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ULTRASONIC RECEIVING APPARATUS AND
ULTRASONIC RECEIVING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic
receiving apparatus and an ultrasonic receiving method to be
used for receiving ultrasonic waves to obtain ultrasonic
images.

[0003]

[0004] Conventionally, in an ultrasonic imaging appara-
tus, a one-dimensional sensor array using a piezoelectric
element including a piezoelectric ceramic represented by
PZT (Pb(lead) zirconate titanate) or a macromolecule piezo-
electric element such as PVDF (polyvinyl difluoride) has
been generally used as an element (vibrator) for transmitting
and receiving ultrasonic waves. Two-dimensional images in
plural cross-sections of an object to be inspected are
obtained while mechanically shifting a one-dimensional
sensor array as described above, and further, by synthesizing
these two-dimensional images, a three-dimensional image is
obtained.

[0005] However, according to this technique, since a time
lag is generated in the shifting direction of the one-dimen-
sional sensor array, cross-sectional images at different time
points are synthesized resulting in blurred synthesized
image. Accordingly, the technique is not suitable to such a
case where images of a living organism as an object are
taken in ultrasonic echo observation or the like.

[0006] In order to obtain high quality three-dimensional
images using ultrasonic waves, a two-dimensional sensor
capable of obtaining two-dimensional images without shift-
ing the sensor array is required.

[0007] However, although minute processing on elements
and wiring to a number of minute elements are required in
the case where the two-dimensional sensor array is manu-
factured using the above-described PZT or PVDF, further
miniaturization and integration of elements exceeding the
state of the art are difficult. Also, even when the above-
described problems are solved, such problems still remain
that the cross talk between elements 1s increased, the SIN
ratio is lowered due to increase of electrical impedance
caused from minute wirings, electrodes of minute elements
get damaged easily, and so on. Therefore, it is difficult to
achieve two-dimensional sensor array using the PZT or the
PVDEF.

[0008] On the other hand, another type of sensor is also
known, in which received ultrasonic wave signal is con-
verted into an optical signal and then detected. As for a
photo-detection type ultrasonic sensor, a sensor in which a
fiber Bragg grating (abbreviated as FBG) is used (sce
TAKAHASHI et al., National Defense Academy “Under-
water Acoustic Sensor with Fiber Bragg Grating”, OPTI-
CAL REVIEW Vol. 4, No.6 (1997) p.691-694), and a sensor
in which a Fabry-Perot resonator (abbreviated as FPR)
structure is used (see UNO et al., Tokyo Institute of Tech-
nology “Fabrication and Performance of a Fiber Optic
Micro-Probe for Megahertz Ultrasonic Field Measurement”,
TIEE Japan, Vol. 118-E, No.11, (1998) p.487-492) arc
reported. When a two-dimensional sensor array is manufac-

1. Field of the Invention

2. Description of a Related Art
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tured by using such an ultrasonic sensor as described above,
the following advantages can be obtained, that is, electrical
wiring to a number of minute elements is not required and
satisfactory sensitivity is obtained.

[0009] Further, a photo-detection type ultrasonic sensor
having a two-dimensional detection surface is also known.
For example, Beard et al., University College London
“Transduction Mechanisms of the Fabry-Perot Polymer
Film Sensing Concept for Wideband Ultrasound Detection”,
IEEE TRANSACTIONS ON ULTRSONICS,
FREROELECTRICS, AND FREQUENCY CONTROL,
Vol.46, No.6, November 1999, p.1575-1582 discloses that a
polymer film having a Fabry-Perot structure is used for
detecting ultrasonic waves. In a film-like ultrasonic sensor
as described above, since processing on a number of minute
elements is not required, the cost can be reduced. The
photo-detection type ultrasonic sensor utilizes an ultrasonic
detecting element having light reflection characteristics
which are changed by receiving ultrasonic waves. Herein,
the term “reflection characteristics” means the relationship
of the reflection intensity of the light with respect to the
wavelengths of the light.

[0010] However, in the ultrasonic detecting element as
described-above, since the reflection characteristics of the
light changes due to temperature or humidity changes,
fluctuation of detection sensitivity is large. Also, in the
ultrasonic detecting element having a two dimensional
detection surface, the light reflection characteristics differ
depending on the position of the detection surface resulting
in fluctuation of the detection sensitivity. Thus, in an ultra-
sonic receiving apparatus to which the optical detection
method is applied, it is a critical problem in practical use to
control the changes or fluctuation of the detection sensitivity
due to ambient factor such as temperature or structural
factor. In order to solve this problem, for example, it is
conceivable to adjust the wavelength of light output from a
light source to a point where the sensitivity of the ultrasonic
detecting element is high. However, it is difficult to adjust
the wavelength of the light output from the light source with
respect to extremely steep reflection characteristics. On the
other hand, such method is also conceivable that a broad-
band light is allowed to enter ultrasonic detecting elements
having different reflection characteristics depending on the
position and the reflected light is separated by a filter.
However, in this case, such problem remains that the struc-
ture of the ultrasonic detecting elements becomes compli-
cated resulting in a higher cost. Furthermore, although such
method is also conceivable that the reflection characteristics
are made to be different from each other depending on each
detection area of the ultrasonic detecting element, in this
case also, the structure of the ultrasonic detecting element
becomes complicated resulting in a higher cost.

[0011] In order to increase the detection sensitivity in the
ultrasonic receiving apparatus as described above, for
example, it is conceivable to increase the inclination of the
optical reflectance in the light reflection characteristics of
the ultrasonic detecting elements, or to increase the compli-
ance of an ultrasonic sensor upon receiving the ultrasonic
wave. However, when the inclination of the optical reflec-
tance in the reflection characteristics is increased, a strict
adjustment accuracy of the wavelength of the light used for
detection is also required. On the other hand, in order to
increase the compliance of the ultrasonic sensor, a softer
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member may be used for the ultrasonic receiving surface of
the ultrasonic sensor. However, owing to this, temperature-
dependency of the reflection characteristics in the ultrasonic
sensor is also increased resulting in an unstable detection
operation.

SUMMERY OF THE INVENTION

[0012] The present invention has been achieved in view of
the above-described problems. An object of the present
invention is, in an optical detection type ultrasonic receiving
apparatus and an ultrasonic receiving method, to increase the
S/N ratio and the like of the detection signal while prevent-
ing the apparatus from getting larger in size and the cost
thereof from increasing.

[0013] In order to solve the above-described problems, an
ultrasonic receiving apparatus according to the present
invention comprises a light source for generating broadband
light, an ultrasonic detecting element including an ultrasonic
sensing portion which is expanded and contracted by a
received ultrasonic wave to change an optical reflectance
thereof in accordance with expansion and contraction
thereby performing intensity modulation of the light gener-
ated by the light source, spectrum separating means for
spectrum-separating the light intensity-modulated by the
ultrasonic detecting element, photo detecting means having
a plurality of photoelectric converting elements for detecting
the light spectrum-separated by the spectrum separating
means for each of the plural wavelength components to
generate at least a first detection signal obtained by detecting
a first wavelength component and a second detection signal
obtained by detecting a second wavelength component, and
processing means for carrying out processing operation
using the first detection signal and the second detection
signal so as to obtain information about the ultrasonic wave
received by the ultrasonic detecting element.

[0014] Herein, the above-described spectrum separating
means may spectrum-separate the plural light beams guided
from the plural detection areas of the ultrasonic detecting
element in bulk. Also, the above-described photo detecting
means may detect the plural light beams which are spec-
trum-separated by the spectrum separating means with
respect to the respective wavelengths.

[0015] An ultrasonic receiving method according to the
present invention comprises steps of (a) allowing light to
enter an ultrasonic detecting element including an ultrasonic
sensing portion which is expanded and contracted by a
received ultrasonic wave to change an optical reflectance
thereof in accordance with expansion and contraction
thereby performing intensity modulation of the incident
light, spectrum-separating the light intensity-modulated by
the ultrasonic detecting element and detecting the spectrum-
separated light for each of plural wavelength components by
using photo detecting means having a plurality of photo-
electric converting elements to generate at least a first
detection signal obtained by detecting a first wavelength
component and a second detection signal obtained by detect-
ing a second wavelength component with respect to each of
plural detection areas of the ultrasonic detecting element,
and (b) carrying out processing operation using the first
detection signal and the second detection signal so as to
obtain information about the ultrasonic wave received at
each of the plural detection areas of the ultrasonic detecting
element.
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[0016] Herein, step (b) may include adding the first detec-
tion signal and the second detection signal to each other after
inverting the phase of either one thereof.

[0017] According to the present invention, since the pro-
cessing is carried out on the basis of the plural detection
signals obtained by detecting the plural wavelength compo-
nents of the modulated light by using the ultrasonic detect-
ing element, the S/N ratio or the like of the detection signals
can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram showing a configuration
of an ultrasonic imaging apparatus to which an ultrasonic
receiving apparatus according to a first embodiment of the
present invention is applied;

[0019] FIG. 2 is a schematic diagram illustrating the
constitution of an ultrasonic receiving unit as shown in FIG.
1

[0020] FIG. 3 is a diagram illustrating the constitution of
an AWG spectrum-separating element;

[0021] FIG. 4 is a diagram for explaining the principle of
ultrasonic detection of an ultrasonic detecting element as
shown m FIG. 2;

[0022] FIG. 5 is an expanded cross sectional view show-
ing an ultrasonic detecting element, a collimating portion
and a joint portion of optical transmission paths as shown in
FIG. 2,

[0023] FIG. 6 is the flowchart showing the operation of an
ultrasonic imaging apparatus including the ultrasonic receiv-
ing apparatus according to the first embodiment of the
present invention,

[0024] FIGS. 7A-7C are diagrams for explaining the
operation of the ultrasonic receiving apparatus according to
the first embodiment of the present invention;

[0025] FIGS. 8A-8C are diagrams showing changes of
optical reflection characteristics in the ultrasonic detecting
clement;

[0026] FIGS. 9A-9C are diagrams for explaining a signal
processing method in the operation of the ultrasonic receiv-
ing apparatus according to the first embodiment of the
present invention,

[0027] FIGS. 10A-10C are diagrams showing changes of
optical reflection characteristics in the ultrasonic detecting
element;

[0028] FIGS. 1A-11C are diagrams for explaining
another signal processing method in the operation of the
ultrasonic receiving apparatus according to the first embodi-
ment of the present invention,

[0029] FIG. 12 is a block diagram showing the configu-
ration of an ultrasonic imaging apparatus to which an
ultrasonic receiving apparatus according to a second
embodiment of the present invention is applied,

[0030] FIG. 13 is the flowchart showing the operation of
the ultrasonic imaging apparatus including the ultrasonic
receiving apparatus according to the second embodiment of
the present invention;
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[0031] FIGS. 14A-14C are diagrams for explaining signal
processing method in the operation of the ultrasonic receiv-
ing apparatus according to the second embodiment of the
present invention,

[0032] FIG. 15 is a diagram illustrating a modification of
the ultrasonic receiving apparatus according to the first or
second embodiment of the present invention; and

[0033] FIGS. 16A and 16B are diagrams illustrating other
modifications of the ultrasonic receiving apparatus accord-
ing to the first or second embodiment of the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Now, referring to the drawings, embodiments of
the present invention will be described in detail. The same
component elements will be given with the same reference
numerals and the descriptions thereof will be omitted.

[0035] FIG. 1 is a block diagram showing an ultrasonic
imaging apparatus to which an ultrasonic receiving appara-
tus according to a first embodiment of the present invention
is applied. The ultrasonic receiving apparatus comprises an
ultrasonic receiving unit 1 for receiving ultrasonic waves to
output detection signals, a signal processing unit 2 for
processing detection signals output from the ultrasonic
receiving unit 1, and a timing control unit 3. The ultrasonic
imaging apparatus further comprises an image memory
(secondary storage unit) 61, an image processing unit 62, a
graphic display unit 63, an ultrasonic transmitting unit 80,
and a drive signal generating circuit 81.

[0036] The ultrasonic receiving unit 1 includes a light
source 11, a beam separator 12, an ultrasonic detecting
element 20, a spectrum-separating element 15, and a pho-
todetector 16. The ultrasonic receiving unit 1 converts a
received ultrasonic signal into an optical signal and trans-
mits the same, and further, converts the optical signal into a
detection signal, which is an electrical signal, and outputs
the same. The photodetector 16 has a plurality of photoelec-
tric converting elements for detecting plural spectrum-sepa-
rated wavelength components corresponding to respective
areas of the ultrasonic detecting element 20. The constitution
of the ultrasonic receiving unit 1 will be described later in
detail.

[0037] The signal processing unit 2 includes a TGC (time
gain compensation) amplifier 51, an A/D converter 52, a
primary storage unit 53, a phase matching unit 54, an
operating wavelength control unit 35 and a processor 56.
The signal processing unit 2 processes the detection signal
output from the ultrasonic receiving unit 1 to generate a
signal representing information such as intensity of an
ultrasonic wave at a plurality of detection areas of the
ultrasonic receiving unit 1.

[0038] The TGC amplifier 51 adjusts the attenuation of the
ultrasonic wave within an object to be inspected by ampli-
fying the detection signal output from the photodetector 16
while changing the gain corresponding to the detection time.
The A/D converter 52 converts detection signals into digital
signals (data). The primary storage unit 53 stores these
signals in chronological order. The phase matching unit 54
performs processing operation based on the data stored in
the primary storage unit 53 to adjust the phase.
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[0039] When a calibration is carried out before receiving
ultrasonic wave, the operating wavelength control unit 55
decides, on the basis of the signal output from the photo-
detector 16, as to which photoelectric converting elements
should be selected from among the plurality of photoelectric
converting elements corresponding to each detection area of
the ultrasonic detecting element 20 for detecting the ultra-
sonic wave. According to the present invention, plural
detection signals are used corresponding to one detection
area. In the first embodiment, two photoelectric converting
elements are selected corresponding to one detection area in
order to obtain a first detection signal and a second detection
signal. Accordingly, corresponding to plural detection areas,
a plurality of first photoelectric converting elements and a
plurality of second photoelectric converting elements, that
is, two sets of photoelectric converting elements are
selected. Also, upon receiving ultrasonic waves, the operat-
ing wavelength control unit 55 controls the photodetector 16
or the signal processing unit 2 so that the detection signals,
which are output from the selected two sets of photoelectric
converting elements, are stored in the primary storage unit
53.

[0040] Further, the processor 56 performs processing
operation by using two sets of detection signals (data) stored
in the primary storage unit 53 to obtain intensity or the like
of the ultrasonic wave.

[0041] The image memory (secondary storage unit) 61
stores plural plane data based on phase-aligned data. The
image processing unit 62 reconstitutes two-dimensional data
or three-dimensional data on the basis of these data, and
performs interpolation, response modulation processing and
gradation processing and so on. The graphic display unit 63
is a display apparatus, for example, such as a CRT or LCD,
which displays images based on these processed image data.

[0042] The drive signal generating circuit 81 generates a
drive signal for transmitting ultrasonic wave. The ultrasonic
transmitting unit 80 transmits an ultrasonic wave in accor-
dance with the drive signal generated from the drive signal
generating circuit 81. The ultrasonic transmitting unit 80
comprises, for example, a vibrator in which an electrode is
formed on a piezoelectric element. The piezoelectric ele-
ment includes a material having piezoelectric characteristics
such as a piezoelectric ceramic represented by PZT (Pb
(lead) zirconate titanate) or a macromolecule piczoelectric
element represented by PVDF (polyvinyl difluoride). When
a voltage is applied to the electrode of the vibrator from the
drive signal generating circuit 81 by providing a pulse-like
electric signal or a continuous wave electric signal, the
piezoelectric element expands and contracts due to the
piezoelectric effect. Owing to this, ultrasonic pulses or
continuous ultrasonic waves are generated from the vibrator.

[0043] The timing control unit 3 controls the drive signal
generating circuit 81 so as to generate a drive signal at a
predetermined timing, and controls the signal processing
unit 2 so as to take in a detection signal output from the
photodetector 16 when a predetermined time has passed
after the transmission time.

[0044] The ultrasonic detecting element 20 and the ultra-
sonic transmitting unit 80 may be disposed separately as
shown in FIG. 1. Alternatively, an ultrasonic probe may be
formed by combining the ultrasonic detecting element 20
and the ultrasonic transmitting unit 80.
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[0045] FIG. 2 is a schematic diagram illustrating the
constitution of the ultrasonic receiving unit 1 as shown in
FIG. 1. The ultrasonic receiving unit 1 further includes a
collimator lens 17 that makes the light emitted from the light
source 11 into parallel light beams and guides the same to
the beam separator, and a collimator lens 18 that makes light
reflected from the ultrasonic detecting element 20 into
parallel light beams and guides the same to the beam
separator. Also, optical transmission path 13 and collimating
portion 14 are provided to guide the light beam between the
collimator lens 18 and the ultrasonic detecting element 20.

[0046] Hereinafter, the relationship between the wave-
length of the light beam and the reflection intensity of the
light beam in the ultrasonic detecting element 20 will be
referred to as reflection characteristics.

[0047] As for the light source 11, it is preferred to use a
light source having a bandwidth that can cover a range
exceeding the inclined band of the reflection characteristics.
As a light source that generates broadband light beam as
described above, for example, an LED (light emitting
diode), an SLD (supper luminescent diode), ASE (Amplified
Spontaneous Emission) light source, an LD (laser diode)
which has a relatively large beam width, or the like is
applicable.

[0048] The beam separator 12 comprises a half mirror, an
optical circulator, a polarizing beam splitter or the like. The
beam separator 12 allows an incident light that enters from
a first direction to pass through to a second direction, and
reflects the light returned from the second direction toward
a third direction different from the first direction. In the first
embodiment, a half mirror is used as the beam separator 12.
The half mirror allows the incident light to pass through in
the direction opposite to the incident direction, and reflects
the light returned from a direction opposite to the incident
direction toward the direction substantially perpendicular to
the incident direction.

[0049] The optical transmission path 13 guides the light,
which has passed through the beam separator 12, to the
ultrasonic detecting element 20. As for the optical transmis-
sion path 13, a bundle fiber, in which a number of optical
fibers (for example, 1024 fibers) are bundled, is used. FIG.
2 shows optical fibers OF,-OF,, disposed on a line. As
shown in FIG. 2, a number of optical fibers are bundled into
a configuration in accordance with the receiving surface (for
example, a circular configuration) at the ultrasonic detecting
element side (left side in the figure) and are disposed on a
line at the beam separator 12 side (right side in the figure).
Alternately, optical fibers disposed on a line may be piled up
into several layers.

[0050] The front end of the optical transmission path 13 is
connected to the ultrasonic detecting element 20 via the
collimating portion 14 with the optical axes thereof aligned
with each other. The collimating portion 14 includes, for
example, a collimator lens array in which a plurality of
collimator lenses are arrayed. The constitution of the optical
transmission path 13 and the collimating portion 14 will be
described later in detail.

[0051] The ultrasonic detecting element 20 has a two-
dimensional receiving surface 20a, which is distorted by
propagated ultrasonic wave, and an ultrasonic sensing por-
tion which is expanded and contracted corresponding to the
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ultrasonic wave received by the receiving surface 20a. Since
an optical reflectance of the ultrasonic sensing portion
changes in correspondence with the expansion and contrac-
tion, the light entered the ultrasonic detecting element 20 via
the optical transmission path 13 and the collimating portion
14 is subjected to intensity modulation and then reflected.

[0052] The spectrum-separating element 15 comprises, for
example, a diffraction grating, a prism or the like and outputs
the incident light in the different directions in accordance
with wavelength thereof. That is, the spectrum-separating
element 15 spectrum-separates the light beams L,-L,;, which
are output parallel from the optical fibers OF,-OF,,, and
guides a plurality of spectrum-separated light beams to the
photodetector 16.

[0053] Alternatively, as the spectrum-separating element
15, an AWG (array waveguide grating) spectrum-separating
element may be used. FIG. 3 shows the constitution of the
AWG spectrum-separating element.

[0054] As for the AWG spectrum-separating element, gen-
erally, an array waveguide grating included in a planar
lightwave circuit (PLC) is used. As shown in FIG. 3, the
array waveguide grating is constituted by connecting an
input-side slab waveguide 92, which is connected with one
input waveguide 91, with an output-side slab waveguide 94,
which is connected with plural output waveguides 93a, 93b,
... by means of plural array waveguides 95a, 95b, . . .
having a predetermined difference in waveguide length.

[0055] The input-side slab waveguide 92 has a sector-like
form having a center of curvature at an end of the input
waveguide 91. Also, the output-side slab waveguide 94 has
a sector-like form having a center of curvature at an end of
the plural output waveguides 93a, 93b, . .. . The plural array
waveguides 95a, 95D, . . . are disposed radially so that each
optical axis goes through both of the centers of curvature of
the input-side slab waveguide 92 and the output-side slab
waveguide 94. Owing to this, the input-side slab waveguide
92 and the output-side slab waveguide 94 provide function
same as a lens.

[0056] An incident light having plural different wave-
lengths Xk enters the input waveguide 91 and is guided
into the plural array waveguides 954, 95b, . . . by means of
the lens function of the array waveguide 92. The plural
wavelength components included in the incident light are
exited in the array waveguide path 934, 95D, . . . and are
guided into the plural output waveguides 93a, 935, . . .
having waveguide lengths corresponding to the respective
wavelengths.

[0057] Now, referring to FIG. 2 again, the photodetector
16 detects plural wavelength components which have been
spectrum-separated by the spectrum-separating element 15.
As for the photodetector 16, a two-dimensional photoelec-
tric converter, in which a plurality of photoelectric convert-
ing elements are disposed two-dimensionally, and is capable
of detecting the incident light separately on the basis of the
position thereof, is used. For example, a PDA (photodiode
array), a MOS-type sensor or the like may be used. Alter-
natively, a programmable two-dimensional sensor such as a
CCD (charge coupled device) may be used.

[0058] These optical elements are disposed so that a
component having a predetermined wavelength included in
a light beam, which is reflected from a predetermined minute
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area of the ultrasonic detecting element, enters a predeter-
mined photoelectric converting element of the photodetector
16. In the first embodiment, the light beams L, L,, . . .
output from the optical fibers OF,, OF,, . . . , which are
connected to the different areas of the ultrasonic detecting
element, are respectively related to the first column, the
second column, . . . of the photoelectric converting elements
which are disposed two-dimensionally. Also, the wave-
lengths A1, 22, . . . of the spectrum-separated components
are respectively coupled with the first column, the second
column . . . of the photoelectric converting element. By
arranging an optical system so that the above-described
relationship is obtained, a signal, which is output from a
photoelectric converting element positioned at the n-th row
and m-th column in the photodetector 16, is identified as a
component having a wavelength A included in a light beam
L, which is output from the optical fiber OF ..

[0059] Next, referring to FIG. 4, the structure of the
ultrasonic detecting element 20 and the detecting principle
of the ultrasonic wave will be described in detail. The
ultrasonic detecting element 20 is a multi-layered sensor
including a substrate 21 and a multi-layered film 22 lami-
nated on the substrate.

[0060] The substrate 21 is a film-like substrate that gen-
erates distortion by receiving ultrasonic wave and has, for
example, a circular configuration of approximately 2 cm in
diameter or a larger area. Formed on the substrate 21 is a
multi-layered film 22 having a Bragg grating structure. The
multi-layered film 22 is formed by alternately laminating
two material layers which have the refractive indexes dif-
ferent from each other. In FIG. 4, material layers A having
a refractive index n, and material layers B having a refrac-
tive index n, are shown Assuming that a pitch (distance) of
a periodical structure of the multi-layered film 22 is “d”, and
that the wavelength of the incident light is “}%”, the reflection
condition of Bragg is expressed by the following formula.

2d-sin O=mh [€))

[0061] Herein, “0” denotes an angle formed between the
incident plane and the incident light and “m” is arbitrary
integer number. Assuming that 6=n/2, the following formula
is held.

2d=mn @)

[0062] Bragg grating selectively reflects the light having a
specific wavelength, which meets the reflection conditions
of Bragg, and transmits the light having other wavelength.

[0063] When the ultrasonic wave is propagated to the
ultrasonic detecting element 20, the substrate 21 is distorted
accompanying the propagation of the ultrasonic wave, and
the pitch “d” of the periodical structure changes at the
respective positions of the multi-layered film 22. Accompa-
nying this, the wavelength “A” of the selectively reflected
light changes. In the reflection characteristics of Bragg
grating, there is an inclined band, where the optical reflec-
tance changes, in the vicinity of a central wavelength under
which an optical reflectance is the highest (i.e., an optical
transmittance is the lowest). While allowing the light, which
has a central wavelength within the range of the inclined
band, to enter the multi-layered film 22, an ultrasonic wave
is applied to the substrate 21. Then, it is possible to observe
changes in the intensity of the reflected light (or transmitted
light) corresponding to the intensity of the ultrasonic wave
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at the respective points on the receiving surface. By con-
verting the changes in the intensity of the light into the
intensity of the ultrasonic wave, two-dimensional strength
distribution information of the ultrasonic wave can be
obtained.

[0064] As for the material of the substrate 21, optical glass
such as silica glass (S10,), BK7 (a product of SCHOTT), or
the like is used. As for the substances used for the material
layers A and B, a combination of substances having refrac-
tive indexes differ by 10% or more from each other is
preferred. For example, a combination of SiO, and titanium
oxide (Ti,0,), a combination of SiO, and tantalum oxide
(Ta,0y), or the like is mentioned. Material layers A and B
are formed on the substrate 21 by means of vacuum depo-
sition, sputtering or the like.

[0065] In order to reduce the multiple reflection of the
ultrasonic wave, it is effective to elongate the distance
through which the ultrasonic wave propagates. When the
ultrasonic wave propagates, not a little of the ultrasonic
wave attenuates. The longer propagation distance results in
the larger attenuation amount. Therefore, by ensuring
enough propagation distance, it is possible to attenuate the
ultrasonic wave satisfactorily before a time point when an
ultrasonic wave, which is propagated to an end, is reflected
at the other end and returns to the one end. Accordingly, in
the first embodiment, an optical fiber is used as the optical
transmission path, and received ultrasonic wave is allowed
to propagate through the optical fiber. That is, the optical
transmission path has a function to pass the light there-
through and a function as the backing portion for attenuating
the ultrasonic wave as well.

[0066] FIG. 5 is an expanded sectional view showing a
part of optical transmission path 13, the collimating portion
14 and the ultrasonic detecting element 20 as shown in FIG.
2. As shown in FIG. 3, plural optical fibers OF , OF,, . . .
included in the optical transmission path (bundle fiber) 13
are connected to plural collimator lenses 14 included in the
collimating portion (collimator lens array) 14 respectively
with the optical axes thereof being aligned with each other.
Further, plural collimator lens 14a are disposed in a two-
dimensional state and connected to the ultrasonic detecting
element 20. The plurality of optical fibers OF,, OF,, . . . is
bundled by using an adhesive agent 25.

[0067] The optical fibers OF,, OF,, . . . are, for example,
single mode or multi mode fibers of approximately 2 m in
length and are covered with a member (covering material
23) including a resinous material having a low viscosity. In
order to attenuate the ultrasonic wave during the propagation
through the optical fiber, propagation energy loss of the
ultrasonic wave is further increased by covering the optical
fiber with the above member, resulting in earlier ultrasonic
wave attenuation.

[0068] The lights transmitted in the optical fibers OF,,
OF,, . . . are diffracted when the lights output from the
optical fibers. Due to this, in the case where the optical fibers
OF,, OF,, . . . are connected directly to the ultrasonic
detecting element 20, the lights are diffused resulting in an
unsatisfactory interference within the ultrasonic wave
detecting element. As a result, detection sensitivity of the
ultrasonic detecting element becomes largely decreased. In
order to avoid this phenomenon, the collimator lens 14a is
connected at an end of each of the optical fibers OF,, OF2,
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. . . to prevent the output light from being diffused. The
collimating lens array including a plurality of collimator
lenses 14a collimates the light guided by the respective
optical fibers with respect to plural positions within an
ultrasonic receiving plane of the ultrasonic detecting ele-
ment 20.

[0069] As for the collimator lens 144, a gradient index lens
(hereinafter, abbreviated to GRIN lens) is used. The GRIN
lens is known as, for example, the product name of Selfoc
(registered trademark of NIPPON SHEET GLASS CO.,
LTD.) lens. The GRIN lens is a gradient refractive index
type lens having a refractive index that differs depending on
the position, and the optical characteristics thereof change
by changing the length. For example, when the GRIN lens
is adapted so that the length thereof is % of a distance
between an object and an image (a pitch under which the
light focuses electing image), incident light is output in
parallel light.

[0070] In the first embodiment, Selfoc lens array NAO.46
(a product of NIPPON SHEET GLASS CO., LTD.), in
which a number of Selfoc lenses are disposed, is used at a
length of 0.25L (L: a distance between an object and an
image), and each Selfoc lens as a collimator lens 144 is
connected to the optical fiber.

[0071] As shown in FIG. 5, the collimator lenses 142 may
be covered with a covering material 23 in order to allow the
ultrasonic wave to attenuate earlier as same as the case of the
optical fibers OF, OF,, . . ..

[0072] The optical fiber and the collimator lens, or, the
collimator lens and the ultrasonic detecting element are
connected to each other by means of a fusion bond or an
adhesive agent. In the case of using the adhesive agent, it is
preferred to use a resinous adhesive agent including epoxy
series adhesives. The reason is as follows. In the adhesive
agent as described above, since the acoustic impedance
thereof is close to that of the members of the optical fiber and
the collimator lens and the substrate of the ultrasonic detect-
ing element, it is possible to prevent the ultrasonic wave
from being reflected at each boundary of the respective
members during the propagation. Also, as for the adhesive
agent 25 for bundling the plurality of optical fibers, it is
preferred to use a resinous adhesive agent including epoxy
series adhesives. Because such adhesive agent can attenuate
the ultrasonic wave, prevent cross talk of the ultrasonic wave
between the neighboring optical fibers, and maintain the
flexibility as a cable. In the first embodiment, STYCAST (a
product of Emerson & Cuming) is used as the adhesive
agent.

[0073] Next, referring to FIG. 2, FIG. 6 and FIGS.
7A-7C, the operation of the ultrasonic receiving apparatus
according to the first embodiment will be described. FIG. 6
is a flowchart illustrating the operation of an ultrasonic
imaging apparatus including the ultrasonic receiving appa-
ratus according to the first embodiment.

[0074] First of all, before receiving ultrasonic wave, a
calibration is carried out to set up the wavelength of the light
used for ultrasonic wave detection, that is, operation wave-
length. Herein, the term “calibration” means an operation in
which the reflection characteristics of the ultrasonic detect-
ing element at certain time points are measured to determine
the wavelength components to be adopted as the detection
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signals. In the first embodiment, pixel signals are generated
by using a first detection signal and a second detection signal
that are obtained from two predetermined wavelength com-
ponents from among the plural wavelength components
included in a broadband light. The ultrasonic detecting
elements are extremely sensitive to the ambient circum-
stances such as temperature, humidity and the like, and the
optical reflection characteristics are apt to change. For
example, a central wavelength of a reflected light from the
ultrasonic detecting element, which uses Bragg grating,
changes at a rate of 0.01 nm/° C. Further, in the ultrasonic
detecting elements having two-dimensional receiving plane,
a structural fluctuation is included in each minute area of the
receiving plane. Therefore, before receiving the ultrasonic
wave, two operating wavelengths are set up for each minute
area of the ultrasonic detecting element.

[0075] The calibration may be carried out any time after
the reception of the ultrasonic wave has started.

[0076] At step S1, the ultrasonic receiving apparatus is
activated. Then, for example, broadband light having the
spectrum characteristics as shown in FIG. 7A is output from
the light source 11. The light output from the light source
passes through the collimator lens 17, the beam separator 12
and the collimator lens 18, and enters the optical fibers
OF-OF, disposed on a line. The light transmitted via each
optical fiber enters each minute area of the ultrasonic
detecting element 20, and the light reflected in accordance
with the optical reflectance of each minute area is output
from the optical fiber. The light beams 1,-L,,, which are
output from the optical fibers OF,-OF,,, pass through the
collimator lens 18 again, reflected by the beam separator 12,
and enter the spectrum-separating element 15. The light
beams L,-L, are spectrum-separated by the spectrum-sepa-
rating element 15, and each wavelength component enters
the plurality of photoelectric converting elements included
in the respective columns of the photodetector 16 in corre-
spondence with the wavelength.

[0077] Owing to this, at step S2, detection signals of the
photoelectric converting elements corresponding to the
wavelengths A,-hy are obtained from respective columns in
the photodetector 16 corresponding to the light beams
L,-L,,. The signal output from each photoelectric converting
element is converted into data by the TGC amplifier 51 and
the A/D converter 52, and stored in the primary storage unit
33. FIG. 7B is a graph obtained on the basis of a signal
output from a photoelectric converting element included in
the m-th column in the photodetector 16. FIG. 7B shows a
spectrum distribution of the light beam L, which has
passed through the optical fiber OF  and reflected from the
corresponding minute area of the ultrasonic detecting ele-
ment. As shown in FIG. 7B, the light beam L has the highest
intensity at the wavelength Ay where the light beam is
selectively reflected in accordance with the Bragg’s reflec-
tion conditions.

[0078] Then, at step S3, two photoelectric converting
elements to be used for detection are selected on each
column in the photodetector 16. As shown in FIG. 7C, the
operating wavelength control unit 55 calculates optical
reflection characteristics of each minute area on the basis of
the signals obtained at step S2, determines plural wave-
lengths (operating wavelengths) to be used for detection
based thereon, and selects two photoelectric converting
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elements where these wavelength components enter. As for
the determination method of the operating wavelengths, a
detailed description will be given later.

[0079] In the same manner as described above, on the
plurality of columns where the light beams L;, L.2, .. . output
from the optical fibers OF,, OF,, . . . enters, the operating
wavelengths are set up by selecting two sets of photoelectric
converting elements for obtaining the detection signals.

[0080]

[0081] At step S4, the ultrasonic receiving apparatus is
activated. Then, the broadband light output from the light
source enters each minute area of the ultrasonic detecting
element 20 via the optical fibers OF,-OF,,. The light beams
L,-L,; reflected from each minute area are spectrum-sepa-
rated by the spectrum-separating element 15 and enter the
photodetector 16.

[0082] Then, at step S5, an ultrasonic wave is transmitted
from the ultrasonic transmitting unit 80 included in the
ultrasonic imaging apparatus, and an echo wave reflected by
an object to be inspected is received. Owing to this, the pitch
of the periodical structure in each minute area of the
ultrasonic detecting element 20 changes and the reflection
characteristics of Bragg grating change. Therefore, the
intensity of the light, which enters the photoelectric con-
verting elements selected at step S3, also changes.

[0083] Then, at step S6, detection signals, which are
output from at least selected two sets of photoelectric
converting elements, are obtained. The photodetector 16
outputs detection signals from the photoelectric converting
element, which is selected at step S3, to the signal process-
ing unit 2 under the control of the operating wavelength
control unit 35.

[0084] The detection signals obtained at step S6 are pro-
cessed in the TGC amplifier 51 and the A/D converter 52 and
stored in the primary storage unit 53 in time series (step S7).

[0085] Then, at step S8, the processor 56 performs pro-
cessing operation by using the detection signals stored in the
primary storage unit §3. The processing operation is carried
out using the selected two sets of signals for one column of
photoelectric converting elements included in the photode-
tector. The resultant signals represent signal (pixel signal)
concerning one pixel. The processing operation will be
described later in detail. These detection signals are stored
again in the primary storage unit 53 in time series.

[0086] At step S9, the phase matching unit 54 performs a
phase alignment on the detection signals stored after the
above-described processing operation.

[0087] Further, at step S10, the phase-aligned signals are
stored in the image memory 61 frame-by-frame, and further,
reconstituted as a two-dimensional or three-dimensional
data by the image processing unit 62, and then subjected to
image processing such as interpolation, response modulation
processing, gradation processing and so on. After that,
images based on those signals are displayed on the graphic
display unit 63.

[0088] Next, the setting of the operating wavelength and
the processing of the detection signals will be described in
detail.

Then, the ultrasonic wave is received.
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[0089] FIG. 7C shows the reflection characteristics of
Bragg grating in a minute area of an ultrasonic detecting
element corresponding to a light beam Lm. As previously
described, in these reflection characteristics, there are
inclined bands Ak, and Ak, where the optical reflectance
changes, in the vicinity of the central wavelength 2. where
the optical reflectance is the highest. The intensity of the
wavelength components A, and h_, having the central wave-
length within the inclined bands Ak, and A% is changed
largely by geometrical changes of the ultrasonic detecting
element caused by receiving the ultrasonic wave. That is to
say, in the spectrum-separated area of the inclined band A}
and Ah_, large intensity changes can be observed. By
converting the intensity changes into the intensity of the
ultrasonic wave, it is possible to obtain information of the
received ultrasonic wave. However, in the case where the
intensity changes are too small, or, in the case where too
large noises are included, accurate measurement cannot be
achieved. Therefore, in the first embodiment, the obtained
signals are subjected to processing operation in order to
amplify the detection signal to increase the S/N ratio.
Hereinafter, the processing operation will be described con-
cretely.

[0090] (1) In the Case of Selecting a Plurality of Wave-
lengths Having Equal Optical Reflectance

[0091] As shown in FIG. 8A, the wavelength components
) and Ay having predetermined optical reflectance of, for
example, 25% at both sides of the central wavelength A,
where an optical reflectance is the highest, are determined as
the operating wavelength. When an ultrasonic wave is
received, the reflection characteristics change as shown in
FIGS. 8A-8C in the period of time t,-t,. Accompanying this,
the intensity of each wavelength components h, and kg
changes as shown in FIGS. 9A and 9B. Herein, FIG. 9A
shows a waveform of the detection signal S, representing
the intensity of the wavelength component 2., and FIG. 9B
shows a waveform of the detection signal Sy representing
the intensity of the wavelength component .

[0092] When the wavelengths ., and %y at both sides of
the wavelength A are selected as the operating wavelength,
signals having amplitudes of the same absolute value and
opposite phases are obtained as shown in FIGS. 9A and 9B.
Therefore, in this case, the phase of either one of the signals
is inverted and then, both are added to each other. For
example, as shown in FIG. 9B, an inversion signal Sg-bar
of a detection signal Sy is obtained and then, a detection
signal S, and the inversion signal Ss-bar are added to each
other as shown in FIG. 9C. The resultant signal is obtained
as a pixel signal.

[0093] Herein, assuming that the absolute values of the
amplitude of the signals S, and Sy, are |S,| and |Sg|, and the
noises thereof are N, and Ny, respectively, the added signal
amplitude is held as |S,|+[Sg|, and the added noise level is
held as (N,*+Np %2 Accordingly, the S/N ratio is
expressed by the following formula:

SIN=(Sal+Sal/(NA" N



US 2003/0187355 Al

[0094] Herein, since the absolute values of the amplitude
of both signals are equal to each other, the following is
obtained:

SIN =2-1s4] [N}

=2 |54 | [Na

[0095] As described above, when the detection signal S,
or Sy is used separately as a pixel signal, the S/N ratio is
S /N, or Sg/Ny. However, by carrying out the processing
operation using a plurality of signals, the S/N ratio increases
to, for example, 2V times thereof. Further, in the signal
obtained by the processing operation, since the added signal
amplitude becomes almost constant, the following merit is
obtained. That is, even when the initial condition of the
reflection characteristics has been shifted due to temperature
changes or the like, the signal is hardly affected by level
fluctuation and waveform deformation due to temperature
changes or the like.

[0096] (2) In the Case of Sclecting Plural Wavelengths
Having Different Optical Reflectance

[0097] As shown in FIG. 10A, wavelengths having dif-
ferent optical reflectance, for example, 25% and 50% are
determined as the operating wavelength. When wavelengths
L and A, at the same side of the wavelength . are selected
as the operating wavelengths, the reflection characteristics
change as shown in FIGS. 10A-10C by receiving an ultra-
sonic wave, and as a result, detection signals S and Sp
having the same phase are obtained as shown in FIGS. 11A
and 11B. In this case, a pixel signal can be obtained by
simply adding the detection signal S.. to the detection signal
Sp as shown in FIG. 1C.

[0098] In the first embodiment, a single pixel signal is
obtained by processing two detection signals obtained from
two wavelength components included in one light beam. The
same processing operation may be made using three or more
detection signals obtained from three or more wavelength
components.

[0099] Next, referring to FIG. 12, an ultrasonic receiving
apparatus according to a second embodiment of the present
invention will be described. FIG. 12 is a block diagram
showing the ultrasonic imaging apparatus to which an
ultrasonic receiving apparatus according to the second
embodiment is applied.

[0100] As shown in FIG. 12, the ultrasonic imaging
apparatus has a signal processing unit 4 in place of the signal
processing unit 2 in the first embodiment. The ultrasonic
receiving apparatus according to the second embodiment
comprises the ultrasonic receiving unit 1, the signal pro-
cessing unit 4 and the timing control unit 3. The second
embodiment is different from the first embodiment in the
operation of the signal processing. The constitution other
than the above is the same as that of the first embodiment.

[0101] The signal processing unit 4 includes an inversion
circuit 71, an adder circuit 72, a TGC amplifier 73, an A/D
converter 74, a primary storage unit 75, a phase matching
unit 76, an operating wavelength control unit 77 and a
selector circuit 78.
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[0102] Under the control of the operating wavelength
control unit 77, the selector circuit 78 selects two sets of
detection signals from plural detection signals which are
output from a plurality of photoelectric converting elements
of the photodetector 16. The inversion circuit 71 inverts a
first set of detection signals that are selected by the selector
circuit 78 and outputs the inverted signals. The adder circuit
72 adds the first set of detection signals, which have been
inverted by the inversion circuit 71, to a second set of
detection signals, which are input from the photoelectric
converting element, respectively and outputs the resultant
signals. These circuits may be constituted of, for example,
an operation amplifier or the like.

[0103] The TGC amplifier 73 amplifies the signals output
from the adder circuit 72 while changing the gain corre-
sponding to the detection time so as to adjust the attenuation
of the ultrasonic wave within the object to be inspected. The
A/D converter 74 converts the signals, which have been
amplified by the TGC amplifier 73, into digital signals. The
primary storage unit 75 stores the signals output from the
A/D converter 74 in time series. The phase matching unit 76
aligns the phase by performing processing operation based
on the signals stored in the primary storage unit 75. The
operating wavelength control unit 77 selects a plurality of
photoelectric converting elements, upon which the operation
wavelength components are incident, for each column
included in the photodetector 16, and controls the photode-
tector 16 or the signal processing unit 3 so that the detection
signals output from the selected photoelectric converting
elements are input into the adder circuit 72 or the inversion
circuit 71.

[0104] Next, referring to FIGS. 12-14C, the operation of
the ultrasonic receiving apparatus according to the second
embodiment will be described. FIG. 13 is a flowchart
showing the operation of the ultrasonic imaging apparatus
including the ultrasonic receiving apparatus according to the
second embodiment.

[0105] In the second embodiment, a calibration is carried
out in the same manner as steps S1-S3 in the first embodi-
ment, and an ultrasonic wave is received in the same manner
as steps S4-S6 to obtain detection signals from the selected
plurality of photoelectric converting elements. Herein,
wavelengths A, and h; as shown in FIGS. 8A-8C are
selected as the operating wavelengths.

[0106] At step S21, the inversion circuit 71 inverts a first
set of the detection signals output from the predetermined
photoelectric converting elements. Then, at step S22, the
adder circuit 72 inputs the first set of the detection signals,
which have been inverted by the inversion circuit 71, and a
second set of detection signals, which are output from
another predetermined photoelectric converting elements,
and adds the inverted first set of the detection signals to the
second set of detection signals respectively to output the
resultant signals. Wherein, FIG. 14A shows a waveform of
the detection signal SA corresponding to a wavelength
component 2,. Also, FIG. 14B shows a waveform of the
detection signal SB corresponding to a wavelength compo-
nent Ay, and a broken line in FIG. 14B shows a waveform
of an inversion signal Sg-bar. Furthermore, FIG. 14C shows
a waveform of a signal in which the detection signal S, and
the inversion signal Sg-bar are added to each other.

[0107] At step S23, signals output from the adder circuit
72 are subjected to the signal processing by the TGC
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amplifier 73 and A/D converter 74, and are stored in the
primary storage unit 75 in time series. Then, the signals
stored in the primary storage unit 75 are subjected to the
phase alignment by the phase matching unit 76.

[0108] Further, same as the first embodiment, the phase-
aligned signals are stored in the image memory 61 frame-
by-frame. Then, the signals are reconstituted into two-
dimensional or three-dimensional data in the image
processing unit 62, and are subjected to the image process-
ing such as interpolation, response modulation processing,
gradation processing and the like, and finally images based
on the signals are displayed on the graphic display unit 63
at step S10.

[0109] According to the second embodiment, since analog
signals are added, the AC component included in the signal
is amplified, and the DC component is approximated to zero
as shown in FIG. 14C. Accordingly, a signal processing
system such as an amplifier, ADC or the like having a
smaller dynamic range works satisfactorily.

[0110] The first or second embodiment of the present
invention may be modified as described bellow. Referring to
FIG. 15, the modification will be described. In this example,
in place of the ultrasonic detecting element 20 in FIG. 2, an
ultrasonic detecting element (etalon sensor) 30 as shown in
FIG. 15 is used. The constitution other than the above is the
same as that described referring to FIG. 1 or FIG. 12.

[0111] As shown in FIG. 15, a substrate 31 is a film-like
substrate that is deformed by an ultrasonic wave. A substrate
32 is disposed facing to the substrate 31, and these substrates
form a structure that is the same as an etalon.

[0112] Assuming that an optical reflectance of the sub-
strates 31 and 32 is “R”, the distance between these sub-
strates is “d”, and the wavelength of the incident light is “0”,
an transmittance of the etalon is expressed as following:

T=(1+4R/(1-R)>sin*(¢/2)) ™" 3)
¢=27/A-2nd-cos 0 4
[0113] Herein, “6” denotes an exit angle measured from

the perpendicular line with respect to the exit plane and “n”
is arbitrary integer number. Assuming that 6=0, the follow-
ing formula is held.

p=dand/n ®)

[0114] The etalon transmits the light having wavelength
“A” at an optical transmittance “T” and reflects the same at
an optical reflectance R=(1-T).

[0115] When an ultrasonic wave is propagated to the
ultrasonic detecting element 30, since the substrate 31 is
distorted and the distance “d” between the substrates 31 and
32 is changed at respective positions of the receiving plane,
the optical reflectance with respect to the light having the
wavelength “A” changes. Therefore, in the same manner as
described referring to FIG. 6, a pre-detection is carried out.
Photoelectric converting elements in the photodetector are
selected, upon which light having a central wavelength in
the area where a change of optical reflectance is large is
incident. While allowing a broadband light to enter the
photoelectric converting elements, an ultrasonic wave is
applied to the substrate 31. Thereby, it is possible to measure
the intensity change of each wavelength component in the
reflected light corresponding to the intensity of the ultra-
sonic wave at respective position in the receiving plane. By
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carrying out the processing operation on the detection sig-
nals representing the wavelength components, it is possible
to measure the intensity of the ultrasonic waves two-dimen-
sionally.

[0116] Referring to FIGS. 16A and 16B, another modi-
fication according to the first or second embodiment of the
present invention will be described below. This modification
uses, in place of the ultrasonic detecting element 20, the
optical transmission path 13 and the collimating portion 14
as shown in FIG. 2, a bundle fiber 40 having ultrasonic
sensing portions as shown in FIG. 16A. The constitution
other than the above is the same as that described referring
to FIG. 1 or FIG. 12.

[0117] FIG. 16B shows a constitution of plural fibers 40a
included in the bundle fiber 40. Each of the plural fibers 40a
includes an optical fiber 41 and a collimator lens 42. In the
embodiment, a Selfoc lens having length of 0.25L1 is used as
a collimator lens 42, same as the first embodiment. The
optical fiber 41 and the collimator lens 42 are connected to
each other by means of a fusion bond or a resinous adhesive
agent including epoxy series adhesives.

[0118] Formed at one end of the collimator lens 42 is a
multi-layered film 43 in which two different material layers
are laminated alternately. The multi-layered film 43 consti-
tutes a Bragg grating structure and serves as the ultrasonic
sensing portion. As for the material for the multi-layered
film 43, for example, a combination of Si0, and titanium
oxide (Ti,05), or a combination of SiO, and tantalum oxide
(Ta,0,), or the like is used. The material layer as described
above is formed on the collimator lens 42 by means of
vacuum deposition, sputtering or the like.

[0119] The fiber 40a is covered by a member (covering
material 44) having a low viscosity so that the ultrasonic
wave is attenuated before the ultrasonic wave propagated to
one end of the fiber 40 is reflected at the other end thercof.
Further, as shown in FIG. 16B, the covering material 44
may also cover the collimator lens 42. Thereby, the energy
loss of the ultrasonic wave propagated to the fiber 40a can
be made larger, so that an effect as a backing portion can be
increased by allowing the ultrasonic wave to attenuate
carlier.

[0120] By bundling a number of fibers 40a as described
above using a resinous adhesive agent including epoxy
series adhesives, the bundle fiber 40 having ultrasonic
sensing portions is manufactured.

[0121] As described above, according to the present
invention, since the processing operation is made using
plural detection signals obtained by detecting plural wave-
length components of the light that has been modulated in
plural detection areas of the ultrasonic detecting element
respectively, the S/N ratio of the detection signals can be
increased. These detection signals are obtained by obtaining
the reflection characteristics of the ultrasonic detecting ele-
ments by means of calibration to select the photoelectric
converting elements, which are to be used for detecting the
ultrasonic wave, on the basis of the reflection characteristics.
Accordingly, even when the reflection characteristics change
due to the ambience such as temperature, humidity, or the
like, it is possible to reduce fluctuation of the sensitivity and
also suppress variation of sensitivities in plural minute areas
caused by structural distortion of the ultrasonic detection
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elements, thereby maintain high detection sensitivity. Fur-
ther, in the case where a broadband light is used, the
wavelength to be used for detecting the ultrasonic wave is
selected from a spectrum-separated light of the broadband
light, and therefore, it is not necessary to control the wave-
length of the light in accordance with the ambience nor the
detection area and it is not necessary to change the reflection
characteristics for every detection area. Owing to this, it is
possible to simplify and miniaturize the constitution of the
ultrasonic receiving apparatus. Accordingly, the manufac-
ture of the ultrasonic receiving apparatus becomes easier and
cost reduction thereof is made possible.

1. An ultrasonic receiving apparatus comprising:
a light source for generating broadband light;

an ultrasonic detecting element including an ultrasonic
sensing portion which is expanded and contracted by a
received ultrasonic wave to change an optical reflec-
tance thereof in accordance with expansion and con-
traction thereby performing intensity modulation of the
light generated by said light source;

spectrum separating means for spectrum-separating the
light intensity-modulated by said ultrasonic detecting
clement;

photo detecting means having a plurality of photoelectric
converting elements for detecting the light spectrum-
separated by said spectrum separating means for each
of plural wavelength components to generate at least a
first detection signal obtained by detecting a first wave-
length component and a second detection signal
obtained by detecting a second wavelength component;
and

processing means for carrying out processing operation
using the first detection signal and the second detection
signal so as to obtain information about the ultrasonic
wave received by said ultrasonic detecting element.
2. The ultrasonic receiving apparatus according to claim
1, wherein said processing means adds the first detection
signal and the second detection signal to each other after
inverting the phase of either one thereof.
3. The ultrasonic receiving apparatus according to claim
1, further comprising:

controlling means for selecting two sets of photoelectric
converting elements to be used for detecting ultrasonic
wave from among the plurality of photoelectric con-
verting elements of said photo detecting means on the
basis of a detection result of said photo detecting means
at a calibration mode, and controlling said processing
means to carry out the processing operation using the
first detection signal and the second detection signal
output from the selected two sets of photoelectric
converting elements respectively at a receiving mode.
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4. The ultrasonic receiving apparatus according to claim
2, further comprising:

controlling means for selecting two sets of photoelectric
converting elements to be used for detecting ultrasonic
wave from among the plurality of photoelectric con-
verting elements of said photo detecting means on the
basis of a detection result of said photo detecting means
at a calibration mode, and controlling said processing
means to carry out the processing operation using the
first detection signal and the second detection signal
output from the selected two sets of photoelectric
converting elements respectively at a receiving mode.
5. An ultrasonic receiving method comprising the steps
of:

() allowing light to enter an ultrasonic detecting element
including an ultrasonic sensing portion which is
expanded and contracted by a received ultrasonic wave
to change an optical reflectance thereof in accordance
with expansion and contraction thereby performing
intensity modulation of the incident light, spectrum-
separating the light intensity-modulated by said ultra-
sonic detecting element and detecting the spectrum-
separated light for each of plural wavelength
components by using photo detecting means having a
plurality of photoelectric converting elements to gen-
erate at least a first detection signal obtained by detect-
ing a first wavelength component and a second detec-
tion signal obtained by detecting a second wavelength
component with respect to each of plural detection
areas of said ultrasonic detecting element; and

(b) carrying out processing operation using the first detec-
tion signal and the second detection signal so as to
obtain information about the ultrasonic wave received
at each of the plural detection areas of said ultrasonic
detecting element.

6. The ultrasonic receiving method according to claim 5,
further comprising, prior to step (), the step of (c) allowing
light to enter said ultrasonic detecting element, spectrum-
separating the light reflected from said ultrasonic detecting
element and detecting the spectrum-separated light for each
of the plural wavelength components by using said photo
detecting means so as to select two sets of photoelectric
converting elements to be used for detecting an ultrasonic
wave from among a plurality of photoelectric converting
elements of said photo detecting means, wherein:

step () includes generating a first detection signal and a
second detection signal for each of plural detection
areas of said ultrasonic detecting element by using the
two sets of photoelectric converting elements selected
at step (c).



patsnap

EREMEER) 1B B BRI B AR R
K (BE)S US20030187355A1 K (nE)R 2003-10-02
HiES US10/390661 HiE A 2003-03-19
BRI E(ERR)AGE) ETREREAH
RE(ERRAGE)  ELRAEERAT.
LR REERAAE) BELRAKRISH
FRIZBAA OGAWA ElJI
KREBA OGAWA, EIJI
IPCHE& A61B8/00 GO1N29/06 GO1N29/24 G01S7/52 G01S15/89
CPCH%%E A61B5/0097 A61B8/00 GO1N29/0609 GO1N29/2418 GO1S15/8968 GO1N2291/044 GOTN2291/106
G01S7/5205 G01S15/8965 GO1N29/449
1 4% 2002086136 2002-03-26 JP
H AT SO US6709393
SNEBEEHE Espacenet  USPTO
HWE(R) i b
— R BB ISR E | HhEm T RNUESHSING |, BaTp EULTRASONJCRECEMNGUMT ;ESIGNALPROCESSINGUNIT i
LETERERSTMEARNEM, BEREREESERATER TN Wﬁ@ ;16 I " 5 B!
T, DI TR AT R A 6 P R 35 B R A M T4 Sl o L SRl ol |
AT BEXRTHESBNKEI BT SN KFHN B TH ! i |
KERN B THBERRTHEATRNS MRS EFHNE - MR ED i ULTRASOIQI(ZQO 2 k (% ;
R, UTEEOE-REKSBNE—RNESNE SRR BHE= B o e s | RUER
RUES , URATFRITLBRENGES TE—RNESHE=RN gy | | é
B5 , IREX TR HAN TSR BERNIES, L omvgsmﬁif A B
e ThNGCotaoL | [, T GE
¢ il T PROB&%"G iRy
8
[
e
WNT



https://share-analytics.zhihuiya.com/view/b555a886-9759-420f-b8cb-80eeef253b70
https://worldwide.espacenet.com/patent/search/family/027800439/publication/US2003187355A1?q=US2003187355A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030187355%22.PGNR.&OS=DN/20030187355&RS=DN/20030187355

