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(57) ABSTRACT 
A retinal function measurement apparatus capable of mea 
Suring a retinal function accurately and precisely. The appa 
ratus has a first image obtaining optical system for obtaining 
atomographic image of a fundus by optical coherence tomog 
raphy using low coherent light, the optical system including a 
light Source emitting the low coherent light, a scanning unit 
scanning measurement light being a part of the emitted low 
coherent light on the fundus, an interference optical system 
for synthesizing the measurement light reflected from the 
fundus and reference light being a part of the emitted low 
coherent light to interfere, and a first photodetector photo 
receiving the interfered light, a stimulating light irradiation 
optical system for performing irradiation of stimulating light 
onto the fundus, and an image processing unit obtaining 
information on a retinal function by performing processing 
on a first tomographic image and a second tomographic 
image before/after the irradiation of the stimulating light. 

2 Claims, 4 Drawing Sheets 
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Extract characteristic points from 
fundus front image before irradiation 
of Stimulating light 

Extract characteristic points from 
fundus front image after irradiation 
of stimulating light 

Calculate relative positional deviation 
of both fundus front images 

Based on obtained positional 
deviation, adjust relative positional 
deviation between corresponding fundus 
tomographic images 

Obtain change information by comparing 
fundus tomographic images 

F. G. 3 
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RETINAL FUNCTION MEASUREMENT 
APPARATUS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

More than one reissue application has been filed for the 
reissue of U.S. Pat. No. 7,506,978 filed Feb. 6, 2007 and 
issued Mar: 24, 2009. The reissue applications are Ser: No. 
13/554, 180 filed Jul. 20, 2012 and Ser: No. 13/071,163 filed 
Mar: 24, 2011. This Application is a Divisional and Reissue 
application Ser: No. 13/071,163 filed Mar: 24, 2011 U.S. Pat. 
No. Re 44,226, which is a Reissue of U.S. Pat. No. 7,506,978 
filed Feb. 6, 2007 and issued on Mar 24, 2009. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus which mea 

Sures a retinal function by photographing a fundus. 
2. Description of Related Art 
There is known an apparatus (system) which noninvasively 

performs imaging of a retinal function (see International Pub 
lication No. WO 00/06015 (Japanese Patent Application 
Unexamined Publication No. 2002-521115)). The apparatus 
includes an imaging illumination device which illuminates a 
retina, a stimulating illumination device which guides a func 
tional response of the retina, and an imaging device which 
photo-receives light from the retina via an imaging optical 
system, measures the retinal function based on states of reti 
nal images before/after irradiation of stimulating light onto 
the retina, and performs imaging of a result of the measure 
ment for evaluation. 

Such an apparatus reads a change of brightness of the 
retinal image after the irradiation of the stimulating light with 
respect to brightness of the retinal image before the irradia 
tion of the simulating light; however, since a change of the 
retina (a change of an activity of nervous tissue) by the stimu 
lating light is minute, it is important to detect the change 
accurately. In addition, in order to perform more precise 
measurement of the retinal function, it is necessary to perform 
the measurement over a depth direction of the retina. 

SUMMARY OF THE INVENTION 

An object of the invention is to overcome the problems 
described above and to provide a retinal function measure 
ment apparatus capable of measuring a retinal function accu 
rately and precisely. 

To achieve the objects and in accordance with the purpose 
of the present invention, a retinal function measurement appa 
ratus has a first image obtaining optical system for obtaining 
a tomographic image of a fundus by optical coherence tomog 
raphy using low coherent light, the first image obtaining 
optical system including a light source which emits the low 
coherent light, a scanning unit which scans measurement 
light being a part of the emitted low coherent light on the 
fundus, an interference optical system for synthesizing the 
measurement light reflected from the fundus and reference 
light being apart of the emitted low coherent light to interfere, 
and a first photodetector which photo-receives the interfered 
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2 
light, a stimulating light irradiation optical system for per 
forming irradiation of stimulating light onto the fundus, and 
an image processing unit which obtains information on a 
retinal function by performing processing on a first tomo 
graphic image before the irradiation of the stimulating light 
and a second tomographic image after the irradiation of the 
stimulating light. 

Additional objects and advantages of the invention are set 
forth in the description which follows, are obvious from the 
description, or may be learned by practicing the invention. 
The objects and advantages of the invention may be realized 
and attained by the apparatus in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute apart of this specification, illustrate embodi 
ments of the present invention and, together with the descrip 
tion, serve to explain the objects, advantages and principles of 
the invention. In the drawings, 

FIG. 1 is a view showing a schematic configuration of an 
optical system and a control system of a retinal function 
measurement apparatus consistent with one preferred 
embodiment of the present invention; 

FIG. 2 is a view showing an example of a fundus front 
image for observation displayed on a monitor; 

FIG.3 is a flowchart for showing a method of comparing a 
fundus tomographic image before irradiation of stimulating 
light and a fundustomographic image after the irradiation of 
the stimulating light; 

FIG. 4 is a view showing an example of positional infor 
mation for obtaining the fundustomographic image, which is 
set on the fundus front image for observation; and 

FIG. 5 is a view showing a schematic configuration of a 
modified embodiment of the optical system of the retinal 
function measurement apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A detailed description of one preferred embodiment of a 
retinal function measurement apparatus embodied by the 
present invention is provided below with reference to the 
accompanying drawings. FIG. 1 is a view showing a sche 
matic configuration of an optical system and a control system 
of a retinal function measurement apparatus consistent with 
one preferred embodiment of the present invention. In the 
preferred embodiment, a depth direction of an examinees 
eye is referred to as a Z-direction, a horizontal direction 
orthogonal to the depth direction is referred to as an X-direc 
tion, and a vertical direction orthogonal to the depth direction 
is referred to as a Y-direction. 
The optical system of the present apparatus includes an 

optical coherence tomography (OCT) optical system 100 for 
obtaining an infrared (monochrome) tomographic (sectional) 
image of a fundus Ef of an examinee's eye E, a scanning laser 
ophthalmoscope (SLO) optical system 200 for obtaining an 
infrared (monochrome) front (Surface) image of the fundus 
Ef, and a stimulating light irradiation optical system 300 for 
performing irradiation of stimulating light for stimulating a 
retina onto the fundus Ef. 
A description will be given to the OCT optical system 100. 

An infrared light Source 10 for measurement (photographing) 
Such as a Super luminescent diode (SLD) is a light source 
which emits low coherent light used as measurement light 
(photographing light, object light) and reference light, for 
example, a light source having a band of 50 nm with a center 
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wavelength of 840 nm (a range with wavelengths of 815 to 
865 nm). Infrared light from the light source 10 passes 
through an optical fiber 30a being a light guide, and enters a 
fiber coupler 11 to be divided into the measurement light and 
the reference light. 
On an optical path of the measurement light from the fiber 

coupler 11 to the fundus Ef, arranged are an optical fiber 30b 
being a light guide, a relay lens 12 movable in a direction of 
an optical axis in accordance with refractive power of the eye 
E, a Scanning unit 20, a relay lens 21, a dichroic mirror 13, and 
an objective lens 14. In addition, on an optical path of the 
measurement light from the fundus Ef to a photodetector 18, 
arranged are the objective lens 14 to the fiber coupler 11, an 
optical fiber 30d being a light guide, and a fiber coupler 15. An 
end 31b of the optical fiber 30b is arranged in a position 
conjugate with the fundus Ef. The scanning unit 20 includes 
a pair of galvano mirrors 20a, which are made Swingable 
(rotatable) by a driving mechanism part 51 to scan the mea 
surement light in the X- and/or Y-directions. In addition, 
reflective surfaces of the galvano mirrors 20a are arranged in 
positions conjugate with a pupil of the eye E (in the preferred 
embodiment, arranged to have a conjugate positional rela 
tionship between an intermediate position of the galvano 
mirrors 20a and the pupil). The dichroic mirror 13 has prop 
erties of reflecting the light from the light source 10 and 
transmitting the other light (light from a light source 1, light 
from a light source 22 (a filter 23)). The dichroic mirror 13 
makes an optical axis of the OCT optical system 100 and the 
SLO optical system 200, and an optical axis of the stimulating 
light irradiation optical system 300 coaxial. 
The measurement light exiting from the fiber end 31b 

passes through the relay lens 12, is reflected by the galvano 
mirrors 20a, passes through the relay lens 21, is reflected by 
the dichroic mirror 13, passes through the objective lens 14, 
and converges at the fundus Ef. The measurement light 
reflected from the fundus Ef enters the fiber end 31b via the 
objective lens 14 to the relay lens 12, passes through the 
optical fiber 30b, the fibercoupler 11 and the optical fiber 30d, 
and enters the fiber coupler 15. 
On the other hand, on an optical path of the reference light 

from the fiber coupler 11 to the photodetector 18, arranged are 
an optical fiber 30c being a light guide, a collimator lens 16, 
an optical path length changing unit 40, a condenser lens 17. 
an optical fiber 30e being a light guide, and the fiber coupler 
15. The optical path length changing unit 40 includes total 
reflection mirrors 40a and 40b, and is movable in the direction 
of the optical axis (in a direction of an arrow A) by a driving 
mechanism part 50 to change an optical path length of the 
reference light. 
The reference light exiting from an end 31c of the optical 

fiber 30c passes through the collimator lens 16, is reflected by 
the total reflection mirrors 40a and 40b, passes through the 
condenser lens 17, enters an end 31e of the optical fiber 30e, 
passes through the optical fiber 30e, and enters the fiber 
coupler 15. 
The measurement light and the reference light entering the 

fiber coupler 15 are synthesized to be photo-received on (de 
tected by) the photodetector 18, and based on an interference 
phenomenon when an optical path length of the measurement 
light reflected by layers of the fundus Efis equal to the optical 
path length of the reference light changed by the optical path 
length changing unit 40, intensity distribution of the reflected 
measurement light in the Z-direction is obtained (in the pre 
ferred embodiment, this method is referred to as an A-scan 
(linear scanning). In addition, by scanning of the measure 
ment light in the X- or Y-direction and the change of the 
optical path length of the reference light, a two-dimensional 
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4 
tomographic image in an X-Z plane or a Y-Z plane of the 
fundus Ef is obtained (in the preferred embodiment, this 
method is referred to as a B-scan (longitudinal scanning)). In 
addition, by the scanning of the measurement light in the X 
and Y-directions, a two-dimensional tomographic image in an 
X-Y plane of the fundus Ef is obtained (in the preferred 
embodiment, this method is referred to as a C-scan (transver 
sal scanning)). Further, by making use of these methods, a 
three-dimensional tomographic image of the fundus Ef is 
obtained. In other words, by the scanning of the measurement 
light in the X- and Y-directions and the change of the optical 
path length of the reference light, the three-dimensional 
tomographic image of the fundus Ef is obtained. 

Incidentally, in the A-scan, a position (a portion) where 
high intensity is first obtained is a surface (Surface layer) of 
the fundus Ef. Accordingly, a surface (a Surface layer) image 
of the fundus Ef is obtained by connecting positions (por 
tions) where high intensity is first obtained in the A-scan with 
the scanning of the measurement light in the X- and Y-direc 
tions. 

In addition, since the tomographic image obtained by the 
B-scan is constituted by a one-axis scan of an A-scan signal, 
it is possible to accurately detect the position of the tomo 
graphic image on the Surface image by comparing an image 
signal of a part of the Surface image and an image signal of a 
Surface part of the tomographic image. 
The SLO optical system 200 will be described. The SLO 

optical system 200 in the preferred embodiment shares the 
light source 10, the optical fibers 30a and 30b, the scanning 
unit 20, the dichroic mirror 13, the objective lens 14, and the 
like with the OCT optical system 100. In addition, a half 
mirror (a beam splitter) 60 is arranged between the fiber end 
31b and the relay lens 12, and on a reflection side (direction) 
of the half mirror 60, arranged are a condenser lens 61 and an 
aperture 62 configurating a confocal optical system, and a 
photodetector 63. The aperture 62 is arranged in a position 
conjugate with the fundus Ef. According to Such a configu 
ration, the infrared measurement light from the light Source 
10 is scanned in the X- and Y-directions by the scanning unit 
20, and the reflection measurement light from a position (a 
portion) of the fundus Ef conjugate with the aperture 62 is 
photo-received on the photodetector 63 to obtain a front 
image of the fundus Ef. 
A description will be given to the stimulating light irradia 

tion optical system 300. The stimulating light irradiation opti 
cal system 300 includes the light source 22 such as a flash 
light, the wavelength selecting filter 23, a projection lens 24. 
a half mirror 25, and the objective lens 14. The wavelength 
selecting filter 23 has a property of selectively transmitting a 
visible wavelength capable of stimulating the retina. The 
wavelength selecting filter 23 may be arranged such that 
replacement of (selection among) a plurality of wavelength 
selecting filters such as a filter for stimulating a cone, a filter 
for stimulating a rod, a color filter which transmits only red, 
green or blue is made as appropriate. 
The light source 22 is arranged in a position conjugate with 

the vicinity of the pupil of the eye E via the projection lens 24 
and the objective lens 14. Light (stimulating light) emitted 
from the light source 22 passes through the wavelength 
selecting filter 23 and the projection lens 24, is reflected by 
the half mirror 25, passes through the dichroic mirror 13 and 
the objective lens 14, is once converged in the vicinity of the 
pupil of the eye E, and then illuminates the fundus Ef uni 
formly. 
A fixation target presenting optical system includes the 

visible light Source 1 for fixation Such as a light emitting diode 
(LED), a diaphragm 2, a collimator lens 3, a relay lens 4, and 












