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Description

[0001] The present invention particularly relates to an
optical image measuring device and an optical image
measuring program that irradiates a light beam on an
object to be measured comprising a light scattering me-
dium and measures the surface and internal morphology
of the object to be measured using the reflection light or
transmitted light to form images of the object to be meas-
ured, and further relates to a fundus observation device
and fundus observation program comprising this optical
image measuring device for observing a fundus oculi of
an eye to be examined.

[0002] Optical image measuring technology which
forms an image showing the surface and internal mor-
phology of the object to be measured using a light beam
from a laser source has received attention in recent
years. This optical image measuring technology is ex-
pected to be developed especially in the medical field
because the technology does not involve invading the
human body unlike conventional X-ray CT.

[0003] Reference is made in this context to Shuliang
Jiao et al., "Simultaneous acquisition of sectional and
fundus ophthalmic images with spectral-domain optical
coherence tomography" Optics Express, Optical Society
of America, Washington, DC, US, vol. 13, no. 2, January
24, 2005, pages 444-452; and A.G. Podoleanu et al.,
"Combined multiplanar optical coherence tomography
and confocal scanning ophthalmoscopy", Journal of Bi-
omedical Optics, SPIE, Bellingham, WA, US, vol. 9, no.
I, January 2004, pages 86-93.

[0004] JP Patent laid-open No. Heil1-325849 disclos-
es a device in which a measuring arm scans an object
with a rotary conversion mirror (Galvanometer mirror)
and a reference mirror is provided on a reference arm,
an interference device in which the light intensity appear-
ing by the interference of light flux from the reference arm
is also analyzed and further provided at the outlet, and
a device which gradually changes the light flux phase of
a reference light with discontinuous values and which is
provided on the reference arm.

[0005] This device uses the method of so-called "Fou-
rier Domain OCT (Optical Coherence Tomography)" in
which DE Patent laid-open No. DE4309056A is a basic
technology. That is, a form in the depth direction (z-di-
rection) of an object to be measured is imaged by irradi-
ating a light beam on an object to be measured, obtaining
the spectrum intensity distribution of the reflection light,
and Fourier transforming it.

[0006] Further, the device described in JP Patent laid-
open No. Hei11-325849comprises a Galvanometer mir-
ror which scans a light beam (signal light) and thereby
the image in the desired measured region of the object
to be measured. However, since this device scans a light
beam in only one direction perpendicular to the z-direc-
tion, the formed image will be a 2-dimensional tomo-
graphic image in the depth direction (z-direction) along
the scanning direction (x-direction) of the light beam.
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[0007] In addition, JP Patent laid-open No. 2003-543
discloses an application example of such a device in the
ophthalmic field.

[0008] When an optical image measuring device con-
figured to scan with such a light beam is applied to living
bodies such as the eyes, it is necessary to consider
movement of the living body during light beam scanning.
In other words, if the living body moves during scanning,
displacement in each measuring position with the light
beam (each measuring position in the x-direction in JP
Patent laid-open No. Hei11-325849) occurs, resulting in
distortion of the image.

[0009] Forexample, scanning ofthe lightbeamfor con-
ducting an image measurement of a living eye (fundus
oculi) takes around 2.5 to 3.5 seconds. If the position of
a living eye is displaced by, for example, a heartbeat or
eye movement during scanning, the formed image will
be distorted in the displacement direction of the living
eye or a part of the image will be interrupted, and thus,
the accuracy of the image will be impaired.

[0010] Therefore, means to correct this distortion of
the image are necessary to enhance the accuracy of im-
age measuring of the living body. However, conventional
optical image measuring devices as described above
could not correct the distortion of the image due to move-
ment of the living body.

[0011] The present invention solves such problems,
and is intended to provide an optical image measuring
device, an optical image measuring program, a fundus
observing device, and a fundus observing program which
can form a highly accurate image even if the object to be
measured moves during scanning of the light beam.
[0012] The presentinvention is specified in the claims.

[Effects of the Invention]

[0013] According to the optical image measuring de-
vice and the optical image measuring program related to
the present invention, since a scanning means is config-
ured to scan said signal light in the given direction cross-
ing with said main scanning direction and an image
processing means is configured to form a tomographic
image for correction along said given direction and cor-
rect displacement of each of said two or more formed
tomographic images based on said tomographic image
for correction, displacement of each tomographic image
can be corrected evenifthe object to be measured moves
during scanning of the signal light (light beam), and thus,
a highly accurate image can be formed.

[0014] According to the fundus observation device and
the fundus observation program related to the present
invention, an integrated image is generated by integrat-
ing a tomographic image formed by the second image
forming means in the depth direction, and displacement
in the direction perpendicular to the depth direction of
this integrated image based on the 2-dimensional image
formed by the first image forming means. Further, they
function so as to correct displacement of the tomographic
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image in the direction perpendicular to the depth direction
based on the detected displacement. As a result, since
displacement in the direction perpendicular to the depth
direction of the tomographicimage can be corrected even
if the object to be measured moves during scanning of
the signal light, a highly accurate image can be formed.
[0015] Also, according to the fundus observation de-
vice and the fundus observation program related to the
present invention, each integrated image is generated
by integrating each tomographic image formed by the
second image forming means in the depth direction, and
displacement in the direction perpendicular to the depth
direction of each integrated image based on the 2-dimen-
sional image formed by the first image forming means.
Moreover, they correct displacement of each tomograph-
ic image in the direction perpendicular to the depth di-
rection based on the detected displacement. Further,
they function so as to scan the signal light in the given
direction crossing with the main scanning direction by
controlling the scanning means of the second image
forming means, form the tomographic image for correc-
tion along the given direction, and correct displacement
in the depth direction of each tomographic image based
on this tomographic image for correction. As a result,
since both displacements in the direction perpendicular
to the depth direction of the tomographic image and dis-
placement in the depth direction can be corrected even
if the object to be measured moves during scanning of
the signal light, a highly accurate image can be formed.
[0016] In the accompanying drawings:

FIG. 1 is a schematic diagram representing one ex-
ample of the entire constitution of a preferred em-
bodiment of the optical image measuring device re-
lated to the present invention.

FIG. 2 is a schematic block diagram representing
one compositional example of a preferred embodi-
ment of the optical image measuring device related
to the present invention.

FIG. 3 is a schematic block diagram representing
one example of the hardware configuration of a com-
puter in a preferred embodiment of the optical image
measuring device related to the present invention.
FIG. 4 is a schematic diagram representing one ex-
ample of the scanning features of a signal light by a
preferred embodiment of the optical image measur-
ing device related to the present invention. FIG. 4
(A) represents one example of the scanning features
of a signal light when a fundus oculi is seen from the
incident side (-z-direction) of a signal light. FIG. 4(B)
represents one example of the arrangement features
of a scanning point on each scanning line.

FIG. 5 is a schematic diagram representing one ex-
ample of the scanning features of a signal light by a
preferred embodiment of the optical image measur-
ing device related to the present invention.

FIG. 6 is a schematic diagram representing one ex-
ample of the scanning features of a signal light by a
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preferred embodiment of the optical image measur-
ing device related to the present invention and the
form of a tomographic image formed along each
scanning line.

FIG. 7 is a schematic diagram representing one ex-
ample of an arrangement form of each scanning line
and tomographicimage when an eye to be examined
moves during the scanning of a signal light by a pre-
ferred embodiment of the optical image measuring
device related to the present invention.

FIG. 8 is a schematic diagram representing one ex-
ample of a tomographic image for comparison
formed by a preferred embodiment of the optical im-
age measuring device related to the present inven-
tion.

FIG. 9 is a schematic diagram representing one ex-
ample of a tomographic image for correction formed
by a preferred embodiment of the optical image
measuring device related to the present invention.
FIG. 10 is a schematic diagram representing one
example of a tomographic image for comparison in
which the image position is corrected by a preferred
embodiment of the optical image measuring device
related to the present invention.

FIG. 11 is a schematic diagram representing one
example of a tomographic image for comparison in
which the image position is corrected by a preferred
embodiment of the optical image measuring device
related to the present invention.

FIG. 12 is a flowchart representing one example of
the operational features of a preferred embodiment
of the optical image measuring device related to the
present invention.

FIG. 13 is a schematic diagram representing one
example of the entire constitution of a preferred em-
bodiment of the fundus observation device related
to the present invention.

FIG. 14 is a schematic block diagram representing
one example of the composition of a scanning unit
embedded in a fundus oculi camera unit in a pre-
ferred embodiment of the fundus observation device
related to the present invention.

FIG. 15 is a schematic diagram representing one
compositional example of an OCT unitin a preferred
embodiment of the fundus observation device relat-
ed to the present invention.

FIG. 16 is a schematic block diagram representing
one example of hardware configurations of a com-
puter in a preferred embodiment of the fundus ob-
servation device related to the present invention.
FIG. 17 is a schematic block diagram representing
one compositional example of a control system in a
preferred embodiment of the fundus observation de-
vice related to the present invention.

FIG. 18 is a schematic block diagram representing
one example of the constitution of animage process-
ing part in a control system of a preferred embodi-
ment of the fundus observation device related to the
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present invention.

FIG. 19 is a flowchart representing one example of
the operational features of a preferred embodiment
of the fundus observation device related to the
present invention.

FIG. 20 is a schematic diagram representing one
example of the display features of a fundus image
in a preferred embodiment of the fundus observation
device related to the present invention.

FIG. 21 is a schematic diagram representing one
example of the display features of a fundus image
in a preferred embodiment of the fundus observation
device related to the present invention.

FIG. 22 is a diagram representing one fundus oculi
image displayed by a preferred embodiment of the
fundus observation device related to the present in-
vention.

FIG. 23 is a diagram representing one tomographic
image of a fundus oculi displayed by a preferred em-
bodiment of the fundus observation device related
to the present invention.

FIG. 24 is a diagram representing one integrated im-
age generated by a preferred embodiment of the fun-
dus observation device related to the present inven-
tion.

FIG. 25 is a diagram representing one correction in-
tegrated image generated by a preferred embodi-
ment of the fundus observation device related to the
present invention.

FIG. 26 is a diagram representing one fundus oculi
surface image before correcting the displacement
by a preferred embodiment of the fundus observation
device related to the present invention.

FIG. 27 is a diagram representing one fundus oculi
surface image after correcting the displacement by
a preferred embodiment of the fundus observation
device related to the present invention.

[0017] One example of preferred embodiments of an
optical image measuring device, an optical image meas-
uring program, a fundus observation device, and a fun-
dus observation program, related to the presentinvention
is described in detail referring to figures.

<Embodiment 1 >
[Device Constitution]

[0018] FIG. 1 represents one example of the entire
constitution of the optical image measuring device relat-
ed to the present invention. An optical image measuring
device 1 shown in the same figure is configured substan-
tially the same as conventional ones, comprising aninter-
ferometer that splits the laser light output from a laser
light source into reference light and signal light, and gen-
erating interference light by overlaying the reference light
that has passed through a reference object and the signal
light that has passed through an object measured to be
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measured, and is configured to form images of the object
to be measured by analyzing the detection results of this
interference light.

[0019] Alow coherence lightsource 2 comprises broad
band light sources such as a super luminescent diode
(SLD) or a light emitting diode (LED) outputting a low
coherence light LO. This low coherence light LO is a light,
for example, having a wave length in the near-infrared
region and a temporal coherence length of approximately
several tens of micrometers.

[0020] The low coherence light LO output from the low
coherence light source 2 is guided to an optical coupler
4 through an optical fiber 3 composed of, e.g. a single
mode fiber, and then split into reference light LR and
signal light LS.

[0021] Furthermore, the optical coupler 4 has both ac-
tions, i.e. a means for splitting the light (splitter), and a
means for overlaying the light (coupler); however, herein
it is conventionally referred to as an "optical coupler."
[0022] The reference light LR is guided by an optical
fiber 5 and emitted from the fiber end. The reflected ref-
erence light LR is reflected by a reference mirror 14 (ref-
erence object) through a glass block 12 and a density
filter 13 after having been converged into a parallel light
flux by a collimator lens 11.

[0023] The reference light LR reflected by the refer-
ence mirror 14 is converged to the fiber end of the optical
fiber 5 by the collimator lens 11 again through the density
filter 13 and the glass block 12. The converged reference
light LR is guided to the optical coupler 4 through the
optical fiber 5.

[0024] Furthermore, the glass block 12 and the density
filter 13 act as a delaying means to match the optical path
length (optical distance) between the reference light LR
and the signal light LS, and as a means to match the
dispersion characteristics of the reference light LR and
the signal light LS.

[0025] On the other hand, the signal light LS is emitted
from the fiber end by being guided with an optical fiber
6, and is converted into a parallel light flux with a colli-
mating lens 21. The signal light LS which is converted
into a parallel light flux is reflected by a Galvanometer
mirror 22 and further reflected by a Galvanometer mirror
23.

[0026] The Galvanometer mirrors 22 and 23 are rotat-
ed around rotary shafts 22a and 23a respectively. The
rotary shafts 22a and 23a are arranged so as to be per-
pendicular to each other. The rotary shaft 22a of the Gal-
vanometer mirror 22 is arranged so as to be parallel to
the page of FIG. 1 and to be a given angle (e.g., 45 de-
grees) to the traveling direction of the signal light LS. On
the other hand, the rotary shaft 23a of the Galvanometer
mirror 23 is arranged to be perpendicular to the page of
FIG. 1. That is, the Galvanometer mirror 23 is rotatable
in the direction shown in FIG. 1 with the double-headed
arrow, while the Galvanometer mirror 22 is rotatable per-
pendicular to the double-headed arrow. As a result, the
Galvanometer mirrors 22 and 23 are functioned so as to
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change the reflection direction of the signal light LS to
the direction perpendicular to each other. The concrete
reflection mode of the signal light LS with these Galva-
nometer mirrors 22 and 23 will be described later.
[0027] The signal light LS reflected by the Galvanom-
eter mirror 23 is condensed with a lens 24 while being
reflected by a dichroic mirror 25 to form an image and
enters an eye to be examined E through an objective
lens 26. The signal light entering the eye to be examined
E forms an image on a fundus oculi (retina) Er and is
reflected.

[0028] The signal light LS at this time is not only re-
flected on the surface of the fundus oculi Er, but also
reaches the deep region of the fundus oculi Er and is
scattered at the reflective index boundary. As a result,
the fundus oculi reflection light of the signal light LS be-
comes light including information indicating the surface
mode of fundus oculi Er and information indicating the
state of backward scattering in the reflective index bound-
ary of a deep tissue.

[0029] Wherein, the dichroic mirror 25 functions so as
to reflect light in the (near) infrared region and transmit
light within the visible area.

[0030] The signal light LS reflected by the fundus oculi
Er passes the objective lens 26, the dichroic mirror 25,
the lens 24, the Galvanometer mirrors 22 and 23, and is
condensed at the fiber end of the optical fiber 6 with the
collimating lens 21. The condensed signal light LS is led
to the optical coupler 4 through the optical fiber 6.
[0031] The optical coupler 4 overlays the reference
light LR returned by reflecting on the reference mirror 14
with the signal light LS returned by reflecting on the fun-
dus oculi Er in the eye to be examined E to generate the
interference light LC. The generated interference light
LC is guided into a spectrometer 30 through an optical
fiber 7.

[0032] Herein, the "interference light generating
means" in the present invention is comprised of an inter-
ferometer including at least the optical coupler 4, the op-
tical fibers 5 and 6, and the reference mirror 14.

[0033] The spectrometer 30 is comprised of a collimat-
ing lens 31, a diffraction grating 32, an image forming
lens 33, and a CCD (Charge Coupled Device) 34. The
diffraction grating 32 is a transmission type diffraction
grating; however, needless to say, a reflection type dif-
fraction grating may also be used. Furthermore, needless
to say, in place of CCD 34, itis also possible to use other
photo-detecting elements (detecting means).

[0034] The interference light LC made incident onto
the spectrometer 30 is to be split (spectral resolution) by
the diffraction grating 32 after having been converged
into a parallel light flux by the collimator lens 31. The split
interference light LC forms an image on the image pick-
up surface of the CCD 34 by the image forming lens 33.
The CCD 34 receives this interference light LC that is to
be convertedto an electrical detection signal, and outputs
this detection signal to a computer 40.

[0035] This computer 40 analyzes the detection signal
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input from the CCD 34 and performs a process of forming
tomographic images of a fundus oculi Er of the eye to be
examined E. The analysis technique then is the same
technique as the conventional Fourier domain OCT tech-
nique. The tomographicimage formation processing with
the computer 40 which is particular to the present inven-
tion will be described later.

[0036] Furthermore, the computer 40 executes control
of each part of the optical image measuring device 1. For
example, it controls the rotary movement of the Galva-
nometer mirrors 22 and 23, the operation of the alignment
mechanism of the optical image measuring device 1 (not
shown) for the eye to be examined E, and the output of
the low coherence light with the low coherence light
source 2.

[0037] An observation device (photographing device)
50 is, for example, any observation device and/or pho-
tographing device such as a slit lamp (slit-lamp micro-
scope) and a fundus camera used in the ophthalmic field.
This observation device 50 may be arranged integrally
with or separately from the optical image measuring de-
vice 1. An examiner can manually align the optical image
measuring device 1 for the eye to be examined E, confirm
the state of the fundus oculi Er in the measurement, and
photograph the fundus oculi Er while observing the eye
to be examined E with the observation device 50.

[Regarding the Signal Light Scanning]

[0038] As described above, the reflection direction of
the signal light LS is changed with the Galvanometer mir-
rors 22 and 23. By changing the direction of the reflecting
surfaces of the Galvanometer mirrors 22 and 23 respec-
tively, the signal light 23 can be irradiated on various
positions of the fundus oculi Er. That is, the signal light
LS can be scanned in the fundus oculi Er. The Galva-
nometer mirrors 22 and 23 correspond to an example of
"scanning means" of the present invention.

[0039] The signal light LS shown by broken lines and
asignallight LS’ shown by dotted lines in FIG. 1 represent
signal lights advancing two different optical paths corre-
sponding to the change in the direction of the Galvanom-
eter mirror 23.

[0040] The signal light LS’ shown by dotted lines rep-
resents the signal light when the direction of the Galva-
nometer mirror 23 in the above described [Device Con-
stitution] is changed at a certain angle to the bottom di-
rection of the page in FIG. 1 (-y direction). The signal
light LS’ after changing the direction is condensed at the
position departing upward (+y direction) from the center
position of the fundus oculi Er compared with when the
signal light LS before changing the direction is con-
densed at the near center position of the fundus oculi Er.
In this case, the signal light LS which is reflected at the
fundus oculi Er is a light including information (informa-
tion on the surface and the deep part) at the near center
position of the fundus oculi Er, while the reflection light
of the signal light LS’ is a light including information (in-
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formation on the surface and the deep part) at the position
departing in the +y direction from the fundus center.
[0041] Therefore, by rotating the Galvanometer mirror
23 in the +y direction in FIG. 1 (that is, changing the
direction of the reflecting surface so as to make the inci-
dent angle of the signal light small), the condensing po-
sition of the signal light on the fundus oculi Er can be
shifted in the -y direction. Conversely, by rotating the Gal-
vanometer mirror 23 in the -y direction (that is, changing
the direction of the reflecting surface so as to make the
incident angle of the signal light large), the condensing
position of the signal light on the fundus oculi Er can be
shifted in the +y direction.

[0042] Likewise, by rotating the Galvanometer mirror
22 to the front side of the page (+x direction) in FIG. 1,
the condensing position of the signal light on the fundus
oculi Er can be shifted to the back side of the page (-x
direction), while by rotating the Galvanometer mirror 22
in the -x direction, the condensing position of the signal
light on the fundus oculi Er can be shifted in the +x di-
rection.

[0043] In addition, by rotating both Galvanometer mir-
rors 22 and 23 simultaneously, the condensing position
of the signal light can be shifted in the direction in which
the x-direction and y-direction are composed. That is, by
controlling two Galvanometer mirrors 22 and 23 respec-
tively, the signal light can scan in any direction on the x,
y plane.

[Constitution of the Control System]

[0044] The constitution of the control system in the op-
tical image measuring device 1 of the present embodi-
ment is described. FIG. 2 and FIG. 3 show an example
of the constitution of the control system in the optical
image measuring device 1 respectively. FIG. 2 repre-
sents the functional constitution of the control system in
the optical image measuring device 1. FIG. 3 represents
the hardware configuration of the computer 40.

[Hardware Configuration of the Computer]

[0045] First, the hardware configuration of the compu-
ter 40 is described referring to FIG. 3. The computer 40
comprises the hardware configuration which is the same
as a conventional computer. Specifically, it is comprised
including a CPU 100 (microprocessors), a RAM 101, a
ROM 102, a hard disk drive (HDD) 103, a keyboard 104,
a mouse 105, a display 106, and a communication inter-
face (I/F) 107. These parts are connected through a bus
108.

[0046] The CPU 100 executes characteristic opera-
tions in the present invention by deploying a control pro-
gram 103a stored in the hard disk drive 103 on the RAM
101. Wherein, this control program 103a corresponds to
an example of an "optical image measuring program" of
the present invention.

[0047] The CPU 100 executes control of each part of
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the device and various arithmetic processing. For exam-
ple, it executes control of the above-mentioned low co-
herence light source 2 and the Galvanometer mirrors 22
and 23 as well as control of each part of the device cor-
responding to an operation signal from the keyboard and
the mouse 105, the display processing with the display
106, and the sending and receiving processing of data
and control signals with the communication interface 107.
[0048] The keyboard 104, the mouse 105, and the dis-
play 106 are used as a user interface of the optical image
measuring device 1. The keyboard 104 is used as a de-
vice for typing to enter characters and numbers. The
mouse 105is used as a device toinput various operations
to the display screen of the display 106.

[0049] The display 106 is any display device such as
LCD (Liquid Crystal Display) or CRT (Cathode Ray
Tube), and displays an image of the eye to be examined
E formed by the optical image measuring device 1 and
various operation screens and setting screens. The dis-
play 106 may be arranged so as to be mounted on the
outside of the chassis of the optical image measuring
device 1, or arranged as a monitor device as with con-
ventional computers.

[0050] However,the userinterface in the opticalimage
measuring device 1 is not limited to such a constitution,
but may be configured with any user interface means
such as a track ball, a joy-stick, a touch panel LCD, and
a control panel for ophthalmic examination which in-
cludes functions to display various information and input
various information.

[0051] The communication interface 107 performs
processing to send a control signal from the CPU 100 to
each part of the device such as the low coherence light
source 2 and the Galvanometer mirror 22, and to receive
a detection signal from CCD 34. Moreover, when the
computer 40 is connected to a network such as LAN (Lo-
cal Area Network) or Internet, etc., the communication
interface 107 may be configured to be equipped with a
network adopter such as LAN card, etc. or communica-
tion equipment such as modem, etc. so as to be able to
perform data communication through the network.

[Functional Constitution]

[0052] Next, referring to FIG. 2, the constitution of a
control system of the optical image measuring device 1
is described.

[0053] The optical image measuring device 1 is pro-
vided with a mirror drive mechanism 22A to rotatably
drive the Galvanometer mirror 22 and a mirror drive
mechanism 23A to rotatably drive the Galvanometer mir-
ror 23. The mirror drive mechanisms 22A and 23A com-
prise respectively a constitution the same as convention-
al ones, a driving device such as a stepping motor, and
a power transmission mechanism to transmit the power
generated with this driving device to the Galvanometer
mirrors 22 and 23.

[0054] The computer 40 comprises a controlling part
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41, an image forming part 42, a position correction
processing part 43, and a user interface (Ul) 44, based
on the hardware configuration shown in FIG. 3. The im-
age forming part 42 and the position correction process-
ing part 43 form an image processing part 45 to perform
various image processing. This image processing part
45 corresponds to an example of the "image processing
means" of the present invention.

[0055] The controlling part 41, the image forming part
42, and the position correction processing part 43 are
comprised respectively including the CPU 100 that exe-
cutes a control program 103a. The controlling part 41 is
also comprised including a storing device such as the
RAM 101, the ROM 102, and the HDD 103. The user
interface 44 is comprised including the keyboard 104,
the mouse 105, and the display 106.

[0056] The controlling part 41 sends a control signal
tothe coherence light source 2 and the mirror drive mech-
anisms 22A and 23A respectively. The low coherence
light source 2 switches the output start and stop of the
low coherence light LO and adjusts the output intensity
based on a control signal from the controlling part 41.
The mirror drive mechanism 22A (the mirror drive mech-
anism 23A) drives the Galvanometer mirror 22 (the Gal-
vanometer mirror 23) to rotate it at an angle required by
the control signal based on a control signal from the con-
trolling part 41.

[0057] In addition, the controlling part 41 receives a
detection signal from the CCD 34 and performs process-
ing to provide it to the image forming part 42 and the
position correction processing part 43. Further, the con-
trolling part 41 controls the operation of each part of the
device based on an operation signal from the user inter-
face 44 and display processing of animage and a screen
with the user interface 44.

[0058] Theimage forming part42 performs processing
to form animage (tomographicimage) of the fundus oculi
Er in the eye to be examined E based on a detection
signal of the CCD 34 provided from the controlling part
41. An example of a concrete mode of processing to ob-
tain a detection signal in the CCD 34 and of the image
forming part 42 are described specifically.

(Regarding obtaining processing of a detection signal)

[0059] Adetectionsignalfromthe CCD 34 is generated
in response to scanning of the signal light LS. The con-
trolling part 41 controls the Galvanometer mirrors 22 and
23 to shift a scanning point of the signal light LS on the
fundus oculi Er (an incident target position (condensing
target position) of the signal light LS on the fundus oculi
Er)) in order. While it controls the low coherence light
source 2 to continuously switch the output start and stop
of the low coherence light LO at a given timing (synchro-
nized with the shift of a scanning point). As a result, the
signal light LS is condensed on a plurality of scanning
points on the fundus oculi Er and scanned so as to enter
the deep tissue thereof.
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[0060] FIG. 4 represents an example of the scanning
features of the signal light LS. FIG. 4 (A) represents one
example of the scanning features of the signal light LS
when the fundus oculi Er is seen from the incident side
(-z direction) of the signal light LS. FIG. 4(B) represents
one example of the arrangement features of a scanning
point on each scanning line.

[0061] As shown in FIG. 4 (A), the signal light LS is
scanned within a rectangular shaped scanning region R
that has been preset. Within this scanning region R, a
plurality of (m number of) scanning lines R1 through Rm
have been set in the -x direction. When the signal light
LS is scanned along each scanning line Ri (i=1 through
m), detection signals of interference light LC are gener-
ated (described later).

[0062] Herein, the direction of each scanning line Riis
referred to as the "main scanning direction" and the or-
thogonally crossing direction is referred as the "sub-
scanning direction". Therefore, the scanning of the signal
light LS in a main scanning direction is performed by the
Galvanometer mirror 22, and the scanning in the sub-
scanning direction is performed by the Galvanometer
mirror 23.

[0063] On each scanning line Ri, as shown in FIG. 4
(B), a plurality of (n number of) scanning points Ri1
through Rin have been preset.

[0064] First, the controlling part 41 controls the Galva-
nometer mirrors 22 and 23 to set the incident target of
the signal light LS at a scan start point RS (scanning point
R11) on the first scanning line R1. The low coherence
light source 2 is controlled to flash the low coherence
light LO for emitting the signal light LS to the scan start
point RS. The CCD 34 receives the interference light LC
based on the reflection light and outputs detection signals
to the controlling part 41.

[0065] Next, by controlling the Galvanometer mirror
22, the controlling part 41 sets the incident target of the
signal light LS at the scanning point R12, and triggering
a flash emission of the low coherence light LO for making
the signal light LS incident onto the scanning point R12.
The CCD 34 receives the interference light LC based on
the reflection light, and then outputs the detection signal.
[0066] Likewise, detection signals output from the
CCD 34 are obtained by flash emitting the low coherence
light LO at each scanning point while shifting the incident
target of the signal light LS from scanning point R13,
R14, ..., R1 (n-1), Rin in order.

[0067] Once the measurement at the last scanning
point R1n of the first scanning line R1 is finished, the
controlling part 41 controls the Galvanometer mirrors 22
and 23 simultaneously and shifts the incident target of
the signal light LS to the first scanning point R21 of the
second scanning line R2 following a line switching scan
r. Then, by conducting a measurement at each scanning
point R2j (j=1 through n) of this second scanning line R2
as well, a detection signal corresponding to each scan-
ning point R2j is obtained.

[0068] Likewise, measurements are conducted with
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respect to the third scanning line R3, ..., the m-1th scan-
ning line R (m-1), the mth scanning line Rm respectively
to obtain the detection signals corresponding to each
scanning point. As a result, the controlling part41 obtains
m x n number of detection signals corresponding to m x
n number of scanning points Rij (i=1 through m, j=1
through n) within the scanning region R. Hereinafter, a
detection signal corresponding to the scanning point Rij
may be represented as Dij.

[0069] Such interlocking control of such shifting of
scanning points and the output of the low coherence light
LO is performed by synchronizing, for instance, the trans-
mitting timing of control signals with respect to the mirror
drive mechanisms 22A, 23A and the transmitting timing
of control signals (output request signal) with respect to
the low coherence light source 2.

(Regarding Image Formation Processing)

[0070] The image forming part 42, similar to conven-
tional ones, forms a tomographic image of the fundus
oculi Er along each scanning line Ri by performing two
steps of arithmetic processing. In the first step of the arith-
metic process, based on the detection signal Dij corre-
sponding to each scanning point Rij, the image forming
part42 forms an image in the depth direction (z-direction
shown in FIG. 1) of the fundus oculi Er at the scanning
point Rij. In the second step of the arithmetic process,
with regard to each scanningline Ri, based on the images
in the depth direction at n number of scanning points Ri1
through Rin thereon, a tomographic image Gi of a fundus
oculi Er along this scanning line Ri is formed.

[0071] Thatis, the first phase is an arithmetic process
to form an image in the depth direction (z-direction) of
the fundus oculi Er in the incident position based on the
detection signal Dij on the basis of the interference light
generated from the signal light LS and the reference light
LR passing the incident position for each of the n number
of incident positions (scanning point Rij) of the signal light
LS along the main scanning direction (direction of the
scanning line Ri). Whereas, the second phase is an arith-
metic process to form a tomographic image along the
main scanning direction based on an image at each in-
cident position formed in the first phase. As a result, m
number of tomographic images at different positions in
the sub-scanning direction (y-direction) are obtained.
[0072] In addition, the image forming part 42 performs
formation processing of a 3-dimensional image showing
the surface and internal morphology of the fundus oculi
Er based on m number of tomographic images obtained
with said arithmetic processing. This 3-dimensional im-
age formation processing can be performed by, for ex-
ample, a method similar to conventional ones such that
it performs interpolation processing between adjacent to-
mographic images.

[0073] Wherein, the image forming part 42 may also
form a tomographic image in the direction other than the
main scanning direction (the direction of the scanning
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line Ri; x-direction). In particular, in the present embod-
iment, the tomographic image of the fundus oculi Er (to-
mographic image for correction GR in FIG. 6) along a
return scanning line RR shown in FIG. 5 is important.
[0074] The return scanning line RR corresponds to
scanning the incident position (scanning point) of the sig-
nal light LS in the direction advancing from a scan end
position RE to the scan start point RS. Whereas, the to-
mographic image for correction GR along the return
scanning line RR is used to correct the position of a to-
mographic image Gi along each scanning line Ri (see
FIG. 6) in a tomographic image position correction proc-
ess described later.

[0075] Aplurality of (N number of) scanning points RRk
(k=1 through n’) are preset on the return scanning line
RR similar to the scanning line Ri in FIG. 4. The number
of the scanning points on this return scanning point (n’)
may be the same as or different from the number of the
scanning points on each scanning line Ri in the main
scanning direction (n). Wherein, it is preferable that the
distance between the scanning points on the return scan-
ning line RR (= |RR (K+1)-RRk | ; k=1 through n’-1) and
the distance between the scanning points on each scan-
ning line Ri (= Ri (j+1)-Rij |; j=1 through n-1) are set to
be equal or nearly equal to each other.

[0076] AsshowninFIG. 6, the return scanning line RR
crosses with each scanning line Ri at a crossing position
Ci. Wherein, when itis assumed that there is no displace-
ment of the scanning line Ri due to the movement of the
eye to be examined E at scanning, the crossing position
C1 of the return scanning line RR and the scanning line
R1 is the scan start point RS, while the crossing position
Cm of the return scanning line RR and the scanning line
Rm is the scan end position RE.

[0077] Furthermore, the image Gmj in FIG. 6 repre-
sents an image in the depth direction (z-direction) at the
scanning point Rmj on the scanning line Rm. Likewise,
an image in the depth direction at each scanning point
Rij on each scanning line Ri formed by the arithmetic
process of said first step may be represented as "image
Gij." Furthermore, animage in the depth direction at each
scanning point RRk on the return scanning line RR may
be represented as "image GRk."

(Regarding tomographic image position correction
processing)

[0078] When the eye to be examined E moves during
scanning of the signal light LS, the scanning lines R1 to
Rm do not make a form in which they are aligned within
the rectangular scanning region R shown in FIG. 4 to
FIG. 6 and each other’s position is displaced as shown
in FIG. 7. Then the actual scanning region R’ becomes
different from the preset scanning region R (see FIG. 4
(A), FIG. 5) and the accuracy of the obtained image de-
teriorates. In particular, since the eye to be examined E
often moves in the z-direction (depth direction) with heart-
beat, displacementin the z-direction at the scanning lines
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R1 to Rm is seen as a problem.

[0079] Wherein, when the eye to be examined E
moves during scanning along one scanning line Ri, dis-
placement is also generated between the scanning
points Rij on this scanning line Ri. In this embodiment,
such displacement between scanning points is ex-
pressed as "displacement of a scanning line." Wherein,
when the eye to be examined E moves during scanning
on one scanning line Ri, the scanning line Ri will not be
linear as shown in FIG. 4, etc.

[0080] The position correction processing part 43
forms a new tomographic image (referred as a tomo-
graphic image for comparison) along the return scanning
line RR based on a 3-dimensional image of the fundus
oculi Er generated with the image forming part 42.
Processing to form a tomographic image of arbitrary
cross section in a 3-dimensional image can use a method
the same as conventional ones.

[0081] Forexample, the position correction processing
part 43 forms a tomographic image for comparison as
follows:

(1) Set the cross-sectional direction of a 3-dimen-
sional image;

(2) Obtain a crossing position of each tomographic
image to become a base (in this example, each of
tomographic images G1 to Gm) and the cross-sec-
tional direction;

(3) Obtain an image in the depth direction at the
crossing position of each tomographic image; and
(4) Form a tomographic image for comparison by
connecting images in the depth direction of each to-
mographic image.

Wherein, in process (4), image processing is to in-
terpolate the interval of images in the depth direction
of adjacent tomographic images.

[0082] FIG. 8 represents an example of a tomographic
image for comparison formed by the position correction
processing part 43 when the position of the scanning
lines R1 to Rm is displaced (at least) in the z-direction
during scanning. A tomographic image for comparison
GC showninthe figure is obtained by measuring a fundus
oculi with a relatively smooth surface morphology, in
which an image in the depth direction arranged in the
return scanning line RR direction is displaced.

[0083] FIG.9represents an example of a tomographic
image for correction GR obtained for approximately the
same fundus oculi as FIG. 8. Since the tomographic im-
age for correction GR is formed based on data (detection
signal group) which is obtained at once by linear scanning
from the scan end position RE to the scan start point RS,
the time required to the scanning is extremely short. Also,
in the tomographic image for correction GR shown in
FIG. 9, there is little displacement in the z-direction of an
image in the depth direction which is arranged in the re-
turn scanning line RR direction.

[0084] The position correction processing part 43 cor-
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rects the position of each tomographic image G1 by com-
paring such tomographic images for correction GR with
the tomographic image for comparison GC. This position
correction processing can be performed by employing a
method of general image matching such as an aligning
(matching) method with a normalized correlation or an
image matching method with position matching of the
characterizing portion of an image.

[0085] However, the method of image matching with
the position correction processing part 43 is not limited
to these, and any method which may match the position
of two images in the relationship of a parallel shift can be
applied.

(Method with Normalized Correlation)

[0086] When a method of normalized correlation is
used, in terms of an image in the depth direction forming
the tomographic image for comparison GC, the position
correction processing part 43 sequentially calculates a
correlation value of the normalized correlation with an
image in the depth direction at a corresponding position
of the tomographic image for correction GR while dis-
placing the image in the depth direction every one pixel
unit.

[0087] Further, it obtains a displacement amount (the
number of displaced pixels) Azi of an image in the depth
direction when the value of this correlation value is max-
imized. This displacement amount Azi is employed as a
correction amount in the z-direction of the tomographic
image Gi along the scanning line Ri corresponding to the
position of the image in the depth direction (scanning
point Rij).

[0088] This processing is performed in every image in
the depth direction forming the tomographic image for
comparison GC. Wherein, when the tomographic image
for comparison GC is formed by interpolate processing,
it is enough that the processing is performed only for an
image in the depth direction corresponding to an inter-
section point of each scanning line Riand the return scan-
ning line RR.

[0089] FIG. 10represents aform after correction of the
tomographic image for comparison GC when the method
with normalized correlation is used for the tomographic
image for comparison GC in FIG. 8 and the tomographic
image for correction GRin FIG. 9. When this tomographic
image for comparison GC in FIG. 10 is compared to FIG.
8, it can be seen that displacement in the z-direction on
the image in the depth direction is suitably corrected.
Therefore, displacement in the z-direction of the tomo-
graphic image Gi of the scanning line corresponding to
the position of animage in each depth direction (scanning
point Rij) after correction is suitably corrected.

[0090] Wherein, although the tomographic image for
comparison GC is displaced in the above-mentioned em-
bodiment, it is possible to displace the tomographic im-
age for correction GR. However, in that case, the correc-
tion amount by which the symbol of displacement amount
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Aziis reversed (thatis, -Az) is employed as the correction
amount of the tomographic image Gi.

(Method for Matching the Characterizing Portion)

[0091] When a method that matches a characterizing
portion is used, the position correction processing part
43 extracts a characterizing portion of an image in the
depth direction forming the tomographic image for com-
parison GC and a (same) characterizing portion of an
image n the depth direction at a corresponding position
of the tomographic image for correction GR.

[0092] The characterizing portion of an extraction tar-
get is preset with the extraction method. A portion corre-
sponding to the surface of the fundus oculi Eris setas a
characterizing portion of an extraction target here. An
example of the extraction method is described. The case
inwhich a characterizing portion (a portion corresponding
to the surface of a fundus oculi) of the tomographic image
for comparison GC shown in FIG. 8 is described. This
tomographic image for comparison GC is displayed on
a screen of the display 106 of the user interface 44. The
display features are configured to display a portion cor-
responding to the surface of the fundus oculi Er on the
upper part of the screen and display a portion corre-
sponding to the deep portion of the fundus oculi Er on
the lower part of the screen (see the direction of the z
coordinate in FIG. 8).

[0093] The pixel value of a background region of the
screen in the display 106 is set to zero, and the tomo-
graphic image for comparison GC is displayed as a gray-
scale image of brightness on this background region
(e.g.,animage comprising a 256 gray-scale of brightness
(pixel value)).

[0094] The position correction processing part 43 re-
fers the pixel value of each pixel downward from the up-
per part to the lower part of the screen for each vertical
line of a pixel in a display screen of this tomographic
image for comparison GC. Since the pixel value in the
background region s zero, "pixel value zero" will continue
from the upper part of the screen for a while. It further
refers pixel values downward to find a pixel at which the
pixel value switches to a positive value from zero.
[0095] The coordinate value at which this pixel value
becomes a positive value for the first time is stored in a
storing device (e.g., RAM 101, hard disk drive 103) of
the controlling part 41 as a coordinate value of a part
corresponding to the surface of a fundus oculi in the ver-
tical line. Wherein, a coordinate system of a coordinate
value of a pixel to be stored may use either the above-
mentioned X, y, z coordinate system or a 2-dimensional
coordinate system set on a screen.

[0096] Wherein, if all pixels to the lowest part of a ver-
tical line are pixel value zero, it is determined that there
is no image on the vertical line.

[0097] The position correction processing part 43 per-
forms similar processing on each vertical line of a pixel
in a display screen of the tomographic image for com-
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parison GC. As a result, a part corresponding to the sur-
face of a fundus oculi in the tomographic image for com-
parison GC can be extracted.

[0098] In addition, the position correction processing
part 43 similarly processes the tomographic image for
correction GR to extract a part corresponding to the sur-
face of a fundus oculi in the tomographic image for cor-
rection GR.

[0099] Further, for each vertical line of a pixel on a
display screen, the position correction processing part
43 sequentially calculates a correlation value (any cor-
relation value can be used appropriately) with a pixel of
a part corresponding to the surface of a fundus oculi of
the tomographicimage for correction GR while displacing
a pixel of a part corresponding to the surface of a fundus
oculi of the tomographic image for comparison GC every
one pixel unit.

[0100] Then, it obtains a displacement amount (the
number of displaced pixels) of a pixel when the value of
this correlation value is maximized. This displacement
amount is employed as a correction amount in the z-
direction of the tomographic image Gi along the scanning
line Ri corresponding to the vertical line.

[0101] FIG. 11 represents a form after correction of the
tomographic image for comparison GC when the method
to match a part corresponding to the surface of a fundus
oculi is used for the tomographic image for comparison
GC in FIG. 8 and the tomographic image for correction
GRin FIG. 9. When this tomographic image for compar-
ison GC in FIG. 10 is compared to FIG. 8, it is found that
the shape of a part corresponding to the surface of a
fundus oculi becomes flat and the displacement in the z-
direction on the image in the depth direction is suitably
corrected. In this way, displacement in the z-direction of
the tomographic image Gi of the scanning line corre-
sponding to the position of an image in each depth direc-
tion (scanning point Rij) after correction is suitably cor-
rected.

[0102] Wherein, although the tomographic image for
comparison GC is displaced in the above-mentioned em-
bodiment, it is possible to displace the tomographic im-
age for correction GR. However, in this case, the correc-
tion amount by which the symbol of said displacement
amountis reversed is employed as the correction amount
of the tomographic image Gi.

[0103] In addition, a characterizing portion other than
a part corresponding to the surface of a fundus oculi can
be used. For example, when there is a lesioned part in
the tomographic image for comparison GC and the tom-
ographic image for correction GR, the lesioned part can
be used as a characterizing portion. As a result, the ac-
curacy of aligning an image of the lesioned part and the
peripheral part is improved, and thus, it is expected that
the accuracy of views of this lesioned part along with
diagnoses will be improved.
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[Operation]

[0104] Operation of the optical image measuring de-
vice 1 of the present embodiment which is equipped with
the above-mentioned constitution is described. The flow-
chart shown in FIG. 12 represents an example of the
operation of the optical image measuring device 1.
[0105] When a user operates the user interface 44 of
the computer 40 to direct the start of measurement (S1),
the controlling part 41 controls the mirror drive mecha-
nisms 22A and 23A to adjust the direction of the Galva-
nometer mirrors 22 and 23 respectively so that the inci-
dent position of the signal light LS is the scan start point
RS (S2).

[0106] Then, the controlling part 41 controls the low
coherence light source 2 to output the low coherence
light LO (S3) and controls the mirror drive mechanisms
22A and 23Ato scan each scanning point Rijon a plurality
of scanning lines Ri which are set on the fundus oculi Er
as shown in FIG. 4 with the signal light LS (S4). The CCD
34 of the spectrometer 30 receives the interference light
LC comprising the signal light LS and the reference light
LR reflected at each scanning point Rij to output the de-
tection signal Dij (S5).

[0107] When scanning is completed to the scan end
position RE, the controlling part 41 controls the mirror
drive mechanisms 22A and 23A to scan the signal light
LS along the return scanning line RR (S6). The CCD 34
receives the interference light LC corresponding to each
scanning point RRk on the return scanning line RR to
output a detection signal Dk (S7).

[0108] The image forming part 42 of the computer 40
forms the image Gij in the depth direction of the fundus
oculi Er at the scanning point Rij based on the detecting
point Dij corresponding to each scanning point Rij output
from step S5 (S8), forms the tomographic image Gi of
the fundus oculi Er along each scanning line Ri based
on images Gi1 to Gin at the scanning points Ri1 to Rin
on each scanning line Ri (S9), and forms a 3-dimensional
image of the fundus oculi Er based on the formed tomo-
graphic images G1 to Gm (S10).

[0109] Theimage forming part 42 also forms animage
GRKk in the depth direction of the fundus oculi Er at the
scanning point RRk based on the detection signal Dk
corresponding to each scanning point RRk on the return
scanning line RR output in step S7 (S11), and forms a
tomographic image (tomographic image for correction
GR) of the fundus oculi Er along the return scanning line
RR based on formed images GR1 to GRn’ (S12).
[0110] Then, the position correction processing part
43 forms the tomographic image for comparison GC
along the return scanning line RR based on the 3-dimen-
sional image of the fundus oculi Er formed in step S10
(S 13), and corrects the position of each tomographic
image G1 to Gm based on this tomographic image for
comparison GC and the tomographic image for correc-
tion GR formed in step S12 (S14).

[0111] The image forming part 42 forms a 3-dimen-
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sional image of the fundus oculi Er based on the tomo-
graphic images G1 to Gm whose position is corrected
(S15).

[Action / Effect]

[0112] According to the above optical image measur-
ing device 1 related to the present embodiment, the fol-
lowing actions and effects are expected.

[0113] The opticalimage measuring device 1 splits the
low coherence light LO output from the low coherence
light source 2 into the signal light LS directed toward the
eye to be examined E and the reference light LR directed
toward the reference mirror 14, generates the interfer-
ence light LC by overlaying the signal light LS reflected
at the fundus oculi Er of the eye to be examined E and
the reference light LR reflected at the reference mirror
LR, and the CCD 34 which receives this interference light
LC outputs a detection signal.

[0114] This optical image measuring device 1 also
comprises the Galvanometer mirrors 22 and 23 which
scan an incident position of the signal light LS for the eye
to be examined E in the main scanning direction (x-di-
rection) and the sub-scanning position (y-direction). Fur-
ther, it comprises the computer 40 (image forming part
42) which forms an image in the depth direction (z-direc-
tion) of the fundus oculi Er of the eye to be examined E
at the incident position based on a detection signal on
the basis of the interference light LC generated from the
signal light LS and the reference light LR reflected at the
incident position for each of a plurality of incident posi-
tions (n number of scanning points Ri1 through Rin; i=1
through m) along the main scanning direction, and forms
a tomographic image along the main scanning direction
based on animage at this incident position, thereby form-
ing two or more tomographic images (m number of tom-
ographic image Gi; i=1 through m) at difference positions
inthe sub-scanning direction. The above-mentioned con-
stitutionis similar to the conventional opticalimage meas-
uring device 1.

[0115] Characteristics of the present embodiment in-
clude that the Galvanometer mirrors 22 and 23 scan the
signal light LS in a given direction (direction of return
scanning line RR) which crosses the main scanning di-
rection, the image forming part 42 of the computer 40
forms the tomographic image for correction GR along
this given direction, and the position correction process-
ing part 43 corrects each displacement of two or more
tomographic images (m number of tomographic images
Gi; i=1 through m) based on this tomographic image for
correction GR.

[0116] Wherein, the direction of the tomographic im-
age for correction GR is preset so as to cross all m
number of tomographic images. However, even when
the position of the eye to be examined E is different at
scanning for forming the tomographic image Gi and at
scanning for forming the tomographic image for correc-
tion GR (that is, the eye to be examined E moves), the
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tomographic image for correction GR crosses an adja-
cent region of the tomographic image Gi. Therefore, this
tomographic image for correction GR reflects a position
of each tomographic image Gi (particularly, positions in
the depth direction). It is preferable that the "given direc-
tion" of the present invention be a direction crossing all
m number of tomographic images Gi.

[0117] According to the optical image measuring de-
vice 1 related to the present embodiment comprising the
above-mentioned characteristics, since displacement of
each tomographic image Gi can be corrected using the
tomographic image for correction GR along the return
scanning line RR even if the object to be measured
moves during scanning of a light beam (signal light LS),
a highly accurate image can be formed.

[0118] Further characteristics of the present embodi-
ment include that the Galvanometer mirror 22 is control-
led so as to scan an incident position of the signal light
LS in the specified direction of the main scanning direc-
tion when the tomographic image Gi is formed, as well
as scan an incident position of the signal light along the
return scanning line RR advancing from this scanning
ending point RE to the starting point RS when the tom-
ographic image for correction GR is formed.

[0119] As a result, when scanning for forming the to-
mographic image Gi is completed, it can quickly shift to
scanning for forming the tomographic image for correc-
tion GR. Wherein, scanning for forming the tomographic
image for correction GR can be performed extremely
quickly because it involves scanning with only one scan-
ning line. Therefore, the scanning time with the optical
image measuring device 1 is almost the same as con-
ventional ones, and the burden on a subject will not be
increased.

[0120] Wherein, although it can perform scanning for
forming the tomographic image for correction GR before
scanning for forming the tomographic image Gi, even in
this case, it can quickly shift to scanning for forming the
tomographic image Gi after completing scanning for
forming tomographic image for correction GR.

[0121] The optical image measuring device 1 related
to the present embodiment corrects displacement in the
depth direction (z-direction) of each ofm number of tom-
ographic images Gi. Displacement in the depth direction
is caused by the change in bloodstream with the heart-
beat of a heart and by subjects moving their head back
and forth; however, in the present embodiment, such dis-
placement can be preferably corrected.

[0122] In addition, for each tomographic image Gi, the
optical image measuring device 1 related to the present
embodiment corrects displacement in the depth direction
of the tomographic image Gi by matching a position of
an image in the depth direction at the crossing position
Ci with the tomographic image for correction GR with a
position of an image in the depth direction of the tomo-
graphic image for correction GR at this crossing position
Ci. The tomographic image for correction GR reflects a
position in the depth direction of each tomographic image
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Gi as described above. As a result, according to the
present embodiment, a position in the depth direction of
each tomographic image Gi can be suitably corrected
based on this tomographic image for correction GR.
[0123] The correction of displacement in the depth di-
rection of each tomographic image Gi with the optical
image measuring device 1 related to the present embod-
iment is performed by shifting the tomographic image Gi
in the depth direction so that the correlation value of nor-
malized correlation between an image in the depth direc-
tion of the tomographic image Gi at the crossing position
Ciand animage in the depth direction of the tomographic
image for correction GR is maximized. Therefore, dis-
placement of each tomographic image Gi can be correct-
ed with high accuracy.

[0124] As another example of displacement correction
in the depth direction of each tomographic image Gi, the
tomographic image Gi can be shifted so as to match a
characterizing portion of an image in the depth direction
of the tomographic image Gi at the crossing position Ci
with a characterizing portion of an image in the depth
direction of the tomographic image for correction GR.
This characterizing portion is considered to be a portion,
for example, corresponding to the surface of the fundus
oculi Er of each image Gi and GR. By such correction
processing, displacement of each tomographic image Gi
can be corrected with high accuracy.

[0125] The optical image measuring device 1 related
to the present embodiment is configured to form a 3-
dimensional image of the fundus oculi Er based on m
number of the tomographic images Gi, form the tomo-
graphic image for comparison GC along a given direction
(direction of return scanning line RR) based on this 3-
dimensional image, and correct displacement of each
tomographic image Gi based on displacement of the to-
mographic image for comparison GC to the tomographic
image for correction GR. Displacement of each tomo-
graphic image Gi can be obtained with high accuracy by
using such tomographic images for comparison GC.

[Modified Example]

[0126] The constitution described above is only one
example to preferably implement the present invention.
Any modification as described below can be implement-
ed appropriately within the scope of the invention.
[0127] Thetomographicimage for correction is not lim-
ited to the tomographic image for correction GR in said
embodiment. The tomographic image for correction re-
lated to the present invention is sufficient to cross all to-
mographic images which are targeted by displacement
correction.

[0128] In addition, the tomographic image for correc-
tion may not only consist of a single plane like the above-
mentioned embodiment, but may consist of a plurality of
planes or a curved surface with appropriate control of the
Galvanometer mirrors 22 and 23.

[0129] A method for displacement correction of a tom-
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ographic image is not limited to a method of normalized
correlation and a method to match a characterizing por-
tion as described in the above embodiment, but any
method which may correct at least parallel shifting of a
tomographic image may be applied.

[0130] In addition, as in the above embodiment, a
method can be used other than the method in which a 3-
dimensional image is formed from two or more tomo-
graphic images, a tomographic image for comparison
that is a cross-section of the 3-dimensional image, and
displacement of the tomographic image is corrected
based on displacement of the tomographic image for
comparison with respect to the tomographic image for
correction. For example, regarding each of two or more
tomographic images, by setting both scanning points of
the tomographic images and the tomographic image for
comparison at the crossing position thereof, and by com-
paring both images in the depth direction at the scanning
points, displacement of that tomographic image can be
corrected.

[0131] In addition, correction of tomographic images
can be performed not only in the depth direction (z-direc-
tion) but also in the x-direction and y-direction. Hereinaf-
ter, one example of the correction method for that pur-
pose is explained.

[0132] A suitably sized near-field region is preset for
the crossing position of each tomographic image and to-
mographic image for correction. The near-field region
can be set, for example, in a circle with a given radius
centered on that crossing position.

[0133] A 3-dimensional image in the depth direction
for which the surface is the near-field region (in the above
example, it is a cylindrical image) is extracted from 3-
dimensional images formed from two or more tomo-
graphic images. Next, the one with the highest degree
of matching to the tomographic image for correction with
respectto theimage in the depth direction at that crossing
position is selected from images in the depth direction at
each point within said near-field region. For determina-
tion of the degree of matching, for example, conventional
methods such as the normalized correlation described
above can be used.

[0134] The x coordinate and y coordinate of the select-
ed image in the depth direction are obtained, and dis-
placement of that crossing position from the x coordinate
and y coordinate are calculated respectively. Since the
displacement expresses displacement of that tomo-
graphic image in the x-direction and y-direction, these
are used to correct displacement of that tomographic im-
age.

[0135] Inthe above embodiment, human fundus oculi
is applied as an object to be ' measured but the present
invention can be applied to any site of a living body (lim-
ited to sites that can be measured by an optical image
measuring device).

[0136] Inaddition, inthe above embodiment, an optical
image measuring device configured to measure the sur-
face and internal morphology of the object to be meas-
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ured using the reflection light by the object to be meas-
ured have been explained; however, the present inven-
tion can also be applied to an optical image measuring
device configured to measure the surface and internal
morphology thereof using the light penetrating the object
to be measured.

<Embodiment 2>

[0137] Next, one example of the preferred embodi-
ments of a fundus observation device and fundus obser-
vation program related to the present invention is de-
scribed.

[0138] First, the constitution of the fundus observation
device of the present embodiment is explained referring
to FIG. 13 to 17. FIG. 13 shows the entire constitution of
a fundus observation device 1000 related to the present
embodiment. FIG. 14 shows the constitution of a scan
unit 1141 inthe fundus camera unit 1000A. FIG. 15 shows
the constitution of an OCT unit 1150. FIG. 16 shows the
hardware configuration of a computer 1200. FIG. 17
shows the constitution of a control system of the fundus
observation device 1000.

[Entire Constitution]

[0139] As shown in FIG. 13, the fundus observation
device 1000 is comprised of a fundus camera unit 1000A
that functions as a fundus camera, an OCT unit 1150
accommodating the optical system of an optical image
measuring device (OCT device), and a computer 1200
that executes various control processes, etc.

[0140] Thisfundus cameraunit1000Aisthe equivalent
of one example of the "first image forming means" of the
present invention. In addition, the OCT unit 1150 and the
(image processing part 1220 of the) computer 1200 are
the equivalent of one example of the "second image form-
ing means" of the presentinvention. In addition, this "sec-
ond image forming means" also includes a scan unit 1141
provided in the fundus camera unit 1000A.

[0141] Tothe OCT unit 1150, one end of a connection
line 1152 is attached. To the other end of this connection
line 1152, a connector part 1151 is attached. This con-
nector part 1151 is attached to a mounting part 1008c
formed in the chassis of the fundus camera unit 1000A.
Furthermore, a conductive optical fiber runs through the
inside of the connection line 1152. The OCT unit 1150
and the fundus camera unit 1000A are optically connect-
ed through the connection line 1152. The composition
details of the OCT unit 1150 are to be described later
referring to FIG. 15.

[Constitution of a Fundus Camera Unit]

[0142] The fundus camera unit 1000A has substantial-
ly the same appearance as conventional fundus camer-
as. Furthermore, as in the optical system of conventional
fundus cameras, the fundus camera unit 1000A is pro-
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vided with an illuminating optical system 1100 to light a
fundus oculi Ef of an eye to be examined E, and a pho-
tographing optical system 1120 for guiding the fundus
reflection light of the illumination light to an eyepiece (not
shown), an imaging device 1010, and an OCT unit 1150.
[0143] Also, the illuminating optical system 1100 is
comprised as in conventional ones including: a halogen
lamp 1101, a capacitor lens 1102, a xenon lamp 1103,
a capacitor lens 1104, an exciter filter 1105 and 1106, a
ring transparent plate 1107, a mirror 1108, a liquid crystal
display 1109, an illumination diaphragm 1110, a relay
lens 1111, an aperture mirror 1112, and an objective lens
1113.

[0144] Also, as in conventional ones, the photograph-
ing optical system 1120 comprises: an objective lens
1113, an aperture mirror 1112 (aperture part 1112a
thereof), a photographing diaphragm 1121, a barrier filter
1122 and 1123, a variable magnifying lens 1124, a relay
lens 1125, a photographing lens 1126, a quick return
mirror 1127, a field lens (eye vision lens) 1128, a switch-
ing mirror 1129, an eyepiece 1130, arelay lens 1131, a
reflection mirror 1132, a photographing lens 1133 and
an image pick-up element 1010a.

[0145] The image pick-up element 1010a is an image
pick-up element such as CCD, etc. installed internally in
the imaging device 1010 such as a TV camera. A 2-di-
mensional image (fundus oculiimage Ef’) of the surface
of a fundus oculi Ef photographed by the imaging device
1010is displayed on display devices such as on the touch
panel monitor 1011, or on adisplay (to be described later)
of the computer 1200.

[0146] Furthermore, the photographing optical system
1120 of the present embodiment is provided with a scan-
ning unit 1141 and a lens 1142. The scanning unit 1141
is equipped with a constitution to scan the light output
(signal light LS; to be described later) from the OCT unit
1150 on a fundus oculi Ef.

[0147] Thelens 1142 incidents the signal light LS from
the OCT unit 1150 in the form of parallel light flux onto
the scanning unit 1141. Furthermore, the lens 1142 acts
so as to converge the fundus reflection light of the signal
light LS that has reached through the scanning unit 1141.
[0148] In FIG. 14, one example of a concrete compo-
sition of the scanning unit 1141 is shown. The scanning
unit 1141 is comprised including Galvanometer mirrors
1141A, 1141B, and reflection mirrors 1141C, 141D.
[0149] The Galvanometer mirrors 1141A and 1141B
are to be rotatable centering around rotary shafts 1141a
and 1141b respectively. The rotary shaft 1141a and
1141b are arranged perpendicular to each other. In FIG.
14, the rotary shaft 1141a of the Galvanometer mirror
1141Ais arranged parallel to the page on the samefigure,
while the rotary shaft 1141b of the Galvanometer mirror
1141B is arranged perpendicular to the page in the same
figure. That is, the Galvanometer mirror 1141B is to be
rotatable in the directions indicated by the double-headed
arrow in FIG. 14, while the Galvanometer mirror 1141A
is to be rotatable in the directions perpendicular to the
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double-headed arrow. As a result, this pair of Galvanom-
eter mirrors 1141A and 1141B act so that the reflecting
direction of the signal light LS changes in a direction per-
pendicular to each other. Furthermore, the rotary move-
ment of the Galvanometer mirrors 1141A and 1141B re-
spectively is driven by a drive mechanism to be described
later.

[0150] The signal light LS reflected by the Galvanom-
eter mirrors 1141A and 1141B is to be reflected by re-
flection mirrors 1141C and 1141D, and is to advance in
the same direction as having entered into the Galvanom-
eter mirror 1141A.

[0151] As described previously, a conductive optical
fiber 1152a runs inside the connection line 1152, and the
end face 1152b of the optical fiber 1152a is arranged
opposing the lens 1142. The signal light LS emitted from
this end face 1152b advances while gradually expanding
its beam diameter toward the lens 1142 until being con-
verged to a parallel light flux by this lens 1142. In contrast,
the fundus reflection light of the signal light LS is con-
verged toward the end face 1152b by this lens 1142.

[Constitution of OCT unit]

[0152] Next, referring to FIG. 15, the constitution of the
OCT unit 1150 is described. The OCT unit 1150 shown
in the same figure has substantially the same optical sys-
tem as a conventional optical image measuring device
and is equipped with an interferometer that splits the light
output from a light source into reference light and signal
light, and generates interference light by the reference
light that has passed through a reference object and the
signal light that has passed through an objectto be meas-
ured (fundus oculi Ef), and at the same time, is configured
to form images of the object to be measured by analyzing
the detection results of this interference light.

[0153] Alow coherence lightsource 1160 is composed
of a broad band light source such as super luminescent
diode (SLD) that outputs low coherence light LO or a light
emitting diode (LED), etc. This low coherence light LO,
forinstance, has awavelength in the near-infrared region
and is supposed to be light having a time-wise coherence
length of approximately several tens of micrometers.
[0154] The low coherence light LO output from the low
coherence light source 1160 is guided to an optical (cou-
pler) 1162 through an optical fiber 1161 composed of,
for example, a single mode fiber, and then split into ref-
erence light LR and signal light LS.

[0155] Furthermore, the optical coupler 1162 has both
actions, i.e., a means for splitting the light (splitter) and
ameans for overlaying the light (coupler); however, here-
in it is conventionally referred to as an "optical coupler.”
[0156] The reference light LR is guided by an optical
fiber 1163 and emitted from the end face of the fiber. The
emitted reference light LR is reflected by a reference mir-
ror 1174 (reference object) through a glass block 1172
and a density filter 1173 after having been converged
into a parallel light flux by a collimator lens 1171.
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[0157] The reference light LR reflected by the refer-
ence mirror 1174 is converged to the end face of the fiber
of the optical fiber 1163 by the collimator lens 1171 again
through the density filter 1173 and the glass block 1172.
The converged reference light LR is guided to the optical
coupler 1162 through the optical fiber 1163.

[0158] Furthermore, the glass block 1172 and the den-
sity filter 1173 act as a delaying means to match the op-
tical path length (optical distance) between the reference
light LR and the signal light LS, and as a means to match
the dispersion characteristics of the reference light LR
and the signal light LS.

[0159] Whereas, the signal light LS is guided to the
end part of the connection line 1152 by an optical fiber
1164. A conductive optical fiber 1152a runs inside the
connection line 1152. Herein, the optical fiber 1164 and
the optical fiber 1152a may be composed of a single op-
tical fiber or may be jointly formed by connecting each
end. In either case, it is sufficient as long as the optical
fiber 1164 and 1152a are composed so as to be capable
of transferring the signal light LS between the fundus
camera unit 1000A and the OCT unit 1150.

[0160] The signal light LS is guided within the connec-
tion line 1152 to the fundus camera unit 1000A. Then,
the signal light LS enters the eye to be examined E
through the lens 1142, the scanning unit 1141, the pho-
tographing lens 1126, the relay lens 1125, the variable
magnifying lens 1124, the photographing diaphragm
1121, the aperture part 1112a of an aperture mirror 1112,
and the objective lens 1113 (then, as described later, the
barrier filter 1122 and 1123 as well as the quick return
mirror 1127 are retracted from the optical path respec-
tively).

[0161] The signal light LS that has entered the eye to
be examined E forms an image on a fundus oculi (retina)
Ef and is then reflected. Then, the signal light LS is not
only reflected on the surface of the fundus oculi Ef, but
is also scattered at the refractive index boundary reach-
ing the deep region of the fundus oculi Ef. As a result,
the fundus reflection light of the signal light LS becomes
light containing the information reflecting the surface
state of the fundus oculi Ef and the information reflecting
the scattered state in the rear at the refractive index
boundary of the deep area tissue. The light is simply re-
ferred as fundus reflection light (signal light LS thereof).
[0162] The fundus reflection light of the signal light LS
advances reversely on the above route and converges
at the end face 1152b of the optical fiber 1152a, then
enters the OCT unit 1150 through this optical fiber 1152,
and returns to the optical coupler 1162 through the optical
fiber 1164. The optical coupler 1162 overlays this signal
light LS and the reference light LR reflected at the refer-
ence mirror 1174 to generate interference light LC. The
generated interference light LC is guided into a spec-
trometer 1180 through an optical fiber 1165.

[0163] Herein, the "interference light generating
means" in the present invention is comprised of an inter-
ferometer including at least an optical coupler 1162, an
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optical fiber 1163 and 1164, and a reference mirror 1174.
Furthermore, although a Michelson type interferometer
has been adopted in the present embodiment, for in-
stance, a Mach Zender type, etc. or any optional type of
interferometer may be adopted appropriately.

[0164] The spectrometer 1180 is comprised of a colli-
mator lens 1181, a diffraction grating 1182, an image
forming lens 1183, and a CCD (Charge Coupled Device)
1184. The diffraction grating 1182 in the present embod-
iment is a transmission type diffraction grating; however,
needless to say, a reflection type diffraction grating may
also be used. Furthermore, needless to say, in place of
the CCD 1184, it is also possible to adopt other photo-
detecting elements (detecting means).

[0165] The interference light LC entering the spec-
trometer 1180 is split (spectral resolution) by the diffrac-
tion grating 1182 after having been converged into a par-
allel light flux by the collimator lens 1181. The split inter-
ference light LC forms an image on the image pick-up
surface of the CCD 1184 by the image forming lens 1183.
The CCD 1184 receives this interference light LC that is
to be converted to an electrical detection signal, and out-
puts this detection signal to the computer 1200.

[Computer Configuration]

[0166] Next, the configuration of the computer 1200 is
described referring to FIG 16. This computer 1200 ana-
lyzes the detection signal input from the CCD 1184 and
forms tomographic images of a fundus oculi Ef of an eye
to be examined E. The analysis technique is the same
technique as the conventional Fourier domain OCT tech-
nique. Furthermore, the computer 1200 executes control
of each part of the fundus camera unit 1000A and control
of each part of the OCT unit 1150.

[0167] The fundus camera unit 1000A is controlled by,
for example: controlling the output of illumination light by
the halogen lamp 1101 or the xenon lamp 1103; control-
ling the insertion/retraction operation of the exciter filters
1105, 1106, or the barrier filters 1122, 1123 on the optical
path; controlling the display operation of the liquid crystal
display 1109; controlling the shift of the illumination dia-
phragm 1110 (controlling the diaphragm value); control-
ling the diaphragm value of the photographing diaphragm
1121; controlling the shift of the variable magnifying lens
1124 (controlling the magnification); controlling the inser-
tion/retraction operation of the quick return mirror 1127
or the switching mirror 1129 on the optical path (switching
the optical path), etc. Furthermore, the computer 1200
controls the rotary operations of the Galvanometer mir-
rors 1141A, 1141B within the scanning unit 1141.
[0168] Whereas, regarding control of the OCT unit
1150, output control of the low coherence light by a low
coherence light source 1160 or control of accumulated
time of the CCD 1184, etc. is performed.

[0169] The hardware configuration of the computer
1200 that acts as described above is explained referring
to FIG. 16. The computer 1200 is provided with a hard-
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ware configuration that is the same as conventional com-
puters. More specifically, the configuration includes: a
CPU 1201 (a type of microprocessor), a RAM 1202, a
ROM 1203, a hard disk drive (HDD) 1204, a key board
1205, a mouse 1206, a display 1207, and a communica-
tion interface (I/F) 1208. Each part is connected through
a bus 1209.

[0170] The CPU 1201 executes operations character-
istic of the present invention by rolling out a control pro-
gram 1204a that has been stored in the hard disk drive
1204, on the RAM 1202. This control program 1204a is
the equivalent of one example of the "fundus observation
program" in the present invention.

[0171] Furthermore, the CPU 1201 controls each part
of the devices that have previously been described, var-
ious arithmetic processes, etc. Moreover, it controls each
part of the devices that respond to an operation signal
from the key board 1205 or the mouse 1206, controls the
display processes by the display 1207, and controls the
transmitting/receiving processes of various types of data
or controls signals, etc. by the communication interface
1208.

[0172] The keyboard 1205, the mouse 1206 and the
display 1207 are used as a user interface of the fundus
observation device 1000. The keyboard 1205 is used as
a device for entering letters or figures, etc. by typing. The
mouse 1206 is used as a device to perform various entry
operations with respect to the display screen of the dis-
play 1207.

[0173] Furthermore, the display 1207, an optional dis-
play device such as LCD (Liquid Crystal Display) or CRT
(Cathode Ray Tube), etc., displays images of a fundus
oculi Ef formed by the fundus observation device 1000
anddisplays various operation screens or set up screens,
etc.

[0174] Furthermore, the user interface of the fundus
observation device 1000 is not limited to such a config-
uration but may be configured by using an optional user
interface means equipped with a function to display and
output various information such as track ball, joystick,
touch panel type LCD, control panel for ophthalmology
examinations, and with a function to input various infor-
mation.

[0175] The communication interface 1208 sends con-
trol signals from the CPU 1201 to each part of the fundus
camera unit 1000A or of the OCT unit 1150, or receives
detection signals output from the CCD 1184.

[0176] Moreover, when the computer 1200 is connect-
ed to a network such as LAN (Local Area Network), In-
ternet, etc., the communication interface 1208 may be
configured to be equipped with a network adapter such
as a LAN card, etc. or communication equipment such
as a modem, etc. so as to be able to perform data com-
munication through the network. In this case, a server
accommodating the control program 1204a may be in-
stalled, and at the same time, the computer 1200 may
be configured as a client terminal of the server.
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[Control System Configuration]

[0177] The configuration of the control system of the
fundus observation device 1000 having the configuration
described above is explained referring to FIG. 17. FIG.
17 shows a part related to the operations or processes
of the present invention that has been particularly select-
ed from among constituents composing the fundus ob-
servation device 1000.

[0178] The control system of the fundus observation
device 1000 is configured such that the controlling part
1210 of the computer 1200 is in the center. The control-
ling part 1210 is an equivalent of one example of a "con-
trolling means" of the present invention and is comprised
including: a CPU 1201, a RAM 1202, a ROM 1203, a
hard disk drive 1204 (control program 1204a), and a com-
munication interface 1208.

[0179] The controlling part 1210 executes the above
controlling processes by the CPU 1201 that is operated
based on the control program 1204a. In particular, by
controlling the mirror drive mechanisms 1241, 1242,
1243, 1244 of the fundus camera unit 1000A respective-
ly, the Galvanometer mirrors 1141A, 1141B, the quick
return mirror 1127, and the switching mirror 1129 respec-
tively may be operated independently.

[0180] Furthermore, the controlling part 1210 controls
the displaying of two kinds of images photographed by
the fundus observation device 1000: that is, a 2-dimen-
sionalimage (fundus image Ef’) of the surface of afundus
oculi Ef by the fundus camera unit 1000A, and an image
of a fundus oculi Ef formed based on the detection signal
obtained by the OCT unit 1150, parallel to each other on
the display 1207 of the user interface 1230.

[0181] The user interface (Ul) 1230 is equipped with
operational devices such as a keyboard 1205 or a mouse
1206, etc. and with a display device such as a display
1207, etc. This user interface 1230 constitutes one ex-
ample of the "operating means" and "display means" of
the present invention. The image processing part 1220
is configured includinga CPU 1201, a RAM 1202, a ROM
1203, a hard disk drive 1204, etc.

[0182] The controlling feature of scanning the signal
light LS by the controlling part 1210, the image forming
process feature by the image processing part 1220, and
the position correction process feature by the same im-
age processing part 1220 are respectively described be-
low.

[Regarding Signal Light Scanning] .

[0183] Scanning of the signal light LS is performed by
changing the facing direction of the reflecting surfaces
of the Galvanometer mirrors 1141A and 1141B of the
scanning unit 1141 in the fundus camera unit 1000A, as
described above. By controlling the mirror drive mecha-
nisms 1241 and 1242 respectively, the controlling part
1210 changes the facing direction of the reflecting sur-
faces of the Galvanometer mirror 1141A and 1141B, and



31 EP 1775 545 B1 32

scans the signal light LS on the fundus oculi Ef.

[0184] Once the facing direction of the reflecting sur-
face of the Galvanometer mirror 1141A is changed, the
signal light LS is scanned in a horizontal direction (x-
direction in FIG 13) on the fundus oculi Ef. Whereas,
once the facing direction of the reflecting surface of the
Galvanometer mirror 1141A is changed, the signal light
LS is scanned in a vertical direction (y-direction in FIG
13) on the fundus oculi Ef. Furthermore, by changing the
facing direction of the reflecting surfaces of both Galva-
nometer mirrors 1141A and 1141B simultaneously, the
signal light LS may be scanned in the combined x-direc-
tion and y-direction. That s, by controlling these two Gal-
vanometer mirrors 1141A and 1141B, the signal light LS
may be scanned in an arbitrary direction on the xy plane.
[0185] The scanning features of the signal light LS in
the present embodiment are performed, for example, in
the same way as the first embodiment. That is, as shown
in FIG. 4 (A), the signal light LS is scanned within a rec-
tangular shaped scanning region R that has been preset.
Within this scanning region R, a plurality of (m number
of) scanning lines R1 through Rm have been set in the
x-direction. When the signal light LS is scanned along
each scanning line Ri (i=1 through m), detection signals
of interference light LC are generated.

[0186] Herein, the direction of each scanning line Ri is
referred to as the main scanning direction and the or-
thogonally crossing direction is referred to as the sub-
scanning direction. Therefore, scanning of the signal light
LS in the main scanning direction is performed by chang-
ing the facing direction of the reflecting surface of the
Galvanometer mirror 1141A, and scanning in the sub-
scanning direction is performed by changing the facing
direction of the reflecting surface of the Galvanometer
mirror 1141 B.

[0187] On each scanning line Ri, as shown in FIG. 4
(B), a plurality (n number of) of scanning points Ri1
through Rin have been preset.

[0188] In order to execute scanning as shown in FIG.
4, the controlling part 1210 controls the Galvanometer
mirrors 1141A and 1141B to set the incident target of the
signal light LS with respect to a fundus oculi Ef at a scan
start position RS (scanning point R11) on the first scan-
ning line R1. Subsequently, the controlling part 1210 con-
trols the low coherence light source 1160 to flash the low
coherence light LO for emitting the signal light LS to the
scan start position RS. The CCD 1184 receives the in-
terference light LC based on the fundus reflection light
of this signal light LS at the scan start position RS and
outputs detection signals to the controlling part 1210.
[0189] Next, by controlling the Galvanometer mirror
1141A, the controlling part 1210 scans the signal light
LS in the main scanning direction and sets the incident
target ata scanning point R12, triggering a flash emission
of the low coherence light LO for making the signal light
LS incident onto the scanning point R12. The CCD 1184
receives the interference light LC based on the fundus
reflection light of this signal light LS at the scanning point
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R12, and then outputs the detection signal to the control-
ling part 1210.

[0190] Likewise, the controlling part 1210 obtains de-
tection signals output from the CCD 1184 responding to
the interference light LC with respect to each scanning
point, by flash emitting the low coherence light LO at each
scanning point while shifting the incident target of the
signal light LS from scanning points R13, R14, ----, R1
(n-1), R1n in order.

[0191] Once measurement at the last scanning point
R1n ofthefirst scanning line R1 is finished, the controlling
part 1210 controls the Galvanometer mirrors 1141A and
1141B simultaneously and shifts the incident target of
the signal light LS to the first scanning point R21 of the
second scanning line R2 following a line switching scan
r. Then, by conducting the previously described meas-
urement with regard to each scanning point R2j (j=1
through n) of this second scanning line R2, a detection
signal corresponding to each scanning point R2j is ob-
tained.

[0192] Likewise, a measurement with respect to each
of the third scanning line R3, ----, the m-1th scanning line
R (m-1), the mth scanning line Rm is conducted to obtain
the detection signals corresponding to each scanning
point. Furthermore, the symbol RE on a scanning line
Rm is a scan end position in accordance with a scanning
point Rmn.

[0193] As aresult, the controlling part 1210 obtains m
x n number of detection signals corresponding to m x n
number of scanning points Rij (i=1through m, j=1 through
n) within the scanning region R. Hereinafter, a detection
signal corresponding to the scanning point Rij may be
represented as Dij.

[0194] Such interlocking control of such shifting of
scanning points and the output of the low coherence light
LO may be realized by synchronizing, for instance, the
transmitting timing of control signals with respect to the
mirror drive mechanisms 1241, 1242 and the transmitting
timing of control signals (output request signal) with re-
spect to the low coherence light source 1160.

[0195] As described, when each Galvanometer mirror
1141A and 1141 B is being operated, the controlling part
1210 stores the position of each scanning line Ri or the
position of each scanning point Rij (coordinate on the xy
coordinate system) on the position information storage
part 1225 in the image processing part 1220 shown in
FIG. 18. This stored content (scan positional information)
is used in an image forming process as was conducted
conventionally.

[Regarding Image Formation Processing]

[0196] With regard to image formation by an image
processing part 1220, one example is explained. This
image processing part 1220 is comprised including a
CPU 1201, a RAM 1202, and a hard disk drive 1204 that
are operated based on a control program 1204a. In ad-
dition, the processing to be explained below is performed
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by the optical image formation processing part 1222 in
the image processing part 1220 shown in the block dia-
gram of FIG. 18.

[0197] The image processing part 1220 forms tomo-
graphic images of a fundus oculi Ef along each scanning
line Ri (main scanning direction), and forms a 3-dimen-
sional image of the fundus oculi Ef based on these tom-
ographic images.

[0198] The formation of a tomographic image along
the main scanning direction is configured as was con-
ventionally done including a 2-step arithmetic process.
In the first step of the arithmetic process, based on a
detection signal Dij corresponding to each scanning point
Rij, an image Gijin the depth direction (z-direction in FIG
13) of afundus oculi Ef at the scanning point Rij is formed.
[0199] The tomographic image formed by the image
processing part 1220 has, for example, the same fea-
tures as in FIG. 6 of the first embodiment. In the second
step of the arithmetic process, with regard to each scan-
ning line Ri, based on the images Gi1 through Gin in the
depth direction at the n number of scanning points Ri1
through Rin thereon, a tomographic image Gi of a fundus
oculi Ef along this scanning line Ri is formed. Then, the
image processing part 1220 determines the arrangement
and the distance of each scanning point Ri1 through Rin
while referring to the positional information (described
above) of each scanning point Ri1 through Rin, forms
this scanning line Ri via the above process, and m
number of tomographic images G1 through Gm at differ-
ent positions of the sub-scanning direction (y-direction)
are obtained.

[0200] Next, the formation of a 3-dimensional image
of a fundus oculi Ef is explained. A 3-dimensional image
of a fundus oculi Ef is formed based on the m number of
tomographic images obtained by the above arithmetic
process. The image forming part 1220 forms a 3-dimen-
sional image of the fundus oculi Ef by performing a well-
known interpolating process to interpolate an image be-
tween the adjacent tomographic images Giand G (i + 1).
[0201] Then, the image processing part 1220 deter-
mines the arrangement and the distance of each scan-
ning line Ri while referring to the positional information
of each scanning line Rito form this 3-dimensionalimage.
For this 3-dimensional image, a 3-dimensional coordi-
nate system (x, y, z) is set up, based on the positional
information of each scanning point Rij and the z coordi-
nate in the images Cij of the depth direction.

[0202] Furthermore, based on this 3-dimensional im-
age, the image processing part 1220 is capable of form-
ing a tomographic image of the fundus oculi Ef at a cross-
section in an arbitrary direction other than the main scan-
ning direction (x-direction). Once the cross-section is
designated, the image processing part 1220 determines
the position of each scanning point (and/or an image in
the depth direction that has been interpolated) on this
designated cross-section, and extracts an image (and/or
image in the depth direction that has been interpolated)
in the depth direction at each determined position to form
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a tomographic image of the fundus oculi Ef at the desig-
nated cross-section by arranging a plurality of extracted
images in the depth direction.

[Regarding Image Position Correction Processing]

[0203] First, the constitution of the image processing
part 1220 is explained. FIG. 18 is a block diagram show-
ing one example of the constitution of the image process-
ing part 1220.

[0204] The image processing part 1220 is provided
with an integration processing part 1223, a position spec-
ification processing part 1224, a displacement detection
part 1226, an xy position correction processing part 1227
and a z position correction processing part 1228, as well
as the above-mentioned optical image formation
processing part 1222 and position information storage
part 1225.

[0205] The optical image formation processing part
1222 generates the optical image described above. In
addition, on the position information storage part 1225,
as described above, position information that indicates
the positions of each scanning line Ri and xy coordinates
of each scanning point Rij (that is, the measurement po-
sition of each tomographic image Gi or the measurement
position of the image Gij of the depth direction) are stored.
The position information storage part 1225 is the equiv-
alent of one example of the "position storage means" of
the present invention.

[0206] Theintegration processing part 1223 generates
a 1-dimensional image (integrated image) by integrating
each tomographic image Gi formed by the optical image
formation processing part 1222 in the depth direction. In
other words, it generates a point-like image by integrating
each image Gij of the depth direction composing the to-
mographic image Gi in the depth direction (z-direction).
Each point-like image indicates the integrated brightness
in the depth direction at the position of the image Gij of
the depth direction that was base thereof (the positions
in the xy direction indicated in the above-mentioned po-
sition information are stored on the position information
storage part 1225). Herein, "integrating in the depth di-
rection" means the arithmetic process in which bright-
ness values at each depth position of the image Gij of
the depth direction are added together (projected).
[0207] By performing such a process with respect to
all tomographic images Gi, a fundus image Ef in the
measurement region of the optical image and likewise
an image showing the morphology of the fundus image
Ef in that measurement region can be obtained. In other
words, both a fundus image obtained by the fundus cam-
era unit 1000A and an optical image obtained by the OCT
unit 1150 are images formed from reflection light on the
fundus surface and reflection light in the shallow region
of the fundus tissue. Therefore, by integrating each tom-
ographic image Gi obtained by scanning the 2-dimen-
sional measurement region on the fundus oculi in depth
direction and creating a 2-dimensional image, an image
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the same as the fundus image EF’ in that measurement
region can be obtained.

[0208] The position specification processing part 1224
determines the position of the above-mentioned integrat-
ed image in the fundus image Ef that has been photo-
graphed by the fundus camera unit 1000A. More specif-
ically, the position specification processing part 1224,
with reference to the position information of each tomo-
graphic image stored on the position information storage
part 1225, determines the position corresponding to this
position information on the fundus image Ef. Then, it
searches the region having a similar brightness distribu-
tion as that of the integrated image (to be referred to as
"corresponding region") from this specified position and
the vicinity thereof. When the corresponding region can-
not be found, it determines the targeted corresponding
region by expanding the search range. This determined
corresponding region is the position of the integrated im-
age.

[0209] Furthermore, although the entire fundus image
may be searched without referring to the tomographic
image Gi, it is possible to shorten the searching time by
using the position information as a guide for the search
range.

[0210] The displacement detection part 1226 com-
pares, for each tomographic image Gi, the position of the
tomographic image Gi determined by the position spec-
ification processing part 1224 and the measurement po-
sition shown in the position information of the tomograph-
ic image Gi stored on the position information storage
part 1225, and detects displacement in the direction per-
pendicular to their depth direction (that is, the xy-direc-
tion). For example, assuming that the determined coor-
dinate with respect to an image Gij of a given depth di-
rection consisting of the tomographic image Giis P1 (x1,
y1) and the stored coordinate is P2 (x2, y2), the displace-
ment detection part 1226 detects the displacement of P1
and P2 by calculating {(x1-x2)"2 + (y1-y2)"2} ~(1/2).
[0211] The xy position correction processing part 1227
corrects the displacement of each tomographicimage Gi
in the xy-direction based on the displacement of the po-
sition of each tomographic image Gi detected by the po-
sition detecting part 1226. That is, the position of the to-
mographic image Gi formed is moved by the optical im-
age formation processing part 1222 by the amount of the
detected displacement to process to fit in the position of
the fundus image Ef'. The xy position correction process-
ing part 1227 is the equivalent of one example of the "first
image processing means."

[0212] The z position correction processing part 1228
performs the same process as the position correction
processing part 43 in the first embodiment, which cor-
rects the displacement of each tomographic image Gi in
the depth direction (z-direction) by using an image for
correction GR along the return scanning line RR (See
FIG 5 and 6). In addition, the optical image formation
processing part 1222 and the z position correction
processing part 1228 compose one example of the "sec-
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ond image processing means" of the present invention.
[Regarding the Display Feature of Images]

[0213] According to the fundus observation device
1000 of the present invention, two kinds of images, the
fundus image Ef by the fundus camera unit 1000A and
the optical image (a tomographicimage, a 3-dimensional
image, etc.) by the OCT unit 1500, can be obtained. The
fundus observation device 1000 can display these two
kinds of images on the display 1207 respectively and
display the two kinds of images in parallel. In the latter
case of displaying in parallel, as shown in FIG. 20 to be
described, the fundus image display region 1207A in
which the fundus image Ef is displayed and the optical
image display region 1207B in which the optical image
is displayed are formed on the display screen of the dis-
play 1207.

[Operation]

[0214] The operation of the fundus observation device
1000 of the present embodiment having the constitution
as above is explained. The flow chart shown in FIG. 19
shows one example of the operation of the fundus ob-
servation device 1000.

[0215] First, as a preparatory stage, the optical system
is aligned for the fundus Ef to be measured (S101).
[0216] When the alignmentis completed, the observa-
tion image of the fundus Ef is displayed on the display
1207 by lighting the halogen lamp 1101 of the fundus
camera unit 1000A, and the measurement region in
which the optical image is measured (scanning region
R) is designated (S 102). The controlling part 1210 de-
termines the position of the scanning lines R1 through
Rm and the scanning points R11 through Rmn in the
designated measurement region (S103). These deter-
mined positions are stored on the position information
storage part 1225 as position information. Herein, the
position of the scanning line Riis equivalent to the meas-
urement position of the tomographic image Gi and the
measurement position of the scanning line Rij is equiv-
alent to the image Gij of the depth direction.

[0217] Next, a fundus image Ef is photographed by
flashing the xenon lamp 1103 of the fundus camera unit
1000A (S104). The photographed fundus image Ef is
displayed in the fundus image display region 1207A of
the display 1207 by the controlling part 1210 as shown
in FIG. 20 (S105).

[0218] Then, the OCT unit 1150 causes the signal light
LS to scan in response to the control by the controlling
part 1210 to perform the optical image measurement of
each scanning point Rij (S106), and performs the optical
image measurement along a return scanning line RR as
in the first embodiment (S107).

[0219] The optical image formation processing part
1222 forms the tomographic images G1 through Gm of
the fundus Ef based on the measurement results at each
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scanning point Rij, and at the same time, forms the tom-
ographic image for correction GR based on the meas-
urement results along the return scanning line RR
(S109). The tomographicimages G1 through Gm formed
at step S108 are, as shown in FIG. 21, displayed in the
optical image display region 1207B of the display 1207
(S110).

[0220] FIG. 22 shows a display example of an actual
fundus image Ef, and FIG. 23 shows display examples
of actual tomographic images G1 through Gm. The tom-
ographicimages G1 through Gmin FIG: 23 are arranged
atintervals corresponding to each measurement position
and are displayed as if they were 3-dimensional images
of the fundus Ef.

[0221] Next, the integration processing part 1223 gen-
erates integrated images by integrating each tomograph-
ic image G1 through Gm in the depth direction (S111).
[0222] FIG. 24 shows integrated image GP obtained
by integrating the tomographic images G1 through Gm
in the FIG. 23. The integrated image GP is the image
obtained by arranging in the y-direction a 1-dimensional
image along the x-direction that was obtained integrating
the tomographic image Gi.

[0223] In this integrated image GP, there is a part in
which a blood vessel is broken in the image (blood vessel
cut site GPa). This does not mean that the blood vessel
is actually broken, and resulted from the fact that the eye
to be examined E was misaligned in the x-direction due
to ocular movement or heartbeat at the measurement
time.

[0224] Then, the position specification processing part
1224 specifies the position (xy coordinates) of the inte-
grated image on the fundus image Ef (S112).

[0225] Next, the displacement detection part 1226, for
each tomographic image Gi, compares the position of
the tomographic image Gi determined at step S112 and
the measurement position shown in the position informa-
tion of the tomographic image Gi stored on the position
information storage part 1225, and detects displacement
in the xy-direction (S113).

[0226] Then, the x,y position correction processing
part 1227 corrects the displacement in the xy-direction
of each tomographic image Gi based on the displace-
ment of each tomographic image Gi detected at step
S113 (S114).

[0227] FIG. 25 shows a correction integrated image
GP’ obtained by correcting the displacement in the xy-
direction of the integrated image in FIG. 24. The blood
vessel cut site GPa in FIG. 24 is in a connected state in
the correction integrated image GP’. This results from
moving the position of each tomographic image Gi in the
xy-direction and arranging them at the corresponding po-
sition in the fundus image Ef.

[0228] In addition, black regions GPb’ and GPc’ near
the upper right edge and the left edge of this correction
integrated image are non-image parts due to having
moved the tomographic image Gi in the x-direction.
Therefore, itis found that the correction integrated image
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GP’ has been created by moving the tomographic image
on the upper side (+y-direction) of the integrated image
GP in the left direction of the drawing (+x-direction) and
moving the tomographic image on the bottom part in the
right direction (-x-direction).

[0229] Finally, the z position correction processing part
1228 corrects the displacement in the z-direction of each
tomographic image by using the tomographic image for
correction GR formed at step S109 (S115), and displays
the tomographic images G1 through Gm in which dis-
placement in the xyz-direction has been corrected re-
spectively in the optic image display region 1207B on the
display 1207 (S 116). The examiner undertakes a diag-
nostic evaluation with reference to the fundus image Ef
and the tomographic images G1 through Gm for which
displacement have been corrected.

[Action and Effect]

[0230] Actions and effects given by the fundus obser-
vation device 1000 of the present embodiment operating
as above are explained.

[0231] First, according to this fundus observation de-
vice 1000, a highly reliable image can be formed by ef-
fectively correcting the displacement of the optical image
due to ocular movement and the like during optical image
measurement. In particular, by using not only the same
correction in the z-direction as in the first embodiment,
but also the fundus image Ef, correction in the xy-direc-
tion can also be effectively performed.

[0232] Herein, referring to FIG. 26 and FIG. 27, the
effects of correction of the displacement by the fundus
observation device 1000 are explained. FIG. 26 shows
the form of the surface image of the fundus retina (fundus
oculi surface image before correction) G created from
the tomographic image based on the data measured by
the OCT unit 1150. Furthermore, FIG. 27 shows the form
of the fundus oculi surface image after correction G’ ob-
tained by giving corrections in the x, y and z-direction for
this fundus oculi surface image before correction G.
[0233] The fundus oculi surface image before correc-
tion Gin FIG. 26 is a very rough image that is rippling up
and down (in z-direction). On the other hand, the fundus
oculi surface image after correction G’ in FIG. 27 is a
smooth image that is close to the actual fundus surface.
Thus, according to the fundus observation device 1000
of the present embodiment, very effective image correc-
tion can be provided.

[0234] In addition, the corrugated part on the fundus
oculi surface image after correction G’ is due to the effect
of noise that is mixed in at the time of measurement. A
known noise removal process can remove the effect of
such noise.

[Modified Example]

[0235] The constitution described above is merely one
example to preferably implement the image observation
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device of the present invention. Therefore, optional mod-
ifications may be implemented appropriately within the
scope of the present invention. Hereinafter, one example
of such modifications is explained.

[0236] First, although displacement correction in both
the xy-direction and z-direction are performed in the
above embodiment, it is possible to be configured to per-
form displacement correction in only the xy-direction. In
that case, the z position correction processing part 1228
does not have to be provided in the block diagram of FIG.
18.

[0237] In addition, it is also possible to be configured
to perform displacement correction in only the x-direction,
or perform displacement in only the y-direction.

[0238] In the present embodiment described above,
the fundus image is adapted to be photographed before
performing the optical image measurement, but the tim-
ing to photograph the fundus image can be optionally
determined. For example, it is also possible to photo-
graph the fundus image after the optical image measure-
ment or photograph the fundus image before and after
the optical image measurement.

[0239] Inthe present embodiment described above, it
is configured to generate integrated images for each to-
mographicimage by integrating each tomographicimage
in the depth direction and to generate a 2-dimensional
integrated image by arranging these 1-dimensional inte-
grated images, but the generating method is not limited
to this. Forexample, itis possible to form a 3-dimensional
image from a tomographic image and generate a 2-di-
mensional integrated image by integrating this 3-dimen-
sional image in the depth direction. In that case, displace-
ment correction of the 3-dimensional image can be per-
formed by specifying the position of the 2-dimensional
integrated image in the fundus image and specifying dis-
tortion in the xy-direction (displacememt) of the 2-dimen-
sional image.

Claims
1. An optical image measuring device comprising:

a light source (2);

an interference light generating means (4, 5, 6,
14) adapted to split the light output from said
light source into a signal light (LS) directed to-
ward an object to be measured and a reference
light (LR) directed toward a reference object,
and also adapted to generate an interference
light (LC) by overlaying the signal light propa-
gating to and from said object to be measured
and the reference light (LR) propagating to and
from said reference object;

a detecting means (30) adapted to output a de-
tection signal upon receipt of said generated in-
terference light;

a scanning means (22, 23) adapted to scan the
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incident position of said signal light (LS) with re-
spect to said object to be measured in a given
main scanning direction (x) and in a sub-scan-
ning direction (y) perpendicular to the main
scanning direction respectively; and

an image processing means (40) adapted to
form an image in the depth direction (z) perpen-
dicular to the main scanning direction (x) and
the sub-scanning direction (y), of said object to
be measured at said incident position on the ba-
sis of said detection signal based on the inter-
ference light (LC) formed by said signal light (LS)
propagating to and from the incident position
and said reference light (LR),

the image processing means (40) adapted to
form said image in the depth direction (z) at a
plurality of scanning points (R;) on a scanning
line (R;) along the main scanning direction (x),
and to form a tomographic image (G;) along the
main scanning direction (x) based on said im-
ages at each of said scanning points (Rij),

the image processing means (40) further adapt-
ed to form two or more of said tomographic im-
ages (G;)) along scanning lines (R;) in the main
scanning direction (x) at different positions in
said sub-scanning direction (y), and to form a 3-
dimensinal tomographic image based on said
two or more tomographic images (G;);

wherein said scanning means (22, 23) is further
adapted to scan said signal light (LS) in a cross-
ing direction along a return line (RR) connecting
a scanning point (ij) on the last scanning line
(Ry,,) along the main scanning direction (x), with
a scanning point (R4;) on the first scanning line
(R4) along the main scanning direction (x), and
wherein said image processing means (40) is
further adapted to form a tomographic image for
correction (GR) along said return line (RR), and
is adapted to correct the displacement of each
of said two or more tomographic images (G;) by
comparing said tomographic image for correc-
tion (GR) with a tomographic image for compar-
ison (GC), obtained as cross section along the
return line (RR) of said 3-dimensional image.

An optical image measuring device according to
Claim 1, wherein said scanning means (22, 23) is
adapted to scan the incident position of said signal
light (LS) in said main scanning direction (x) that di-
rects to the same direction for each scan when said
two or more tomographic images are formed, and
it is assumed that said crossing direction is a direc-
tion connecting the ending position and the starting
position of the scanning when said two or more to-
mographic images (G;) are formed.

An optical image measuring device according to
Claim 1 or Claim 2, wherein said image processing
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means (40) is adapted to correct the displacement
of said depth direction of each of said two or more
tomographic images (G;).

An optical image measuring device according to
Claim 3, wherein said image processing means (40)
is adapted to correct the displacement in the depth
direction by adjusting the position of said image in
the depth direction at the crossing position with said
tomographic image for correction to the position of
said image in the depth direction of said tomographic
image for correction at said crossing position for
each of said two or more tomographic images (G;).

An optical image measuring device according to
Claim 4, wherein said correction of the displacement
in said depth direction of each of said two or more
tomographic images (G;) is performed by shifting
said tomographic image to said depth direction so
as to maximize the correlation value of normalization
correlation between said image in the depth direction
of said tomographic image and said image in the
depth direction of said tomographic image for cor-
rection at said crossing position.

An optical image measuring device according to
Claim 4, wherein said correction of the displacement
in said depth direction of each of said two or more
tomographic images (G;) is performed by shifting
said tomographic image to said depth direction so
as to match the characterizing portion of said image
in the depth direction of said tomographic image with
the characterizing portion of said image in the depth
direction of said tomographic image for correction at
said crossing position.

An optical image measuring device according to
Claim 6, wherein said characterizing portion of said
image in the depth direction is assumed to be the
portion corresponding to the surface of said object
to be measured.

An optical image measuring device according to any
of Claims 1 to 7, wherein said image processing
means (40) is adapted to form a 3-dimensional im-
age of said object to be measured based on said two
or more tomographic images,

to form a new tomographic image along said cross-
ing direction based on said formed 3-dimensional
image, and

to correct the displacement of each of said two or
more tomographic images based on the displace-
ment of said new tomographic image to said tomo-
graphic image for correction.

An optical image measuring device according to
Claim 1 for fundus observation, wherein
said image processingmeans (40) is adapted to gen-
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erate each combined image of said two or more to-
mographic images by combining each of the two or
more tomographic images in said depth direction,
adapted to detect displacement in the direction per-
pendicular to said depth direction of each of said
formed two or more combined images by compari-
son with the tomographic image for comparison ob-
tained as cross section of said 3-dimensional image,
and adapted to correct each displacement of said
two or more tomographic images in said perpendic-
ular direction based on said detected displacement.

10. An optical image measuring device according to

1.

Claim 9 for fundus observation further comprising: a
position storage means adapted to store position in-
formation indicating the measurement position of a
tomographic image, wherein

said detection of the displacement is performed by
specifying the position of said generated combined
image in said tomographic image for correction and
by detecting the displacement between said speci-
fied direction and said measurement position indi-
cated in the stored position information in the direc-
tion perpendicular to said depth direction.

An optical image measuring device according to
Claim 9 for fundus observation comprising:

a display means adapted to display said tomo-
graphic image for correction; and

an operation means adapted to specify a meas-
urement position of said tomographic image for
comparison on said displayed tomographic im-
age for correction; wherein

said detection of the displacement with said first
image processing means is performed by spec-
ifying the position of said generated combined
image in said tomographic image for correcion,
and by detecting the misplacement between
said specified position and said specified meas-
uring position in the direction perpendicular to
said depth direction.

12. An optical image measuring program for controlling

an optical image measuring device comprising:

a light source (2);

an interference light generating means (4, 5, 6,
14) adapted to split the light output from said
light source into a signal light (LS) directed to-
ward an object to be measured and a reference
light (LR) directed toward a reference object,
and also adapted to generate an interference
light (LC) by overlaying the signal light that has
propagating to and from said object to be meas-
ured and the reference light (LR) that has prop-
agating to and from said reference object;

a detecting means (30) adapted to output a de-
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tection signal upon receipt of said generated in-
terference light;

a scanning means (22, 23) being controlled by
the program to scan the incident position of said
signal light with respect to said object to be
measured in a given main scanning direction (x)
and in a sub-scanning direction (y) perpendicu-
lar to the main scanning direction (x) respective-
ly; and

an image processing means (40) being control-
led by the program to form an image in the depth
direction (z) perpendicular to the main scanning
direction (x) and the sub-scanning direction (y),
of said object to be measured at said incident
position on the basis of said detection signal
based on the interference light (LC) generated
by said signal light that has propagating to and
from the incident position and said reference
light (LR),

the image processing means (40) being control-
led by the program to form said image in the
depth direction (z) at a plurality of scanning
points (R;) onascanning line (R;) along the main
scanning direction (x), and to form a tomograph-
ic image (G;) along the main scanning direction
(x) based on said images at each of said scan-
ning points (Ry),

the image processing means (40) further being
controlled by the program to form two or more
tomographic images (G;) along scanning lines
(Ri) in the main scanning direction (x) at different
positions in said sub-scanning direction (y) and
to form a 3-dimensional tomographic image
based on said two or more tomographic images
(Gy); wherein

said scanning means (22, 23) is controlled by
the program so as to scan said signal light (LS)
in a crossing direction along a return line (RR)
connecting a scanning point (Ry;) on the last
scanning line (R,,) along the main scanning di-
rection (x), with a scanning point (R;;) on the first
scanning line (R4) along the main scanning di-
rection (x), and

said image processing means (40) is controlled
by the program to form a tomographic image for
correction (GR) along said return line (RR) and
to correct the displacement of each of said two
or more formed tomographic images (Gi) by
comparing said tomographic image for correc-
tion (GR) with a tomographic image for compar-
ison (GC), obtained as a cross section along the
return line (RR) of said 3-dimensional image.

13. The optical image measuring program according to

claim 12 for fundus oculi observation, wherein said
image processing means (40) is controlled by the
program to generate each combined image of said
two or more tomographic images (G;) by combining
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each of said two or more topographic (G;) images in
said depth direction, adapted to detect displacement
in the direction perpendicular to said depth direction
of said each of generated two or more combined
images by comparison with the tomographic image
for comparison obtained as cross section of said 3-
dimensional image, and to correct each displace-
ment of said two or more tomographic images at said
perpendicular direction based on said detected dis-
placement;

in order to correct the displacement at said depth
direction of each of said formed two or more tomo-
graphic images (G)).

Patentanspriiche

Optische Bildmessvorrichtung mit:

einer Lichtquelle (2);

einer Interferenzlichterzeugungseinrichtung (4,
5,6, 14), die dazu geeignetist, das von der Licht-
quelle ausgegebene Licht in ein zu einem zu
messenden Gegenstand hin ausgerichtetes Si-
gnallicht (LS) und ein zu einem Referenzgegen-
stand hin ausgerichtetes Referenzlicht (LR) zu
teilen, und aullerdem dazu geeignet ist, durch
Uberlagern des zum zu messenden Gegen-
stand hin und vom Gegenstand zurlick laufen-
den Signallichts und des zum Referenzgegen-
stand hin und vom Referenzgegenstand zuriick
laufenden Referenzlichts (LR) ein Interferenz-
licht (LC) zu erzeugen;

einer Erfassungseinrichtung (30), die dazu ge-
eignet ist, beim Empfang des erzeugten Interfe-
renzlichts ein Erfassungssignal auszugeben;
einer Scaneinrichtung (22, 23), die dazu geeig-
net ist, die Auftreffposition des Signallichts (LS)
bezliglich des zu messenden Gegenstands in
einer vorgegebenen Hauptscanrichtung (x)
bzw. in einer sich senkrecht zur Hauptscanrich-
tung erstreckenden Nebenscanrichtung (y) zu
scannen; und

einer Bildverarbeitungseinrichtung (40), die da-
zu geeignet ist, ein Bild des zu messenden Ge-
genstands an der Auftreffposition in der sich
senkrecht zur Hauptscanrichtung (x) und zur
Nebenscanrichtung (y) erstreckenden Tiefen-
richtung (z) auf der Basis des Erfassungssignals
basierend auf dem Interferenzlicht (LC) zu er-
zeugen, das durch das Signallicht (LS) und das
Referenzlicht (LR) erzeugt wird, die zur Auftreff-
position hin und von der Auftreffposition zurtick
laufen;

wobei die Bildverarbeitungseinrichtung (40) da-
zu geeignet ist, das Bild in der Tiefenrichtung
(z) an mehreren Scanpunkten (Rij) auf einer Sc-
anlinie (R;) entlang der Hauptscanrichtung (x)
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zu erzeugen und ein tomografisches Bild (G))
entlang der Hauptscanrichtung (x) basierend
auf den Bildern an jedem der Scanpunkte (Rij)
Zu erzeugen;

die Bildverarbeitungseinrichtung (40) ferner da-
zu geeignet ist, zwei oder mehr der tomografi-
schen Bilder (G;) entlang Scanlinien (R;) in der
Hauptscanrichtung (x) an verschiedenen Posi-
tionen in der Nebenscanrichtung (y) zu erzeu-
gen und basierend auf den zwei oder mehr to-
mografischen Bildern (G;) ein dreidimensiona-
les tomografisches Bild zu erzeugen;

die Scaneinrichtung (22, 23) ferner dazu geeig-
net ist, das Signallicht (LS) in einer Kreuzungs-
richtung entlang einer Ruicklauflinie (RR) zu
scannen, die einen Scanpunkt (R;;) auf der letz-
ten Scanlinie (R,,) entlang der Hauptscanlinie
(x) mit einem Scanpunkt (Ry;) auf der ersten Sc-
anlinie (R,) entlang der Hauptscanrichtung (x)
verbindet; und

die Bildverarbeitungseinrichtung (40) ferner da-
zu geeignetist, ein tomografisches Korrekturbild
(GR) entlang der Rucklauflinie (RR) zu erzeu-
gen, und dazu geeignet ist, den Versatz jedes
der zwei oder mehr tomografischen Bilder (G))
durch Vergleichen des tomografischen Korrek-
turbildes (GR) mit einem tomografischen Ver-
gleichsbild (GC) zu korrigieren, das als Quer-
schnitt des dreidimensionalen Bildes entlang
der Ricklauflinie (RR) erhalten wird.

Optische Bildmessvorrichtung nach Anspruch 1, wo-
bei die Scaneinrichtung (22, 23) dazu geeignet ist,
die Auftreffposition des Signallichts (LS) in der
Hauptscanrichtung (x) zu scannen, die fiir jeden
Scanvorgang in die gleiche Richtung ausgerichtet
ist, wenn zwei oder mehr tomografische Bilder er-
zeugt werden;

wobei vorausgesetzt wird, dass die Kreuzungsrich-
tung eine Richtung ist, die die Endposition und die
Anfangsposition des Scanvorgangs verbindet, wenn
die zwei oder mehr tomografischen Bilder (G;) er-
zeugt werden.

Optische Bildmessvorrichtung nach Anspruch 1
oder 2, wobei die Bildverarbeitungseinrichtung (40)
dazu geeignet ist, den Versatz der zwei oder mehr
tomografischen Bilder (G;) in der Tiefenrichtung zu
korrigieren.

Optische Bildmessvorrichtung nach Anspruch 3, wo-
bei die Bildverarbeitungseinrichtung (40) dazu ge-
eignet ist, den Versatz in der Tiefenrichtung durch
Anpassen der Position des Bildes in der Tiefenrich-
tung an der Kreuzungsposition an die Position des
Bildes in der Tiefenrichtung des tomografischen Kor-
rekturbildes an der Kreuzungsposition fiir jedes der
zwei oder mehr tomografischen Bilder (G;) zu korri-
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gieren.

Optische Bildmessvorrichtung nach Anspruch 4, wo-
bei die Korrektur des Versatzes in der Tiefenrichtung
jedes der zwei oder mehr tomografischen Bilder (G;)
durch Verschieben des tomografischen Bildes in der
Tiefenrichtung ausgefiihrt wird, um den Korrelati-
onswert der Normalisierungskorrelation zwischen
dem Bild in der Tiefenrichtung des tomografischen
Bildes und dem Bild in der Tiefenrichtung des tomo-
grafischen Korrekturbildes an der Kreuzungspositi-
on zu maximieren.

Optische Bildmessvorrichtung nach Anspruch 4, wo-
bei die Korrektur des Versatzes in der Tiefenrichtung
jedes der zwei oder mehr tomografischen Bilder (G))
durch Verschieben des tomografischen Bildes in der
Tiefenrichtung derart ausgefiihrt wird, dass der cha-
rakterisierende Abschnitt des Bildes in der Tiefen-
richtung des tomografischen Bildes mit dem charak-
terisierenden Abschnitt des Bildes in der Tiefenrich-
tung des tomografischen Korrekturbildes an der
Kreuzungsposition angepasst wird.

Optische Bildmessvorrichtung nach Anspruch 6, wo-
bei vorausgesetzt wird, dass der charakterisierende
Abschnitt des Bildes in der Tiefenrichtung der der
Oberflache des zu messenden Gegenstandes ent-
sprechende Abschnitt ist.

Optische Bildmessvorrichtung nach einem der An-
spriiche 1 bis 7, wobei

die Bildverarbeitungseinrichtung (40) dazu geeignet
ist, basierend auf den zwei oder mehr tomografi-
schen Bildern ein dreidimensionales Bild des Ge-
genstandes zu erzeugen, um basierend auf dem er-
zeugten dreidimensionalen Bild ein neues tomogra-
fisches Bild entlang der Kreuzungsrichtung zu er-
zeugen, und den Versatz jedes der zwei oder mehr
tomografischen Bilder basierend auf dem Versatz
des neuen tomografische Bildes zu korrigieren, um
das tomografische Korrekturbild zu erzeugen.

Optische Bildmessvorrichtung nach Anspruch 1 fir
eine Augenhintergrundbeobachtung, wobei

die Bildverarbeitungsvorrichtung (40) dazu geeignet
ist, jeweilige kombinierte Bilder der zwei oder mehr
tomografischen Bilder durch Kombinieren jedes der
zwei oder mehr tomografischen Bilder in der Tiefen-
richtung zu erzeugen, einen Versatz in der sich senk-
recht zur Tiefenrichtung erstreckenden Richtung fir
jedes der erzeugten zwei oder mehr kombinierten
Bilder durch einen Vergleich mit einem tomografi-
schen Vergleichsbild zu erfassen, das als Quer-
schnitt des dreidimensionalen Bildes erhalten wird,
und jeden Versatz der zwei oder mehr tomografi-
schen Bilder in der senkrechten Richtung basierend
auf dem erfassten Versatz zu korrigieren.
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10. Optische Bildmessvorrichtung nach Anspruch 9 flr
eine Augenhintergrundbeobachtung, ferner mit:

einer Positionsspeichereinrichtung, die dazu
geeignet ist, Positionsinformation zu speichern,
die die Messposition eines tomografischen Bil-
des anzeigt; wobei

die Versatzerfassung durch Spezifizieren der
Position des erzeugten kombinierten Bildes im
tomografischen Korrekturbild und durch Erfas-
sen des Versatzes zwischen der spezifizierten
Richtung und der in der gespeicherten Positi-
onsinformation angezeigten Messpositionin der
Richtung senkrecht zur Tiefenrichtung ausge-
fuhrt wird.

11. Optische Bildmessvorrichtung nach Anspruch 9 flr
eine Augenhintergrundbeobachtung, mit:

einer Displayeinrichtung, die dazu geeignet ist,
das tomografische Korrekturbild darzustellen;
und

einer Verarbeitungseinrichtung, die dazu geeig-
net ist, eine Messposition des tomografischen
Vergleichsbildes auf dem dargestellten tomo-
grafischen Korrekturbild zu spezifizieren; wobei
die Versatzerfassung durch die erste Bildverar-
beitungseinrichtung durch Spezifizieren der Po-
sition des erzeugten kombinierten Bildes im to-
mografischen Korrekturbild und durch Erfassen
des Versatzes zwischen der spezifizierten Po-
sition und der spezifizierten Messposition in der
Richtung senkrecht zur Tiefenrichtung ausge-
fuhrt wird.

12. Optisches Bildmessprogramm zum Steuern einer
optischen Bildmessvorrichtung mit:

einer Lichtquelle (2);

einer Interferenzlichterzeugungseinrichtung (4,
5,6, 14), die dazu geeignetist, das von der Licht-
quelle ausgegebene Licht in ein zu einem zu
messenden Gegenstand hin ausgerichtetes Si-
gnallicht (LS) und ein zu einem Referenzgegen-
stand hin ausgerichtetes Referenzlicht (LR) zu
teilen, und auflerdem dazu geeignet ist, durch
Uberlagern des zum zu messenden Gegen-
stand hin und vom Gegenstand zurtick laufen-
den Signallichts und des zum Gegenstand hin
und vom Referenzgegenstand zurilick laufen-
den Referenzlichts (LR) ein Interferenzlicht (LC)
Zu erzeugen;

einer Erfassungseinrichtung (30), die dazu ge-
eignet ist, beim Empfang des erzeugten Interfe-
renzlichts ein Erfassungssignal auszugeben;
einer Scaneinrichtung (22, 23), die durch das
Programm gesteuert wird, um die Auftreffposi-
tion des Signallichts bezliglich des zu messen-
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den Gegenstands in einer vorgegebenen
Hauptscanrichtung (x) bzw. in einer sich senk-
recht zur Hauptscanrichtung erstreckenden Ne-
benscanrichtung (y) zu scannen; und

einer Bildverarbeitungseinrichtung (40), die
durch das Programm gesteuert wird, um ein Bild
des zu messenden Gegenstands an der Auf-
treffposition in der sich senkrecht zur Hauptsc-
anrichtung (x) und zur Nebenscanrichtung (y)
erstreckenden Tiefenrichtung (z) auf der Basis
des Erfassungssignals basierend auf dem Inter-
ferenzlicht (LC) zu erzeugen, das durch das Si-
gnallicht und das Referenzlicht (LR) erzeugt
wird, die zur Auftreffposition hin und von der Auf-
treffposition zuriick laufen;

wobei die Bildverarbeitungseinrichtung (40)
durch das Programm gesteuert wird, um das
Bild in der Tiefenrichtung (z) an mehreren Scan-
punkten (R;;) auf einer Scanlinie (R;) entlang der
Hauptscanrichtung (x) zu erzeugen und ein to-
mografisches Bild (G;) entlang der Hauptscan-
richtung (x) basierend auf den Bildern an jedem
der Scanpunkte (R;) zu erzeugen;

die Bildverarbeitungseinrichtung (40) ferner
durch das Programm gesteuert wird, um zwei
oder mehr tomografische Bilder (G;) entlang Sc-
anlinien (R;) inder Hauptscanrichtung (x) an ver-
schiedenen Positionen in der Nebenscanrich-
tung (y) zu erzeugen und basierend auf den zwei
oder mehr tomografischen Bildern (G;) ein drei-
dimensionales tomografisches Bild zu erzeu-
gen;

wobei die Scaneinrichtung (22, 23) durch das
Programm gesteuert wird, um das Signallicht
(LS) in einer Kreuzungsrichtung entlang einer
Ricklauflinie (RR) zu scannen, die einen Scan-
punkt (Ry,;) auf der letzten Scanlinie (Ry,) ent-
lang der Hauptscanlinie (x) mit einem Scan-
punkt (Ry;) auf der ersten Scanlinie (R1) entlang
der Hauptscanrichtung (x) verbindet; und
wobei die Bildverarbeitungseinrichtung (40)
durch das Programm gesteuert wird, um ein to-
mografisches Korrekturbild (GR) entlang der
Rucklauflinie (RR) zu erzeugen und den Versatz
jedes der zwei oder mehr erzeugten tomografi-
schen Bilder (G;) durch Vergleichen des tomo-
grafischen Korrekturbildes (GR) mit einem to-
mografischen Vergleichsbild (GC) zu korrigie-
ren, das als Querschnitt des dreidimensionalen
Bildes entlang der Ricklauflinie (RR) erhalten
wird.

13. Optische Bildmessvorrichtung nach Anspruch 12 fiir
eine Augenhintergrundbeobachtung, wobei die Bild-
verarbeitungseinrichtung (40) durch das Programm
gesteuert wird, um:

durch Kombinieren jedes der zwei oder mehr
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tomografischen Bilder (G;) in der Tiefenrichtung
jeweilige kombinierte Bilder der zwei oder mehr
tomografischen Bilder (G;) zu erzeugen,

einen Versatz jedes der erzeugten zwei oder
mehr kombinierten Bilder in der sich senkrecht
zur Tiefenrichtung erstreckenden Richtung
durch einen Vergleich mit dem tomografischen
Vergleichsbild zu erfassen, das als Querschnitt
des dreidimensionalen Bildes erhalten wird, und
jeglichen Versatz der zwei oder mehr tomogra-
fischen Bilder in der senkrechten Richtung ba-
sierend auf dem erfassten Versatz zu korrigie-
ren,

um den Versatz jedes der erzeugten zwei oder
mehr tomografischen Bilder (G;) in der Tiefen-
richtung zu korrigieren.

Revendications

Dispositif de mesure d'image optique comprenant :

> une source de lumiére (2) ;

> des moyens de génération de lumiere d’in-
terférence (4, 5, 6, 14) adaptés pour diviser la
lumiére délivrée par ladite source de lumiére en
une lumiére de signal (LS) dirigée vers un objet
a mesurer et une lumiére de référence (LR) di-
rigée vers un objet de référence, et adaptés éga-
lement pour générer une lumiére d’interférence
(LC) en superposant la lumiéere de signal se pro-
pageant vers et a partir dudit objet a mesurer et
la lumiére de référence (LR) se propageant vers
et a partir dudit objet de référence ;

> des moyens de détection (30) adaptés pour
délivrer un signal de détection lors de la récep-
tion de ladite lumiére d’interférence générée ;
> des moyens de balayage (22, 23) adaptés
pour balayer la position d’'incidence de ladite lu-
miére de signal (LS) en ce qui concerne ledit
objet & mesurer dans une direction de balayage
principal (x) donnée et dans une direction de
balayage secondaire (y) perpendiculaire a la di-
rection de balayage principal, respectivement ;
et

> des moyens de traitement d'image (40) adap-
tés pour former une image dans la direction de
profondeur (z) perpendiculaire a la direction de
balayage principal (x) et a la direction de balaya-
ge secondaire (y), dudit objet a mesurer a ladite
position d’incidence sur la base dudit signal de
détection basé surla lumiére d’interférence (LC)
formée par ladite lumiére de signal (LS) se pro-
pageantvers et a partir de la position d’incidence
et par ladite lumiére de référence (LR),

> |es moyens de traitement d’'image (40) étant
adaptés pour former ladite image dans la direc-
tion de profondeur (z) a une pluralité de points
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de balayage (R;) sur une ligne de balayage (R;)
le long de la direction de balayage principal (x),
et pour former une image tomographique (G)) le
long de la direction de balayage principal (x) sur
la base desdites images a chacun desdits points
de balayage (R;),

> les moyens de traitement d’'image (40) étant
adaptés en outre pour former deux desditesima-
ges tomographiques (G;) ou plus le long des li-
gnes de balayage (R;) dans la direction de ba-
layage principal (x) a différentes positions dans
ladite direction de balayage secondaire (y), et
pour former une image tomographique tridimen-
sionnelle sur la base desdites deux images to-
mographiques (G;) ou plus ;

> dans lequel lesdits moyens de balayage (22,
23) sont en outre adaptés pour balayer ladite
lumiere de signal (LS) dans une direction de
croisement le long d’une ligne de retour (RR)
reliant un point de balayage (ij) surladerniére
ligne de balayage (R,,) le long de la direction de
balayage principal (x) a un point de balayage
(Ryj) sur la premiére ligne de balayage (R,) le
long de la direction de balayage principal (x), et
> dans lequel lesdits moyens de traitement
d’'image (40) sont en outre adaptés pour former
une image tomographique pour correction (GR)
le long de ladite ligne de retour (RR), et sont
adaptés pour corriger le déplacement de cha-
cune desdites deux images tomographiques
(G;) ou plus en comparant ladite image tomo-
graphique pour correction (GR) avec une image
tomographique pour comparaison (GC), obte-
nue en tant que coupe transversale le long de
la ligne de retour (RR) de ladite image tridimen-
sionnelle.

Dispositif de mesure d'image optique selon la reven-
dication 1, dans lequel lesdits moyens de balayage
(22, 23) sont adaptés pour balayer la position d’in-
cidence de ladite lumiére de signal (LS) dans ladite
direction de balayage principal (x) qui est dirigée
dans la méme direction pour chaque balayage lors-
que lesdites deux images tomographiques ou plus
sont formées, et il est supposé que ladite direction
de croisement est une direction reliant la position de
fin et la position de début du balayage lorsque les-
dites deux images tomographiques (G;) ou plus sont
formées.

Dispositif de mesure d’image optique selon la reven-
dication 1 ou la revendication 2, dans lequel lesdits
moyens de traitement d'image (40) sont adaptés
pour corriger le déplacement dans ladite direction
de profondeur de chacune desdites deux images to-
mographiques (G;) ou plus.

Dispositif de mesure d’image optique selon la reven-
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dication 3, dans lequel lesdits moyens de traitement
d’'image (40) sont adaptés pour corriger le déplace-
ment dans la direction de profondeur en ajustant la
position de ladite image dans la direction de profon-
deur a la position de croisement avec ladite image
tomographique pour correction a la position de ladite
image dans la direction de profondeur de ladite ima-
ge tomographique pour correction a ladite position
de croisement pour chacune desdites deux images
tomographiques (G;) ou plus.

Dispositif de mesure d’image optique selon la reven-
dication 4, dans lequel ladite correction du déplace-
ment dans ladite direction de profondeur de chacune
desdites deux images tomographiques (G;) ou plus
est effectuée en décalant ladite image tomographi-
que dans ladite direction de profondeur de maniére
a augmenter a un maximum la valeur de corrélation
de la corrélation de normalisation entre ladite image
dans la direction de profondeur de ladite image to-
mographique etladite image dans la direction de pro-
fondeur de ladite image tomographique pour correc-
tion a ladite position de croisement.

Dispositif de mesure d'image optique selon la reven-
dication 4, dans lequel ladite correction du déplace-
ment dans ladite direction de profondeur de chacune
desdites deux images tomographiques (G;) ou plus
est effectuée en décalant ladite image tomographi-
que dans ladite direction de profondeur de maniéere
a faire correspondre la partie de caractérisation de
ladite image dans la direction de profondeur de ladite
image tomographique avec la partie de caractérisa-
tion de ladite image dans la direction de profondeur
de ladite image tomographique pour correction a la-
dite position de croisement.

Dispositif de mesure d'image optique selon la reven-
dication 6, dans lequel ladite partie de caractérisa-
tion de ladite image dans la direction de profondeur
est supposée étre la partie correspondant a la sur-
face dudit objet a mesurer.

Dispositif de mesure d’'image optique selon I'une
quelconque des revendications 1 a 7, dans lequel
lesdits moyens de traitement d’'image (40) sont
adaptés pour former une image tridimensionnelle
dudit objet a mesurer sur la base desdites deux ima-
ges tomographiques ou plus,

> pour former une nouvelle image tomographi-
que le long de ladite direction de croisement sur
la base de ladite image tridimensionnelle for-
mée, et

> pour corriger le déplacement de chacune des-
dites deux images tomographiques ou plus sur
la base du déplacement de ladite nouvelle ima-
ge tomographique vers ladite image tomogra-
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phique pour correction.

Dispositif de mesure d'image optique selon la reven-
dication 1 pour une observation du fond de I'oeil dans
lequel lesdits moyens de traitement d'image (40)
sont adaptés pour générer chaque image combinée
desdites deux images tomographiques ou plus en
combinant chacune des deux images tomographi-
ques ou plus dans ladite direction de profondeur,
adaptés pour détecter un déplacement dans la di-
rection perpendiculaire a ladite direction de profon-
deur de chacune desdites deux images combinées
formées ou plus par une comparaison avec I'image
tomographique pour comparaison obtenue en tant
que coupe transversale de ladite image tridimen-
sionnelle, et adaptés pour corriger chaque déplace-
ment desdites deux images tomographiques ou plus
dans ladite direction perpendiculaire sur la base du-
dit déplacement détecté.

Dispositif de mesure d'image optique selon lareven-
dication 9 pour une observation du fond de I'oeil com-
prenant en outre : des moyens de mémorisation de
position adaptés pour mémoriser des informations
de position indiquant la position de mesure d'une
image tomographique, dans lequel ladite détection
du déplacement est effectuée en spécifiant la posi-
tion de ladite image combinée générée dans ladite
image tomographique pour correction et en détec-
tant le déplacement entre ladite direction spécifiée
et ladite position de mesure indiquée dans les infor-
mations de position mémorisées dans la direction
perpendiculaire a ladite direction de profondeur.

Dispositif de mesure d'image optique selon la reven-
dication 9 pour une observation du fond de l'ceil
comprenant :

> des moyens d’affichage adaptés pour afficher
ladite image tomographique pour correction ; et
> des moyens d’opération adaptés pour spéci-
fier une position de mesure de ladite image to-
mographique pour comparaison sur ladite ima-
ge tomographique affichée pour correction ;
dans lequel ladite détection du déplacement
avec lesdits premiers moyens de traitement
d’'image est effectuée en spécifiant la position
de ladite image combinée générée dans ladite
image tomographique pour correction, et en dé-
tectant le défaut de placement entre ladite po-
sition spécifiée et ladite position de mesure spé-
cifiée dans la direction perpendiculaire a ladite
direction de profondeur.

Programme de mesure d’image optique pour com-
mander un dispositif de mesure d'image optique
comprenant :
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> une source de lumiére (2) ;

> des moyens de génération de lumiéere d’in-
terférence (4, 5, 6, 14) adaptés pour diviser la
lumiére délivrée par ladite source de lumiére en
une lumiére de signal (LS) dirigée vers un objet
a mesurer et une lumiére de référence (LR) di-
rigée vers un objet de référence, et adaptés éga-
lement pour générer une lumiére d’interférence
(LC) en superposant la lumiére de signal qui
s’est propagée vers et a partir dudit objet a me-
surer et la lumiere de référence (LR) qui s’est
propagée vers et a partir dudit objet de
référence ;

> des moyens de détection (30) adaptés pour
délivrer un signal de détection lors de la récep-
tion de ladite lumiére d’interférence générée ;
> des moyens de balayage (22, 23) comman-
dés par le programme pour balayer la position
d’incidence de ladite lumiére de signal en ce qui
concerne ledit objet a mesurer dans une direc-
tion de balayage principal (x) donnée et dans
une direction de balayage secondaire (y) per-
pendiculaire a la direction de balayage principal
(x), respectivement ; et

> des moyens de traitement d’image (40) com-
mandés par le programme pour former une ima-
ge dans la direction de profondeur (z) perpen-
diculaire a la direction de balayage principal (x)
etaladirection de balayage secondaire (y) dudit
objet a mesurer a ladite position d’incidence sur
la base dudit signal de détection basé sur la lu-
miére d’interférence (LC) générée par ladite lu-
miére de signal qui s’est propagée vers et a partir
de la position d’incidence et par ladite lumiére
de référence (LR),

> |es moyens de traitement d’'image (40) étant
commandés par le programme pour former la-
dite image dans la direction de profondeur (z) a
une pluralité de points de balayage (Rij) surune
ligne de balayage (R;) le long de la direction de
balayage principal (x), et pour former une image
tomographique (G;) le long de la direction de ba-
layage principal (x) sur la base desdites images
a chacun desdits points de balayage (Rij),

> |es moyens de traitement d’'image (40) étant
en outre commandés par le programme pour
former deux images tomographiques (G;) ou
plus le long des lignes de balayage (R;) dans la
direction de balayage principal (x) a différentes
positions dans ladite direction de balayage se-
condaire (y) et pour former une image tomogra-
phique tridimensionnelle sur la base desdites
deux images tomographiques (G;) ou plus;
dans lequel

> |esdits moyens de balayage (22, 23) sont
commandés par le programme de maniéere a ba-
layer ladite lumiére de signal (LS) dans une di-
rection de croisement le long d’une ligne de re-
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tour (RR) reliant un point de balayage (R) sur
la derniére ligne de balayage (R,) le long de la
direction de balayage principal (x) a un point de
balayage (R“) sur la premiére ligne de balayage
(R4) le long de la direction de balayage principal
(x), et

> |esdits moyens de traitement d'image (40)
sontcommandés par le programme pour former
une image tomographique pour correction (GR)
le long de ladite ligne de retour (RR) et pour
corriger le déplacement de chacune desdites
deux images tomographiques (G;) ou plus for-
mées en comparant ladite image tomographi-
que pour correction (GR) avec une image tomo-
graphique pour comparaison (GC), obtenue en
tant que coupe transversale le long de la ligne
de retour (RR) de ladite image tridimensionnel-
le.

13. Programme de mesure d'image optique selon la re-

vendication 12 pour une observation du fond de
I'oeil, dans lequel lesdits moyens de traitement
d’'image (40) sont commandés par le programme
pour générer chaque image combinée desdites deux
images tomographiques (G;) ou plus en combinant
chacune desdites deux images tomographiques (G;)
ou plus dans ladite direction de profondeur, adaptés
pour détecter un déplacement dans la direction per-
pendiculaire a ladite direction de profondeur de cha-
cune desdites deux images combinées ou plus gé-
nérées par une comparaison avec I'image tomogra-
phique pour comparaison obtenue en tant que coupe
transversale de ladite image tridimensionnelle, et
pour corriger chaque déplacement desdites deux
images tomographiques ou plus dans ladite direction
perpendiculaire sur la base dudit déplacement
détecté ; afin de corriger le déplacement dans ladite
direction de profondeur de chacune desdites deux
tomographiques (G;) ou plus images formées.
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