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Description
Technical Field

[0001] The present invention relates to an ultrasonographic method with encoding transmissions/receptions and an
ultrasonographic device.

Background Art

[0002] An encoding transmission/reception technology is adopted in an ultrasonographic method and ultrasono-
graphic device in order to enhance a resolution of an ultrasonograph. A complementary encoding technology typically
such as Golay (Golay, M. J. E. Complementary Series. IRE Trans. Inform. Theory, IT-7, pp. 82-87, Apr. 1961) is known
as the encoded exchange technology. According to the technology, an encoding set including two complementary
modulation codes (A and B) is available, and a basic wave is modulated by the modulation codes (A and B) in the
encoding set and is output to a probe as encoding drive signal so that an encoded ultrasonic beam can be transmitted
from the probe to a subject. The two received signals corresponding to the ultrasonic beam are demodulated and
synthesized so that the time side lobe due to code demodulating processing can be reduced.

[0003] The time side lobe may occur due to nonlinearlity of a medium within a subject. Accordingly, an opposite
polarity encoding set is created including two modulation codes having inverted polarities (such as -A and -B) of the
two modulation codes (A and B) of an encoding set, and an ultrasonic beam is transmitted based on each of the
modulation codes (-A and -B) of the opposite polarity encoding set and each of the modulation codes (A and B) of the
encoding set. Then, the reception signal corresponding to the encoding set and the reception signal corresponding to
the opposite polarity encoding set are synthesized so that the time side lobe due to nonlinearity of the medium within
the subject can be reduced (as in Japanese Unexamined Patent Publication No. 7-59766).

[0004] However, while the time side lobe may occur due to nonlinearlity of a medium within a subject and/or a body
motion (such as a change in position or form with time), the conventional technology does not consider reducing the
time side lobe due to a body motion of a subject.

[0005] Itis an object of the invention to reduce the time side lobe due to a body motion of a subject.

Disclosure of Invention

[0006] An ultrasonographic method of the invention includes a first encoding transmission/reception step for sequen-
tially modulating, with an encoding set including a plurality of modulation codes in which at least two are in comple-
mentary relationship, and outputting a basic wave to a probe as an encoding drive signal and transmitting an ultrasonic
beam and demodulating each reception signal output from the probe with demodulation codes corresponding to the
modulation codes in the encoding set, a step for obtaining a first synthesis signal by synthesizing demodulation signals
resulting from the demodulation in the first encoding transmission/reception step, a second encoding transmission/
reception step for sequentially modulating, with a reverse encoding set including a plurality of modulation codes in
reverse order of the modulation codes in the encoding set, and outputting a basic wave to the probe as an encoding
drive signal and transmitting an ultrasonic beam and demodulating each reception signal output from the probe with
demodulation codes corresponding to the modulation codes in the reverse encoding set, a step for obtaining a second
synthesis signal by synthesizing demodulation signals resulting from the demodulation in the second encoding trans-
mission/reception step, a step for obtaining a third synthesis signal by synthesizing the first synthesis signal and the
second synthesis signal, and a step for reconstructing an ultrasonograph based on the third synthesis signal.

[0007] Thus, when a subject has a body motion (such as a movement), the time side lobe occurring in the first
synthesis signal is due to the body motion that the subject moves in a forward direction, but the time side lobe occurring
in the second synthesis signal is equivalent to the time side lobe due to a body motion that the subject moves in the
relatively reverse direction.

[0008] Therefore, since the third synthesis signal is obtained by synthesizing the first synthesis signal and the second
synthesis signal, the time side lobes occurring due to a movement of the subject can be cancelled. As a result, the
third synthesis signal can be equivalent to a signal obtained when the subject is substantially still. In other words, since
the time side lobe of the first synthesis signal and the time side lobe of the second synthesis signal cancel with each
other, the third synthesis signal can be a signal having a reduced time side lobe due to a body motion of the subject.
[0009] In this case, the step for obtaining the first synthesis signal and the step for obtaining the second synthesis
signal may be performed after the first encoding transmission/reception step and the second encoding transmission/
reception step.

[0010] The plurality of modulation codes in the reverse encoding set may have phases resulting from a rotation of
the phases of the modulation codes in the encoding set. Thus, the time side lobe due to a body motion of a subject
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can be reduced, and, at the same time, the time side lobe due to nonlinearity of a medium within the subject can be
reduced. For example, in a first example, when the encoding set includes a first modulation code and a second mod-
ulation code, the reverse encoding set may include a third modulation code having the inverted polarity of that of the
second modulation code and a fourth modulation code having the inverted polarity of that of the first modulation code
in order. In a second example, when the encoding set includes first to third modulation codes, the reverse encoding
set may include a fourth modulation code having the inverted polarity of that of the third modulation code, a fifth mod-
ulation code having the inverted polarity of that of the second modulation code and a sixth modulation code having the
inverted polarity of that of the first modulation code in order. In a third example, when the encoding set includes first
to fourth modulation codes, the reverse encoding set may include a fifth modulation code having the inverted polarity
of that of the fourth modulation code, a sixth modulation code having the inverted polarity of that of the third modulation
code, a seventh modulation code having the inverted polarity of that of the second modulation code and an eighth
modulation code having the inverted polarity of that of the first modulation code in order. In a fourth example, when
each of the encoding set and reverse encoding set includes N modulation codes (where N is a natural number equal
to or higher than 5), the Mth (where M is a natural number equal to or lower than N) modulation code in the reverse
encoding set may have the inverted polarity of that of the (N-M+1)th modulation code in the encoding set.

[0011] The first encoding transmission/reception step and the second encoding transmission/reception step may be
performed on different scan lines. An ultrasonograph may be reconstructed by obtaining the third synthesis signal for
each scan line of two different scan lines in the reverse order of performing the first encoding transmission/reception
step and the second encoding transmission/reception step and synthesizing the two third synthesis signals.

[0012] Furthermore, the first encoding transmission/reception step may include dividing and transmitting ultrasonic
beams corresponding to the modulation codes in the encoding set to a plurality of first scan lines, and the second
encoding transmission/reception step may include dividing and transmitting ultrasonic beams corresponding to the
modulation codes in the reverse encoding set to a plurality of second scan lines, which are at least partially different
from the plurality of first scan lines.

[0013] Furthermore, when a plurality of ultrasonic transmission beams to be transmitted from the probe by encoding
drive signals corresponding to the encoding set and the reverse encoding set are divided and transmitted to a plurality
of scan lines, scan ultrasonic beams may be divided and transmitted to the plurality of scan lines. A correlation between
reception signals corresponding to the scan ultrasonic beams may be analyzed and a spatial correlation of the subject
may be obtained. The number of scan lines for dividing the plurality of ultrasonic transmission beams may be determined
based on the spatial correlation. Alternatively, the number of scan lines to be synthesized across multiple scan lines
may be determined based on at least one parameter of a spatial resolution, sensitivity level and frame rate of an
ultrasonograph input and defined through an input unit.

[0014] Furthermore, when a plurality of ultrasonic transmission beams to be transmitted from the probe by encoding
drive signals corresponding to the encoding set and the reverse encoding set are repeatedly transmitted to scan lines,
scan ultrasonic beams may be repeatedly transmitted to the scan lines. A correlation between reception signals cor-
responding to the scan ultrasonic beams may be analyzed and a time correlation of the subject may be obtained. At
least one of the number of times of transmissions of ultrasonic transmission beams to be transmitted to the scan lines
and a transmission timing may be determined based on the time correlation.

[0015] An ultrasonographic device of the invention includes a probe for transmitting/receiving an ultrasonic wave, a
transmitter that outputs a drive signal for the probe, a receiver that processes a reception signal output from the probe,
an image processor that reconstructs an ultrasonograph based on a synthesis signal output from the receiver, a display
unit that displays the reconstructed ultrasonograph, and a controller that controls the transmitter, the receiver, the image
processor and the display unit. In this case, the transmitter includes a unit that creates an encoding set consisting of
a plurality of modulation codes in which at least two are in complementary relationship and a reverse encoding set
consisting of a plurality of modulation codes in which the arrangement order of modulation codes of the encoding set
is reversed and a unit that modulates a basic wave with information on the encoding set and the reverse encoding set
and generates an encoding drive signal. The receiver includes a unit that demodulates each reception signal corre-
sponding to the encoding drive signal modulated with the encoding set with each demodulation code corresponding
to each modulation code in the encoding set, a unit that synthesizes demodulated signals and generates a first synthesis
signal, a unit that demodulates each reception signal corresponding to the encoding drive signal modulated with the
reverse encoding set with each demodulation code corresponding to each modulation code in the reverse encoding
set, a unit that synthesizes the demodulated signals and generates a second synthesis signal, and a unit that generates
a third synthesis signal from the first synthesis signal and the second synthesis signal.
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Brief Description of the Drawings
[0016]

Fig. 1 is a block diagram showing a construction of a first embodiment of an ultrasonographic device applying the
present invention.

Fig. 2 is a block diagram showing a detail construction of a transmitter of the ultrasonographic device in Fig. 1.
Fig. 3 is a block diagram showing a detail construction of a receiver of the ultrasonographic device in Fig. 1.

Fig. 4 is a diagram showing a method of transmitting an ultrasonic beam in the ultrasonographic device in Fig. 1.
Fig. 5 is a diagram showing an operation of a code demodulator in the ultrasonographic device in Fig. 1.

Fig. 6 is a time chart illustrating an operation of the code demodulator in Fig. 5.

Fig. 7 is a diagram showing an example of waveforms of a code-modulated reception signal and a demodulation
signal therefor and so on in the ultrasonographic device in Fig. 1.

Fig. 8 is a diagram showing another example of waveforms of a code-modulated reception signal and a demodu-
lation signal therefore and so on in the ultrasonographic device in Fig. 1.

Fig. 9 is a diagram showing a comparison example of waveforms of a code-demodulated reception signal and
demodulation signal therefor according to a conventional technology.

Fig. 10 is a diagram showing a comparison example of waveforms of a code-demodulated reception signal and
demodulation signal therefor according to a conventional technology.

Fig. 11 is a diagram showing a comparison example of waveforms of a code-demodulated reception signal and
demodulation signal therefor according to a conventional technology.

Fig. 12 is a diagram showing a construction and operations of a code demodulator according to a second embod-
iment of an ultrasonographic device applying the present invention.

Fig. 13 is a time chart illustrating an operation of the code demodulator in Fig. 12.

Fig. 14 is a diagram showing a construction and operations of a code demodulator according to a third embodiment
of an ultrasonographic device applying the invention.

Fig. 15 is a time chart illustrating an operation of the code demodulator in Fig. 14.

Fig. 16 is a diagram showing a construction of a correlation determinating unit according to a fourth embodiment
of an ultrasonographic device applying the present invention.

Fig. 17 is a diagram showing an operation of the correlation determining unit that determines the number of scan
lines to be synthesized across multiple scan lines by prescanning according to the fourth embodiment of the ul-
trasonographic device applying the present invention.

Fig. 18 is a diagram showing an operation of a correlation determinating unit that determines the number of encoded
exchanges for one line by prescanning according to a fifth embodiment of an ultrasonographic device applying the
present invention.

Fig. 19 is a block diagram showing a construction of a sixth embodiment of an ultrasonographic device applying
the present invention.

Fig. 20 is a block diagram showing a detail construction of a transmitter of the ultrasonographic device in Fig. 19.
Fig. 21 is a block diagram showing a detail construction of a receiver of the ultrasonographic device in Fig. 19.

Best Mode for Carrying Out the Invention
[First Embodiment]

[0017] A first embodiment of an ultrasonographic device applying the present invention will be described. Fig. 1 is
a block diagram showing a construction of an ultrasonographic device of this embodiment. The ultrasonographic device
includes a probe 1, a transmitter 3 and a receiver 5. The probe 1 transmits/receives an ultrasonic wave. The transmitter
3 outputs a drive signal for the probe 1. The receiver 5 is for a reflection echo signal (called reception signal, hereinafter)
output from the probe 1. Furthermore, a transmit/receive separator 7 is provided therein for transmitting a drive signal
output from the transmitter 3 and transmitting a reception signal output from the probe 1 to the receiver 5.

[0018] A scan aperture switcher 9 is provided between the probe 1 and the transmit/receive separator 7. The scan
aperture switcher 9 selects a transducer having the aperture of the probe 1 from multiple transducers of the probe 1.
Furthermore, a signal processor 13, an image processor 15 and a display unit 17 are provided therein. The signal
processor 13 performs detection processing, for example, on a reception signal output from the receiver 5. The image
processor 15 reconstructs an ultrasonograph based on a signal processed by the signal processor 13. The display
unit 17 displays the ultrasonograph reconstructed by the image processor 15. Notably, a controller 37 that outputs
commands to these components is further provided therein.

[0019] The transmitter 3 has a modulation waveform selector 19, a transmission pulse generator 21 and a power
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amplifier 23. The modulation waveform selector 19 selects a desired modulation encoding coefficient from prestored
modulation encoding coefficients, and outputs the modulation encoding coefficient. The modulation encoding coeffi-
cientis included in a modulation code and has multiple code elements. The transmission pulse generator 21 modulates
a transmission ultrasonic signal pulse (called basic wave, hereinafter) based on a modulation encoding coefficient
output from the modulation waveform selector 19, and outputs the modulated basic wave as an encoding drive signal.
The power amplifier 23 amplifies and outputs to the transmit/receive separator 7 the encoding drive signal output from
the transmission pulse generator 21. Notably, a transmission controller 25 is further provided therein that outputs com-
mands to the modulation waveform selector 19, transmission pulse generator 21 and power amplifier 23. The trans-
mission controller 25 may include a bus controller, a register, a selector, a memory and a buffer.

[0020] The receiver 5 has an amplifier 4 and a code demodulator 11. The amplifier 4 amplifies a reception signal
input from the transmit/receive separator 7 based on a command output form the controller 37. The code demodulator
11 has a demodulation coefficient selector 27, a demodulator filter 29, a line memory 31 and synthesizer 33. The
demodulation coefficient selector 27 selects and outputs a desired demodulation encoding coefficient from prestored
demodulation encoding coefficients. Notably, the demodulation encoding coefficient is included in a demodulation code
and includes multiple code elements corresponding to modulation encoding coefficients of a modulation code. The
demodulation filter 29 demodulates a reception signal output from the amplifier 4 based on the demodulation coefficient
output from the demodulation coefficient selector 27. The line memory 31 temporarily holds the reception signal output
from the demodulation filter 29. The synthesizer 33 synthesizes the reception signal output form the demodulation filter
29 and the reception signal loaded from the line memory 31. Notably, a code demodulation controller 35 is further
provided therein that outputs commands to the demodulation coefficient selector 27 and the line memory 31.

[0021] Fig. 2 is a block diagram showing a detail construction of the transmitter 3. The modulation waveform selector
19 includes a code selector 39 and a waveform selector 41. The code selector 39 has a code type selector 43, a code
length selector 45, a code interval selector 47 and a modulation encoding coefficient memory 49. The modulation
encoding coefficient memory 49 holds modulation encoding coefficients obtained by calculations in advance. The code
type selector 43 selects a type of modulation code (such as Golay code) in accordance with a command output from
the transmission controller 25. The code length selector 45 selects a code length of a modulation code in accordance
with a command output from the transmission controller 25. The code length refers to the number of code elements
included in a modulation code. The code interval selector 47 selects an interval between modulation codes. The infor-
mation (parameters) on the selected type, code length and interval are included in a modulation code. The modulation
encoding coefficient memory 49 reads out and outputs to the transmission pulse generator 21 a proper modulation
encoding coefficient from the modulation encoding coefficients based on the code type selected by the code type
selector 43, the code length selected by the code length selector 45 and the code interval selected by the code interval
selector 47.

[0022] Notably, the code type selector 43, code length selector 45 and code interval selector 47 may include a register
and a selector. The modulation encoding coefficient memory 49 may include a storage element such as an SRAM and
a DRAM.

[0023] The waveform selector 41 includes an envelope selector 51, a number-of-waves selector 53 and a transmis-
sion waveform selection memory 55. The transmission waveform selection memory 55 holds data on waveforms ob-
tained by calculations in advance. The envelop selector 51 selects an envelope form in accordance with a command
output form the transmission controller 25. The number-of-waves selector 53 selects the number of waves in accord-
ance with a command output form the transmission controller 25. The transmission waveform selection memory 55
reads out proper data among data on waveforms based on the envelop form selected by the envelop selector 51 and
the number of waves selected by the number-of-waves selector 53 and outputs the read data to the transmission pulse
generator 21 as a basic wave. The envelope selector 51 and the number-of-waves selector 53 may include a register
and a selector. The transmission waveform selection memory 55 may includes a storage element such as an SRAM
and a DRAM.

[0024] The transmission pulse generator 21 includes a transmission focus selector 57, a transmission focus delay
generator 59, a transmission pulse waveform storage memory 61 and a transmission pulse generator 62. The trans-
mission focus selector 57 defines the depth of transmission focus in accordance with a command output from the
transmission controller 25. The depth of transmission focus refers to a depth that an ultrasonic transmission beam is
converged within a subject. The transmission focus delay generator 59 outputs a transmission timing pulse to the
transmission pulse waveform storage memory 61 based on the depth of transmission focus defined by the transmission
focus selector 57. The transmission timing pulse refers to a signal that delays a transmission timing by a delay time
defined for each transducer (channel) included in th aperture of th probe 1. The transmission waveform storage memory
61 selects a proper transmission pulse waveform from the transmission pulse waveforms obtained by calculations in
advance based on a modulation encoding coefficient output from the modulation encoding coefficient memory 49 and
a basic wave output from the transmission waveform selection memory 55.

[0025] Notably, the transmission focus selector 57 may includes a register and a selector. The transmission focus
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delay generator 59 may includes a shift register, a selector, a counter and a frequency divider. The transmission pulse
waveform storage memory 61 may include a storage element such as an SRAM and a DRAM. The transmission pulse
generator 62 may include a digital-analog (D-A) converter and a buffer amplifier.

[0026] Furthermore, the transmission waveform storage memory 61 outputs the selected transmission pulse wave-
form to the transmission pulse generator 62 in synchronization with a sampling clock when the transmission timing
pulse output from the transmission focus delay generator 59 is enabled. The transmission pulse generator 62 converts
a transmission pulse waveform of a digital signal output from the transmission pulse waveform storage memory 61 to
an analog voltage value or current value by the digital-analog converter and outputs the converted transmission pulse
waveform to the power amplifier 23 as an encoding drive signal.

[0027] The power amplifier 23 includes a gain controller 63 and a power amplifier 26. The gain controller 63 outputs
a proper gain value to the power amplifier 65 in accordance with a command output from the transmission controller
25. The power amplifier 65 amplifies and outputs to the transmission/reception separator 7 a gain of the encoding drive
signal output from the transmission pulse generator 62 in accordance with the gain value output from the gain controller
63. Notably, the gain controller 63 may include a register and a selector. The power amplifier 65 may include an am-
plification FET and an adjustable gain amplifier.

[0028] Fig. 3 is a block diagram showing a detail construction of the code demodulator 11. As shown in Fig. 3, the
demodulation coefficient selector 27 of the code demodulator 11 has a demodulation code type selector 67, a demod-
ulation code length selector 69, a demodulation code interval selector 71 and a demodulation encoding coefficient
memory 73. A code demodulation controller 35 is provided therein that outputs commands to the demodulation code
type selector 67, demodulation code length selector 69 and demodulation code interval selector 71. The demodulation
code type selector 67 selects a type of demodulation code in accordance with a command output from the code de-
modulation controller 35. The demodulation code length selector 69 selects a code length of a demodulation code in
accordance with a command output from the demodulation code controller 35. The demodulation code interval selector
71 selects a code interval between demodulation codes in accordance with a control command output from the code
demodulation controller 35. The demodulation encoding coefficient memory 73 holds demodulation encoding coeffi-
cients calculated by calculations in advance. The demodulation encoding coefficient memory 73 reads out and outputs
to the demodulation filter 29 a proper demodulation encoding coefficient from the demodulation encoding coefficients
in accordance with the type of demodulation code selected by the demodulation code type selector 67, the code length
selected by the code length selector 69 and the code interval selected by the demodulation code interval selector 71.
Here, the parameters including the code type selected by the code type selector 43, the code length selected by the
code length selector 45 and the code interval selected by the code interval selector 47 correspond to the parameters
for the modulation code selected by the code selector 39 of the modulation waveform selector 19.

[0029] The demodulation code type selector 67, demodulation code length selector 69 and demodulation code in-
terval selector 71 may include a register and a selector. The demodulation encoding coefficient memory 73 may have
a storage element such as an SRAM and a DRAM.

[0030] The demodulation filter 29 has a reception signal delaying unit 75 and a product adder 77. The reception
signal delaying unit 75 performs phasing processing for a so-called reception focus on each reception signal output
from the amplifier 4. Here, the reception signal to be phased corresponds to the signal received by each vibrate included
in the aperture of the probe 1. The product adder 77 adds the reception signals phased by the reception signal delaying
unit 75. The product adder 77 further code-demodulates and outputs to th line memory 31 the added reception signal
based on the demodulation encoding coefficient output from the demodulation encoding coefficient memory 73. The
reception signal delaying unit 75 may include a shift register, a selector a counter and a frequency divider. The product
adder 77 may include a multiplier, adder, a selector and an FIR filter.

[0031] The line memory 31 has a line memory controller 79 and a memory 81. The line memory controller 79 outputs
a command to the memory 81 based on a command output from the code demodulation controller 35. The memory
81 temporarily holds the reception signal demodulated by the product adder 77. The memory 81 further outputs a held
reception signal to the synthesizer 33 in accordance with a command output from the line memory controller 79. The
line memory controller 79 may includes a register, a frequency divider, a comparator, a counter and a selector. The
memory 81 may include a storage element such as an SRAM and a DRAM.

[0032] The synthesizer 33 has a synthesis coefficient selector 83 and a signal synthesizer 85. The synthesis coef-
ficient selector 83 selects a synthesis coefficient in accordance with a command output from the code demodulation
controller 35. The signal synthesizer 85 synthesizes a predetermined number of reception signals output with delays
in time from the memory 81 based on the synthesis coefficient selected by the synthesis coefficient selector 83 and
outputs the synthesized reception signal to the signal processor 13. Notably, the synthesis coefficient selector 83 may
include a register and a selector. The signal synthesizer 85 may include a multiplier, an adder and a positive-negative
inversion computing unit.

[0033] A basic operation will be described below in which an ultrasonograph is acqured by the ultrasonographic
device. First of all, an encoding drive signal for the probe 1 is generated by the transmitter 3. The generated encoding
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drive signal is input to the probe 1 through the transmission/reception separator 7 and the scan aperture switcher 9.
Thus, the encoded ultrasonically-encoded beam is emitted from the probe 1 to a subject. The ultrasonic wave reflected
by the subject is received by the probe 1. The received ultrasonic wave undergoes amplification processing by the
receiver 5 as a reception signal and then is code-demodulated. The demodulated reception signal is detected by the
signal processor 13 and is reconstructed to an ultrasonograph (such as a B-mode image and an M-mode image) by
the image processor 15. The reconstructed ultrasonograph is displayed on the display screen of the display unit 17.
[0034] Next, the processing of generating an encoding drive signal in the transmitter 3 will be described in detail.
For example, a type of code (such as Golay code) is first selected by the code type selector 43 in accordance with a
command output from the transmission controller 25, for example. Furthermore, a code length (such as a code length
of 4) is selected by the code length selector 45. Furthermore, a code interval (such as a wavelength X) is selected by
the code interval selector 47. Here, the wavelength A refers to a wavelength corresponding to the center frequency of
an ultrasonic transmission signal. Then, a proper modulation encoding coefficient is loaded from the encoding coeffi-
cient memory 49 based on the code type selected by the code type selector 43, the code length selected by the code
length selector 45 and the code interval selected by the code interval selector 47. The processing is repeated at defined
time intervals in accordance with commands from the transmission controller 25.

[0035] On the other hand, a basic wave of a drive signal is generated by the waveform selector 41. For example, an
envelope of a transmission waveform is first selected by the envelope selector 51. Furthermore, the number of waves
of the transmission waveform is selected by the number-of-waves selector 53. Desired transmission waveform data
are selected by the transmission waveform selection memory 55 based on the selected envelope and number of waves.
The selected transmission waveform data are output to the transmission pulse waveform storage memory 61 as the
basic wave of the drive signal.

[0036] Furthermore, the depth of transmission focus is defined by the transmission focus selector 57. A delay time
is defined by the transmission focus delay generator 59 based on the defined depth of transmission focus. The trans-
mission timing pulse based on the defined delay time is output from the transmission focus delay generator 59 to the
transmission pulse waveform storage memory 61.

[0037] A transmission pulse waveform is selected as an encoding drive signal by the transmission pulse waveform
storage memory 61 based on the modulation encoding coefficient output form the modulation encoding coefficient
memory 49 and the basic wave output from the transmission waveform selection memory 55. The selected encoding
drive signal is a waveform resulting from the code-modulation of the basic wave with the modulation encoding coeffi-
cient. The encoding drive signal is loaded from the transmission pulse waveform storage memory 61 when the trans-
mission timing pulse output from the transmission focus delay generator 59 is enabled (ON). The loaded encoding
drive signal is output to the transmission pulse generator 62. The output encoding drive signal is converted from a
digital signal to an analog signal by the transmission pulse generator 62. The converted encoding drive signal is output
to the power amplifier 23.

[0038] Furthermore, a desired gain value is defined by the gain controller 63 in accordance with a command output
from the transmission controller 25. The gain of the encoding drive signal output from the transmission pulse generator
62 is amplified by the power amplifier 65 based on the defined gain value. The amplified encoding drive signal is input
to the scan aperture switcher 9 through the transmission/reception separator 7. The input encoding drive signal is
assigned to each transducer in the aperture of the probe 1 by the scan aperture switcher 9. The assigned encoding
drive signal is input to each transducer in the aperture of the probe 1. The input encoding drive signal is converted by
each transducer to an ultrasonic wave of a mechanical signal. The converted ultrasonic wave is transmitted as an
ultrasonic transmission beam from the probe 1 to a subject. The ultrasonic transmission beam is formed by advancing
in a direction that the wavefronts of the transmitted ultrasonic waves agree, that is, in a direction of depth of a subject.
[0039] Here, a combination of modulation codes, which is a characteristic of the present invention, will be described.
According to this embodiment, four modulation codes A, B, -B and -A are selected as one set in the processing of
generating an encoding drive signal. The encoding drive signal is generated by each of the selected modulation codes.
Then, encoding transmission is repeated four times at defined time intervals by the generated four encoding drive
signals. More specifically, the first modulation code A and the second modulation code B are first selected as a pair of
Golay codes at defined time intervals by the code selector 39. Each of the selected modulation codes A and B is a
modulation encoding coefficient including four code elements. For example, the modulation encoding coefficient of the
modulation code A is (1,1,1,-1). The modulation encoding coefficient of the modulation code B is (-1,1,-1,-1). Here, the
modulation encoding coefficient of the modulation code A and the modulation encoding coefficient of the modulation
code B and defined to be orthogonal to each other. In other words, the modulation code A and modulation code B are
in complementary relationship. The set having the modulation codes A and B in order is called encoding set. The
multiple code elements of each of the modulation codes A and B are combined to diffuse energy of a basic wave toward
the time axis and generate an encoding drive signal.

[0040] Next, the third modulation code -B and the fourth modulation code -A are selected at defined time intervals
by the code type selector 43, code length selector 45 and code interval selector 47. Here, the third modulation code
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-B is a code having the inverted polarity of the polarity of the second modulation code B. The fourth modulation code
-A is a code having the inverted polarity of the polarity of the first modulation code A. The inversion of a polarity here
refers to the rotation of a phase by 180 degrees. Therefore, the modulation encoding coefficient of the modulation code
- B is (1,-1,1,1). The modulation encoding coefficient of the modulation code -A is (-1,-1,-1,1). The set having the
modulation codes -B and -A in order is called inverted encoding set. The first to fourth modulation codes are collectively
called one code packet. Then, encoding transmission/reception is repeated four times on one scan line at defined time
intervals based on the first to fourth modulation codes A, B, -B and -A included in one code packet.

[0041] Fig. 4 shows a method of the encoding transmission/reception repeated four times on one scan line. As shown
in Fig. 4, an ultrasonic transmission beam scans inside of a subject by shifting the direction to transmit (scan line)
toward the aperture and is repeatedly transmitted. Then, in this embodiment, four encoding transmissions/receptions
are performed on each scan line. For example, a first ultrasonic transmission beam based on the modulation code A
is transmitted to a first scan line, and a reception signal corresponding to the ultrasonic transmission beam is received
therefrom. Next, a second ultrasonic transmission beam based on the modulation code B is transmitted thereto, and
a reception signal corresponding to the ultrasonic transmission beam is received therefrom. Next, a third ultrasonic
transmission beam based on the modulation code -B is transmitted thereto, and a reception signal corresponding to
the ultrasonic transmission beam is received therefrom. Finally, a fourth ultrasonic transmission beam based on the
modulation code -A is transmitted thereto, and a reception signal corresponding to the ultrasonic transmission beam
is received therefrom. The four encoding transmissions/receptions are performed on each of scan lines (1, 2, ..., N-2,
N-1, N, N+1, N+2, ...).

[0042] Next, processing on a reception signal in the receiver 5 will be described. As described above, the ultrasonic
transmission beam is emitted from the probe 1 by an encoding drive signal, and the emitted ultrasonic transmission
beam propagates inside of a subject. Then, the ultrasonic transmission beam is reflected as a reflection echo signal
by a part where an acoustic impedance varies, such as the surface of an organ. A part of the reflection echo signal is
received by multiple transducers in the aperture in the probe 1. The received reflection echo signal is converted to an
electric signal, and the converted electric signal is output as a reception signal from the probe 1.

[0043] The reception signal output from the probe 1 is output to the scan aperture switcher 9. The output reception
signal is output to the receiver 5 through the transmission/reception separator 7. Then, each reception signal input to
the receiver 5 undergoes processing such as amplification by the amplifier 4. Each, for example, amplified reception
signal is phased by reception focus processing by the reception signal delaying unit 75. The reception focus processing
refers to processing of phasing a reception signal between channels in consideration of differences in propagation time
of reception signals from a reflection source of the reception signals to the transducers and by delaying the reception
signal of each of the channels by each different amount of delay.

[0044] On the other hand, the type of demodulation code is selected by the demodulation code type selector 67 in
accordance with a command from the code demodulation controller 35. Furthermore, the code length of the demodu-
lation code is selected by the demodulation code length selector 69. Furthermore, the code interval between demod-
ulation codes is selected by the demodulation code interval selector 71. Next, a proper demodulation encoding coef-
ficient is loaded from the demodulation encoding coefficient memory 73 based on the code type selected by the de-
modulation code type selector 67, the code length selected by the demodulation code length selector 69 and the code
interval selected by the demodulation code interval selector 71. The loaded demodulation encoding coefficient is output
to the product adder 77. Notably, the output demodulation encoding coefficient is a modulation encoding coefficient
selected by the modulation waveform selector 19 (such as (-1,1,1,1) corresponding to the modulation encoding coef-
ficient (1,1,1,-1) of the modulation code A). The demodulation encoding coefficient is a demodulation code and includes
multiple code elements. The multiple code elements of the demodulation encoding coefficient are combined to converge
energy of a reception signal and demodulate the reception signal.

[0045] Then, reception signals phased by the reception signal delaying unit 75 are added by the product adder 77.
Thus, the reception signal is obtained as an ultrasonic reception beam. Furthermore, the reception signal is multiplied
by the demodulation encoding coefficient output from the demodulation encoding coefficient memory 73 by the product
adder 77. Thus, the reception signal is code-demodulated. The demodulated reception signal is held by the memory 81.
[0046] In this embodiment, four encoding transmissions/receptions are repeated on one scan line with one code
packet. Thus, four reception signals are obtained by each encoding transmission/reception. The four reception signals
are sequentially held in the memory 81. The held first to fourth reception signals are, as shown in Fig. 5, synthesized
in code packets by the synthesizer 33 for each scan line. In other words, the first to fourth reception signals are syn-
thesized within one code packet.

[0047] The operation in which reception signals are synthesized is shown in Figs. 5 and 6. Fig. 5 is a diagram for
explaining with reference to block diagrams. Fig. 6 is a diagram for explaining with reference to a time chart. Fig. 5, (i)
to (iv), and Fig. 6, (i) to (iv), show operations for demodulating and synthesizing reception signals corresponding to
first to fourth ultrasonic transmission beam to the Nth scan line.

[0048] As shown in Fig. 5(i) and Fig. 6(i), the reception signal corresponding to the first modulation code A is code-
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demodulated by the demodulation filter 29. The demodulated reception signal is held in the line memory 31. Next, as
shown in Fig. 5(ii) and Fig. 6(ii), the reception signal corresponding to the second modulation code B is held in the line
memory 31 through the demodulation filter 29. As shown in Fig. 5(iii) and Fig. 6(iii), the reception signal corresponding
to the third modulation code -B and the reception signal corresponding to the fourth modulation code -A are also held
in the line memory 31 in order. Then, as shown in Fig. 5(iv) and 6(iv), encoding transmissions/receptions with one code
packet are performed, and the first to fourth reception signals are then loaded from the line memory 31. All of the
loaded reception signals are adjusted to have the same time axis by the signal synthesizer 85. In other words, the
reception signals are adjusted to a sampling point corresponding to the direction of depth within a subject. The reception
signals having the same time axis are synthesized by the signal synthesizer 85 based on a synthesis coefficient output
from the synthesis coefficient selector 83. The synthesized reception signal is output to the downstream signal proc-
essor 13.

[0049] The encoding reception signal, code-demodulated reception signal (demodulation signal), reception signal
resulting from synthesis of the demodulation signal (demodulation synthesis signal) and final synthesis signal resulting
from further synthesis of the demodulation synthesis signal (synthesis signal) will be described by comparing with an
existing encoding transmission/reception technology with reference to simulation results (examples).

[Example 1-1]

[0050] Fig. 7 shows simulation results and the fact that the time side lobe is reduced even when an amplification
distortion occurs in a reception signal due to a body motion of a subject, for example. Fig. 7 shows graphs having
waveforms of an encoding reception signal, demodulation signal, first and second synthesis signals and third synthesis
signal in order from the left column. The first and second synthesis signals are referred by the first and second demod-
ulation synthesis signals, and the third synthesis signal is referred by the synthesis signal. The vertical axis of the
graphs indicates strength of signals. The horizontal axis of the graphs indicates time. Fig. 7 shows a case of the first
encoding transmission/reception based on the modulation code A, a case of the second encoding transmission/recep-
tion based on the modulation code B, a case of the third encoding transmission/reception based on the modulation
code -B and a case of the fourth encoding transmission/reception based on the modulation code -A in order from the
top column.

[0051] The first to fourth encoding reception signals are signals resulting from reflection of ultrasonic transmission
beams based on the modulation codes A, B, -B and -A. Referring Fig. 7, the encoding reception signals have the third
and fourth amplitudes reduced by an amplitude distortion caused due to a body motion, for example. Thus, the de-
modulation signal also has a reduced amplitude.

[0052] Here, if with no amplitude distortion, both first demodulation synthesis signal P1 and second demodulation
synthesis signal P2 have an equivalent waveform where the first and second demodulation signals are synthesized to
obtain the first demodulation synthesis signal P1, and the third and fourth demodulation signals are synthesized to
obtain the second demodulation synthesis signal P2. In other words, all of the demodulation synthesis signals should
be reconstructed with one cycle of pulse waves having a wavelength A. However, as shown in Fig. 7, each of the
demodulation synthesis signals P1 and P2 has a time side lobe before and after a main lobe in the direction of time.
The time side lobes occurring in the demodulation synthesis signals P1 and P2 have an equal amplitude and inverted
polarities.

[0053] Thus, in this example, further synthesizing the first demodulation synthesis signal P1 and second demodu-
lation synthesis signal P2 results in the synthesis signal in which the time side lobe of the demodulation synthesis
signal P1 and the time side lobe of the demodulation synthesis signal P2 are cancelled with each other. Therefore, as
shown in the rightmost column in Fig. 7, the time side lobe of the synthesis signal is reduced to an ignorable degree
on display.

[Example 1-2]

[0054] Fig. 8 shows similar graphs to those in Fig. 7 but shows a case that a phase distortion due to a body motion
occurs in an encoding reception signal instead of an amplitude distortion. As shown in Fig. 8, the time side lobe due
to a body motion occurs in each of the demodulation synthesis signals P1 and P2. Thus, in this example, as shown in
the rightmost column in Fig. 8, further synthesizing the demodulation synthesis signal P1 and demodulation synthesis
signal P2 results in a synthesis signal having a reduced time side lobe.

[0055] A case that a frequency distortion occurs in an encoding reception signal may be handled in the same manner
as that of the case that an amplitude distortion occurs in an encoding reception signal (Fig. 8).
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[Comparison Example 1]

[0056] Fig. 9 is a graph for explaining encoding transmission/reception using a pair of Golay codes according to a
conventional technology. In this comparison example, the encoding drive signal is generated by modulating a drive
signal (basic wave) with the modulation code A (1,1,1,-1) and modulation code B (-1,1,-1,-1) selected as the Golay
codes. Each of the modulation codes A and B is a code having a code length of 4 including four code elements. The
modulation code A and modulation code B are in complementary relationship. The code interval between the modulation
codes A and B is 11. The modulation codes A and B have orthogonality and cancel the time side lobes due to code
demodulations with each other.

[0057] As shown in the left column in Fig. 9, the first encoding reception signal is a signal resulting from reflection
of an ultrasonic transmission beam based on the modulation code A. The second encoding reception signal is a signal
resulting from reception of an ultrasonic transmission beam based on the modulation code B. As shown in the middle
column in Fig. 9, a time side lobe due to a code demodulation occurs in the demodulation signal resulting from demod-
ulation of the first encoding reception signal. The same is true in the second demodulation signal. The time side lobes
occurring in the first and second demodulation signals have an equal amplitude and inverted polarities of each other.
As shown in the right column in Fig. 9, synthesizing the first demodulation signal and second demodulation signal
results in a demodulation synthesis signal in which the time side lobes due to the code demodulation are canceled
with each other. As shown in Fig. 9, the time side lobes due to a code demodulation can be reduced by performing
encoding transmission/reception with Golay codes of the conventional technology.

[0058] However, in encoding transmission/reception only with Golay codes of the conventional technology, a subject
may move or a form of a subject may vary during a time interval between the first ultrasonic transmission beam and
second ultrasonic transmission beam. Thus, a time side lobe occurs due to a body motion (such as movement) of a
biological tissue. In other words, a time side lobe due to a body motion occurs with complementary codes typically
such as Golay codes.

[0059] As shown in the middle column in Fig. 9, the time main lobe of the first demodulation signal and the time main
lobe of the second demodulation signal have an equal amplitude and polarity. Therefore, as shown in the right column
in Fig. 9, the signal strength of the time main lobe of the demodulation synthesis signal is a strength resulting from
multiplication of the signal strength of a reception signal in a case that no encoding transmission/reception is performed
by the code length and number of encoding transmissions/receptions. For example, in this comparison example, the
code length is "4", and the number of encoding transmissions/receptions is "2". Therefore, the signal strength of the
time main lobe of the demodulation synthesis signal is 8 (=4X2) times of the one without encoding.

[Comparison Example 2]

[0060] Fig. 10is a similar graph to that in Fig. 9 but shows an example in which a time side lobe due to a body motion
of a biological tissue occurs in a demodulation synthesis signal because a subject moves during a time interval between
the first ultrasonic transmission beam and the second ultrasonic beam. As shown in the middle column in Fig. 10, the
time main lobes of the first and second demodulation signals have different signal strengths but have the same polarity.
Therefore, as shown in the right column in Fig. 10, the time main lobe of the demodulation synthesis signal have an
emphasized signal strength. However, as shown in the middle column in Fig. 10, the time side lobes of the first and
second demodulation signals have inverted polarities of each other and have an amplitude shift from each other. There-
fore, as shown in the right column in Fig. 10, synthesizing the first and second demodulation signals results in a de-
modulation synthesis signal in which the time side lobes are not cancelled with each other but the time side lobes remain.

[Comparison Example 3]

[0061] Fig. 11 is a similar graph to that in Fig. 10 but shows a state that a phase distortion occurs in an encoding
reception signal due to a body motion of a subject. Like the case in Fig. 10, the time side lobe of the demodulation
synthesis signal remains without being cancelled.

[0062] According to this embodiment, as being apparent from Examples 1 and 2 and Comparison Examples 1 to 3
above, the time side lobe due to nonlinearity of a medium of a subject can be reduced, and the time side lobe due to
a body motion of a subject can be reduced. Therefore, the resolution of an ultrasonograph can be further enhanced.
[0063] A principle of obtaining the advantages of this embodiment will be described with reference to Fig. 8 again.
When a subject has a body motion (such as a movement), the encoding reception signals corresponding to two mod-
ulation codes A and B in an encoding set are demodulated to obtain demodulation signals. Synthesizing the obtained
demodulation signals results in a demodulation synthesis signal P1 (first synthesis signal). The time side lobe occurring
in the demodulation synthesis signal P1 is due to the body motion resulting from forward movement of a subject. Next,
encoding reception signals corresponding to two modulation codes -B and -A in the opposite encoding set are demod-

10



10

15

20

25

30

35

40

45

50

55

EP 1 582 149 A1

ulated to obtain the demodulation signals. Synthesizing the obtained demodulation signals results in a demodulation
synthesis signal P2 (second synthesis signal). The time side lobe occurring in the demodulation synthesis signal P2
is an equivalent signal to the one due to the body motion resulting from relatively reverse movement of a subject with
reference to that of the time side lobe of the demodulation synthesis signal P1.

[0064] Synthesizing the demodulation synthesis signal P1 and demodulation synthesis signal P2 results a synthesis
signal (third synthesis signal) which is a signal in which the time side lobes occurring in the demodulation synthesis
signal P1 and demodulation synthesis signal P2 due to an amount of movement of a subject are cancelled with each
other. As a result, the synthesis signal can be equivalent to a signal obtained when the subject is substantially still. In
other words, when the demodulation synthesis signal P1 and demodulation synthesis signal P2 are synthesized, the
time side lobe of the demodulation synthesis signal P1 and the time side lobe of the demodulation synthesis signal P2
cancel with each other, which can reduce the time side lobe due to a body motion of a subject. Notably, the demodulation
synthesis signal P1 may be called forward reception signal, and the demodulation synthesis signal P2 may be called
reverse reception signal.

[0065] Furthermore, according to this embodiment, time side lobes occurring in demodulation synthesis signals can
be cancelled with each other when a subject performs an ideal movement at a uniform speed, and the time side lobe
due to the body motion can be reduced even when a subject performs a complicated movement since the movement
can be regarded as a movement at a substantially uniform speed within a shorter period of time.

[0066] While the present invention was described above based on the first embodiment, the present invention is not
limited thereto. For example, a pair of Golay codes is used as an encoding set including two modulation codes, various
kinds of codes may be selected and used such as Orthogonal Complemental Pair codes (IEEE Trans, on Information
Theory, vol. IT-24, No. 5 Sept. 1978, P. 546-552). Alternatively, an encoding set including three modulation codes may
be used. For example, when an encoding set includes first to third modulation codes X, Y and Z, the reverse encoding
set may include a fourth modulation code -Z having the inverted polarity of that of the third modulation code Z, a fifth
modulation code -Y having the inverted polarity of that of the second modulation code Y, and a sixth modulation code
-X having the inverted polarity of that of the first modulation code. In this case, the modulation code -X is a code resulting
from the rotation of the phase of the modulation encoding coefficient of the modulation code X by a predetermined
number of phases. The same is true for the modulation codes -Y and -Z. Thus, the time side lobe can be more reduced.
Furthermore, even when an encoding set includes four modulation codes, such as Quadriphase Sequence (IEICE
Trans. Fundamentals, vol. e82-a_12_2771), each of the modulation codes of the reverse encoding set can be defined
in the same manner as that for the case having three modulation codes. In this case, when each of an encoding set
and the reverse encoding set has N modulation codes, the Mth modulation code in the reverse encoding set may have
the inverted polarity of that of the (N-M+1)th modulation code in the encoding set, where N is a natural number equal
to or higher than 5, and M is a natural number equal to or lower than N.

[0067] In other word, the multiple modulation codes in the reverse encoding set may have phases resulting from
rotation of the phases of the modulation codes in the encoding set. Thus, the time side lobe due to a body motion of
a subject can be reduced, and, at the same time, the time side lobe due to nonlinearity of a medium within a subject
can also be reduced.

[0068] The example in which the code interval between modulation codes is 1 A was described, but the code interval
may be 1.5 A or 2 A instead. For example, with 2 A, the modulation encoding coefficient of the modulation code A may
be (1,0,1,0,1,0,-1), and the modulation encoding coefficient of the modulation code B may be (-1,0,1,0,-1,0,-1). Thus,
the code interval is increased, and the influence by a response therefore is reduced. As a result, the time side lobe
can be more reduced.

[0069] Furthermore, the example in which modulation encoding coefficients are obtained by calculations in advance
and the modulation encoding coefficients are stored in the modulation encoding coefficient memory 49 was described,
but a modulation encoding coefficient may be calculated and obtained by a CPU, for example, based on information
on the type of modulation code, code length and code interval instead. A transmission waveform may be calculated
and obtained by a CPU for transmission waveform pulse waveforms based on the modulation encoding coefficient.

[Second Embodiment]

[0070] A second embodiment applying the present invention will be described. This embodiment is different from the
first embodiment in that reception signals obtained from multiple scan lines having different directions are synthesized
between scan lines. Therefore, the description of identical parts to those of the first embodiment will be omitted herein,
and only differences will be described. Identical reference numerals are given to the identical parts in the description.
[0071] Fig. 12 is a block diagram showing a construction and operation of a code demodulator of this embodiment.
Fig. 13 is a time chart showing an operation of the code demodulator in Fig. 12. The code demodulator of this embod-
iment preferably configured to synthesize reception signals between scan lines. For example, as shown in Fig. 12, the
code modulator 11 has a packet line memory 91 and a packet line synthesizer 93 instead of the line memory 31 and
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synthesizer 33 in the first embodiment. An output signal of the demodulation filter 29 is input to the packet line memory
91. An output signal of the demodulation filter 29 or packet line memory 91 is input to the packet line synthesizer 93.
The code demodulator 11 further includes a scan line memory 95 and a scan line synthesizer 97. An output signal of
the packet line synthesizer 93 is input to the scan line memory 95. An output signal of the packet line synthesizer 93
or scan line memory 95 is input to the scan line synthesizer 97. The packet line memory 91 and scan line memory 95
are controlled by a code demodulation controller 35.

[0072] An operation of the code demodulator 11 of this embodiment will be described below. Like the firstembodiment,
encoding transmissions/receptions are performed by using an encoding set including two modulation codes A and B
and a reverse encoding set including two modulation codes -B and -A. As shown in Fig. 12, (i) to (iii), and Fig. 13, (i)
to (iii), the first to third encoding transmissions/receptions are performed on the Nth scan line. Thus, the first to third
reception signals are demodulated by the demodulation filter 29. The demodulated first to third reception signals are
sequentially held by the packet line memory 91. Next, the fourth encoding transmission/reception is performed on the
Nth scan line. Thus, as shown in Fig. 12(iv) and Fig. 13(iv), the fourth reception signal is demodulated by the demod-
ulation filter 29. The demodulated fourth reception signal is output to the packet line synthesizer 93. Here, the first to
third reception signals are also loaded from the packet line memory 91 and output to the packet line synthesizer 93.
Furthermore, a synthesis coefficient selected by the synthesis coefficient selector 83 is output to the packet line syn-
thesizer 93 in accordance with a command output from the code demodulation controller 35. The first to fourth reception
signals are synthesized by the packet line synthesizer 93 based on the output synthesis coefficient. The synthesized
reception signal is output to both of the scan line memory 95 and scan line synthesizer 97.

[0073] By the way, the scan line memory 95 holds a last reception signal. The last reception signal is a reception
signal from the (N-1)th scan line, for example. Then, when the reception signal in the Nth scan line is input from the
packet line synthesizer 93 to the scan line synthesizer 97, the reception signal in the (N-1)th scan line is loaded from
the scan line memory 95. Here, a synthesis coefficient selected by the synthesis coefficient selector 83 is output to the
scan line synthesizer 97 in accordance with a command output from the code demodulation controller 35. The reception
signals in the (N-1)th scan line and Nth scan line are synthesized by the scan line synthesizer 97 based on the output
synthesis coefficient. A diagnosis image for the pixel position corresponding to the Nth scan line is created by the signal
processor 13 and image processor 15 based on the synthesized reception signal.

[0074] When the reception signals in the (N-1)th and Nth scan lines are to be synthesized between scan lines by
the scan line synthesizer 97, the reception signals may be synthesized easily at a ratio of 1:1 where the synthesis
coefficient to be supplied to the scan line synthesizer 97 is (1,1).

[0075] As described above, according to this embodiment, the reception signal in a first scan line (such as the (N-
1)th scan line) and the reception signal in a second scan line (such as the Nth scan line adjacent to the (N-1)th scan
line) different from the first scan line are synthesized based on a synthesis coefficient. Thus, the time side lobe due to
a body motion can be more reduced.

[0076] Furthermore, the memory 81 of the first embodiment is divided into the packet line memory 91 and scan line
memory 95 in this embodiment. Therefore, the line memory can be efficiently used.

[0077] A specific example and other examples using the code demodulator 11 of this embodiment will be described
with reference to examples.

[Example 2-1]

[0078] This example is an example in which reception signals in two scan lines having different directions are syn-
thesized across scan lines. More specifically, the encoding transmission/reception on the (N-1)th scan line is performed
by using an encoding set including two modulation codes A and B and a reverse encoding set including two modulation
codes -B and -A. Next, the encoding transmission/reception on the Nth scan line adjacent to the (N-1)th scan line is
performed by using the encoding set and reverse encoding set in the reverse order. In other words, the encoding
transmission/reception on the Nth scan line and the (N-1)th encoding transmission/reception are performed in the
reverse order.

[0079] More specifically, the encoding transmission/reception on the (N-1)th scan line are performed based on the
modulation codes A, B, -B and -A. On the other hand, the encoding transmission/reception on the Nth scan line are
performed based on the modulation codes -B, -A, A and B. Next, reception signals in the (N-1)th scan line are synthe-
sized between the code packets by the packet synthesizer 93. The reception signals in the Nth scan line are synthesized
between the code packets. Further synthesizing synthesis signals based on a synthesis coefficient results in a signal
synthesis signals across the (N-1)th and Nth scan lines (inter-scan-line synthesis signal). An ultrasonograph on the
Nth scan line can be reconstructed based on the resulting inter-scan-line synthesis signal.

[0080] According to this example, the time side lobe occurring in the synthesis signal at the (N-1)th scan line is a
signal due to a body motion that a subject moves forwardly. On the other hand, the time side lobe occurring in the
synthesis signal at the Nth scan line is equivalent to the time side lobe due to a body motion that the subject moves
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relatively in the reverse direction. Thus, by further synthesizing reception signals in the (N-1)th and Nth scan lines
across scan lines, the time side lobe due to the body motion can be cancelled with each other.

[0081] Notably, the present invention is not limited to this example, and encoding transmissions/receptions may be
performed on two different scan lines in opposite orders of implementation of encoding transmissions/receptions
against each other.

[Example 2-2]

[0082] This example is an example in which four ultrasonic transmission beams based on one code packet are
divided and transmitted to multiple scan lines. For example, the encoding transmission/reception on the (N-1)th scan
line is performed by using modulation codes A and B. Next, the encoding transmission/reception on the Nth scan line
is performed by using modulation codes -B and -A. Then, the reception signals in the (N-1)th and Nth scan lines are
synthesized for each scan line by the packet line synthesizer 93 based on a synthesis coefficient. The reception signals
resulting from the synthesis for each scan line are further synthesized across scan lines by the scan line synthesizer
97. A diagnosis image corresponding to the Nth scan line is reconstructed based on the synthesis signal. In this way,
an encoding transmission/reception for synthesizing code packets across multiple (such as two) scan lines is repeated
on each scan line.

[0083] According to this example, the number of transmissions/receptions on each scan line can be reduced. There-
fore, the time side lobe due to a body motion can be reduced, and the frame rate of an ultrasonograph can be enhanced.

[Example 2-3]

[0084] This example is an example in which encoding transmissions/receptions are performed on a set of four scan
lines. For example, the encoding transmission/reception on the (N-2)th scan line is performed by using a modulation
code A. The encoding transmission/reception on the (N-1)th scan line is performed by using a modulation code B. The
encoding transmission/reception on the Nth scan line is performed by using a modulation code -B. The encoding
transmission/reception on the (N+1)th scan line is performed by using a modulation code -A. Then, the reception signals
of the scan lines are synthesized by the scan line synthesizer 97. The diagnosis image corresponding to the (N+1)th
scan line is reconstructed. In this way, encoding transmissions/receptions for synthesizing code packets across multiple
(such as four) scan lines are repeated on each scan line. Thus, the time side lobe due to a body motion can be reduced,
and the frame rate of an ultrasonograph can be more enhanced.

[0085] Notably, the invention is not limited to Examples 2-2 and 2-3, but, to sum up, ultrasonic beams corresponding
to modulation codes in an encoding set may be divided and transmitted to multiple first scan lines, and ultrasonic beams
corresponding to modulation codes in the reverse encoding set may be divided and transmitted to multiple second
scan lines at least partially different from the multiple first scan lines.

[Example 2-4]

[0086] This exampleis an example in which scan lines are interpolated with a virtual scan line when multiple ultrasonic
beams based on one code packet are divided and transmitted to multiple scan lines. For example, the reception signals
resulting from the synthesis on each of the (N-1)th and Nth scan lines are further synthesized by the scan line memory
95, the code demodulation controller 35 changes a synthesis coefficient to be supplied to the scan line memory 95.
Thus, the number of virtual scan lines increases. Therefore, the resolution of the ultrasonograph can be enhanced.
More specifically, when a synthesis is performed between the (N-1)th and Nth scan lines, the synthesis coefficients
are (1/4,3/4), (2/4,2/4) and (3/4,1/4). Thus, three interpolating lines are defined between the (N-1)th and Nth scan lines
(adjacent scan lines). Therefore, since the number of virtual lines increases, the resolution of the ultrasonograph can
be enhanced.

[Third Embodiment]

[0087] A third embodiment applying the present invention will be described with reference to Figs. 14 and 15. Fig.
14 is a block diagram showing a construction and operation of a code demodulator of this embodiment. Fig. 15 is a
time chart showing an operation of the code demodulator in Fig. 14. This embodiment is similar to the code demodulator
of the second embodiment except for the operating method of processing of synthesizing reception signals. Therefore,
the description of the identical parts in the third embodiment will be omitted herein, and differences will be described.
The identical reference numerals are given to identical parts therebetween in the description.

[0088] As shown in Fig. 14(ii) and Fig. 15(ii), when a second encoding transmission/reception is performed, the
reception signal output from the demodulation filter 29 is directly input to the packet line synthesizer 93. Here, a first
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reception signal by the last encoding transmission/reception held in the packet line memory 91 is loaded from the
packet line synthesizer 93. The loaded first reception signal is synthesized to a second reception signal by the packet
line synthesizer 93. The synthesized reception signal is returned to the packet line memory 91. Then, as shown in Fig.
14(iii) and Fig. 15(iii), when a third encoding transmission/reception is performed, a third reception signal output from
the demodulation filter 29 is also further synthesized with a synthesized reception signal loaded from the packet line
memory 91 by the packet line synthesizer 93. The synthesized reception signal is returned to the packet line memory
91. As shown in Fig. 14(iv) and Fig. 15(iv), a fourth reception signal output from the demodulation filter 29 is further
synthesized with a synthesized reception signal loaded from the packet line memory 91 and is output to the signal
processor 13. The same advantages of those of the second embodiment can be also obtained in this embodiment.

[Fourth Embodiment]

[0089] A fourth embodiment applying the present invention will be described with reference to Figs. 16 and 17. This
embodiment is different from the second embodiment in that the number of scan lines to which ultrasonic transmission
beams based on one code packet are divided is determined by performing prescan for analyzing a correlation between
reception signals with a scan ultrasonic transmission beam before encoding transmission/reception.

[0090] Fig. 16 is a block diagram showing a construction of a correlation determining unit of this embodiment. As
shown in Fig. 16, a correlation determining unit 98 includes a memory 99, a correlation processor 100, a determining
unit 101 and a threshold selector 102. The memory 99 includes a storage element such as an SRAM. The correlation
processor 100 includes a computer that implements subtraction and addition calculations such as a DSP (Digital Signal
Processor) and a CPU. The determining unit 101 includes a determining unit that compares input values. The threshold
selector 102 includes a selector.

[0091] Fig. 17 shows an example in which a spatial correlation is obtained by using prescanning, a specific sequence
of the correlation determining unit 98 and a determining method. As shown in Fig. 17(A), before starting an encoding
transmission/reception, a range of interest (ROI) is defined to include a target 103 on a display screen automatically
or by using an input unit such as a trackball. Then, a predetermined number of scan lines 105 (such as scan lines in
the first to sixth directions) to transmit scan ultrasonic transmission beams are defined for the target 103.

[0092] Next, as shown in Fig. 17(B), scan ultrasonic transmission beams are transmitted from the probe 1 in the first
to sixth directions. Thus, each ultrasonic wave occurring in each scan line is received by the probe 1. Each of the
received ultrasonic waves undergoes amplification processing by the amplifier 4 and then is output to the correlation
determining unit 98 as multiple reception signals. Each of the reception signals input to th correlation determining unit
98 is stored in the memory 99. Correlation coefficients among the reception signals are obtained by the correlation
processor 100 based on the reception signals loaded from the memory 99. For example, a correlation coefficient
between reception signals in the first and second directions are obtained as zero (0) here. Similarly, correlation coef-
ficients in the second and third directions, the third and fourth directions, the fourth and fifth directions and the fifth and
sixth directions are obtained as 0.4, 0.6, 0.3 and 0 here. Each of the obtained correlation coefficients is compared with
a threshold value (such as 0.4) output from the threshold selector 102 by the determining unit 101.

[0093] If the correlation coefficient is equal to or higher than the threshold value, the correlation coefficient is deter-
mined as a valid value by the determining unit 101. Therefore, in this embodiment, those in the three directions of the
second to fifth directions are determined as valid scan lines. Notably, the threshold value can be freely changed by an
operator. Each of line addresses of the scan lines in the determined three directions is output from the correlation
determining unit 98 to the controller 37. Then, based on the output line address, like the second embodiment, the
ultrasonic transmission beams based on an encoding drive signal of one packet are divided and transmitted to the
scan lines in the second to fifth directions.

[0094] According to this embodiment, a spatial correlation of a subject (such as the size of the target 103) is detected
before an encoding transmission/reception is performed. Therefore, if it is determined that the spatial change is small,
the number of scan lines to be synthesized across multiple scan lines can be increased. As a result, the signal sensitivity
may be enhanced and/or the time side lobe may be reduced.

[0095] Ifitis determined that the spatial change is large, the number of scan lines synthesized across multiple scan
lines can be reduced. Therefore, the occurrence of a halo and/or blurring in the ultrasonograph can be prevented since
transmitted ultrasonic waves can be securely irradiated to the target 103.

[0096] Furthermore, according to this embodiment, the maximum acceptable number of scan lines to be synthesized
across multiple scan lines can be determined based on a spatial correlation. Therefore, dividing ultrasonic transmission
beams to the maximum scan lines or fewer lines can prevent a halo and/or blurring in the ultrasonograph and achieve
a desired signal sensitivity.

[0097] One computing example with a correlation computing coefficient of this embodiment will be described. For
example, in order to obtain a correlation coefficient between a reception signal S1 and another reception signal S2,
four representative points in an equal phase of the reception signals S1 and S2 are defined at uniform intervals. The
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absolute values |S1-S2| of the differences of the reception signals at the defined representative points 1 to 4 are added.
The average value of the added absolute values is obtained. The obtained average is divided by the absolute value
|S1| of one of the reception signals. Then, the divided value is subtracted from 1, resulting in the correlation coefficient.
This can be expressed as:

Correlation Coefficient=1-X|S1-S2|/4|S1 [EQ1]

[0098] The fourth embodiment was described above, the present invention is not limited thereto. For example, the
parameters such as a spatial resolution, sensitivity level and frame rate of an ultrasonograph may be input and defined
by an operator through an input unit. In this case, based on the input parameter or parameters, the number of scan
lines to be synthesized across multiple scan lines can be determined. Furthermore, the defined parameter or param-
eters and a spatial correlation of a subject are totally determined so that the number of scan lines can be determined
based on the determination result. Notably, the input unit may include a mouse and a keyboard. The display unit 17
displays a GUI (Graphical User Interface) for defining a parameter.

[0099] While prescanning is performed before starting an encoding transmission/reception in this embodiment, pres-
canning may be performed when a part to be diagnosed is changed or may be performed periodically. In this case,
when a part to be diagnosed is changed during a diagnosis, prescanning may be started manually through a button
or prescanning may be started automatically by automatically recognizing the fact that the part is moved from the target
103 based on a change in time, for example, of intensity data of a displayed image. Furthermore, a setting for validating
or invalidating a prescanning function may be input from an input unit. To sum up, the timing for performing prescanning
may be a timing before multiple ultrasonic transmission beams are divided and transmitted from the probe 1 to multiple
scan lines in accordance with an encoding drive signal corresponding to an encoding set and the reverse encoding
set, a timing when parts to irradiate ultrasonic transmission beams transmitted from the probe 1 are changed or a
predetermined timing.

[0100] Instead of EQ1, a correlation coefficient may be obtained based on:

N . .
Slnu'.sz,,“-
Correlation __ .2( , )
Coefficient iélm ‘SZM.
! [EQ2]

where N is a number of sampling points, and S1 and S2 are vector notations of S1 and S2. In EQ2, the number of
samplings is "4" in this embodiment. In other words, analysis is performed on four sampling points (N=n, n+1, n+2 and
n+3) by using prescanning ultrasonic beams. The points n to n+3 are positions corresponding to the sample points
corresponding to the target 103 in all sample points. Alternatively, Pearson product-moment correlation coefficient,
Spearman's rank correlation coefficient or Kendall's rank correlation coefficient may be used. In other words, the large-
and-small relationships of amounts of distribution of the values may be compared with the average.

[Fifth Embodiment]

[0101] Afifthembodiment applying the invention will be described with reference to Fig. 18. Fig. 18 shows an example
in which a time correlation is obtained by using prescanning, a specific sequence of the correlation determining unit
98 and a determining method. This embodiment is different from the fourth embodiment in that the number of ultrasonic
transmission beams to be transmitted to one scan line is determined by performing prescanning on one scan line
before an encoding transmission/reception is performed. The description of identical parts to those of the fourth em-
bodiment is omitted herein, and differences will be omitted herein.

[0102] As shown in Fig. 18(B), scan ultrasonic transmission beams are transmitted to one scan line 105 from the
probe 1 multiple times (such as six times) at defined time intervals before an encoding transmission/reception is per-
formed. A correlation coefficients between reception signals is obtained by the correlation processor 100 of the corre-
lation determining unit 98 based on the reception signals received by the probe 1. For example, when the target 103
moves by a body motion, correlation coefficients between reception signals at first and second times, second and third
times, third and fourth times, fourth and fifth times and fifth and six times are obtained as 0, 0.6, 0.7, 0.4 and 0 here.
The obtained correlation coefficients are compared by the determining unit 101 with a threshold value (such as 0.4)
output from the threshold selector 102. Then, a correlation coefficient equal to or higher than the threshold value is
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determined as a valid value by the determining unit 101. Based on the determined valid value, the number of trans-
missions/receptions to be performed on one scan line and the transmission timings are determined. For example, in
this embodiment, the correlation coefficients between the reception signals at the second and third times, third and
fourth times, fourth and fifth times and fifth and sixth times are determined as valid values. Therefore, four encoding
transmissions/receptions at the second to fifth times are to be performed on the one scan line. Four encoding trans-
missions/receptions at the second to fifth times are to be performed at the same defined time intervals as the trans-
mission timings of scan ultrasonic transmission beams.

[0103] According to this embodiment, a change in time of a subject (such as a movement of the target 103 due to a
body motion of the respiratory movement) can be detected. Therefore, when it is determined that the change in time
is small, the number of encoding transmissions/receptions to be performed on one scan line can be increased. As a
result, the signal sensitivity can be enhanced and/or the time side lobe can be reduced. For example, the encoding
transmissions/receptions based on modulation codes A, B, -B and -A may be performed on one scan line more number
of times such as eight times or sixteen times instead of four repetitive encoding transmissions/receptions on one scan
line based on modulation codes A, B, -B and -A.

[0104] When it is determined that the change in time is large, the number of encoding transmissions/receptions to
be performed on one scan line can be reduced. Thus, a halo and/or blurring occurs in an ultrasonograph can be
prevented since the ultrasonic transmission beams can be irradiated securely to the target 103. Furthermore, based
on the time correlation, the maximum acceptable number of times of encoding transmissions/receptions to be performed
on one scan line can be determined. Thus, performing encoding transmissions/receptions in the range can prevent a
halo and/or blurring in the ultrasonograph and achieve a desired signal sensitivity.

[0105] While the fifth embodiment was described above, the present invention is not limited thereto. For example,
the parameters such as a spatial resolution, a sensitivity level and a frame rate of an ultrasonograph may be input and
defined by an operator through an input unit. In this case, based on the input parameter or parameters, the number of
times of encoding transmissions/receptions to be performed on one scan line and transmission timings can be deter-
mined. Furthermore, the defined parameter or parameters and a time correlation of a subject are totally determined
so that the number of times of encoding transmissions/receptions can be determined based on the determination result.
[0106] Like the fourth embodiment, while prescanning is performed before starting an encoding transmission/recep-
tion in this embodiment, prescanning may be performed when a part to be diagnosed is changed or may be performed
periodically. In this case, when a part to be diagnosed is changed during a diagnosis, prescanning may be started
manually through a button or prescanning may be started automatically by automatically recognizing the fact that the
part is moved from the target based on a change in time, for example, of intensity data of a displayed image. Further-
more, a setting for validating or invalidating a prescanning function may be input from an input unit.

[Sixth Embodiment]

[0107] A sixth embodiment applying the present invention will be described with reference to Figs. 19 to 21. Fig. 19
is a block diagram showing a construction of an ultrasonographic device of this embodiment. Fig. 20 is a block diagram
showing a detail construction of a transmitted of this embodiment. Fig. 21 is a block diagram showing a detail con-
struction of a code demodulator of this embodiment. This embodiment is different from the first embodiment in which
a modulation waveform phase rotating unit 87 is provided between the modulation waveform selector 19 and the
transmission pulse generator 21 and that a demodulation coefficient phase rotating unit 89 is provided between the
demodulation coefficient selector 27 and demodulation filter 29. Therefore, the description of identical parts to those
of the first embodiment is omitted herein, and differences will be described herein. Identical reference numerals are
given to identical parts in the description.

[0108] As shown in Fig. 19, the ultrasonographic device of this embodiment includes the demodulation waveform
phase rotating unit 87 between the modulation waveform selector 19 and transmission pulse generator 21 of the trans-
mitter 3. The ultrasonographic device further includes the demodulation coefficient phase rotating unit 89 between the
demodulation coefficient selector 27 and demodulation filter 29 of the code demodulator 11. Here, the modulation
waveform phase rotating unit 87 and the demodulation coefficient phase rotating unit 89 perform a phase rotation
based on a desired frequency band.

[0109] An operation of the ultrasonographic device of this embodiment will be described. First of all, multiple mod-
ulation waveforms such as modulation waveforms relating to modulation codes A, B, -B and -A are selected by the
modulation waveform selector 19. The selected multiple modulation waveforms are stored in the modulation waveform
phase rotating unit 87. The stored modulation waveforms are loaded from the modulation waveform phase rotating
unit 87 by the transmission pulse generator 21 in accordance with a predetermined transmission sequence. The loaded
modulation waveform is output to the power amplifier 23. On the other hand, multiple demodulation encoding coeffi-
cients such as demodulation codes corresponding to modulation codes A, B, - B and -A are selected by the demodu-
lation coefficient selector 27. The selected demodulation encoding coefficients are stored in the demodulation coeffi-
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cient phase rotating unit 89. The stored demodulation encoding coefficients are loaded from the demodulation coeffi-
cient phase rotating unit 89 in accordance with a predetermined transmission sequence. The loaded demodulation
encoding coefficients are output to the demodulation filter 29.

[0110] According to this embodiment, modulation waveforms based on modulation codes are rotated in phase and
output by the modulation waveform phase rotating unit 87. Furthermore, demodulation encoding coefficients based on
modulation codes are rotated in phase and output by the demodulation coefficient phase rotating unit 89. Thus, com-
puting loads can be advantageously reduced since no modulation waveform or demodulation encoding coefficient is
required to calculate every encoding transmission/reception in addition to the same advantages as the advantages of
the first embodiment.

[0111] While the present invention was described based on the first to sixth embodiments, the present invention is
not limited thereto. For example, according to this embodiment, modulation codes in an encoding set are modulation
codes A and B and modulation codes in the reverse encoding set are modulation codes -B and -A, for example. In
other words, the modulation codes in the reverse encoding set have the opposite arrangement order of and phases
resulting from a rotation of the phases of the modulation codes in the encoding set. Thus, the time side lobe due to a
body motion of a subject can be reduced, and, at the same time, the time side lobe due to nonlinearity of a medium
within the subject can be reduced, but the present invention is not limited thereto. More specifically, the modulation
codes in the encoding set may be modulation codes A and B, and the modulation codes in the reverse encoding set
may be modulation codes B and A. Under the code construction, the time side lobe due to a body motion of a subject
can be reduced. In this case, each of embodiments and examples of the present invention are applicable in any manner
except that the phases of modulation codes in the reverse encoding set are rotated. Notably, the same is true for cases
in which three or more modulation codes are included in an encoding set and the reverse encoding set.

[0112] As disclosed in Japanese Unexamined Patent Publication No. 7-59766, each of the embodiments and exam-
ples of the present invention is applicable to a case in which modulation codes in an encoding set are modulation codes
A and B and modulation codes in the reverse encoding set are modulation codes -A and -B. In this case, the time side
lobe due to a body motion of a subject cannot be reduced, but the time side lobe due to nonlinearity of a medium within
a subject can be reduced. Notably, the same is true for cases in which three or more modulation codes are included
in an encoding set and the reverse encoding set.

Claims
1. An ultrasonographic method, comprising:

a first encoding transmission/reception step for sequentially modulating, with an encoding set including a plu-
rality of modulation codes in which at least two are in complementary relationship, and outputting a basic wave
to a probe as an encoding drive signal and transmitting an ultrasonic beam and demodulating each reception
signal output from the probe with demodulation codes corresponding to the modulation codes in the encoding
set;

a step for obtaining a first synthesis signal by synthesizing demodulation signals resulting from the demodu-
lation in the first encoding transmission/reception step;

a second encoding transmission/reception step for sequentially modulating, with a reverse encoding set in-
cluding a plurality of modulation codes in reverse order of the modulation codes in the encoding set, and
outputting a basic wave to the probe as an encoding drive signal and transmitting an ultrasonic beam and
demodulating each reception signal output from the probe with demodulation codes corresponding to the
modulation codes in the reverse encoding set;

a step for obtaining a second synthesis signal by synthesizing demodulation signals resulting from the de-
modulation in the second encoding transmission/reception step;

a step for obtaining a third synthesis signal by synthesizing the first synthesis signal and the second synthesis
signal; and

a step for reconstructing an ultrasonograph based on the third synthesis signal.

2. The ultrasonographic method according to Claim 1, wherein the plurality of modulation codes in the reverse en-
coding set have phases resulting from a rotation of the phases of the modulation codes in the encoding set.

3. The ultrasonographic method according to Claim 2, wherein the step for obtaining the first synthesis signal and

the step for obtaining the second synthesis signal are performed after the first encoding transmission/reception
step and the second encoding transmission/reception step.
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The ultrasonographic method according to Claim 2, wherein the first encoding transmission/reception step and
the second encoding transmission/reception step are performed on different scan lines.

The ultrasonographic method according to Claim 2, wherein an ultrasonograph is reconstructed by obtaining the
third synthesis signal for each scan line of two different scan lines in the reverse order of performing the first
encoding transmission/reception step and the second encoding transmission/reception step and synthesizing the
two third synthesis signals.

The ultrasonographic method according to Claim 2, wherein the first encoding transmission/reception step includes
dividing and transmitting ultrasonic beams corresponding to the modulation codes in the encoding set to a plurality
of first scan lines, and the second encoding transmission/reception step includes dividing and transmitting ultra-
sonic beams corresponding to the modulation codes in the reverse encoding set to a plurality of second scan lines,
which are at least partially different from the plurality of first scan lines.

The ultrasonographic method according to Claim 2, wherein, when the encoding set includes a first modulation
code and a second modulation code, the reverse encoding set includes a third modulation code having the inverted
polarity of that of the second modulation code and a fourth modulation code having the inverted polarity of that of
the first modulation code in order.

The ultrasonographic method according to Claim 2, wherein, when the encoding set includes first to third modu-
lation codes, the reverse encoding set includes a fourth modulation code having the inverted polarity of that of the
third modulation code, a fifth modulation code having the inverted polarity of that of the second modulation code
and a sixth modulation code having the inverted polarity of that of the first modulation code in order.

The ultrasonographic method according to Claim 2, wherein, when the encoding set includes first to fourth mod-
ulation codes, the reverse encoding set includes a fifth modulation code having the inverted polarity of that of the
fourth modulation code, a sixth modulation code having the inverted polarity of that of the third modulation code,
a seventh modulation code having the inverted polarity of that of the second modulation code and an eighth mod-
ulation code having the inverted polarity of that of the first modulation code in order.

The ultrasonographic method according to Claim 2, wherein, when each of the encoding set and reverse encoding
set includes N modulation codes, the Mth modulation code in the reverse encoding set has the inverted polarity
of that of the (N-M+1)th modulation code in the encoding set where N is a natural number equal to or higher than
5 and M is a natural number equal to or lower than N.

The ultrasonographic method according to Claim 2, wherein the encoding set includes a pair of Golay codes.

An ultrasonographic device, comprising a probe for transmitting/receiving an ultrasonic wave; transmitting means
that outputs a drive signal for the probe; receiving means that processes a reception signal output from the probe;
image processing means that reconstructs an ultrasonograph based on a synthesis signal output from the receiving
means; display mean that displays the reconstructed ultrasonograph; and control means that controls the trans-
mitting means, the receiving means, the image processing means and the display means,

wherein the transmitting means includes means that creates an encoding set consisting of a plurality of
modulation codes in which at least two are in complementary relationship and a reverse encoding set consisting
of a plurality of modulation codes in which the arrangement order of modulation codes of the encoding set is
reversed and means that modulates a basic wave with information on the encoding set and the reverse encoding
set and generates an encoding drive signal; and

the receiving means includes means that demodulates each reception signal corresponding to the encoding
drive signal modulated with the encoding set with each demodulation code corresponding to each modulation code
in the encoding set, means that synthesizes demodulated signals and generates a first synthesis signal, means
that demodulates each reception signal corresponding to the encoding drive signal modulated with the reverse
encoding set with each demodulation code corresponding to each modulation code in the reverse encoding set,
means that synthesizes the demodulated signals and generates a second synthesis signal, and means that gen-
erates a third synthesis signal from the first synthesis signal and the second synthesis signal.

The ultrasonographic image according to Claim 12, wherein the plurality of modulation codes in the reverse en-
coding set have phases resulting from rotation of the phases of the modulation codes in the encoding set.
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The ultrasonographic image according to Claim 12, wherein the transmitting means transmits a plurality of first
ultrasonic transmission beams from the probe to a first scan line by encoding drive signals corresponding to the
encoding set and the reverse encoding set and transmits a plurality of second ultrasonic transmission beams from
the probe to a second scan line, which is different from the first scan line, by encoding drive signals sequentially
modulated in interchanged set order of the encoding set and the reverse encoding set; and

the receiving means demodulates and then synthesizes reception signals corresponding to the first ultrasonic
transmission beams and reception signals corresponding to the second ultrasonic transmission beams.

The ultrasonographic device according to Claim 12, wherein the transmitting means transmits a plurality of first
ultrasonic transmission beams from the probe to a first scan line by an encoding drive signal corresponding to the
encoding set and transmits a plurality of second ultrasonic transmission beams from the probe to a second scan
line, which is different from the first scan line, by an encoding drive signal corresponding to the reverse encoding
set; and

the receiving means demodulates and then synthesizes reception signals corresponding to the first ultrasonic
transmission beams and reception signals corresponding to the second ultrasonic transmission beams.

The ultrasonographic device according to Claim 12, wherein the transmitting means divides and transmits a plurality
of ultrasonic transmission beams to be transmitted from the probe by encoding drive signals corresponding to the
encoding set and the reverse encoding set to a plurality of scan lines; and

the receiving means demodulates and then synthesizes reception signals corresponding to the ultrasonic
transmission beams.

The ultrasonographic device according to Claim 12, wherein, when a plurality of ultrasonic transmission beams to
be transmitted from the probe by encoding drive signals corresponding to the encoding set and the reverse en-
coding set are divided and transmitted to a plurality of scan lines, the transmitting means divides and transmits
scan ultrasonic beams to the plurality of scan lines; and

the receiving means includes correlation determining means that analyzes a correlation between reception
signals corresponding to the scan ultrasonic beams and obtains a spatial correlation of the subject and determines
the number of scan lines for dividing the plurality of ultrasonic transmission beams based on the spatial correlation.

The ultrasonographic device according to Claim 12, wherein, when a plurality of ultrasonic transmission beams to
be transmitted from the probe by encoding drive signals corresponding to the encoding set and the reverse en-
coding set are repeatedly transmitted to scan lines, the transmitting means repeatedly transmits scan ultrasonic
beams to the scan lines; and

the receiving means includes correlation determining means that analyzes a correlation between reception
signals corresponding to the scan ultrasonic beams and obtains a time correlation of the subject and determines
at least one of the number of times of transmissions of ultrasonic transmission beams to be transmitted to the scan
lines and a transmission timing based on the time correlation.

The ultrasonographic device according to Claim 12, wherein the transmitting means has modulation waveform
phase rotating means that rotates the phase of the modulation wave and rotates the phase of the modulation
waveform in accordance with each modulation encoding coefficient of each of the modulation codes.

The ultrasonographic device according to Claim 12, wherein the receiving means has demodulation encoding

coefficient phase rotating means that rotates the phase of each demodulation encoding coefficient of each of the
demodulation codes and performs demodulation based on the phase-rotated demodulation encoding coefficient.
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