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MEASUREMENTAPPARATUS 

TECHNICAL FIELD 

0001. The present invention relates to a measurement 
apparatus, which receives an ultrasound emitted from within 
an object and acquires atomographic image or a three-dimen 
sional image inside the object, and particularly to a measure 
ment apparatus, which receives an ultrasound and performs 
adaptive signal processing on an acquired received signal. 

BACKGROUND ART 

0002 An ultrasound probe including a plurality of ultra 
Sound transducers (ultrasound transducing devices) having 
an ultrasound transmitting/receiving function is used in a 
measurement apparatus for use in medical diagnosis. When 
an ultrasound beam formed by combining a plurality of ultra 
sounds is emitted to an object from each device of the ultra 
Sound probe including Such a plurality of devices, the ultra 
sound beam is reflected from a region of different acoustic 
impedance, namely, a boundary between tissues inside the 
object. Then, an ultrasound echo generated in Such a manner 
is received and an image is constructed based on the intensity 
of the ultrasound echo. Thereby, conditions inside the object 
can be reproduced on a screen. Alternatively, there is a 
method of imaging inside of an object through a photoacous 
tic effect using an elastic wave which is received in Such a 
manner that, pulsed light is emitted to inside the object and 
light energy is absorbed to cause adiabatic expansion, which, 
as a result, produces an elastic wave (hereinafter referred to as 
a photoacoustic wave which is an ultrasound). 
0003. Meanwhile, adaptive signal processing has been 
developed in the field of radar and the like. The adaptive 
signal processing refers to processing of adaptively control 
ling process parameters according to a propagation environ 
ment, capturing a desired wave, and Suppressing an interfer 
ence wave (noise component). Examples of the adaptive 
signal processing includes a directionally constrained mini 
mization of power (DCMP) method for minimizing a signal 
power in a state in which a sensitivity to a specific direction (a 
desired wave arrival direction) is fixed when a plurality of 
devices receive ultrasounds and convert the waves to received 
signals (analog signals). Such adaptive signal processing is 
effective in improving spatial resolution (particularly spatial 
resolution in a lateral direction). 
0004. Here, it has been known that the above DCMP 
method is effective when a noise component and a desired 
wave are not correlated to each other, but the DCMP method 
cannot be applied as is when a noise component and a desired 
wave are correlated to each other. Specifically, when a noise 
component correlated to a desired wave is received, a direc 
tional received pattern is formed which has a sensitivity in 
opposite phase also in the noise component direction other 
than the desired wave direction. This is because in order to 
minimize an output signal, an attempt is made to approximate 
the output signal to Zero by adding the noise component to the 
desired wave in opposite phase. 
0005 Meanwhile, when imaging using an ultrasound 
transmitting/receiving or a photoacoustic effect is performed, 
unlike the radar technical field, the noise component is highly 
correlated to the desired wave. This is because when an ultra 
Sound is used for imaging, major noise components are 
caused by transmission waves reflected from a direction other 
than the desired wave direction and thus, the noise component 
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is highly correlated to the desired wave. In addition, when a 
photoacoustic effect is used for imaging, incident light 
spreads over a wide range by the scattering effect, and thus 
there is a high possibility that ultrasounds occurring in the 
wide range are highly correlated to each other. 
0006 Spatial smoothing is a technique for allowing the 
DCMP to work even on such highly correlated noise. Accord 
ing to the spatial Smoothing, a plurality of partial matrices is 
extracted from a correlation matrix and the extracted partial 
matrices are averaged to obtain a partial correlation matrix, 
which is used to calculate an optimal weight. This can avoid 
having the sensitivity in the noise component direction and 
thus an ultrasound diagnostic apparatus can also have the 
same effect as the DCMP of improving a spatial resolution in 
a lateral direction. The spatial smoothing is defined in “IEEE 
Trans. Acoust. Speech, Signal Process. Vol. ASSP-33, No. 3, 
pp. 527-536 (June 1985). In addition, U.S. Pat. No. 6,798,380 
discloses a prior art using a Capon method, one of the spatial 
Smoothing techniques, in a measurement apparatus, indicat 
ing that the calculation of partial correlation matrices 
becomes complicated when Capon beam forming is used. 
0007 As described above, in order to remove a noise 
component correlated to a desired wave, a measurement 
apparatus performing adaptive signal processing needs to use 
spatial Smoothing. Therefore, the measurement apparatus 
needs to have a signal processing section capable of process 
ing partial correlation matrices at high speeds. When a partial 
correlation matrix is signal-processed, the amount of data 
increases in proportion to an individual parameter Such as the 
bit width of a received signal, the number of devices, and the 
sampling time. There is a problem that the data transfer time 
to a calculation section and the calculation time by the calcu 
lation section performing adaptive signal processing Such as 
partial correlation matrix processing are too slow to catch up 
with an image display rewrite time (refresh rate). 

DISCLOSURE OF THE INVENTION 

0008. In order to solve the above problems, the present 
invention has been made, and an object of the present inven 
tion is to provide a measurement apparatus capable of pro 
viding high-speed signal processing for adaptive signal pro 
cessing. 
0009. A measurement apparatus according to the present 
invention is a measurement apparatus generating image data 
inside an object using an analog signal obtained by receiving 
an ultrasound propagated inside the object with a plurality of 
ultrasound transducing devices, the measurement apparatus 
comprising: a received signal processing unit which converts 
the analog signal to a digital signal; a calculating unit which 
performs adaptive signal processing on the digital signal and 
generates image information; and a data reducing unit which 
reduces data amount of the digital signal transferred from the 
received signal processing unit to the calculating unit. 
0010. Another measurement apparatus according to the 
present invention is a measurement apparatus generating 
image data inside an object using an analog signal obtained by 
receiving an ultrasound propagated inside the object with a 
plurality of ultrasound transducing devices, the measurement 
apparatus comprising: a received signal processing unit 
which converts the analog signal to a digital signal; a calcu 
lating unit which performs adaptive signal processing on the 
digital signal and generates image information; and a genera 
tor which generates an instruction signal instructing a sam 
pling frequency to the received signal processing unit when 

Page 11 of 16



US 2012/0022373 A1 

the conversion from an analog signal to a digital signal is 
performed, wherein the generator can change the sampling 
frequency to a lower sampling frequency than a reference 
sampling frequency and reduces an amount of data trans 
ferred to the calculating unit by changing to the lower Sam 
pling frequency. 
0.011 The measurement apparatus for imaging using spa 

tial Smoothing can perform signal processing at high speeds. 
0012. Other features and advantages of the present inven 
tion will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram illustrating a configuration 
of an ultrasound diagnostic apparatus according to a first 
embodiment and a second embodiment. 
0014 FIG. 2 is a block diagram illustrating a configuration 
of a conventional ultrasound diagnostic apparatus. 
0015 FIG. 3 is an explanatory drawing explaining an 
internal configuration of a receiving section and a phase 
matching calculation section. 
0016 FIG. 4 is a configuration view of a data reducing 
section according to the first embodiment. 
0017 FIGS.5A and 5B each is a configuration view of a 
data reducing section according to the second embodiment. 
0018 FIGS. 6A, 6B, 6C, and 6D each are an explanatory 
drawing explaining data reduction processes to the second 
embodiment. 
0019 FIG. 7 is a block diagram illustrating a configuration 
of an ultrasound diagnostic apparatus according to a third 
embodiment. 
0020 FIGS. 8A, 8B, 8C, and 8D each are an explanatory 
drawing explaining image display method of the third 
embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0021 Preferred embodiments of the present invention will 
now be described in detail in accordance with the accompa 
nying drawings. 
0022 Hereinafter, embodiments of the present invention 
will be described in detail by referring to the accompanying 
drawings. 

Conventional Embodiment 

0023 First, by referring to a block diagram of FIG. 2 
illustrating a configuration of a conventional ultrasound diag 
nostic apparatus (measurement apparatus), an internal con 
figuration of a general ultrasound diagnostic apparatus will be 
described. The internal configuration of the ultrasound diag 
nostic apparatus includes an ultrasound probe 10, an input 
operation section 1, a transmitting/receiving control section 
2, a transmitting section 3, a receiving section 4 as a received 
signal processing unit, a phase matching calculation section 
5, a signal processing section 6, a scan converter 7, an image 
data storage section 8, and an image display section 9. 
0024. The ultrasound probe 10 is used so as to be in contact 
with an object, and transmits and receives an ultrasound beam 
to and from the object. The ultrasound probe 10 includes a 
plurality of ultrasound transducers (ultrasound transducing 
devices), each of which transmits an ultrasound beam based 
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on an applied drive signal, receives an ultrasound echo 
reflected and propagated in the object and converts the ultra 
Sound echo to a received signal which is an analog signal, and 
outputs the received signal. The ultrasound transducers are 
arranged 1- or 2-dimensionally to constitute a transducer 
array (device array). 
0025. The ultrasound transducer includes oscillators, each 
having an electrode formed on both ends of a piezoelectric 
material (piezoelectric body) Such as a piezoelectric ceramic 
exemplified by PZT (Pb (lead) Zirconate Titanate) and a 
polymer piezoelectric device exemplified by PVDF (Poly Vi 
nylidene DiFluoride). Alternatively, a plurality of kinds of 
devices having different conversion system may be used as 
the ultrasound transducer. For example, a configuration is 
made Such that the aforementioned oscillator is used as a 
device transmitting an ultrasound; and an ultrasound trans 
ducer in an optical detection system is used as a device receiv 
ing the ultrasound. The ultrasound transducer in an optical 
detection system is to convert an ultrasound beam to a light 
signal for detection and, for example, includes Fabry-Perot 
resonators or fiber Bragg gratings. Alternatively, a capaci 
tance ultrasound transducer may be used. 
0026. The input operation section 1 is used when an opera 
tor inputs an instruction and information to the ultrasound 
diagnostic apparatus. The input operation section 1 includes a 
keyboard, an adjustment knob, a pointing device including a 
mouse, and the like. 
0027. The transmitting/receiving control section 2 
includes a processor and software. Based on the instruction 
and the information input from the input operation section 1. 
the transmitting/receiving control section 2 controls each 
block of the transmitting section 3, the receiving section 4. 
and the phase matching calculation section 5 of the ultra 
Sound diagnostic apparatus. 
0028. The transmitting section 3 includes a plurality of 
channels of drive circuits, each generating a plurality of chan 
nels of drive signals (Tx-out) to be supplied to a plurality of 
ultrasound transducers. Here, as an example, the ultrasound 
diagnostic apparatus has a total of 64 channels. Here, one 
channel corresponds to one device. 
0029 FIG. 3 illustrates an internal configuration of a 
receiving section 4 and a phase matching calculation section 
5. The receiving section 4 receives analog signals from each 
ultrasound transducer. First, an LNA (Low Noise Amplifier) 
31 of the receiving section 4 amplifies each analog received 
signal (RX-in) 100. Then, a TGC (time gain compensation) 
amplifier 32 further amplifies the analog received signals. The 
analog amplification processing allows the received signal 
level to be matched with an input signal level of the A/D 
converter. The amplified analog signal output from the TGC 
amplifier 32 is input to an AAF (Anti Alias Filter) 33 in which 
LPF (Low Pass Filter) processing is performed for the pur 
pose of removing aliasing noise. Further, the A/D converter 
34 converts the analog signal to a digital signal and a 12-bit 
digital signal is generated at a sampling frequency of 50 MHz. 
The 12-bit digital signal is generated for each channel, and 
thus a total of 64 channels of digital signals are generated in 
FIG. 3. Consequently, the transfer rate of the echo detection 
data 101, which is a digital signal, can be expressed in units of 
bps (bit per sec) which is a bit rate unit as follows. 
0030) 12 bitsx50 MHzx64 chs=38.4 Gbps The phase 
matching calculation section 5 is a circuit performing delay 
and Sum processing for matching the phase of the echo detec 
tion data 101, namely, received focus processing. The phase 
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matching calculation section 5 applies a desired focus delay 
to a plurality of channels of echo detection data 101 stored in 
a FIFO (First In First Out) 35, and then performs sum pro 
cessing. Thereby, phase-matched data 102 is generated which 
indicates ultrasound information along a desired Scanline. 
Here, a shift register delay line, a digital micro delay device, 
a sum adder, and the like of the phase matching calculation 
section 5 includes hardware blocks using an FPGA and the 
like. Note that the phase matching calculation section 5 may 
include a CPU (central processing unit) and software, or a 
combination thereof. 
0031. The echo detection data 101 output from the A/D 
converter 34 and input to the phase matching calculation 
section5 is stored in the FIFO35 thereof for a specific period 
of time in order to obtain a focus delay adapted to delay 
amount data 104 Supplied from the transmitting/receiving 
control section 2. Each channel of data undergoing focus 
delay is selected from the time series echo detection data 101 
stored in the FIFO 35 and is multiplied by weight data 105 
required for received focus processing. Each channel of data 
multiplied by the weight data 105 undergoes tournament 
(ladder) Sum processing between adjacent channels. Finally, 
64 channels of data are Summed to output the phase-matched 
data 102 indicating ultrasound information along a desired 
Scanline. 
0032. The 12-bit echo detection data 101 inputs to the 
phase matching calculation section 5 is multiplied by 8-bit 
weight data 105 to produce 20-bit data, which undergoes 64 
channels of sum processing, and finally 26-bit data is output. 
The transfer rate of the phase-matched data 102 can be 
expressed in bit rate as follows. 

26 bitsx50 MHz=1.3 Gbps 

As the input/output bit rate ratio, about 1/30 compression is 
achieved. 
0033. The signal processing section 6 performs an enve 
lope detection and an STC (sensitivity time gain control) on 
the phase-matched data 102 undergoing received focus pro 
cessing by the phase matching calculation section 5 to gen 
erate image data (image information) called an A mode. The 
A mode image data is 1-dimensional image data. While the 
data is temporarily stored in the image data storage section 8. 
the scan converter 7, which generates image data in units of 
frames, generates two-dimensional image (tomographic 
image) data called a B mode. The two-dimensional image 
data is output to the image display section 9 and is displayed 
as a tomographic image thereon. Note that three-dimensional 
image data can also be generated from two-dimensional 
image data by planarly operating the ultrasound probe So as to 
be displayed as a three-dimensional image. 

First Embodiment 

0034. Next, FIG. 1 illustrates an ultrasound diagnostic 
apparatus according to a first embodiment of the present 
invention. FIG. 1 is different from FIG. 2 illustrating a con 
ventional general ultrasound diagnostic apparatus in that the 
phase matching calculation section 5 and the signal process 
ing section 6 are replaced with a data reducing section 11 as 
a data reducing unit and a calculation section 12 as a calcu 
lating unit respectively. 
0035. In order to improve the azimuth resolution, the 
present embodiment uses the DCMP method as adaptive sig 
nal processing. As described in “BACKGROUND ART, a 
received signal contains a noise component correlated to a 
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desired wave, and thus spatial Smoothing needs to be applied. 
According to the spatial Smoothing, a plurality of partial 
matrices is extracted from a correlation matrix and the 
extracted partial matrices are averaged to obtain a partial 
correlation matrix, which is used to calculate an optimal 
weight. The partial correlation matrix R can be calculated 
by the following expression. Note that N denotes the number 
of partial matrices to be extracted and M denotes the size of a 
partial matrix calculated by K-N+1. In addition, Zn denotes 
a weight coefficient when a partial matrix is averaged. Zn is a 
simple average for Zn=1/N, but a Hamming window, a Han 
ning window, a Dolph-Chebycheff window, and the like can 
be used as the weight function. (Expression 1) 

X, (t) = (X, (t), X,+1(t), ... , X, M-1 () (n = 1, 2, ... , N) 

0036. A desired wave arrival direction is estimated from 
the thus calculated partial correlation matrix R, and based 
on the obtained information; an appropriate constraint con 
dition is set to apply the DCMP method. Thereby, even when 
a noise component highly correlated to a desired wave is 
received, having the sensitivity in the noise component direc 
tion can be avoided. The calculation section 12 performs 
envelope detection, STC processing, etc. on the calculation 
result by the DCMP method to generate a mode image data 
(image information). The generated a mode image data is 
output to the scan converter 7. 
0037. The calculation section 12 is required to perform 
high-speed calculation on partial correlation matrices and 
high-speed calculation by the DCMP method to output image 
data. Therefore, the calculation section 12 may include a DSP 
(digital signal processor) 13 for performing high-speed signal 
processing. The calculation section 12 also includes a 
D-RAM 14 for reserving a storage memory area required for 
calculation and other hardware calculating units. Note that 
obviously, the DSP is not always required, and a general 
purpose processor may be used instead as long as the proces 
Sor can operate at Sufficiently high speeds. 
0038. When the calculation section 12 calculates partial 
correlation matrices using all channels of echo detection data 
101, the time to generate one frame of image data is longer 
than the time for the conventional phase matching calculation 
section 5. When the refresh rate of a displayed image is 
delayed, the reproduced images are displayed like images 
viewed frame by frame. Moreover, in an equipment environ 
ment in which the costs and size of the measurement appara 
tus are limited, hardware reinforcement for increasing calcu 
lation speeds is also limited, and thus some simplification of 
calculation processing is required. In light of this, the ultra 
Sound diagnostic apparatus of the present embodiment 
includes a new data reducing section 11 in order to reduce the 
amount of calculation data 103 to be input to the calculation 
section 12. 
0039 FIG. 4 illustrates a configuration example of the data 
reducing section 11 in which a part of the functions of the 
phase matching calculation section 5 is used. The data reduc 
ing section 11 of the present embodiment reduces the amount 
of data by adding the echo detection data between adjacent 
devices. In comparison with the phase matching calculation 
section 5, the data reducing section 11 needs no received 
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focus processing, and thus does not need to have the weight 
data 105, and thus needs no weight multiplier connected to an 
FIFO stage output. With this, the number of bits of the adder 
for adjacent channels is reduced. For example, two channels 
of data are added to produce 13-bit data, and four channels of 
data are added to produce 14-bit data. When the calculation 
data 103 to be output to the calculation section 12 is expressed 
in bit rate, (1) when data is not reduced, the bit rate is as shown 
in the following 401; (2) when two channels of data are 
combined, the bit rate is as shown in the following 402; and 
(3) when four channels of data are combined, the bit rate is as 
shown in the following 403. 

401: 64 chsx12 bitsx50 MHz=38.4 Gbps 

402:32 chsx13 bitsx50 MHz=20.8 Gbps 

403: 16 chsx14 bitsx50 MHz=11.2 Gbps 

0040. The more the number of channels is reduced, pro 
portionally, the more the transfer rate of the calculation data 
103 is reduced. Note that addition and combining of adjacent 
channels of echo detection data 101 can reduce the transfer 
rate of the calculation data 103, but inevitably involve degra 
dation of image quality. In other words, the transfer rate and 
the image quality of the calculation data 103 is a tradeoff. In 
light of this, the present embodiment is configured such that a 
plurality of reduction processes each having a different data 
reduction amount can be performed at the same time, and a 
selector 37 which is a switching unit is provided so that an 
operator can arbitrarily set a data transferrate (image quality). 
More specifically, the present embodiment is configured Such 
that while actually viewing an ultrasound image displayed on 
the image display section 9, the operator can arbitrarily 
Switch the number of additions of adjacent channels using the 
selector Switching output 106 of the transmitting/receiving 
control section 2 from the input operation section 1. 
0041 As described above, the data reducing section 11 
which adds the adjacent channels can be made to change the 
transfer rate (data reduction amount) of the calculation data 
103 to the calculation section 12 and thereby the operator can 
arbitrarily reduce the data transfer time and the calculation 
time. Note that the above description has provided two 
choices (three choices including no reduction) of reduction 
processes: one for reducing two channels and the other for 
reducing four channels, but three or more reduction processes 
may be selectable. Note that the number of additions of chan 
nels is not necessarily power of 2, but adjacent three or five 
channels of echo detection data may be added and combined. 

Second Embodiment 

0042. The first embodiment focuses on the reduction pro 
cess by addition of adjacent channels, but the second embodi 
ment will focus on the reduction process by controlling a 
sampling frequency as follows. Note that the configuration 
other than the data reducing section 11 is the same as the 
configuration of the first embodiment, and thus the descrip 
tion thereof will be omitted. 
0043 FIG.5A illustrates a configuration of the data reduc 
ing section 11 by a sampling frequency. The echo detection 
data 101 sampled by the A/D converter 34 of the receiving 
section 4 is written to an FIFO 35 of the data reducing section 
11 in synchronism with a 50 MHZ sampling clock frequency. 
The data reducing section 11 includes an input clock fre 
quency divider 38 and a selector 39 capable of selecting a 

Jan. 26, 2012 

sampling clock frequency. The data reducing section 11 can 
perform time interval reduction process using a clock fre 
quency selected by the selector 39 from the echo detection 
data 101 written to the FIFO 35 to output the reduced calcu 
lation data 103 to the calculation section 12. Note that the 
selector 39 can be selected based on a selector switching 
output 106 from the transmitting/receiving control section 2. 
Like the first embodiment, in the present embodiment, the 
operator can also arbitrarily switch the selector 39 by operat 
ing the input operation section 1. 
0044 FIGS. 6A, 6B, 6C, and 6D each is a plot chart when 
the echo detection data 101 is inputata sampling frequency of 
50MHz, 25MHz, 16.7 MHz, and 12.5 MHz respectively. The 
respective bit rates of the calculation data 103 are as follows. 

FIG. 6A 50 MHz: 12 bitsx64 chsx50 MHz=38.4 Gbps 

FIG. 6B 25 MHz: 12 bitsx64 chsx25 MHz=19.2 Gbps 

FIG. 6C 16.7 MHz: 12 bitSx64 chSX16.7 MHZ=12.8 
Gbps 

FIG. 6D 12.5 MHz: 12 bitSx64 chSx12.5 MHZ=9.6 
Gbps 

0045. When the sampling frequency is 50 MHz, no reduc 
tion process is performed and thus the bit rate becomes maxi 
mum. When the sampling frequency is 25 MHz, 16.7 MHz, 
and 12.5 MHz, the bit rate thereof becomes 1/2, 1/3, and 1/4 
of the maximum respectively. 
0046) Note that reduction in sampling clock frequency can 
reduce the transfer rate of the calculation data 103, but 
increases the time interval and thus inevitably involves deg 
radation of image quality of an ultrasound image. In other 
words, the transfer rate of the calculation data 103 and the 
image quality is a tradeoff. According to the present embodi 
ment, the operator can arbitrarily set the data reduction 
amount by switching the selector 39, which is a switching 
unit, and thus the operator can obtain an ultrasound image of 
a desired image quality. More specifically, when the operator 
operates the input operation section 1 while actually viewing 
an ultrasound image displayed on the image display section 9. 
the selector Switching output 106 corresponding to this opera 
tion is output to the selector 39 from the transmitting/receiv 
ing control section 2, and thus the image quality (data transfer 
rate) can be arbitrarily switched. 
0047 Alternatively, the calculation section 12 may gener 
ate original sampling rate data by interpolating the calcula 
tion data 103 received from the data reducing section 11. This 
is effective when calculation by the calculation section 12 
Such as partial correlation matrix calculations can be per 
formed at high speeds but data transfer is a bottleneck. Such 
interpolation can produce high time resolution images. In 
addition, interpolation can be switched on or off according to 
the operation of the operator. 
0048. As described above, the data reducing section 11 
which Switches sampling clock frequencies can be made to 
change the transfer rate of the calculation data 103 to the 
calculation section 12 and thereby the operator can arbitrarily 
reduce the data transfer time and the calculation time. Note 
that in the above description, three kinds of reduction pro 
cesses (25 MHz, 16.7 MHz, and 12.5 MHz) are selectable, but 
four or more reduction processes may be selectable. 
0049. Note also that the sampling frequency is not neces 
sarily one over an integer of a sampling frequency (here 50 
MHz) of the echo detection data 101, but may be one over a 
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non-integer (e.g., 1/2.5, namely, 20 MHz) using a non-inte 
gral frequency divider. More specifically, the A/D converter 
34 of the receiving section 4 is made to variably control a 
sampling frequency whenananalog signal 100 is converted to 
a digital signal and thereby the same or higher function as the 
reduction process by a digital signal of the data reducing 
section 11 as described in FIG. 5A can be provided. 
0050 FIG. 5B illustrates a method of variably controlling 
a sampling frequency when the analog signal 100 is converted 
to a digital signal 101. In this case, unlike the reduction 
process by a digital signal, a PLL (Phase Locked Loop) clock 
generator is used as a clock generator (generator which gen 
erates an instruction signal instructing a sampling frequency 
to the receiving section) generating a sampling frequency. 
The PLL clock generator allows an oscillation frequency to 
be freely set and thus the sampling frequency can be set in 
Smaller units. 
0051. The PLL clock generator is a device which can 
oscillate a signal having an accurately synchronized fre 
quency by detecting a phase difference between an input 
signal serving as a reference frequency (50 MHz) and an 
output signal and controlling a VCO (oscillator changing a 
frequency by a Voltage) and the loop of a circuit. By Supplying 
a frequency setting value to this device, the sampling fre 
quency can be set in several HZ units within a range of 25 to 
50 MHz. Thus, the bit rate of the calculation data 103 can be 
dynamically variably controlled. 
0052 That is, the PLL clock generator can change the 
sampling frequency to a frequency lower than the reference 
sampling frequency. Thus, a change to the lower sampling 
frequency reduces the amount of data transferred to the cal 
culating unit. In other words, in the configuration of FIG. 5B, 
the receiving section itself functions as the data reducing unit. 
Moreover, the operator can arbitrarily set the sampling fre 
quency using a dial of the input operation section 1 and thus 
can change the bit rate more flexibly than using the selector 
39. 
0053 (Modifications) 
0054 The data reduction process is not limited to the 
aforementioned methods of the first and second embodi 
ments, but data reduction process may be performed by trun 
cating the lower order bits (reducing the number of bits) of the 
echo detection data 101. For example, when 12-bit echo 
detection data 101 is reduced to 11-bit data, the bit rate is as 
follows. 

11 bitsx64 chsx50 MHz=35.2 Gbps 

Alternatively, a method is sufficiently effective in which the 
data reducing section 11 performs a data compression process 
and the calculation section 12 performs a data expansion 
process. In addition, a method is also effective in which any 
two or more methods are combined from among the method 
of combining data between adjacent channels (first embodi 
ment), the method of reducing a sampling frequency (second 
embodiment), the method of truncating the lower order bits, 
and the method of compressing data. 

Third Embodiment 

0055. The first and second embodiments of the present 
invention describe the imaging using the DCMP method and 
the spatial Smoothing, but the operator may prefer images by 
the phase matching calculation by the conventional ultra 
Sound diagnostic apparatuses (FIGS. 2 and 3) without using 
the adaptive signal processing. That is, it can be expected that 
there are some operators who think it easier to detect an 
abnormal organ by a familiar image quality not by a high 
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resolution image quality. It is often after comparing actual 
images when it is determined which imaging method is better 
for detecting. Thus, the ultrasound diagnostic apparatus 
according to the present embodiment displays images using 
two or more imaging methods on the screen. 
0056 FIG. 7 is a block diagram illustrating a configuration 
of an ultrasound diagnostic apparatus according to the present 
embodiment. The ultrasound diagnostic apparatus of the 
present embodiment is configured as an apparatus having 
both functions of the phase matching calculation section 5 
and the signal processing section 6 same as the conventional 
configuration, and the data reducing section 11 and the cal 
culation section 12 same as the configurations of the first and 
the second embodiments. 
0057 The echo detection data 101 outputs from the receiv 
ing section 4 is sent to both the phase matching calculation 
section 5 and the data reducing section 11. Both processes are 
performed in parallel and two kinds of image data 106 and 
107 are sent to the scan converter 7. The scan converter 7 
temporarily stores the two kinds of image data 106 and 107 in 
the image data storage section 8. Then, the scan converter 7 
selects the stored two kinds of image data to display two 
images at the same time or one by one on the image display 
section 9. 
0.058 FIG. 8A illustrates an image display method (1) in 
which two kinds of image data are output side by side to the 
image display section 9. Both images are simultaneously 
displayed on one screen on which an image 108 Subjected to 
the conventional phase matching is displayed on the left side 
and an image 109 subjected to the adaptive signal processing 
is displayed on the right side. Even the same organ to be 
observed appears differently due to the difference in image 
processing. Therefore, when two images are displayed at the 
same time, it is easier to compare the two images and thereby 
diagnostic image accuracy can be improved. 
0059 FIGS. 8B and 8C each illustrates an image display 
method (2) in which the two images are switched to be output 
to the image display section 9 in FIGS. 8B and 8C, respec 
tively. The image 108 subjected to the conventional phase 
matching illustrated in FIG. 8B and the image 109 subjected 
to the adaptive signal processing illustrated in FIG.8C may be 
alternately switched to be displayed on one screen. Even the 
same organ to be observed appears differently due to the 
difference in image processing. Therefore, when two images 
are Switched to be displayed on the same screen, it is easier to 
compare the two images and thereby diagnostic image accu 
racy can be improved. 
0060 FIG. 8D illustrates an image display method (3) in 
which two images overlappedly output to the image display 
section 9. The image 109 in which the necessary region of 
interest has been Subjected to the adaptive signal processing is 
overlapped with the image 108 subjected to the conventional 
phase matching to be displayed on one screen. Even the same 
organ to be observed appears differently due to the difference 
in image processing. Therefore, when only the necessary 
region of interest is overlappedly displayed, it is easier to 
compare the two images and thereby diagnostic image accu 
racy can be improved. 
0061. Note that the image display methods (1) to (3) focus 
on the two-screen display of the conventional image 108 and 
the image 109 Subjected to the adaptive signal processing, but 
the image display methods can also be applied likewise to 
displaying two or more images each having a different reduc 
tion amount (i.e., image quality). Moreover, when images are 
generated by temporally Switching between the channel Sum 
reduction of the first embodiment and the sampling reduction 
of the second embodiment (for example, every screen), a 
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plurality of images each generated by a different method can 
be simultaneously output to the image display section 9 in one 
SCC. 

0062 Moreover, for example, if it is not a problem that 
only the region of interest needs to be displayed at high 
resolution but the other regions are left displayed at low 
resolution, adaptive processing can be advantageously per 
formed only on the necessary portions by performing speed 
focus processing without lowering the entire frame rate. 
0063 Moreover, a method is effective in which, when the 
ultrasound probe is operated with respect to the object, the 
motion thereof is detected using a motion sensor and the like; 
and the reduction process is Switched between a high resolu 
tion display at low-speed movement and a speed focus dis 
play at high-speed movement. 
0064. Further, the ultrasound probe itself may include a 
selector Switch, in addition to a keyboard and a pointing 
device of the input operation section 1 to which the selector 
Switch is generally included, in order to Switch the image 
display methods. With this configuration that the ultrasound 
probe itself includes an operation section, the operator can 
switch the screen while operating the ultrasound probe with 
respect to the object. Thus this is effective in improving 
operating efficiency. 
0065. As described above, the scan converter 7 displaying 
images on the screen is made to Switch the display methods to 
the image display section 9, and thereby the operator can 
observe a plurality of diagnostic images at the same time 
while comparing the diagnostic images. Note that the Switch 
ing unit of the present invention can also be configured Such 
that when the adaptive signal processing is performed on a 
received signal, Switching can be made between the operation 
with the reduction process of the present invention and the 
operation without the reduction process of the present inven 
tion. 
0066. Moreover, the “adaptive signal processing of the 
present invention is not limited to the DCMP method and the 
spatial Smoothing used in the embodiments. Any well known 
general adaptive signal processing in the field of radar causes 
a problem with increased data amount when applied to a 
measurement apparatus, and thus is within the scope of the 
present invention. 
0067 Moreover, “ultrasound of the present invention is a 
concept including not only an echo ultrasound reflected 
inside an object when an ultrasound is emitted from an ultra 
Sound probe to the object, but also a photoacoustic wave 
which is a elastic wave generated by an expansion of a light 
absorbing body inside an object by pulsed light emitted to the 
object. 
0068. The present invention is not limited to the above 
embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. 
Therefore to apprise the public of the scope of the present 
invention, the following claims are made. 
0069. This application claims the benefit of Japanese 
Patent Application Nos. 2009-127829, filed on May 27, 2009, 
and 2010-068568, filed on Mar. 24, 2010, which are hereby 
incorporated by reference herein in their entirety. 

1. A measurement apparatus for generating image data 
inside an object using an analog signal obtained by receiving 
ultrasound propagated inside the object with a plurality of 
ultrasound transducing devices, the measurement apparatus 
comprising: 

a received signal processing unit which converts the analog 
signal to a digital signal; 
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a calculating unit which performs adaptive signal process 
ing on the digital signal and generates image informa 
tion; and 

a data reducing unit which reduces data amount of the 
digital signal transferred from the received signal pro 
cessing unit to the calculating unit. 

2. The measurement apparatus according to claim 1, 
wherein 

the data reducing unit can execute a plurality of data reduc 
tion processes each having a different data reduction 
amount, and 

the measurement apparatus further comprises a selecting 
unit capable of selecting a data reduction process per 
formed by the data reducing unit. 

3. The measurement apparatus according to claim 1, 
wherein the data reducing unit reduces data amount by adding 
received signals between adjacent ultrasound transducing 
devices. 

4. The measurement apparatus according to claim 1, 
wherein the data reducing unit reduces data amount by reduc 
ing a sampling frequency of a digitally converted received 
signal. 

5. The measurement apparatus according to claim 4. 
wherein the calculating unit interpolates reduced data. 

6. A measurement apparatus generating image data inside 
an object using an analog signal obtained by receiving ultra 
Sound propagated inside the object with a plurality of ultra 
Sound transducing devices, the measurement apparatus com 
prising: 

a received signal processing unit which converts the analog 
signal to a digital signal; 

a calculating unit which performs adaptive signal process 
ing on the digital signal and generates image informa 
tion; and 

a generator which generates an instruction signal instruct 
ing a sampling frequency to the received signal process 
ing unit when the conversion from an analog signal to a 
digital signal is performed, 

wherein the generator can change the sampling frequency 
to a lower sampling frequency than a reference sampling 
frequency and reduces an amount of data transferred to 
the calculating unit by changing to the lower sampling 
frequency. 

7. The measurement apparatus according to claim 1, fur 
ther comprising: 

a delay and Sumunit which matches a phase of the signal to 
be received; 

a signal processing section which performs signal process 
ing on the signal that is phase-matched; and 

a Switching unit used for displaying an image generated by 
the calculating unit and an image generated by the signal 
processing section, simultaneously or in an alternating 
Succession. 

8. The measurement apparatus according to claim 1, 
wherein 

the data reducing unit executes a plurality of data reduction 
processes by temporally Switching among the data 
reduction processes, and 

the measurement apparatus further comprises a Switching 
unit used for displaying, simultaneously or in an alter 
nating Succession, images generated based on signals on 
which different data reduction processes are performed. 

c c c c c 

Page 16 of 16




