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(54) Ultrasound diagnostic apparatus

(57) An ultrasound diagnostic apparatus includes a
probe which outputs RF signals. There are N phase de-
tectors for converting the RF signals outputted from the
probe into baseband signals In and Qn, where "N" de-
notes a first predetermined natural number and "n" de-
notes a second predetermined natural number set as
2≤n≤N. A reception beam former operates for process-

ing the baseband signals In and Qn into a time-division-
multiplexed signal. The reception beam former includes
a device for multiplying the baseband signals In and Qn
by phase shift data to generate multiplication-resultant
signals, a device for delaying the multiplication-resultant
signals to generate delay-resultant signals, and a device
for combining the delay-resultant signals into the time-
division-multiplexed signal.
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Description

[0001] This invention relates to an ultrasound diagnostic apparatus which can operate in any one of different modes
including a Doppler-based mode using steerable continuous wave (SCW).
[0002] U.S. Patent No. 5,555,534 corresponding to PCT application W096/04588 discloses an ultrasonic receive
system including first and second separate receive beamformers. The first receive beamformer is optimized for imaging
modes such as B-mode and color Doppler flow imaging, and therefore has high spatial resolution and wide bandwidth.
The second receive beamformer has a wide dynamic range and is dedicated for use in acquiring spectral Doppler
information, which is typically narrowband compared to imaging information. The second receive beamformer achieves
the sensitivity and low-noise performance of a dedicated single-channel pencil probe instrument. The second receive
beamformer also performs electronic beam steering. Both the first and second receive beamformers can operate
through a common transducer array, thereby increasing exam efficiency and permitting registration of spectral Doppler
information with a B-mode or color Doppler flow image.
[0003] The ultrasonic receive system in U.S. Patent No. 5,555,534 can operate in any one of the B-mode, the color
Doppler mode, the beam-steering Doppler mode. During the B-mode or the color Doppler mode of operation, the first
receive beamformer is used. During the beam-steering Doppler mode of operation, the second receive beamformer is
used. The ultrasonic receive system in U.S. Patent No. 5,555,534 has a complicated structure since the first and second
receive beamformers are separate from each other.
[0004] It is an aim of this invention to provide a simple ultrasound diagnostic apparatus.
[0005] A first aspect of this invention provides an ultrasound diagnostic apparatus comprising a probe outputting RF
signals; N phase detectors for converting the RF signals outputted from the probe into baseband signals In and Qn,
where "N" denotes a first predetermined natural number and "n" denotes a second predetermined natural number set
as 2%n%N; and a reception beam former for processing the baseband signals In and Qn into a time-division-multiplexed
signal; wherein the reception beam former comprises means for multiplying the baseband signals In and Qn by phase
shift data to generate multiplication-resultant signals, means for delaying the multiplication-resultant signals to generate
delay-resultant signals; and means for combining the delay-resultant signals into the time-division-multiplexed signal.
[0006] A second aspect of this invention is based on the first aspect thereof, and provides an ultrasound diagnostic
apparatus further comprising means for selecting either a set of the RF signals or a set of the baseband signals In and
Qn, and feeding the selected signal set to the reception beam former.
[0007] A third aspect of this invention is based on the second aspect thereof, and provides an ultrasound diagnostic
apparatus wherein the multiplying means in the reception beam former comprises multipliers for multiplying the base-
band signals In and Qn by the phase shift data, and the multipliers are operative for multiplying the RF signals by
weighting factors when the set of the RF signals is fed to the reception beam former.
[0008] A fourth aspect of this invention is based on the first aspect thereof, and provides an ultrasound diagnostic
apparatus further comprising a demodulation phase detector for subjecting the time-division-multiplexed signal to a
demodulation process.
[0009] A fifth aspect of this invention is based on the fourth aspect thereof, and provides an ultrasound diagnostic
apparatus wherein the demodulation phase detector comprises means for demultiplexing the time-division-multiplexed
signal.
[0010] A sixth aspect of this invention is based on the first aspect thereof, and provides an ultrasound diagnostic
apparatus wherein the delaying means comprises means for delaying the multiplication-resultant signals by fixed time
intervals.
[0011] A seventh aspect of this invention provides an ultrasound diagnostic apparatus comprising a first transducer
element (P1) outputting a first RF signal; a second transducer element (P2) outputting a second RF signal; a third
transducer element (P3) outputting a third RF signal; first means (12) for demodulating the third RF signal into a base-
band in-phase signal and a baseband quadrature signal; a first multiplier (M5); a second multiplier (M6); an adder (A1)
connected to the first and second multipliers (M5, M6) for adding an output signal from the first multiplier (M5) and an
output signal from the second multiplier (M6); second means (SW1, SW2) for selecting either a set of the first and
second RF signals or a set of the baseband in-phase and quadrature signals, for feeding the first and second RF
signals to the first and second multipliers (M5, M6) respectively when the set of the first and second RF signals is
selected, and for feeding the baseband in-phase and quadrature signals to the first and second multipliers (M5, M6)
respectively when the set of the baseband in-phase and quadrature signals is selected; third means (W1, W2) for
feeding first and second weighting factors to the first and second multipliers (M5, M6) respectively when the second
means (SW1, SW2) selects the set of the first and second RF signals; and fourth means (5) for feeding first and second
phase shift signals to the first and second multipliers (M5, M6) respectively when the second means (SW1, SW2)
selects the set of the baseband in-phase and quadrature signals; wherein the first multiplier (M5) multiplies the first
RF signal and the first weighting factor and the second multiplier (M6) multiplies the second RF signal and the second
weighting factor when the second means (SW1, SW2) selects the set of the first and second RF signals; and wherein
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the first multiplier (M5) multiplies the baseband in-phase signal and the first phase shift signal and the second multiplier
(M6) multiplies the baseband quadrature signal and the second phase shift signal when the second means (SW1,
SW2) selects the set of the baseband in-phase and quadrature signals.
[0012] An eighth aspect of this invention is based on the seventh aspect thereof, and provides an ultrasound diag-
nostic apparatus further comprising fifth means (6, 7) for demodulating an output signal from the adder (A1) into a
demodulation-resultant in-phase signal and a demodulation-resultant quadrature signal when the second means (SW1,
SW2) selects the set of the first and second RF signals, and for demultiplexing the output signal from the adder (A1)
into a demultiplexing-resultant in-phase signal and a demultiplexing-resultant quadrature signal when the second
means (SW1, SW2) selects the set of the baseband in-phase and quadrature signals.
[0013] A ninth aspect of this invention is based on the eighth aspect thereof, and provides an ultrasound diagnostic
apparatus wherein the fifth means (6, 7) comprises a multiplier generator (7) for generating first and second multiplier
signals; a third multiplier (M9) for multiplying the output signal from the adder (A1) and the first multiplier signal, wherein
an output signal of the third multiplier (M9) is the demodulation-resultant in-phase signal when the second means
(SW1, SW2) selects the set of the first and second RF signals, and the output signal of the third multiplier (M9) is the
demultiplexing-resultant in-phase signal when the second means (SW1, SW2) selects the set of the baseband in-phase
and quadrature signals; and a fourth multiplier (M10) for multiplying the output signal from the adder (A1) and the
second multiplier signal, wherein an output signal of the fourth multiplier (M10) is the demodulation-resultant quadrature
signal when the second means (SW1, SW2) selects the set of the first and second RF signals, and the output signal
of the fourth multiplier (M10) is the demultiplexing-resultant quadrature signal when the second means (SW1, SW2)
selects the set of the baseband in-phase and quadrature signals.
[0014] The present invention will be described below with reference to exemplary embodiments and the accompa-
nying drawings, in which:

Fig. 1 is a block diagram of an ultrasound diagnostic apparatus according to a first embodiment of this invention;
Fig. 2 is a block diagram of a reception beam former in Fig. 1;
Fig. 3 is a diagram of the contents of signals in the apparatus of Fig. 1; and
Fig. 4 is a diagram of the contents of signals in a second embodiment of this invention.

First Embodiment

[0015] Fig. 1 shows an ultrasound diagnostic apparatus according to a first embodiment of this invention. The ultra-
sound diagnostic apparatus of Fig. 1 includes a probe 1 for transmitting and receiving ultrasound waves into and from
a body to be examined. The probe 1 has an array (for example, a linear array) of transducer elements including trans-
ducer elements P1, P2, P3, and P4.
[0016] A transmission beam former 2 is connected to the transducer elements P1, P2, P3, and P4 in the probe 1.
The transmission beam former 2 generates electric pulse-wave (PW) signals or electric continuous-wave (CW) signals
for driving the transducer elements P1, P2, P3, and P4. The generated electric PW or CW signals are electric radio-
frequency (RF) signals. The transmission beam former 2 outputs the electric PW signals to the transducer elements
P1, P2, P3, and P4, respectively. The transmission beam former 2 outputs the electric CW signals to the transducer
elements P1 and P2, respectively. The transducer elements P1, P2, P3, and P4 convert the electric signals into ultra-
sound waves which propagate into the examined body as forward ultrasound waves, respectively. Portions of the
forward ultrasound waves are reflected in the examined body before being returned to the transducer elements P1,
P2, P3, and P4 as echo ultrasound waves. The transducer elements P1, P2, P3, and P4 convert the echo ultrasound
waves into echo electric RF signals, respectively. The transducer elements P1, P2, P3, and P4 output the echo electric
RF signals, respectively.
[0017] First input terminals of switches SW1, SW2, SW3, and SW4 are connected via an RF channel 3 to the trans-
ducer elements P1, P2, P3, and P4 in the probe 1, respectively. The RF channel 3 transmits the echo electric RF
signals from the transducer elements P1, P2, P3, and P4 to the switches SW1, SW2, SW3, and SW4 respectively.
Output terminals of the switches SW1, SW2, SW3, and SW4 are connected to a reception beam former 4.
[0018] A first input terminal of a phase detector 12 is connected via a baseband channel 11 to the transducer element
P3 in the probe 1. A first input terminal of a phase detector 13 is connected via the baseband channel 11 to the transducer
element P4 in the probe 1. The baseband channel 11 transmits the echo electric RF signals from the transducer ele-
ments P3 and P4 to the phase detectors 12 and 13 respectively. Second input terminals of the phase detectors 12 and
13 are connected to a first output terminal of a signal generator 14. Third input terminals of the phase detectors 12
and 13 are connected to a second output terminal of the signal generator 14. A first output terminal of the phase detector
12 is connected to a second input terminal of the switch SW1. A second output terminal of the phase detector 12 is
connected to a second input terminal of the switch SW2. A first output terminal of the phase detector 13 is connected
to a second input terminal of the switch SW3. A second output terminal of the phase detector 13 is connected to a
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second input terminal of the switch SW4.
[0019] The phase detector 12 includes multipliers M1 and M2, and band pass filters BPF1 and BPF2. First input
terminals of the multipliers M1 and M2 are connected via the baseband channel 11 to the transducer element P3 in
the probe 1. Thus, the echo electric RF signal is transmitted from the transducer element P3 to the multipliers M1 and
M2. A second input terminal of the multiplier M1 is connected to the first output terminal of the signal generator 14. A
second input terminal of the multiplier M2 is connected to the second output terminal of the signal generator 14. An
output terminal of the multiplier M1 is connected via the band pass filter BPF1 to the second input terminal of the switch
SW1. An output terminal of the multiplier M2 is connected via the band pass filter BPF2 to the second input terminal
of the switch SW2.
[0020] The phase detector 13 includes multipliers M3 and M4, and band pass filters BPF3 and BPF4. First input
terminals of the multipliers M3 and M4 are connected via the baseband channel 11 to the transducer element P4 in
the probe 1. Thus, the echo electric RF signal is transmitted from the transducer element P4 to the multipliers M3 and
M4. A second input terminal of the multiplier M3 is connected to the first output terminal of the signal generator 14. A
second input terminal of the multiplier M4 is connected to the second output terminal of the signal generator 14. An
output terminal of the multiplier M3 is connected via the band pass filter BPF3 to the second input terminal of the switch
SW3. An output terminal of the multiplier M4 is connected via the band pass filter BPF4 to the second input terminal
of the switch SW4.
[0021] The signal generator 14 produces a pair of an in-phase carrier signal "cos(ωt)" and a quadrature carrier signal
"sin(ωt)" having a predetermined angular frequency "ω" which corresponds to a carrier frequency of the echo electric
RF signals outputted from the transducer elements P3 and P4 in the probe 1. In the characters "cos(ωt)" and "sin(ωt)
", "t" denotes time. The signal generator 14 feeds the in-phase carrier signal "cos(ωt)" to the multiplier M1 in the phase
detector 12 and also the multiplier M3 in the phase detector 13. The signal generator 14 feeds the quadrature carrier
signal "sin(ωt)" to the multiplier M2 in the phase detector 12 and also the multiplier M4 in the phase detector 13.
[0022] In the phase detector 12, the device M1 multiplies the echo electric RF signal from the transducer element
P3 and the in-phase carrier signal "cos(ωt)", thereby mixing the echo electric RF signal and the in-phase carrier signal
"cos(ωt)" and generating mixing-resultant signals including a baseband in-phase signal. The multiplier M1 outputs the
mixing-resultant signals to the band pass filter BPF1. The band pass filter BPF1 extracts the baseband in-phase signal
from the mixing-resultant signals. The band pass filter BPF1 outputs the extracted baseband in-phase signal to the
switch SW1.
[0023] In the phase detector 12, the device M2 multiplies the echo electric RF signal from the transducer element
P3 and the quadrature carrier signal "sin(ωt)", thereby mixing the echo electric RF signal and the quadrature carrier
signal "sin(ωt)" and generating mixing-resultant signals including a baseband quadrature signal. The multiplier M2
outputs the mixing-resultant signals to the band pass filter BPF2. The band pass filter BPF2 extracts the baseband
quadrature signal from the mixing-resultant signals. The band pass filter BPF2 outputs the extracted baseband quad-
rature signal to the switch SW2.
[0024] In the phase detector 13, the device M3 multiplies the echo electric RF signal from the transducer element
P4 and the in-phase carrier signal "cos(ωt)", thereby mixing the echo electric RF signal and the in-phase carrier signal
"cos(ωt)" and generating mixing-resultant signals including a baseband in-phase signal. The multiplier M3 outputs the
mixing-resultant signals to the band pass filter BPF3. The band pass filter BPF3 extracts the baseband in-phase signal
from the mixing-resultant signals. The band pass filter BPF3 outputs the extracted baseband in-phase signal to the
switch SW3.
[0025] In the phase detector 13, the device M4 multiplies the echo electric RF signal from the transducer element
P4 and the quadrature carrier signal "sin(ωt)", thereby mixing the echo electric RF signal and the quadrature carrier
signal "sin(ωt)" and generating mixing-resultant signals including a baseband quadrature signal. The multiplier M4
outputs the mixing-resultant signals to the band pass filter BPF4. The band pass filter BPF4 extracts the baseband
quadrature signal from the mixing-resultant signals. The band pass filter BPF4 outputs the extracted baseband quad-
rature signal to the switch SW4.
[0026] The switches SW1, SW2, SW3, and SW4 select either a set of the echo electric RF signals from the transducer
elements P1, P2, P3, and P4 or a set of the output baseband signals from the phase detectors 12 and 13. The switches
SW1, SW2, SW3, and SW4 transmit and output the selected signal set to the reception beam former 4.
[0027] The reception beam former 4 is connected to a phase shift data generator 5. An output terminal of the reception
beam former 4 is connected to a first input terminal of a phase detector 6. The phase detector 6 is of a digital type. A
second input terminal of the phase detector 6 is connected to a first output terminal of a control signal generator 7. A
third input terminal of the phase detector 6 is connected to a second output terminal of the control signal generator 7.
A first output terminal of the phase detector 6 is connected to a B-mode processor 8 and a frequency analyzer 9. Also,
a second output terminal of the phase detector 6 is connected to the B-mode processor 8 and the frequency analyzer
9. The B-mode processor 8 and the frequency analyzer 9 are connected to a display 10.
[0028] The phase shift data generator 5 produces phase shift data (digital phase shift signals) Cn and Sn where n
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= 1, ···, N. Here, "N" denotes a predetermined natural number equal to or greater than 2. For example, the phase shift
data generator 5 produces digital phase shift data C1, C2, S1, and S2. The phase shift data generator 5 feeds the
phase shift data C1, C2, S1, and S2 to the reception beam former 4.
[0029] The reception beam former 4 subjects the output signals from the switches SW1, SW2, SW3, and SW4 to
processes including a weighting process, a delaying process, and an adding process. The weighting process can be
replaced by a phase shifting process which is responsive to the phase shift signals C1, C2, S1, and S2. The reception
beam former 4 outputs a process-resultant signal to the phase detector 6.
[0030] The phase detector 6 includes multipliers M9 and M10. First input terminals of the multipliers M9 and M10
are connected to the output terminal of the reception beam former 4. Thus, the multipliers M9 and M10 receive the
output signal from the reception beam former 4. A second input terminal of the multiplier M9 is connected to the first
output terminal of the control signal generator 7. A second input terminal of the multiplier M10 is connected to the
second output terminal of the control signal generator 7. An output terminal of the multiplier M9 is connected to the B-
mode processor 8 and the frequency analyzer 9. Also, an output terminal of the multiplier M10 is connected to the B-
mode processor 8 and the frequency analyzer 9.
[0031] The control signal generator 7 produces a pair of an in-phase control signal (an in-phase carrier or reference
signal) "C" and a quadrature control signal (a quadrature carrier or reference signal) "S". The control signal generator
7 feeds the in-phase control signal "C" to the multiplier M9 in the phase detector 6. The control signal generator 7 feeds
the quadrature control signal "S" to the multiplier M10 in the phase detector 6.
[0032] In the phase detector 6, the device M9 multiplies the output signal of the reception beam former 4 and the in-
phase control signal "C", thereby demodulating the output signal of the reception beam former 4 into a demodulation-
resultant in-phase signal "I". The multiplier M9 outputs the demodulation-resultant in-phase signal "I" to the B-mode
processor 8 and the frequency analyzer 9.
[0033] In the phase detector 6, the device M10 multiplies the output signal of the reception beam former 4 and the
quadrature control signal "S", thereby demodulating the output signal of the reception beam former 4 into a demodu-
lation-resultant quadrature signal "Q". The multiplier M10 outputs the demodulation-resultant quadrature signal "Q" to
the B-mode processor 8 and the frequency analyzer 9.
[0034] The B-mode processor 8 subjects the output in-phase signal "I" and the output quadrature signal "Q" of the
phase detector 6 to a process for a B-mode. The B-mode processor 8 generates a process-resultant video signal, that
is, a B-mode video signal. The B-mode processor 8 outputs the B-mode video signal to the display 10. An image
represented by the B-mode video signal is indicated by the display 10.
[0035] The frequency analyzer 9 subjects the output in-phase signal "I" and the output quadrature signal "Q" of the
phase detector 6 to a Doppler frequency analysis. The frequency analyzer 9 generates an analysis-resultant signal
representing Doppler velocity information. The frequency analyzer 9 outputs the analysis-resultant signal to the display
10. The Doppler velocity information represented by the analysis-resultant signal is indicated by the display 10. The
Doppler frequency analysis implemented by the frequency analyzer 9 can be changed between a color Doppler process
and a spectral Doppler process.
[0036] Preferably, the delaying process implemented by the reception beam former 4 is designed to focus a received
beam of echo ultrasound waves at a focal point within the examined body. In Fig. 1, the reception focal point is at a
distance r3 from the transducer element P3. A reflector or a target 15 exists at the reception focal point.
[0037] A controller 50 is connected to the transmission beam former 2, the switches SW1, SW2, SW3, and SW4,
the reception beam former 4, the phase shift data generator 5, the control signal generator 7, the B-mode processor
8, and the frequency analyzer 9. In addition, the controller 50 is connected to an input unit 52.
[0038] Operation of the ultrasound diagnostic apparatus of Fig. 1 can be changed among various modes including
the B-mode, a color Doppler mode, and an SCW Doppler mode. Here, "SCW" is short for "steerable continuous wave".
The input unit 52 can be accessed by a user or an operator. The input unit 52 outputs a command signal representative
of a target operation mode to the controller 50. The target operation command represented by the command signal
can be changed by actuating the input unit 52. The device 50 controls the transmission beam former 2, the switches
SW1, SW2, SW3, and SW4, the reception beam former 4, the phase shift data generator 5, the control signal generator
7, the B-mode processor 8, and the frequency analyzer 9 in response to the command signal so that the ultrasound
diagnostic apparatus will operate in a mode equal to the target mode represented by the command signal. The actual
mode of operation of the ultrasound diagnostic apparatus can be changed from one to another by actuating the input
unit 52.
[0039] By way of example, the controller 50 includes a microcomputer or a similar device which operates in accord-
ance with a program stored in a memory. The program is designed to enable the controller 50 to implement control
processes mentioned later.
[0040] As shown in Fig. 2, the reception beam former 4 includes analog-to-digital converters A/D1, A/D2, A/D3, and
A/D4, weighting-factor generators W1, W2, W3, and W4, multipliers M5, M6, M7, and M8, delay lines DL1, DL2, DL3,
and DL4, and adders A1, A2, and A3.
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[0041] Input terminals of the analog-to-digital converters A/D1, A/D2, A/D3, and A/D4 are connected to the output
terminals of the switches SW1, SW2, SW3, and SW4, respectively. Output terminals of the analog-to-digital converters
A/D1, A/D2, A/D3, and A/D4 are connected to first input terminals of the multipliers M5, M6, M7, and M8, respectively.
Input terminals of the weighting-factor generators W1, W2, W3, and W4 are connected to the phase shift data generator
5. Output terminals of the weighting-factor generators W1, W2, W3, and W4 are connected to second input terminals
of the multipliers M5, M6, M7, and M8, respectively. Output terminals of the multipliers M5, M6, and M7 are connected
to first input terminals of the adders A1, A2, and A3 via the delay lines DL1, DL2, and DL3, respectively. An output
terminal of the multiplier M8 is connected to a second input terminal of the adder A3 via the delay line DL4. An output
terminal of the adder A3 is connected to a second input terminal of the adder A2. An output terminal of the adder A2
is connected to a second input terminal of the adder A1. An output terminal of the adder A1 is connected to the phase
detector 6. The weighting-factor generators W1, W2, W3, and W4 are connected to the controller 50. The delay lines
DL1, DL2, DL3, and DL4 are connected to the controller 50.
[0042] During the B-mode or the color Doppler mode of operation of the ultrasound diagnostic apparatus, the trans-
mission beam former 2 is controlled by the controller 50 to output the electric PW signals to the transducer elements
P1, P2, P3, and P4 respectively. The transducer elements P1, P2, P3, and P4 convert the electric PW signals into
ultrasound waves which propagate into the examined body as forward ultrasound waves, respectively. Portions of the
forward ultrasound waves are reflected in the examined body before being returned to the transducer elements P1,
P2, P3, and P4 as echo ultrasound waves. The transducer elements P1, P2, P3, and P4 convert the echo ultrasound
waves into echo electric RF signals, respectively. The transducer elements P1, P2, P3, and P4 output the echo electric
RF signals, respectively. The RF channel 3 transmits the echo electric RF signals from the transducer elements P1,
P2, P3, and P4 to the switches SW1, SW2, SW3, and SW4 respectively. The switches SW1, SW2, SW3, and SW4
are controlled by the controller 50, thereby selecting the echo electric RF signals outputted from the transducer elements
P1, P2, P3, and P4 respectively. The switches SW1, SW2, SW3, and SW4 transmit the selected echo electric RF
signals to the reception beam former 4.
[0043] During the B-mode or the color Doppler mode of operation of the ultrasound diagnostic apparatus, the weight-
ing-factor generators W1, W2, W3, and W4 in the reception beam former 4 are controlled by the controller 50 to feed
the multipliers M5, M6, M7, and M8 with respective signals representative of weighting factors suited for the B-mode
or the color Doppler mode. The analog-to-digital converter A/D1 1 changes the output RF signal of the switch SW1
into a corresponding digital signal. The analog-to-digital converter A/D1 outputs the digital signal to the multiplier M5.
The analog-to-digital converter A/D2 changes the output RF signal of the switch SW2 into a corresponding digital
signal. The analog-to-digital converter A/D2 outputs the digital signal to the multiplier M6. The analog-to-digital con-
verter A/D3 changes the output RF signal of the switch SW3 into a corresponding digital signal. The analog-to-digital
converter A/D3 outputs the digital signal to the multiplier M7. The analog-to-digital converter A/D4 changes the output
RF signal of the switch SW4 into a corresponding digital signal. The analog-to-digital converter A/D4 outputs the digital
signal to the multiplier M8. The device M5 multiplies the output digital signal of the analog-to-digital converter A/D1 by
the related weighting factor, and outputs a multiplication-resultant signal to the delay line DL1. The multiplication-
resultant signal is transmitted through the delay line DL1 to the adder A1. The delay line DL1 is controlled by the
controller 50 to provide a suitable delay to the output signal from the multiplier M5. The device M6 multiplies the output
digital signal of the analog-to-digital converter A/D2 by the related weighting factor, and outputs a multiplication-result-
ant signal to the delay line DL2. The multiplication-resultant signal is transmitted through the delay line DL2 to the
adder A2. The delay line DL2 is controlled by the controller 50 to provide a suitable delay to the output signal from the
multiplier M6. The device M7 multiplies the output digital signal of the analog-to-digital converter A/D3 by the related
weighting factor, and outputs a multiplication-resultant signal to the delay line DL3. The multiplication-resultant signal
is transmitted through the delay line DL3 to the adder A3. The delay line DL3 is controlled by the controller 50 to provide
a suitable delay to the output signal from the multiplier M7. The device M8 multiplies the output digital signal of the
analog-to-digital converter A/D4 by the related weighting factor, and outputs a multiplication-resultant signal to the
delay line DL4. The multiplication-resultant signal is transmitted through the delay line DL4 to the adder A3. The delay
line DL4 is controlled by the controller 50 to provide a suitable delay to the output signal from the multiplier M8. The
multiplications between the output signals of the analog-to-digital converters A/D1, A/D2, A/D3, and A/D4 and the
weighting factors are designed to improve the directivity with respect to a received beam of echo ultrasound waves.
The device A3 adds the signal from the delay line DL3 and the signal from the DL4 into an addition-resultant signal.
The adder A3 outputs the addition-resultant signal to the adder A2. The device A2 adds the signal from the delay line
DL2 and the signal from the adder A3 into an addition-resultant signal. The adder A2 outputs the addition-resultant
signal to the adder A1. The device A1 adds the signal from the delay line DL1 and the signal from the adder A2 into
an addition-resultant signal. The adder A1 outputs the addition-resultant signal to the phase detector 6.
[0044] During the B-mode or the color Doppler mode of operation of the ultrasound diagnostic apparatus, the control
signal generator 7 is controlled by the controller 50 to generate an in-phase control "C" and a quadrature control signal
"S" equal to an in-phase carrier signal and a quadrature carrier signal respectively. The control signal generator 7 feeds
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the in-phase carrier signal "C" to the multiplier M9 in the phase detector 6. The control signal generator 7 feeds the
quadrature carrier signal "S" to the multiplier M10 in the phase detector 6. The multipliers M9 and M10 in the phase
detector 6 receive the output signal of the reception beam former 4. The device M9 multiplies the output signal of the
reception beam former 4 and the in-phase carrier signal "C", thereby demodulating or converting the output signal of
the reception beam former 4 into a baseband in-phase signal "I". The multiplier M9 outputs the baseband in-phase
signal "I" to the B-mode processor 8 and the frequency analyzer 9. The device M10 multiplies the output signal of the
reception beam former 4 and the quadrature carrier signal "S", thereby demodulating or converting the output signal
of the reception beam former 4 into a baseband quadrature signal "Q". The multiplier M10 outputs the baseband
quadrature signal "Q" to the B-mode processor 8 and the frequency analyzer 9.
[0045] During the B-mode of operation of the ultrasound diagnostic apparatus, the B-mode processor 8 is controlled
by the controller 50 to subject the output baseband in-phase and quadrature signals "I" and "Q" from the phase detector
6 to the process for the B-mode. The B-mode processor 8 generates a process-resultant video signal, that is, a B-
mode video signal. The B-mode processor 8 outputs the B-mode video signal to the display 10. An image represented
by the B-mode video signal is indicated by the display 10.
[0046] During the color Doppler mode of operation of the ultrasound diagnostic apparatus, the frequency analyzer
9 is controlled by the controller 50 to subject the output baseband in-phase and quadrature signals "I" and "Q" from
the phase detector 6 to the Doppler frequency analysis including the color Doppler process. The frequency analyzer
9 generates an analysis-resultant signal representing color Doppler velocity information. The frequency analyzer 9
outputs the analysis-resultant signal to the display 10. The color Doppler velocity information represented by the anal-
ysis-resultant signal is indicated by the display 10. The color Doppler velocity information may be visually superimposed
on a B-mode image indicated by the display 10.
[0047] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the transducer elements
P1 and P2 are assigned to transmission while the transducer elements P3 and P4 are assigned to reception. The
transmission beam former 2 is controlled by the controller 50 to output the electric CW signals to the transducer ele-
ments P1 and P2 respectively. The electric CW signals have the predetermined angular frequency "ω". The transducer
elements P1 and P2 convert the electric CW signals into ultrasound waves which propagate into the examined body
as forward ultrasound waves, respectively. Portions of the forward ultrasound waves are reflected by the target (the
reflector) 15 in the examined body before being backwardly propagated to the transducer elements P3 and P4 as echo
ultrasound waves. The reflector 15 is, for example, blood corpuscles. The transducer elements P3 and P4 convert the
echo ultrasound waves into echo electric RF signals e3 and e4, respectively. The transducer elements P3 and P4
output the echo electric RF signals e3 and e4, respectively. The baseband channel 11 transmits the echo electric RF
signals e3 and e4 from the transducer elements P3 and P4 to the phase detectors 12 and 13 respectively. Specifically,
the echo electric RF signal e3 from the transducer element P3 is applied to the multipliers M1 and M2 in the phase
detector 12. On the other hand, the echo electric RF signal e4 from the transducer element P4 is applied to the multipliers
M3 and M4 in the phase detector 13.
[0048] The signal generator 14 feeds the in-phase carrier signal "cos(ωt)" to the multiplier M1 in the phase detector
12 and also the multiplier M3 in the phase detector 13. The signal generator 14 feeds the quadrature carrier signal "sin
(ωt)" to the multiplier M2 in the phase detector 12 and also the multiplier M4 in the phase detector 13.
[0049] In the phase detector 12, the device M1 multiplies the echo electric RF signal e3 and the in-phase carrier
signal "cos(ωt)", thereby mixing the echo electric RF signal and the in-phase carrier signal "cos(ωt)" and generating
mixing-resultant signals including a baseband in-phase signal I1. The multiplier M1 outputs the mixing-resultant signals
to the band pass filter BPF1. The band pass filter BPF1 extracts the baseband in-phase signal I1 from the mixing-
resultant signals. The band pass filter BPF1 outputs the extracted baseband in-phase signal I1 to the switch SW1.
[0050] In the phase detector 12, the device M2 multiplies the echo electric RF signal e3 and the quadrature carrier
signal "sin(ωt)", thereby mixing the echo electric RF signal e3 and the quadrature carrier signal "sin(ωt)" and generating
mixing-resultant signals including a baseband quadrature signal Q1. The multiplier M2 outputs the mixing-resultant
signals to the band pass filter BPF2. The band pass filter BPF2 extracts the baseband quadrature signal Q1 from the
mixing-resultant signals. The band pass filter BPF2 outputs the extracted baseband quadrature signal Q1 to the switch
SW2.
[0051] In the phase detector 13, the device M3 multiplies the echo electric RF signal e4 and the in-phase carrier
signal "cos(ωt)", thereby mixing the echo electric RF signal e4 and the in-phase carrier signal "cos(ωt)" and generating
mixing-resultant signals including a baseband in-phase signal I2. The multiplier M3 outputs the mixing-resultant signals
to the band pass filter BPF3. The band pass filter BPF3 extracts the baseband in-phase signal I2 from the mixing-
resultant signals. The band pass filter BPF3 outputs the extracted baseband in-phase signal 12 to the switch SW3.
[0052] In the phase detector 13, the device M4 multiplies the echo electric RF signal e4 and the quadrature carrier
signal "sin(ωt)", thereby mixing the echo electric RF signal e4 and the quadrature carrier signal "sin(ωt)" and generating
mixing-resultant signals including a baseband quadrature signal Q2. The multiplier M4 outputs the mixing-resultant
signals to the band pass filter BPF4. The band pass filter BPF4 extracts the baseband quadrature signal Q2 from the
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mixing-resultant signals. The band pass filter BPF4 outputs the extracted baseband quadrature signal Q2 to the switch
SW4.
[0053] In the case where the reflector (the target) 15 is moving, the echo ultrasound waves caused by the reflector
15 undergo a Doppler shift. Thus, in this case, the angular frequency "ωd" of the echo ultrasound waves is given as
"ωd = ω + Wd" where "Wd" denotes the Doppler shift. The phase detectors 12 and 13 are similar to each other in
operation. Accordingly, only operation of the phase detector 12 will be described in more detail. By way of example,
the echo electric RF signal e3 outputted from the transducer element P3 is expressed as follows.

where "A" and "B" denotes amplitudes respectively; "k" denotes a wave number; "t" denotes time; "r3" denotes the
distance between the reflector 15 and the transducer element P3; and "f" denotes a phase (a phase change). The first
term in the right-hand side of the equation (1) corresponds to echo ultrasound waves coming from the reflector 15.
The second term in the right-hand side of the equation (1) denote clutter signals caused by motionless tissues or slowly-
moving tissues within the examined body. The phase change "f" in the clutter signals is small. In general, the amplitude
"B" is greater than the amplitude "A" by one order or more. As previously mentioned, the devices M1 and M2 multiply
the echo electric RF signal e3 by the in-phase carrier signal "(ωt)" and the quadrature carrier signal "sin(ωt)" fed from
the signal generator 14. The band pass filters BPF1 and BPF2 remove high-frequency components and clutter com-
ponents from the output signals of the multipliers M1 and M2, thereby generating the baseband in-phase signal I1 and
the baseband quadrature signal Q2 which are expressed as follows.

The baseband signals I1 and Q1 are quadrature with each other.
[0054] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the switches SW1, SW2,
SW3, and SW4 are controlled by the controller 50, thereby selecting the baseband signals I1, Q1, I2, and Q2 outputted
from the phase detectors 12 and 13. The switches SW1, SW2, SW3, and SW4 transmit the selected baseband signals
I1, Q1, I2, and Q2 to the reception beam former 4. The reception beam former 4 includes a first portion for processing
the baseband signals I1 and Q1, and a second portion for processing the baseband signals I2 and Q2. The first and
second portions of the reception beam former 4 are similar to each other in operation. Accordingly, only operation of
the first portion of the reception beam former 4 will be described in more detail. As understood from the equations (2)
and (3), the output baseband signals I1 and Q1 of the phase detector 12 depend on the distance r3 between the
reflector 15 and the transducer element P3. Similarly, the output baseband signals I2 and Q2 of the phase detector 13
depend on the distance between the reflector 15 and the transducer element P4. It is desirable to remove the distance-
dependencies from the baseband signals I1, Q1, I2, and Q2 before they are phase-adjusted and summed. By way of
example, regarding the baseband signals I1 and Q1, the removal of the distance-dependencies can be implemented
by a phase shifting process including a step of multiplication by a complex number exp(jk•r3) as indicated by the
following equations.

The equations (4) and (5) correspond to the following I-side and Q-side equations.

e3 = A•sin(ωd•t - k•r3) + B•sin(ω•t + f) (1)

I1 = sin(Wd•t - k•r3) (2)

Q1 = cos(Wd•t - k•r3) (3)

I + jQ = (I1 + jQ1)•exp(jk•r3) (4)

= cos(Wd•t) + jsin(Wd•t) (5)

I = I1•cos(k•r3) - Q1•sin(k•r3) (6)

Q = Q1•cos(k•r3) - I1•sin(k•r3) (7)
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The reception beam former 4 and the phase shift data generator 5 cooperate to process the baseband signals I1 and
Q1 according to the I-side and Q-side equations (6) and (7).
[0055] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the analog-to-digital con-
verter A/D1 in the reception beam former 4 generates a digital version of the baseband signal I1. The analog-to-digital
converter A/D1 outputs the digital baseband signal I1 to the multiplier M5. The analog-to-digital converter A/D2 in the
reception beam former 4 generates a digital version of the baseband signal Q1. The analog-to-digital converter A/D2
outputs the digital baseband signal Q1 to the multiplier M6. The analog-to-digital converter A/D3 in the reception beam
former 4 generates a digital version of the baseband signal I2. The analog-to-digital converter A/D3 outputs the digital
baseband signal I2 to the multiplier M7. The analog-to-digital converter A/D4 in the reception beam former 4 generates
a digital version of the baseband signal Q2. The analog-to-digital converter A/D4 outputs the digital baseband signal
Q2 to the multiplier M8.
[0056] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the weighting-factor gen-
erators W1, W2, W3, and W4 in the reception beam former 4 are held in through-states by the controller 50. The phase
shift data generator 5 is controlled by the controller 50 to generate digital phase shift signals PH1, PH2, PH3, and PH4.
The phase shift signal PH1 is transmitted from the phase shift data generator 5 to the multiplier M5 in the reception
beam former 4 via the weighting-factor generator W1. The phase shift signal PH1 contains phase shift data C1 and
S1. The phase shift signal PH2 is transmitted from the phase shift data generator 5 to the multiplier M6 in the reception
beam former 4 via the weighting-factor generator W2. The phase shift signal PH2 contains the phase shift data C1
and S1. The phase shift signal PH3 is transmitted from the phase shift data generator 5 to the multiplier M7 in the
reception beam former 4 via the weighting-factor generator W3. The phase shift signal PH3 contains phase shift data
C2 and S2. The phase shift signal PH4 is transmitted from the phase shift data generator 5 to the multiplier M8 in the
reception beam former 4 via the weighting-factor generator W4. The phase shift signal PH4 contains the phase shift
data C2 and S2.
[0057] By way of example, the phase shift data C1 are set as "C1 = cos(k•r3)". The phase shift data S1 are set as
"S1 = sin(k•r3)". The phase shift signals PH1 and PH2 are fed to the devices M5 and M6 as multipliers. The phase
shift signals PH1 and PH2, that is, the multipliers used by the devices M5 and M6, are changed according to the
following equations.

where "i" denotes an integer which increases in accordance with lapse of time "t" as "t = iT" (T means the sampling
period used in the analog-to-digital converters A/D1, A/D2, A/D3, and A/D4), and "MOD(···)" denotes modulo-operation.
The digital baseband signals I1 and Q1 change once during a time interval for which the integer "i" changes twice.
[0058] With reference to Fig. 3, at a moment t=1T, the phase shift signal PH1 is equal to the phase shift data C1
while the phase shift signal PH2 is equal to an inversion of the phase shift data S1. Thus, at the moment t=1T, the
device M5 multiplies the digital baseband signal I1(1) and the phase shift data C1, and thereby generates and outputs
a multiplication-resultant signal I1(1)•C1. At the same time, the device M6 multiplies the digital baseband signal Q1(1)
and the inversion of the phase shift data S1, and thereby generates and outputs a multiplication-resultant signal -Q1
(1)•S1. The multiplication-resultant signal I1(1)•C1, the multiplication-resultant signal -Q1(1)•S1, a multiplication-re-
sultant signal outputted from the multiplier M7, and a multiplication-resultant signal outputted from the multiplier M8
are combined into a combination-resultant signal IQm by the adders A1, A2, and A3. At the moment t=1T, components
of the combination-resultant signal IQm which relate to the digital baseband signals I1 and Q1 are given as "I1(1)
•C1-Q1(1)•S1" corresponding to the I-side equation (6).
[0059] At a moment t=2T following the moment t=1T, the phase shift signal PH1 is equal to the phase shift data S1
while the phase shift signal PH2 is equal to the phase shift data Cl. Thus, at the moment t=2T, the device M5 multiplies
the digital baseband signal I1(1) and the phase shift data S1, and thereby generates and outputs a multiplication-
resultant signal I1(1)•S1. At the same time, the device M6 multiplies the digital baseband signal Q1(1) and the phase
shift data C1, and thereby generates and outputs a multiplication-resultant signal Q1(1)•C1. The multiplication-resultant
signal I1(1)•S1, the multiplication-resultant signal Q1(1)•C1, a multiplication-resultant signal outputted from the multi-
plier M7, and a multiplication-resultant signal outputted from the multiplier M8 are combined into a combination-resultant
signal IQm by the adders A1, A2, and A3. At the moment t=2T, components of the combination-resultant signal IQm
which relate to the digital baseband signals I1 and Q1 are given as "I1(1)•S1+Q1(1)•C1" corresponding to the Q-side
equation (7).
[0060] As shown in Fig. 3, at a moment t=3T and later moments after the moment t=2T, processes similar to the

PH1 = C1•MOD(i, 2) + S1•MOD(i+1, 2) (8)

PH2 = -S1•MOD(i, 2) + C1•MOD(i+1, 2) (9)
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above-mentioned processes are periodically iterated. Therefore, the signal components corresponding to the I-side
equation (6) and the signal components corresponding to the Q-side equation (7) alternate in the combination-resultant
signal IQm. Thus, in the combination-resultant signal IQm, the signal components corresponding to the I-side equation
(6) and the signal components corresponding to the Q-side equation (7) are multiplexed on a time sharing basis.
[0061] The output signal of the multiplier M5 is transmitted to the adder A1 via the delay line DL1. The output signal
of the multiplier M6 is transmitted to the adder A2 via the delay line DL2. During the SCW Doppler mode of operation
of the ultrasound diagnostic apparatus, the delay lines DL1 and DL2 are controlled by the controller 50 to provide equal
or slightly-different delays to the output signals of the multipliers M5 and M6. Preferably, the delays provided by the
delay lines DL1 and DL2 are equal to fixed time intervals respectively. Preferably, the difference between the delays
provided to the output signals of the multipliers M5 and M6 is equal to or smaller than one tenth of one period of the
phase shift data C1 and S1. In the case where the phase shift data C1 and S1 have a frequency of about 50 KHz or
less, the difference between the delays is preferably equal to or smaller than one tenth of 20 microseconds (one period
of the phase shift data C1 and S1).
[0062] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the multipliers M9 and
M10 in the phase detector 6 receive the combination-resultant signal IQm from the reception beam former 4. The
control signal generator 7 is controlled by the controller 50 to produce the in-phase control signal "C" and the quadrature
control signal "S". The control signal generator 7 feeds the in-phase control signal "C" to the multiplier M9 in the phase
detector 6. T control signal generator 7 feeds the quadrature control signal "S" to the multiplier M10 in the phase
detector 6. The in-phase control signal "C" and the quadrature control signal "S" are changed according to the following
equations.

where "i" denotes an integer which increases in accordance with lapse of time "t" as "t = iT" (T means the sampling
period used in the analog-to-digital converters A/D1, A/D2, A/D3, and A/D4), and "MOD(···)" denotes modulo-operation.
The device M9 multiplies the combination-resultant signal IQm and the in-phase control signal "C", thereby separating
or recovering a demodulation-resultant in-phase signal "I" from the combination-resultant signal IQm. The multiplier
M9 outputs the demodulation-resultant in-phase signal "I" to the frequency analyzer 9. On the other hand, the device
M10 multiplies the combination-resultant signal IQm and the quadrature control signal "S", thereby separating or re-
covering a demodulation-resultant quadrature signal "Q" from the combination-resultant signal IQm. The multiplier M10
outputs the demodulation-resultant quadrature signal "Q" to the frequency analyzer 9.
[0063] Operation of the phase detector 6 regarding the baseband signals I1 and Q1 will be described in more detail.
With reference to Fig. 3, at the moment t=1T, the in-phase control signal "C" is equal to "1" while the quadrature control
signal "S" is equal to "0". At the same time, regarding the baseband signals I1 and Q1, the combination-resultant signal
IQm is expressed as "I1(1)•C1-Q1(1)•S1". Thus, at the moment t=1T, the device M9 multiplies "I1(1)•C1-Q1(1)•S1"
and "1", and outputs the multiplication result "I1(1)•C1-Q1(1)•S1" as the demodulation-resultant in-phase signal "I". At
the same time, the device M10 multiplies "I1(1)•C1-Q1(1)•S1" and "0", and outputs the multiplication result "0" as the
demodulation-resultant quadrature signal "Q".
[0064] At the moment t=2T following the moment t=1T, the in-phase control signal "C" is equal to "0" while the quad-
rature control signal "S" is equal to "1". At the same time, regarding the baseband signals I1 and Q1, the combination-
resultant signal IQm is expressed as "I1(1)•S1+Q1(1)•C1". Thus, at the moment t=2T, the device M9 multiplies "I1(1)
•S1+Q1(1)•C1" and "0", and outputs the multiplication result "0" as the demodulation-resultant in-phase signal "I". At
the same time, the device M10 multiplies "I1(1)•S1+Q1(1)•C1" and "1", and outputs the multiplication result "I1(1)
•S1+Q1(1)•C1" as the demodulation-resultant quadrature signal "Q".
[0065] As shown in Fig. 3, at the moment t=3T and later moments after the moment t=2T, processes similar to the
above-mentioned processes are periodically iterated. Thus, the phase detector 6 and the control signal generator 7
cooperate to demultiplex the combination-resultant signal IQm into the demodulation-resultant in-phase signal "I" and
the demodulation-resultant quadrature signal "Q".
[0066] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the frequency analyzer
9 is controlled by the controller 50 to subject the demodulation-resultant in-phase signal "I" and the demodulation-
resultant quadrature signal "Q" to the Doppler frequency analysis including the spectral Doppler process. The frequency
analyzer 9 generates an analysis-resultant signal representing spectral Doppler velocity information. The frequency
analyzer 9 outputs the analysis-resultant signal to the display 10. The spectral Doppler velocity information represented
by the analysis-resultant signal is indicated by the display 10.

C = MOD(i, 2) (10)

S = MOD(i+2, 2) (11)



EP 1 118 875 A2

5

10

15

20

25

30

35

40

45

50

55

11

[0067] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, it is preferable that the
delay lines DL1, DL2, DL3, and DL4 in the reception beam former 4 provide different delays to the output signals of
the multipliers M5, M6, M7, and M8 respectively. In this case, an enhanced noise-reduction effect is available. It should
be noted that the delays provided to the output signals of the multipliers M5, M6, M7, and M8 may be null.

Second Embodiment

[0068] A second embodiment of this invention is similar to the first embodiment thereof except for design changes
indicated hereinafter.
[0069] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the phase shift signals
PH1 and PH2, that is, the multipliers used by the devices M5 and M6, are changed according to the following equations.

where SIGN = 1 when MOD(i-1, 4)%1, and SIGN = -1 when MOD(i-1, 4)^2.
[0070] With reference to Fig. 4, at a moment t=1T, the phase shift signal PH1 is equal to the phase shift data C1
while the phase shift signal PH2 is equal to an inversion of the phase shift data S1. Thus, at the moment t=1T, the
device M5 multiplies the digital baseband signal I1(1) and the phase shift data C1, and thereby generates and outputs
a multiplication-resultant signal I1(1)•C1. At the same time, the device M6 multiplies the digital baseband signal Q1(1)
and the inversion of the phase shift data S1, and thereby generates and outputs-a multiplication-resultant signal -Q1
(1)•S1. The multiplication-resultant signal I1(1)•C1, the multiplication-resultant signal -Q1(1)•S1, a multiplication-re-
sultant signal outputted from the multiplier M7, and a multiplication-resultant signal outputted from the multiplier M8
are combined into a combination-resultant signal IQm by the adders A1, A2, and A3. At the moment t=1T, components
of the combination-resultant signal IQm which relate to the digital baseband signals 11 and Q1 are given as "I1(1)
•C1-Q1(1)•S1" corresponding to the I-side equation (6).
[0071] At a moment t=2T following the moment t=1T, the phase shift signal PH1 is equal to the phase shift data S1
while the phase shift signal PH2 is equal to the phase shift data C1. Thus, at the moment t=2T, the device M5 multiplies
the digital baseband signal I1(1) and the phase shift data S1, and thereby generates and outputs a multiplication-
resultant signal Il(1)•S1. At the same time, the device M6 multiplies the digital baseband signal Q1(1) and the phase
shift data C1, and thereby generates and outputs a multiplication-resultant signal Q1(1)•C1. The multiplication-resultant
signal I1(1)•S1, the multiplication-resultant signal Q1(1)•C1, a multiplication-resultant signal outputted from the multi-
plier M7, and a multiplication-resultant signal outputted from the multiplier M8 are combined into a combination-resultant
signal IQm by the adders A1, A2, and A3. At the moment t=2T, components of the combination-resultant signal IQm
which relate to the digital baseband signals I1 and Q1 are given as "I1(1)•S1+Q1(1)•C1" corresponding to the Q-side
equation (7).
[0072] At a moment t=3T following the moment t=2T, the phase shift signal PH1 is equal to an inversion of the phase
shift data C1 while the phase shift signal PH2 is equal to the phase shift data S1. Thus, at the moment t=3T, the device
M5 multiplies the digital baseband signal 11(3) and the inversion of the phase shift data C1, and thereby generates
and outputs a multiplication-resultant signal -I1(3)•C1. At the same time, the device M6 multiplies the digital baseband
signal Q1(3) and the phase shift data S1, and thereby generates and outputs a multiplication-resultant signal Q1(3)
•S1. The multiplication-resultant signal -I1(3)•C1, the multiplication-resultant signal Q1(3)•S1, a multiplication-resultant
signal outputted from the multiplier M7, and a multiplication-resultant signal outputted from the multiplier M8 are com-
bined into a combination-resultant signal IQm by the adders A1, A2, and A3. At the moment t=3T, components of the
combination-resultant signal IQm which relate to the digital baseband signals I1 and Q1 are given as "-I1(3)•C1+Q1
(3)•S1" corresponding to an inversion of the I-side equation (6).
[0073] At a moment t=4T following the moment t=3T, the phase shift signal PH1 is equal to an inversion of the phase
shift data S1 while the phase shift signal PH2 is equal to an inversion of the phase shift data C1. Thus, at the moment
t=4T, the device M5 multiplies the digital baseband signal I1(3) and the inversion of the phase shift data S1, and thereby
generates and outputs a multiplication-resultant signal -I1(3)•S1. At the same time, the device M6 multiplies the digital
baseband signal Q1(3) and the inversion of the phase shift data C1, and thereby generates and outputs a multiplication-
resultant signal -Q1(3)•C1. The multiplication-resultant signal -I1(3)•S1, the multiplication-resultant signal -Q1(3)•C1,
a multiplication-resultant signal outputted from the multiplier M7, and a multiplication-resultant signal outputted from
the multiplier M8 are combined into a combination-resultant signal IQm by the adders A1, A2, and A3. At the moment
t=4T, components of the combination-resultant signal IQm which relate to the digital baseband signals I1 and Q1 are

PH1 = {C1•MOD(i, 2) + S1•MOD(i+1, 2)}•SIGN (12)

PH2 = {-S1•MOD(i, 2) + C1•MOD(i+1, 2)}•SIGN (13)
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given as "-I1(3)•S1-Q1(3)•C1" corresponding to an inversion of the Q-side equation (7).
[0074] At a moment t=5T and later moments after the moment t=4T, processes similar to the above-mentioned proc-
esses are periodically iterated. Therefore, the signal components corresponding to the I-side equation (6), the signal
components corresponding to the Q-side equation (7), the signal components corresponding to the inversion of the I-
side equation (6), and the signal components corresponding to the inversion of the Q-side equation (7) cyclically occur
in the combination-resultant signal IQm. Thus, in the combination-resultant signal IQm, the signal components corre-
sponding to the I-side equation (6), the signal components corresponding to the Q-side equation (7), the signal com-
ponents corresponding to the inversion of the I-side equation (6), and the signal components corresponding to the
inversion of the Q-side equation (7) are multiplexed on a time sharing basis.
[0075] During the SCW Doppler mode of operation of the ultrasound diagnostic apparatus, the in-phase control signal
"C" and the quadrature control signal "S" are changed according to the following equations.

[0076] Operation of the phase detector 6 regarding the baseband signals I1 and Q1 will be described in more detail.
With reference to Fig. 3, at the moment t=1T, the in-phase control signal "C" is equal to "1" while the quadrature control
signal "S" is equal to "O". At the same time, regarding the baseband signals I1 and Q1, the combination-resultant signal
IQm is expressed as "I1(1)•C1-Q1(1)•S1". Thus, at the moment t=1T, the device M9 multiplies "I1(1)•C1-Q1(1)•S1"
and "1", and outputs the multiplication result "I1(1)•C1-Q1(1)•S1" as the demodulation-resultant in-phase signal "I". At
the same time, the device M10 multiplies "I1(1)•C1-Q1(1)•S1" and "0", and outputs the multiplication result "0" as the
demodulation-resultant quadrature signal "Q".
[0077] At the moment t=2T following the moment t=1T, the in-phase control signal "C" is equal to "0" while the quad-
rature control signal "S" is equal to "1". At the same time, regarding the baseband signals I1 and Q1, the combination-
resultant signal IQm is expressed as "I1(1)•S1+Q1(1)•C1". Thus, at the moment t=2T, the device M9 multiplies "I1(1)
•Si+Q1(1)•C1" and "0", and outputs the multiplication result "0" as the demodulation-resultant in-phase signal "I". At
the same time, the device M10 multiplies "I1(1)•S1+Q1(1)•C1" and "1", and outputs the multiplication result "I1(1)
•S1+Q1(1)•C1" as the demodulation-resultant quadrature signal "Q".
[0078] At the moment t=3T following the moment t=2T, the in-phase control signal "C" is equal to "-1" while the
quadrature control signal "S" is equal to "0". At the same time, regarding the baseband signals I1 and Q1, the combi-
nation-resultant signal IQm is expressed as "-I1(3)•C1+Q1(3)•S1". Thus, at the moment t=3T, the device M9 multiplies
"-I1(3)•C1+Q1(3)•S1" and "-1", and outputs the multiplication result "I1(3)•C1-Q1(3)•S1" as the demodulation-resultant
in-phase signal "I". At the same time, the device M10 multiplies "-I1(3)•C1+Q1(3)•S1" and "0", and outputs the multi-
plication result "0" as the demodulation-resultant quadrature signal "Q".
[0079] At the moment t=4T following the moment t=3T, the in-phase control signal "C" is equal to "0" while the quad-
rature control signal "S" is equal to "-1". At the same time, regarding the baseband signals I1 and Q1, the combination-
resultant signal IQm is expressed as "-I1(3)•S1-Q1(3)•C1". Thus, at the moment t=4T, the device M9 multiplies "-I1(3)
•S1-Q1(3)•C1" and "0", and outputs the multiplication result "0" as the demodulation-resultant in-phase signal "I". At
the same time, the device M10 multiplies "-I1(3)•S1-Q1(3)•C1" and "-1", and outputs the multiplication result "I1(3)
•S1+Q1(3)•C1" as the demodulation-resultant quadrature signal "Q".
[0080] At the moment t=5T and later moments after the moment t=4T, processes similar to the above-mentioned
processes are periodically iterated. Thus, the phase detector 6 and the control signal generator 7 cooperate to demul-
tiplex the combination-resultant signal IQm into the demodulation-resultant in-phase signal "I" and the demodulation-
resultant quadrature signal "Q".

Claims

1. An ultrasound diagnostic apparatus comprising:

a probe for outputting RF signals;
N phase detectors for converting the RF signals output from the probe into baseband signals In and Qn, where
"N" denotes a first predetermined natural number and "n" denotes a second predetermined natural number
such that 2≤n≤N; and
a reception beam former for processing the baseband signals In and Qn into a time-division-multiplexed signal;

C = cos{π•(i - 1)/2} (14)

S = sin{π•(i - 1)/2} (15)
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wherein the reception beam former comprises means for multiplying the baseband signals In and Qn by phase
shift data to generate multiplication-resultant signals, means for delaying the multiplication-resultant signals
to generate delay-resultant signals; and means for combining the delay-resultant signals into the time-division-
multiplexed signal.

2. An ultrasound diagnostic apparatus according to claim 1, further comprising means for selecting either a set of
the RF signals or a set of the baseband signals In and Qn, and feeding the selected signal set to the reception
beam former.

3. An ultrasound diagnostic apparatus according to claim 2, wherein the multiplying means in the reception beam
former comprises multipliers for multiplying the baseband signals In and Qn by the phase shift data, and the mul-
tipliers are operative for multiplying the RF signals by weighting factors when the set of the RF signals is fed to
the reception beam former.

4. An ultrasound diagnostic apparatus according to any one of claims 1 to 3 further comprising a demodulation phase
detector for subjecting the time-division-multiplexed signal to a demodulation process.

5. An ultrasound diagnostic apparatus as recited in claim 4, wherein the demodulation phase detector comprises
means for demultiplexing the time-division-multiplexed signal.

6. An ultrasound diagnostic according to any one of claims 1 to 5, wherein the delaying means comprises means for
delaying the multiplication-resultant signals by fixed time intervals.

7. An ultrasound diagnostic apparatus comprising:

a first transducer element (P1) for outputting a first RF signal;
a second transducer element (P2) for outputting a second RF signal;
a third transducer element (P3) for outputting a third RF signal;
first means (12) for demodulating the third RF signal into a baseband in-phase signal and a baseband quad-
rature signal;
a first multiplier (M5);
a second multiplier (M6);
an adder (A1) connected to the first and second multipliers (M5, M6) for adding an output signal from the first
multiplier (M5) and an output signal from the second multiplier (M6);
second means (SW1, SW2) for selecting either a set of the first and second RF signals or a set of the baseband
in-phase and quadrature signals, for feeding the first and second RF signals to the first and second multipliers
(M5, M6) respectively when the set of the first and second RF signals is selected, and for feeding the baseband
in-phase and quadrature signals to the first and second multipliers (M5, M6) respectively when the set of the
baseband in-phase and quadrature signals is selected;
third means (W1, W2) for feeding first and second weighting factors to the first and second multipliers (M5,
M6) respectively when the second means (SW1, SW2) selects the set of the first and second RF signals; and
fourth means (5) for feeding first and second phase shift signals to the first and second multipliers (M5, M6)
respectively when the second means (SW1, SW2) selects the set of the baseband in-phase and quadrature
signals;
wherein the first multiplier (M5) multiplies the first RF signal and the first weighting factor and the second
multiplier (M6) multiplies the second RF signal and the second weighting factor when the second means (SW1,
SW2) selects the set of the first and second RF signals; and
wherein the first multiplier (M5) multiplies the baseband in-phase signal and the first phase shift signal and
the second multiplier (M6) multiplies the baseband quadrature signal and the second phase shift signal when
the second means (SW1, SW2) selects the set of the baseband in-phase and quadrature signals.

8. An ultrasound diagnostic apparatus according to claim 7, further comprising fifth means (6, 7) for demodulating
an output signal from the adder (A1) into a demodulation-resultant in-phase signal and a demodulation-resultant
quadrature signal when the second means (SW1, SW2) selects the set of the first and second RF signals, and for
demultiplexing the output signal from the adder (A1) into a demultiplexing-resultant in-phase signal and a demul-
tiplexing-resultant quadrature signal when the second means (SW1, SW2) selects the set of the baseband in-
phase and quadrature signals.
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9. An ultrasound diagnostic apparatus according to claim 8, wherein the fifth means (6, 7) comprises:

a multiplier generator (7) for generating first and second multiplier signals;
a third multiplier (M9) for multiplying the output signal from the adder (A1) and the first multiplier signal, wherein
an output signal of the third multiplier (M9) is the demodulation-resultant in-phase signal when the second
means (SW1, SW2) selects the set of the first and second RF signals, and the output signal of the third multiplier
(M9) is the demultiplexing-resultant in-phase signal when the second means (SW1, SW2) selects the set of
the baseband in-phase and quadrature signals; and
a fourth multiplier (M10) for multiplying the output signal from the adder (A1) and the second multiplier signal,
wherein an output signal of the fourth multiplier (M10) is the demodulation-resultant quadrature signal when
the second means (SW1, SW2) selects the set of the first and second RF signals, and the output signal of the
fourth multiplier (M10) is the demultiplexing-resultant quadrature signal when the second means (SW1, SW2)
selects the set of the baseband in-phase and quadrature signals.



EP 1 118 875 A2

15



EP 1 118 875 A2

16



EP 1 118 875 A2

17



专利名称(译) 超声诊断仪

公开(公告)号 EP1118875A2 公开(公告)日 2001-07-25

申请号 EP2000307780 申请日 2000-09-08

申请(专利权)人(译) 松下电器产业有限公司.

当前申请(专利权)人(译) 松下电器产业有限公司.

[标]发明人 FUKUKITA HIROSHI
NISHIGAKI MORIO
HAGIWARA HISASHI

发明人 FUKUKITA, HIROSHI
NISHIGAKI, MORIO
HAGIWARA, HISASHI

IPC分类号 A61B8/14 A61B8/06 G01S7/52 G01S15/89 G10K11/34

CPC分类号 G01S7/52066 G01S7/52046 G01S15/8979 G10K11/346

代理机构(译) SENIOR，ALAN MURRAY

优先权 2000014068 2000-01-19 JP

其他公开文献 EP1118875B1
EP1118875A3

外部链接 Espacenet

摘要(译)

超声诊断设备包括输出RF信号的探针。存在N个相位检测器，用于将从
探头输出的RF信号转换为基带信号In和Qn，其中“N”表示第一预定自然
数，“n”表示设定为2≤n≤N的第二预定自然数。接收波束形成器用于将基
带信号In和Qn处理成时分复用信号。接收波束形成器包括用于通过相移
数据将基带信号In和Qn相乘以产生乘法结果信号的装置，用于延迟相乘
结果信号以产生延迟结果信号的装置，以及用于组合延迟的装置。结果
信号进入时分复用信号。

https://share-analytics.zhihuiya.com/view/0a819673-c15c-4503-8c67-d3335372123d
https://worldwide.espacenet.com/patent/search/family/018541577/publication/EP1118875A2?q=EP1118875A2

