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METHOD OF MEASURING AMOUNT OF 
ECCENTRICITY 

[0001] The present application claims priority from Japa 
nese Patent Application No. 2009-080213 ?led on Mar. 27, 
2009, the entire content of Which is incorporated herein by 
reference. 

BACKGROUND OF INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a decentration 
amount measuring method Which measures the decentration 
amount of a surface to be measured of an optical element such 
as a lens, and particularly to a decentration amount measuring 
method Which may specify the position of each indicator 
image formed on an image forming surface by re?ected light 
from tWo-sided surfaces of a subject to be measured. 
[0004] 2. Description of the Related Art 
[0005] As an important item for evaluation or check of a 
lens, there is measurement of the decentration amount of a 
lens surface. 
[0006] As a method of measuring the decentration amount, 
for example, there has been knoWn a method called autocol 
limation Which uses a re?ection-type decentration measuring 
apparatus shoWn in FIG. 13 (JP-A-2007-32777l). This 
decentration measuring apparatus includes a mount 122 on 
Which a lens to be measured (spherical lens) 110 is set rotat 
ably With its center axis as a center, a light source 111, an 
indicator plate (pinhole plate, reticle plate) 112 Which trans 
mits the light from the light source 111, a measuring optical 
system 131 Which irradiates the lens 110 With the light along 
the optical axis, and an image pick-up means for observing 
the light from the lens 110. Further, the measuring optical 
system 131 includes a beam splitter 113 Which re?ects the 
light Which has been emitted from the light source 111 and 
has passed through the indicator plate 112 at the nearly right 
angle, a collimator lens 114 Which makes the light from the 
beam splitter 113 into parallel beam, and an objective lens 
115 Which makes this parallel beam converge on a paraxial 
focus of the lens 110. Further, the image pick-up means is 
constituted by a CCD camera 121 having an image pick-up 
surface Which observes the light from the lens 110 Which has 
passes through the beam splitter 113. 
[0007] When the amount of decentration is measured using 
the above decentration measuring apparatus, the lens 110 is 
irradiated With the light from the light source 111 Which has 
passed through the indicator plate 112 by the measuring opti 
cal system 131. 
[0008] At this time, by moving an optical converging posi 
tion P of the objective lens 115, the optical converging posi 
tion P is matched With the center of curvature of the surface to 
be measured (upper surface) of the lens 110. The light Which 
has entered the surface to be measured of the lens 110, since 
it is regarded as equivalent to the light emitted from the center 
of curvature of this surface to be measured, is re?ected from 
the surface to be measured so as to move reversely the inci 
dent path. This re?ection light is made to enter the CCD 
camera 121 through the beam splitter 113. Thereafter, When 
the re?ection image from the lens 110 is observed While the 
mount 122 is being rotated, in case that there is decentration, 
a locus of the pinhole images draWs a circle. By calculating 
the radius of this circle, the decentration amount of the lens 
110 may be found. 
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[0009] In the lens 110, a loWer surface to be measured 
(setting surface) on the opposite side to the side of the upper 
surface to be measured is supported on the mount. Since this 
loWer surface is also a spherical surface, even in case that the 
lens 110 is shifted on the mount 122, the position of the center 
of curvature of the loWer surface does not change basically. In 
such the decentration measuring apparatus, the obtained mea 
surement value of the decentration amount is taken as the ?nal 
decentration amount of the surface to be measured as it is. 
[001 0] HoWever, in case that the decentration amount of the 
lens 110 is found by the above method, tWo indicator images 
by the re?ection light from the tWo-sided surfaces of the 
subject to be measured are formed on the image pick-up 
surface, and there is possibility that their images overlap With 
each other. Therefore, it is dif?cult to measure accurately the 
decentration amount of each surface on the basis of the indi 
cator image. 

SUMMARY OF INVENTION 

[0011] The invention has been made in vieW of the above 
circumstances, and it is an object of the invention to prevent, 
in case that the decentration amount of an optical element to 
be measured is measured using autocollimation, easily erro 
neous detection of an indicator image on an image forming 
surface (image pick-up surface) from each surface of the 
optical element to be measured. 
[0012] According to an aspect of the invention, an decen 
tration amount measuring method Which sets a sample of an 
optical element on a mounting member Which is rotatable 
around an axis, irradiates tWo-sided surfaces of the sample 
With a light from a light source through a measuring optical 
system including an indicator of a shape, leads a re?ection 
light from the tWo-sided surfaces of the sample on an image 
forming surface, obtains a plurality of indicator images 
formed on an image forming surface by the re?ection light, 
relating to the tWo-sided surfaces for each of at least three 
rotary positions on the mounting member, obtains a decen 
tration amount of each of the tWo-sided surfaces on the basis 
of the at least three indicator image positions, and measures 
the decentration amount of the optical element on the basis of 
difference in decentration amount betWeen the tWo-sided sur 
faces, includes the steps: creating a matching reference image 
m(x, y) Which forms a reference shape of one of the plurality 
of indicator images When the indicator image is detected for 
each of the rotary positions on the mounting member; per 
forming matching processing betWeen an image n(x, y) on the 
image forming surface and the matching reference image 
m(x, y); acquiring a ?rst indicator image having a maximum 
matching strength as one of the plurality of indicator images 
of one of the tWo-sided surfaces of the sample; in case that a 
position of a second indicator image having a second largest 
matching strength is speci?ed, acquiring the second indicator 
image as one of the plurality of indicator images of the other 
of the tWo-sided surfaces of the sample; and in case that it is 
di?icult to specify the position of the second indicator image, 
after deleting the ?rst indicator image from the acquired 
picture image, performing matching processing betWeen an 
image n'(x, y) on the image forming surface after the deletion 
and the matching reference image m(x, y), and acquiring 
another ?rst indicator image having a maximum matching 
strength at this time as one of the plurality of indicator images 
of the other of the tWo-sided surfaces of the sample. 
[0013] According to another aspect of the invention, the 
matching processing uses a phase-only correlation. 
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[0014] There is also possibility that the surface on Which 
the image having larger brightness is formed represents the 
surface on the opposite side to the light source side. For 
preventing surely occurrence of the erroneous determination, 
the re?ection intensity of each surface may be previously 
measured and Which surface the indicator image concerns 
may be determined on the basis of this measurement result. 

[0015] In the speci?cation of the invention, “matching” is 
generally a method of image processing called template 
matching, Which means a method of preparing a reference 
image Which becomes a template in order to detect a speci?ed 
pattern, checking this reference image With an image to be 
measured, and ?nding, in case that a pattern matched With the 
reference image has been detected in this image to be mea 
sured, a position of this detected pattern on the image to be 
measured. Accordingly, in this speci?cation, “matching pro 
cessing” means processing of executing this method, a 
“matching reference image” means a reference image Which 
becomes the above template, and further “matching strengt ” 
means degree in Which the pattern in the image to be mea 
sured matches With the reference image When the image to be 
measured is checked With the reference image. 
[0016] In the decentration amount measuring method 
according to the invention, the indicator images from the 
tWo-sided surfaces of the subject to be measured, Which are 
formed on the image pick-up surface, are subjected to match 
ing processing. The indicator images are surely identi?ed in 
response to brightness of the formed images. Hereby, since 
the positions of the indicator images concerning the tWo 
sided surfaces of the subject to be measured may be speci?ed 
With high accuracy, the decentration amount of each of the 
surfaces may be surely detected. 
[0017] Generally, the surface on Which the image having 
the larger brightness is formed represents the surface on the 
light source side, and the surface on Which the image having 
the second largest brightness is formed represents the surface 
on the opposite side to the light source side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a ?owchart for explaining the outline of a 
decentration amount measuring method according to one 
embodiment of the invention; 
[0019] FIG. 2 is a ?owchart shoWing a sub-routine for 
performing coordinate acquiring processing of an indicator 
image, shoWn in FIG. 1; 
[0020] FIG. 3 is a schematic vieW of a decentration amount 
measuring apparatus for executing the decentration amount 
measuring method according to one embodiment of the 
invention; 
[0021] FIG. 4 is a schematic perspective vieW shoWing a 
chuck mechanism composed of a V-block and a rotary disc; 
[0022] FIG. 5 is a diagram for explaining the de?nition of 
the decentration amount Ec; 
[0023] FIG. 6 is a schematic diagram shoWing a 
crosshairsiimage relating to a matching reference image in 
the method of the embodiment; 
[0024] FIG. 7 is a schematic diagram shoWing tWo 
crosshairsiimages formed on an image pick-up surface in 
the method of the embodiment; 
[0025] FIG. 8 is a diagram shoWing a binariZed image 
obtained using dynamic thresholding of Halcon in relation to 
an image to be measured shoWn in FIG. 7; 
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[0026] FIG. 9 is a diagram shoWing an evaluation image by 
phase-only correlation function r (h, k) in the method of the 
embodiment; 
[0027] FIG. 10 is a graph shoWing correlation function 
values in X andY directions; 
[0028] FIG. 11 is a diagram shoWing a picture image in case 
that indicator images of crosshairs relating to re?ection from 
the ?rst surface and the second surface are located inpositions 
close to each other; 
[0029] FIG. 12 is diagrams shoWing images in case that the 
shape of the indicator is changed to the pinhole shape; and 
[0030] FIG. 13 is a schematic vieW shoWing a related 
decentration amount measuring apparatus. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0031] An embodiment of the invention Will be described 
beloW in detail referring to the above-mentioned draWings. 
[0032] First, With reference to FIG. 3, the schematic vieW of 
a re?ection type decentration amount measuring apparatus 
for executing a decentration amount measuring method 
according to one embodiment of the invention Will be 
described. 
[0033] This decentration amount measuring apparatus 1 is 
used in order to measure the amount of decentration of a lens 
to be measured 10, Which includes a light source 11 for 
irradiating an upper surface 10A and a loWer surface 10B that 
become surfaces to be measured With light, a reticle plate 12 
Which transmits the beam from the light source 11 and has a 
cross-shaped slit, and a measuring optical system 31. This 
measuring optical system 31 includes a beam splitter 13 
Which re?ects the light from the reticle plate 12 at the nearly 
right angle, a collimator lens 14 Which makes the incident 
light into parallel beam, and an objective lens 15 Which makes 
the parallel beam converge on a predetermined position (opti 
cal convergence point) P. 
[0034] Further, in this decentration amount measuring 
apparatus 1, the re?ection light from the upper surface 10A 
and the loWer surface 10B enter through the objective lens 15, 
the collimator lens 14 and the beam splitter 13, and there is 
provided a CCD camera 21 Whichpicks up an indicator image 
of the reticle plate 12. 
[0035] Further, this decentration amount measuring appa 
ratus 1 includes a lens mounting member 22 Which places the 
lens to be measured 10 thereon, a lens rotation driving unit 23 
Which rotates this lens mounting member 22 around a prede 
termined rotary shaft, a Z-axis movement stage 24 Which 
moves the moving optical system 31 and the CCD camera 21 
in the direction of an optical axis Z of the optical measuring 
system 31 While holding them integrally, and a ?xed mount 25 
on Which the lens rotation driving unit 23 and the Z-axis 
movement stage 24 are installed and ?xed integrally. 
[0036] Further, there is provided an analysis calculation 
part 32 Which analyZes and calculates the image information 
obtained by the CCD camera 21. 
[0037] In case that there is decentration, since the locus of 
the indicator image draWs a circle, the decentration amount of 
the lens 10 to be measured may be found by measuring the 
radius of this circle. 
[0038] As the lens mounting member 22, though a cylin 
drical mounting member Which supports the lens 10 (absorbs 
and holds the lens 10 by vacuum chucking) at its upper end 
surface edge may be used, a chuck mechanism composed of 
a V-block 51 and a rotary disc 52 as shoWn in FIG. 4 may be 
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used. When the chuck mechanism pinches the lens 10 at its 
side, and the rotation of the rotary disc 52 is driven to rotate 
the lens 10, positioning of the lens 10 may be performed With 
high accuracy. 
[0039] In case that the lens 10 is placed by either method, it 
is desirable that position adjustment is performed so that a 
rotation axis W of the lens 10 coincides With an optical axis Z 
of the lens 10. 
[0040] Here, the decentration amount Ec Will be de?ned 
With reference to FIG. 5. 
[0041] Namely, assuming that the both surfaces (upper sur 
face 10A and loWer surface 10B) of the lens 10 are spherical 
surfaces, a center-of-curvature C 1 of the upper surface 10A is 
located on the optical axis of the upper surface 10A, and a 
center-of-curvature C2 of the loWer surface 10B is located on 
the optical axis of the loWer surface 10B. Assuming a straight 
line connecting the tWo center-of-curvature Cl and C2 is an 
optical axis Z of the lens 10, and a rotary axis W of the lens 10 
coincides With the optical axis of the loWer surface 10B, in 
case that this optical axis Z of the lens 10 and the optical axis 
of the loWer surface 10B intersect With an angle, the length of 
a perpendicular line taken doWn from the center-of-curvature 
C1 of the upper surface 10A to the optical axis of the loWer 
surface 10B is de?ned as the decentration amount Ec. In case 
that the rotary axis W of the lens 10 does not coincide With the 
optical axis of the loWer surface 10B, the length of a perpen 
dicular line taken doWn from the center-of-curvature C 1 of the 
upper surface 10A to the rotary axis W of the lens 10 is 
de?ned as the decentration amount Ec. 

[0042] When indicator images by the re?ection light from 
the upper surface 10A and the loWer surface 10B are formed 
in positions on the image pick-up surface Which are close to 
each other, it is dif?cult to specify automatically Which indi 
cator image is formed by the re?ection light from the upper 
surface 10A or the loWer surface 10B. Particularly, in case 
that the shape of the indicator image is the shape of crosshairs, 
since the both crosshairs-images intersect each other, it may 
be di?icult to differentiate betWeen their images, and is dif 
?cult to prevent erroneous measurement of the decentration 
amount. 

[0043] Therefore, in the embodiment, When the position of 
each indicator image is speci?ed, the algorisms shoWn in 
FIGS. 1 and 2 are used. 

[0044] Namely, as shoWn in FIG. 1, in the method of the 
embodiment, ?rst, as initial setting, the lens 10 (optical ele 
ment to be measured) is set on the lens mounting member 

(mount 22) (S1). 
[0045] Next, as described above, every time the lens 10 
(optical element) is rotated at the predetermined angle, the 
center position of the cross-shaped indicator image is mea 
sured; and the number N of measurement during one rotation 
of the lens 10 is set. Though this number N may be appropri 
ately set by the user, and is, for example, at least tWo or more, 
and desirably three or more, its number may be set to several 
tens in response to the level of measurement accuracy (S2). 
[0046] Next, the lens rotation driving unit 23 (rotary stage) 
is rotated to the reference position. 
[0047] Subsequently, processing of acquiring a coordinate 
position of the indicator image relating to each lens surface 
(Which becomes the point of the invention) is performed (S4). 
[0048] Next, only one is subtracted from the number N of 
measurement set in initial setting in the step S2 (S5), and 
Whether the number N of measurement becomes Zero or not is 
determined (S6). In case that N does not become 0 (in case of 
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NO), the lens rotation driving unit 23 (rotary stage) is rotated 
at the predetermined angle (N/360 degrees in case that the 
measurement angle position is set equally) (S7), the operation 
returns to the step S4, and the steps S4 to S6 are repeated. On 
the other hand, in case that N becomes 0 (in case of YES), the 
measurement is completed. 
[0049] The thus obtained indicator images are acquired at 
the respective rotary positions, and a center position of each 
circle (circle of each of the tWo-sided surfaces) draWn by 
these images is founded. On the basis of the distance betWeen 
the center positions of these circles (the length of the perpen 
dicular line taken doWn from the center-of-curvature C 1 to the 
optical axis of the surface to be measured (setting surface) 
10B), the above decentration amount Ec may be found. 
[0050] The processing (S4) of acquiring the coordinate 
position of the indicator image relating to each lens surface 
Will be described on the basis of a ?owchart shoWn in FIG. 2 
Which represents concretely the processing. 
[0051] Namely, ?rst, the optical element to be measured is 
irradiated With the light Which has passed through the indi 
cator, and the indicator image is formed on the image pick-up 
surface by the re?ection light from each surface of this optical 
element (S401). 
[0052] Next, a matching reference image In (x, y) previ 
ously created is subjected to FFT (Fast Fourier Transform) 
processing thereby to obtain an image M (h, k). On the other 
hand, the image n(x, y) formed on the image pick-up surface 
(hereinafter referred to as an image to be measured) is sub 
jected to FFT processing thereby to obtain an image N (h, k) 
(S402). Next, phase-only correlation betWeen the matching 
reference image M (h, k) after FFT processing and the image 
to be measured N (h, k) after FFT processing is taken, thereby 
to obtain a function R (h, k) (S403). 
[0053] Next, the obtained phase-only correlation function 
R (h, k) is subjected to inverse Fourier transform processing 
thereby to obtain a function r(x, y) (S404). 
[0054] Next, the maximum peak coordinates are speci?ed 
and stored as coordinates of the indicator image relating to the 
?rst surface (S405). 
[0055] Next, Whether the second largest peak may be speci 
?ed or not is determined (S406). 
[0056] In case that its result isYES, the second largest peak 
coordinates are speci?ed and stored as coordinates of the 
indicator image relating to the second surface (S407), and the 
sub-routine processing is completed. 
[0057] On the other, in case that the above determination 
result is NO, the maximum peak indicator image is deleted 
(S408), a maximum peak indicator image is speci?ed again in 
that state and stored as coordinates of the indicator image 
relating to the second surface (S409), and the sub-routine 
processing is completed. 
[0058] Thus, in case that the second largest peak position is 
close to the maximum peak position, the indicator image 
relating to the second largest peak (indicator image relating to 
the second surface) is hidden by the indicator image relating 
to the maximum peak (indicator image relating to the ?rst 
surface) (or becomes di?icult to identify) and may be inca 
pable of being recogniZed clearly. HoWever, in the embodi 
ment, in case that the indicator image relating to the second 
largest peak (indicator image relating to the second surface) 
cannot be thus recogniZed clearly, after the indicator image 
relating to the maximum peak (indicator image relating to the 
?rst surface) has been deleted from the picture image, an 
indicator image relating to the maximum peak (indicator 
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image relating to the second surface) is recognized again. 
Therefore, it is possible to specify surely the position of the 
indicator image relating to the second largest peak (indicator 
image relating to the second surface). 
[0059] With reference to image data in the embodiment 
shoWn in FIGS. 6 to 11, the steps 402 to 404 (S402 to 5404) 
that are the points of the above method in the embodiment Will 
be more particularly described beloW. 
[0060] FIG. 6 shoWs the matching reference image In (x, y) 
in the step 402 (S402). In this ?gure, a center position of the 
indicator image of this matching reference image is located at 
coordinates (268, 198) (Whole pixels 512x512: center coor 
dinates (256, 256)). Similarly, FIG. 7 shoWs the image to be 
measured n(x, y) in the step 402 (S402). FIG. 8 shoWs a 
binariZation image obtained by subjecting this image to be 
measured to dynamic thresholding of Halcon. A center posi 
tion of its indicator image is at coordinates (252, 194). In this 
state, the matching reference image In (x, y) and the image to 
be measured n(x, y) are subjected to FFT processing, thereby 
to obtain a matching reference image M (h, k) after this FFT 
processing and an image to be measured N(h, k) after FFT 
processing. 
[0061] Next, as shoWn in the step 403 (S403), phase-only 
correlation betWeen the matching reference image M (h, k) 
after FFT processing and the image to be measured N (h, k) 
after FFT processing is taken, thereby to obtain a phase-only 
correlation function R (h, k). 
[0062] Here, the phase-only correlation method means a 
method of taking correlation betWeen images (phase-only 
images) in Which amplitude spectrum is normalized to 1. 
Therefore, in the phase-only correlation method, the correla 
tion may be calculated Without receiving change in amplitude 
spectrum. 
[0063] The folloWing numerical expression represents the 
phase-only correlation R (h, k). 

: IDFTMJWIMYWFNmw] 

[Numerical expression 1] 
R(h, k) : IDF T 

[0064] R(h,k): Phase-only correlation 
[0065] P(u,v),Q(u,v): Frequency spectrum 
[0066] Q(u,v)*: Conjugate of Q(u,v) 
[0067] 0t(u,v), [3(u,v): Phase spectrum 
[0068] IDFT: Discrete Fourier inverse transform 
j: imaginary number Further, in the above step 404 (S404), the 
obtained phase-only correlation function is subjected to 
inverse Fourier transform processing, thereby to obtain the 
phase-only correlation function r(h, k). FIG. 9 shoWs an 
evaluation image by this phase-only correlation function r (h, 
k) (center position coordinates of peak is (241, 252). Thus, in 
case that there is correlation betWeen the matching reference 
image and the image to be measured, a high peak appears in 
a graph shoWn in FIG. 10 Which shoWs correlation function 
values ((A) represents correlation function values in a X-sec 
tion, and (B) represents correlation function values in aY-sec 
tion). Therefore, it is knoWn that the indicator image exists in 
the position Where this peak appears. The distance (15, 4) 
betWeen the position coordinates of its peak (241, 252) and 
the center position coordinates of the image (origin points 
256, 256) coincides substantially With the distance (16, 4) 
betWeen the center position coordinates (268, 198) of the 
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matching reference image and the center position coordinates 
(252, 194) of the image to be measured. 
[0069] In the embodiment, by using such the method, 
regarding both of the indicator image of the subject ?rst 
surface and the indicator image of the subject second surface, 
the image position may be exactly detected. Hereby, it is 
possible to measure With high accuracy the decentration 
amount of the surface to be measured of the optical element 
such as the lens. 
[0070] Thus, the indicator image of the subject ?rst surface 
and the indicator image of the subject second surface may be 
taken as indicator images of the tWo-sided surfaces of the 
optical lens. 
[0071] It is dif?cult to specify the peak value (position 
Where intensity is largest) from the evaluation image shoWn in 
FIG. 9. HoWever, as shoWn in FIG. 10, from the graphs Which 
shoW the respective correlation function values in the X andY 
sectional directions, it is possible to specify exactly the posi 
tion of the indicator image because the difference in intensity 
betWeen the peak value and the periphery is large. 
[0072] Further, since the large peak ranges generally over 
several pixels, resolving poWer of sub-pixel is obtained by 
?tting its peak by quadratic function (it is possible to obtain 
resolving poWer of 1/100 pixels in theory). 
[0073] Further, the method of the invention is effective 
particularly in case that the indicator is the cross-shaped mark 
having the long intersecting lines as shoWn in FIG. 11 and the 
crosshairs-shaped indicator image relating to the re?ection 
from the second surface is located close to the crosshairs 
shaped indicator image, Which is strong in intensity, relating 
to the re?ection from the ?rst surface. 
[0074] Further, in order to make smaller the adverse effect 
caused by such the close arrangement of the tWo indicator 
images relating to the ?rst surface and the second surface, the 
shape of the indicator may be changed from the crosshairs to 
the pinhole shape as shoWn in FIG. 12, Whereby the tWo 
indicator images may be recogniZed not only in the state in 
left side Where the tWo indicator images are spaced but also in 
the state in right side Where they come close to each other. 
[0075] Further, the indicator may have such the x-shape 
that a cross angle of tWo line segments is an angle other than 
90°, for example, 45°, and the indicator image of its shape 
may be used. 
[0076] Further, in the above method of the embodiment, 
though the phase-only correlation is used as matching pro 
cess, another method may be used. 

What is claimed is: 
1. An decentration amount measuring method Which sets a 

sample of an optical element on a mounting member Which is 
rotatable around an axis, irradiates tWo-sided surfaces of the 
sample With a light from a light source through a measuring 
optical system including an indicator of a shape, leads a 
re?ection light from the tWo-sided surfaces of the sample on 
an image forming surface, obtains a plurality of indicator 
images formed on an image forming surface by the re?ection 
light, relating to the tWo-sided surfaces for each of at least 
three rotary positions on the mounting member, obtains a 
decentration amount of each of the tWo-sided surfaces on the 
basis of the at least three indicator image positions, and mea 
sures the decentration amount of the optical element on the 
basis of difference in decentration amount betWeen the tWo 
sided surfaces, comprising the steps: 

creating a matching reference image m(x, y) Which forms 
a reference shape of one of the plurality of indicator 
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images When the indicator image is detected for each of 
the rotary positions on the mounting member; 

performing matching processing betWeen an image n(x, y) 
on the image forming surface and the matching refer 
ence image m (X, y); 

acquiring a ?rst indicator image having a maximum match 
ing strength as one of the plurality of indicator images of 
one of the tWo-sided surfaces of the sample; 

in case that a position of a second indicator image having a 
second largest matching strength is speci?ed, acquiring 
the second indicator image as one of the plurality of 
indicator images of the other of the tWo-sided surfaces of 
the sample; and 
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in case that it is dif?cult to specify the position of the 
second indicator image, after deleting the ?rst indicator 
image from the acquired picture image, performing 
matching processing betWeen an image n'(x, y) on the 
image forming surface after the deletion and the match 
ing reference image m(x, y), and acquiring another ?rst 
indicator image having a maximum matching strength at 
this time as one of the plurality of indicator images of the 
other of the tWo-sided surfaces of the sample. 

2. The decentration amount measuring method according 
to claim 1, Wherein the matching processing uses a phase 
only correlation. 


