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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2014/057126, filed Mar. 17,
2014 and based upon and claims the benefit of priority from
the Japanese Patent Application No. 2013-055510, filed Mar.
18, 2013 the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] An embodiment of the present invention relates to
an ultrasonic diagnostic apparatus.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus that visualizes
body tissues of a patient in a non-invasive manner has a
function of measuring the rate of blood flowing through a
blood vessel of a patient (flow velocity). Typically, the flow
velocity measured based on this function is used for generat-
ing a color Doppler image representing the flow velocity
distribution in a blood vessel and for generating a Doppler
spectrum image representing the time change in flow velocity
vary with time. These images are referred to, for example
when the flow velocity is checked for a follow-up and when
the flow velocity is monitored before and after a surgical
operation.

[0004] In the measurement of the flow velocity, the flow
velocity is calculated based on changes in the frequency of an
ultrasonic wave transmitted and received and the angle
between the direction in which an ultrasonic wave is trans-
mitted and received and the direction in which the blood
flows. The frequency of an ultrasonic wave reflected by the
blood flow and then received undergoes a Doppler shift in
accordance with the motion of the blood flow. As a result, the
frequency is shifted to a frequency higher or lower than the
frequency of a transmitted ultrasonic wave. The frequency
shift amount is dependent on the motion speed of the blood
flow. On the other hand, the angle between the direction in
which an ultrasonic wave is transmitted and received and the
direction in which the blood flows is dependent on the posi-
tion and angle of an ultrasonic probe pressed against the
patient and on the angle at which an ultrasonic beam is trans-
mitted and received by the ultrasonic probe. Therefore, the
calculated flow velocity is greatly dependent upon the angle
between the direction in an ultrasonic beam and the direction
in the blood flows.

BRIEF DESCRIPTION OF THE DRAWING

[0005] FIG. 1 is a block diagram illustrating an ultrasonic
diagnostic apparatus of a first embodiment.

[0006] FIG. 2 is a schematic diagram illustrating a section
of a B-mode image according to the embodiment.

[0007] FIG. 3 is a conceptual diagram illustrating position
information acquired by a position information acquiring
circuitry of the embodiment.

[0008] FIG. 4 is a flowchart illustrating the first examina-
tion of a follow-up according to the embodiment.

[0009] FIG. 5 is a flowchart illustrating the second and
subsequent checks according to the embodiment.
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[0010] FIG. 6 is a conceptual diagram illustrating how the
position information acquired by the position information
acquiring circuitry of the embodiment is converted.

[0011] FIG. 7A is a schematic diagram illustrating a
B-mode image according to the embodiment.

[0012] FIG. 7B is a schematic diagram illustrating a vol-
ume image according to the embodiment.

[0013] FIG. 8 is a schematic diagram illustrating a current
guide marker and a target guide marker according to the
embodiment.

[0014] FIG. 9is a schematic diagram illustrating a Doppler
spectrum image according to the embodiment.

[0015] FIG. 10 is a schematic diagram illustrating a
B-mode image according to the embodiment.

DETAILED DESCRIPTION

[0016] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus comprising a converting circuitry
and a display control circuitry. The converting circuitry con-
vert position information on at least one of an ultrasonic probe
and a scan position, used in a past ultrasonic scan of an
examinee, into first position information based on a predeter-
mined coordinate system, and which further converts position
information on at least one of ultrasonic probe and a scan
position, used in a current ultrasonic scan of the examinee,
into second position information based on the predetermined
coordinate system. The display control circuitry determine a
position of a first marker, representing at least one of the
ultrasonic probe and scan position used in the past ultrasonic
scan, and a position of a second marker, representing at least
one of the ultrasonic probe and scan position used in the
current ultrasonic scan, based on the first position information
and the second position information, and display the first and
second markers.

[0017] Embodiments will now be described with reference
to the accompanying drawings.

[0018] First, the configuration of an ultrasonic diagnostic
apparatus 100 according to the present embodiment will be
described with reference to the block diagram shown in FIG.
1

[0019] The ultrasonic diagnostic apparatus 100 of the
present embodiment comprises a central processing circuitry
1, atransmission/reception control circuitry 2, atransmission
circuitry 3, an ultrasonic probe 4, a reception circuitry 5, a
signal processing circuitry 6, a memory circuitry 7, a display
circuitry 8, a position information converting circuitry 9, a
guide data generating circuitry 10 and an input circuitry 11.
The ultrasonic diagnostic apparatus 100 is connected to an
image server 200 for the transmission and reception of data by
way of a network.

[0020] A description will be given of an outline of the
present embodiment. The position information converting
circuitry 9 converts position information on at least one of an
ultrasonic probe and a scanning area used in a past ultrasonic
scan of an examinee into first position information based on a
predetermined coordinate system. In addition, the position
information converting circuitry 9 converts position informa-
tion on at least one of an ultrasonic probe and a scanning area
used in a current ultrasonic scan of the same examinee into
second position information based on the predetermined
coordinate system. The ultrasonic scan according to the
present embodiment is applicable to any scan mode, includ-
ing the B-mode, color Doppler mode and Doppler spectrum
mode. In the case of the B mode, the scanning area is set as
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either a two-dimensional space (scanning plane) or a three-
dimensional region (scanning volume). In the case of the
color Doppler mode, the scanning area is set as either a
scanning plane or a region of interest (ROI) included in the
scanning volume. In the case of the Doppler spectrum mode,
the scanning area is set as either a scanning plane or a single
scanning line included in the scanning volume. The display
circuitry 8 determines the position of a first marker (which
represents at least one of the ultrasonic probe and scanning
area used in a past ultrasonic scan) and a second marker
(which represents at least one of the ultrasonic probe and
scanning area used in a current ultrasonic scan) based on first
position information and second position information, and
displays the first and second markers.

[0021] A detailed description will be given of the configu-
ration of the present embodiment.

[0022] Inthe descriptions below, control data is intended to
refer to data required for an ultrasonic probe 4 to generate an
ultrasonic transmission beam. To be more specific, the control
data include delay time information for delaying a driving
pulse to be supplied to the transducer of the ultrasonic probe
4.

[0023] Upon reception of an instruction to generate
B-mode data from the input circuitry 11, the central process-
ing circuitry 1 generates control data used for generating
B-mode data, and transfers the B-mode-data-generation con-
trol data to the transmission/reception control circuitry 2.
Upon reception of an instruction to generate color Doppler
data from the input circuitry 11, the central processing cir-
cuitry 1 generates control data used for generating color Dop-
pler data in the range designated from the input circuitry 11,
and transfers the color-Doppler-data-generation control data
to the transmission/reception control circuitry 2. Upon recep-
tion of an instruction to generate Doppler spectrum data from
the input circuitry 11, the central processing circuitry 1 gen-
erates control data used for generating Doppler spectrum data
at the position designated from the input circuitry 11, and
transfers the Doppler-spectrum-data-generation control data
to the transmission/reception control circuitry 2. In connec-
tion with the present embodiment, reference will be made to
the case where Doppler spectrum data is generated by execut-
ing sampling in the pulse Doppler method.

[0024] In accordance with instructions from the input cir-
cuitry 11, the central processing circuitry 1 transfers the
B-mode data, color Doppler data and Doppler spectrum data
used in a past scan from the memory circuitry 7 to the display
circuitry 8. In accordance with instructions from the input
circuitry 11, the central processing circuitry 1 transfers the
B-mode data, color Doppler data and Doppler spectrum data
currently acquired by alive scan from the memory circuitry 7
to the display circuitry 8.

[0025] In accordance with instructions from the input cir-
cuitry 11, the central processing circuitry 1 transfers three-
dimensional medical-image data (volume data), such as data
on an X-ray CT image, an MRI image and an ultrasonic
image, from the image server 200 to the memory circuitry 7,
and stores the medical-image data in the memory circuitry 7.
The central processing circuitry 1 functions as a display con-
troller as well. For example, in accordance with an instruction
from the input circuitry 11, the central processing circuitry 1
transfers the volume data from the memory circuitry 7 to the
display circuitry 8. In accordance with an instruction from the
input circuitry 11, the central processing circuitry 1 transfers
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the volume data from the memory circuitry 7 to the position
information converting circuitry 9.

[0026] The central processing circuitry 1 controls the
memory circuitry 7 to store position information acquired by
a position information acquiring circuitry 202 and represent-
ing the position of the ultrasonic probe 4 in a past scan. The
central processing circuitry 1 controls the memory circuitry 7
to store position information acquired by the position infor-
mation acquiring circuitry 202 and representing where the
ultrasonic probe 4 is currently located in a real space. The
central processing circuitry 1 transfers the position informa-
tion on the ultrasonic probe 4 from the memory circuitry 7 to
the position information converting circuitry 9. The central
processing circuitry 1 transfers the position information on
the ultrasonic probe 4 from the memory circuitry 7 to the
guide data generating circuitry 10. Details of the position
information on the ultrasonic probe 4 will be described later.
[0027] The central processing circuitry 1, functioning as a
display controller, transfers guide data (to be described later)
generated by the guide data generating circuitry 10 to the
display circuitry 8.

[0028] Ifan instruction to generate Doppler spectrum data
is entered from the input circuitry 11 in a scan operation, the
central processing circuitry 1 controls the memory circuitry 7
to store a transmission angle and a focusing distance so thata
transmission beam can be focused on the position where the
Doppler spectrum data should be generated. The central pro-
cessing circuitry 1 transfers the information on the transmis-
sion angle and focusing distance from the memory circuitry 7
to the guide data generating circuitry 10.

[0029] FIG.2isa schematic diagram illustrating each scan-
ning area. Arrow A, indicated by a broken line, shows the
depth direction 103 of the ultrasonic probe. The depth direc-
tion 103 of the ultrasonic probe is perpendicular to transducer
arrangement plane P1, which passes through a reference point
O from which transmission beams are emitted. The reference
point O is the center of an opening of the ultrasonic transducer
in the B mode. For simplicity, a description will be given of
the case where the reference point O is at the center of the
distal end of the ultrasonic probe 4.

[0030] At the time of an ultrasonic scan, the ultrasonic
probe 4 orientated in direction 103 is perpendicular to a
patient. Arrow B, indicated by a two-chain line, shows a
direction in which transducers are arranged (namely, trans-
ducer arrangement direction 104). In the B mode, scan plane
102 is a scanning area. The position information on the scan
plane 102 is defined by the tilt angle and the scan angle of the
scan plane. The tilt angle is a space between the scan plane
relative and a normal line passing the reference point O, and
perpendicular to the transducer arrangement plane P1. The
scan angle is an angle formed by the scanning lines L1 at the
respective ends of the scan plane. In the Doppler spectrum
mode, range gates 101 on a scanning line 105 in the scan plane
102 determine a scanning area. The range gates 101 are indi-
cated as two parallel markers (range gate markers) in a
B-mode image regarding the scan plane 102. Arrow C, indi-
cated by a solid line, indicates a traveling direction of a
transmission beam corresponding to scanning line 105. The
position information on the range gates 101 is defined by the
transmission angle © of scanning line 105 and the depth D
(focusing distance) of the range gates 101. The transmission
angle ® of scanning line 105 is defined by the angle of the
scanning line relative to direction. A. The focusing distance D
1s a distance, as determined in direction C, between the trans-
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ducer arrangement plane P1 and the range gates 101. In the
color Doppler mode, a ROI 300 in the scan plane 102 is
determined as a scanning area. The position information on
the ROI 300 is defined by the transmission angles of the
scanning lines L2 at the ends of the ROI 300. The position
information on the ROI 300 may include a distance (depth) by
which the ROI 300 is away from the transducer arrangement
plane P1.

[0031] The central processing circuitry 1 controls the dis-
play circuitry 8 to show a predetermined operation menu.
[0032] The transmission/reception control circuitry 2 com-
prises a memory, not shown, and control data transferred by
the central processing circuitry 1 is stored in the memory. The
transmission/reception control circuitry 2 repeatedly gener-
ates a pulse signal at predetermined time intervals. A prede-
termined time interval is a unit time interval and will be
referred to as a “rate” in the description below. A pulse signal
which the transmission/reception control circuitry 2 gener-
ates in the rate will be referred to as a rate pulse. When one
rate is started upon generation of a rate pulse, the transmis-
sion/reception control circuitry 2 selects control data related
to the rate and supplies the selected control data to the trans-
mission circuitry 3 and the reception circuitry 5.

[0033] The transmission circuitry 3 transmits a driving
pulse based on the control data from the transmission/recep-
tion control circuitry 2 to the transducers of the ultrasonic
probe 4.

[0034] The ultrasonic probe 4 is a convex type of probe
provided with a plurality of transducers (not shown) arranged
in one dimension. Each transducer generates an ultrasonic
wave upon reception of the driving pulse from the transmis-
sion circuitry 3, and generates an echo signal upon reception
of areflection wave reflected by an internal tissue of a patient.
The echo signal generated by each transducer is transmitted
to the reception circuitry 5. The ultrasonic probe 4 is provided
with a position sensor 201. The position sensor 201 senses the
intensity of a magnetic field generated by a magnetic field
generating circuitry 203 and transmits information indicative
of the sensed intensity of the magnetic field to the position
information acquiring circuitry 202. Based on the intensity
information of the magnetic field received from the position
sensor 201, the position information acquiring circuitry 202
acquires position information, including (i) coordinates of the
ultrasonic probe 4 in a three-dimensional magnetic field coor-
dinate system corresponding to a real space coordinate sys-
tem in which the magnetic field generating circuitry 203 is
used as a reference, (ii) the angle of the ultrasonic probe 4 in
the rotating direction, (iii) the angle of the ultrasonic probe 4
in the depth direction (the rotating axis direction), etc.
[0035] FIG. 3 is a conceptual diagram illustrating position
information acquired by the position information acquiring
circuitry 202. As can be seen from FIG. 3, the position infor-
mation acquiring circuitry 202 uses a three-dimensional mag-
netic field space coordinate system generated by the magnetic
field generating circuitry 203. This coordinate system, here-
inafter referred to as a position information acquiring cit-
cuitry coordinate system 106, is a coordinate system (X, ¥, 7)
defined by an x-axis, a y-axis and a z-axis. As shown in FIG.
3, the ultrasonic probe 4 is rotatable in the directions indicated
by arrow E, and the depth direction coincident with the axis of
rotation is rotated in the direction indicated by arrow F. In the
present embodiment, the position information acquiring cir-
cuitry 202 acquires position information on the assumption
that: the coordinates of position O, which is the center of the
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distal end of the ultrasonic probe 4 in the position information
acquiring circuitry coordinate system 106, are the coordi-
nates of the ultrasonic probe 4; the angle between the ultra-
sonic probe depth direction 103 and the positive direction of
the x-axis is an angle of the ultrasonic probe 4 in the depth
direction; and the angle between the transducer arrangement
direction 104 and the position direction of the y-axis is an
angle by which the ultrasonic probe 4 is rotated in the rotating
direction. The absolute position of a scanning area is uncon-
ditionally determined based on the position information men-
tioned above and the position information on the scanning
area. For example, the absolute position and direction of the
range gates 201 are unconditionally determined based on the
position information on the ultrasonic probe 4 and the trans-
mission angle and focusing distance described above.
[0036] The reception circuitry 5 amplifies the signal inten-
sity of an echo signal received from the ultrasonic probe 4 and
performs phasing addition processing based on the control
data. An echo signal subjected to the phasing addition pro-
cessing is supplied to the signal processing circuitry 6.
[0037] The signal processing circuitry 6 executes signal
processing for the echo signal received from the reception
circuitry 5 in accordance with the scanning mode, and the
signal subjected to the signal processing is transmitted to the
memory circuitry 7. The signal processing executed by the
signal processing circuitry 6 differs as described below,
depending upon the scanning mode, namely, the B mode, the
color Doppler mode and the Doppler spectrum mode.
[0038] In the B mode, the signal processing circuitry 6
executes envelope detecting processing and logarithmic com-
pression processing with respect to the echo signal received
from the reception circuitry 5, thereby generating a reception
signal. The signal processing circuitry 6 generates B-mode
data based on reception signals pertaining to all control data
for B-mode data generation. The signal processing circuitry 6
transmits the generated B-mode data to the memory circuitry
7.

[0039] In the color Doppler mode, the signal processing
circuitry 6 executes frequency analysis (e.g., an autocorrela-
tion technique) with respect to the echo signal received from
the reception circuitry 5, thereby detecting a frequency shift
component included in the echo signal. The signal processing
circuitry 6 acquires the detected frequency shift component
as a Doppler signal. The signal processing circuitry 6 gener-
ates color Doppler data based on reception signals pertaining
to all control data for color Doppler data generation. The
signal processing circuitry 6 transmits the generated color
Doppler data to the memory circuitry 7.

[0040] In the Doppler spectrum mode, the signal process-
ing circuitry 6 executes frequency analysis (e.g., fast Fourier
transform) with respect to the echo signal received from the
reception circuitry 5, thereby detecting a frequency shitt com-
ponent included in the echo signal. The signal processing
circuitry 6 acquires the detected frequency shift component
as a Doppler signal. The signal processing circuitry 6 gener-
ates Doppler spectrum data at a position designated from the
input circuitry 11, based on control data for Doppler spectrum
data generation. The signal processing circuitry 6 transmits
the generated Doppler spectrum data to the memory circuitry
7.

[0041] The memory circuitry 7 stores the B-mode data,
color Doppler data and Doppler spectrum data received from
the signal processing circuitry 6. In accordance with instruc-
tions from the central processing circuitry 1, the memory
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circuitry 7 transfers the B-mode data, color Doppler data and
Doppler spectrum data to the display circuitry 8. In accor-
dance with an instruction from the central processing cir-
cuitry 1, the memory circuitry 7 stores volume data trans-
ferred from the image server 200. In accordance with an
instruction from the central processing circuitry 1, the
memory circuitry 7 transfers the volume data to the display
circuitry 8. The memory circuitry 7 transfers the volume data
stored therein to the position information converting circuitry
9. In accordance with an instruction from the central process-
ing circuitry 1, the memory circuitry 7 stores position infor-
mation, acquired by the position information acquiring cir-
cuitry 202 and representing the position of the ultrasonic
probe 4 in a past scan. In accordance with an instruction from
the central processing circuitry 1, the memory circuitry 7
stores position information, acquired by the position infor-
mation acquiring circuitry 202 and representing the position
of the ultrasonic probe 4 in a current Doppler measurement.
In accordance with an instruction from the central processing
circuitry 1. the memory circuitry 7 transfers position infor-
mation, acquired by the position information acquiring cir-
cuitry 202, to the position information converting circuitry 9.
The memory circuitry 7 stores position information on the
ultrasonic probe 4, which is transferred from the position
information converting circuitry 9 and representing where the
ultrasonic probe 4 is located in a volume data coordinate
system. In accordance with an instruction from the central
processing circuitry 1, the memory circuitry 7 transfers to the
guide data generating circuitry 10 the position information on
the ultrasonic probe 4, which is transferred from the position
information converting circuitry 9 and representing where the
ultrasonic probe 4 is located in the volume data coordinate
system. In accordance with an instruction from the central
processing circuitry 1, the memory circuitry 7 stores a trans-
mission angle and a focusing distance used when the genera-
tion of Doppler spectrum data is designated in a past scan.

[0042] In accordance with an instruction from the central
processing circuitry 1, the display circuitry 8 displays a pre-
determined operation menu. In accordance with instructions
from the central processing circuitry 1, the display circuitry 8
displays the B-mode data, color Doppler data and Doppler
spectrum data as images. In accordance with an instruction
from the central processing circuitry 1, the display circuitry 8
displays guide data transferred from the guide data generating
circuitry 10 as volume data.

[0043] Theposition information converting circuitry 9 con-
verts the position information on the ultrasonic probe 4,
which represents where the ultrasonic probe 4 was in a past
scan based on the three-dimensional magnetic field space
coordinate system transferred from the memory circuitry 7,
into position information based on the volume data coordi-
nate system transferred from the memory circuitry 7. The
position information converting circuitry 9 converts the posi-
tion information on the ultrasonic probe 4, which represents
where the ultrasonic probe 4 is located in a current or live scan
based on the three-dimensional magnetic field space coordi-
nate system transferred from the memory circuitry 7, into
position information based on the volume data coordinate
system transferred from the memory circuitry 7. The position
information converting circuitry 9 transfers the position
information on the ultrasonic probe 4, which is position infor-
mation based on the volume data coordinate system, to the
memory circuitry 7 again. The position information convert-
ing circuitry 9 transfers the position information on the ultra-
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sonic probe 4, which is position information based on the
volume data coordinate system, to the guide data generating
circuitry 10. Details of the position information converting
circuitry 9 will be described later.

[0044] The guide data generating circuitry 10 generates
guide data based on the position information on the ultrasonic
probe 4, which is transferred from the position information
converting circuitry 9 and representing where the ultrasonic
probe 4 is located in the volume data coordinate system. The
guide data generating circuitry 10 generates guide data based
on the position information on the ultrasonic probe 4, which
is transferred from the memory circuitry 7 and represents
where the ultrasonic probe 4 is located in the volume data
coordinate system, and the transmission angle and focusing
distance transferred from the memory circuitry 7. The guide
data generating circuitry 10 generates guide data based on the
position information on the ultrasonic probe 4, which is trans-
ferred from the position information converting circuitry 9
and represents where the ultrasonic probe 4 is located in the
volume data coordinate system, and the transmission angle
and focusing distance transferred from the memory circuitry
7. In accordance with an instruction from the central process-
ing circuitry 1, the guide data generating circuitry 10 transfers
the generated guide data to the display circuitry 8. Details of
the guide data will be described later.

[0045] The input circuitry 11 is, for example, a track ball, a
keyboard, or a touch panel configured as a display circuitry 8
as well. The operator performs an operation shown on the
predetermined operation menu on the display circuitry 8, by
operating the input circuitry 11.

[0046] Next, anoperationperformed by the ultrasonic diag-
nostic apparatus 100 of the present embodiment will be
described with reference to the flowcharts shown in FIGS. 4
and 5. An operation described with reference to FIGS. 4 and
5 is performed for examining the flow velocity of a patient in
a follow-up. FIG. 4 illustrates a first examination of the fol-
low-up, and FIG. 5 illustrates second and subsequent exami-
nations of the follow-up. In the present embodiment, the
position information acquiring circuitry 202 constantly
acquires the position information on the ultrasonic probe, and
the central processing circuitry 1 controls the memory cir-
cuitry 7 to store, at proper intervals, the position information
acquired by the position information acquiring circuitry 202.
The position information on the ultrasonic probe 4 will be
referred to as probe position information.

[0047] First, a description will be given of how the first
examination of a follow-up is performed, referring to the
flowchart shown in FIG. 4.

[0048] In Step S1, the operator starts diagnosis.

[0049] In Step S2, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so that volume data including data at the position to be
followed up is acquired from the image server 200. In accor-
dance with instructions from the input circuitry 11, the central
processing circuitry 1 transfers the volume data, including
data at the position to be followed up, from the image server
200 to the memory circuitry 7, and records the volume data in
the memory circuitry 7. If there is a planned diagnostic sched-
ule, the volume data on a patient may be transferred from the
image server 200 in advance before the start of the diagnosis.
[0050] In Step S3, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so as to generate B-mode data. In accordance with an
instruction from the input circuitry 11, the central processing
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circuitry 1 generates control data used for generating B-mode
data, and transfers the B-mode-data-generation control data
to the transmission/reception control circuitry 2. The trans-
mission/reception control circuitry 2 controls its memory
circuitry means to store control data transferred from the
central processing circuitry 1. When one rate is started upon
generation of a rate pulse, the transmission/reception control
circuitry 2 selects control data related to the rate and supplies
the selected control data to the transmission circuitry 3. The
transmission circuitry 3 transmits a driving pulse based on the
control data from the transmission/reception control circuitry
2 to the transducers of the ultrasonic probe 4. Each of the
transducers of the ultrasonic probe 4 generates an ultrasonic
wave upon reception of the driving pulse from the transmis-
sion circuitry 3, and generates an echo signal upon reception
of a reflection wave reflected by an internal tissue of the
patient. Fach of the transducers transmits the generated echo
signal to the reception circuitry 5. Upon reception of the echo
signal, the reception circuitry 5 amplifies the signal intensity
of the echo signal and performs phasing addition processing
based on the control data. At the end of the phasing addition
processing, the reception circuitry 5 transmits the echo signal
to the signal processing circuitry 6. The signal processing
circuitry 6 executes envelope detecting processing and loga-
rithmic compression processing with respect to the echo sig-
nal, thereby generating a reception signal. The signal process-
ing circuitry 6 generates B-mode data based on reception
signals pertaining to all control data for B-mode data genera-
tion, and supplies the generated B-mode data to the memory
circuitry 7. The memory circuitry 7 stores the B-mode data
received from the signal processing circuitry 6. The operator
operates the input circuitry 11 and enters an instruction to the
central processing circuitry 1 so as to transfer the B-mode
data stored in the memory circuitry 7 to the display circuitry
8. In accordance with an instruction from the input circuitry
11, the central processing circuitry 1 transfers the B-mode
data from the memory circuitry 7 to the display circuitry 8.
The display circuitry 8 displays the B-mode data transferred
from the memory circuitry 7, as a B-mode image.

[0051] 1In Step S4, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so that the volume data stored in the memory circuitry 7 can
be displayed on the display circuitry 8. In accordance with an
instruction from the input circuitry 11, the central processing
circuitry 1 transfers the volume data from the memory cit-
cuitry 7 to the display circuitry 8. In accordance with an
instruction from the central processing circuitry 1, the display
circuitry 8 displays an image based on the volume data trans-
ferred from the memory circuitry 7. A display image based on
the volume data will be hereinafter referred to as “volume
image.” The volume image is generated by executing three-
dimensional image processing to the volume data by the
central processing circuitry 1. The three-dimensional image
processing includes volume rendering, surface rendering,
multi-planar reconstruction (MPR), curved planer recon-
struction (CPR), projection processing, or the like.

[0052] In Step S5, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so that the probe position information can be converted into
information based on the volume data coordinate system. In
accordance with an instruction from the input circuitry 11, the
central processing circuitry 1 transfers the volume data from
the memory circuitry 7 to the position information converting
circuitry 9. The central processing circuitry 1 transfers the

Jan. 14,2016

position information on the ultrasonic probe 4, stored in the
memory circuitry 7 at proper intervals, to the position infor-
mation converting circuitry 9. The position information con-
verting circuitry 9 converts the probe position information
transferred from the memory circuitry 7 into position infor-
mation based on the volume data coordinate system trans-
ferred from the memory circuitry 7. The position information
converting circuitry 9 transfers the position information,
which is position information based on the volume data coor-
dinate system, to the guide data generating circuitry 10.

[0053] FIG. 6 is a conceptual diagram illustrating how the
position information is converted by the position information
converting circuitry 9. As shown in FIG. 6, the coordinate
system for the volume data (volume data coordinate system
107) s, forexample, an XYZ Cartesian coordinate system (X,
Y, 7) that expresses data using an X-axis, a Y-axis and a
Z-axis. It is assumed that the volume data coordinate system
107 is a coordinate system that is shifted from the position
information acquiring circuitry coordinate system 106, by +a
in the x-axis direction, by +b in the y-axis direction and by +c
in the z-axis direction. It is also assumed that the coordinates
of the reference point O in the position information acquiring
circuitry coordinate system 106 are (x0, y0, z0). In this case,
the coordinates of the reference point O in the volume data
coordinate system 107 are converted to (x0-a, y0-b, z0-c). In
the above example, the volume data coordinate system 107 is
not a coordinate system obtained by rotating the position
information acquiring circuitry coordinate system 106.
Therefore, the ultrasonic probe depth direction 103 and the
transducer arrangement direction 104 remain unchanged.
Where the volume data coordinate system 107 is a coordinate
system obtained by rotating the position information acquir-
ing circuitry coordinate system 106, the coordinate conver-
sion is performed in a similar manner.

[0054] In Step S6, the guide data generating circuitry 10
generates guide data, which represents current probe position
information based on the volume data coordinate system 107.
The guide data generating circuitry 10 transfers the guide data
to the display circuitry 8. The display circuitry 8 displays
guide data, representing probe position information, as a
guide marker on a volume image. In the description below, the
guide marker representing the probe position information
will be referred to as a “probe marker.”

[0055] FIG. 7A is a schematic diagram illustrating a
B-mode image 102 displayed on the display circuitry 8. FIG.
7B is a schematic diagram illustrating a volume image 108
displayed on the display circuitry 8. As shown in FIGS. 7A
and 7B, the probe marker 109 indicative of the current posi-
tion information on the ultrasonic probe 4 is displayed on the
volume image 108. The display circuitry 8 displays the probe
marker 109 and the volume image 108, with their positions
being determined based on the probe position information
regarding the probe marker 109. In order to enable the opera-
tor to clearly understand where the current B-mode scanning
plane is, the display circuitry 8 may be configured to display
a marker S indicative of the scan plane, with its position
determined with reference to the probe marker 109. In the
description below, the marker S indicative of the scanning
plane will be referred to as a scan plane marker S. The display
position and direction of the scan plane marker S are deter-
mined based on the current position information on the ultra-
sonic probe 4 and the position information on the B-mode
scan plane. The display position and direction of the scan
plane marker S correspond to the spatial position and direc-
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tion of the plane of the B-mode image 102 acquired actually
and displayed in real time. The probe marker 109 and the scan
plane marker S may be superimposed on the volume image
108 when they are displayed. In order to enable clear under-
standing of how the probe marker 109 and the scan plane
marker S are positioned and orientated with reference to an
internal organ of a patient, the display circuitry 8 may be
configured to display the volume image 10, with the body
surface part of the volume image 108 being shown with an
appropriate degree of transparency. The position and direc-
tion of the probe marker 109 are updated at proper intervals in
accordance with the position information acquired by the
position information acquiring circuitry 202.

[0056] In Step S7, the operator confirms that the scanning
area of the B-mode image 102 includes a target for which a
color Doppler scan is to be performed, and upon confirmation
of this, the operator operates the input circuitry 11 to desig-
nate a color Doppler data generation range in the B-mode
image 102 displayed on the display circuitry 8 and enters an
instruction to generate color Doppler data to the central pro-
cessing circuitry 1. In accordance with an instruction from the
input circuitry 11, the central processing circuitry 1 generates
control data used for generating color Doppler data in the
range designated with the input circuitry 11, and transfers the
color-Doppler-data-generation control data to the transmis-
sion circuitry 3. The transmission/reception control circuitry
2 controls its memory circuitry means to store the color-
Doppler-data-generation control data transferred from the
central processing circuitry 1. When one rate is started upon
generation of a rate pulse, the transmission/reception control
circuitry 2 selects control data related to the rate from the
color-Doppler-data-generation control data and supplies the
selected control data to the transmission circuitry 3. The
transmission circuitry 3 transmits a driving pulse based on the
control data received from the transmission/reception control
circuitry 2 to the transducers of the ultrasonic probe 4. Fach of
the transducers of the ultrasonic probe 4 generates an ultra-
sonic wave upon reception of the driving pulse from the
transmission circuitry 3, and generates an echo signal upon
reception of areflection wave reflected by an internal tissue of
the patient. Each of the transducers transmits the generated
echo signal to the reception circuitry 5. Upon reception of the
echo signal, the reception circuitry 5 amplifies the signal
intensity of the echo signal and performs phasing addition
processing based on the control data. At the end of the phasing
addition processing, the reception circuitry 5 transmits the
echo signal to the signal processing circuitry 6. The signal
processing circuitry 6 detects a frequency shift occurred in the
echo signal by an autocorrelation technique, as frequency
analysis of the echo signal. The signal processing circuitry 6
acquires the detected frequency shift as a Doppler signal. The
signal processing circuitry 6 generates color Doppler data
corresponding to the range designated with the input circuitry
11, based on all control data for color Doppler data genera-
tion, and transmits the generated color Doppler data to the
memory circuitry 7. The memory circuitry 7 stores the color
Doppler data received from the signal processing circuitry 6.
The operator operates the input circuitry 11 and enters an
instruction to the central processing circuitry 1 so as to trans-
fer the color Doppler data stored in the memory circuitry 7 to
the display circuitry 8. In accordance with an instruction from
the input circuitry 11, the central processing circuitry 1 trans-
fers the color Doppler data from the memory circuitry 7 to the
display circuitry 8. The display circuitry 8 displays the color
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Doppler data transferred from the memory circuitry 7 as a
color Doppler image, with the color Doppler data being
superimposed on the B-mode image 102.

[0057] In Step S8, the operator confirms that the scanning
area of the color Doppler image includes a target for which
Doppler spectrum measurement is to be performed, and upon
confirmation of this, the operator operates the input circuitry
11 to designate a Doppler spectrum data generation position,
namely, a range gate display position, in the color Doppler
image displayed on the display circuitry 8. The central pro-
cessing circuitry 1 controls the display circuitry 8 to display
range gate markers. The display circuitry 8 displays range
gate markers at the designated display position. The central
processing circuitry 1 calculates a transmission angle and a
focusing distance that enable a transmission beam to be
focused on the designated display position in the current
arrangement of the ultrasonic probe 4. The calculated trans-
mission angle and focusing distance will be referred to as
transmission angle and focusing distance for a first examina-
tion (past examination). The central processing circuitry 1
controls the memory circuitry 7 to store the transmission
angle and the focusing distance of the first examination.

[0058] In Step S9, the operator enters an instruction to the
central processing circuitry 1 so as to generate Doppler spec-
trum data. In accordance with an instruction from the input
circuitry 11, the central processing circuitry 1 generates con-
trol data used for generating Doppler spectrum data at the
position designated with the input circuitry 11, and transfers
the Doppler-spectrum-data-generation control data to the
transmission circuitry 3. The transmission/reception control
circuitry 2 controls its memory circuitry means to store the
Doppler-spectrum-data-generation control data transferred
from the central processing circuitry 1. When one rate is
started upon generation of a rate pulse, the transmission/
reception control circuitry 2 selects control data related to the
rate from the Doppler-spectrum-data-generation control data
and supplies the selected control data to the transmission
circuitry 3. The transmission circuitry 3 transmits a driving
pulse based on the control data received from the transmis-
sion/reception control circuitry 2 to the transducers of the
ultrasonic probe 4. Each of the transducers of the ultrasonic
probe 4 generates an ultrasonic wave upon reception of the
driving pulse from the transmission circuitry 3, and generates
an echo signal upon reception of a reflection wave reflected by
an internal tissue of the patient. Each of the transducers trans-
mits the generated echo signal to the reception circuitry 5.
Upon reception of the echo signal, the reception circuitry 5
amplifies the signal intensity of the echo signal and performs
phasing addition processing based on the control data. At the
end ofthe phasing addition processing, the reception circuitry
5 transmits the echo signal to the signal processing circuitry 6.
The signal processing circuitry 6 detects a frequency shift
occurred in the echo signal by fast Fourier transform, as
frequency analysis of the echo signal. The signal processing
circuitry 6 acquires the detected frequency shift as a Doppler
signal. The signal processing circuitry 6 generates Doppler
spectrum data at a position designated by the input circuitry
11, based on control data for Doppler spectrum data genera-
tion, and supplies the generated Doppler spectrum data to the
memory circuitry 7. The memory circuitry 7 stores the Dop-
pler spectrum data received from the signal processing cir-
cuitry 6. The operator operates the input circuitry 11 and
enters an instruction to the central processing circuitry 1 so as
to transfer the Doppler spectrum data stored in the memory
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circuitry 7 to the display circuitry 8. In accordance with an
instruction from the input circuitry 11, the central processing
circuitry 1 transfers the Doppler spectrum data from the
memory circuitry 7 to the display circuitry 8. The display
circuitry 8 displays the Doppler spectrum data transferred
from the memory circuitry 7, as a Doppler spectrum image.
[0059] In Step S10, when the operator finishes observing
the Doppler spectrum image, the central processing circuitry
1 transfers, to the position information converting circuitry 9,
the probe position information that is stored in the memory
circuitry 7 when the operator operates the input circuitry 11
and enters an instruction to generate the Doppler spectrum
data to the central processing circuitry 1. The position infor-
mation converting circuitry 9 converts the probe position
information transferred from the memory circuitry 7 into
position information based on the volume data coordinate
system. In the descriptions below, the probe position infor-
mation expressed in the volume data coordinate system gen-
erated in Step S10 will be referred to as probe position infor-
mation of the first examination. The position information
converting circuitry 9 transfers the probe position informa-
tion of the first examination to the memory circuitry 7. The
memory circuitry 7 stores the probe position information of
the first examination transferred from the position informa-
tion converting circuitry 9.

[0060] In Step S11, the operator ends the diagnosis.
[0061] A description will be given of the second and sub-
sequent examinations of the follow-up shown in FIG. 5. It is
assumed that in the second and subsequent examinations, the
operator performs Doppler spectrum measurement at the
same position as the first Doppler spectrum measurement.
[0062] In Step S12, the operator starts diagnosis.

[0063] InStep S13, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so as to generate B-mode data. In accordance with an
instruction from the input circuitry 11, the central processing
circuitry 1 generates control data used for generating B-mode
data, and transfers the B-mode-data-generation control data
to the transmission/reception control circuitry 2. The trans-
mission/reception control circuitry 2 controls its memory
circuitry means to store control data transferred from the
central processing circuitry 1. When one rate is started upon
generation of a rate pulse, the transmission/reception control
circuitry 2 selects control data related to the rate and supplies
the selected control data to the transmission circuitry 3. The
transmission circuitry 3 transmits a driving pulse based on the
control data received from the transmission/reception control
circuitry 2 to the transducers of the ultrasonic probe 4. Fach of
the transducers of the ultrasonic probe 4 generates an ultra-
sonic wave upon reception of the driving pulse from the
transmission circuitry 3, and generates an echo signal upon
reception of areflection wave reflected by an internal tissue of
the patient. Each of the transducers transmits the generated
echo signal to the reception circuitry 5. Upon reception of the
echo signal, the reception circuitry 5 amplifies the signal
intensity of the echo signal and performs phasing addition
processing based on the control data. At the end of the phasing
addition processing, the reception circuitry 5 transmits the
echo signal to the signal processing circuitry 6. The signal
processing circuitry 6 executes envelope detecting processing
and logarithmic compression processing with respect to the
echo signal, thereby generating a reception signal. The signal
processing circuitry 6 generates B-mode data based on recep-
tion signals pertaining to all control data for B-mode data
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generation, and supplies the generated B-mode data to the
memory circuitry 7. The memory circuitry 7 stores the
B-mode data received from the signal processing circuitry 6.
The operator operates the input circuitry 11 and enters an
instruction to the central processing circuitry 1 so as to trans-
fer the B-mode data stored in the memory circuitry 7 to the
display circuitry 8. In accordance with an instruction from the
input circuitry 11, the central processing circuitry 1 transfers
the B-mode data from the memory circuitry 7 to the display
circuitry 8. The display circuitry 8 displays the B-mode data
transferred from the memory circuitry 7, as a B-mode image.

[0064] In Step S14, the central processing circuitry 1 con-
trols the display circuitry 8 to display an image data list stored
in the memory circuitry 7 as a predetermined operation menu.
The operator operates the input circuitry 11 to select the
volume data stored in the memory circuitry 7 from the list.
The central processing circuitry 1 transfers the volume data
selected by the operator from the memory circuitry 7 to the
display circuitry 8. In accordance with an instruction from the
central processing circuitry 1, the display circuitry 8 displays
a volume image based on the volume data transferred from
the memory circuitry 7.

[0065] In Step S15, the operator operates the input circuitry
11 and enters an instruction to the central processing circuitry
1 so that the current probe position information can be con-
verted into information based on the volume data coordinate
system. In accordance with an instruction from the input
circuitry 11, the central processing circuitry 1 first transfers
the volume data from the memory circuitry 7 to the position
information converting circuitry 9. Then, the central process-
ing circuitry 1 transfers the position information, stored in the
memory circuitry 7 at proper intervals, to the position infor-
mation converting circuitry 9. The position information con-
verting circuitry 9 converts the probe position information
transferred from the memory circuitry 7 into position infor-
mation based on the volume data coordinate system trans-
ferred from the memory circuitry 7. The position information
converting circuitry 9 transfers the position information,
which is position information based on the volume data coor-
dinate system, to the guide data generating circuitry 10.

[0066] In Step S16, the central processing circuitry 1 trans-
fers (i) the probe position information of the first examination
stored in the memory circuitry 7 in Step S10 and (ii) the
information on the transmission angle and focusing distance
of the first examination stored in the memory circuitry in Step
S8, to the guide data generating circuitry 10.

[0067] In Step S17, the guide data generating circuitry 10
generates guide data based on the current probe position
information and the transmission angle and focusing distance
of the first examination. In the descriptions below, this guide
data will be referred to as current guide data. The guide data
generating circuitry 10 generates guide data based on the
probe position information of the first examination and the
transmission angle and focusing distance of the first exami-
nation. The guide data on the first examination is used in the
second and subsequent examinations of the follow-up as data
representing the target positions of the ultrasonic probe 4 and
the range gates. In the descriptions below, this guide data will
be referred to as target guide data. The guide data generating
circuitry 10 transfers the current guide data and the target
guide data to the display circuitry 8. The display circuitry 8
displays the current guide data and the target guide data as
guide markers.
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[0068] FIG. 8 shows guide markers displayed on the dis-
play circuitry 8 in Step S17. In Step S17, the display circuitry
8 displays a current guide marker 110 corresponding to the
current guide data and a target guide marker 111 correspond-
ing to the target guide data, with the positions of the markers
being determined in relation to each other. The current guide
marker 110 includes a current probe marker 110-1 represent-
ing the current ultrasonic probe 4 and a range gate guide
marker 110-2 representing the scanning line and range gates
of the first examination. The target guide marker 111 includes
a target probe marker 111-1 representing the ultrasonic probe
4 of the first examination and a target range gate guide marker
111-2 representing the scanning line and range gates of the
first examination. The display circuitry 8 displays the current
probe marker 110-1 on the volume image 108, based on the
current probe position information and in accordance with the
position and direction of the current ultrasonic probe 4. The
display circuitry 8 displays the current range gate guide
marker 110-2 on the volume image 108, based on the trans-
mission angle and focusing distance of the first examination
and in accordance with the position and direction of the range
gates of the first examination. At the time, the display cir-
cuitry 8 displays the base portion of the current range gate
guide marker 110-2 at the position corresponding to the ref-
erence point O of the current probe marker 110-1.

[0069] Likewise, the display circuitry 8 displays the target
probe marker 110-1 on the volume image 108, based on the
probe position information of the first examination and in
accordance with the position and direction of the ultrasonic
probe 4 of the first examination. The display circuitry 8 dis-
plays the target range gate guide probe marker 110-2 on the
volume image 108, based on the transmission angle and
focusing distance of the first examination and in accordance
with the position and direction of the range gates of the first
examination. At the time, the display circuitry 8 displays the
base portion of the target range gate guide marker 110-2 at the
position corresponding to the reference point O of the target
probe marker 110-1. In order to enable clear understanding of
how the range gate markers 110-2 and 111-2 are positioned
and orientated with reference to an internal organ of a patient,
the display circuitry 8 may be configured to display the vol-
ume image 10, with the body surface part of the volume image
108 being shown with an appropriate degree of transparency.
In addition, the display circuitry 8 may be configured to
display the current guide marker 110 and the target guide
marker 111 in different manners, for easy distinction between
them. For example, the display circuitry 8 may be configured
to display the current guide marker 110 and the target guide
marker 111 in different colors or with different kinds of line.
Alternatively, one of the current guide marker 110 and the
target guide marker 111 may be displayed to blink.

[0070] The operator changes the position and direction of
the ultrasonic probe 4 pressed against the patient, in such a
manner that the current guide marker 110 displayed on the
display circuitry 8 is on the target guide marker 111. The
position and direction of the current guide marker 110 are
updated at proper intervals in accordance with the position
information acquired by the position information acquiring
circuitry 202.

[0071] In Step S18, the operator operates the ultrasonic
probe 4 so that the current guide marker 110 is displayed on
the same position as the target guide marker 111.

[0072] After the target guide marker 111 and the current
guide marker 110 are displayed at the same position, Step S19
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is executed, in which the central processing circuitry 1 deter-
mines the position of the range gate marker in accordance
with the transmission angle and focusing distance stored in
the memory circuitry 7 in Step S8, and generates Doppler
spectrum data. In other words, when the operator moves the
ultrasonic probe 4 in such a manner that the current guide
marker 110 is displayed at the same position as the target
guide marker 111, the generation of Doppler spectrum data is
automatically started. In accordance with an instruction from
the input circuitry 11, the central processing circuitry 1 gen-
erates control dataused for generating Doppler spectrum data
at the position designated with the input circuitry 11, and
transfers the Doppler-spectrum-data-generation control data
to the transmission circuitry 3. The transmission/reception
control circuitry 2 controls its memory circuitry means to
store the Doppler-spectrum-data-generation control data
transferred from the central processing circuitry 1. When one
rate is started upon generation of a rate pulse, the transmis-
sion/reception control circuitry 2 selects control data related
to the rate from the Doppler-spectrum-data-generation con-
trol data and supplies the selected control data to the trans-
mission circuitry 3. The transmission circuitry 3 transmits a
driving pulse based on the control data received from the
transmission/reception control circuitry 2 to the transducers
of the ultrasonic probe 4. Each of the transducers of the
ultrasonic probe 4 generates an ultrasonic wave upon recep-
tion of the driving pulse from the transmission circuitry 3, and
generates an echo signal upon reception of a reflection wave
reflected by an internal tissue of the patient. Each of the
transducers transmits the generated echo signal to the recep-
tion circuitry 5. Upon reception of the echo signal, the recep-
tion circuitry 5 amplifies the signal intensity of the echo signal
and performs phasing addition processing based on the con-
trol data. At the end of the phasing addition processing, the
reception circuitry 5 transmits the echo signal to the signal
processing circuitry 6. The signal processing circuitry 6
detects a frequency shift occurred in the echo signal by fast
Fourier transform, as frequency analysis of the echo signal.
The signal processing circuitry 6 acquires the detected fre-
quency shift as a Doppler signal. The signal processing cir-
cuitry 6 generates Doppler spectrum data at a position desig-
nated by the input circuitry 11, based on control data for
Doppler spectrum data generation, and supplies the generated
Doppler spectrum data to the memory circuitry 7. The
memory circuitry 7 stores the Doppler spectrum data received
from the signal processing circuitry 6. The operator operates
the input circuitry 11 and enters an instruction to the central
processing circuitry 1 so as to transfer the Doppler spectrum
data stored in the memory circuitry 7 to the display circuitry
8. In accordance with an instruction from the input circuitry
11, the central processing circuitry 1 transfers the Doppler
spectrum data from the memory circuitry 7 to the display
circuitry 8. The display circuitry 8 displays the Doppler spec-
trum data transferred from the memory circuitry 7, as a Dop-
pler spectrum image.

[0073] After observing the Doppler spectrum, the operator
ends the diagnosis in Step S20.

[0074] As described above, the ultrasonic diagnostic appa-
ratus 100 of the present embodiment displays the current
guide marker 110 (which is based on the probe position
information constantly updated) on the volume image shown
onthe display circuitry 8, and further displays the target guide
marker 111 (representing the probe position where the flow
velocity was measured in the past). The operator changes the
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position and direction of the ultrasonic probe 4 in such a
manner that the current guide marker 110 is displayed at the
same position as the target guide marker 111. By virtue of
this, the ultrasonic probe 4, with which to measure the flow
velocity, can be adjusted to the position where measurement
was performed in the past. In addition to the above, the
ultrasonic diagnostic apparatus 100 of the present embodi-
ment generates Doppler spectrum data, using the same the
transmission angle and focusing distance as were used in the
past measurement of the flow velocity. Because of this, the
angle of the ultrasonic transmission/reception direction, as
determined with reference to the blood flow direction, never
fails to be the same angle as in the past measurement, and the
reproducibility in diagnosis is ensured. Furthermore, the
ultrasonic diagnostic apparatus 100 of the present embodi-
ment provides improved reproducibility of diagnosis by the
simple operation of displaying guide markers based on the
probe position information at the same position on the display
circuitry 8. Therefore, the present embodiment enables accu-
rate diagnosis without reference to the operator’s skills.
[0075] As a modification of the present embodiment, the
target guide marker 111 and current guide marker 110 dis-
played on the volume image may be used in combination with
a marker which represents the moving direction of the ultra-
sonic probe 4 and which enables the current guide marker 110
to be displayed at the same position as the target guide marker
111. This marker is, for example, an arrow marker, and indi-
cates the direction in which the ultrasonic probe 4 should be
moved.

[0076] In addition, the degree of matching between the
current prove position information and the past probe position
information may be calculated and displayed on the display
circuitry 8. For example, the degree of matching may be a
degree of matching regarding angles. If the ultrasonic probe
depth direction 103 and transducer arrangement direction 104
in a current measurement are 180-degree opposite to those
used in a past measurement, the degree of matching is
assumed to be 0%. If the ultrasonic probe depth direction 103
and transducer arrangement direction 104 in the current mea-
surement are the same as those used in the past measurement,
the degree of matching is assumed to be 100%. Alternatively,
the degree of matching may be a degree of matching regard-
ing distances. Let us assume that a sphere has a radius R and
a coordinate center O which is on the ultrasonic probe 4 used
for measuring the flow velocity. If point O of the current
ultrasonic probe 4 is at the center of the sphere, namely, if the
coordinates of point O used when the ultrasonic probe 4
measured a flow velocity are the same as the coordinates of
point O used when the ultrasonic probe 4 is measuring a flow
velocity, then the degree of matching is assumed to be 100%.
If the coordinates of point O of the current ultrasonic probe 4
are on the surface of the sphere, then the degree of matching
is assumed to be 0%. If the coordinates of point O of the
current ultrasonic probe 4 are out of the sphere, then no degree
of matching is displayed. Alternatively, both the degree of
matching regarding angles and the degree of matching
regarding distances may be displayed.

[0077] Thanks to these, the operator can easily adjust the
current position of the ultrasonic probe 4 to the past position.
[0078] Theimage based on the Doppler spectrum data gen-
erated in Step S19 need not be displayed solely; it may be
displayed side by side with the image based on the Doppler
spectrum data generated in Step S9 (i.e., in the first examina-
tion of a follow-up), for easy comparison.
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[0079] FIG. 9is a schematic diagram illustrating a Doppler
spectrum image 102 displayed on the display circuitry 8. In
FIG. 9, the display circuitry 8 displays both the Doppler
spectrum image 112a based on the Doppler spectrum data
generated in the first examination of a follow-up and the
Doppler spectrum image 1125 based on the Doppler spec-
trum data generated, for example, in the second examination
of the follow-up.

[0080] In addition, the display circuitry 8 may display
maximum and average values of the flow velocity measured
in Steps S9 and S19.

[0081] This enables the operator to confirm based on mea-
surement results whether the position and direction of the
current ultrasonic probe 4 are the same as those used in the
first examination of a follow-up.

[0082] In connection with the present embodiment, refer-
ence was made to the case where the target guide marker 111
and the current guide marker 110 are displayed on the volume
image. However, the target guide marker 111 and the current
guide marker 110 may be displayed on a B-mode image.

[0083] FIG. 10 is a schematic diagram showing the current
guide marker 110 and the target guide marker 111 displayed
on the B-mode image 102. In the case of FIG. 10, the probe
position information representing where a past blood flow
measurement was effected and the probe position informa-
tion representing where a current blood flow measurement is
effected (both the probe position formation are expressed in
the volume data coordinate system by the position informa-
tion converting circuitry 9) are converted again into informa-
tion expressed in the coordinate system of the current probe
position information, and the current guide marker 110 and
the target guide marker are displayed on the B-mode image
102 based on the position information obtained after the
second conversion.

[0084] In connection with the present embodiment, refer-
ence was made to the case where the ultrasonic probe is an
one-dimensional array probe wherein a plurality of transduc-
ers are arranged in one dimension. In place of this type of
ultrasonic probe, a 2D array probe capable of generating
three-dimensional volume data may be used. In this case, the
position information can be converted based on the volume
data generated by the ultrasonic probe, in place of the volume
data which is acquired from the image server 200 in Step S2.
A guide marker may be superimposed on the volume data.

[0085] Where the 2D array probe is employed, the trans-
mission/reception beams in the same direction can be
obtained by merely using the same coordinates of the ultra-
sonic probe between first examination of a follow-up and the
second and subsequent examinations of the follow-up. To be
specific, the coordinates of the ultrasonic probe used for
measuring the flow velocity in the first examination of a
follow-up and the direction of transmission and reception
beams are converted into data based on the volume data
coordinate system acquired from the image server, and the
resultant data are stored in the memory circuitry. In the sec-
ond examination of the follow-up, the coordinates of the
ultrasonic probe expressed in the volume data coordinate
system are converted into coordinates used in the first exami-
nation of the follow-up, and the ultrasonic diagnostic appa-
ratus generates volume data based on the coordinates. In the
volume data, thus generated, a transmission/reception direc-
tion which is the same as that used in the first examination of
the follow-up is detected, and beams are transmitted and
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received in this direction. By virtue of this feature, the repro-
ducibility of the flow velocity measurement can be easily
enhanced.

[0086] In connection with the present embodiment, refer-
ence was made to the case where Doppler spectrum data is
generated at the same position in each measurement. How-
ever, color Doppler data may be generated at the same posi-
tion in each measurement. In this case, the ultrasonic probe
has to be at the same position between past diagnosis and
current diagnosis. In addition, the transmission angle and
focusing distance at each focus position required for gener-
ating color Doppler data have to be the same as those used in
the past measurement of the flow velocity.

[0087] In connection with the present embodiment, refer-
ence was made to the case where Doppler spectrum data is
automatically generated when the current guide marker is
moved to the position of the target guide marker 111. How-
ever, this is in no way restricting. That is, the operator may
operate the input circuitry 11 and designate the generation of
Doppler spectrum data after moving the current guide marker
110 to the position of the target guide marker 111.

[0088] In connection with the present embodiment, refer-
ence was made to the case where the volume image 108,
current guide marker 110 and target guide marker 111 are
superimposed when they are displayed on the display cir-
cuitry 8. However, the volume image 108 does not have to be
displayed. In this case as well, the operator moves the ultra-
sonic probe 4 in such a manner that the current guide marker
110 is displayed on the same position as the target guide
marker 111. By so doing, the operator can move the ultrasonic
probe 4 to the same position as it was located in the past
diagnosis.

[0089] In connection with the present embodiment, refer-
ence was made to the case where the position information
acquired by the position information acquiring circuitry 202
is the position information on the ultrasonic probe 4. How-
ever, the position information acquired by the position infor-
mation acquiring circuitry 202 may be information on the
position where a scan is being performed. For example, the
central point in the scanning area in the B-mode image 102
may be acquired as position information.

[0090] In connection with the present embodiment, refer-
ence was made to the case where the ultrasonic diagnostic
apparatus 100 does not comprise the position sensor 201,
position information acquiring circuitry 202 or magnetic field
generating circuitry 203. However, the ultrasonic diagnostic
apparatus 100 may be configured to comprise at least one of
the position sensor 201, position information acquiring cir-
cuitry 202 and magnetic field generating circuitry 203.
[0091] In connection with the present embodiment, refer-
ence was made to the case where three kinds of data, namely
B-mode data, color Doppler data and Doppler spectrum data,
are generated in the order mentioned. However, two kinds of
data, namely B-mode data and Doppler spectrum data, may
be generated in the order mentioned. Doppler spectrum data
does nothave to be generated using pulse Doppler data; it may
be generated using continuous-wave Doppler data. Since no
depth information is used in the continuous-wave Doppler
method, guide data is generated using the position informa-
tion and angle information on the ultrasonic probe 4.

[0092] In connection with the present embodiment, refer-
ence was made to the case where the ultrasonic diagnostic
apparatus used in the first examination of a follow-up is the
same as the ultrasonic diagnostic apparatus used in the second
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and subsequent examinations of the follow-up. As long as the
position information on the ultrasonic probe of the first
examination of the follow-up is used in the second and sub-
sequent examinations, the ultrasonic diagnostic apparatus
used for the first examination may be different from that used
for the second and subsequent examinations.

[0093] In connection with the present embodiment, refer-
ence was made to the case where the position information on
the ultrasonic probe 4 acquired by the position information
acquiring circuitry 202 in the first examination of a follow-up
is subjected to conversion in real time. However, if the
memory circuitry 7 stores both position information on the
ultrasonic probe 4 used in the first examination of a follow-up
and volume data acquired from the image server 200, then the
position information stored in the memory circuitry 7 may be
used in the second and subsequent examinations of the fol-
low-up.

[0094] In connection with the above embodiment, the dis-
play circuitry 8 displays both probe markers 110-1 and 111-1
and range gate markers 110-2 and 111-2. However, the
present embodiment is not limited to this. The display cir-
cuitry 8 may be configured to display either the probe markers
110-1 and 111-1 or the gate guide markers 110-2 and 111-2,
if the operator can arrange the current ultrasonic probe 4 at the
same position and in the same direction as the ultrasonic
probe 4 in a past ultrasonic scan.

[0095] In the above embodiment, the guide markers were
described as markers indicating the position information on a
scan position in Doppler measurement. However, the present
embodiment is not limited to this. For example, the guide
markers may indicate the position information on a scan
position in color Doppler measurement. In this case, the posi-
tion information on the scan position is defined as position
information on a ROI in color Doppler measurement. The
display circuitry 8 displays both a past ROI guide marker
indicating a ROI in a past ultrasonic scan and a current ROI
guide marker indicating a ROI in a current ultrasonic scan in
such a manner that the positions of the two guide markers are
correlated with each other based on the information on the
scan position in the past ultrasonic scan and the information
on the scan position in the current ultrasonic scan. By virtue
of this feature, the ultrasonic probe 4 can be moved to a past
scan position easily and accurately in the color Doppler mea-
surement as well.

[0096] As can be seen from the above, the present embodi-
ment improves the reproducibility in the measurement of a
flow velocity.

[0097] 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.

1. An ultrasonic diagnostic apparatus comprising:

a converting circuitry which converts position information
on at least one of an ultrasonic probe and a scan position,
used in a past ultrasonic scan of an examinee, into first
position information based on a predetermined coordi-
nate system, and which further converts position infor-
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mation on at least one of ultrasonic probe and a scan
position, used in a current ultrasonic scan of the exam-
inee, into second position information based on the pre-
determined coordinate system; and
adisplay control circuitry which determines a position of a
first marker, representing at least one of the ultrasonic
probe and scan position used in the past ultrasonic scan,
and a position of a second marker, representing at least
one of the ultrasonic probe and scan position used in the
current ultrasonic scan, based on the first position infor-
mation and the second position information, and which
displays the first and second markers.
2. The ultrasonic diagnostic apparatus further comprising:
amemory circuitry which stores volume data regarding the
examinee;
wherein the predetermined coordinate system is a coordi-
nate system that defines the volume data.
3. The ultrasonic diagnostic apparatus according to claim
2, wherein the display control circuitry superimpose the first
marker and the second marker on an image based on the
volume data.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein position information on the scan position includes
an angle of a scanning line in Doppler measurement,
the first marker is a past scanning line guide marker repre-
senting a scanning line used in the past ultrasonic scan,
the second marker is a current scanning line guide marker
representing a scanning line used in the current ultra-
sonic scan, and
the display control circuitry adjust an angle between the
past scanning line guide marker and the current scanning
line guide marker, based on position information on the
scan position in the past ultrasonic scan and position
information on the scan position in the current ultrasonic
scan.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein position information on the scan position includes
an angle of a scanning line in Doppler measurement and a
depth of a range gate determined for the scanning line,
the first marker includes a past scanning line guide marker
representing a scanning line used in the past ultrasonic
scan, and a past range gate guide marker representing a
range gate in the past ultrasonic scan,
the second marker includes a current scanning line guide
marker representing a scanning line used in the current
ultrasonic scan, and a current range gate guide marker
representing a range gate in the current ultrasonic scan,
and
the display control circuitry adjust angles of the past scan-
ning line guide marker and the current scanning line
guide marker and depths of the past scanning line guide
marker and the current scanning line guide marker,
based on position information on the scan position in the
past ultrasonic scan and position information on the scan
position in the current ultrasonic scan.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein position information on the scan position includes
position information ona ROIin color Doppler measurement,
the first marker is a past ROI guide marker representing a
ROI used in the past ultrasonic scan,
the second marker is a present ROI guide marker represent-
ing a ROI used in the current ultrasonic scan, and
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the display control circuitry adjust positions of the past
ROI guide marker and the current ROI guide marker,
based on position information on the scan position in the
pastultrasonic scan and position information on the scan
position in the current ultrasonic scan.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein the first marker includes a past probe guide marker
representing an ultrasonic probe in the past ultrasonic scan,
and a past scan-range guide marker representing a scan range
in the past ultrasonic scan,
the second marker includes a current probe guide marker
representing an ultrasonic probe in the current ultrasonic
scan, and a current scan-range guide marker represent-
ing a scan range in the current ultrasonic scan, and
the display control circuitry display the past probe guide
marker, the past scan-range guide marker, the current
probe guide marker and the current scan-range guide
marker.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein position information on the ultrasonic probe
includes a position and direction of the ultrasonic probe,
the first marker is a first guide marker representing an
ultrasonic probe in the past ultrasonic scan,
the second marker is a second guide marker representing an
ultrasonic probe in the current ultrasonic scan, and
the display control circuitry adjust positions and directions
of the first guide marker and the second guide marker,
based on position information on the ultrasonic probe in
the past ultrasonic scan and position information on the
ultrasonic probe in the current ultrasonic scan.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein the display control circuitry display an arrow
marker along with the second marker and the first marker, the
arrow marker extending from the second marker toward the
first marker.
10. The ultrasonic diagnostic apparatus according to claim
1, wherein the display control circuitry calculates a degree of
matching between the first position information and the sec-
ond position information, and
the display control circuitry display the degree of match-
ing.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein further comprising a central processing circuitry,
wherein, the display control circuitry determine whether the
first position information matches with the second position
information, and
the central processing circuitry control the ultrasonic probe
to start an ultrasonic scan if the first position information
is matched with the second position information.
12. The ultrasonic diagnostic apparatus according to claim
2, wherein the volume data is data transferred from an image
server.
13. The ultrasonic diagnostic apparatus according to claim
1, wherein the display control circuitry display a Doppler
spectrum image acquired in the past ultrasonic scan and a
Doppler spectrum image acquired in the current ultrasonic
scan.
14. The ultrasonic diagnostic apparatus according to claim
1, wherein the display control circuitry display a value based
on a flow velocity measured in the past ultrasonic scan and a
value based on a flow velocity measured in the current ultra-
sonic scan.
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