the catheter and
the three ultrasonic transducers of each of the plural
transducer groups based on the measured beat fre-
quency;

calculating respective positions of the catheter correspond-
ing to the plural transducer groups based on the respec-
tive distances; and

calculating a relative position of the catheter to an ultra-
sonic probe having the plural ultrasonic transducers by
average processing to the respective positions of the
catheter corresponding to the plural transducer groups.

22. A catheter tip part detection method of claim 13,

wherein a beat frequency of the reception signal of the
frequency modulated continuous wave is measured by
zero cross count to detect the position of the catheter.

May 8, 2008

23. A catheter tip part detection method of claim 13,

wherein reception signals of frequency modulated continu-
ous waves respectively transmitted from plural ultra-
sonic transducers provided with the catheter are
acquired.

24. A catheter tip part detection method of claim 13,

wherein reception signals of frequency modulated continu-
ous waves respectively transmitted from plural ultra-
sonic transducers provided with the catheter are
acquired, and

the position of the catheter is detected based on the recep-
tion signals of the frequency modulated continuous
waves.
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