
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

26
0 

76
5

B
1

TEPZZ  6Z765B_T
(11) EP 2 260 765 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.03.2013 Bulletin 2013/10

(21) Application number: 10165412.7

(22) Date of filing: 09.06.2010

(51) Int Cl.:
A61B 8/10 (2006.01) A61B 3/16 (2006.01)

A61B 3/103 (2006.01) A61B 3/107 (2006.01)

(54) Non-contact ultrasonic measurement device

Kontaktfreie Messvorrichtung

Dispositif de mesure ultrasonique sans contact

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO SE SI SK SM TR

(30) Priority: 09.06.2009 JP 2009138620

(43) Date of publication of application: 
15.12.2010 Bulletin 2010/50

(73) Proprietors:  
• NIDEK CO., LTD

Gamagori-shi
Aichi 443-0038 (JP)

• MicroAcoustic Instruments Inc.
Gatineau, QC J9H 1A8 (CA)

(72) Inventors:  
• Miwa, Tetsuyuki

Gamagori-shi Aichi 443-0038 (JP)
• Jinde, Masayuki

Gamagori-shi Aichi 443-0038 (JP)
• Schindel, David W.

Gatineau, Quebec J9H 1A8 (CA)

(74) Representative: Prüfer & Partner GbR 
European Patent Attorneys
Sohnckestrasse 12
81479 München (DE)

(56) References cited:  
EP-A1- 2 113 191 US-A- 5 325 135
US-A- 5 865 742  



EP 2 260 765 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a non-contact
ultrasound measurement device for measuring charac-
teristics of an object to be examined non-contactively by
use of ultrasonic waves.

Background Art

[0002] As one of non-contact ultrasound measurement
devices, there is recently proposed a non-contact ultra-
sound 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).
[0003] US 5 865 742 A (Patent Literature 2) forms the
closest prior art document. It describes how a beam of
acoustic energy comprising acoustic radiation and the
associated acoustic streaming of an ultrasonic beam is
used to indent or applanate (flatten) the eye. These two
effects produce acoustic pressure on the eye which par-
tially overcomes the IOP of the eye. Such concurrent
determination of acoustic pressure and distortion of the
eye is then used to determine the IOP.

Citation List

Patent Literature

[0004] Patent Literature 1: WO 2008/072527
[0005] Patent Literature 2 : US 5 865 135 A.

Summary of Invention

Technical Problem

[0006] Meanwhile, the ultrasound measurement de-
vice mentioned above is 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.
[0007] For instance, the device in Patent Literature 1
is designed to merely measure a schematic eye. Thus
such device is 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 is
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 intraocular pressure.
[0008] 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

[0009] To achieve the above purposed, the present in-
vention provides a non-contact ultrasound measurement
device according to claim 1.
Further developments of the present invention are given
in the dependent claims.

Advantageous Effects of Invention

[0010] According to the invention, it is possible to ac-
curately measure a first characteristic of an object to be
examined and appropriately observe the object or meas-
ure a second characteristic of the object.

Brief Description of Drawings

[0011]

FIG. 1 is a schematic configuration view of a meas-
urement system and an optical system of a non-con-
tact ultrasound tonometer which is a non-contact ul-
trasound measurement device in an embodiment;
FIG. 2 is a schematic configuration view of a trans-
ducer seen from front in the embodiment;
FIG. 3 is a schematic block diagram of a control sys-
tem of the device in the embodiment.
FIGs. 4A and 4B are views showing modified exam-
ples of the shape of a cross section of a transmitting
and receiving part in the embodiment;
FIG. 5 is a schematic configuration view of a meas-
urement system and an optical system in a concrete
example in which an measuring optical system is
provided in addition to an intraocular pressure meas-
uring system; and
FIG. 6 is a view showing an example of a configura-
tion in which an aperture of the transducer is used
for measurement of a second characteristic of an
object to be examined.

Description of Embodiments

[0012] A detailed description of a preferred embodi-
ment of the present invention will now be given referring
to the accompanying drawings. FIG. 1 is a schematic
configuration view of a measurement system and an op-
tical system of a non-contact ultrasound tonometer which
is 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 examinee’s eye by a known movement mechanism
for alignment or may be a handheld type (handy type).
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[0013] An ultrasound transducer 10 emits an ultrasonic
wave (a pulse wave or a continuous wave) toward a cor-
nea 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 sec-
tion 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 in a non-contact manner. In the transducer 10,
the transmitting section 12 and the receiving section 13
are separately configured and placed in different posi-
tions, but they are not limited to such configuration and
may be shared.
[0014] 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 project-
ing (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
state in a working distance which is a front-rear direction,
and a target detecting optical system 55 for detecting the
second target projected onto the cornea Ec.
[0015] The observation optical system 20 includes an
objective lens 22, an image forming lens 24, and a two-di-
mensionally 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 trans-
mitting and receiving part 11. Accordingly, when the ob-
servation optical axis L1 is aligned with respect to a pre-
determined portion (e.g., the center of a cornea, the cent-
er of a pupil) of the eye E, the transducer 10 is aligned
in up-down and right-left directions relative to the eye E.
[0016] An image 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 in order and then forms an image on the imaging
element 26 through the image forming lens 24. The an-
terior segment image imaged by the imaging element 26
is displayed on a monitor 72 mentioned later.
[0017] The fixation target projecting optical system 30
includes a visible light source 32 to project a fixation tar-
get 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 is projected onto a fun-
dus of the eye E. An optical axis L2 of the fixation target
projecting optical system 30 is made coaxial with the ob-
servation optical axis L1 by the dichroic mirror 36 placed
in the optical path (the observation optical path) of the
observation optical system 20.
[0018] The first target projecting optical system 40 in-
cludes an infrared light source 42 and projects infrared
light onto the cornea Ec from front so that the infrared

light forms the first target for detecting the alignment state
in the up-down and right-left directions. The infrared light
from the light source 42 is reflected by the half mirror 46,
passes through the objective lens 22, and is projected
onto the cornea Ec. An optical axis L3 of the first target
projecting optical system 40 is made coaxial with the ob-
servation optical axis L1 by the half mirror 46 placed in
the observation optical path (the optical path of the ob-
servation light).
[0019] The observation optical system 20 detects the
first target formed on the cornea Ec (i.e., the optical sys-
tem 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 is also used as a target
detecting optical system. The first target image imaged
by the imaging element 26 is displayed on the monitor
72 (see a point image I in FIG. 3).
[0020] 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.
[0021] The target detecting optical system 55 includes
a position detecting device (e.g., a line CCD) 58 and de-
tects 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 cor-
nea Ec). It is 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 ul-
trasonic wave emitted to the examinee’s eye returns to
the transducer 10 is converted into distance.
[0022] FIG. 2 is a schematic configuration view of the
transducer 10 seen from front in the present embodiment.
The transducer 10 centrally includes the aperture 15 hav-
ing a sufficient size to be used as an observation optical
path and the transmitting and receiving part 11 is placed
to surround the aperture 15.
[0023] To be more specific, the base part 10a is formed
with a through hole having an inside diameter corre-
sponding to the aperture 15, and the transmitting and
receiving part 11 is 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.
[0024] In FIG. 2, the transmitting section 12 is located
outside and the receiving section 13 is located inside.
Alternatively, the receiving section 13 may be placed out-
side and the transmitting section 12 may be inside.
[0025] 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.
[0026] The aperture 15 has a size enough for obser-
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vation of the examinee’s eye by the observation optical
system 20 to ensure an observation range in a permis-
sible 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).
[0027] The transmitting and receiving part 11 is pref-
erably an air-coupled ultrasound transmitting and receiv-
ing part (an ultrasound transducer) for transmitting and
receiving an ultrasonic wave having a broadband fre-
quency component in order to enhance propagation ef-
ficiency in air. In this case, a BAT™ transducer manu-
factured by MicroAcoustic Instrument Inc. is 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 is not limited thereto and may be a
piezoelectric ultrasound transmitting and receiving part
(ultrasound transducer).
[0028] FIG. 3 is a schematic block diagram of a control
system of the device in the present embodiment. An arith-
metic 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 con-
troller 70 is also connected to the imaging 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 pro-
gram for measuring the intraocular pressure by use of
the transducer 10, a control program for controlling the
entire device, and other programs.
[0029] 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 exam-
inee to look at a fixation target. While observing the an-
terior segment image appearing on the monitor 72, the
examiner makes alignment of the transducer 10 with re-
spect to the eye E. At that time, the arithmetic controller
70 displays the anterior segment image imaged 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 shown in 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.
[0030] The examiner makes alignment of the device in
the up-down and right-left directions to bring the first tar-
get image I into the reticule LT. The examiner further
makes alignment in the working distance direction so that

the indicator G appears in an appropriate display state
(for example, the indicator appears as a single line).
[0031] After completion of alignment in the up-down,
right-left, and front-back directions, when a predeter-
mined trigger signal is manually or automatically input,
the arithmetic controller 70 causes the transmitting sec-
tion 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 mon-
itor 72. Specifically, the controller 70 obtains an intraoc-
ular pressure value based on a relationship between am-
plitude of the ultrasonic wave detected by the transmitting
and receiving part 11 and intraocular pressure. For in-
stance, the intraocular pressure is calculated by utilizing
the tendency that an amplitude level of the reflection
wave is larger as the intraocular pressure value is larger.
[0032] As described above, the transmitting and re-
ceiving 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 obser-
vation optical path is not interrupted. Since the transmit-
ting and receiving part 11 is placed to surround the ap-
erture 15, it is possible to increase an S/N ratio of a de-
tection signal of the reflection wave from the cornea Ec
detected by the transducer 10 even when the working
distance from the eye E is increased.
[0033] In other words, the region for observation of the
anterior segment is appropriately placed in the central
portion and the region for transmission and reception of
the ultrasonic wave is appropriately placed in 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 pres-
sure and observation of the anterior segment by trans-
mission and reception of the ultrasonic wave.
[0034] 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 is almost uniform and thus the reflection wave
from the cornea Ec can be precisely detected.
[0035] A cross-sectional shape of the transmitting and
receiving part 11 on the eye E 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.
[0036] 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 trans-
mitting section 12 and the receiving section 13 may be
configured as a double or more ring structure.
[0037] The transmitting and receiving part 11 is not lim-
ited to a configuration surrounding almost the entire ap-
erture 15 as shown in FIG. 2 but may be designed to
surround a part of the circumstance of the aperture 15.

5 6 



EP 2 260 765 B1

5

5

10

15

20

25

30

35

40

45

50

55

In the case where the transmitting and receiving part 11
is placed in almost annular form, accordingly, it may be
arranged in an intermittent circular form instead of a con-
tinuous circular form.
[0038] The shape of the transmitting and receiving part
11 is preferably almost annular but may be variously mod-
ified. For instance, it may be polygonal (a polygon having
the larger number of sides is more preferable).
[0039] 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 is 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 in 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 re-
ceive 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 meas-
urement light and reference light, and others to measure
an axial length.
[0040] FIG. 5 is a schematic configuration view of a
measurement system and an optical system in a concrete
example in the case where the measurement optical sys-
tem is 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 as
mentioned above and thus the explanation thereof is not
repeated here.
[0041] A measurement optical system 60 includes a
measurement optical unit 61 having a structure to project
measurement light onto the eye E 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 measure-
ment 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 is preferably a known struc-
ture capable of fogging a fixation target.
[0042] Measurement light emitted from a measure-
ment 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, is 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).
[0043] With such configuration, a complex type oph-
thalmic device including the intraocular pressure meas-
urement system and the measurement optical system
can be made very compact as compared with a conven-
tional device.
[0044] The device is not limited to the above configu-
ration. For example, a projecting optical system for pro-
jecting a target onto the cornea Ec to measure corneal
curvature (e.g., a ring target and a Placido target) is fur-
ther provided so that a target image projected on the
cornea Ec is imaged by the observation optical system
20 (the imaging element 26) to measure the corneal cur-
vature. In this case, the target projecting optical system
for measuring the corneal curvature is placed without in-
terfering with the transmitting and receiving part 11.
[0045] Furthermore, the device may additionally in-
clude 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
imaging optical axis intersecting with the observation op-
tical axis (the measurement optical axis) L1 at a prede-
termined angle and being adapted to receive reflection
light from the anterior segment and image a cross-sec-
tional image of the anterior segment, in order to measure
corneal thickness, anterior chamber depth, and others
based on the cross-sectional image of the imaged ante-
rior segment. In this case, the imaging optical system is
placed without interfering with the transmitting and re-
ceiving part 11.
[0046] As another alternative, the device may include
an illumination optical system having an illumination op-
tical 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 im-
aging optical system having an imaging optical axis in-
tersecting with the observation optical axis L1 at a pre-
determined 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 illumination optical system and
the imaging optical system are placed without interfering
with the transmitting and receiving part 11.
[0047] The present invention is not limited to the con-
figuration for measuring intraocular pressure by use of
the transducer 10 and may be applied to any configura-
tion for measuring internal pressure of an object to be
examined (not limited to a living body) by use of the trans-
ducer 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
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transducer 10.
[0048] In the above case, the device is 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 ob-
servation 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.
[0049] In the above explanation, the aperture 15 of the
transducer 10 is used to measure the second character-
istic of the eye E. The invention may also be applied to
any configuration utilizing the aperture 15 of the trans-
ducer 10 to measure the second characteristic of the ob-
ject.
[0050] 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 meas-
urement unit, an acoustic measurement unit) for meas-
uring 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 unit 100 and the central axis of
the transmitting and receiving part 11 are preferably
placed in an almost coaxial relation.
[0051] Specifically, the measurement unit 100 emits
and/or detects a measurement wave to measure the sec-
ond characteristic of the object S. The measurement
wave may be selected according to measurement pur-
poses from an electromagnetic wave (electric wave, light,
X-rays, gamma rays, etc.), a sonic wave (ultrasonic
wave, acoustic energy), and others.
[0052] 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.
[0053] The present invention is not limited to a config-
uration to be used in air but may be applied to any con-
figuration to be used in gases. For instance, it is con-
ceived that the invention is used in gases containing air
under atmosphere pressure or in any gases (including
inert gas) under arbitrary pressure.
[0054] While the presently preferred embodiment of
the present invention has been shown and described, it
is to be understood that this disclosure is for the purpose
of illumination and that various changes and modifica-
tions may be made without departing from the scope of
the invention as set forth in the appended claims.

Reference Signs List

[0055]

10 Ultrasound transducer
11 Transmitting and receiving part
12 Transmitting section
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

Claims

1. A non-contact ultrasound measurement device com-
prising:

a first unit (10, 70) including an ultrasound trans-
ducer (10) adapted to transmit and receive an
ultrasonic wave in a non-contact manner with
respect to an object to be examined (E, S), the
first unit being adapted to process an output sig-
nal from the transducer and measure a first char-
acteristic of the object, the first characteristic be-
ing internal pressure of the object; and
a second unit (20, 60, 70, 100) 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 cen-
tral part of the transducer and having a suf-
ficient 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,
wherein
the transmitting and receiving part (11) in-
cludes a transmitting section (12) for emit-
ting an ultrasonic beam toward the object,
and a receiving section (13) for detecting
the ultrasonic beam reflected by the object,
and
characterized in that the first unit is config-
ured to obtain internal pressure of the object
based on a relationship between the ampli-
tude of the ultrasonic beam detected by the
receiving section and the internal pressure
of the object.
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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 one of claims 1 to 2, wherein the obser-
vation unit includes an objective lens (22) to be
placed before the object, and the objective lens is
placed in the aperture.

4. The non-contact ultrasound measurement device
according to one of claims 1 to 3, wherein the ultra-
sound transducer is a broadband air-coupled trans-
ducer for transmitting and receiving the ultrasonic
wave having a broad band frequency component.

5. The non-contact ultrasound measurement device
according to one of claims 1 to 4, wherein the trans-
mitting and receiving part is placed in an almost an-
nular form outside the aperture.

6. The non-contact ultrasound measurement device
according to one of claims 1 to 5, wherein a trans-
mitting section and a receiving section of the trans-
mitting and receiving part are arranged concentrical-
ly in different positions.

7. The non-contact ultrasound measurement device
according to one of claims 1 to 6, wherein
the object is an examinee’s eye,
the first characteristic is intraocular pressure which
is 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 ex-
aminee’s eye from front.

8. The non-contact ultrasound measurement device
according to claim 7, wherein
the transmitting section is adapted to transmit an ul-
trasound pulse wave toward the center of a cornea
of the examinee’s eye and the receiving section is
adapted to receive the ultrasound pulse wave reflect-
ed by the center of the cornea, and
the first measurement unit obtains an intraocular
pressure value based on a relationship between
wave characteristics of the reflected ultrasound
pulse wave detected by the receiving section and
the intraocular pressure.

9. The non-contact ultrasound measurement device
according to claim 7 or 8, wherein
the measurement unit is a measurement optical sys-
tem adapted to measure a second eye characteristic
of the examinee’s eye as the second characteristic
from front, and the aperture surrounded by the trans-
mitting and receiving part is used as a measurement

optical path of the measurement optical system.

10. The non-contact ultrasound measurement device
according to claim 9, wherein the measurement op-
tical system includes at least one of an eye refractive
power measurement optical system adapted to
project measurement light onto a fundus of the ex-
aminee’s eye and receive reflection light from the
fundus to measure eye refractive power of the ex-
aminee’s eye as the second eye characteristic and
a corneal shape measurement optical system adapt-
ed 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 sec-
ond eye characteristic.

Patentansprüche

1. Kontaktfreie Ultraschallmessvorrichtung, aufwei-
send:

eine erste Einheit (10, 70), die einen Ultraschall-
transducer (10) enthält, der daran angepasst ist,
eine Ultraschallwelle auf kontaktfreie Weise be-
züglich einem zu untersuchenden Objekt (E, S)
zu übertragen und zu empfangen, wobei die er-
ste Einheit daran angepasst ist, ein Ausgabesi-
gnal von dem Transducer zu verarbeiten und
eine erste Eigenschaft des Objekts zu messen,
wobei die erste Eigenschaft ein Innendruck des
Objekts ist; und
eine zweite Einheit (20, 60, 70, 100), die wenig-
stens entweder eine Beobachtungseinheit (20)
zum Beobachten des Objekts von vorne auf kon-
taktfreie Weise oder eine Messeinheit (60, 100)
zum Messen einer zweiten Eigenschaft des Ob-
jekts von vorne auf eine kontaktfreie Weise ent-
hält,
wobei der Transducer aufweist:

eine Apertur (15), die in einem zentralen Teil
des Transducers vorgesehen ist und eine
ausreichende Größe hat, um für Beobach-
tung oder Messung des Objekts durch die
zweite Einheit verwendet zu werden, und
einen Übertragungs- und Empfangsteil (11)
der Ultraschallwelle, der die Apertur umge-
bend vorgesehen ist,
wobei
der Übertragungs- und Empfangsteil (11)
einen Übertragungsabschnitt (12) zum
Aussenden eines Ultraschallstrahls zu dem
Objekt und einen Empfangsabschnitt (13)
zum Erfassen des Ultraschallstrahls, der
von dem Objekt reflektiert wird, enthält, und
dadurch gekennzeichnet, dass die erste
Einheit so konfiguriert ist, dass ein Innen-
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druck des Objekts basierend auf einer Be-
ziehung zwischen der Amplitude des Ultra-
schallstrahls, der von dem Empfangsab-
schnitt erfasst wird, und dem Innendruck
des Objekts erhalten wird.

2. Kontaktfreie Ultraschallmessvorrichtung gemäß An-
spruch 1, wobei die Beobachtungseinheit oder die
Messeinheit wenigstens entweder eine optische Ein-
heit, eine Röntgeneinheit, eine Ultraschalleinheit
oder eine akustische Einheit enthält.

3. Kontaktfreie Ultraschallmessvorrichtung gemäß ei-
nem der Ansprüche 1 bis 2, wobei die Beobach-
tungseinheit eine Objektivlinse (22) enthält, die vor
dem Objekt zu platzieren ist, und die Objektivlinse
in der Apertur platziert ist.

4. Kontaktfreie Ultraschallmessvorrichtung gemäß ei-
nem der Ansprüche 1 bis 3, wobei der Ultraschall-
transducer ein Breitband-Luftgekoppelter Transdu-
cer zum Übertragen und Empfangen der Ultraschall-
welle ist, die eine Breitbandfrequenzkomponente
hat.

5. Kontaktfreie Ultraschallmessvorrichtung gemäß ei-
nem der Ansprüche 1 bis 4, wobei der Übertragungs-
und Empfangsteil nahezu ringförmig außerhalb der
Apertur angeordnet ist.

6. Kontaktfreie Ultraschallmessvorrichtung gemäß ei-
nem der Ansprüche 1 bis 5, wobei ein Übertragungs-
abschnitt und ein Empfangsabschnitt des Übertra-
gungs- und Empfangsteils konzentrisch in verschie-
denen Positionen angeordnet sind.

7. Kontaktfreie Ultraschallmessvorrichtung gemäß ei-
nem der Ansprüche 1 bis 6, wobei
das Objekt ein Auge eines Prüflings ist,
die erste Eigenschaft ein Augeninnendruck ist, der
eine erste Augeneigenschaft des Auges des Prüf-
lings ist, und
die Beobachtungseinheit ein optisches Beobach-
tungssystem ist, das daran angepasst ist, ein vorde-
res Segment des Auges des Prüflings von vorne zu
beobachten.

8. Kontaktfreie Ultraschallmessvorrichtung gemäß An-
spruch 7, wobei
der Übertragungsabschnitt daran angepasst ist, eine
Ultraschallpulswelle zu dem Zentrum einer Hornhaut
des Auges des Prüflings zu übertragen und der Emp-
fangsabschnitt daran angepasst ist, die Ultraschall-
pulswelle, die von dem Zentrum der Hornhaut reflek-
tiert wird, zu empfangen, und
die erste Messeinheit einen Augeninnendruckwert
erhält, der auf einer Beziehung zwischen Wellenei-
genschaften der reflektierten Ultraschallpulswelle,

der von dem Empfangsabschnitt erfasst wird, und
dem Augeninnendruck basiert.

9. Kontaktfreie Ultraschallmessvorrichtung gemäß An-
spruch 7 oder 8, wobei
die Messeinheit ein optisches Messsystem ist, das
daran angepasst ist, eine zweite Augeneigenschaft
des Auges des Prüflings als die zweite Eigenschaft
von vorne zu messen, und die Apertur, die von dem
Übertragungs- und Empfangsteil umgeben ist, als
ein optischer Messpfad des optischen Messsystems
verwendet ist.

10. Kontaktfreie Ultraschallmessvorrichtung gemäß An-
spruch 9, wobei das optische Messsystem zumin-
dest entweder ein optisches Augenbrechkraft-
messsystem ist, das daran angepasst ist, Messlicht
auf einen Hintergrund des Auges des Prüflings zu
projizieren und Reflexionslicht von dem Hintergrund
zu empfangen, um eine Augenbrechkraft des Auges
des Prüflings als die zweite Augeneigenschaft zu
messen, oder ein optisches Hornhautformmesssy-
stem, das daran angepasst ist, Messlicht auf eine
Hornhaut des Auges des Prüflings zu projizieren und
Reflexionslicht von der Hornhaut zu empfangen, um
eine Form der Hornhaut als die zweite Augeneigen-
schaft zu messen.

Revendications

1. Dispositif de mesure ultrasonore sans contact
comprenant :

une première unité (10, 70) comportant un trans-
ducteur ultrasonore (10) adapté pour transmet-
tre et recevoir une onde ultrasonore sans con-
tact par rapport à un objet à examiner (E, S), la
première unité étant adaptée pour traiter un si-
gnal de sortie du transducteur et mesurer une
première caractéristique de l’objet, la première
caractéristique étant la pression interne de
l’objet ; et
une seconde unité (20, 60, 70, 100) comportant
au moins une unité parmi une unité d’observa-
tion (20) pour observer l’objet sans contact à
partir de l’avant et une unité de mesure (60, 100)
pour mesurer une seconde caractéristique de
l’objet sans contact à partir de l’avant,
dans lequel le transducteur comprend :

une ouverture (15) qui est pourvue dans la
partie centrale du transducteur et qui a une
taille suffisante pour être utilisée pour l’ob-
servation ou la mesure de l’objet par la se-
conde unité, et
une partie de transmission et de réception
(11) de l’onde ultrasonore qui est pourvue
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pour entourer l’ouverture,
dans lequel
la partie de transmission et de réception
(11) comporte une section de transmission
(12) pour émettre un faisceau ultrasonore
vers l’objet, et une section de réception (13)
pour détecter le faisceau ultrasonore réflé-
chi par l’objet, et
caractérisé en ce que la première unité est
configurée pour obtenir la pression interne
de l’objet sur la base d’une relation entre
l’amplitude du faisceau ultrasonore détecté
par la section de réception et la pression
interne de l’objet.

2. Dispositif de mesure ultrasonore sans contact selon
la revendication 1, caractérisé en ce que l’unité
d’observation ou l’unité de mesure comporte au
moins une unité parmi une unité optique, une unité
à rayons X, une unité ultrasonore, et une unité acous-
tique.

3. Dispositif de mesure ultrasonore sans contact selon
l’une des revendications 1 à 2, caractérisé en ce
que l’unité d’observation comporte une lentille d’ob-
jectif (22) à placer devant l’objet, et la lentille d’ob-
jectif est placée dans l’ouverture.

4. Dispositif de mesure ultrasonore sans contact selon
l’une des revendications 1 à 3, caractérisé en ce
que le transducteur ultrasonore est un transducteur
à couplage par air à large bande pour transmettre
et recevoir l’onde ultrasonore ayant une composante
fréquentielle à large bande.

5. Dispositif de mesure ultrasonore sans contact selon
l’une des revendications 1 à 4, caractérisé en ce
que la partie de transmission et de réception est pla-
cée dans une forme presque annulaire à l’extérieur
de l’ouverture.

6. Dispositif de mesure ultrasonore sans contact selon
l’une des revendications 1 à 5, caractérisé en ce
qu’une section de transmission et une section de
réception de la partie de transmission et de réception
sont agencées concentriquement dans des posi-
tions différentes.

7. Dispositif de mesure ultrasonore sans contact selon
l’une des revendications 1 à 6, caractérisé en ce
que
l’objet est l’oeil d’une personne examinée,
la première caractéristique est la pression intraocu-
laire, qui est une première caractéristique d’oeil de
l’oeil de la personne examinée, et
l’unité d’observation est un système optique d’ob-
servation adapté pour observer un segment anté-
rieur de l’oeil de la personne examinée à partir de

l’avant.

8. Dispositif de mesure ultrasonore sans contact selon
la revendication 7, caractérisé en ce que
la section de transmission est adaptée pour trans-
mettre une onde d’impulsion ultrasonore vers le cen-
tre d’une cornée de l’oeil de la personne examinée
et la section de réception est adaptée pour recevoir
l’onde d’impulsion ultrasonore réfléchie par le centre
de la cornée, et
la première unité de mesure obtient une valeur de
pression intraoculaire sur la base d’une relation entre
des caractéristiques d’onde de l’onde d’impulsion ul-
trasonore réfléchie détectée par la section de récep-
tion et la pression intraoculaire.

9. Dispositif de mesure ultrasonore sans contact selon
la revendication 7 ou 8, caractérisé en ce que
l’unité de mesure est un système optique de mesure
adapté pour mesurer une seconde caractéristique
d’oeil de l’oeil de la personne examinée comme la
seconde caractéristique à partir de l’avant, et l’ouver-
ture entourée par la partie de transmission et de ré-
ception est utilisée comme un trajet optique de me-
sure du système optique de mesure.

10. Dispositif de mesure ultrasonore sans contact selon
la revendication 9, caractérisé en ce que le système
optique de mesure comporte au moins soit un sys-
tème optique de mesure de pouvoir de réfraction de
l’oeil adapté pour projeter une lumière de mesure
sur un fond de l’oeil de la personne examinée et re-
cevoir la lumière réfléchie du fond pour mesurer un
pouvoir de réfraction d’oeil de l’oeil de la personne
examinée comme la seconde caractéristique d’oeil
soit un système optique de mesure de forme cor-
néenne adapté pour projeter une lumière de mesure
sur une cornée de l’oeil de la personne examinée et
recevoir la lumière de réflexion de la cornée pour
mesurer une forme de la cornée comme la seconde
caractéristique d’oeil.
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