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(57) ABSTRACT 

A fundus imaging apparatus comprising: position detection 
means for detecting a position of a pupil of an eye to be 
examined; wavefront detection means for detecting a wave 
front of return light from the eye irradiated with light through 
an illumination optical system; correction means for correct 
ing an aberration based on the detected wavefront; and deter 
mination means for determining a correction effective region 
of the correction means based on the detected position. 
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FUNDUS IMAGINGAPPARATUS, METHOD 
OF CONTROLLING FUNDUS IMAGING 
APPARATUS, AND STORAGE MEDIUM 

TECHNICAL FIELD 

0001. The present invention relates to a fundus imaging 
apparatus, a method of controlling the fundus imaging appa 
ratus, and a storage medium and, more particularly, to a 
fundus imaging apparatus having an adaptive optics function, 
a method of controlling the fundus imaging apparatus, and a 
storage medium. 

BACKGROUND ART 

0002 AS fundus imaging apparatuses designed to observe 
and capture two-dimensional front images and tomographic 
images of the retina of the eye to be examined, fundus camera, 
scanning laser ophthalmoscope (SLO), optical coherence 
tomography (OCT), and the like are well known and have 
long been in practical use. 
0003. These apparatuses are designed to obtain a retinal 
image by irradiating the retina as an imaging target with 
illumination light and forming return light from the retina into 
an image on a light-receiving element or to obtain a tomo 
graphic image by interference with reference light. Light 
having a near-infrared wavelength is often used as this illu 
mination light, which is not absorbed or scattered much by the 
light-transmitting living tissue (for example, the cornea, crys 
tallens, or corpus vitreum) in the eye to be examined. 
0004. The spatial resolution of an obtained image in the 
plane direction (lateral direction) of the retina (to be referred 
to as a “lateral resolution hereinafter) is basically deter 
mined by the diameter of a beam spot scanned on the retina 
(or the numerical aperture of an optical system). In order to 
reduce the diameter of a beam spot focused on the retina, the 
light beam diameter of illumination light striking the eye to be 
examined (or the numerical aperture of the optical system) is 
increased. 
0005. The corner and crystal lens of the eye to be exam 
ined, which are mainly in charge of refracting light, are 
imperfect in terms of the uniformity of curved surface shape 
or refractive index. This causes high-order aberrations on the 
wavefront of light transmitted through these organs. For this 
reason, even if illumination light having a large light beam 
diameter is made to strike the retina, it is not possible to focus 
a spot on the retina at a desired diameter. Rather, the light 
beam diverges sometimes. 
0006. As a result, the lateral resolution of an obtained 
image decreases, and the S/N ratio of the image signal 
obtained by a confocal optical system also decreases. Con 
ventionally, therefore, a thin beam having a size of about 1 
mm, which is robust against the influence of aberrations of an 
optical system such as the cornea of the eye to be examined, 
is generally made to strike the retina to form a spot having a 
size of about 20 um on the retina. 
0007. In order to solve such a problem, an adaptive optics 
technique is also being introduced to fundus imaging appa 
ratuses. This technique is configured to sequentially measure 
the wavefront aberration of return light from a measurement 
target Such as the eye due to variations in the characteristics of 
the target itself or measurement environment, and correct the 
aberration by using an active aberration correction device 
Such as a deformable mirror or spatial light modulator. It was 
reported that making a thick beam having a size of about 7 
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mm strike the eye to be examined by using this technique can 
focus the beam into a spot diameter of about 3 um, which is 
near the diffraction limit, on the retina by wavefront compen 
sation, thus obtaining a high-resolution SLO or OCT image 
(see R. Zawadzki et al., “Ultrahigh-resolution optical coher 
ence tomography with monochromatic and chromatic aber 
ration correction OPTICS EXPRESS/Vol. 16, No. 11/2008). 
0008. One major factor that makes it difficult to obtain 
stable images in a fundus imaging apparatus using adaptive 
optics is that the position of the pupil (iris) of the eye to be 
examined varies. This is caused because the head of an object 
to be examined moves back and forth and left and right, and 
the eyeball inevitably rotates in various ways in spite of the 
attempt to fix the line of sight by making the object observe a 
fixation lamp. 
0009. Using a bite bar can suppress variations in the posi 
tion of the head, but will impose a burden on the object. For 
this reason, the use of a bite bar is not favorable sometimes. 
Furthermore, the ability to stably and continuously look at a 
fixation lamp varies among different individuals. 
0010. The first problem is that when the position of the 
head, that is, the position of the pupil of the eye to be exam 
ined, varies in a direction perpendicular to the optical axis of 
an eyepiece optical system, return light (reflected/backscat 
tered light) from the retina also shifts on an aberration cor 
rection device placed at a position optically conjugate with 
the pupil. At this time, when wavefront feedback correction is 
performed in an open loop manner, since return light strikes 
the aberration correction device while shifting relative to the 
aberration correction value formed on the aberration correc 
tion device, the aberration correction residue increases, 
resulting in a deterioration in image quality, for example, a 
decrease in brightness or resolution. 
0011. The generation of an aberration correction value is 
generally expressed by the addition of function systems hav 
ing orthogonality Such as Zernike polynomials. In a closed 
loop real-time aberration correction system as well, express 
ing this shift component will lead to a deterioration in the 
reproducibility of a curved surface unless using functions up 
to high-order functions. Limiting the number of orders for a 
reduction in calculation time makes it impossible to perform 
ideal aberration correction. This becomes a cause of the above 
deterioration in image quality. 
0012 Second, image obtaining illumination light is 
Vignetted (limited). When, for example, a spot having a size 
of 3 um is to be formed on the retina, it is necessary to make 
illumination light having a diameter of about 7 mm strike the 
pupil. In general, however, the diameter of the iris is about 8 
mm even when it opens wide. 
0013 Assume that in this case, the head has moves by 1 
mm to 2 mm with lapse of time. In this case, evenifaberration 
correction is properly performed, the spot diameter on the 
retina increases to 4 to 5um to lead to a decrease in resolution. 
In addition, the amount of illumination light reaching the 
retina is lost by 10% to 20% due to vignetting. As a result, the 
brightness of the image also decreases. 
0014. Third, although the pupil of the eye to be examined, 
an aberration correction device, and a wavefront detector are 
arranged at optically conjugate positions with an afocal opti 
cal system, if return light falls outside the effective diameter 
of the optical system, even partly, the consistency of the 
wavefront at each position deteriorates. As a consequence, the 
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feedback accuracy of aberration correction deteriorates. This 
leads to an increase in time for convergence or to divergence 
instead of convergence. 
0015 For the first problem, the following solution has 
been proposed in Japanese Patent No. 04510534. This tech 
nique provides a unit configured to observe the anterior ocular 
segment including the pupil to measure the position variation 
amount of the pupil in read time and to always match a 
correction effective region with the position of return light 
from the retina by following the position of the aberration 
correction device mounted on a mechanical stage in accor 
dance with the calculated value. 
0016. However, this arrangement can solve the first prob 
lem but cannot solve the second problem. There is no mention 
about the third problem. In addition, since the aberration 
correction device generally has a volume of several cm to 10 
cm, the mechanical stage to be used inevitably has a large 
size, resulting in increases in the size and cost of the system. 
Furthermore, the vibrations of the stage may affect image 
quality. 

SUMMARY OF INVENTION 

0017. In consideration of the above problems, the present 
invention provides a technique of performing aberration cor 
rection in accordance with the positional shift of the eye to be 
examined. 
0018. According to one aspect of the present invention, 
there is provided a fundus imaging apparatus comprising: 
position detection means for detecting a position of a pupil of 
an eye to be examined; wavefront detection means for detect 
ing a wavefront of return light from the eye irradiated with 
light through an illumination optical system; correction 
means for correcting an aberration based on the detected 
wavefront; and determination means for determining a cor 
rection effective region of the correction means based on the 
detected position. 
0019. According to one aspect of the present invention, 
there is provided a method of controlling a fundus imaging 
apparatus, the method comprising: a position detection step 
of detecting a position of a pupil of an eye to be examined; a 
wavefront detection step of detecting a wavefront of return 
light from the eye irradiated with light through an illumina 
tion optical system; a control step of controlling correction 
means for correcting an aberration based on the detected 
wavefront; and a determination step of determining a correc 
tion effective region of the correction means based on the 
detected position. 
0020. Further features of the present invention will be 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0021 FIG. 1 is a view showing the arrangement of an SLO 
according to the first embodiment of the present invention; 
0022 FIG. 2 is a view showing the positional relationship 
between the pupil of the eye to be examined and illumination 
light; 
0023 FIG. 3 is a view showing the positional relationship 
between illumination light and return light from the eye to be 
examined; 
0024 FIG. 4 is a view showing the positional relationship 
between illumination light on an aberration correction device 
and return light; 
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0025 FIG. 5 is a view showing the position of return light 
on a wavefront detector; 
0026 FIGS. 6A and 6B are conceptual views according to 
the first embodiment of the present invention: 
0027 FIG. 7 is a view showing the arrangement of an SLO 
according to the second embodiment of the present invention; 
0028 FIG. 8 is a view showing the arrangement of an 
adaptive optics unit according to the third embodiment of the 
present invention; 
0029 FIG. 9 is a conceptual view of an aberration correc 
tion device according to the third embodiment of the present 
invention; and 
0030 FIG. 10 is a graph showing statistical data about 
pupil diameters. 

DESCRIPTION OF EMBODIMENTS 

0031. An exemplary embodiment(s) of the present inven 
tion will now be described in detail with reference to the 
drawings. It should be noted that the relative arrangement of 
the components, the numerical expressions and numerical 
values set forth in these embodiments do not limit the scope of 
the present invention unless it is specifically stated otherwise. 

First Embodiment 

0032. The arrangement of a scanning laser ophthalmo 
scope (SLO) according to the first embodiment of the present 
invention will be described first with reference to FIG.1. In an 
SLO 100, first of all, light from an image obtaining laser light 
Source 6 propagates in a single-mode fiber 60 and emerges, as 
illumination light 90, from a fiber end. A collimator lens 71 
converts the emerging illumination light 90 into parallel light 
(the broken lines indicate the marginal rays of the illumina 
tion light 90 and the effective diameter range of the optical 
system). 
0033. The illumination light 90 which has been converted 
into parallel light is transmitted through a half mirror 76, 
reflected by a first dichroic mirror 77, and reflected by an 
aberration correction device 2 through a first afocal optical 
system 73. The light then strikes a scanner mirror 5 through a 
second afocal optical system 74. An eyepiece optical system 
75 causes the illumination light 90 reflected by the scanner 
mirror 5 to strike an eye 11 to be examined (indicated by the 
broken line), and focuses the light onto a retina 111. 
0034. In this case, an exit pupil 9 of the eyepiece optical 
system 75 and the light beam diameter of the illumination 
light 90 (the diameter of a region in which the intensity is 1/e 
(e is the base of a natural logarithm) the central intensity) are 
set to larger than the diameter of the pupil (pupil diameter) of 
the eye 11. Accordingly, the effective diameters of the first 
and second afocal optical systems 73 and 74, the collimator 
lens 71, and an imaging lens 72 are set to be larger than the 
diameter of the pupil (pupil diameter) of the eye 11. Although 
pupil diameters vary among individuals, according to the 
investigation example shown in FIG. 10 (see “Eye Develop 
ment and Aging, edited by Seiichi Mishima et al., Ophthal 
mology MOOK No.38, Kanehara Co., Ltd., 1989), the maxi 
mum pupil diameter is about 8 mm without using any 
mydriatic agent. Therefore, the value of the exit pupil 9 is set 
to be larger than at least this value. In this case, the diameter 
was set to 12 mm in consideration of the use of a mydriatic 
agent and the possible shift amount of the pupil of the eye 11. 
0035. In this case, the eye 11 is the eye to be examined 
when an optical axis 10 (chain line) of the optical system 



US 2014/0055748 A1 

coincides with the center of the pupil. Returnlight 91 from the 
retina 111 of the eye 11 reversely propagates along the optical 
path of the illumination light 90 and is reflected by the half 
mirror 76. The light is then focused by an imaging lens 72, 
passes through a pinhole 41, and is detected by a photodetec 
tor 4. In this case, the marginal rays of the return light 91 are 
indicated by the dotted lines. A driver 50 drives the scanner 
mirror 5 to scan the illumination light 90 in a two-dimensional 
direction. A personal computer 8 then obtains a retinal image 
(fundus image) by Synchronously capturing an electrical sig 
nal from the photodetector 4. 
0036 Wavefront detection light 63 (chain double-dashed 
line) generated from a light source 62 is reflected by a second 
dichroic mirror 78 and strikes the eye 11. The second dichroic 
mirror 78 has a transmittance near 100% with respect to the 
wavelength of the light source 6 and a transmittance of 50% 
with respect to the wavelength of the light source 62. The 
wavefront detection light 63 has a light beam diameter of 1 
mm, and hence is hardly influenced by the aberration of the 
eye. Therefore, a spot diameter of about 20 um is stably 
formed on the retina 111. 
0037. Return light of the wavefront detection light 63 from 
the retina 111 contains much scattered (diffused) light and has 
a spread, and hence emerges from the pupil of the eye 11 as a 
light beam having the same diameter as that of the pupil like 
the return light 91 of the illumination light 90. The light is 
transmitted through the second dichroic mirror 78, and is 
transmitted through the first dichroic mirror 77 through the 
optical systems 75 and 73. The wavefront of the light is 
detected by the detection region of a wavefront detector 3. 
The aberration correction device 2 corrects the wavefront 
aberration of the return light 91 by using the data detected and 
calculated at this time. Note that aberration correction may be 
performed for the illumination light 90 instead of the return 
light 91 or may be performed for both of them. Alternatively, 
this apparatus may be configured to detect a wavefront by 
using the image obtaining illumination light 90 without pro 
viding the light source 62 which generates the wavefront 
detection light 63. 
0038. The above arrangement properly forms the image 
obtaining illumination light 90 into an image on the retina 111 
and also forms the return light 91 into an image at the pinhole 
41, and hence can reduce the influence of the aberration of the 
eye 11 and stably obtain a bright, high-resolution image. 
0039. In this case, a deformable mirror is used as the 
aberration correction device 2, and a Hartmann-Shack detec 
tor (HS sensor) is used as the wavefront detector 3. The 
effective diameters (driving regions) of these detectors are 12 
mm and 6 mm, respectively. The magnifications at these 
positions with respect to the exit pupil 9 of the optical system 
are respectively set to B2=12/12=1.0 and B3–6/12=0.5. If the 
pupil diameter of the retina 111 is 6 mm, the diameter of 
return light at the position of the exit pupil 9 is also 6 mm. 
Therefore, the diameters of the return light 91 at the aberra 
tion correction device 2 (deformable mirror 2) and the wave 
front detector 3 (HS sensor 3) are respectively 6 mm and 3 

0040. The HS sensor 3 calculates the wavefront of light 
from the displacement of each point image formed on a two 
dimensional imaging element by using each of microlenses 
arranged in a two-dimensional matrix. A set of these point 
images (HS images) are observed on the two-dimensional 
imaging element within a diameter range of 3 mm which 
corresponds to the pupil. 
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0041 Assume that the eye 11 has moved in an x-y plane 
perpendicular to the optical axis (Z direction) and has moved 
to the position of an eye 12 to be examined indicated by the 
solid line. Assume that at this time, the light beam diameter of 
the illumination light 90 is equal to or less than the diameter 
of a pupil 122 of the eye 12. In this case, as shown in FIG. 2, 
the pupil 122 is at a position shifted in a direction perpen 
dicular to the optical axis 10 of the optical system, that is, the 
illumination light 90, and the light beam of the illumination 
light 90 is partly vignetted by the pupil 122, resulting in a 
decrease in the amount of illumination light reaching a retina 
121. At the same time, the diameter of the spot formed on the 
retina increases by the amount by which the light beam is 
vignetted. As shown in FIG.3, although the light beam of the 
illumination light 90 is vignetted, return light 92 from the 
retina 121 contains much scattered (diffused) light and has a 
spread, and hence emerges from the pupil 122 of the eye 12 as 
a light beam having the same diameter as the pupil diameter. 
However, since the position of the pupil 122 is shifted from 
the optical axis 10, the same shift is maintained at a position 
optically conjugate with the position of the pupil. FIG. 4 
shows the positional relationship between the illumination 
light 90 and the return light 92 on the deformable mirror 2. 
The chief ray of the illumination light 90 indicated by the 
broken line coincides with the optical axis 10. The return light 
92 indicated by the solid line strikes the deformable mirror 2 
while shifting. 
0042. In this case, if the center of a correction effective 
region 21 indicated by the dotted line coincides with the 
optical axis 10, aberration correction is performed for the 
aberration of the return light 92 with a spatial shift, resulting 
in improper aberration correction. Consequently, the return 
light 92 is not properly focused at the pinhole 41, and hence 
the brightness or resolution of a retinal image is not improved. 
This phenomenon applies to the positional relationship 
between the pupil 122 and the illumination light 90 to which 
a reverse component of aberration is given by the deformable 
mirror 2. That is, the illumination light 90 is not focused into 
a desired spot diameter on the retina 121. 
0043. In addition, if the effective diameter of the overall 
optical system is equal to the diameter of the illumination 
light 90, and the correction effective region 21 of the deform 
able mirror 2 is equal to the effective diameter of the optical 
system, the return light 91 passes outside the effective diam 
eter of the optical system. The light then strikes outside the 
correction effective region on the deformable mirror 2, result 
ing in improper wavefront correction. In addition, since the 
optical conjugate relationship (pupil imaging relationship) 
between the pupil 122, the deformable mirror 2, and the HS 
sensor 3 partly deteriorates, wavefront shapes at the respec 
tive positions do not coincide with each other. This makes it 
more difficult to perform correction. 
0044) This embodiment is therefore configured to detect 
the shift amount of the eye 12 relative to the optical axis 10 of 
the optical system by using the HS sensor 3 and make the 
correction effective region 21 on the deformable mirror 2 
follow the shifted position of the return light 92. If the eye 11 
has shifted from the optical axis 10 and is located at the 
position of the eye 12, an HS image 30 on the HS sensor 3 is 
also observed while being shifted from the optical axis 10, as 
shown in FIG. 5. Calculating central coordinates (x3, y3) of 
the HS image 30 will therefore obtain the coordinates of the 
center position of the pupil 122 of the eye to be examined as 
(Xp, yp)=(x3/B3, y3/B3). At the same time, since the central 
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coordinates of the return light 92 on the deformable mirror 2 
are also obtained as (x2, y2)=(x3 B2/B3, y3.2/B3), the cen 
tral coordinates of the correction effective region 21 on the 
deformable mirror 2 may be determined to the same values. 
The position of the correction device corresponding to the 
shift of the eye to be examined relative to the optical axis of 
the illumination optical system may be determined to almost 
the center position of the correction effective region. The 
arrangement configured to detect the shift amount of the pupil 
122 uses the position information of the HS image obtained 
by the HS sensor 3 in position detection processing according 
to this embodiment. However, the present invention is not 
limited to this, and may also provide an anterior ocular seg 
ment observation system to image the anterior ocular segment 
using a camera and detect the position of the eye to be exam 
ined from the position information of a pupil image as an 
obtained observation result. 

0045 FIGS. 6A and 6B are conceptual views showing this 
case. Consider only an X-Z plane. Achief ray921 of the return 
light 92 strikes the correction effective region 21 while shift 
ing from the optical axis (the center of the deformable mirror 
2) 10 by x2. At this time, a correction shape function 22 
measured and calculated by the HS sensor 3 is formed in the 
correction effective region 21. As shown in FIG. 6A, if the 
center of the correction effective region 21 remains coinci 
dent with the optical axis 10, the center does not coincide with 
the return light 92. In this case, as shown in FIG. 6B, the 
centers of the correction effective region 21 and correction 
shape function 22 are shifted by the value of x2 simulta 
neously measured and calculated by the HS sensor 3 to match 
the centers with the position of the chief ray921 of the return 
light 92. Referring to FIG. 1, the solid line portion on the 
wavefront corresponds to the correction effective region 21. 
This properly corrects the aberration of the return light 92 
without making it inconsistent with the correction effective 
region 21. 
0046 Consider a case in which a measured wavefront is 
expressed by using a Zernike polynomial. When a Zernike 
polynomial is used to express the aberration of the eye, each 
term is expressed by the following relationship between a 
term number, an order, and an expression: 

Term Number Order Expression 

O O 1 
1 1 2y 
2 1 2x 
3 2 2v6 xy 
4 2 V3 (2x2 + 2y? - 1) 
5 2 v6 (x -y) 
6 3 w8 (3xy -y) 
7 3 w8 (3x2y+ 3y2 - 2y) 
8 3 w8 (3x + 3xy? - 2x) 
9 3 w8 (x-3xy) 
10 4 
11 4 
12 4 

0047. Each term corresponds to each aberration term of 
optics, and a wavefrontaberration is expressed as a correction 
shapefunction W(x,y) as the sum of the products between the 
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respective terms and coefficients. Aberration correction uses 
the coefficient by which each term is multiplied as a param 
eter for feedback operation. 
0048. It is also possible to express a correction shape func 
tion W(x, y) by using these coefficients including the shift 
components of the pupil in addition to aberration components 
corresponding to the respective terms which are intrinsically 
included. In order to ensure the accuracy of a correction shape 
function, a larger number of terms are required. This requires 
a longer calculation time. In contrast to this, limiting the 
number of terms to be used will lead to a deterioration in the 
accuracy of a correction shape function. 
0049. In this case, W(x-x2, y-y2) is used as a correction 
shape function formed on the deformable mirror 2 by using 
the value of (x2, y2) detected and calculated by the HS sensor 
3. This makes it possible to accurately form a correction 
function with the possible smallest number of terms. This can 
match the return light 92 with the correction function of the 
correction effective region without requiring any mechanism 
for moving the deformable mirror itself or the like. 
0050 Consider also illumination light. In order to prevent 
light beam vignetting at the eye 12 shifted from the optical 
axis 10, the light beam diameter of the illumination light 90 
may be set to the value obtained by adding the expected shift 
amount of the pupil 122 to the pupil diameter. In this embodi 
ment, since the diameter of the exit pupil of the optical system 
is set to 12 mm, the light beam diameter of illumination light 
is also set to 12 mm. At this time, since the diameter of the 
pupil 122 is set to 6 mm, even if the pupil shifts by t3 mm, 
illumination light always strikes the pupil 122 with a stable 
incident light intensity and a stable light beam diameter with 
out any vignetting. Therefore, the illumination light 90 strik 
ing the eye 12 and the return light 92 always coincide with 
each other, each being regarded as the light beam having the 
marginal rays represented by the solid lines in FIG. 1. 
0051. In addition, limiting the light beam of each of the 
illumination light 90 and the return light 92 within the effec 
tive diameter range of the optical system will maintain the 
pupil imaging relationship between the pupil 122, the 
deformable mirror 2, and the HS sensor 3. This makes it 
possible to properly perform aberration correction. 
0052. In this embodiment, the light beam diameter of illu 
mination light striking the eye 12 is determined by the diam 
eter of the pupil 122. In this case, while aberration correction 
is properly performed, the larger the diameter of the pupil 
122, the smaller the spot diameter on the retina. At this time, 
as the spot diameter decreases, the irradiation energy per area 
increases, and hence a higher burden is placed on the patient. 
For this reason, this embodiment calculates the light beam 
diameter of the return light 92 from an HS image as well as its 
position by using the HS sensor 3, and adjusts the amount of 
light emitted from the illumination light Source 6 in accor 
dance with the calculated value, as needed (light intensity 
control processing). 
0053. In addition, in this embodiment, the wavefront 
detection light 63 is fixed so as to strike the eye to be examined 
while shifting from the optical axis 10 of the optical system by 
about 2 mm. However, it is possible to perform follow-up 
control on the incident position in accordance with the 
detected shift amount of the eye 12. Furthermore, referring to 
FIG. 1, the wavefront detection light 63 strikes the eye to be 
examined from a position immediately before the eye. How 
ever, the light may strike the eye from a position closer to the 
light source than the scanner mirror 5. 
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0054 As described above, this embodiment properly per 
forms aberration correction on the deformable mirror without 
any spatial inconsistency between the illumination light 90 
and the return light 92, thereby stably and properly forming 
return light into an image at the pinhole 41. In addition, the 
embodiment is free from a light intensity loss or an excessive 
increase in spot diameter due to illumination light vignetting, 
and can obtain a stable retinal image with proper utilization 
efficiency. 

Second Embodiment 

0055 An SLO 101 according to the second embodiment 
of the present invention will be described next with reference 
to FIG. 7. The basic arrangement of the second embodiment 
and reference numerals denoting the respective units are the 
same as those of the first embodiment described with refer 
ence to FIG. 1. FIG.7 shows an X-Z plane. The arrangement in 
FIG. 7 differs from that in FIG. 1 in that the light beam 
diameter of illumination light 90 is set to the same diameteras 
the eye to be examined, that is, 6mm, and a mirror 79 is placed 
between a collimator lens 71 and a half mirror 76. The illu 
mination light 90 collimated by the collimator lens 71 is 
reflected by the mirror 79 at an almost right angle and propa 
gates along the optical system after the first half mirror. In 
addition, the mirror 79 is placed on a mechanism which shifts 
reflected light from the mirror in the optical axis direction. In 
this embodiment, the image obtaining illumination light 90 
also serves as wavefront detection light, and a mirror 77 is not 
a dichroic mirror but is a half mirror having a transmittance of 
10% and a reflectance of 90%. In addition, the embodiment 
does not include the second dichroic mirror 78. 

0056. When an eye 11 to be examined is located at a 
position with no shift from an optical axis 10, the mirror 79 is 
located at a reference position (indicated by the broken line), 
and the illumination light 90 propagates as a light beam 
having the marginal rays indicated by the dotted lines and 
strikes the eye 11. When the eye 12 is located at a position 
shifted in the X direction, the mirror 79 is located at the 
position indicated by the solid line which is shifted by three 
times the shift amount of return light 92 detected by an HS 
sensor 3. 

0057 This method can match the illumination light 90 
with a pupil 122, as needed, and can also match the return 
light 92 with the illumination light 90 by preventing light 
beam vignetting. In this case, consideration is given to only 
shifts in the X direction. When also performing follow-up 
control in the y direction, it is possible to cope with the 
two-dimensional shifts of the pupil 122 in the X and y direc 
tions by placing one more mirror near the mirror 79 so as to 
reflect illumination light in the y-Z plane direction and adding 
a mechanism for shifting the mirror in the reflection optical 
axis direction. It is possible to obtain the same function as that 
described above by integrating the exit end of a fiber 60 and 
the collimator lens 71 into one unit without using the mirror 
79 and providing a mechanism of shifting the unit in the X and 
y directions. This embodiment controls a correction effective 
region 21 of a deformable mirror 2 so as to always match the 
illumination light 90 with the return light 92 as in the first 
embodiment. 

0058 According to the arrangement of this embodiment, 
it is possible to obtain a stable image while keeping the spot 
diameter of illumination light on the retina constant regard 
less of the pupil diameter of the eye to be examined. 
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Third Embodiment 

0059 An adaptive optics unit 102 of a fundus imaging 
apparatus according to the third embodiment will be 
described with reference to FIG. 8. FIG. 8 shows only a 
portion indicating the relationship between the eye to be 
examined and an aberration correction device 2. The same 
reference numerals denote the same parts as in the first 
embodiment described with reference to FIG.1. FIG. 8 shows 
an X-Z plane. This embodiment uses a phase spatial modulator 
(SLM) using a liquid crystal as the aberration correction 
device 2. A deformable mirror is designed to change an opti 
cal path length by changing the shape of the mirror to change 
the spatial distance. In contrast to this, the SLM is designed to 
correct a wavefront by changing the refractive index of the 
liquid crystal So as to change the optical path length as refrac 
tive index X spatial distance. FIG. 8 shows a transmission type 
SLM. However, it is possible to use a reflection type SLM. 
0060 Referring to FIG. 8, a pupil 122 of an eye 12 to be 
examined and the SLM 2 are arranged in an optically conju 
gate relationship through an optical system 70. Assume that 
the optical system 70 includes optical systems 74 and 75 and 
a scanner mirror 5 in the arrangements shown in FIGS. 1 and 
7. Light beams 900 and 901 indicated by the hatchings indi 
cate illumination light, and the light beam having the mar 
ginal rays indicated by the broken lines indicates return light. 
The broken lines also indicate the effective diameter of the 
optical system. The SLM2 has the same effective diameter as 
that of the optical system. 
0061. When the light beam 900 strikes the SLM 2, this 
apparatus modulates the phase of the light beam in accor 
dance with a correction shape function W(x, y) detected and 
calculated by a wavefront detector (not shown). The light 
beam then strikes the optical system 70 and the pupil 122 of 
the eye 12. The anterior ocular segment optical system of the 
eye 12 then focuses the light beam on a retina 121. Return 
light 920 from the retina 121 emerges from the anterior ocular 
segment upon being aberrated by the anterior ocular segment, 
and strikes the SLM 2 again through the optical system 70. 
The light is then modulated and emerges from the SLM2. The 
detector detects the light through an optical system (not 
shown). 
0062. In the SLM 2, the correction shape function W(x,y) 

is displayed within only a correction effective region 21, and 
the wavefront of only light, of the illumination light 900 and 
the return light 920, which is transmitted through this range is 
corrected. This embodiment sets the center of the correction 
effective region 21, as needed, in accordance with the shift 
amount of the eye 12 detected and calculated by a wavefront 
detector 3 as in the first and second embodiments. 
0063 FIG. 9 shows how modulation is performed on the 
SLM 2 surface. A rectangular frame 20 is the modulation 
driving region of the SLM 2. A center 10 is the optical axis of 
the optical system. A broken line 900 (920) indicates incident 
illumination light or return light. Reference numeral 21 
denotes a correction effective region. Many curves shown in 
the modulation driving region 20 are a set of points at which 
phase modulation amounts become multiples of 271 (a correc 
tion amount represented by a wavelength unit). 
0064. In this case, modulation is performed such that a 
correction shape function W(x, y) is displayed in the correc 
tion effective region 21 as described above, and many con 
centric circles representing phase modulation amounts on a 
27C basis are displayed in a region 22 outside the region 21 at 
small intervals with reference to the center 10. This indicates 
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that a diffraction grating having optical power which 
increases in the diffracting direction is set. If modulation is 
properly performed (to make diffraction power become nega 
tive) such that the diffracting direction moves from the optical 
axis 10, light 902 transmitted through the region 22 shifts 
from the effective diameter of the optical system 70 and does 
not reach the eye 12. This also applies to return light. Light 
922 transmitted through the region 22 does not pass through 
the Subsequent optical system and is not detected by the 
detector. 
0065. This arrangement can keep the light beam diameter 
of the illumination light 901 striking the eye 12 constant and 
keeping the spot diameter (resolution) on the retina 121 con 
stant without using any mechanism even with individual dif 
ferences and variations in pupil diameter. This makes it pos 
sible to obtain an image with a stable brightness and 
resolution. In addition, setting the correction effective region 
21 and illumination light intensity as needed can capture an 
image with a desired resolution. 
0066. The above embodiment has exemplified the SLO. It 

is possible to obtain the same effects as those described above 
by applying the present invention to, for example, an OCT or 
fundus camera. 
0067. According to the present invention, even if the posi 
tion of the eye to be examined shifts, it is possible to perform 
aberration correction in accordance with the shift and stably 
obtain a bright image with a high resolution. 

Other Embodiments 

0068 Aspects of the present invention can also be realized 
by a computer of a system or apparatus (or devices such as a 
CPU or MPU) that reads out and executes a program recorded 
on a memory device to perform the functions of the above 
described embodiment(s), and by a method, the steps of 
which are performed by a computer of a system or apparatus 
by, for example, reading out and executing a program 
recorded on a memory device to perform the functions of the 
above-described embodiment(s). For this purpose, the pro 
gram is provided to the computer for example via a network 
or from a recording medium of various types serving as the 
memory device (for example, computer-readable storage 
medium). 
0069. While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
0070 This application claims the benefit of Japanese 
Patent Application No. 2011-100136 filed on Apr. 27, 2011, 
which is hereby incorporated by reference herein in its 
entirety. 

1. A fundus imaging apparatus comprising: 
a position detection unit configured to detect a position of 

a pupil of an eye to be examined; 
a wavefront detection unit configured to detect a wavefront 

of return light from the eye irradiated with light through 
an illumination optical system; 

a correction unit configured to correct an aberration based 
on the detected wavefront; 

a determination unit configured to determine a correction 
effective region which represents a partial region of said 
correction unit based on the detected position; and 
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a control unit configured to control said correction unit So 
as to drive the correction effective region of said correc 
tion unit based on the detected wavefront. 

2. (canceled) 
3. The apparatus according to claim 1, wherein said deter 

mination unit determines a position of said correction unit 
which corresponds to a shift of the eye relative to an optical 
axis of the illumination optical system to a Substantially cen 
ter position of the correction effective region. 

4. The apparatus according to claim 1, further comprising 
an observation unit configured to observe an anterior ocular 
segment of the eye, 

wherein said position detection unit detects the position 
based on an observation result obtained by said obser 
Vation unit. 

5. The apparatus according to claim 1, wherein said posi 
tion detection unit detects the position based on a position of 
the return light applied to a detection region of said wavefront 
detection unit. 

6. The apparatus according to claim 1, wherein said posi 
tion detection unit further detects a pupil diameter of the eye. 

7. The apparatus according to claim 6, further comprising 
a light intensity control unit configured to control a light 
intensity of the illumination light based on the position 
detected by said position detection unit and the pupil diam 
eter. 

8. The apparatus according to claim 1, wherein a size of the 
set correction effective region is fixed, and the apparatus 
further comprises a propagation unit configured to make light 
outside the correction effective region propagate to outside an 
effective diameter of the optical system. 

9. The apparatus according to claim 1, further comprising 
a generation unit configured to generate wavefront detection 
light for detecting the wavefront, 

wherein said wavefront detection unit detects the wave 
front based on return light obtained by irradiating the eye 
with the wavefront detection light generated by said 
generation unit through the optical system. 

10. The apparatus according to claim 1, wherein a light 
beam diameter of the illumination light is larger than the pupil 
diameter of the eye, and the effective diameter of said wave 
front detection unit and the effective diameter of said correc 
tion unit are larger than the light beam diameter of the illu 
mination light. 

11. The apparatus according to claim 1, wherein said cor 
rection unit corrects light applied to the eye through the 
illumination optical system or an aberration of return light 
from the eye. 

12. A method of controlling a fundus imaging apparatus, 
the method comprising: 

a position detection step of detectingaposition of a pupil of 
an eye to be examined; 

a wavefront detection step of detecting a wavefront of 
return light from the eye irradiated with light through an 
illumination optical system; 

a control step of controlling a correction unit configured to 
correct an aberration based on the detected wavefront; 
and 

a determination step of determining a correction effective 
region which represents a partial region of the correction 
unit based on the detected position, 

wherein in said control step, said correction unit is con 
trolled so as to drive the correction effective region of 
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said correction unit based on a detection result obtained 
in the wavefront detection step. 

13. A non-transitory computer-readable storage medium 
storing a computer program for causing a computer to execute 
each step in a method of controlling a fundus imaging appa 
ratus defined in claim 12. 

k k k k k 
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