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DESCRIPTION
MEASURING APPARATUS

TECHNICAL FIELD

The present invention relates to a measuring
apparatus which obtains information inside an object using
an acoustic wave, and more particularly, to a measuring

apparatus having a probe that is mechanically scanned.

BACKGROUND ART

Conventionally, as an effective image diagnosis
apparatus for early detection of breast cancer, there is
known an x-ray mammography apparatus.: Further, in recent
years, there is developed a photoacoustic imaging method in
which a pulse laser beam is irradiated onto a living body
instead of an X-ray, so as to image a three-dimensional
structure inside the living body based on a photoacoustic
wave induced by thermal expansion of an optical absorber
inside the living body. This apparatus has received
attention as a new mammography apparatus that may easily
diagnose a potential tumor such as an abnormal growth of
new blood vessels.

Such a mammography apparatus has a feature that an
abnormal region which is difficult to detect by other
apparatus may be detected as a clear image. However, for

precise diagnosis of an early cancer, it is usually
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necessary to use both a mammography image and an ultrasonic
echo image in combination. In view of this, for example,
Japanese Patent Application Laid-Open No. 2006-102494 and
Japanese Patent Application Laid-Open No. 2008-161283
disclose examples of an x-ray mammography apparatus
incorporating .an ultrésonic diagnosis apparatus. In these
apparatuses, a breast as an object is fixed to a
compression plate, and a mammography sensor and an
ultrasonic probe are moved mechanically for scanning along
the compression plate so that a mammography image and a
three-dimensional ultrasonic echo image of the entire
breast may be obtained simultaneously.

In obtaining three-dimensional echo image data of a
wide area with mechanically scanning the ultrasonic probe,
it is most advantageous in speed and cost to move a one-
dimensionally arranged probe in a direction perpendicular
to the arrangement direction of elements or in a direction
crossing the same (hefeinafter, referred to as elevation
direction) continuously while obtaining the echo image data.
Using the one-dimensionally arranged probe, it is possible
to reconstruct a cross-sectional slice image by electronic
scanning in the arrangement direction and in an ultrasonic
beam emitting direction. Therefore, there may be obtained
three-dimensional image data of the entire mechanical scan
area by stacking the cross-sectional slice images generated
at individual positions in the elevation direction.

However, this method has a problem that image
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resolution in the elevation direction significantly reduces
as compared with image resolution in a slice plane. A
first reason is that if the mechanical scan speed by the
probe is decreased so as to reduce a pitch of obtaining the
cross-sectional slice images, it may increase a physical
load to the human object. Therefore, it is necessary to
lower the pixel density in the elevation direction to some
extent. In addition, a second reason is that effective
angular aperture of the one-dimensionally arranged probe in
the elevation direction is smaller than that in the
arrangement direction, so that a reconstruction resolution
in the elevation direction is deteriorated. If a two-
dimensionally arranged probe is used, this problem may be
alleviated to some extent. However, the number of
transmission and reception elements increases, which leads
to another problem that a necessary electric circuit scale
increases, making it difficult to achieve the practical use

of the apparatus in terms of cost.

DISCLOSURE OF THE INVENTION

An object of the present invention is to improve
image resolution in the elevation direction with a simple
structure without deteriorating a speed of obtaining image
data in a measuring apparatus for obtaining image data
while moving a probe in the elevation direction
continuously.

A measuring apparatus according to the present
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invention includes: a probe having a plurality of elements
for converting an acoustic wave into an electric signal,
the plurality of elements being arranged in at least first
direction (arrangement direction of the elements); a moving
mechanism for moving the probe in a second direction
(elevation direction) crossing the first direction along a
subject surface; a first delay and sum circuit for
performing delay and sum of the electric signals obtained
by the plurality of elements at individual positions along
the second direction, so as to output a first add signal; a
signal extraction circuit for letting an output of the
first delay and sum circuit to pass through at least one
deléy circuit, so as to output in parallel a plurality of
first add signals obtained at different positions; a second
delay and sum circuit for performing delay and sum of the
plurality of first add signals output from the signal
extraction circuit, so as to output a second add signal;
and an image processing circuit for generating image data
inside a subject by using the second add signal.

According to the present invention, image resolution
in the elevation direction may be improved with a simple
structure without deteriorating a speed of obtaining image
data in the measuring apparatus for obtaining image data
while moving the probe in the elevation direction
continuously.

Further features of the present invention will become

apparent from the following description of exemplary
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embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a structure of a
transmission process of a measuring apparatus according to
Example 1;

FIG. 2 is a diagram illustrating a structure of a
reception process of the measuring apparatus according to
Example 1;

FIG. 3 is a diagram illustrating a signal in a cross-
sectional slice plane obtained by electronic scan;

FIGS. 4A and 4B are diagrams each illustrating a
mechanical scan path and a signal obtained by the
mechanical scan, respectively;

FIGS. 5A, 5B, 5C, and 5D are explanatory diagrams of
a synthetic aperture method;

FIG. 6 is an explanatory diagram of a principle of
the present invention;

FIG. 7 is a diagram illustrating a structure of a
reception process of a measuring apparatus according to
Example 2; |

FIG. 8 is a diagram illustrating a structure of a
reception process of a measuring apparatus according to
Example 3;

FIG. 9 is a diagram illustrating cross-sectional
slice planes that are inserted in Example 3; and

FIG. 10 is a diagram illustrating a probe of a
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measuring apparatus according to Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION

A measuring apparatus according to the present
invention is an apparatus for obtaining information inside
an object by using an acoustic wave (typically an
ultrasonic wave), which is used as a medical ultrasonic
diagnosis apparatus and the like, for example. The
measuring apparatus of the present invention has a basic'
structure including a probe in which a plurality of
elements for converting an acoustic wave into an electric
signal are arranged, and a moving mechanism for moving the
probe (for mechanical scan) along a surface of the object
in an elevation direction. Note that the probe may be
either a one-dimensionally arranged probe having a
plurality of elements arranged in one—dimensioﬁal manner or
a two-dimensionally arranged probe having a plurality of -
elements arranged in two-dimensional manner (in a matrix).
However, for downsizing and cost reduction of the apparatus,
it is preferable to use the one-dimensionally arranged
probe. Usually, the elevation direction (second direction)
is set so as to cross (perpendicular to or substantially
perpendicular to) the arrangement direction of elements
(first direction).

In order to improve image resolution in the elevation
direction, it is necessary to perform two-dimensional delay

and sum by using input signals of successive cross-
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sectional slice planes. The two-dimensional delay and sum
includes delay and sum in the arrangement direction of
probe elements (first direction) and delay and sum in the
elevation direction (second direction). However, the one-
dimensionally arranged probe moves continuously so that
individual slice planes have different transmission and
reception timings of the acoustic wave. Therefore, it is
necessary to regard the delay and sum in the arrangement
direction as normal delay and sum and the delay and sum in
the elevation direction as delay and sum based on the
synthetic aperture method. Note that the delay and sum
refers to a process of adjusting phases of a plurality of
signals according to a propagation distance of the acoustic
wave between a target point (focal point) and a reception
point, and then summing (combining) the plurality of
signals so as to obtain the signal indicating information
of the target point.

The present invention realizes the two-dimensional
delay and sum by additionally including a relatively small
circuit. According to the present invention, first, the
one-dimensionally arranged probe is mechanically moved
continuously along a surface of the object while the first
delay and sum circuit repeats the one-dimensional delay and
sum of the reception signal in the arrangement direction,
so that the delay and sum is performed for each cross-
sectional slice plane. The cross-sectional slice plane is

a plane which is parallel to the arrangement direction of
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elements and crosses (is perpendicular to) the elevation
direction. Thus, at individual positions along the
elevation direction, delay and sum signals (first add
signals) of a plurality of cross-sectional slice planes are
calculated and delivered periodically. Then, the delay and
sum signals delivered from the first delay and sum circuit
are led to pass through one or more delay circuits so that
the delay and sum signals at the corresponding positions of
a plurality of successive cross-sectional slice planes are
extracted in parallel. A delay time of the delay circuit
may be set to a time corresponding to a scanning period for
one slice plane. If two or more delay circuits are
combined,-the delay circuits are cascaded so that an output
of a first delay circuit is supplied to an input of a
second delay circuit. A plurality of delay and sum signals
that are extracted in the manner as described above are
delayed and summed in the elevation direction by the second
delay and sum circuit, to thereby obtain a second add
signal. The image processing circuit uses the second add
signal so as to generate the image data.

Note that an apparatus which moves the one-
dimensional probe mechanically for scanning so as to
generate three-dimensional image data is disclosed in
Japanese Patent Application Laid-Open No. H05-344975, which
has an apparatus strucfure in which the whole reception
data is temporarily recorded in the waveform memory, and

later the delay and sum process is performed based on the



10

15

20

25

WO 2010/137451 PCT/JP2010/057916

synthetic aperture method. However, this apparatus
structure has a problem that a large-capacity waveform
memory is necessary and it is difficult to perform a real-
time process of the image reconstruction.

Japanese Patent Application Laid-Open No. H05—146444
discloses a method of performing the th—dimensional delay
and sum by cascade coupling of one-dimensional delay and
sum. A purpose of this known example is to reduce a
circuit scale of the delay and sum circuit for performing
parallel delay and sum of output signals from the
transmission and reception elements arranged in a matrix in
the two-dimensionally arranged probe. For this purpose,
first, the transmission and reception elements are driven
by one column at a time for performing delay and sum, and a
result thereof is storedbin the memory. Then, the memory
is read out so as to perform delay and sum in the row
direction. However, this known example does not refer at
all to a concept for obtaining three-dimensional image data
of a large area by moving a probe mechanically. In
addition, this apparatus structure also requires a
relatively large capacity memory for storing data of
individual columns and causes the problem that the real-
time process of the image reconstruction is difficult.

The measuring apparatus of the present invention
includes (1) a circuit for performing delay and sum of the
reception signal, (2) a circuit for extracting delay and

sum signals of a plurality of cross-sectional slice planes
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at the corresponding positions in parallel by using the
delay circuit, and (3) a circuit for performing delay and
sum of the plurality of delay and sum signal extracted in
the elevation direction. With this structure, image
resolution in the elevation direction may be improved with
a relatively small circuit, without impairing real-time
property.

Note that the first delay and sum according to the
present invention is a process for calculating the delay
and sum signals in the individual cross-sectional slice
planes. Therefore, if a two-dimensionally arranged probe
having elements arranged in a two-dimensional manner is
used, the first delay and sum circuit may be structured so
as to calculate the delay and sum signals in one or more
cross-sectional slice planes by the two-dimensional delay
and sum. Alternatively, the two-dimensionally arranged
probe may be used as a one-dimensionally arranged probe by
driving only one column of elements in the two-
dimensionally arranged probe so as to obtain one-
dimensional reception signal.

Further, the present invention may be similarly
applied, not only to a reflected wave generated by
reflection of the transmission ultrasonic wave, but also to
a photoacoustic wave induced inside the object by a pulse-
like electromagnetic wave radiated from a pulse laser. 1In
this case, first, an electromagnetic wave source and a

probe are moved continuously as one unit, so that the
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acoustic wave induced by the electromagnetic wave is
received by the probe. In this manner, the three-
dimensional photoacoustic image data may be generated by
the same process as the case of the ultrasonic wave. In
other words, the "acoustic wave" in the present invention
is a concept which includes not only the reflected wave of
the ultrasonic wave transmitted to the object (echo
ultrasonic wave) but also the photoacoustic wave generated
by expansion of an optical absorber inside the living body
caused by the pulse light irradiated onto the object.
According to the structure of the present invention
described above, the three-dimensional ultrasonic wave
image data of a wide area may be obtained by moving the
probe for mechanical scanning. Further, with the addition
of only a small and inexpensive circuit constituted of one
or more delay circuits, image resolution in the elevation
direction may be improved without impairing real-time
property of the delay and sum process and the image
reconstruction process. Therefore, with a relatively
inexpensive apparatus using mechanical scan of the one-
dimensionally arranged probe, there may be realized a
measuring apparatus capable of obtaining high resolution
and uniform three-dimensional ultrasonic wave image data at
high speed. Further, the apparatus adopts the method of
moving the small probe continuously, which makes it easy'to
use the apparatus together with a mammography apparatus

which moves a sensor at a constant speed.
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<Example 1>

(Transmission of Ultrasonic Wave)

With reference to FIGS. 1 and 2, Example 1 of the
present invention is described. FIG. 1 is a diégram
illustrating a principle of a linear scanning method of
transmitting an ultrasonic beam 5 using a one-dimensionally
arranged probe 1 (hereinafter, simply referred to as
"probe"). The ultrasonic wave beam may also be emitted
from one transmission and reception element of the probe 1.
However, usually, as illustrated in FIG. 1, a plurality of
transmission and reception elements are driven (hereinafter,
a group of elements to be driven is referred to as
"tranémission and reception element group 2"), so as to
emit a high intensity and high directivity ultrasonic beam
5. In this case, a transmission control circuit 3 applies
a pulse-like drive signal 4 to individual transmission and
reception elements of the transmission and reception
element group 2 at individual timings, so that each
transmission and reception element is applied with the
drivevsignal 4 a little earlier with increasing distance
outward from the transmission center position. As a result,
ultrasonic waves emitted from the individual transmission
and reception elements propagate in a direction converging
toward the center part as illustrated in FIG. 1, so that a
high intensity transmission beam 5 is formed as a whole so
as to emit from the center part of the transmission and

reception element group 2.
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Immediately after emitting the pulse-like ultrasonic
wave, the transmission and reception element group 2
switches from the transmission operation to the reception
operation, so as to receive the ultrasonic echo (reflected
wave) that is reflected inside the object as described
later. After finishing the reception, an adjacent
transmission and reception element group is selected by a
switch circuit (not shown), which performs the same
transmission and.reception operation as a new transmission
and reception element group 2. In this way, the
transmission and reception element group 2 is moved
sequentially from the left end to the right end of the
probe 1 while the transmission and reception operation is
repeated. Thus, the transmission beam 5 may perform
sequential electronic scan of the inside of the cross-
sectional slice plane perpendicular to the surface of the
probe.

(Reception of Ultrasonic Wave)

FIG. 2 is a diagram illustrating a structure relating
to a reception process performed by the measuring apparatus
according to Example 1. The measuring apparatus includes a
first delay and sum circuit 9, a signal extraction circuit
24, a second delay and sum circuit 27, a detection circuit
11, an image memory 12, and a CPU. The first delay and sum
circuit 9 includes é delay adjustment circuit 7 and an add
circuit 8. The signal extraction circuit 24 includes delay

circuits 23a and 23b. The second delay and sum circuit
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includes a delay adjustment circuit 25 and an add circuit
26.

First, with reference to FIG. 2, an operation of the
measuring apparatus for receiving the reflected wave is
described. It is supposed that the transmission beam 5 is
reflected at a point P at a position of a distance r and is
received by the transmission and reception element group 2.
Then, the reception signals 6 output from the individual
transmission and reception elements are shifted in time
according to a propagation distance of the reflected wave.
In other words, each element of the transmission and
reception element group 2 outputs the reception signal 6 of
the reflected wave reflected from the point P with more
delay as being apart outward from the center position of
the transmission and reception element group 2. Therefore,
with reference to the signal output from the transmission
and reception element at the center position of the
transmission and reception element group 2, delay times of
the reception signals 6 output from the individual
transmission and reception elements are adjusted by the
delay adjustment circuit 7, so that reflection signal
components from the point P included in the reception
signals of the individual transmission and reception
elements are added by the add circuit 8. Thus, a high
intensity signal with a focal point of the point P may be
obtained. The reception element receives ultrasonic echoes

(reflected waves) superimposed from various directions, but
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a sum of_the signals of the ultrasonic echoes from other
points does not become a large signal component because
they have nonuniform phases of the reception waves.

A time t at which the reflected wave from the point P
of the distance r is received at the center position of the
transmission and reception element group 2 may be expressed
as t=2r/c, where c denotes known sound velocity. Therefore,
the distance r to the corresponding reflection position may
be calculated based on the time t, and the signal delay
time of each element may be calculated based on the
calculated r. If the adjustment of delay times is
performed appropriately by the delay adjustment circuit 7
according to the corresponding distance r in real time
together with the reception time t, high intensity one-
dimensional reflection signal waveform may be formed with
adjusted focus at every points. As a result, a reflection
signal waveform of the one-dimensional area along the
transmission beam path, that is, an ultrasonic echo signal
10 may be formed. Therefore, if the transmission and
reception of the ultrasonic beam is repeated by the above-
mentioned electronic scanning method, a one-dimensional
echo signal 13 of a raster scanning format is output as
illustrated in FIG. 3, so that the ultrasonic echo signal
of a cross-sectional slice plane 14 may be obtained.

The output echo signal is a signal having a frequency
component of a transmission wave. Therefore, the echo

signal is converted into envelope intensity by the
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detection circuit 11 and is temporarily stored in the image
memory 12. Then, the CPU reads contents of the image
memory 12 so that the ultrasonic echo image of the cross-
sectional slice is displayed on an image display device
(not shown). In other words, in this example, the
detection circuit li, the image memory 12, and the CPU
constitute the image processing circuit.

Note that, when adding the input signals, the add
circuit 8 may also weight each input signal according to a
position where the signal is obtained. The weighted adding
process 1is called an apodizing process. The apodizing
process has an effect of controlling a reception aperture
and reducing influence of interference waves on the
periphery. The weight may be fixed or variable according
to réception time, depending on the purpose.

(Mechanical Scan)

FIG. 4A is a diagram illustrating an operation of
moving the probe 1 along a route 21 in the elevation
direction mechanically so as to obtain three-dimensional
echo image data of a wide inspection afea 20. Note that a
known mechanism may be used as a moving mechanism of the
probe 1, so illustration and detailed description thereof
are omitted. The probe 1 is moved as illustrated in FIG.
47 at a constant speed, so that the cross-sectional slice
image is obtained repeatedly at individual positions on the
route 21. Then, the obtained cross-sectional slice images

are closely arranged, so that the three-dimensional echo
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image of the entire inspéction area may be obtained.

FIG. 4B illustrates scanning order - of the output
ultrasonic echo signal 22 when the cross-sectional slice
planes are output in the order of .., SL#(n-1), SL#(n),

SL# (n+l), .., while the probe 1 is moving continuously in
the elevation direction. As illustrated in FIG. 4B, the
echo signal 22 illustrated by the solid line of each
ultrasonic wave transmission is calculated and output in
the raster scanning order by the electronic scan inside
each of the cross-sectional slice planes, and the cross-
sectional slice planes are calculated and output at a
constant period in the elevation direction. As a result,
the echo signals at specific positions a, b and ¢ in the
cross-sectional slice planes are output at the constant
period. In this case, the probe may move intermittently by
a step and repéat method or may move continuously. If it
moves continuously, the cross-sectional slice plane is not
exactly perpendicular to the moving direction. However,
for easy understanding, the cross-sectional slice plane is
assumed herein to be perpendicular thereto.

(Two-dimensional Delay and Sum)

With reference to FIG. 2 again, the two-dimensional
delay and sum is described. In Example 1, the signal
extraction circuit 24 including the delay circuits 23a and
23b, and the second delay and sum circuit 27 are added in
the subsequent stage of the first delay and sum circuit 9,

so that the two-dimensional delay and sum may be realized.
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The delay circuits 23a and 23b are cascaded, so that an
output of the first delay and sum circuit 9 (the first add
signal) is supplied to the delay circuit 23b, and an output
of the delay circuit 23b is supplied to the delay circuit
23a. The delay times of the delay circuits 23a and 23b are
each set to a value corresponding to a scanning period for
one slice plane. The first delay and sum circuit 9 outputs
an ultrasonic echo signal in the order illuétrated in FIG.
4B. Accordingly, the signal extraction circuit 24 outputs
in pérallel the echo signals of the successive slice planes
at the same position as illustrated by a, b and ¢ of FIG.
4B. Therefore, if the delay adjustment circuit 25 and the
add circuit 26 are set in the subsequent stage of the
signal extraction circuit 24, the delay and sum in the
elevation direction may be performed.

In Example 1, the delay time of the.delay circuits
23a and 23b is set to a constant value supposing that a
scanning period for the slice plane (scan repeating pitch)
is constant. However, if the repeating pitch is disturbed
or if the time is wasted for a certain reason, there may be
added a unit for controlling start and stop of the delay
circuits 23a and 23b appropriately, so that echo signals at
the same position of the successive cross-sectional slice
planes may always be output in parallel. 1In addition, both
the delay circuits 23a and 23b, and the delay adjustment
circuit 25 are circuits for adjusting delay times.

Therefore, the circuits may be integrated into one delay
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adjustment circuit, or a method of dividing the delay time
may be changed variously. Such a modification does not
change the spirit of the present invention.

FIGS. 5A, 5B, 5C, and 5D are diagrams illustrating a
principle of the synthetic aperture method. Small oval
figures 30 arranged in the diagrams indicate positions of
the transmission and reception elements when the individual
cross-sectional slice planes are scanned, and the point P
indicates an arbitrary target point in the three-
dimensional space. FIG. 5A illustrates. a time point when
the transmission and reception element group indicated by a
rectangular figure 3la scans (n-1)th cross-sectional siice
plane. A part of the ultrasonic wave beam emitted from the
center part Sa propagates in the direction toward the point
P, and a reflected wave thereof is received by the
transmission and reception elements at the positions
falling within the rectangular figure 3la. FIG. 5B
illustrates a state in which the probe has moved to the n-
th cross-sectional slice position. The transmission and
reception element group falling within the rectangular
figure 31b emits the ultrasonic wave beam from the center
part Sb so that a part thereof also propagates in the
direction toward the point P, and a reflected wave thereof
is received by the transmission and reception element group
in the position of the rectangular figure 31b. FIG. 5C
illustrates a state in which the transmission and reception

element group in the position of the rectangular figure 3lc
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transmits and receives the ultrasonic wave with respect to
the point P.

The transmission and reception time point is
different among the cross-sectional slice planes. Here,
the time period from the transmission to the reception is
calculated based on the propagation distance and the sound
vélocity so as to adjust a signal reception time to be
added to each reception element, to thereby add the signals
from the same point P. As a result, as illustrated in FIG.
5D, there may be obtained a result equivalent to the case
where signals received by a virtual two-dimensional probe
constituted of a transmission and reception element group
falling within a rectangular figure 32 are calculated by
the two-dimensional delay and sum. In this manner, despite
the use of the one-dimensional probe, there may be obtained
echo image data having a resolution close to that in the
case where a two-dimensional probe is used, which makes it
possible, in particular, to improve a resolution in the
elevation direction. This method of obtaining the
performance equivalent to that in the case where reception
signals of differént ultrasonic wave transmission times are
combined so as to increase the reception aperture
substantially is a known technique as a synthetic aperture
method.

Therefore, 1f all the reception signals of thé
transmission and reception elements in the past scanning

are stored in the memory device, and if the reception
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signals two-dimensionally arranged are read out from the
memory device simultaneously so as to perform the two-
dimensional delay and sum, the resolution in the elevation
direction may be improved. However, this method has a
prbblem of apparatus cost because a large-capacity memory
device and a circuit for performing delay and sum of many
reception signals in real time are necessary.

FIG. 6 is a diagram illustrating a principle of the
present inventibn for solving the problem of cost. For a
simple description, it is supposed that the target point P
is in the plane of the cross-sectional slice SL#(n). The
ultrasonic beam emitted at right angles from the center SO
of the transmission and reception element group is
reflected at the point P and is received by the
transmission and reception elements at a position RO. Next,
the probe moves to a position of the cross-sectional slice
SL#(n+1l), and emits the ultrasonic beam again from the
position S1 corresponding to the position SO0. The
ultrasonic beam is emitted at right angles, and a part
thereof also propagates in the direction toward the point P
in the cross-sectional slice plane SL#(n), and an
ultrasonic wave reflected at the point P is received at the
point Rl corresponding to the point RO. The delay and sum
of the above-mentioned synthetic aperture method may be
realized by adding the reception signal at the point RO and
the reception signal at the point Rl after being adjusted

in shift of reception time corresponding to propagation
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time from transmission via reflection at the point P to
reception.

Next, consideration is given to a point Q having a
distance from the point S1 in the vertical direction in the
cross-sectional slice plane SL#(n+l) that is equal to the
distance from the point S1 to the point P. 1In this case, a
triangle having the points S1, P, and Rl at each corner is
apparently congruence with a triangle having the points‘Sl,
Q, and Rl at each corner. Therefore, the time of
propagation from the point S1 via the point P to the point
R1 is the same as the time of propagation from the point S1
via the point Q to the point RI1. This relationship applies
not only to the transmission and reception element at the
position of R1 but also to other reception elements in the
same transmission and reception element group. Therefore,
at the position of the cross-sectional slice plane SL# (n+l),
an add signal obtained as a result of the one-dimensional
delay and sum with the point P as the focal point may be
completely the same to an add signal obtained as a result
of the delay and sum with the point Q aé the focal point.
Therefore, it is understood that the two-dimensional delay
and sum with respect to the point P may be realized by
performing the one-dimensional delay and sum for each of
the cross-sectional slice planes temporarily so as to
determine the delay and sum signals of the point P and the
point Q, and then performing an appropriate one-dimensional

delay and sum in the elevation direction so as to add the
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delay and sum signals of the point P and the point Q.

The measuring apparatus of Example 1 illustrated in
FIG. 2 is an apparatus in which the principle described
above is implemented by the real-time process circuit.
When the first add signal 10 output from the first delay
and sum circuit 9 is supplied to the signal extraction
circuit 24, the first add signals concerning the
corresponding points in the three slice planes are
extracted in parallel. Using the signal output from the
signal extraction circuit 24, the second delay and sum
circuit 27 performs the delay and sum based on the
synthetic aperture method, which is equivalent to
performing the two-dimensional delay and sum as described
above.

As a result, compared with the case where only the
one-dimensional delay and sum is simply performed, the
resolution in the elevation direction may be improved.
When N number of transmission and reception elements
contribute to the two-dimensional delay and sum and there
are M number of slice planes, the delay and sum of MxN
input signals is necessary in order to directly perform the
two-dimensional delay and sum. In contrast, the delay and
sum of only M+N input signals is necessary in Example 1.
Therefore, compared with the case where the two-dimensional
delay and sum is performed directly, the circuit scale may
be reduced significantly. Further, because the signal

extraction circuit 24 and the second delay and sum circuit
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27 operate in parallel as a pipeline, the real-time process
may be performed in the same manner as in the case of only
the one-dimensional delay and sum.

<Example 2>

FIG. 7 illustrates a structure relating to a
reception process performed by a measuring apparatus of
Example 2. In Example 2, the delay and sum is performed by
the apodizing process in which a weight is added to each
signal. The apodizing process 1is effective for performing
optimal adjustment of an aperture size according to a focal
point position of the delay and sum, or for reducing
influence of an interference acoustic wave entering from
other directions. In Example 2, weight multiplying
circuits 41 and 42 are additionally provided in the
preceding stages of the add circuit 8 of the first delay
and sum circuit 9 and the add circuit 26 of the second
delay and sum circuit 27, respectively, so that the
apodizing process may be performed. The weight in this
case may be fixed or may be variable according to signal
reception time. Note that in Example 2, the apodizing
process is performed in both fhe first delay and sum
circuit 9 and the second delay and sum circuit 27, but the
apodizing process may be performed only in either one of
the circuits.

<Example 3>

FIG. 8 illustrates a structure relating to a

reception process performed by a measuring apparatus of
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Example 3. In Example 3, a plurality of second delay and
sum circuits are provided, and the plurality of second
delay and sum circuits have different focal point positions
serving as a reference of the delay and sum (position in
the elevation direction).

In FIG. 6, it is supposed that the focal point P
exists in the cross-sectional slice plane obtained by the
mechanical scan for a simple description. However, the
point P may be at any position in principle. Therefore, in
Example 3, the plurality of second delay and sum circuits
set the focal point in different cross-sectional slice
planes so as to perform the delay and sum process.
Specifically, the measuring apparatus of Example 3 includes
four second delay and sum circuits constituted of delay'
adjustment circuits 25a, 25b, 25¢, and 25d, and add
circuits 26a, 26b, 26c, and 26d. The second delay and sum
circuits are each supplied with the same signal from the
signal extraction circuit 24. In addition, the outputs of
the second delay and sum circuits are supplied to
corresponding detection circuits 1lla, 11b, 1llc, and 11d.
With this structure, four cross-sectional slice planes
SL# (4n), SL#(4n+1), SL#{(4n+2), and SL#(4n+3) are calculated
in parallel, and stored in the image memory 12. According
to Example 3, as illustrated in FIG. 9, density of the
cross-sectional slice planes output from the first delay
and sum circuit 9 may be enhanced by four times, so that

voxel density of the output three-dimensional echo image
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data in the elevation direction may be enhanced. Note that
the apodizing process may also be performéd in Example 3.
<Example 4>
FIG. 10 illustrates Example 4. A measuring apparatus
of Example 4 is a photoacoustic mammography apparatus,
which mechanically scans an object surface 20 along the
route 21 by using a probe in which a two-dimensionally
arranged sensor 51 for receiving the photoacoustic wave and
the one-dimensional ultrasonic probe 1 are integrated. The
photoacoustic mammography apparatus irradiates a pulse-like
electromagnetic wave such as a pulse laser to an object and
receives a photoacoustic wave induced inside the object by
the two-dimensionally arranged sensor 51, so as to generate
three-dimensional image data inside the object based on the
reception signal. The two-dimensionally arranged sensor of
the photoacoustic mammography apparatus receives acoustic
waves 1in parallel in a short time after irradiating the
electromagnetic wave. Accordingly, the two-dimensionally
arranged sensor is capable of obtaining a high quality
. signal while moving at a constant speed. Meanwhile, the
one-dimensional ultrasonic probe 1 receives echo ultrasonic
waves similarly to Examples 1 to 3. Then, similarly to
Examples 1, 2, and 3, the two-dimensional delay and sum
process is performed on the reception signal, so that high
resolution ultrasonic wave image data may be obtainedf
According to Example 4, the photoacoustic mammography

apparatus which may obtain photoacoustic image data in the
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wide inspection area 20 and the high resolution ultrasonic
wave image data at high speed may be formed with ease.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent structures
and functions.

This application claims the benefit of Japanese
Patent Application No. 2009-124888, filed May 25, 2009,
which is hereby incorporated by reference herein in its

entirety.
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CLAIMS

1. A measuring apparatus, comprising:

a probe having a plurality of elements for converting
an acoustic wave into an electric signal, the plurality of
elements being arranged at least in a first direction;

a moving mechanism for moving the probe in a second
direction crossing the first direction along an object
surface;

a first delay and sum circuit for performing delay
and sum of the electric signals obtained by the plurality
of elements at individual positions along the second
direction, so as to output a first add signal;

a signal extraction circuit for letting an output of
the first delay and sum circuit to pass through at least
one delay circuit, so as to output in parallel a plurality
of first add signals obtained at different positions;

a second delay and sum circuit for performing delay
and sum of the plurality of first add signals output from
the signal extraction circuit, 'so as to butput a second add
signal; and

an image processing circuit for generating image data
inside an object by using the second add signal.

2. A measuring apparatus according to claim 1,
wherein the plurality of first add signals are obtained by
electronic scan, the plurality of first add signals
corresponding to a plurality of positions in a slice plane

which is parallel to the first direction and crosses the
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second direction.

3. A measuring apparatus according to claim 2,
wherein a delay time of the delay circuit is set to a time
corresponding to a scanning period for one slice plane.

4. A measuring apparatus according to any one of
claims 1 to 3, further comprising a plurality of the second
delay and sum circuits, and the plurality of the second
delay and sum circuits have different focal point positions
serving as a reference of the delay and sum.

5. A measuring apparatus according to any one of
claims 1 to 4, wherein at least one or both of the first
delay and sum circuit and the second delay and sum circuit
perform the delay and sum with a weight assigned to each
signal according to a position where the signal isiobtained.

6. A measuring apparatus according to any one of
claims 1 to 5, wherein the acoustic wave is a reflected
wave generated when the acoustic wave transmitted from the
element ié reflected inside the object.

7. A measuring apparatus according to any one of
claims 1 to 5, wherein the acoustic wave is a photoacoustic
wave induced inside the object irradiated with an

electromagnetic wave.
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FIG. 6
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