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Abstract

A non-contact ultrasound measurement device comprises: a first unit
including an ultrasound transducer (10) adapted to transmit and receives
an ultrasonic wave 1n a non-contact manner with respect to an object to be
examined (E, S), the first unit being adapted to process an output signal
from the transducer and measure a first characteristic of the object; and a
second unit including at least one of an observation unit (20) for observing
the object from front in a non-contact manner and a measurement unit (60,
100) for measuring a second characteristic of the object from front in a
non-contact manner, wherein the transducer comprises: an aperture (15)

being provided in the central part of the transducer and having a sufficient
size to be utilized for observation or measurement of the object by the
second unit, and a transmitting and receiving part (11) of the ultrasonic

wave being provided to surround the aperture.
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Title of Invention

NON-CONTACT ULTRASOUND MEASUREMENT DEVICE

Technical Field

The present invention relates to a non-contact ultrasound
measurement device for measuring characteristics of an object to be

examined non-contactively by use of ultrasonic waves.

Background Art

As one of non-contact ultrasound measurement devices, there 1s
recently proposed a non-contact ultrasound tonometer including a
transducer having a vibrator for emitting an ultrasonic wave toward a
cornea of an examinee’s eye and a sensor for detecting the ultrasonic wave
reflected by the cornea to measure intraocular pressure of the eye in a

non-contact manner (see Patent Literature 1).

Citation List

Patent Literature

Patent Literature 1: WO 2008/072527

Summary of Invention
Technical Problem

Meanwhile, the ultrasound measurement device mentioned above
1s preferably arranged to enable good observation of the object located in a
position away from the device. The ultrasound measurement device is
further preferably arranged to enable good measurement of various data on

the object.

For instance, the device in Patent Literature 1 is designed to
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merely measure a schematic eye. Thus such device 1s still insufficient to
measure a real human eye and has many problems to be solved for
practical use. To mitigate fear of an examinee, for example, it is
necessary a certain degree of a working distance (e.g., about 10 mm)
between the cornea and the device. It 1s also preferable to satisfactorily
observe a state of the eye held in a position away from the device.
Furthermore, this device could not measure second eye characteristic

different from the 1ntraocular pressure.

The present invention has a purpose to provide a non-contact

ultrasound measurement device capable of accurately measuring a first
characteristic of an object to be examined and appropriately observing the

object or measuring a second characteristic of the object.

Solution to Problem

To achieve the above purposed, the present invention provides a
non-contact ultrasound measurement device comprising: a first unit
including an ultrasound transducer adapted to transmit and receives an
ultrasonic wave in a non-contact manner with respect to an object to be

examined, the first unit being adapted to process an output signal from the

transducer and measure a first characteristic of the object; and a second
unit including at least one of an observation unit for observing the object
from front in a non-contact manner and a measurement unit for measuring
a second characteristic of the object from front in a non-contact manner,
wherein the transducer comprises: an aperture being provided in the
central part of the transducer and having a sufficient size to be utilized for
observation or measurement of the object by the second unit, and a

transmitting and receiving part of the ultrasonic wave being provided to
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surround the aperture.

Further developments of the present invention are given in the

dependent claims.

Advantageous Effects of Invention
According to the invention, it 1s possible to accurately measure a

first characteristic of an object to be examined and appropriately observe

the object or measure a second characteristic of the object.

Brief Description of Drawings

FIG. 1 1s a schematic configuration view of a measurement system
and an optical system of a non-contact ultrasound tonometer which is a
non-contact ultrasound measurement device in an embodiment;

FIG. 2 1s a schematic configuration view of a transducer seen from

front in the embodiment;

FIG. 3 1s a schematic block diagram of a control system of the device
in the embodiment.

FIGs. 4A and 4B are views showing modified examples of the shape of
a cross section of a transmitting and receiving part in the embodiment;

FI1G. 5 1s a schematic configuration view of a measurement system
and an optical system i1n a concrete example in which an measuring optical
system 1s provided in addition to an intraocular pressure measuring
system; and

FIG. 6 1s a view showing an example of a configuration in which an

aperture of the transducer 1s used for measurement of a second

characteristic of an object to be examined.
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Description of Embodiments

A detailed description of a preferred embodiment of the present
invention will now be given referring to the accompanying drawings. FIG.
1 1s a schematic configuration view of a measurement system and an
optical system of a non-contact ultrasound tonometer which 1s a
non-contact ultrasound measurement device in this embodiment. The
following measurement system and optical system are built in a housing
not shown. This housing may be moved three-dimensionally relative to an
examilnee’s eye by a known movement mechanism for alignment or may be
a handheld type (handy type).

An ultrasound transducer 10 emits an ultrasonic wave (a pulse
wave or a continuous wave) toward a cornea Ec of the examinee’s eye E by
the medium of air and also detects the ultrasonic wave reflected by the
cornea Ec. The transducer 10 includes, as a transmitting and receiving
part 11 of ultrasonic wave, a transmitting section 12 for emitting an
ultrasonic wave and a receiving section 13 for detecting a reflection wave
from the cornea Ec. The transducer 10 is used for measuring intraocular
pressure 1n a non-contact manner. In the transducer 10, the transmitting
section 12 and the receiving section 13 are separately configured and
placed 1n different positions, but they are not limited to such configuration
and may be shared.

The optical system of the device includes an observation optical
system 20 for observing an anterior segment of the eye E from front, a
fixation target projecting (presenting) optical system 30 for inducing the
eye E to hold fixation, a first target projecting optical system 40 for
projecting a first target onto the cornea Ec to detect an alignment state in
up-down and right-left directions, a second target projecting optical system

50 for projecting a second target onto the cornea Ec to detect an alignment
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state 1n a working distance which 1s a front-rear direction, and a target
detecting optical system 55 for detecting the second target projected onto
the cornea Ec.

The observation optical system 20 includes an objective lens 22,
an 1mage forming lens 24, and a two-dimensionally imaging element 26.
This optical system 20 is placed so that its optical axis (an observation
optical axis) L1 is almost coaxial with a central axis of the transmitting
and receiving part 11. Accordingly, when the observation optical axis L1
is aligned with respect to a predetermined portion (e.g., the center of a
cornea, the center of a pupil) of the eye E, the transducer 10 is aligned in
up-down and right-left directions relative to the eye E.

An 1mage of the anterior segment illuminated by an infrared

light source 38 passes through an aperture 15, the objective lens 22, a half

mirror 46, and a dichroic mirror 36 1n order and then forms an image on
the 1maging element 26 through the image forming lens 24. The anterior
segment 1mage 1maged by the imaging element 26 1s displayed on a
monitor 72 meéntioned later.

The fixation target projecting optical system 30 includes a visible
light source 32 to project a fixation target onto the eye E to induce the eye
E to hold fixation. Visible light from the light source 32 is reflected by the
dichroic mirror 36 that transmits infrared light but reflects visible light.
This light then passes through the half mirror 46 and the objective lens 22
and 1s projected onto a fundus of the eye E. An optical axis L2 of the
fixation target projecting optical system 30 is made coaxial with the
observation optical axis L1 by the dichroic mirror 36 placed in the optical
path (the observation optical path) of the observation optical system 20.

The first target projecting optical system 40 includes an infrared

light source 42 and projects infrared light onto the cornea Ec from front so
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that the infrared light forms the first target for detecting the alignment
state 1n the up-down and right-left directions. The i1nfrared light from the
light source 42 1s reflected by the half mirror 46, passes through the
objective lens 22, and i1s projected onto the cornea Ec. An optical axis L3
of the first target projecting optical system 40 i1s made coaxial with the
observation optical axis L1 by the half mirror 46 placed in the observation
optical path (the optical path of the observation light).

The observation optical system 20 detects the first target formed
on the cornea Ec (i.e., the optical system 20 receives the infrared light that
is emitted from the light source 42 and reflected by the cornea Ec) by the
first target projecting optical system 40. In other words, the observation
optical system 20 1s also used as a target detecting optical system. The
first target image 1maged by the imaging element 26 i1s displayed on the
monitor 72 (see a point image [ in FIG. 3).

The second target projecting optical system 50 includes an
infrared light source 51 and obliquely projects infrared light onto the
cornea Ec so that the infrared light forms a second target for detecting an
alignment state in the working distance direction.

The target detecting optical system 55 includes a position
detecting device (e.g., a line CCD) 58 and detects the second target image
formed on the cornea Ec by the second target projecting optical system 50
(i.e., the optical system 55 receives the infrared light that is emitted from
the light source 51 and reflected by the cornea Ec). It 1s to be noted that
detection of the alignment state in the working distance direction may be
conducted by the transducer 10. For example, the time until an ultrasonic

wave emitted to the examinee’s eye returns to the transducer 10 is

converted into distance.

FIG. 2 1s a schematic configuration view of the transducer 10
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seen from front in the present embodiment. The transducer 10 centrally
includes the aperture 15 having a sufficient size to be used as an
observation optical path and the transmitting and receiving part 11 1is
placed to surround the aperture 15.

To be more specific, the base part 10a 1s formed with a through
hole having an 1nside diameter corresponding to the aperture 15, and the
transmitting and receiving part 11 1s placed on the base part 10a on a side
facing the eye E and in an almost annular form outside the through hole.
The transmitting section 12 and the receiving section 13 are placed
concentrically in different positions.

In FIG. 2, the transmitting section 12 1s located outside and the
receiving section 13 1s located inside. Alternatively, the receiving section
13 may be placed outside and the transmitting section 12 may be inside.

The objective lens 22 is placed in the aperture 15. It is to be
understood that other optical member(s) (e.g., a glass plate, a filter, etc.)
may be placed in the aperture 15 or the optical member as mentioned
above may not be placed in the aperture 15.

The aperture 15 has a size enough for observation of the
examinee’s eye by the observation optical system 20 to ensure an
observation range in a permissible range by the observation optical system
20. For instance, the size of the aperture 15 (the inside diameter of the
through hole of the base part 10a) is appropriately determined by
considering whether or not alignment with respect to the examinee’s eye is
smoothly performed, whether or not a state of the anterior segment is
observed well, or others. The shape of the aperture 15 is not limited to a

perfect circle and may be any other shape (e.g., rectangular, elliptic, and

others).

The transmitting and receiving part 11 is preferably an



CA 02707193 2010-06-08

air-coupled ultrasound transmitting and receiving part (an ultrasound
transducer) for transmitting and receiving an ultrasonic wave having a
broadband frequency component in order to enhance propagation efficiency
in air. In this case, a BAT™ transducer manufactured by MicroAcoustic
Instrument Inc. 1s available. For the details of such transducer, see US
5,287,331 and JP-A-2005-506783, for example. It is to be understood that
the transducer 1s not limited thereto and may be a piezoelectric ultrasound
transmitting and receiving part (ultrasound transducer).

FIG. 3 1s a schematic block diagram of a control system of the
device 1n the present embodiment. An arithmetic controller 70 performs
control of the entire device. This controller 70 processes an output signal
from the transducer 10 and determines intraocular pressure of the eye E.
The transducer 10 (the transmitting and receiving part 11) is connected to
the amplifier 81. Thus, an electric signal output from the transducer 10 is
amplified by the amplifier 81 and transmitted to the controller 70. The
controller 70 is also connected to the 1maging element 26, the light sources
32, 38, 42, and 52, the position detecting device 58, the monitor 72, the
memory 75, and others. The memory 75 stores in advance a measurement
program for measuring the intraocular pressure by use of the transducer
10, a control program for controlling the entire device, and other programs.

The case of measuring the intraocular pressure of the eye E by
the device having the above configuration is explained below. An
examiner firstly induces an examinee to look at a fixation target. While
observing the anterior segment image appearing on the monitor 72, the
examiner makes alignment of the transducer 10 with respect to the eye E.
At that time, the arithmetic controller 70 displays the anterior segment
image 1maged by the imaging element 26 including a first target image I,

and a reticule LT and an indicator G mentioned later, on the monitor 71 as
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shown i1n FIG. 3. The controller 70 detects an alignment state in the
working distance direction based on an output signal from the position
detecting device 58 and controls the display of the indicator G based on the
detection result.

The examiner makes alignment of the device in the up-down and
right-left directions to bring the first target 1image I into the reticule LT.
The examiner further makes alignment 1n the working distance direction
so that the indicator G appears in an appropriate display state (for
example, the indicator appears as a single line).

After completion of alignment in the up-down, right-left, and
front-back directions, when a predetermined trigger signal is manually or
automatically input, the arithmetic controller 70 causes the transmitting
section 12 to emit the ultrasonic wave toward the center of the cornea Ec
and causes the receiving section 13 to detect the ultrasonic wave reflected
by the cornea Ec. The controller 70 determines the intraocular pressure
of the eye E based on the detection result by the transmitting and receiving
part 11 and displays the result on the monitor 72. Specifically, the
controller 70 obtains an intraocular pressure value based on a relationship
between amplitude, phase, and others of the ultrasonic wave detected by
the transmitting and receiving part 11 and intraocular pressure. For
instance, the intraocular pressure is calculated by utilizing the tendency
that an amplitude level of the reflection wave is larger as the intraocular
pressure value 1s larger.

As described above, the transmitting and receiving part 11 is
placed outside the observation optical path and hence the areas of the
transmitting section 12 and the receiving section 13 are ensured and the
observation optical path is not interrupted. Since the transmitting and

receiving part 11 is placed to surround the aperture 15, it is possible to
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increase an S/N ratio of a detection signal of the reflection wave from the
cornea KEc detected by the transducer 10 even when the working distance
from the eye E is increased.

In other words, the region for observation of the anterior segment
1s appropriately placed i1n the central portion and the region for
transmission and reception of the ultrasonic wave 1s appropriately placed
1n a peripheral portion relative to the cornea. Accordingly, the transducer
10 and the observation optical system 20 are optimized to enable
appropriate measurement of intraocular pressure and observation of the
anterior segment by transmission and reception of the ultrasonic wave.

Since the transmitting and receiving part 11 (the transmitting
section 12 and the receiving section 13) is designed to be almost annular,

an incident wave to the cornea Ec 1s almost uniform and thus the reflection

wave from the cornea Ec can be precisely detected.

A cross-sectional shape of the transmitting and receiving part 11
on the eye K side is not limited to the flat shape as shown in FIG. 1 but
may be conical (or tapered) as shown in FIG. 4A or spherical as shown in
FIG. 4B.

The transmitting section 12 and the receiving section 13 are not
limited to the double ring structure shown in FIG. 2 but may be configured
as a triple or more ring structure. In other words, at least one of the
transmitting section 12 and the receiving section 13 may be configured as a
double or more ring structure. .

The transmitting and receiving part 11 is not limited to a
configuration surrounding almost the entire aperture 15 as shown in FIG.
2 but may be designed to surround a part of the circumstance of the
aperture 15. In the case where the transmitting and receiving part 11 is

placed in almost annular form, accordingly, it may be arranged in an
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intermittent circular form instead of a continuous circular form.

The shape of the transmitting and receiving part 11 is preferably
almost annular but may be variously modified. For instance, 1t may be
polygonal (a polygon having the larger number of sides is more preferable).

In addition to the configuration for measuring the intraocular
pressure with the ultrasonic wave by use of the transducer 10 (the
transmitting and receiving part 11), a measuring optical system may be
provided to measure a second characteristic of the eye E different from the
intraocular pressure. In this case, the aperture 15 1s used as a measuring
optical path (an optical path of measurement light). The aperture 15 is
also designed to have a sufficient size to measure the examinee’s eye by the
measurement optical system 1n order to ensure permissible measurement
precision. The measurement optical system may include for example an
eye refractive power measurement optical system adapted to project
measurement light onto the fundus of the eye E and receive reflection light
therefrom to measure eye refractive power, a corneal shape measurement
optical system adapted to project measurement light onto the cornea Ec
and receive reflection light therefrom to measure a corneal shape, an eye
axial length measurement optical system adapted to receive interference
light by measurement light and reference light, and others to measure an
axial length.

FIG. 5 1s a schematic configuration view of a measurement
system and an optical system in a concrete example in the case where the
measurement optical system 1s provided in addition to the intraocular
pressure measurement system. The components assigned with the same
reference signs as those in FIG. 1 have the same functions and
configurations as those in FIG. 1 unless particular explanation. The

Intraocular pressure measurement is performed by the same configuration
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as mentioned above and thus the explanation thereof 1s not repeated here.

A measurement optical system 60 1ncludes a measurement
optical unit 61 having a structure to project measurement light onto the
eye K and receive reflection light therefrom, a total reflection mirror 62, a
beam splitter 63 (e.g., a half mirror and a dichroic mirror) that transmits
anterior segment observation light and reflects measurement light, and an
objective lens 22. In the case where the eye refractive power
measurement unit is provided as the measurement optical unit 61, the
fixation target projecting optical system 30 1s preferably a known structure
capable of fogging a fixation target.

Measurement light emitted from a measurement light source of
the measurement optical unit 61 is reflected by the mirror 62 and the beam
splitter 63, then passes through the objective lens 22 and enters the eye E.
The measurement light reflected by a predetermined portion of the eye E
such as the fundus, the cornea, and other passes through the objective lens
22, 1s reflected by the beam splitter 63 and the mirror 62, and received by a
light receiving element, an imaging element, and others in the
measurement optical unit 61. The arithmetic controller 70 performs a
test (e.g., measurement of eye characteristics, acquisition of an image of an
examinee’s eye, etc.) on the eye E based on a light receiving result (an
imaging result).

With such configuration, a complex type ophthalmic device
including the intraocular pressure measurement system and the
measurement optical system can be made very compact as compared with a
conventional device.

The device is not limited to the above configuration. For
example, a projecting optical system for projecting a target onto the cornea

Ec to measure corneal curvature (e.g., a ring target and a Placido target) is
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further provided so that a target 1mage projected on the cornea Ec 1s
imaged by the observation optical system 20 (the imaging element 26) to
measure the corneal curvature. In this case, the target projecting optical
system for measuring the corneal curvature 1s placed without interfering
with the transmitting and receiving part 11.

Furthermore, the device may additionally include a light
projecting optical system adapted to project slit light onto an anterior
segment of the eye E through the aperture 15 and an imaging optical
system having an 1maging optical axis intersecting with the observation
optical axis (the measurement optical axis) L1 at a predetermined angle
and being adapted to receive reflection light from the anterior segment and
1mage a cross-sectional image of the anterior segment, in order to measure
corneal thickness, anterior chamber depth, and others based on the
cross-sectional 1mage of the imaged anterior segment. In this case, the
1maging optical system 1s placed without interfering with the transmitting
and receiving part 11.

As another alternative, the device may include an illumination
optical system having an illumination optical axis intersecting with the
observation optical axis L1 at a predetermined angle and being adapted to
obliquely illuminate illumination light to the cornea Ec and an imaging
optical system having an imaging optical axis intersecting with the
observation optical axis L1 at a predetermined angle and being adapted to
receive reflection light from the cornea Ec and image a corneal endothelial
cell image, in order to image the corneal endothelial cell image. In this
case, the i1llumination optical system and the imaging optical system are

placed without interfering with the transmitting and receiving part 11.

The present invention is not limited to the configuration for

measuring intraocular pressure by use of the transducer 10 and may be
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applied to any configuration for measuring internal pressure of an object to
be examined (not limited to a living body) by use of the transducer 10.
Furthermore, the invention may be applied to any configuration for
measuring the characteristics of the object (e.g., stress distribution, shape)
by use of the transducer 10.

In the above case, the device 1s provided with the observation
unit for observing the object from front in a non-contact manner (e.g., an
optical observation unit, an X-ray observation unit, an ultrasound
observation unit, and an acoustic observation unit) and the transducer (a
first unit) including the aperture having a sufficient size for observation of
the object by the observation unit (see FIG. 1). In this case, the object is
observed with the observation unit through the aperture 15 of the
transducer 10. Preferably, the central axis of the observation unit and the
central axis of the transmitting and receiving part 11 are placed in an
almost coaxial relation.

In the above explanation, the aperture 15 of the transducer 10 is
used to measure the second characteristic of the eye E. The invention
may also be applied to any configuration utilizing the aperture 15 of the
transducer 10 to measure the second characteristic of the object.

In the above case, the device includes a second measurement unit
100 (e.g., an optical measurement unit, an X-ray measurement unit, an
ultrasound measurement unit, an acoustic measurement unit) for
measuring the second characteristic of an object S from front in a
non-contact manner, and the transducer (the first unit) including the
aperture 15 having a sufficient size for measuring the object S by the
measurement unit 100 (see FIG. 6). In this case, the second characteristic
of the object S is measured by the measurement unit 100 through the

aperture 15 of the transducer 10. The central axis of the measurement
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unit 100 and the central axis of the transmitting and receiving part 11 are
preferably placed in an almost coaxial relation.

Specifically, the measurement unit 100 emits and/or detects a
measurement wave to measure the second characteristic of the object S.
The measurement wave may be selected according to measurement
purposes from an electromagnetic wave (electric wave, light, X-rays,
gamma rays, etc.), a sonic wave (ultrasonic wave, acoustic energy), and
others.

With the above structure, a first ultrasound measurement system
including the transducer having the aperture and the second measurement
system are separately arranged and respective measurements are
optimized.

The present invention is not limited to a configuration to be used

in air but may be applied to any configuration to be used in gases. For
instance, 1t 1s conceived that the invention is used in gases containing air
under atmosphere pressure or in any gases (including inert gas) under
arbitrary pressure.

While the presently preferred embodiment of the present
invention has been shown and described, it is to be understood that this

disclosure 1s for the purpose of illumination and that various changes and
modifications may be made without departing from the scope of the

invention as set forth in the appended claims.

Reference Signs List

10 Ultrasound transducer

11 Transmitting and receiving part

12 Transmitting section
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13 Receiving section

15 Aperture

20 Observation optical system

50 Second target projecting optical system
55 Target detecting optical system

60 Measurement optical system

100 Second measurement unit
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Claims

1. A non-contact ultrasound measurement device comprising:

a first unit including an ultrasound transducer (10) adapted to
transmit and receives an ultrasonic wave 1n a non-contact manner with
respect to an object to be examined (E, S), the first unit being adapted to
process an output signal from the transducer and measure a first
characteristic of the object; and

a second unit including at least one of an observation unit (20) for
observing the object from front in a non-contact manner and a
measurement unit (60, 100) for measuring a second characteristic of the
object from front in a non-contact manner,

wherein the transducer comprises:

an aperture (15) being provided in the central part of the transducer
and having a sufficient size to be utilized for observation or
measurement of the object by the second unit, and

a transmitting and receiving part (11) of the ultrasonic wave being

provided to surround the aperture.

2. The non-contact ultrasound measurement device according to
claim 1, wherein the observation unit or the measurement unit includes at

least one of an optical unit, an X-ray unit, an ultrasound unit, and an

acoustic unit.

3. The non-contact ultrasound measurement device according to

claim 1, wherein the first characteristic is internal pressure of the object.

4. The non-contact ultrasound measurement device according to

claim 1, wherein the observation optical system includes an objective lens
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(22) to be placed before the object, and the objective lens is placed in the

aperture.

5. The non-contact ultrasound measurement device according to
claim 1, wherein the ultrasound transducer is a broadband air-coupled

transducer for transmitting and receiving the ultrasonic wave having a

broad band frequency component.

6. The non-contact ultrasound measurement device according to

claim 1, wherein the transmitting and receiving part 1s placed in an almost

annular form outside the aperture.

7. The non-contact ultrasound measurement device according to
claim 1, wherein a transmitting section and a receiving section of the

transmitting and receiving part are arranged concentrically in different

positions.

8. The non-contact ultrasound measurement device according to

claim 1, wherein
the object 1s an examinee’s eye,

the first characteristic i1s intraocular pressure which 1s a first eye

characteristic of the examinee’s eye, and

the observation unit is an observation optical system adapted to

observe an anterior segment of the examinee’s eye from front.

9. The non-contact ultrasound measurement device according to

claim 8, wherein

the ultrasound transducer 1s adapted to transmit and receive an
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ultrasound pulse wave toward the center of a cornea of the examinee’s eye,

and

the first measurement unit obtains an i1ntraocular pressure value
based on a relationship between characteristics of the ultrasound pulse

wave received by the transmitting and receiving part and the intraocular

pressure.

10. The non-contact ultrasound measurement device according

to claim 8, wherein

the measurement unit 1s a measurement optical system adapted to

measure a second eye characteristic of the examinee’s eye as the second

characteristic from front.

11. The non-contact ultrasound measurement device according
to claim 10, wherein the measurement optical system includes at least one
of an eye refractive power measurement optical system adapted to project
measurement light onto a fundus of the examinee’s eye and receive
reflection light from the fundus to measure eye refractive power of the
examinee's eye as the second eye characteristic and a corneal shape
measurement optical system adapted to project measurement light onto a
cornea of the examinee’s eye and receive reflection light from the cornea to

measure a shape of the cornea as the second eye characteristic.



00000000000000000000

1/4

FIG. 1

1112\ 0 409/ Qf/30

K czil L1 -
= ﬂE'>
/\@\ 50 20
kst




CA 02707193 2010-06-08

2/4

FlG. 3
- 38
12 13 . 49
¢ R .
26 . 51
75 . 58
"
&J
FIG. 4A FIG. 4B

10a 10a




CA 02707193 2010-06-08

3/4

’ m
/Aom o

T

4 _“!.ll' o

”//

Aa‘\a
4 v

8”&
3¢

G Ol



CA 02707193 2010-06-08

4/4

-
-







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

