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7) ABSTRACT

An ultrasound image diagnosis apparatus that can display
image data acquired at a plurality of measuring positions in
panoramic image data and display measured results of diag-
nosis parameters for each of the measuring positions of the
panoramic image data The panoramic image data is generated
by combining a plurality of reference image data generated at
aplurality of diagnosis target positions. The plurality of mea-
suring positions is designated based on the latest reference
image data composing the panoramic image data. Based on
Doppler signals acquired through ultrasound transmissions
and receptions to and from the plurality of measurement
positions, image data is generated.
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ULTRASOUND IMAGE DIAGNOSIS
APPARATUS AND A CONTROL METHOD
FOR MEASURING DIAGNOSIS
PARAMETERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority under
35 US.C §119(a) from Japanese Patent Application No.
2009-155324, filed on Jun. 30, 2009, the contents of which
are expressly incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] A. Field of the Invention

[0003] The present invention relates to an ultrasound image
diagnosis apparatus and control method thereof for measur-
ing diagnosis parameters, and more particularly to an ultra-
sound image diagnosis apparatus and control method thereof
that displays panoramic image data showing wide scope fig-
ure data associated in time series with a plurality of measured
image data and/or measured values acquired from the mea-
sured data and showing functional data.

[0004] B. Background of the Invention

[0005] An ultrasound image diagnosis apparatus typically
transmits ultrasounds via ultrasound transducers installed in
an ultrasound probe to an object, such as a patient, and
receives the reflected ultrasounds (echo signals) which show
differences in the acoustic impedances of the object’s organs
enabling the display of an image of the organ on a monitor.
Since the ultrasound image diagnosis apparatus can easily
obtain two dimensional images in a real time from the simple
touching of an ultrasound probe to a patient body surface, this
device is widely used for diagnosing various statuses of a
patient’s body.

[0006] Ultrasound diagnosis methods for acquiring living
body data through reflection waves from tissues or blood cells
in a living body have been rapidly developing due to signifi-
cant technology developments such as the ultrasound pulses
reflection method and the ultrasound Doppler method. As a
result of the development of these technologies, a B mode
method for acquiring B mode image data and a color Doppler
method foracquiring color Doppler image data are now avail-
able for ultrasound image diagnosis.

[0007] Further, Doppler spectrum methods and M mode
methods have also been developed. In these methods, receip-
tion signals are acquired by performing transmissions/recep-
tions in a prescribed direction for an object. The Doppler
spectrum method generates frequency spectrum of Doppler
signal components (hereinafter, referred to as “spectrum
data”) by processing the receiving signals. The Dopplet spec-
trum method is able to quantitatively and accurately measure
the speed of the bloodstream in a measuring region in a
prescribed direction by measuring temporal changes of the
spectrum data. The M mode method is able to quantitatively
evaluate vital functions of living body tissues by measuring
temporal changes in reflection intensity (B mode data) of the
receiption signals acquired in a prescribed direction.

[0008] The M mode image data acquired through the M
mode method is generated by successively arranging a time
series B mode data in a time axis direction. The time series B
mode data is acquired through repetitions of a plurality of
ultrasound transmissions/receptions in the same direction
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to/from an object. Thus, the M mode image data is usually
shown as a distance to a reflection body on a longitudinal axis
with time on a horizontal axis. The amplitude of the B mode
data is shown by brightness.

[0009] Inthe Dopplerspectrum method, a plurality ofultra-
sound transmissions and receptions in the same direction with
respect to an object are repeated at a prescribed interval. The
Doppler signals are detected by performing orthogonal phase
detections on the ultrasound echo waves reflected from mov-
ing reflection bodies, such as blood cells, using a reference
signal that has a frequency that is substantially equal to the
center frequencies of ultrasound pulses. The spectrum data is
then generated by performing a frequency analysis of the
Doppler signal extracted from the Doppler signals through a
range gate in a desired measurement position. Further, spec-
trum image data is generated by successively arranging a
plurality of spectrum data that is time sequentially acquired at
the measurement positions, in a time axis direction. More-
over, the spectrum image data generated trough the Doppler
spectrum method is usually shown as a longitudinal axis for
frequency and a horizontal axis for time. The power (strength)
of each frequency components is shown by brightness (tone).
[0010] To correctly set up the range gate at a measuring
position on an object, the range gate is set up after monitoring
the B mode image data or the color Doppler image data
(hereinafter, the image data for setting the range gate is col-
lectively referred to as “reference image data”), and a mea-
surement marker showing a position of the range gate is
displayed in an overlapping manner on the reference image
data.

[0011] Conventionally, a display method has been pro-
posed for displaying spectrum image data generated at the
measuring position and various diagnosis parameters mea-
sured based on the generated spectrum image data together
with the reference image data having overlapped measure-
ment markers (for instance, see Japanese Patent Application
Publication 2005-81081).

[0012] Inthe conventionally proposed method, a maximum
frequency fp is initially detected for each of a plurality of
spectrum data acquired in a time series. Based on a trace
waveform (trend waveform) indicating temporal changes of
the plurality maximum frequencies fp, a peak of systolic (Ps)
and an end of diastolic (Ed) of a heart are detected. Then,
based on the peak of systolic (Ps) and the end of diastolic
(Ed), measurements of diagnosis parameters for peripheral
blood vessels are performed.

[0013] Such generations of the trace waveforms, detections
of the peak of systolic (Ps) and the end of diastolic (Ed), or
measurements of the diagnosis parameters have been, in the
past, manually performed using freeze spectrum image data.
However, recently, a method for automatically measuring
diagnosis parameters using spectrum image data displayed in
areal time has been developed (for instance, see U.S. Pat. No.
5,628.321).

[0014] However, in these conventional methods, image
data is acquired in a narrow region of one frame. As a result,
when monitoring the acquired reference image data, only one
measuring position is designated as an efficient position for a
diagnosis of the object. Spectrum image data is generated at
the designated measuring position, and diagnosis parameters
are measured based on the spectrum image data. Then both
the generated spectrum image data and the measured diagno-
sis parameters are displayed with the reference image data.
Consequently, observing a plurality of bloodstream data in a
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blood vessel passing through a wide range covered by a
plurality frames, such as a carotid artery, having a plurality of
measuring positions, has been difficult. Thus, while the plu-
rality of measured data is somewhat displayable, the display
of the measured data corresponding to each of the plurality of
measuring positions has not been achieved. Thus, it has been
nearly impossible to observe comparison data between
upstream data and downstream data of the bloodstream in a
blood vessel, or to observe comparison data between blood-
stream data before and after a branching of a blood vessel
based on the reference image data. Accordingly, after finish-
ing desired measurements, a laboratory technician has con-
ventionally illustrated identifying relationships between each
measured value and each measuring position. Consequently,
such operation has severely imposed strain on the operator,
such as a doctor or a laboratory technician. Further, the con-
ventional method has reduced diagnosis accuracy and
throughput efficiency of the diagnosis.

SUMMARY OF THE INVENTION

[0015] The present invention addresses these and other
problems and drawbacks and provides an ultrasound image
diagnosis apparatus and a control method for measuring diag-
nosis parameters that can easily and accurately generate a
plurality of measured image data at a plurality of designated
measuring positions, and measure diagnosis parameters
based on the plurality of measured image data a wider region
provided by panoramic image data.

[0016] Oneembodiment of the invention includes an ultra-
sound image diagnosis apparatus that measures diagnosis
parameters based on image data acquired through ultrasound
transmissions and receptions along prescribed directions
with respect to an object, the ultrasound image diagnosis
apparatus comprising:

[0017] an ultrasound probe including a plurality of trans-
ducers configured to transmit and receive ultrasound pulses
and ultrasound echo waves to and from the object;

[0018] a transmission/reception unit configured to supply
driving signals to the plurality of transducers for transmitting
the ultrasound pulses along the prescribed directions and to
perform phase compensation/summation on a plurality of
reception signals acquired from the plurality of transducers;
[0019] an ultrasound data generating unit configured to
generate both ultrasound data in a reference mode and ultra-
sound data in a measurement mode by processing the phase
compensated/summed receiving signals;

[0020] areference image data generating unit configured to
generate a reference image data based on ultrasound data in
the reference mode acquired through ultrasound transmis-
sion/reception along the prescribed directions with respect to
the object;

[0021] a panoramic image data generating unit configured
to generate a panoramic image data from the reference image
data successively generated in accordance with movements
of the ultrasound probe;

[0022] ameasuredimage data generating unit configured to
generate measured image data based on ultrasound data
acquired in the measurement mode through ultrasound trans-
mission/reception at a plurality of measurement positions
designated in the panoramic image data;

[0023] adiagnosis parameters measuring unit configured to
measure the diagnosis parameters based on the measured
image data; and
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[0024] a display unit configured to display the panoramic
image data together with at least one of the measured image
data and the measured results of the diagnosis parameters.
[0025] Another aspect of an embodiment of the invention is
a control method for measuring diagnosis parameters of an
ultrasound image diagnosis apparatus that measures diagno-
sis parameters based on image data acquired through ultra-
sound transmission/reception along prescribed directions
with respect to an object, the measurement controlling
method comprising:

[0026] supplying driving signals to a plurality of transduc-
ers in an ultrasound probe that transmit ultrasound pulses
along the prescribed directions and performing phase com-
pensation/summation on a plurality of receiving signals
acquired from the plurality of transducers;

[0027] generating both ultrasound data in a reference mode
and ultrasound data in ameasurement mode by processing the
phase compensated/summed receiving signals;

[0028] generating reference image data based on ultra-
sound data obtained in the reference mode acquired through
ultrasound transmission/reception along the directions with
respect to the object;

[0029] generating panoramic image data from a plurality of
the reference image data successively generated in accor-
dance with movements of the ultrasound probe;

[0030] generating measured image data based on ultra-
sound data acquired in the measurement mode through ultra-
sound transmission/reception at a plurality of measurement
positions designated in the panoramic image data;

[0031] measuring the diagnosis parameters based on the
measured image data; and

[0032] displaying the panoramic image data together with
at least one of the measured image data or the measured
results of the diagnosis parameters.

[0033] According to the embodiments of the present inven-
tion, it becomes possible to easily and accurately generate a
plurality of image data and measure diagnosis parameters at
respective measuring positions designated in the panoramic
image data displayed in a wider range under monitoring the
panoramic image data,. Accordingly, diagnosis accuracy and
efficiency can be significantly improved. Further, the burden
to the operators during ultrasound examinations is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
various embodiments and/or features of the present invention,
and together with the description, serve to explain embodi-
ments of the present invention. Where possible, the same
reference number will be used throughout the drawings to
describe the same or like parts. In the drawings:

[0035] FIG. 1 is a block diagram illustrating an ultrasound
diagnosis apparatus according to an embodiment of the
present invention;

[0036] FIG. 2 is a block diagram illustrating the transmis-
sion/reception unit and the ultrasound data generating unit
provided in the ultrasound diagnosis apparatus shown in FIG.
1

[0037] FIGS. 3A and 3B illustrate a reference mode of the
ultrasound diagnosis apparatus shown in FIG. 1 and ultra-
sound transmission/reception directions in a measurement
mode;
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[0038] FIGS. 4A-4G illustrate time charts showing basic
operations of the spectrum data generating unit in the ultra-
sound diagnosis apparatus shown in FIG. 1;

[0039] FIGS. 5A and 5B illustrate a method for generating
panoramic image data in the ultrasound diagnosis apparatus
according to one embodiment of the invention;

[0040] FIG. 6 illustrates an example of image data in the
ultrasound diagnosis apparatus according to one embodiment
of the invention;

[0041] FIG. 7 illustrates a peak of systolic (Ps) and an end
of diastolic (Ed) in image data of the ultrasound diagnosis
apparatus according to one embodiment of the invention;
[0042] FIG. 8 illustrates an example of display data in the
ultrasound diagnosis apparatus according to one embodiment
of the invention;

[0043] FIG. 9 is a flowchart illustrating displaying diagno-
sis parameter measuring results in the ultrasound diagnosis
apparatus according to one embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0044] In one embodiment of the present invention broad
range image data (hereinafter referred to as “panoramic
image data”) is generated from a plurality of reference image
data acquired at a plurality of diagnosis target positions on an
object. The plurality of reference image data is acquired by
successively moving an ultrasound probe having a plurality
of transducers arrayed in a single dimension. Based on the
latest reference image data included in the panoramic image
data, a measuring position of the bloodstream data is desig-
nated. Then, image data is generated based on Doppler sig-
nals acquired through ultrasound transmission/reception at
the designated measuring position. Diagnosis parameters are
measured using the image data. The image data acquired at
each of the designated plurality of bloodstream data measur-
ing positions and the measurement results of the diagnosis
parameters are displayed. In addition, the image data and the
measurement results are displayed in correspondence with
each of the measuring positions of the bloodstream data in the
panoramic image data.

[0045] Inthe following embodiment, as an example case, B
mode image data is generated as the reference image data, and
spectrum image data is generated as the measured image data
(hereinafter, simply referred to as “image data”). Of course, it
is also possible to use color Doppler image data or B mode
image data overlapped on color Doppler image data, as the
reference image data. It is also possible to use, as the image
data, M mode image data which indicates temporal changes
of B mode data. In the present embodiment, while the refer-
ence image data is generated based on the receiving signals
acquired through linear scan type ultrasound transmissions
and receptions, the reference image data may also be acquired
through sector scan type or convex scan type ultrasound trans-
missions and receptions.

[0046] FIG.11is a block diagram illustrating an ultrasound
diagnosis apparatus according to one embodiment of the
present invention. The ultrasound diagnosis apparatus 100
includes a transmission/reception unit 2, an ultrasound probe
3, an ultrasound data generating unit 4, an image data gener-
ating unit 5 and a diagnosis parameters measuring unit 6. The
ultrasound probe 3 includes a plurality of transducers for
transmitting ultrasound pulses (transmission type ultra-
sounds) to an examination target region of an object, e.g., a
neck portion, and converting ultrasound echo waves (receiv-
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ing type ultrasounds), acquired through the transmission, to
electrical signals (receiving type signals). The transmission/
reception unit 2 supplies driving signals for transmitting
ultrasound pulses in prescribed directions to an examination
target region and performs phase compensations and summa-
tions of received signals for a plurality channels acquired
through the plurality of transducers. The ultrasound data gen-
erating unit 4 generates B mode data and spectrum data by
processing the phase compensated and summed received sig-
nals. The image data generating unit 5 generates reference
image data and panoramic image data by arranging the B
mode data acquired by the ultrasound data generating unit 4
for various ultrasound transmission/reception directions.
Image data is generated by arranging the spectrum data
acquired in the ultrasound data generating unit 4 along a time
axis direction. The diagnosis parameters measuring unit 6
measures various diagnosis parameters based on the image
data.

[0047] The ultrasound diagnosis apparatus 100 further
includes a display unit 7, an input unit 8, a scan control unit 9,
a reference signal generating unit 10 for generating a refer-
ence signal, and a system control unit 11. The display unit 7
displays the panoramic image data by overlapping or com-
posing the measured image data and the measured results of
diagnosis parameters. The input unit 8 inputs object data and
various command signals. Further the input unit 8 sets up
image data generating conditions and designates measure-
ment positions of bloodstream data on the panoramic image
data. The scan control unit 9 controls ultrasound transmis-
sion/reception directions in a reference mode for generating
reference image data and in a measurement mode for gener-
ating image data. The system control unit 11 may entirely
control each of the above-discussed units. The system control
unit 11 may include a central processing unit.

[0048] The ultrasound probe 3 includes a plurality of one
dimensionally (1-D)arrayed transducers M1 (not shown) ina
tip portion. Ultrasound transmissions and receptions are per-
formed by touching the tip portion of the ultrasound probe 3
to a body surface of an object. The transducer is made of an
electrical acoustic conversion element that converts the trans-
mission driving signals (transmission type ultrasounds) to
ultrasound pulses and that converts the ultrasound echo waves
into the ultrasound reception signals. The plurality of trans-
ducers are coupled to the transmission/reception unit 2
through a plurality channels of a cable.

[0049] FIG. 2 illustrates the configuration of the transmis-
sion/reception unit 2 and the ultrasound data generating unit
4 in the ultrasound diagnosis apparatus shown in FIG. 1. The
transmission/reception unit 2 includes a transducer selection
unit 21, a transmission unit 22, and a reception unit 23. The
element selection unit 21 selects a plurality of transmission
transducers M2 and a plurality of reception transducers M3
among the plurality of transducers M1 provided in the ultra-
sound probe 3. The transmission unit 22 supplies driving
signals, each having a prescribed transmission delay time and
driven amplitude, to the plurality of transmission transducers
M2 for aprescribed direction. The reception unit 23 performs
phase compensations and summations of the plurality of
receiving signals acquired from the plurality of reception
transducers M3 from the prescribed directions.

[0050] During transmission, the elements selection unit 21
selects a plurality of adjoined transducers M2, among the
plurality M1 of transducers provided in the ultrasound probe
3, as a transmission transducer group. The selection of the
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transmission transducer group is based on element selection
control signals supplied from the scan control unit 9. During
reception, the transducer selection unit 21 selects a plurality
of adjoined transducers M3 among the plurality M1 of trans-
ducers as a reception transducer group. The elements selec-
tion unit 21, for instance, includes a plurality of electronic
switching circuits corresponding to the plurality of transduc-
ers M1 in the ultrasound probe 3, and selects the transmission
transducer group and the reception transducer group by con-
trolling the switching circuits. The selected transmission
transducer group is connected to the transmission unit 22. The
selected reception transducer group is connected to the recep-
tion unit 23. The selection of the transducer groups is per-
formed so that a center position of the transmission trans-
ducer group substantially coincides with a center position of
the reception transducer group. In a reference mode, ultra-
sound transmissions and receptions, i.e., linear scans, are
performed at a perpendicular direction 8=0 to an array direc-
tion of transducers by successively shifting the transmission
transducer group and the reception transducer group in the
array direction of the transducers at a rate interval (repetition
cycle of transmission type ultrasounds). In a measurement
mode, ultrasound transmissions and receptions are performed
along a crossing direction 8d to a bloodstream data measure-
ment position by fixing the transmission transducer group and
reception transducer group at an appropriate position with
respect to the array direction.

[0051] The transmission unit 22 includes a rate pulse gen-
erator 221, a transmission delay circuit 222 and a drive circuit
223. The rate pulse generator 221 generates rate pulses for
determining a repetition cycle of the transmission type ultra-
sounds by dividing the reference signals supplied from the
reference signal generating unit 10 shown in FIG. 1. The
transmission delay circuit 222 is constructed from indepen-
dent delay circuits the number of independent delay circuits
being the same as the number of transmission transducers
M2. The transmission delay circuit 222 provides a conver-
gence delay time for converging transmission type ultra-
sounds at a prescribed depth and a deflection delay time for
transmission type ultrasounds in a prescribed direction 6d
with respect to the rate pulses supplied from the rate pulse
generator 221. The drive circuit 223 includes the same num-
ber of independent drive circuits as the transmission delay
circuit 222. The drive circuit 223 generates driving signals
based on the rate pulses delayed by the transmission delay
circuit 222. Ultrasounds are transmitted into an object by
supplying the driving signals to the plurality of transmission
transducers M2 selected by the elements selection unit 21.

[0052] The reception unit 23 includes a plurality of pre-
amplifiers 231 corresponded to the plurality of reception
transducers M3 selected by the elements selection unit 21, an
A/D converter 232, reception delay circuits 233, and an adder
234. The plurality of reception signals supplied from the
reception transducers M3 through the pre-amplifiers 231 are
converted to digital data in the A/D converter 232 and sup-
plied to the reception delay circuit 233.

[0053] The reception delay circuit 233 provides a conver-
gence delay time for converging reception type ultrasounds
from a prescribed depth and a deflection delay time for setting
areceptiondirectivity alonga prescribed direction 8d for each
of the plurality of reception signals M3 outputted from the
A/D converter 232. The adder 234 adds the reception signals
supplied from the reception delay circuit 233. Thus, phase
compensations and summations are performed on the recep-
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tion signals acquired along the direction 6=0 or 6=6d by using
the reception delay circuit 233 and the adder 234.

[0054] In the case of a linear scan in a reference mode for
performing ultrasound transmissions and receptions in a
direction 0=0, the transmission delay circuit 222 and the
reception delay circuit 233 only supply a convergence delay
time for converging transmission type ultrasounds at a pre-
scribed depth and a convergence delay time for converging
reception type ultrasounds from the prescribed depth.
[0055] FIGS. 3A and 3B illustrate ultrasound transmission/
reception directions in a reference mode and a measurement
mode, respectively. In FIGS. 3A and 3B, the highlighted
elements correspond to a plurality of transmission transducer
groups M2 and a plurality of reception transducer groups M3
that are selected among the plurality of transducers M1 pro-
vided in the ultrasound probe 3 for one ultrasound transmis-
sionand reception. In one example, the number of elements in
a transmission transducer group equals the number of ele-
ments in the reception group (M2=M3). However, other con-
figurations are available.

[0056] FIG. 3A illustrates ultrasound transmissions and
receptions in the reference mode of a linear scan method for
acquiring reference image data. For instance, at a first rate
period, an ultrasound transmission/reception along a direc-
tion N1 is performed by selecting and driving a plurality of
transducers M2 starting at element “1”. At a second rate
period, ultrasound transmission/reception along a direction
12 is performed by selecting and driving a plurality of trans-
ducers M2+1 starting at element “2”. By repeating the similar
steps, with successively shifting the transmission transducer
group and the reception transducer group in an array direction
for the transducer at a rate interval, ultrasound transmissions
and receptions are performed along a direction 6=0 perpen-
dicular to the array direction.

[0057] FIG. 3B illustrates ultrasound transmissions and
receptions in a measurement mode for acquiring image data.
In this case, a plurality of transmission transducer groups M2
and a plurality of reception transducer groups M3 located at
an appropriate position for performing ultrasound transmis-
sions to and receptions from a bloodstream data measurement
position are selected from the plurality of transducers M1. By
driving these transducer groups, ultrasound transmissions
and receptions are performed along a prescribed direction 10
(6d).

[0058] When acquiring the image data, an acquisition of
reference image data is performed as well in order to confirm
whether the ultrasound transmission and reception direction
10 shown in FIG. 3B is appropriate to the bloodstream data
measurement position. In such a case, ultrasound transmis-
sion and reception, in a measurement mode along a direction
10, is performed after performing ultrasound transmission
and reception ina reference mode along a direction 1. More-
over, after the ultrasound transmission and reception in the
reference mode along a direction 12, ultrasound transmission
and reception in the measurement mode along the direction
M0 is performed. Thus, by successively performing ultra-
sound transmissions and receptions along the directions n1,
10,M2,m0,m3,10. .., monitoring of ultrasound transmission
and reception directions in an acquisition ofimage data can be
made under observation of the reference image data.

[0059] As mentioned above, in the reference mode, the
linear scan method shown in FIG. 3A is typically applied to
monitor vascular structures in a high resolution. In the mea-
surement mode, the deflection method shown in FIG. 3B for
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deflecting the ultrasound transmission and reception direc-
tion in a direction 8d is used to measure Doppler signals with
high sensitivity.

[0060] Referring to FIG. 2, the ultrasound data generating
unit 4 includes a B mode data generating unit 41 and a spec-
trum data generating unit 42. The B mode data generating unit
41 generates B mode data by processing receiving signals
outputted from the adder 234 in the reception unit 23. The
spectrum data generating unit 42 generates frequency spec-
trum data of the Doppler signal (hereinafter, “Doppler spec-
trum data”) by detecting Doppler signals through orthogonal
detection of the receiving signals.

[0061] The B mode data generating unit 41 includes an
envelope detector 411 and a logarithmic converter 412. The
envelope detector 411 detects an envelope of the phase com-
pensated and summed receiption signals supplied from the
adder 234 in the reception unit 23. The logarithmic converter
412 generates B mode data by logarithmically converting the
detected receiption signals.

[0062] The spectrum data generating unit 42 includes a /2
phase shifter 421, mixers 422-1 and 422-2, low-pass filters
(LPF) 423-1 and 423-2, sample hold circuits 424-1 and 424-
2, band-pass filters (BPF) 425-1 and 425-2 and a frequency
analyzer 426. The spectrum data generating unit 42 detects
Doppler signals by orthogonally detecting the receiption sig-
nals supplied from the adder 234 in the reception unit 23, and
performs frequency analysis on the acquired Doppler signals.
[0063] FIGS. 4A-4G are time charts showing basic opera-
tions in the spectrum data generating unit 42. FIGS. 4A-4G
respectively illustrate a frame format of output signals from
each of the units in the spectrum data generating unit 42. FIG.
4A illustrates reference signals of the reference signal genet-
ating unit 10. The reference signals have a frequency which is
substantially equal to the center frequency of the receiption
signals. FIG. 4B illustrates rate pulses outputted from the rate
pulses generator 211. FIG. 4C illustrates receiption signals
outputted from the adder 234 in the reception unit 23. The
receiption signals outputted from the adder 234 are inputted
into the first input terminal of the spectrum data generating
unit 42 and the first input terminal of the mixers 422-1 and
422-2, respectively. The reference signals (FIG. 4A) from the
reference signal generating unit 10 are directly supplied to the
second input terminal of the mixer 422-1. The phase reference
signal from the reference signal generating unit 10 is shifted
by 90 degrees through the 7/2 phase shifter 421 and supplied
to the second input terminal of the mixer 422-2. Each output
from the mixers 422-1 and 422-2 is respectively supplied to
the LPFs 423-1 and 423-2, and by eliminating the sum com-
ponent of a frequency of the receiption signals outputted from
the adder 234 and a frequency of the reference signals sup-
plied from the reference signal generating unit 10, the differ-
ence component isolated and output as Doppler signals (FIG.
4D).

[0064] As illustrated in FIG. 4E, the system control unit 11
divides the reference signals from the reference signal gen-
erating unit 10 and generates sampling pulses (range gate
pulses). Then, the Doppler signals outputted from the LPSs
423-1 and 423-2 and the range gate pulses are supplied to
each of the sample hold circuits (SH) 424-1 and 424-2. As
illustrated in FIG. 4F, only Doppler signals reflected from a
region of interest positioned at a distance corresponding to the
generation timing of the range gate pulses are taken into
account. The range gate pulses are generated after a pre-
scribed delay time T's from the rate pulses period Tr (FIG. 4B)
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indicating radiation timing of the transmission type ultra-
sounds. The generation timing of the range gate pulses can be
manually set up in the input unit 8.

[0065] Thus, a range gate can be set at a measuring position
of the bloodstream data positioned at a distance Lg from the
ultrasound probe 3 by changing the delay time Ts. Thus, an
operator can selectively detect a Doppler signal from the
measuring position of the bloodstream data set up in the range
gate. The delay time Ts and the distance Lg from the ultra-
sound probe 3 to the bloodstream data measurement position
are related according to the equation 2Lg/C=Ts, where C is a
sound velocity of living body tissue.

[0066] FIG. 4F illustrates stair-like noise components
placed on the Doppler signals of the bloodstream data mea-
surement position outputted from the sample hold circuits
424-1 and 424-2. As illustrated in FIG. 4G, the Doppler
signals are eliminated through the band-pass filters (BPFs)
425-1 and 425-2. The smoothed Doppler signals are supplied
to the frequency analyzer 426. The BPFs 425-1 and 425-2
also have a function for clearing out extra clutter signals from
the Doppler signals which are produced due to blood vessels
or living body tissues having a slower moving speed than the
bloodstream speed.

[0067] In FIG. 2, the frequency analyzer 426 includes a
calculation circuitand a memory circuit (both are not shown).
The memory circuit stores the complex Doppler signal out-
putted from the BPFs 425-1 and 425-2. The calculation cir-
cuit generates spectrum data by performing frequency analy-
sis on the Doppler signals stored in the memory circuit at a
prescribed interval.

[0068] Referring to FIG. 1, the image data generating unit 5
includes a reference image data generating unit 51, a pan-
oramic image data generating unit 52 and a measured image
data generating unit 53. The reference image data generating
unit 51 includes a memory circuit (not shown). In a reference
mode, B mode image data obtained as reference image data is
generated by storing B mode data successively supplied from
the B mode data generating unit 41 of the ultrasound data
generating unit 4 for the ultrasound transmission/reception
directions into the memory circuit of the reference image data
generating unit 51.

[0069] The panoramic image data generating unit 52
includes an image data connecting unit and an image data
memory unit (both are not shown). The image data connect-
ing unit generates a new panoramic image data (a second
panoraniic image data) by combining a previous panoramic
image data (a first panoramic image data) generated based on
the acquired reference image and stored in the image data
memory unit with the latest reference image data supplied
from the reference image data generating unit 51. For
instance, in a pattern matching process, a cross-correlation
calculation is performed on an overlap area, i.e., an image
data area having common image data between the newly
acquired reference image data and the first panoramic image
data, in order to detect a relative position difference between
image data. Based on a result of the detection, the second
panoramic image data is generated using the first panoramic
image data and position corrected reference image data.
[0070] The acquired second panoramic image data is dis-
played on the display unit 7. In addition, the acquired second
panoraniic image data is stored in the image data memory unit
as new first panoramic image data. Thus, at each time that a
position of the ultrasound probe 3 is renewed, the image data
connecting unit in the panoramic image data generating umt
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52 generates the second panoramic image data based on the
reference image data supplied from the reference image data
generating unit 51 and the first panoramic image data stored
in the image data memory unit.

[0071] FIGS.5A and 5B illustrate a method for generating
panoramic image data. FIG. 5A illustrates data from three
reference images Ira-Irc that is adjacently acquired by mov-
ing the ultrasound probe 3 along an array direction of the
transducers and touching a neck portion. FIG. 5B illustrates a
panoramic image data Ipx generated by combining the data of
these three reference images.

[0072] In this example, a right-side area of the reference
image data Ira and a left-side area of the reference image data
Irb, acquired adjacent to the image data Ira, have common
image data. Similarly, a right-side area of the reference image
data Irb and a left-side area of the reference image data Irc
have common image data.

[0073] The image data connecting unit in the panoramic
image data generating unit 52 detects a relative position dif-
ference between the data of the two images by performing a
pattern matching process using the acquired reference image
data Ira and Irb or using the reference image data Irb and Irc.
Based on a result of the detection, panoramic image data is
generated by combining the data of the two reference images.
[0074] Thus, the reference image data Ira is acquired by
touching the ultrasound probe 3 to a diagnosis target region
(neck portion) of an object. Once the reference image data Irb
and Irc are successively acquired by moving the ultrasound
probe 3, the image data connecting unit stores the reference
image data Ira supplied from the reference image data gen-
erating unit 51 in the image data memory unit as the first
panoramic image data. Then, the second panoramic image
data is generated based on the reference image data Irb which
is newly supplied from the reference image data generating
unit 51, a movement of the ultrasound probe 3, and the first
panoramic image data, i.e., reference image data Ira, read out
from the mage data memory unit. The acquired second pan-
oramic image data is displayed on the display unit 7. Further,
the acquired second panoramic image data is stored in the
image data memory unit as new first panoramic image data.
[0075] Similarly, the image data connecting unit generates
the second panoramic image data based on the reference
image data Irc supplied from the reference image data gen-
erating unit 51 and the first panoramic image data read out
from the image data memory unit. The generated second
panoramic image data is displayed on the display unit 7.
Further, the second panoramic image data is stored in the
image data memory unit as new first panoramic image data.
By repeating these steps, a broad range panoramic image data
Ipx is generated. The latest reference image data constructing
the second panoramic image data is displayed on the display
unit 7 at any point, e.g., the reference image data in FI1G. 5B,
is displayed in a substantially real time as a dynamic picture
image. In addition, a measurement marker is set up through
the input unit 8 at a measuring position of bloodstream data
shown by the reference image data.

[0076] Turning to FIG. 1, the measured image data gener-
ating unit 53 in the image data generating unit 5 detects the
maximum frequency fp for each spectrum data that is time
sequentially supplied from the spectrum data generating unit
42 at a prescribed time interval. In addition, the image data
generating unit 53 generates the spectrum image data indi-
cating temporal changes in the maximum frequency fp as
image data.
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[0077] FIG. 6 illustrates an example of the image data gen-
erated by the image data generating unit 53. At a left-side
portion of the image data, the latest spectrum data Bx gener-
ated by the spectrum data generating unit 42 is represented on
alongitudinal axis of the frequency (f) and a horizontal axis of
the spectrum power S(f). The maximum frequency fp corre-
sponding to the maximum speed of the bloodstream is
detected by comparing the spectrum data Bx with a prelimi-
nary determined threshold value S0. A trend waveform Cx
representing the temporal changes in the detected maximum
frequency fp is illustrated at a right-side portion of the image
data.

[0078] The diagnosis parameters measuring unit 6 (FIG. 1)
first receives image data supplied from the image data gener-
ating unit 53 in the image data generating unit 5. The diag-
nosis parameters measuring unit 6 then detects positions
(times) of a cardiac peak of systolic (Ps) and an end of dias-
tolic (Ed) by respectively detecting maximum and minimum
values of the trend waveform Cx for the maximum frequency
p constructing the image data.

[0079] FIG. 7 represents the detected cardiac peak of sys-
tolic (Ps) and the end of diastolic (Ed) in the trend waveform
Cx of the image data. To automatically detect these cardiac
peaks of systolic (Ps) and end of diastolic (Ed), while the
peaks of systolic (Ps) representing the maximum value are
relatively easily detected, it is fairly difficult to detect the end
of diastolic (Ed) representing the minimum value. To auto-
matically detect such an end of diastolic (Ed), for instance, the
diagnosis parameters measuring unit 6 detects one Ps and a
plurality of Ed slate points in one heart rate by using a first
differential calculation or a secondary differential calculation
that are performed after smoothing the trend waveform Cx to
detect inflection points. Further, the end of diastolic (Ed) is
detected by selecting one Ed candidate point among the plu-
rality of Ed candidate points located in a prescribed scope to
the peak of systolic (Ps).

[0080] Based on the maximum frequency fp (ps)at the peak
of systolic (Ps) and the maximum frequency fp (ed) at the end
of diastolic (Ed), the diagnosis parameters measuring unit 6
measures a maximum bloodstream speed Vps at the peak of
systolic (Ps), a maximum bloodstream speed Ved at the end of
diastolic (Ed), and a ratio S/D between the maximum fre-
quency Vps and the maximum frequency Ved. The diagnosis
parameters measuring unit 6 further measures diagnosis
parameters representing dynamic state of blood circulations,
such as a heart rate (HR), a pulsatility index (PI) and a resis-
tance index (RI), based on the trend waveform Cx ina period
Ps-Ps, if necessary. These PI and RI may be calculated based
on the following formula (1).

nl-h2 o)
T

nl—m2
ST

PI

RI

[0081] Where the value hl corresponds to the maximum
frequency fp (ps) at a peak of systolic (Ps) in the trend wave-
form Cx, the value h2 corresponds to the maximum frequency
p (ed) at an end of diastolic (Ed) in the trend waveform Cx
(see FIGS. 6), and h0 is a mean value of the maximum
frequency fp.

[0082] The display unit 7 (FIG. 1) includes a data memory
unit 71, a display data generating unit 72 and a monitor 73.
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The data memory unit 71 stores the image data generated by
the measured image data generating unit 53 based on receip-
tion signals acquired from the bloodstream data measurement
position of the object and the measuring results of the diag-
nosis parameters measured by the diagnosis parameters mea-
suring unit 6 using the image data with the position data ofthe
bloodstream data measurement position as incidental data.
[0083] The display data generating unit 72 converts the
panoramic image data supplied from the panoramic image
data generating unit 52 in the image data generating unit 5 and
the image data supplied from the image data generating unit
53 in a prescribed display format for displaying on the moni-
tor 73. In particular, when the input unit 8 inputs a measuring
result display command for the diagnosis parameters, the
display data generating unit 72 reads out the image data and
the diagnosis parameters measuring result stored in the data
memory unit 71 and generates display data by placing the
image data and the diagnosis parameters measuring result on
a broad range panoramic image data supplied from the pan-
oramic image data generating unit 52. The acquired display
data is displayed on the monitor 73 by performing data con-
version processes, such as an analog-to-digital (A/D) conver-
sion and a display format conversion. For example, the image
data and diagnosis parameters measuring results are dis-
played in correspondence with each of the bloodstream data
measurement positions represented by the parameter image
data which is based on the position data of bloodstream data
measurement position. The bloodstream data measurement
positions are displayed in correspondence in a overlapping or
parallel arrangement.

[0084] FIG. 8 illustrates an example of the generation of
displaying data by the display data generating unit 72. The
displaying data is generated by composing the panoramic
image data Ip generated based on the reference image data
Ir1-Ir7, the measured image data Dm1-Dm3 (obtained based
on thereference image data Irl, Ir4 and Ir and Doppler signals
acquired from the bloodstream data measuring positions Sv2,
Sv4 and Sv7), and the measurement results Cv1-Cv3 of the
diagnosis parameters Vps, Ved and S/D that are measured
based on the measured image data.

[0085] InFIG. 8, the generation of image data at the blood-
stream data measurement positions Sv2, Svd and Sv7, and the
measurements of diagnosis parameters are performed by
monitoring the reference image data Ir2, Ird and Ir7 displayed
in a real time. On each of the bloodstream data measuring
positions Sv2, Sv4 and Sv7, a range gate marker (*) for
indicating a position of the range gate set up by the input unit
8, and a scan line marker (dashed-dotted line) for indicating
the reception direction at the respective bloodstream data
measuring position are overlapped as measurement markers.
[0086] The input unit § shown in FIG. 1 includes various
input devices, such as a display panel, keyboard, trackball,
mouse, and selection buttons on an operation panel. By selec-
tively using these devices, the input unit 8 is able to, among
other things, a) input object data, b) set up generating condi-
tions for the reference image data, the panoramic image data,
and the image data, ¢) designate bloodstream data measure-
ment positions for the panoramic image data, d) set up ultra-
sound transmission/reception directions 6d in the measure-
ment mode, e) select the reference mode and the
measurement mode, and d) input various command signals.
[0087] The scan control unit 9 shown in FIG. 1 supplies
element selection control signals to the elements selection
unit 21 in the transmission/reception unit 2 for controlling
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both the ultrasound transmission/reception direction (FIG.
3A) in the reference mode (which is used to generate the
reference image data) and the ultrasound transmission/recep-
tion direction (FIG. 3B) in the measurement mode (which is
used to generate the image data). Further, the scan control unit
9 supplies delay time control signals to the transmission delay
circuit 222 in the transmission unit 22 and the reception delay
circuit 233 in the reception unit 23.

[0088] The system control unit 11 includes a central pro-
cessing unit (CPU) and a memory circuit (both are not
shown). The data inputted, set up, selected or designated
through the input unit 8 is stored in the memory circuit. Based
on this data, the CPU is able to fully control each of the units
included in the ultrasound diagnosis apparatus 100 and the
total system. The system control unit 11 controls the genera-
tion of the reference image data in the reference mode, the
panoramic image data by combining adjoining acquired ref-
erence image data, and the image data at the bloodstream data
measurement positions in the panoramic image data, and
controls the measurement of various diagnosis parameters
based on the image data.

[0089] FIG. 9 is a flowchart illustrating the process of dis-
playing the diagnosis parameters measuring result according
to an embodiment of the present invention. As illustrated in
FIG. 8, the panoramic image data Ip generated based on the
reference image data Ir1-1r7, the image data Dm1-Dm3 at the
bloodstream data measurement positions Sv2, Sv4 and Sv7
displayed in the panoramic image data Ip, and the measuring
results Cv1-Cv3 of the diagnosis parameters measured based
on the image data, are respectively displayed in a correspond-
ing manner. In addition, the total sheet number of reference
image data and the number of bloodstream data measurement
positions are not limited.

[0090] Prior to the start of ultrasound examinations on an
examining target portion, e.g. a neck region, of an object, an
operator of the ultrasound diagnosis apparatus 100 performs
initial settings through the input unit 8. Thus, object data,
conditions for generating reference image data and pan-
oramic image data are inputted. The generating conditions of
image data and ultrasound transmission/reception direction
6d in the measurement mode are set up. Further, the reference
mode is selected through the input unit 8. In addition, this
initially set up data is stored in the memory circuit of the
system control unit 11 (FIG. 9, step S1). After placing the
ultrasound probe 3 at a first position of an examination target
region (FIG. 9, step S2), an ultrasound examination start
command 1s input through the input unit 8 (F1G. 9, step S3).

[0091] The scan controlunit9 receives the command signal
from the input unit 8 through the system control unit 11, and
performs ultrasound transmissions/receptions on the object
by controlling the elements selection unit 21, the transmission
delay circuit 222 and the reception delay circuit 233 in the
transmission/reception unit 2 based on the reference mode
scan control program stored in the memory circuit.

[0092] The B mode data generating unit 41 in the ultra-
sound data generating unit 4 then generates B mode data by
processing receiption signals acquired through the ultrasound
transmissions and receptions. The reference image data gen-
erating unit 51 in the image data generating unit 5 generates a
reference image data Irl by storing B mode data that is time
sequentially supplied from the B mode data generating unit
41 in correspondence with the ultrasound transmission/recep-
tion directions stored in the memory circuit (FIG. 9, step S4).
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[0093] Then, the image data connecting unit in the pan-
oramic image data generating unit 52 stores the reference
image data Ir1 supplied from the reference image data gen-
erating unit 51 in the image data memory unit as first pan-
oramic image data. At the same time, the reference image data
Ir1 is displayed on a monitor 73 in the display unit 7 (FIG. 9,
step S5).

[0094] When a bloodstream data measurement position is
not observed in the panoramic image data by monitoring the
first panoramic image data, i.e. reference image data Irl,
displayed on the display unit 7, the operator moves the ultra-
sound probe 3 along an array direction of the transducers for
performing ultrasound transmissions and receptions in a new
reference mode at a renewed position on the target region
(FIG. 9, step S6).

[0095] The reference image data generating unit 51 in the
image data generating unit 5 generates reference image data
1r2 using the B mode data of receiving signals acquired
through the ultrasound transmissions and receptions (FIG. 9,
step S4). The image data connecting unit in the panoramic
image data generating unit 52 generates a second parameter
image data by combining the reference image data Ir2 sup-
plied from the reference image data generating unit 51 with
the first panoramic image data, i.e., reference image data Irl,
read out from the image data memory unit. The generated
second parameter image data is then displayed on the monitor
73 in the display unit 7. Further the second parameter image
data is stored in the image data memory unit as the first
panoramic image data (FIG. 9, step S5).

[0096] After confirming a bloodstream data measurement
position Sv2 in the panoramic image data displayed on the
display unit 7, the operator sets up the measurement mode and
inputs a start command for generating measured image data
through the input unit 8. Based on the start command, a
measurement marker placed on the panoramic image data is
moved to a bloodstream data measurement position Sv2. By
moving the measurement marker placed on the panoramic
image data, the measurement position Sv2 of the bloodstream
data is designated on the panoramic image data (FIG. 9, step
S7).

[0097] After receiving the measurement marker position
data and the set up data of a measurement mode, the scan
control unit 9 alternately performs ultrasound transmissions
and receptions in both the reference mode (shown in FIG. 3)
and the measurement mode by controlling the elements selec-
tion unit 21 in the transmission/reception unit 2 and both the
transmission delay circuit 222 and the reception delay circuit
233. The receiving signals acquired through the ultrasound
transmissions and receptions in the reference mode are pro-
cessed by steps S4 and S5 to generate panoramic image data.
The generated panoramic image data is stored in the image
data memory unit of the panoramic image data generating
unit 52. Further, the generated panoramic image data is dis-
played on the monitor 73 in the display unit 7. The displayed
panoramic image data is constructed from the reference
image data Ir1 displayed as a static image and the reference
image data Ir2 displayed as a dynamic picture image. A
measurement marker set up on the bloodstream data measure-
ment position Sv2 is placed on the reference image data Ir2
displayed substantially in real time.

[0098] The spectrum data generating unit 42 in the ultra-
sound data generating unit 4 receives the receiving signals
acquired through the ultrasound transmissions and receptions
in the measurement mode. By orthogonally phase detecting
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the receiving signals, Doppler signals are detected. By per-
forming a frequency analysis of the acquired Doppler signals,
spectrum data is generated. The measured image data gener-
ating unit 53 in the image data generating unit 5 detects a
maximum frequency fp of the spectrum data sequentially
supplied at a prescribed time interval from the spectrum data
generating unit 42 in order to generate spectrum image data
(measured image data) indicating temporal alternation of the
maximum frequency fp. The image data is displayed on the
display unit 7 (F1G. 9, step S8).

[0099] Once the image data is confirmed on the display unit
7 as being normally generated, the operator inputs a com-
mand for starting diagnosis parameter measurement through
the input unit 8 (FIG. 9, step S9). The start command signal is
supplied to the diagnosis parameters measuring unit 6
through the system control unit 11. The diagnosis parameters
measuring unit 6 measures various diagnosis parameters
based on the trend waveform of the maximum frequency fp of
the image data supplied from the measured image data gen-
erating unit 53 (FIG. 9, step S10). The measured image data
acquired at step S8 and the measurement results of diagnosis
parameters acquired at step S10 are stored in the data memory
unit 71 provided in the display unit 7. In addition, the position
data of the bloodstream data measurement position Sv2 is
attachedin the storage as an incidental data (FIG. 9, step S11).
[0100] The acquisitions of the reference image data upon
renewal of ultrasound probe positions are continued until a
display command of the diagnosis parameters measuring
result is input through the input unit 8. For instance, as illus-
trated in FIG. 8, when the reference image data Ir4 is newly
generated, the generation of panoramic image data con-
structed by the reference image data Ir1 to Ir4 and the display
of the panoramic image data is performed by the steps S4
through S6. The generation of the image data corresponding
to the bloodstream data measurement position Sv4 and the
measurement of diagnosis parameters indicated by the pan-
oramic image data are performed by the steps S7 through S10.
[0101] Similarly, when the reference image data Irl is
newly generated, the generation and display of the panoramic
image data constructed by the reference image data Ir1 to Ir7
are performed in the steps S4 through S6. Generation of the
measured image data at the bloodstream data measurement
position Sv7 indicated by the panoramic image data and
measurement of diagnosis parameters are performed in the
steps S7 through S10. The image data generated at step S8 and
the measurement results of the diagnosis parameters acquired
atstep S10are stored inthe data memory unit 71 ofthe display
unit 7 with the position data of the bloodstream data measure-
ment positions Sv4 and Sv7 attached as incidental data (FIG.
9, steps S4 through S11).

[0102] When the reference image data Ir3 is newly gener-
ated, only the generation and display of panoramic image data
constructed by the reference image data Irl to Ir3 are per-
formed in steps S4 through S6. Similarly, when the reference
image data Ir5 or the reference image data Ir6 is newly gen-
erated, only the generation and display of panoramic image
data constructed by the reference image data Ir1 to Ir5 or the
reference image data Irl to Ir6 are performed in steps S4
through S6.

[0103] When the diagnosis parameter measurements at
each of the bloodstream data measurement positions Sv2, Svd4
and Sv7 have finished, the operator inputs a display command
for the measured results of the diagnosis parameters through
the input unit 8. Upon receiving the displaying command
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through the system control unit 11, the display data generat-
ing unit 72 reads out the measured image data and the mea-
sured diagnosis parameters at each of the bloodstream data
measurement positions Sv2, Sv4 and Sv7 from the data
memory unit 71. The display data generating unit 72 further
creates the broad range panoramic image data Ip from the
reference image data Irl to Ir7 supplied from the panoramic
image data generating unit 52 with each of the measured
image data and the measured diagnosis parameters for gen-
erating the displaying data. The acquired display data is then
displayed on the monitor 73 by performing data conversion
processes, such as A/D conversions or display format conver-
sions (FIG. 9, step S12).

[0104] According to an embodiment of the present inven-
tion, it is possible to easily and accurately generate the mea-
sured image data at each of the plurality of bloodstream data
measurement positions indicated by the panoramic image
data. Further, the diagnosis parameters can be measured by
monitoring and the panoramic image data can be displayed in
a broader range. Thus, the accuracy and efficiency of the
examination can be largely improved. Further, the burden to
the operator in the ultrasound examination can be reduced.
[0105] In particular, according to the above-mentioned
embodiment, the plurality of bloodstream data measurement
positions indicated in the panoramic image data, the mea-
sured image data generated based on Doppler signals
acquired at the bloodstream data measurement positions and
the measurement results of the various diagnosis parameters
acquired by using the image data can be displayed in corre-
spondence with each other. Thus, as a result, it is possible to
review diagnosic data in a short time.

[0106] According to the embodiment consistent with the
present invention, the latest reference image data construct-
ing the panoramic image data can be displayed as the dynamic
picture image in a real time. And, since the latest bloodstream
data measurement positions can be designated based on the
latest reference image data, is plurality of bloodstream data
measurement positions can be easily and accurately desig-
nated.

[0107] The present invention is not limited to the above-
mentioned embodiments. For instance, while the B mode
image data is generated as the reference image data, and the
spectrum image data is generated as the measured image data
in the above-mentioned embodiment, color Doppler image
data or color B mode image data overlapped with the Doppler
image data can also be used as the reference image data.
Further, it is also possible to use the spectrum image data
representing the temporal alternation of the spectrum data as
the measured image data. It is also possible to apply the M
mode image data representing the temporal alternation of B
mode data.

[0108] In the above-mentioned embodiments, the pan-
oramic image data is continuously generated by connecting a
plurality of frames. Of course, it is also possible to pause and
restart the generation of the panoramic image data. Thus, the
generation of the panoramic image data can be paused to
acquire the reference image data of Doppler mode or M
mode. And when the acquisition of the reference image data
has completed, the generation of the panoramic image data
can be restarted at the point of the panoramic image data
acquired before pausing.

[0109] Further, in the above-mentioned embodiment, the
reference image data and the panoramic image data are exem-
plary explained as a two dimensional (2D) data. Of course,
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the present invention can be applied to three dimensional
(3D) reference image data and 3D panoramic image data.
[0110] Of course, the diagnosis target region for measuring
the bloodstream data is not limited to an arterial carotis in a
neck portion of an object but the bloodstream data in other
portions or organs also can be measured. Further, the mea-
surement itself is not limited to the diagnosis parameter or the
bloodstream data.

[0111] In the embodiment, the latest reference image data
constructing the panoramic image data is displayed as a
dynamic picture image in a real time. It is also possible to
display the latest reference image data as a static image simi-
lar to the other reference image data constructing the pan-
oramic image data.

[0112] In the above-mentioned embodiment, the image
data generating unit 53 detects the maximum frequency fp of
spectrum data supplied from the spectrum data generating
unit 42 and generates measured image data (spectrum image
data) based on temporal alternation of the maximum fre-
quency fp. Itis also possibleto detect a central frequency fc of
the spectrum data and to generate the measured image data
based on temporal alternation of the central frequency fc. A
mean frequency fc of this case can be acquired through the
following formula (2) by supposing that S(fc) is a spectrum
power at the frequency fs.

@

[0113] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

1. An ultrasound image diagnosis apparatus for measuring
diagnosis parameters based on image data acquired through
ultrasound transmissions and receptions along prescribed
directions with respect to an object, the ultrasound image
diagnosis apparatus comprising:

an ultrasound probe including a plurality of transducers
configured to transmit and receive ultrasound pulses and
ultrasound echo waves to and from the object;

a transmission/reception unit configured to supply driving
signals to the plurality of transducers for transmitting the
ultrasound pulses along the prescribed directions and to
perform phase compensation/summation on a plurality
of receiption signals acquired from the plurality of trans-
ducers;

an ultrasound data generating unit configured to generate
both ultrasound data in a reference mode and ultrasound
data in a measurement mode by processing the phase
compensated/summed receiving signals;

a reference image data generating unit configured to gen-
erate reference image data based on ultrasound data in
the reference mode acquired through ultrasound trans-
mission/reception along the prescribed directions with
respect to the object;
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a panoramic image data generating unit configured to gen-
erate panoramic image data from the reference image
data successively generated in accordance with move-
ments of the ultrasound probe;

a measured image data generating unit configured to gen-
erate measured image data based on ultrasound data
acquired in the measurement mode through ultrasound
transmission/reception at a plurality of measurement
positions designated in the panoramic image data;

a diagnosis parameters measuring unit configured to mea-
sure the diagnosis parameters based on the measured
image data; and

a display unit configured to display the panoramic image
data together with at least one of the measured image
data and the measured results of the diagnosis param-
eters.

2. The ultrasound image diagnosis apparatus according to

claim 1, further comprising

ameasurement position designating unit configured to des-
ignate the measurement position on a latest reference
image data composing the panoramic image data; and

wherein the measured image data generating unit generates
the measured image data based on the ultrasound data of
the measurement mode generated by the ultrasound data
generating unit for the ultrasound transmissions/recep-
tions at the designated measurement position.

3. The ultrasound image diagnosis apparatus according to
claim 1, wherein the reference image data generating unit
generates at least one of B mode image data or color Doppler
image data as the reference image data based on the ultra-
sound data of the reference mode supplied from the ultra-
sound data generating unit.

4. The ultrasound image diagnosis apparatus according to
claim 1, wherein the ultrasound probe includes functions for
receiving three dimensional (3D) data; and

the reference image data generating unit generates three
dimensional (3D) reference image data based on the 3D
receiving data.

5. The ultrasound image diagnosis apparatus according to
claim 1, wherein the measured image data generating unit
generates at least either one of spectrum image data or M
mode image data as the image data based on the ultrasound
data of the measurement mode supplied from the ultrasound
data generating unit.

6. The ultrasound image diagnosis apparatus according to
claim 1, wherein the panoramic image data generating unit
detects positional differences among reference image data
which adjoin along a time axis direction and have common
image data at respective edge portions, and generates the
panoramic image data by combining the reference image data
based on a result of the detection.

7. The ultrasound image diagnosis apparatus according to
claim 1, wherein the panoramic image data generating unit
detects positional differences among a plurality of three
dimensional (3D) reference image data which adjoin along a
time axis direction and have common image data at respective
edge portions, and generates three dimensional (3D) pan-
oramic image data by combining the plurality of reference
image data based on a result of the detection.

8. The ultrasound image diagnosis apparatus according to
claim 1, wherein the panoramic image data generating unit
temporally pauses the generation of the panoramic image
data when a start command for the measured image data is
received and restarts the generation of the panoramic image
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data when the generation of the measured image data is fin-
ished continuing with the panoramic image data generated
before the pausing.

9. The ultrasound image diagnosis apparatus according to
claim 4, wherein the diagnosis parameters measuring unit
measures, based on the spectrum image data supplied from
the image data generating unit, at least one of a bloodstream
speed at a peak of systolic (Ps) of a heart, a bloodstream speed
atan end of diastolic (Ed) of a heart, a bloodstream speed ratio
Ps/Ed, a pulsatility index (PI) and an Resistance Index (RI), as
the diagnosis parameter.

10. The ultrasound image diagnosis apparatus according to
claim 2, wherein the display unit displays at least one of: the
measured image data generated at each of the plurality of
measurement positions designated by the measurement posi-
tion designating unit, and the measured results of diagnosis
parameters obtained based on the measured image data cor-
responding to the measurement positions designated in the
panoramic image data.

11. The ultrasound image diagnosis apparatus according to
claim 7, wherein the display unit displays a measurement
marker indicating the measurement position, the marker dis-
played in an overlapping manner on the panoramic image
data.

12. A control method for measuring diagnosis parameters
in an ultrasound image diagnosis apparatus that measures
diagnosis parameters based on image data acquired through
ultrasound transmission/reception along prescribed direc-
tions with respect to an object, the measurement controlling
method comprising:

supplying driving signals to a plurality of transducers in an

ultrasound probe that transmits ultrasound pulses along
the prescribed directions;

performing phase compensation/summation on a plurality

of receiving signals acquired from the plurality of trans-
ducers;
generating both ultrasound data in a reference mode and
ultrasound data in a measurement mode by processing
the phase compensated/summed receiving signals;

generating reference image data based on ultrasound data
obtained in the reference mode acquired through ultra-
sound transmission/reception along the directions with
respect to the object;
generating panoramic image data from a plurality of the
reference image data successively generated in accor-
dance with movements of the ultrasound probe;

generating measured image data based on ultrasound data
acquired in the measurement mode through ultrasound
transmission/reception at a plurality of measurement
positions designated in the panoramic image data;

measuring the diagnosis parameters based on the measured
image data; and

displaying the panoramic image data together with at least

one of the measured image data or the measured results
of the diagnosis parameters.

13. The controlling method for measuring diagnosis
parameters of an ultrasound image diagnosis apparatus
acceding to claim 12, wherein the generation of the pan-
oramic image data is temporally paused when a start com-
mand for the measured image data is received and is restarted
when the generation of the measured image data is finished
continuing with the panoramic image data generated before
pausing.
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