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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on Japanese Patent Application No. 2009-274060 filed with the Japan Patent Office
on December 2, 2009.

BACKGROUND

1. Technical Field

[0002] The present invention relates to an apparatus for measuring a distance between eye tissues which measures
a distance between tissues of an examinee’s eye.

2. Related Art

[0003] An apparatus for measuring a distance between eye tissues projects measurement light toward an examinee’s
eye and detects the reflected light with a light receiving device as interference light to measure an axial distance between
eye tissues (e.g., ocular axial length, anterior chamber depth) (e.g., refer to Patent Document 1).
[0004] Documents that describe the related art are listed below.

Patent Document 1: JP 2002-531205 A (PCT)
Patent Document 2: JP 2005-160694 A

[0005] US 2007/282313 A1 discloses a device according to the preamble of claim 1.
[0006] However, in the case of measuring a severe cataract eye with the conventional apparatus, little light has been
returned from a fundus. This has caused insufficient obtainment of an S/N ratio of an interference signal, thus making
distance measurement difficult.

SUMMARY

[0007] In view of the above problem, a technical object of the present invention is to provide an apparatus for measuring
a distance between eye tissues which is capable of improving the accuracy in measurement on a severe cataract eye
and smoothly performing the measurement.
[0008] To solve the above problem, the present invention has the configuration defined in appended claim 1.
[0009] According to the present invention, it is possible to improve the accuracy in measurement on a severe cataract
eye, and also to smoothly perform the measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other objects, features, aspects and advantages of the invention will become more apparent
from the following detailed description when taken in conjunction with the accompanying drawings, in which:

Fig. 1 is a view illustrating a schematic configuration of an optical system and a control system in an apparatus for
measuring a distance between eye tissues according to one embodiment of the present invention; and
Fig. 2 is a flowchart for illustrating an operation of the apparatus according to the present embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] Preferred embodiments of the present invention will be described below with reference to the accompanying
drawings, in which like reference characters designate similar or identical parts throughout the several views thereof.
[0012] Fig. 1 is a view illustrating a schematic configuration of an optical system in an apparatus for measuring a
distance between eye tissues according to one embodiment of the present invention. It is to be noted that the following
embodiment is described taking an apparatus for measuring an ocular axial length as an example.
[0013] An emitting optical system 10 includes a measurement light source 1, a collimator lens 3, a beam splitter 5, a
first triangular prism (comer cube) 7, a second triangular prism 9, a polarization beam splitter 11, a quarter wavelength
plate 13, and an examination window 17. The measurement light source 1 is a light source that emits low coherent light
(e.g., SLD (Super Luminescent Diode)). The collimator lens 3 collimates the light flux emitted from the light source 1
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into parallel light flux. The beam splitter 5 splits the light emitted from the light source 1. The first triangular prism 7 is
disposed in a transmitting direction of the beam splitter 5. The second triangular prism 9 is disposed in a reflecting
direction of the beam splitter 5. The emitting optical system 10 is disposed so as to project (transmit) measurement light
onto a cornea and a fundus of an examinee’s eye.
[0014] The light (linearly polarized light) emitted from the light source 1 is collimated by the collimator lens 3, and then
split into first measurement light (reference light) and second measurement light by the beam splitter 5. The first meas-
urement light is reflected and returned by the triangular prism 7. Meanwhile, the second measurement light is reflected
and returned by the triangular prism 9. Thereafter, the first measurement light and second measurement light are
combined by the beam splitter 5. The combined light is reflected by the polarization beam splitter 11, and then converted
into circularly polarized light by the quarter wavelength plate 13. This circularly polarized light is then projected onto at
least the cornea and the fundus via a dichroic mirror 15 and the examination window 17. At this time, when measured
light flux made up of this circularly polarized light is reflected by the cornea and the fundus, a phase of this light flux is
displaced by a 1/2 wavelength.
[0015] A light receiving optical system 20 includes the examination window 17, the quarter wavelength plate 13, the
polarization beam splitter 11, a condenser lens 19, and a light receiving device 21. The light receiving optical system
20 is disposed for receiving light (interference light) obtained by interference of reflected light obtained by reflection of
measurement light on the cornea with reflected light obtained by reflection of measurement light on the fundus.
[0016] Herein, the cornea reflected light and the fundus reflected light travel via the examination window 17 and the
dichroic mirror 15, and are converted into linearly polarized light by the quarter wavelength plate 13. Then, both the
pieces of reflected light transmitted through the polarization beam splitter 11 are collected by the condenser lens 19,
and received by the light receiving device 21.
[0017] It is to be noted that the triangular prism 7 is used as an optical-path-length changing optical member (optical-
path-length changing member) for changing an optical path length. By driving of the driving part 71 (e.g., motor), the
triangular prism 7 is linearly moved with respect to the beam splitter 5 along an optical axis direction. In addition, the
scanning rate (movement rate) of the prism 7 at the time of measurement is changed by switching a measurement mode
(to be described later) in each measurement. This optical-path-length changing optical member may be a triangular
mirror. Further, a position of the prism 7 at the time of driving is detected by a position detection sensor 72 (e.g.,
potentiometer, encoder).
[0018] It should be noted that the foregoing optical-path-length changing optical member should be disposed on any
of a plurality of measurement optical paths obtained by splitting by an optical path splitting member. The optical-path-
length changing optical member may be moved so as to adjust an optical path difference between the plurality of
measurement optical paths. For example, the optical-path-length changing optical member and the optical path splitting
member may be disposed on an optical path of the emitting optical system 10 as in Fig. 1, may be disposed on an optical
path of the light receiving optical system 20, or may be disposed on a common optical path of the emitting optical system
10 and the light receiving optical system 20.
[0019] An anterior segment imaging optical system 30 disposed for capturing an image of an anterior segment of the
eye is provided in a reflecting direction of the dichroic mirror 15. The imaging optical system 30 includes the dichroic
mirror 15, an objective lens 31, a total reflection mirror 33, an image forming lens 35, and a two-dimensional imaging
device 37. The dichroic mirror 15 has a characteristic of transmitting light emitted from the light source 1, while reflecting
light (e.g., infrared light) emitted from a light source 40 for illuminating the anterior segment. Herein, an anterior segment
image, obtained by illumination by the illumination light source 40, is formed on the two-dimensional imaging device 37
via the examination window 17, the dichroic mirror 15, the objective lens 31, the total reflection mirror 33 and the image
forming lens 35.
[0020] Next, a description is given to a control system of the apparatus according to the present embodiment. A control
part 80 is connected with a display monitor 81, the light source 1, the light receiving device 21, a driving part 71, a
position detection sensor 72, a control part 84, a memory 85, a signal processing part 50, and the like. The control part
80 obtains an ocular axial distance by calculation, using an interference signal output from the light receiving device 21.
Further, the obtained measurement value and the like are stored in the memory 85. Moreover, the control part 84 is
provided with a variety of switches such as a measurement start switch 84a to emit a trigger signal for starting meas-
urement.
[0021] Further, the apparatus for measuring a distance between eye tissues according to the present embodiment
has a first measurement mode and a second measurement mode. In the first measurement mode, an ocular axial length
is measured while the prism 7 is moved at a first scanning rate V1 in accordance with a mild cataract eye. In the second
measurement mode, an ocular axial length is measured while the prism 7 is moved at a second scanning rate V2 in
accordance with a severe cataract eye. It is to be noted that the first scanning rate V1 and the second scanning rate V2
have a relation of V1 > V2.
[0022] When a mode switching signal is issued automatically or manually, the control part 80 changes the scanning
rate of the prism 7 at the time of measurement in accordance with the mode switching signal. The control part 80 then
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controls driving of the driving part 71 such that the prism 7 is moved at the scanning rate corresponding to the set
measurement mode.
[0023] It should be noted that the second measurement mode is provided for measuring an eye which is not suitably
measurable on the first measurement mode. Such an eye is, for example, an eye with which an acceptable S/N ratio of
the interference signal cannot be obtained. In addition, a distinction between mild cataract and severe cataract is normally
made by stage of cataract progression. However, in the following description, the distinction is made based on whether
or not the S/N ratio of the interference signal exceeds a predetermined acceptable value at the time of measurement
on the first measurement mode.
[0024] Further, the S/N ratio (SNR: Signal to Noise Ratio) of the interference signal is an amount of noise with respect
to the interference signal, and expressed using logarithm. Generally, the higher the S/N ratio value, the higher quality
signal with smaller noise can be obtained. Also in the present embodiment, the higher the S/N ratio, the more highly
sensitive interference signal can be obtained.
[0025] The control part 80 has a signal processing part 50 for processing a light receiving signal output from the light
receiving device 21. The signal processing part 50 is provided with a circuit switching part 51, a first band-pass filter 52,
a second band-pass filter 53, an amplifier 54, a nonlinear amplifier (log amplifier) 55, a low-pass filter 56, an amplifier
57, and an A/D converter 58. The first band-pass filter 52 and the second band-pass filter 53 are switched in accordance
with the measurement mode such that either mode is used. The A/D converter 58 converts an analog light receiving
signal output from the amplifier 57 into a digital signal. It is to be noted that each member provided in the signal processing
part 50 can be formed using a variety of electric circuits (e.g., FPGA).
[0026] The circuit switching part 51 switches connection of the two band-pass filters. The first band-pass filter 52 and
the second band-pass filter 53 are members for extracting a beat signal (beat component) from a signal output from the
light receiving device 21. The beat signal is a signal in a predetermined frequency band (beat frequency band) with a
beat frequency regarded as a reference. That is, these filters 52 and 53 allow passage therethrough of the beat signal,
while removing the other signals in the other frequency bands. A beat frequency vd is expressed as: vd = 2V/λc, in which
V represents a movement rate of the prism 7 and λc represents a center wavelength of the light source 1.
[0027] It should be noted that, when the movement rate of the prism 7 is switched, the beat frequency band changes.
Therefore, the filter 52 is set so as to extract a beat signal in the case of the prism 7 being moved at the first scanning
rate V1. Meanwhile, the filter 53 is set so as to extract a beat signal in the case of the prism 7 being moved at the second
scanning rate V2. The control part 80 then switches the band-pass filter to be used in accordance with the mode switching
signal. Thus, the control part 80 changes the beat frequency band, i.e., the frequency band for extracting an interference
signal from a light receiving signal.
[0028] The nonlinear amplifier 55 is a member (envelope detection circuit) for obtaining and outputting an envelope
of a beat signal amplified by the amplifier 54.
[0029] The low-pass filter 56 is a member for extracting an interference light component (interference signal) from an
output signal (envelope signal) output from the nonlinear amplifier 55. The low-pass filter 56 allows passage therethrough
of a signal with a frequency not more than a predetermined frequency among envelope signals output from the nonlinear
amplifier 55, while cutting off a signal with a frequency exceeding the predetermined frequency. The signal with a
frequency not more than the predetermined frequency corresponds to the envelope based on the interference signal.
[0030] A description is given to the case of measuring an ocular axial length with the apparatus having such a con-
figuration as above. The examiner moves the apparatus in up-to-down, right-to-left and back-to-forth directions by use
of an operating means such as a joystick, not illustrated, while observing an alignment state of the eye which is displayed
on the monitor 81. The examiner then places the apparatus at a predetermined position with respect to an eye E. In this
case, the examiner instructs the eye E be fixated to a fixation target, not illustrated.
[0031] Fig. 2 is a flowchart for illustrating an operation of the apparatus according to the present embodiment. At the
initial stage, the first measurement mode is set. In this case, the first band-pass filter 52 is used by the circuit switching
part 51.
[0032] When a trigger signal for starting measurement is output automatically or manually, the measurement light
source 1 is lighted by the control part 80. Thus, measurement light is projected onto the eye E by the emitting optical
system 10. Then, reflected light obtained by reflection of the measurement light on the eye E is incident on the light
receiving device 21 of the light receiving optical system 20.
[0033] Further, the control part 80 controls driving of the driving part 71, to reciprocate the first triangular prism 7 at
the first scanning rate V1. The control part 80 then calculates an ocular axial length, based on the timing at which
interference light is detected by the light receiving device 21.
[0034] The first scanning rate V1 is set to such a rate that the S/N ratio of the interference signal satisfies a predetermined
acceptable value when a normal eye and mild cataract is measured. The rate is calculated by a predetermined calculating
expression and/or experiment, and the like. For example, the rate is set to a rate to such a degree that the prism 7 can
move in a movable range (P1 to P2), corresponding to a predetermined measurable range, in about 0.5 seconds.
[0035] In the case of the reciprocation, the control part 80 obtains a first interference signal output from the light
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receiving device 21 at the time of the first triangular prism 7 being moved in a first direction (direction A). The control
part 80 then obtains a second interference signal output from the light receiving device 21 at the time of the first triangular
prism 7 being moved in a second direction (direction B) that is reverse to the first direction. The control part 80 respectively
measures an ocular axial length based on the first interference signal and an ocular axial length based on the second
interference signal.
[0036] The position of the prism 7 in movement at the time of the interference signals being output from the light
receiving device 21 varies in accordance with the ocular axial length. The position can be detected based on signals
output from the position detection sensor 72. The position is thus detectable based on a signal output from a position
detection sensor 72. Accordingly, it is for example preferable to previously obtain a relation between the position of the
prism 7 and the ocular axial length by use of a predetermined arithmetic expression, a table, or the like. It is thereby
possible to calculate an ocular axial length value based on the position of the prism 7 at the time of the interference
signal being output.
[0037] The control part 80 acquires the first interference signal when the prism 7 is moved in the direction A. The
control part 80 obtains a first measurement result on the ocular axial length, based on the position of the prism 7 when
the first interference signal is acquired. The control part 80 then acquires the second interference signal when the prism
7 is moved in the direction B. The control part 80 obtains a second measurement result on the ocular axial length, based
on the position of the prism 7 when the second interference signal is acquired. Thus, the ocular axial length is measured
twice during one time of reciprocation of the prism 7. Accordingly, it is possible to smoothly perform continuous meas-
urement.
[0038] The obtained information on the ocular axial length (measurement result) is stored in the memory 85. Further,
after completion of a predetermined number of times of measurement (or after obtainment of a predetermined number
of values of the examinee’s ocular axial length), the control part 80 completes the reciprocation of the prism 7, and
returns the prism 7 from the moving position to the initial position.
[0039] After completion of the measurement on the first measurement mode as described above, the control part 80
determines whether or not the S/N ratio of the interference signal is not less than the predetermined value. It is to be
noted that this determination may be made on an S/N ratio of the light receiving signal. Further, in that case, the light
receiving signal at a stage before extraction of the interference signal may be used. When the S/N ratio is not less than
the predetermined value, the control part 80 displays the measurement result on the first measurement mode on the
monitor 81, and then completes the measurement.
[0040] On the other hand, when the S/N ratio falls below the predetermined value, the control part 80 automatically
issues a mode switching signal to switch the measurement mode from the first measurement mode to the second
measurement mode. The control part 80 then performs re-measurement on the ocular axial length. Herein, the control
part 80 transmits a switching signal to the circuit switching part 51, and switches the band-pass filter to be used to the
second band-pass filter corresponding to the second scanning rate V2. It should be noted that at this time, the control
part 80 may display the measurement result, the S/N ratio and the like on the first measurement mode on the monitor 81.
[0041] When a trigger signal for starting measurement is issued automatically or manually, the control part 80 controls
driving of the driving part 71 to move (or reciprocate) the first triangular prism 7 at the second scanning rate V2. The
control part 80 then calculates an ocular axial length, based on the timing at which the interference light is detected by
the light receiving device 21.
[0042] The second scanning rate is set to a rate slower than the first scanning rate, such that the S/N ratio of the
interference signal satisfies a predetermined acceptable value at the time of measurement on the severe cataract eye.
The rate is preferably a rate to such a degree that the prism 7 can scan a predetermined movable range (P1 to P2) at
least once within the time (within about three seconds) when stable fixation of the eye is sustainable. After obtainment
of a result of measurement on the ocular axial length on the second measurement mode, the control part 80 displays
this result of the re-measurement on the monitor 81.
[0043] Hereinafter, the relation between the scanning rate and the S/N ratio of the optical-path-length changing optical
member is specifically described. Herein, the first scanning rate on the first measurement mode is taken as V1 (m/s).
The second scanning rate on the second measurement mode is taken as V2 (m/s). In this case, the relation between
the S/N ratio (SNR) and the scanning rate can be expressed by the following mathematical expressions (1) and (2). 
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[0044] Herein, η represents a light receiving efficiency (including the optical system and the light receiving device),
Psample represents a light receiving amount on the object light side, Ev represents light energy, BW represents a width
of a frequency band (beat frequency band) used for signal detection, v represents a scanning rate, λ0 represents a
center wavelength of the light source, and Δλ represents a spectrum width. For example, when λ0 = 830 nm and Δλ =
8 nm, the scanning rate is preferably set between 10 mm/s and 400 mm/s, approximately.
[0045] In this case, with decrease in v, BW decreases while the S/N ratio increases. In other words, when the scanning
rate of the prism 7 becomes slower, v decreases, and the S/N ratio thus increases. As a result, the sensitivity of the
interference signal increases. Specifically, by measurement at the second scanning rate V2 which is slower than the
first scanning rate V1 (V2 < V1), the measurement time becomes longer, but the S/N ratio becomes higher than in the
measurement at the first scanning rate V1. Therefore, even in a case where a large portion of measurement light is
shielded inside the eye to make a light amount level of the interference light small, as in the case of implementing
measurement on the eye suffering from severe cataract, an S/N ratio acceptable to a certain degree can be ensured.
[0046] In the apparatus having the foregoing configuration, measurement is implemented at the second scanning rate
V2 on the eye with high degree of difficulty in measurement, such as the severe cataract eye. Thus, the sensitivity of
the interference signal increases, and the acceptable measurement accuracy can be obtained. Further, in this apparatus,
measurement can be implemented on the first measurement mode as the initial setting on the normal eye or the mild
cataract eye. It is therefore possible to smoothly implement measurement by use of the first scanning rate V1.
[0047] In the apparatus, in order to automatically issue the switching signal for switch to the second measurement
mode, a configuration may be employed where a light receiving part (light receiving device) is provided which receives
reflected light obtained by reflection of measurement light on a tissue (e.g., fundus) of the examinee’s eye, and a switching
signal for switch of the measurement mode to the second measurement mode is issued based on a light receiving signal
output form the light receiving part. For example, the control part 80 may determine whether or not a light amount of the
light receiving signal exceeds a predetermined threshold, and may issue a switching signal depending on a determination
result. It is to be noted that the light receiving part is not limited to the light receiving device 21. For example, the light
receiving part may be a member that captures an image inside the pupil, formed by fundus reflected light, on the imaging
device 37 and determines by image processing the presence or absence of opacity due to the cataract.
[0048] It is to be noted that in the present embodiment, the configuration of automatically switching the mode is
described. However, the apparatus may be configured to be provided with a mode selection switch to be operated by
the examiner. In this configuration, for example, the examiner checks the S/N ratio, and operates the mode selection
switch, based on a result of the checking. Then, the measurement mode is switched based on an operation signal from
this switch.
[0049] It is to be noted that in the foregoing description, signals are processed using hardware (circuit configuration)
such as the signal processing part 50. However, this is not restrictive, and similar signal processing may be performed
by use of arithmetic processing by software. For example, the control part 80 performs Fourier analysis on a light receiving
signal I(t) output from the light receiving device 21 to acquire a frequency spectrum I(f). The control part 80 then detects
a beat frequency vd by use of the acquired frequency spectrum I(f). Based on the detected beat frequency vd, the control
part 80 changes a frequency band for extracting an interference signal from a light receiving signal by use of a band-
pass filter constructed by software. Thus, in a light receiving signal I(t) output from the light receiving device 21, a light
receiving signal in a frequency band with the beat frequency Vd taken at the center is extracted as an interference signal.
Thereafter, the control part 80 measures an ocular axial length by use of the extracted interference signal. In this case,
the first band-pass filter that extracts a beat signal corresponding to the first measurement mode and the second band-
pass filter that extracts a beat signal corresponding to the second measurement mode are formed by software.
[0050] It is to be noted that in measurement on a patient having normal eyes, an S/N ratio not less than a predetermined
value may be obtained even when the scanning rate is made faster than the first scanning rate. Therefore, not only the
second scanning rate mode, but a third measurement mode on which the scanning rate of the prism 7 is made faster
than the first measurement mode may be provided. In this case, a band-pass filter corresponding thereto is provided.
In such a manner, measurement on the normal eye can be completed in a shorter period of time. This can alleviate load
of the patient. In this case, the first measurement mode is a mode dealing with mild cataract.
[0051] It is to be noted that in the present embodiment, the configuration is described where the scanning rate can be
switched in two stages by switching the measurement mode. However, this configuration is not necessarily employed.
The apparatus for measuring a distance between eye tissues may be configured such that three or more measurement
modes can be set. For example, this apparatus may be configured such that a member, with which an arbitrary scanning
rate can be input by the examiner in a predetermined range, can be provided and measurement can be performed at
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the input scanning rate. The examiner can thereby perform more delicate adjustment.
[0052] Further, in the present embodiment, the configuration is described where the cornea reflected light and the
fundus reflected light are interfered with each other. However, this configuration is not necessarily employed. For example,
the apparatus for measuring a distance between eye tissues according to the present invention may be an apparatus
for measuring a distance between eye tissues, provided with a light interfering optical system including a beam splitter
(light splitting member) that splits light emitted from the light source, a sample arm that forms an object optical path, a
reference arm that forms a reference optical path, and a light receiving device for receiving interference light. In this light
interfering optical system, interference light obtained by interference of measurement light projected onto the eye via
the sample arm with reference light from the reference arm is received by the light receiving device. In this case, the
optical-path-length changing optical member is provided in at least one of the sample arm and the reference arm.
[0053] Moreover, in the present embodiment, the configuration is described where the prism 9 is linearly moved to
change an optical path length of reference light. However, this configuration is not necessarily employed. For example,
the apparatus for measuring a distance between eye tissues according to the present invention may be configured to
change an optical path length of reference light by a light delaying mechanism to move a rotary reflector (e.g., refer to
JP 2005-160694 A). In this case, a movement rate of the rotary reflector is changed in accordance with the first meas-
urement mode and the second measurement mode.
[0054] Alternatively, the apparatus for measuring a distance between eye tissues according to the embodiment of the
present invention may be configured as an eye distance measurement apparatus for measuring an eye distance corre-
sponding to a distance between tissues of an examinee’s eye using interference light obtained by interference between
a plurality of pieces of measurement light including measurement light reflected from the examinee’s eye, the plurality
of pieces of measurement light being different in optical path length from one another. This eye distance measurement
apparatus may include an optical member that moves on one of the optical paths of the measurement light to adjust an
optical path difference between the plurality of pieces of measurement light, and a control unit that measures the eye
distance, based on a position of the optical member where the interference light appears. Herein, the control unit may
be set to change a movement rate of the optical member to adjust intensity of the interference light.
[0055] While the invention has been illustrated and described in detail, the foregoing description is in all aspects
illustrative and not restrictive. It is therefore understood that numerous modifications and variations can be devised
without departing from the scope of the invention.

Claims

1. An apparatus for measuring a distance between eye tissues comprising:

an interfering optical system that includes

a light source (1),
a beam splitter (5) for splitting light emitted from the light source into first split light and second split light,
an emitting optical system (10) for projecting at least one of the first split light and the second split light
toward an examinee’s eye,
a light receiving optical system (20) for combining the two pieces of split light including the split light reflected
by the examinee’s eye and guiding the combined light to a light receiving device (21), and
a driving part (71) for moving an optical member (7) in order to adjust an optical path difference between
the first split light and the second split light;

characterized by
a mode switching unit (80) that issues a mode switching signal for switching a measurement mode between at
least two measurement modes including a first measurement mode for measuring the ocular axial length of the
examinee’s eye while moving the optical member at a first scanning rate, and a second measurement mode
for measuring the ocular axial length of the examinee’s eye while moving the optical member at a second
scanning rate which is slower than the first scanning rate; and
a calculation and control unit (80) that performs operations of
changing a scanning rate of the optical member at the time of measurement in accordance with the mode
switching signal issued by the mode switching unit,
controlling an operation of the driving part such that the optical member is moved at a scanning rate corresponding
to the measurement mode switched by the mode switching unit, and
measuring the ocular axial length of the examinee’s eye, based on an output signal of the light receiving device,
obtained at the time of moving the optical member.
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2. The apparatus for measuring the ocular axial length according to claim 1,
further comprising
a light receiving part (21, 37) that receives reflected light obtained by reflection of the light emitted from the light
source on the examinee’s eye, wherein
the mode switching unit automatically issues a mode switching signal for switch to the second measurement mode,
based on an output signal of the light receiving part.

3. The apparatus for measuring the ocular axial length according to claim 1,
wherein,
when an S/N ratio of an interference signal output from the light receiving device is not less than a predetermined
value at the time of measurement on the first measurement mode, the mode switching unit completes the meas-
urement, and
when the S/N ratio of the interference signal output from the light receiving device falls below the predetermined
value at the time of measurement on the first measurement mode, the mode switching unit automatically issues a
mode switching signal for switch of the measurement mode from the first measurement mode to the second meas-
urement mode.

4. The apparatus for measuring the ocular axial length according to claim 1,
wherein
the mode switching unit issues the mode switching signal, based on an operation signal output from a mode selection
switch operated by an examiner.

5. The apparatus for measuring the ocular axial length according to claim 1,
wherein
the calculation and control unit (50) includes:

a first band-pass filter for extracting a beat signal corresponding to the first measurement mode, from a light
receiving signal output from the light receiving device; and
a second band-pass filter for extracting a beat signal corresponding to the second measurement mode, from a
light receiving signal output from the light receiving device, and
the calculation and control unit (50) changes a frequency band extracted from the light receiving signal in
accordance with the mode switching signal.

6. The apparatus for measuring the ocular axial length according to claim 1,
wherein
the mode switching unit issues a mode switching signal for switching the measurement mode among at least three
or more measurement modes with mutually different scanning rates of the optical member.

Patentansprüche

1. Eine Vorrichtung zum Messen einer Entfernung zwischen Augengeweben, die folgende Merkmale aufweist:

ein optisches Störsystem, das

eine Lichtquelle (1),
einen Strahlteiler (5) zum Aufspalten von Licht, das von der Lichtquelle emittiert wird, in ein erstes aufge-
spaltenes Licht und ein zweites aufgespaltenes Licht,
ein optisches Emissionssystem (10) zum Projizieren zumindest entweder des ersten aufgespaltenen Lichts
und/oder des zweiten aufgespaltenen Lichts auf das Auge eines zu untersuchenden Subjekts,
ein optisches Lichtempfangssystem (20) zum Kombinieren der zwei Anteile an aufgespaltenem Licht, die
das durch das Auge des zu untersuchenden Subjekts reflektierte aufgespaltene Licht umfassen, und zum
Lenken des kombinierten Lichts zu einer Lichtempfangsvorrichtung (21) und
ein Antriebsteil (71) zum Bewegen eines optischen Bauglieds (7), um eine Strahlenwegdifferenz zwischen
dem ersten aufgespaltenen Licht und dem zweiten aufgespaltenen Licht anzupassen;

umfasst;
gekennzeichnet durch
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eine Modusschalteinheit (80), die ein Modusschaltsignal zum Schalten eines Messmodus zwischen zumindest
zwei Messmodi emittiert, die einen ersten Messmodus zum Messen der okularen axialen Länge des Auges des
zu untersuchenden Subjekts, während das optische Bauglied mit einer ersten Abtastgeschwindigkeit bewegt
wird, und einen zweiten Messmodus zum Messen der okularen axialen Länge des Auges des zu untersuchenden
Subjekts, während das optische Bauglied mit einer zweiten Abtastgeschwindigkeit bewegt wird, die geringer
ist als die erste Abtastgeschwindigkeit, umfassen; und
eine Berechnungs- und Steuereinheit (80), die Operationen
eines Veränderns einer Abtastgeschwindigkeit des optischen Bauglieds zum Zeitpunkt der Messung gemäß
dem durch die Modusschalteinheit emittierten Modusschaltsignal,
eines Steuerns eines Betriebs des Antriebsteils derart, dass das optische Bauglied mit einer Abtastgeschwin-
digkeit bewegt wird, die dem durch die Modusschalteinheit geschalteten Messmodus entspricht, und
eines Messens der okularen axialen Länge des Auges des zu untersuchenden Subjekts, auf der Basis eines
Ausgangssignals der Lichtempfangsvorrichtung, das zum Zeitpunkt des Bewegens des optischen Bauglieds
erhalten wird,
durchführt.

2. Die Vorrichtung zum Messen der okularen axialen Länge gemäß Anspruch 1,
die ferner folgende Merkmale aufweist:

ein Lichtempfangsteil (21, 37), das reflektiertes Licht empfängt, das durch eine Reflexion des von der Lichtquelle
emittierten Lichts auf dem Auge des zu untersuchenden Subjekts erhalten wird, wobei
die Modusschalteinheit automatisch ein Modusschaltsignal zum Schalten in den zweiten Messmodus auf der
Basis eines Ausgangssignals des Lichtempfangsteils emittiert.

3. Die Vorrichtung zum Messen der okularen axialen Länge gemäß Anspruch 1,
bei der
die Modusschalteinheit dann, wenn ein Signal/Rausch-Verhältnis eines aus der Lichtempfangsvorrichtung ausge-
gebenen Störsignals zum Zeitpunkt der Messung in dem ersten Messmodus nicht geringer ist als ein vorbestimmter
Wert, die Messung abschließt, und
die Modusschalteinheit dann, wenn das Signal/Rausch-Verhältnis des aus der Lichtempfangsvorrichtung ausgege-
benen Störsignals zum Zeitpunkt der Messung in dem ersten Messmodus den vorbestimmten Wert unterschreitet,
automatisch ein Modusschaltsignal zum Schalten des Messmodus von dem ersten Messmodus in den zweiten
Messmodus emittiert.

4. Die Vorrichtung zum Messen der okularen axialen Länge gemäß Anspruch 1,
bei der
die Modusschalteinheit das Modusschaltsignal auf der Basis eines Betriebssignals emittiert, das von einem durch
einen Untersucher bedienten Modusauswahlschalter ausgegeben wird.

5. Die Vorrichtung zum Messen der okularen axialen Länge gemäß Anspruch 1,
bei der
die Berechnungs- und Steuereinheit (50) folgende Merkmale umfasst:

ein erstes Bandpassfilter zum Extrahieren eines Schwebungssignals, das dem ersten Messmodus entspricht,
aus einem Lichtempfangssignal, das aus der Lichtempfangsvorrichtung ausgegeben wird; und
ein zweites Bandpassfilter zum Extrahieren eines Schwebungssignals, das dem zweiten Messmodus entspricht,
aus einem Lichtempfangssignal, das aus der Lichtempfangsvorrichtung ausgegeben wird, und

die Berechnungs- und Steuereinheit (50) ein aus dem Lichtempfangssignal extrahiertes Frequenzband gemäß dem
Modusschaltsignal verändert.

6. Die Vorrichtung zum Messen der okularen axialen Länge gemäß Anspruch 1,
bei der
die Modusschalteinheit ein Modusschaltsignal zum Schalten des Messmodus zwischen zumindest drei oder mehr
Messmodi mit voneinander verschiedenen Abtastgeschwindigkeiten des optischen Bauglieds emittiert.
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Revendications

1. Appareil de mesure de distance entre des tissus oculaires, comprenant:

un système optique interférent comprenant

une source de lumière (1),
un diviseur de faisceau (5) destiné à diviser la lumière émise par la source de lumière en une première
lumière divisée et une deuxième lumière divisée,
un système optique d’émission (10) destiné à projeter au moins l’une parmi la première lumière divisée et
la deuxième lumière divisée vers l’oeil d’une personne examinée,
un système optique de réception de lumière (20) destiné à combiner les deux parties de lumière divisée
comprenant la lumière divisée réfléchie par l’oeil de la personne examinée et à guider la lumière combinée
vers un dispositif de réception de lumière (21), et
une partie d’entraînement (71) destinée à déplacer un élément optique (7) pour ajuster une différence de
trajet optique entre la première lumière divisée et la deuxième lumière divisée;

caractérisé par
une unité de commutation de mode (80) qui émet un signal de commutation de mode pour commuter un mode
de mesure entre au moins deux modes de mesure comprenant un premier mode de mesure pour mesurer la
longueur axiale oculaire de l’oeil de la personne examinée tout en déplaçant l’élément optique à une première
vitesse de balayage, et un deuxième mode de mesure pour mesurer la longueur axiale oculaire de l’oeil de la
personne examinée tout en déplaçant l’élément optique à une deuxième vitesse de balayage qui est plus lente
que la première vitesse de balayage; et
une unité de calcul et de commande (80) qui effectue les opérations consistant à
changer une vitesse de balayage de l’élément optique au moment de la mesure en fonction du signal de
commutation de mode émis par l’unité de commutation de mode,
commander un fonctionnement de la partie d’entraînement de sorte que l’élément optique soit déplacé à une
vitesse de balayage qui correspond au mode de mesure qui est commuté par l’unité de commutation de mode, et
mesurer la longueur axiale oculaire de l’oeil de la personne examinée, sur la base d’un signal de sortie du
dispositif de réception de lumière obtenu au moment du déplacement de l’élément optique.

2. Appareil de mesure de la longueur axiale oculaire selon la revendication 1, comprenant par ailleurs
une partie de réception de lumière (21, 37) qui reçoit la lumière réfléchie obtenue par réflexion de la lumière émise
par la source de lumière sur l’oeil de la personne examinée, où
l’unité de commutation de mode émet automatiquement un signal de commutation de mode pour commutation au
deuxième mode de mesure, sur la base d’un signal de sortie de la partie de réception de lumière.

3. Appareil de mesure de la longueur axiale oculaire selon la revendication 1, dans lequel
quand un rapport S/B d’un signal d’interférence sorti par le dispositif de réception de lumière n’est pas inférieur à
une valeur prédéterminée au moment de la mesure dans le premier mode de mesure, l’unité de commutation de
mode termine la mesure, et
quand le rapport S/B du signal d’interférence sorti par le dispositif de réception de lumière tombe au-dessous de la
valeur prédéterminée au moment de la mesure dans le premier mode de mesure, l’unité de commutation de mode
émet automatiquement un signal de commutation de mode pour commutation du mode de mesure du premier mode
de mesure au deuxième mode de mesure.

4. Appareil de mesure de la longueur axiale oculaire selon la revendication 1, dans lequel
l’unité de commutation de mode émet le signal de commutation de mode sur base d’un signal de fonctionnement
sorti par un commutateur de sélection de mode actionné par un examinateur.

5. Appareil de mesure de la longueur axiale oculaire selon la revendication 1, dans lequel
l’unité de calcul et de commande (50) comprend:

un premier filtre passe-bande pour extraire un signal de battement correspondant au premier mode de mesure
d’un signal de réception de lumière sorti par le dispositif de réception de lumière; et
un deuxième filtre passe-bande pour extraire un signal de battement correspondant au deuxième mode de
mesure d’un signal de réception de lumière sorti par le dispositif de réception de lumière, et
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l’unité de calcul et de commande (50) modifie une bande de fréquences extraite du signal de réception de
lumière en fonction du signal de commutation de mode.

6. Appareil de mesure de la longueur axiale oculaire selon la revendication 1, dans lequel
l’unité de commutation de mode émet un signal de commutation de mode pour commuter le mode de mesure entre
au moins trois modes de mesure ou plus à vitesses de balayage différentes entre elles de l’élément optique.
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