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DESCRIPTION 

 

TITLE 

CAMERA MODULE MANUFACTURING APPARATUS AND CAMERA MODULE 

MANUFACTURING METHOD 5 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a camera module manufacturing apparatus and a 

camera module manufacturing method for manufacturing a camera module by joining 10 

together a lens unit and a sensor board to which an image sensor is attached. 

 

BACKGROUND 

[0002] 

 There are known camera modules in which a lens unit that incorporates a taking lens 15 

and a sensor board to which an image sensor such as a CCD or CMOS is attached are 

integrated into a single module.  Such a camera module is manufactured by adjusting the 

position of the sensor board relative to the lens unit so that an image capture plane of the 

image sensor substantially matches with an image formation plane of the lens unit, and, after 

the position adjustment has been accomplished, joining the sensor board to the lens unit with 20 

an ultraviolet curing resin (see, for example, Patent Document 1 and Patent Document 2). 

 

CITATION LIST 

PATENT LITERATURE 

[0003] 25 

Patent Document 1: JP 5460406 B 

Patent Document 2: JP 4960308 B 
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SUMMARY 

TECHNICAL PROBLEM 

[0004] 

 Conventional camera module manufacturing apparatuses as disclosed in Patent 

Document 1 and Patent Document 2 capture images of a measurement chart while changing 5 

the position of the sensor board with respect to the lens unit, detect changes in a focus 

assessment value of the images with respect to the position of the sensor board, and adjust 

the position of the sensor board in accordance with the changes in the focus assessment value.  

As such, these apparatuses have a drawback in that the position adjustment is time 

consuming because it is necessary to obtain images of the measurement chart with the sensor 10 

board being at many different positions. 

[0005] 

 To address this issue, the present invention provides a camera module manufacturing 

apparatus that is directed toward quickly adjusting the relative position of the lens unit and 

the sensor board and increasing productivity. 15 

SOLUTION TO PROBLEM 

[0006] 

 According to an aspect of the present invention, there is provided a camera module 

manufacturing apparatus for manufacturing a camera module by adjusting a relative position 

of a lens unit that incorporates a taking lens and a sensor board to which an image sensor 20 

configured to convert an image that is formed by the taking lens into an image signal is 

attached, and for joining together the lens unit and the sensor board with the relative position 

having been adjusted, the camera module manufacturing apparatus comprising an optical 

unit including a collimator lens and a measurement chart for forming an image of the 

measurement chart on the image sensor through the collimator lens and the taking lens, 25 

wherein the relative position of the lens unit and the sensor board is adjusted based on an 

image signal obtained by converting, using the image sensor, an image of the measurement 

chart that is formed on the image sensor by the optical unit, and wherein the measurement 
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chart is disposed to be tilted with respect to a plane that is perpendicular to an optical axis 

of the collimator lens. 

[0007] 

 As described above, as the measurement chart is disposed to be tilted with respect to 

a plane that is perpendicular to the optical axis of the collimator lens, the height of the image 5 

formation plane upon which an image of the measurement chart is formed by the taking lens 

varies with respect to the distance from the optical axis of the taking lens in an orthogonal 

direction to the optical axis.  Therefore, a plurality of images of the measurement chart for 

which the image formation plane of the taking lens varies in height can be obtained in a 

single image capture, and the relative position of the lens unit and the sensor board can be 10 

adjusted by obtaining, in a single image capture, spatial frequency response or other focus 

assessment value change characteristics with respect to the height deviation between the 

image formation plane of the taking lens and the image capture plane of the image sensor.  

With this configuration, the relative position of the lens unit and the sensor board can be 

adjusted quickly, and productivity can be increased. 15 

[0008] 

 According to another aspect of the present invention, the camera module 

manufacturing apparatus may include a sensor board holder configured to hold the sensor 

board; a lens unit holder configured to hold the lens unit, the lens unit holder being disposed 

toward a first side with respect to the sensor board holder; a movement mechanism 20 

configured to move one of the lens unit holder and the sensor board holder relative to the 

other or both relative to each other; and a controller configured to adjust the relative position 

of the lens unit and the sensor board using the movement mechanism.  The lens unit holder 

may hold the lens unit at a position where a position of a focal point of the collimator lens 

of the optical unit coincides with a position in an entrance pupil of the taking lens of the lens 25 

unit.  The collimator lens may cause an image of the measurement chart to be formed 

through the entrance pupil of the taking lens on the image sensor of the sensor board that is 

held by the sensor board holder. 
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[0009] 

 As described above, as the lens unit is held at a position where the position of the focal 

point of the collimator lens of the optical unit coincides with a position in the entrance pupil 

of the taking lens of the lens unit, the collimator lens and the taking lens constitute a 

measurement chart side telecentric optical system.  The collimator lens causes an image of 5 

the measurement chart to be formed through the entrance pupil of the taking lens on the 

image sensor.  As such, while the measurement chart is disposed to be tilted with respect 

to a plane that is perpendicular to the optical axis of the collimator lens so that the distance 

between the collimator lens and the measurement chart in the optical axis direction varies 

according to the distance from the optical axis of the collimator lens in an orthogonal 10 

direction to the optical axis, the size of the image of the measurement chart that is formed 

on the image capture plane of the image sensor can remain unchanged.  Therefore, as error 

factors are reduced, accuracy can be improved, and spatial frequency response or another 

focus assessment value can be calculated accurately.  With this configuration, the relative 

position of the lens unit and the sensor board can be adjusted quickly with improved 15 

adjustment accuracy, and productivity can be increased. 

[0010] 

 According to still another aspect of the present invention, the optical unit of the camera 

module manufacturing apparatus may include a central optical system including a central 

collimator lens and a central measurement chart for forming an image of the central 20 

measurement chart in a central portion of the image sensor through the central collimator 

lens and the taking lens; and at least two peripheral optical systems each including a 

peripheral collimator lens and a peripheral measurement chart for respectively forming 

images of the peripheral measurement charts in peripheral portions of the image sensor 

through the peripheral collimator lenses and the taking lens.  The relative position of the 25 

lens unit and the sensor board may be adjusted based on a central image signal obtained by 

converting, using the image sensor, an image of the central measurement chart that is formed 

in the central portion of the image sensor by the central optical system and peripheral image 
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signals obtained by converting, using the image sensor, images of the peripheral 

measurement charts that are respectively formed in the peripheral portions of the image 

sensor by the peripheral optical systems.  The central measurement chart may be disposed 

to be tilted with respect to a plane that is perpendicular to an optical axis of the central 

collimator lens.  Each of the peripheral measurement charts may be disposed to be tilted 5 

with respect to a plane that is perpendicular to an optical axis of a corresponding one of the 

peripheral collimator lenses. 

[0011] 

 As described above, the central collimator lens and the taking lens cause an image of 

the central measurement chart to be formed in the central portion of the image capture plane 10 

of the image sensor, and the peripheral collimator lenses and the taking lens cause images of 

the peripheral measurement charts to be formed in the peripheral portions of the image 

capture plane of the image sensor.  As such, a plurality of images of the measurement charts 

for which the image formation plane of the taking lens varies in height can be obtained in 

the central portion and the plurality of peripheral portions of the image sensor in a single 15 

image capture, and spatial frequency response or other focus assessment value change 

characteristics with respect to the height deviation between the image formation plane of the 

taking lens and the image capture plane of the image sensor can be obtained in the central 

portion and the plurality of peripheral portions of the image sensor in a single image capture.  

Also, the adjustment of the lens unit and the sensor board in the height direction and in the 20 

tilt direction can be performed simultaneously based on the obtained spatial frequency 

response or other focus assessment value change characteristics, the relative position of the 

lens unit and the sensor board can be adjusted more quickly, and productivity can be further 

increased. 

[0012] 25 

 According to still another aspect of the present invention, the camera module 

manufacturing apparatus may include a sensor board holder configured to hold the sensor 

board; a lens unit holder configured to hold the lens unit, the lens unit holder being disposed 
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toward a first side with respect to the sensor board holder; a movement mechanism 

configured to move one of the lens unit holder and the sensor board holder relative to the 

other or both relative to each other; and a controller configured to adjust the relative position 

of the lens unit and the sensor board using the movement mechanism.  The optical unit may 

be disposed toward the first side with respect to the lens unit holder.  The peripheral 5 

collimator lenses may be disposed to have the optical axes to be tilted with respect to the 

optical axis of the central collimator lens and such that positions of focal points of the 

peripheral collimator lenses and a position of a focal point of the central collimator lens are 

located at an identical position.  The lens unit holder may hold the lens unit at a position 

where the position of the focal point of the central collimator lens and the positions of the 10 

focal points of the peripheral collimator lenses coincide with a position in an entrance pupil 

of the taking lens.  The central collimator lens of the central optical system may cause an 

image of the central measurement chart to be formed through the entrance pupil of the taking 

lens in the central portion of the image sensor.  The peripheral collimator lenses of the 

peripheral optical systems may cause images of the peripheral measurement charts to be 15 

respectively formed through the entrance pupil of the taking lens in the peripheral portions 

of the image sensor.  Also, the lens unit holder of the camera module manufacturing 

apparatus may hold the lens unit at a position where the taking lens has an optical axis that 

is coaxial with the optical axis of the central collimator lens, and where a center position of 

the entrance pupil of the taking lens coincides with the position of the focal point of the 20 

central collimator lens and the positions of the focal points of the peripheral collimator lenses. 

[0013] 

 As described above, as the lens unit is held at a position where the position of the focal 

point of the central collimator lens and the positions of the focal points of the peripheral 

collimator lenses coincide with a position in the entrance pupil of the taking lens, the central 25 

collimator lens and the taking lens constitute a central measurement chart side telecentric 

optical system, and each of the peripheral collimator lenses and the taking lens constitute a 

peripheral measurement chart side telecentric optical system.  Further, the central 
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collimator lens causes an image of the central measurement chart to be formed through the 

entrance pupil of the taking lens on the image capture plane of the image sensor.  As such, 

while the central measurement chart is disposed to be tilted with respect to a plane that is 

perpendicular to the optical axis of the central collimator lens so that the distance between 

the central collimator lens and the central measurement chart in the optical axis direction 5 

varies according to the distance from the optical axis of the central collimator lens in an 

orthogonal direction to the optical axis, the size of the image of the central measurement 

chart that is formed on the image capture plane of the image sensor can remain unchanged.  

Similarly, the peripheral collimator lenses cause images of the peripheral measurement 

charts to be formed through the entrance pupil of the taking lens on the image capture plane 10 

of the image sensor.  As such, while the peripheral measurement charts are each disposed 

to be tilted with respect to a plane that is perpendicular to the optical axis of a corresponding 

one of the peripheral collimator lenses so that the distance between the peripheral collimator 

lens and the peripheral measurement chart in the optical axis direction varies according to 

the distance from the optical axis of the peripheral collimator lens in an orthogonal direction 15 

to the optical axis, the size of the images of the peripheral measurement charts that are 

formed on the image capture plane of the image sensor can remain unchanged.  Therefore, 

as error factors are reduced, accuracy can be improved, and spatial frequency response or 

another focus assessment value can be calculated accurately.  With this configuration, the 

relative position of the lens unit and the sensor board can be adjusted more quickly with 20 

improved adjustment accuracy, and productivity can be further increased. 

[0014] 

 According to still another aspect of the present invention, the optical unit of the camera 

module manufacturing apparatus may include a base that has a flat shape.  The central 

collimator lens may be attached toward a second side with respect to a central portion of the 25 

base to have the optical axis to be perpendicular to a surface of the base.  The peripheral 

collimator lenses may be attached toward the second side with respect to peripheral portions 

of the base to have the optical axes to be tilted with respect to the surface of the base and 
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such that the positions of the focal points of the peripheral collimator lenses and the position 

of the focal point of the central collimator lens are located at an identical position. 

[0015] 

 As described above, as the central collimator lens and the peripheral collimator lenses 

are attached to the same base such that the position of the focal point of the central collimator 5 

lens and the positions of the focal points of the peripheral collimator lenses are located at an 

identical position, the optical unit can be made compact. 

[0016] 

 According to still another aspect of the present invention, in the camera module 

manufacturing apparatus, the central measurement chart may be disposed toward the first 10 

side with respect to the central portion of the base to be tilted with respect to the surface of 

the base, and each of the peripheral measurement charts may be attached to a corresponding 

one of the peripheral portions of the base to be parallel with the surface of the base. 

[0017] 

 With this configuration, the optical unit can have a simple structure. 15 

[0018] 

 According to still another aspect of the present invention, in the camera module 

manufacturing apparatus, the central measurement chart may have a center edge that passes 

through the optical axis of the central collimator lens and extends in a tilt direction, and each 

of the peripheral measurement charts may have a first edge that passes through the optical 20 

axis of a corresponding one of the peripheral collimator lenses and extends in a direction 

from the central portion of the base toward a corresponding one of the peripheral portions of 

the base and a second edge that extends in a direction that intersects the first edge. 

[0019] 

 With this configuration, spatial frequency response or other focus assessment value 25 

change characteristics with respect to the height deviation between the image formation 

plane of the taking lens and the image capture plane of the image sensor can be obtained 

accurately in the central portion and the plurality of peripheral portions of the image sensor 
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in a single image capture, the relative position of the lens unit and the sensor board can be 

adjusted more quickly, and productivity can be further increased. 

[0020] 

 According to still another aspect of the present invention, the camera module 

manufacturing apparatus may include a cover attached toward the first side with respect to 5 

the base for covering the first side of the base; and a light source attached toward the first 

side with respect to the base.  Each of the central measurement chart and the peripheral 

measurement charts may be composed of a light transmitting portion that transmits light and 

a light shielding portion that blocks light.  An inner surface of the cover may reflect light 

coming from the light source and may cause the light to be incident upon the central 10 

measurement chart and the peripheral measurement charts.  Also, the light source may be 

shaped like a ring and may be disposed to have a central axis that is coaxial with the optical 

axis of the central collimator lens. 

[0021] 

 With this configuration, the optical unit can be made compact, the central 15 

measurement chart and the peripheral measurement charts can be illuminated evenly, and 

good images of the measurement charts can be formed on the image capture plane of the 

image sensor. 

[0022] 

 According to still another aspect of the present invention, there is provided a camera 20 

module manufacturing method for manufacturing a camera module by adjusting a relative 

position of a lens unit that incorporates a taking lens and a sensor board to which an image 

sensor configured to convert an image that is formed by the taking lens into an image signal 

is attached, and for joining together the lens unit and the sensor board with the relative 

position having been adjusted, the camera module manufacturing method comprising a 25 

preparation step of preparing an optical unit including a collimator lens and a measurement 

chart; and a position adjustment step of forming, using the optical unit, an image of the 

measurement chart on the image sensor through the collimator lens and the taking lens, and 
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adjusting the relative position of the lens unit and the sensor board based on an image signal 

obtained by converting, using the image sensor, the image of the measurement chart that is 

formed on the image sensor, wherein the position adjustment step is performed with the 

measurement chart being disposed to be tilted with respect to a plane that is perpendicular 

to an optical axis of the collimator lens. 5 

[0023] 

 As described above, as the measurement chart is tilted with respect to a plane that is 

perpendicular to the optical axis of the collimator lens, the height of the image formation 

plane upon which an image of the measurement chart is formed by the taking lens can be 

varied with respect to the distance from the optical axis of the taking lens in an orthogonal 10 

direction to the optical axis.  Therefore, a plurality of images of the measurement chart for 

which the image formation plane of the taking lens varies in height can be obtained in a 

single image capture, and the position of the lens unit and the sensor board can be adjusted 

by obtaining, in a single image capture, spatial frequency response or other focus assessment 

value change characteristics with respect to the height deviation between the image 15 

formation plane of the taking lens and the image capture plane of the image sensor.  With 

this configuration, the relative position of the lens unit and the sensor board can be adjusted 

quickly, and productivity can be increased. 

[0024] 

 According to still another aspect of the present invention, in the camera module 20 

manufacturing method, the optical unit may include a central optical system including a 

central collimator lens and a central measurement chart for forming an image of the central 

measurement chart in a central portion of the image sensor through the central collimator 

lens and the taking lens; and at least two peripheral optical systems each including a 

peripheral collimator lens and a peripheral measurement chart for respectively forming 25 

images of the peripheral measurement charts in peripheral portions of the image sensor 

through the peripheral collimator lenses and the taking lens.  The position adjustment step 

may include adjusting the relative position of the lens unit and the sensor board based on a 
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central image signal obtained by converting, using the image sensor, an image of the central 

measurement chart that is formed in the central portion of the image sensor by the central 

optical system and peripheral image signals obtained by converting, using the image sensor, 

images of the peripheral measurement charts that are respectively formed in the peripheral 

portions of the image sensor by the peripheral optical systems.  The position adjustment 5 

step may be performed with the central measurement chart being disposed to be tilted with 

respect to a plane that is perpendicular to an optical axis of the central collimator lens, and 

with the peripheral measurement charts being each disposed to be tilted with respect to a 

plane that is perpendicular to an optical axis of a corresponding one of the peripheral 

collimator lenses. 10 

[0025] 

 As described above, the position adjustment step is performed by forming an image 

of the central measurement chart in the central portion of the image sensor through the 

central collimator lens and the taking lens, and forming images of the peripheral 

measurement charts in the peripheral portions of the image sensor through the plurality of 15 

peripheral collimator lenses and the taking lens.  As such, a plurality of images of the 

measurement charts for which the image formation plane of the taking lens varies in height 

can be obtained in the central portion and the plurality of peripheral portions of the image 

sensor in a single image capture, and spatial frequency response or other focus assessment 

value change characteristics with respect to the height deviation between the image 20 

formation plane of the taking lens and the image capture plane of the image sensor can be 

obtained in the central portion and the plurality of peripheral portions of the image sensor in 

a single image capture.  Also, the adjustment of the lens unit and the sensor board in the 

height direction and in the tilt direction can be performed simultaneously based on the 

obtained spatial frequency response or other focus assessment value change characteristics, 25 

the relative position of the lens unit and the sensor board can be adjusted more quickly, and 

productivity can be further increased. 

ADVANTAGEOUS EFFECTS OF INVENTION 
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[0026] 

 The camera module manufacturing apparatus according to the present invention 

enables quick adjustment of the relative position of the lens unit and the sensor board and 

increasing productivity. 

 5 

BRIEF DESCRIPTION OF DRAWINGS 

[0027] 

 FIG. 1 is a side view of a camera module manufacturing apparatus according to an 

embodiment. 

 FIG. 2 is a perspective view that illustrates a base and a center unit of the camera 10 

module manufacturing apparatus according to the embodiment, from which a cover and a 

light source of an optical unit have been removed. 

 FIG. 3 is a perspective view that illustrates a structure of a central optical system and 

peripheral optical systems of the optical unit of the camera module manufacturing apparatus 

according to the embodiment. 15 

 FIG. 4 is a plan view that illustrates a pattern of a central measurement chart. 

 FIG. 5 is a plan view that illustrates a pattern of a peripheral measurement chart. 

 FIG. 6 is a perspective view that illustrates a camera module that is assembled by the 

camera module manufacturing apparatus according to the embodiment. 

 FIG. 7 is a cross-sectional view taken along line A-A of FIG. 2 and illustrates an 20 

operation of the camera module manufacturing apparatus according to the embodiment. 

 FIG. 8 is a plan view that illustrates an image of the central measurement chart and 

images of the peripheral measurement charts that are formed on an image capture plane of 

an image sensor. 

 FIG. 9 includes an overall optical path diagram (a) of the central optical system of the 25 

camera module manufacturing apparatus according to the embodiment and a partial detailed 

optical path diagram (b) of a portion near the image capture plane. 
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 FIG. 10 is an enlarged plan view of the image of the central measurement chart 

illustrated in FIG. 8. 

 FIG. 11 is a graph that illustrates changes in spatial frequency response with respect 

to positions of measurement points for the central measurement chart illustrated in FIG. 10. 

 FIG. 12 includes an overall optical path diagram (a) of a peripheral optical system of 5 

the camera module manufacturing apparatus according to the embodiment and a partial 

detailed optical path diagram (b) of a portion near the image capture plane. 

 FIG. 13 is an enlarged plan view of an image of a peripheral measurement chart 

illustrated in FIG. 8. 

 FIG. 14 is a graph that illustrates changes in spatial frequency response with respect 10 

to positions of measurement points for the peripheral measurement chart illustrated in FIG. 

13. 

 FIG. 15 is a graph that illustrates changes in spatial frequency response with respect 

to the height deviation ΔH between an image formation plane of a taking lens and the image 

capture plane of the image sensor in a central portion and peripheral portions of the image 15 

sensor for a case where the image formation plane of the taking lens and the image capture 

plane of the image sensor are deviated in height and tilted from each other. 

 FIG. 16 is a graph that illustrates changes in spatial frequency response with respect 

to the height deviation ΔH between the image formation plane of the taking lens and the 

image capture plane of the image sensor in the central portion and the peripheral portions of 20 

the image sensor for a case where the image formation plane of the taking lens and the image 

capture plane of the image sensor are adjusted to be substantially flush with each other. 

 FIG. 17 is a perspective view that illustrates a schematic structure of a camera module 

manufacturing apparatus according to another embodiment. 

 FIG. 18 is a perspective view that illustrates a structure of a central optical unit or a 25 

peripheral optical unit that is used in the camera module manufacturing apparatus illustrated 

in FIG. 17. 
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DESCRIPTION OF EMBODIMENTS 

[0028] 

 A camera module manufacturing apparatus 100 according to an embodiment will be 

described below with reference to the drawings.  Referring first to FIGs. 1 to 6, a structure 

of the camera module manufacturing apparatus 100 will be described. 5 

[0029] 

 As illustrated in FIG. 1, the camera module manufacturing apparatus 100 is configured 

to manufacture a camera module 50 by joining together a lens unit 40 that incorporates a 

taking lens 41, and a sensor board 51 to which an image sensor 52 is attached.  The camera 

module manufacturing apparatus 100 includes an optical unit 10, a robot arm 45 that holds 10 

the lens unit 40, a stage 55 that holds the sensor board 51 on its top surface, a six-degree-of-

freedom actuator 56 that moves the position of the stage 55 with respect to six degrees of 

freedom, and a controller 57 that controls the six-degree-of-freedom actuator 56.  In this 

embodiment, the robot arm 45 serves as the lens unit holder, the stage 55 serves as a sensor 

board holder, and the six-degree-of-freedom actuator 56 serves as a movement mechanism.  15 

In the following description, the tilt direction toward which a central measurement chart 32 

of the optical unit 10 is tilted is referred to as an x direction, the direction that is orthogonal 

to the x direction in a horizontal plane is referred to as a y direction, and the vertical direction 

is referred to as the z direction.  The positive (+) side in the z direction is the upper side, 

and the negative (-) side in the z direction is the lower side.  The upper side (above) 20 

corresponds to a first side, and the lower side (below) corresponds to a second side. 

[0030] 

 The optical unit 10 includes a base 11, a center unit 20 that is attached to the base 11, 

a light source 36 that is shaped like a ring and attached to a top surface 13 of the base 11, 

and a cover 37 that is attached over the base 11. 25 

[0031] 

 As illustrated in FIG. 2, the base 11 is a member that has a quadrangular flat shape, 

and a central portion of the base 11 has a through hole 12 in which the center unit 20 is 
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attached.  Also, each of peripheral portions 17 that are located between the central portion 

and the corners of the base 11 has a recess 15.  As illustrated in FIG. 1, a through hole 16 

is formed below the recess 15; the through hole 16 penetrates from the bottom of the recess 

15 to an undersurface 14 of the base 11.  Peripheral measurement charts 34, which will be 

described below, are each attached to the top surface of a corresponding one of the recesses 5 

15. 

[0032] 

 As illustrated in FIGs. 1 and 2, the center unit 20 includes an upper cylindrical portion 

21 and a lower lens attachment block 26.  The cylindrical portion 21 has a cylindrical shape 

whose top surface is an oblique slope 23.  The central measurement chart 32, which will be 10 

described below, is mounted over the oblique slope 23 by means of cushion members 24 and 

mounting hardware 25. 

[0033] 

 The lens attachment block 26 is generally shaped in a cylindrical column that has a 

larger outer diameter than the cylindrical portion 21.  A hole 22 having a central axis 15 

extending in the vertical direction is formed at the center of the lens attachment block 26; 

the hole 22 is in communication with the inside of the cylindrical portion 21.  Also, the lens 

attachment block 26 has four holes 28 each having a central axis extending in a direction 

that is tilted with respect to the central axis of the hole 22. 

[0034] 20 

 A central collimator lens 31 is attached to the hole 22, and peripheral collimator lenses 

33 are each attached to a corresponding one of the holes 28.  As illustrated in FIG. 3, the 

central collimator lens 31 having an optical axis 31a and a focal point 31f and the peripheral 

collimator lenses 33 each having an optical axis 33a and a focal point 33f are attached to the 

holes 22 and 28 in a manner such that the optical axis 31a of the central collimator lens 31 25 

and the optical axes 33a of the peripheral collimator lenses 33 intersect each other at a single 

point 29, and such that the focal points 31f and 33f of the central collimator lens 31 and the 

peripheral collimator lenses 33 are located at the single point 29.  As such, the central 



 

- 16 - 

collimator lens 31 and the peripheral collimator lenses 33 are attached to the lens attachment 

block 26 such that the focal points 31f and 33f are located at an identical position. 

[0035] 

 As illustrated in FIG. 1, the center unit 20 is attached to the base 11 by fitting the 

cylindrical portion 21 into the through hole 12 that is located in the central portion of the 5 

base 11 to bring an upper end surface 27 of the lens attachment block 26 into contact with 

the undersurface 14 of the base 11; then, the central collimator lens 31 is attached below the 

central portion of the base 11 to cause the optical axis 31a to be perpendicular to the 

undersurface 14 that is a lower surface of the base 11, and the peripheral collimator lenses 

33 are attached below the base 11 to have each of the optical axes 33a be tilted with respect 10 

to the undersurface 14 of the base 11. 

[0036] 

 As the central measurement chart 32 is attached to place its undersurface 32a over the 

oblique slope 23 of the cylindrical portion 21 of the center unit 20, as illustrated in FIG. 3, 

the central measurement chart 32 is disposed to be tilted with respect to the undersurface 14 15 

of the base 11.  Meanwhile, the central collimator lens 31 is attached to the base 11 to have 

the optical axis 31a to be perpendicular to the undersurface 14 of the base 11.  As such, the 

central measurement chart 32 is disposed to be tilted with respect to a plane that is 

perpendicular to the optical axis 31a of the central collimator lens 31. 

[0037] 20 

 Also, the peripheral measurement charts 34 are each attached to a corresponding one 

of the recesses 15 of the base 11 to place its undersurface 34a to be parallel with the 

undersurface 14 of the base 11.  Meanwhile, the peripheral collimator lenses 33 are attached 

to the base 11 to cause the optical axes 33a to be tilted with respect to the undersurface 14 

of the base 11.  As such, the peripheral measurement charts 34 are each disposed to be tilted 25 

with respect to a plane that is perpendicular to the optical axis 33a of a corresponding one of 

the peripheral collimator lenses 33. 

[0038] 
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 As illustrated in FIG. 3, the central collimator lens 31 and the central measurement 

chart 32 constitute a central optical system 30, and the four peripheral collimator lenses 33 

and the four peripheral measurement charts 34 constitute four peripheral optical systems 35.  

In the following description, directions extending from the central portion of the base 11 

toward the peripheral portions 17 on the surfaces of the peripheral measurement charts 34 5 

along the optical axes 33a of the peripheral collimator lenses 33 are referred to as R1, R2, 

R3, and R4, and directions that are orthogonal to R1, R2, R3, and R4 on the surfaces of the 

peripheral measurement charts 34 are referred to as S1, S2, S3, and S4. 

[0039] 

 FIG. 4 is a plan view that illustrates a pattern of the central measurement chart 32.  10 

The central measurement chart 32 includes a transparent glass plate that transmits light and, 

on its surface, a light shielding portion 32s that blocks light.  A half of the central 

measurement chart 32 that is located on the positive (+) side in the y direction is a light 

transmitting portion 32t that transmits light, and a half of the central measurement chart 32 

that is located on the negative (-) side in the y direction is the light shielding portion 32s that 15 

does not transmit light.  The light shielding portion 32s may be formed by, for example, 

applying black chromium, some of which is later etched away to form the light transmitting 

portion 32t, or may be formed by applying a black coating.  A center edge 32e that extends 

in the x direction is formed between the light transmitting portion 32t and the light shielding 

portion 32s. 20 

[0040] 

 As illustrated in FIG. 3, the central measurement chart 32 is attached to the slope 23 

of the cylindrical portion 21 to place a distal end 32f on the upper side in the tilt direction 

and a proximal end 32n on the lower side in the tilt direction such that the optical axis 31a 

of the central collimator lens 31 passes through a center position 32i that is located at the 25 

center in the x direction.  As such, when the central measurement chart 32 is attached to the 

center unit 20, as illustrated in FIG. 4, the center edge 32e passes through the optical axis 

31a of the central collimator lens 31 and extends in the tilt direction. 
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[0041] 

 As illustrated in FIG. 5, each of the peripheral measurement charts 34 includes 

triangular light transmitting portions 34t and triangular light shielding portions 34s that are 

alternately disposed adjacent to each other in the direction R1, R2, R3, or R4 and its 

orthogonal direction S1, S2, S3, or S4.  The light shielding portions 34s may be formed by, 5 

for example, applying black chromium, some of which is later etched away to form the light 

transmitting portions 34t, or may be formed by applying a black coating.  A first edge 34e1 

that extends in the direction R1, R2, R3, or R4 is formed between a triangular light shielding 

portion 34s and a triangular light transmitting portion 34t that are disposed adjacent to each 

other on opposite sides of the axis R1, R2, R3, or R4.  Also, a second edge 34e2 that extends 10 

in the direction S1, S2, S3, or S4 is formed between a triangular light shielding portion 34s 

and a triangular light transmitting portion 34t that are adjacent to each other in the direction 

R1, R2, R3, or R4.  Also, a third edge 34e3 is formed on a side of a triangular light 

transmitting portion 34t that is tilted 45 degrees from R1, R2, R3, or R4. 

[0042] 15 

 As illustrated in FIG. 3, the peripheral measurement charts 34 are each attached to a 

corresponding one of the peripheral portions 17 of the base 11 to place R1, R2, R3, and R4 

positive (+) side ends to be farther away from the central portion of the base 11 and R1, R2, 

R3, and R4 negative (-) side ends to be closer to the central portion of the base 11 such that 

the optical axes 33a of the peripheral collimator lenses 33 pass through center positions 34i 20 

that are each located at the center in the direction R1, R2, R3, or R4.  When the peripheral 

measurement charts 34 are attached to the peripheral portions 17 of the base 11, the R1, R2, 

R3, and R4 positive (+) side ends that are farther away from the central portion of the base 

11 form distal ends 34f that are at a greater distance from the peripheral collimator lenses 33 

along the optical axes 33a, and the R1, R2, R3, and R4 negative (-) side ends that are closer 25 

to the central portion of the base 11 form proximal ends 34n that are at a smaller distance 

from the peripheral collimator lenses 33 along the optical axes 33a. 

[0043] 
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 As such, when the peripheral measurement charts 34 are attached to the base 11, as 

illustrated in FIG. 5, the first edges 34e1 pass through the optical axes 33a of the peripheral 

collimator lenses 33 and extend in a direction from the central portion of the base 11 toward 

a corresponding one of the peripheral portions 17 of the base 11, and the second edges 34e2 

and the third edges 34e3 extend in directions that intersect the first edges 34e1. 5 

[0044] 

 As illustrated in FIGs. 1 and 2, the light source 36 is attached to the top surface 13 of 

the base 11.  The light source 36 is shaped like a ring and is attached to the base 11 to have 

a central axis that is coaxial with the optical axis 31a of the central collimator lens 31.  The 

light source 36 may include, for example, a plurality of LEDs that are disposed in the shape 10 

of a ring.  Also, the light source 36 may be in the shape of a hexagonal ring or an octagonal 

ring. 

[0045] 

 The cover 37 for covering the top surface 13 of the base 11 and the cylindrical portion 

21 of the center unit 20 that projects upward from the top surface 13 of the base 11 is attached 15 

above the top surface 13 of the base 11.  The cover 37 has an inner surface that is white and 

reflective; the inner surface of the cover 37 reflects light emitted upward from the light 

source 36 and causes the light to be incident upon the central measurement chart 32 from 

above.  The inner surface of the cover 37 also causes the reflected light to be incident upon 

the peripheral measurement charts 34.  With this configuration, the central measurement 20 

chart 32 and the four peripheral measurement charts 34 can be illuminated evenly. 

[0046] 

 As illustrated in FIG. 6, the camera module 50 includes the lens unit 40 that 

incorporates the taking lens 41 and the sensor board 51 to which the image sensor 52 is 

attached, the lens unit 40 and the sensor board 51 being joined together with an ultraviolet 25 

curing adhesive. 

[0047] 
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 The taking lens 41 that is incorporated in the lens unit 40 has, on its top surface, an 

entrance pupil 42 which is an area upon which light coming from the central collimator lens 

31 and the peripheral collimator lenses 33 is incident. 

[0048] 

 The image sensor 52 converts an image that is formed on an image capture plane 53 5 

by the taking lens 41 into an electrical image signal.  An output terminal 54 for outputting 

an image signal coming from the image sensor 52 is attached to the sensor board 51.  The 

output terminal 54 is connected to the controller 57, and an image signal that is output from 

the image sensor 52 is input to the controller 57. 

[0049] 10 

 As illustrated in FIG. 1, the six-degree-of-freedom actuator 56 that is attached on a 

support 110, the stage 55 that is attached above the six-degree-of-freedom actuator 56 and 

holds the sensor board 51 on its top surface, and the robot arm 45 that is disposed above the 

stage 55 and below the optical unit 10 and holds the lens unit 40 are disposed below the 

optical unit 10.  The optical unit 10 is attached to the support 110 by means of a frame 15 

which is not illustrated. 

[0050] 

 The six-degree-of-freedom actuator 56 includes therein six stepping motors and drives 

the stepping motors to move the stage 55 that is attached above the six-degree-of-freedom 

actuator 56 with respect to six degrees of freedom; that is, in the x direction, in the y direction, 20 

in the z direction, about the x axis, about the y axis, and about the z axis.  The six-degree-

of-freedom actuator 56 is connected to the controller 57, and the stepping motors operate in 

response to a command from the controller 57.  It should be noted that the present invention 

is not limited to stepping motors, but the stage 55 may also be driven by servomotors. 

[0051] 25 

 The stage 55 includes a holder, which is not illustrated, for holding the sensor board 

51 on its top surface and holds the sensor board 51 on its top surface.  It should be noted 

that the stage 55 may create a vacuum and suck the sensor board 51 on its top surface. 
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[0052] 

 The robot arm 45 includes a chuck 46 for holding the lens unit 40 by pinching it at its 

tip.  The robot arm 45 moves in the x, y, and z directions together with the chuck 46 by 

means of a drive unit which is not illustrated.  The robot arm 45 operates the chuck 46 at 

its tip in a storage of the lens unit 40 to pick up the lens unit 40 by pinching it, moves the 5 

lens unit 40 to above the sensor board 51 that is held on the stage 55, and holds the lens unit 

40 at a position above the sensor board 51. 

[0053] 

 The controller 57 is a computer that includes therein a CPU 58 that performs 

information processing and a memory 59 that stores, for example, an operation program or 10 

data.  The six-degree-of-freedom actuator 56, the robot arm 45, and the light source 36 are 

connected to the controller 57 and operate in response to commands from the controller 57.  

Also, the image sensor 52 is connected to the controller 57, and an image signal that is output 

from the image sensor 52 is input to the controller 57. 

[0054] 15 

 The controller 57 causes the robot arm 45 to hold the lens unit 40 at a predetermined 

position above the sensor board 51, and causes the six-degree-of-freedom actuator 56 to 

adjust the position of the top surface of the stage 55 in the x direction, in the y direction, in 

the z direction, about the x axis, about the y axis, and about the z axis to adjust a relative 

position of the lens unit 40 and the sensor board 51 in the x direction, in the y direction, in 20 

the z direction, about the x axis, about the y axis, and about the z axis. 

[0055] 

 Referring next to FIGs. 7 to 16, an operation of the camera module manufacturing 

apparatus 100 that is configured as described above will be described. 

[0056] 25 

 As illustrated in FIG. 7, first, the sensor board 51 is placed on the top surface of the 

stage 55, and the sensor board 51 is held on the top surface of the stage 55.  An ultraviolet 
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curing adhesive is applied beforehand at a portion of the sensor board 51 where it is joined 

with the lens unit 40. 

[0057] 

 The controller 57 causes the robot arm 45 to pick up the lens unit 40 in the storage and 

to move the lens unit 40 to above the sensor board 51 that is held on the top surface of the 5 

stage 55.  The controller 57 causes the robot arm 45 to hold the lens unit 40 at a position 

where the taking lens 41 has an optical axis 41a that is coaxial with the optical axis 31a of 

the central collimator lens 31, and where a center position of the entrance pupil 42 of the 

taking lens 41 coincides with the single point 29 at which the focal point 31f of the central 

collimator lens 31 and the focal points 33f of the peripheral collimator lenses 33 are located. 10 

[0058] 

 The controller 57 then causes the six-degree-of-freedom actuator 56 to operate to set 

the position of the image capture plane 53 of the image sensor 52 to be located at a 

predetermined initial position.  The predetermined initial position may be, for example, a 

design dimension position. 15 

[0059] 

 The controller 57 then causes the light source 36 to emit light.  Light is emitted from 

an upper surface of the light source 36, and then, as illustrated by arrows 38 in FIG. 7, the 

light is reflected by the inner surface of the cover 37 to be incident upon the central 

measurement chart 32 and the peripheral measurement charts 34.  Light that is incident 20 

upon the central measurement chart 32 of the central optical system 30 passes through the 

central collimator lens 31 to be incident upon the taking lens 41 via the entrance pupil 42 to 

reach a central portion of the image sensor 52, and as illustrated in FIG. 8, an image 81 of 

the central measurement chart 32 is formed in a central portion of the image capture plane 

53 of the image sensor 52.  The image 81 includes a white semicircular image 82 that is 25 

formed as light is transmitted through the light transmitting portion 32t of the central 

measurement chart 32, a black image 83 that is formed as light is blocked by the light 

shielding portion 32s of the central measurement chart 32, and an image 84 that is a boundary 
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between the white semicircular image 82 and the black image 83.  The image 84 is an image 

of the center edge 32e in the central measurement chart. 

[0060] 

 Also, light that is incident upon the peripheral collimator lenses 33 of the four 

peripheral optical systems 35 passes through the peripheral collimator lenses 33 to be 5 

incident upon the taking lens 41 via the entrance pupil 42 to reach four peripheral portions 

of the image sensor 52, and as illustrated in FIG. 8, images 91 of the peripheral measurement 

charts 34 are formed in four peripheral portions of the image capture plane 53 of the image 

sensor 52.  The images 91 include white triangular images 92 that are formed as light is 

transmitted through the light transmitting portions 34t of the peripheral measurement charts 10 

34, black images 93 that are formed as light is blocked by the light shielding portions 34s of 

the peripheral measurement charts 34, and images 94, 95, and 96 that are boundaries between 

the white images 92 and the black images 93.  The images 94, 95, and 96 are images of the 

first edge 34e1, the second edge 34e2, and the third edge 34e3 of the peripheral measurement 

charts 34. 15 

[0061] 

 Details of the central optical system 30 and details of the image 81 that is formed in 

the central portion of the image capture plane 53 by the central optical system 30 will now 

be described. 

[0062] 20 

 As illustrated in FIG. 9(a), the central collimator lens 31 has its focal point 31f on the 

side on which the taking lens 41 is located.  The lens unit 40 is held at a position where the 

focal point 31f of the central collimator lens 31 coincides with the center position of the 

entrance pupil 42 of the taking lens 41.  With this configuration, the central collimator lens 

31 and the taking lens 41 constitute a central measurement chart side telecentric optical 25 

system.  A principal ray that is transmitted through the central measurement chart 32 is 

converged to the focal point 31f through the central collimator lens 31 to be incident upon 

the taking lens 41 via the entrance pupil 42 of the taking lens 41, and an image corresponding 
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to the pattern of the central measurement chart 32 is formed on an image formation plane 65, 

as illustrated in FIG. 9(b). 

[0063] 

 A ray that is transmitted through the center position 32i of the central measurement 

chart 32 through which the optical axis 31a of the central collimator lens 31 passes travels 5 

along an optical path 61 as illustrated by solid lines in FIGs. 9(a) and 9(b), and an image 

corresponding to the pattern of the center position 32i is formed in a central portion of a 

reference image formation plane 65i that is located near the optical axis 31a. 

[0064] 

 Meanwhile, as the central measurement chart 32 is disposed to be tilted with respect 10 

to a plane that is perpendicular to the optical axis 31a of the central collimator lens 31, a ray 

that is transmitted through the distal end 32f of the central measurement chart 32 travels 

along an optical path 62 as illustrated by broken lines in FIGs. 9(a) and 9(b), and an image 

corresponding to the pattern of the distal end 32f is formed on an upper image formation 

plane 65n that is located above the reference image formation plane 65i, at a position 15 

deviated by -ΔX from the optical axis 31a in the x direction that is orthogonal to the optical 

axis 31a. 

[0065] 

 Also, a ray that is transmitted through the proximal end 32n of the central 

measurement chart 32 travels along an optical path 63 as illustrated by alternate long and 20 

short dashed lines in FIGs. 9(a) and 9(b), and an image corresponding to the pattern of the 

proximal end 32n is formed on a lower image formation plane 65f that is located below the 

reference image formation plane 65i, at a position deviated by +ΔX from the optical axis 31a 

in the x direction that is orthogonal to the optical axis 31a. 

[0066] 25 

 As such, when the height of the sensor board 51 is adjusted by the six-degree-of-

freedom actuator 56 to place the image capture plane 53 at the height of the reference image 

formation plane 65i, as illustrated in a central portion in FIG. 10, a not-blurred sharp image 
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84i corresponding to the center edge 32e at the center position 32i of the central measurement 

chart 32 is formed on the image capture plane 53, and blurred images 84f and 84n 

corresponding to the center edge 32e at the distal end 32f and at the proximal end 32n are 

formed on the image capture plane 53. 

[0067] 5 

 The image 81 of the central measurement chart 32 formed on the image capture plane 

53 as illustrated in FIG. 10 is converted into a central image signal by the image sensor 52, 

and the central image signal is input to the controller 57.  The controller 57 sets 

measurement points 85 in an image of a portion corresponding to the center edge 32e at 

predetermined intervals along the x direction as illustrated in FIG. 10.  The controller 57 10 

then calculates a focus assessment value for assessing whether or not focus is achieved at 

each of the measurement points 85.  In the illustrated embodiment, spatial frequency 

response is used as the focus assessment value, but the present invention is not limited to 

this example; for example, contrast or other focus assessment values may be used. 

[0068] 15 

 The controller 57 uses the spatial frequency response calculated for each of the 

measurement points 85 to generate a central portion through focus graph as illustrated in 

FIG. 11, the central portion through focus graph including a line “a” that represents changes 

in spatial frequency response with respect to the positions of the measurement points 85 in 

the x direction in the central portion of the image capture plane 53. 20 

[0069] 

 As described above, as the central measurement chart 32 of the central optical system 

30 is disposed to be tilted with respect to a plane that is perpendicular to the optical axis 31a 

of the central collimator lens 31, the height of the image formation plane 65 upon which an 

image of the central measurement chart 32 is formed by the taking lens 41 varies with respect 25 

to the distance from the optical axis 41a of the taking lens 41 in an orthogonal direction to 

the optical axis 41a; specifically, the upper image formation plane 65n, the reference image 

formation plane 65i, and the lower image formation plane 65f.  Therefore, a plurality of 
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images 81 of the central measurement chart 32 for which the image formation plane 65 of 

the taking lens 41 varies in height can be obtained in a single image capture, and the central 

portion through focus graph as illustrated in FIG. 11 can be generated in a single image 

capture. 

[0070] 5 

 Details of the peripheral optical systems 35 and details of the images 91 that are 

formed in the peripheral portions of the image capture plane 53 by the peripheral optical 

systems 35 will now be described. 

[0071] 

 Similar to the central optical system 30, the peripheral collimator lenses 33 of the 10 

peripheral optical systems 35 have their focal points 33f on the side on which the taking lens 

41 is located; the focal points 33f of the peripheral collimator lenses 33 coincide with the 

center position of the entrance pupil 42 of the taking lens 41; and each of the peripheral 

collimator lenses 33 and the taking lens 41 constitute a peripheral measurement chart side 

telecentric optical system.  A principal ray that is transmitted through the respective 15 

peripheral measurement charts 34 as illustrated in FIG. 12(a) is converged to the focal point 

33f through the peripheral collimator lens 33 to be incident upon the taking lens 41 via the 

entrance pupil 42 of the taking lens 41, and an image corresponding to the pattern of the 

peripheral measurement chart 34 is formed on an image formation plane 75, as illustrated in 

FIG. 12(b). 20 

[0072] 

 A ray that is transmitted through the center position 34i of the peripheral measurement 

chart 34 through which the optical axis 33a of the peripheral collimator lens 33 passes travels 

along an optical path 71 as illustrated by solid lines in FIGs. 12(a) and 12(b), and an image 

corresponding to the pattern of the center position 34i is formed on a reference image 25 

formation plane 75i. 

[0073] 



 

- 27 - 

 On the other hand, as the peripheral measurement chart 34 is disposed to be tilted with 

respect to a plane that is perpendicular to the optical axis 33a of the peripheral collimator 

lens 33, a ray that is transmitted through the distal end 34f of the peripheral measurement 

chart 34 travels along an optical path 72 as illustrated by broken lines in FIGs. 12(a) and 

12(b), and an image corresponding to the pattern of the distal end 32f is formed on an upper 5 

image formation plane 75n that is located above the reference image formation plane 75i, at 

a position deviated by +ΔR toward the peripheral portion from the position where an image 

corresponding to the pattern of the center position 34i is formed. 

[0074] 

 Also, a ray that is transmitted through the proximal end 34n of the peripheral 10 

measurement chart 34 travels along an optical path 73 as illustrated by alternate long and 

short dashed lines in FIGs. 12(a) and 12(b), and an image corresponding to the pattern of the 

proximal end 34n is formed on a lower image formation plane 75f that is located below the 

reference image formation plane 75i, at a position deviated by -ΔR toward the central portion 

from the position where an image corresponding to the pattern of the center position 34i is 15 

formed. 

[0075] 

 As such, when the height of the sensor board 51 is adjusted by the six-degree-of-

freedom actuator 56 to place the image capture plane 53 at the height of the reference image 

formation plane 75i, as illustrated in FIG. 13, a not-blurred sharp image 94i corresponding 20 

to the first edge 34e1 that is located near the center position 34i is formed on the image 

capture plane 53 in the peripheral portion, and blurred images 94f and 94n corresponding to 

the first edge 34e1 at the distal end 32f and at the proximal end 32n are formed on the image 

capture plane 53. 

[0076] 25 

 As illustrated in FIG. 13, the controller 57 sets measurement points 97 in the images 

94, 95, and 96 of portions corresponding to the first edge 34e1, the second edge 34e2, and 

the third edge 34e3 at predetermined intervals along the R1 direction.  The controller 57 



 

- 28 - 

then calculates spatial frequency response for each of the measurement points 97 to generate 

a line “b1,” as illustrated in FIG. 14, that represents changes in spatial frequency response 

with respect to the positions of the measurement points 97 in the R1 direction in the 

peripheral portion of the image capture plane 53.  Similarly, the controller 57 generates 

similar through focus graphs for the peripheral portions that extend in the remaining R2, R3, 5 

and R4 directions.  A peripheral portion through focus graph including lines “b1”, “b2”, 

“b3”, and “b4” for the R1, R2, R3, and R4 directions as illustrated in FIG. 14 is then 

generated. 

[0077] 

 Similar to the central optical system 30, as the peripheral measurement charts 34 of 10 

the peripheral optical systems 35 are each disposed to be tilted with respect to a plane that is 

perpendicular to the optical axis 33a of a corresponding one of the peripheral collimator 

lenses 33, the height of the image formation plane 75 upon which images of the peripheral 

measurement charts 34 are formed by the taking lens 41 varies with respect to the distance 

from the optical axis 41a of the taking lens 41 in an orthogonal direction to the optical axis 15 

41a; specifically, the upper image formation plane 75n, the reference image formation plane 

75i, and the lower image formation plane 75f.  Therefore, the images 91 of the peripheral 

measurement charts 34 for which the image formation plane 75 of the taking lens 41 varies 

in height can be obtained in a single image capture, and the peripheral portion through focus 

graph as illustrated in FIG. 14 can be generated in a single image capture. 20 

[0078] 

 The controller 57 converts the line “a” illustrated in FIG. 11 into a line “c” illustrated 

in FIG. 15(a) using the central portion through focus graph illustrated in FIG. 11 and a 

relationship between the height of the image formation plane 65 and the distance in the x 

direction illustrated in FIG. 9(b).  The line “c” represents changes in spatial frequency 25 

response with respect to a height deviation ΔH between the image formation plane 65 of the 

taking lens 41 and the image capture plane 53 of the image sensor 52 in the central portion.  

Also, the controller 57 similarly converts the lines “b1”, “b2”, “b3”, and “b4” illustrated in 
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FIG. 14 into lines “d1”, “d2”, “d3”, and “d4” illustrated in FIG. 15(a).  The lines “d1”, “d2”, 

“d3”, and “d4” represent changes in spatial frequency response with respect to a height 

deviation ΔH between the image formation plane 75 of the taking lens 41 and the image 

capture plane 53 of the image sensor 52 in the peripheral portions. 

[0079] 5 

 Referring to FIG. 15(a), the spatial frequency response represented by the line “c” has 

a peak value at the height deviation ΔH1.  As ΔH1 is a negative value, it can be determined 

that the central portion of the image capture plane 53 is lower than the image formation plane 

65 of the taking lens 41 by ΔH1, as illustrated in FIG. 15(b).  Also, as the spatial frequency 

responses represented by the lines “d1” and “d3” have a peak value at the height deviation 10 

ΔH1, it can be determined that the peripheral portions of the image capture plane 53 in the 

R1 and R3 directions are lower than the image formation plane 75 of the taking lens 41 by 

ΔH1.  Similarly, as the spatial frequency responses represented by the lines “d2” and “d4” 

have peaks at height deviations ΔH3 and ΔH2, respectively, it can be determined that the 

peripheral portions of the image capture plane 53 in the R2 and R4 directions are lower than 15 

the image formation plane 75 of the taking lens 41 by ΔH3 and ΔH2, respectively. 

[0080] 

 In this embodiment, the image formation planes 65 and 75 of the taking lens 41 are 

flush with each other.  As the absolute value of ΔH3 > the absolute value of ΔH1 > the 

absolute value of ΔH2 as illustrated in FIG. 15(b), it can be seen that the image capture plane 20 

53 is tilted as illustrated in FIG. 15(b); that is, the central portion of the image capture plane 

53 is lower than the image formation planes 65 and 75 of the taking lens 41 by the height 

ΔH1, and the peripheral portion of the image capture plane 53 in the R2 direction is lower 

than that in the R4 direction. 

[0081] 25 

 The controller 57 causes the six-degree-of-freedom actuator 56 to operate in a manner 

to slightly raise the image capture plane 53 and remove the tilt between the R2 and R4 

directions based on data illustrated in FIGs. 15(a) and 15(b). 
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[0082] 

 When this operation brings the image capture plane 53 to be substantially flush with 

the image formation planes 65 and 75 of the taking lens 41 as illustrated in FIG. 16(b), all 

of the lines “c”, “d1”, “d2”, “d3”, and “d4” have peak values at positions where the height 

deviation ΔH is zero, as illustrated in FIG. 16(a). 5 

[0083] 

 After, as described above, the image capture plane 53 of the image sensor 52 and the 

image formation planes 65 and 75 of the taking lens 41 are made substantially flush with 

each other, while this state is kept, the controller 57 causes an ultraviolet radiation emitting 

device, which is not illustrated, to emit ultraviolet radiation toward the adhesive to cure the 10 

adhesive.  The assembly of the camera module 50 is completed by joining together the lens 

unit 40 and the sensor board 51 in this manner. 

[0084] 

 As described above, the controller 57 of the camera module manufacturing apparatus 

100 according to the illustrated embodiment receives, from the image sensor 52, the image 15 

81 of the central measurement chart 32 and the images 91 of the peripheral measurement 

charts 34 for which the image formation plane 65 or 75 of the taking lens 41 varies in height, 

in a single image capture in the form of a central image signal and peripheral image signals, 

respectively.  The central portion through focus graph illustrated in FIG. 11 and the 

peripheral portion through focus graph illustrated in FIG. 14 are then generated, and curves 20 

illustrated in FIG. 15 that represent changes in spatial frequency response with respect to the 

height deviation ΔH between the image formation plane 65 or 75 of the taking lens 41 and 

the image capture plane 53 of the image sensor 52 are generated, so that the height and the 

tilt of the image capture plane 53 can be adjusted.  As described above, the camera module 

manufacturing apparatus 100 according to the illustrated embodiment obtains, in a single 25 

image capture, spatial frequency response change characteristics with respect to the height 

deviation ΔH between the image formation plane 65 or 75 of the taking lens 41 and the image 

capture plane 53 of the image sensor 52 in the central portion and the peripheral portions of 
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the image sensor 52, so that the adjustments of the lens unit 40 and the sensor board 51 in 

the height direction and in the tilt direction can be performed simultaneously.  With this 

configuration, the relative position of the lens unit 40 and the sensor board 51 can be adjusted 

more quickly, and productivity can be further increased. 

[0085] 5 

 Also, the camera module manufacturing apparatus 100 according to the illustrated 

embodiment causes the lens unit 40 to be held at a position where the center position of the 

entrance pupil 42 of the taking lens 41 coincides with the position of the focal point 31f of 

the central collimator lens 31 and the positions of the focal points 33f of the peripheral 

collimator lenses 33, so that the central collimator lens 31 and the taking lens 41 constitute 10 

a central measurement chart side telecentric optical system, and each of the peripheral 

collimator lenses 33 and the taking lens 41 constitute a peripheral measurement chart side 

telecentric optical system.  The central collimator lens 31 and the peripheral collimator 

lenses 33 are configured to form images of the central measurement chart 32 and the 

peripheral measurement charts 34 in the central portion and the peripheral portions of the 15 

image sensor 52 through the entrance pupil 42 of the taking lens 41.  Therefore, while the 

central measurement chart 32 and the peripheral measurement charts 34 are disposed to be 

respectively tilted with respect to planes that are perpendicular to the optical axes 31a and 

33a, the size of the image 81 of the central measurement chart 32 and the images 91 of the 

peripheral measurement charts 34 that are formed on the image capture plane 53 of the image 20 

sensor 52 remains unchanged.  Therefore, as error factors are reduced, accuracy can be 

improved, and spatial frequency response can be calculated accurately. 

[0086] 

 Also, according to the illustrated embodiment, the central collimator lens 31 and the 

four peripheral collimator lenses 33 are attached to the same center unit 20, and the four 25 

peripheral measurement charts 34 are attached to the peripheral portions 17 of the base 11 

to which the center unit 20 is mounted.  As such, the optical unit 10 can be made compact. 

[0087] 
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 Referring to FIG. 9(a), a ratio (A1/A2) between a height difference A1 as measured 

between the distal end 32f and the proximal end 32n of the central measurement chart 32 

along the optical axis 31a of the central collimator lens 31 and a height difference A2 as 

measured between the upper image formation plane 65n and the lower image formation 

plane 65f and a ratio between a focal length f1 of the central collimator lens 31 and a focal 5 

length f2 of the taking lens 41 have the following relationship (1): 

 

A1/A2 = (f1/f2)2         - - - (1) 

 

[0088] 10 

 Similarly, referring to FIG. 12(a), a ratio (B1/B2) between a distance difference B1 as 

measured between the distal end 34f and the proximal end 34n of the peripheral measurement 

chart 34 along the optical axis 33a of the peripheral collimator lens 33 and a height difference 

B2 as measured between the upper image formation plane 75n and the lower image 

formation plane 75f and a ratio between a focal length g1 of the peripheral collimator lens 15 

33 and a local focal length f3 of the taking lens 41 have the following relationship (2): 

 

B1/B2 = (g1/f3)2         - - - (2) 

 

The local focal length f3 herein is, for example, represented by f3 = f2/cos(θ), where θ 20 

represents an angle of view as measured with respect to the optical axis 41a. 

[0089] 

 The height differences A2 and B2 as measured between the upper image formation 

plane 65n or 75n and the lower image formation plane 65f or 75f are ranges within which 

the height of the sensor board 51 is adjustable.  As such, the height differences A2 and B2 25 

are adjusted by varying the angle and the length with respect to a plane that is perpendicular 

to the optical axis 31a or 33a of the central measurement chart 32 or the peripheral 

measurement chart 34 based on the focal length f2 and the local focal length f3 of the taking 
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lens 41, and the height adjustable range of the sensor board 51 can be adjusted to suit the 

taking lens 41. 

[0090] 

 Also, in the foregoing description, the controller 57 of the camera module 

manufacturing apparatus 100 according to the illustrated embodiment causes the lens unit 5 

40 to be held at a position where the optical axis 41a of the taking lens 41 is coaxial with the 

optical axis 31a of the central collimator lens 31, and where the center position of the 

entrance pupil 42 of the taking lens 41 coincides with the position of the focal point 31f of 

the central collimator lens 31 and the positions of the focal points 33f of the peripheral 

collimator lenses 33, but the present invention is not limited to this configuration.  Any 10 

configurations wherein the positions of the focal points 31f and 33f coincide with the center 

position of the entrance pupil 42 may be employed. The optical axis 41a of the taking lens 

41 may be shifted from and non-coaxial with respect to the optical axis 31a of the central 

collimator lens 31.  Also, the positions of the focal points 31f and 33f do not have to 

coincide with the center position of the entrance pupil 42 of the taking lens 41, and the lens 15 

unit 40 may be held at a position where the position of the focal point 31f of the central 

collimator lens 31 and the positions of the focal points 33f of the peripheral collimator lenses 

33 coincide within the area of the entrance pupil 42. 

[0091] 

 Also, in the foregoing description, the six-degree-of-freedom actuator 56 of the 20 

camera module manufacturing apparatus 100 according to the illustrated embodiment 

adjusts the position of the stage 55 with respect to six degrees of freedom; that is, in the x 

direction, in the y direction, in the z direction, about the x axis, about the y axis, and about 

the z axis, to adjust the relative position of the sensor board 51 with respect to the lens unit 

40, but the present invention is not limited to this configuration.  Any configurations may 25 

be employed wherein the relative position of the lens unit 40 and the sensor board 51 can be 

adjusted based on a central image signal obtained by converting, using the image sensor 52, 

an image of the central measurement chart 32 that is formed in a central portion of the image 
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sensor 52 by the central optical system 30 and peripheral image signals obtained by 

converting, using the image sensor 52, images of the peripheral measurement charts 34 that 

are respectively formed in different peripheral portions of the image sensor 52 by the 

plurality of peripheral optical systems 35. The robot arm 45 may be moved with respect to 

six degrees of freedom to adjust the relative position of the lens unit 40 with respect to the 5 

sensor board 51.  In this configuration, the robot arm 45 adjusts the relative position of the 

lens unit 40 with respect to the sensor board 51 by causing the lens unit 40 to be held at a 

position where the position of the focal point 31f of the central collimator lens 31 and the 

positions of the focal points 33f of the peripheral collimator lenses 33 coincide within the 

area of the entrance pupil 42; the positions of the focal points 31f and 33f do not have to 10 

coincide with the center position of the entrance pupil 42 of the taking lens 41.  Further, the 

adjustment of the relative position may be suspended when a deviation between the center 

position of the entrance pupil 42 of the taking lens 41 and the position of the focal point 31f 

of the central collimator lens 31 and the positions of the focal points 33f of the peripheral 

collimator lenses 33 is greater than a predetermined threshold value. 15 

[0092] 

 In this configuration, the driving mechanism of the robot arm 45 serves as the 

movement mechanism.  Also, the robot arm 45 and the stage 55 may cooperate to move 

with respect to six degrees of freedom to adjust the relative position of the lens unit 40 and 

the sensor board 51.  In this configuration, the driving mechanism of the robot arm 45 and 20 

the six-degree-of-freedom actuator 56 serve as the movement mechanism.  As described 

above, the movement mechanism may be any mechanism that moves one of the robot arm 

45 and the stage 55 relative to the other, or both relative to each other. 

[0093] 

 Also, in performing a camera module manufacturing method for manufacturing the 25 

camera module 50 using the camera module manufacturing apparatus 100 according to the 

illustrated embodiment, bringing the optical unit 10 of the camera module manufacturing 

apparatus 100 according to the illustrated embodiment into an operable state serves as the 
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preparation step of preparing the optical unit 10.  Also, performing an image capture 

process to obtain the image 81 of the central measurement chart 32 and the four images 91 

of the four peripheral measurement charts 34, generating a central portion through focus 

graph and a peripheral portion through focus graph, generating curves that represent changes 

in spatial frequency response with respect to the height deviation ΔH between the image 5 

formation plane 65 or 75 of the taking lens 41 and the image capture plane 53 of the image 

sensor 52, and adjusting the height and the tilt of the image capture plane 53, which are all 

performed by the controller 57, serve as the position adjustment step of adjusting the relative 

position of the lens unit 40 and the sensor board 51. 

[0094] 10 

 The position adjustment step is performed with the central measurement chart 32 

being disposed to be tilted with respect to a plane that is perpendicular to the optical axis 31a 

of the central collimator lens 31, and with each of the peripheral measurement charts 34 

being disposed to be tilted with respect to a plane that is perpendicular to the optical axis 33a 

of a corresponding one of the peripheral collimator lenses 33. 15 

[0095] 

 Referring next to FIGs. 17 and 18, a camera module manufacturing apparatus 200 

according to another embodiment will be described.  As illustrated in FIG. 18, the camera 

module manufacturing apparatus 200 according to the illustrated embodiment includes a 

central optical unit 130 which includes a light source 136, a central measurement chart 132, 20 

and a central collimator lens 131 that are attached in a cylindrical case, and four peripheral 

optical units 135 each of which includes a peripheral measurement chart 134 and a peripheral 

collimator lens 133 that are attached in a cylindrical case.  The central optical unit 130 is 

attached to a housing, which is not illustrated, to place the central collimator lens 131 to have 

its optical axis 131a in a vertical direction.  Also, the four peripheral optical units 135 are 25 

each attached to the housing to place the peripheral collimator lens 133 to have its optical 

axis 133a in a direction tilted from the vertical direction such that the optical axes 133a 

intersect each other at a single point 29 that is located on the optical axis 131a of the central 
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collimator lens 131, and such that the central collimator lens 131 and the peripheral 

collimator lenses 133 have focal points 131f and 133f that are located at the single point 29. 

[0096] 

 The robot arm 45, the stage 55, the six-degree-of-freedom actuator 56, and the 

controller 57 have structures that are similar to those of the camera module manufacturing 5 

apparatus 100 described above. 

[0097] 

 The camera module manufacturing apparatus 200 according to the illustrated 

embodiment achieves actions and advantages that are similar to those of the camera module 

manufacturing apparatus 100 described above.  Also, as the camera module manufacturing 10 

apparatus 200 according to the illustrated embodiment is composed of a combination of a 

plurality of peripheral optical units 135 and a central optical unit 130, the number of 

peripheral optical units 135 can be increased or decreased in accordance with required 

accuracy or processing speed.  For example, to seek a reduction in costs, the camera module 

manufacturing apparatus 200 may be composed of a combination of a central optical unit 15 

130 and two peripheral optical units 135, and to seek an increase in accuracy, the camera 

module manufacturing apparatus 200 may be composed of, for example, a combination of a 

central optical unit 130 and eight peripheral optical units 135. 

[0098] 

 In the embodiments described above, the optical axis 31a or 131a of the central 20 

collimator lens 31 or 131 is placed in the vertical direction, but the present invention is not 

limited to these embodiments; the optical axis 31a or 131a of the central collimator lens 31 

or 131 may be placed in a horizontal direction. 

 

REFERENCE SIGNS LIST 25 

[0099] 

10 optical unit 

11 base 
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12, 16 through hole 

13 top surface 

14, 32a, 34a undersurface 

15 recess 

17 peripheral portion 5 

20 center unit 

21 cylindrical portion 

22, 28 hole 

23 slope 

24 cushion member 10 

25 mounting hardware 

26 lens attachment block 

27 upper end surface 

29 single point 

30 central optical system 15 

31, 131 central collimator lens 

31a, 33a, 41a, 131a, 133a optical axis 

31f, 33f, 131f, 133f focal point 

32, 132 central measurement chart 

32e center edge 20 

32f, 34f distal end 

32i, 34i center position 

32n, 34n proximal end 

32s, 34s light shielding portion 

32t, 34t light transmitting portion 25 

34, 134 peripheral measurement chart 

34e1 first edge 

34e2 second edge 
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34e3 third edge 

35 peripheral optical system 

36, 136 light source 

37 cover 

38 arrow 5 

40 lens unit 

41 taking lens 

42 entrance pupil 

45 robot arm 

46 chuck 10 

50 camera module 

51 sensor board 

52 image sensor 

53 image capture plane 

54 output terminal 15 

55 stage 

56 six-degree-of-freedom actuator 

57 controller 

58 CPU 

59 memory 20 

61, 62, 63, 71, 72, 73 optical path 

65, 75 image formation plane 

65f, 75f lower image formation plane 

65i, 75i reference image formation plane 

65n, 75n upper image formation plane 25 

81, 82, 83, 84, 91, 92, 93, 94, 95, 96, 84f, 84i, 84n, 94f, 94i, 94n image 

85, 97 measurement point 

100, 200 camera module manufacturing apparatus 
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110 support 

130 central optical unit 

135 peripheral optical unit 
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CLAIMS 

 

1. A camera module manufacturing apparatus for manufacturing a camera module by 

adjusting a relative position of a lens unit that incorporates a taking lens and a sensor board 5 

to which an image sensor configured to convert an image that is formed by the taking lens 

into an image signal is attached, and for joining together the lens unit and the sensor board 

with the relative position having been adjusted, the camera module manufacturing apparatus 

comprising: 

 an optical unit including a collimator lens and a measurement chart for forming an 10 

image of the measurement chart on the image sensor through the collimator lens and the 

taking lens, 

 wherein the relative position of the lens unit and the sensor board is adjusted based on 

an image signal obtained by converting, using the image sensor, an image of the 

measurement chart that is formed on the image sensor by the optical unit, and 15 

 wherein the measurement chart is disposed to be tilted with respect to a plane that is 

perpendicular to an optical axis of the collimator lens. 

 

2. The camera module manufacturing apparatus according to claim 1, comprising: 

 a sensor board holder configured to hold the sensor board; 20 

 a lens unit holder configured to hold the lens unit, the lens unit holder being disposed 

toward a first side with respect to the sensor board holder; 

 a movement mechanism configured to move one of the lens unit holder and the sensor 

board holder relative to the other or both relative to each other; and 

 a controller configured to adjust the relative position of the lens unit and the sensor 25 

board using the movement mechanism, 

 wherein the optical unit is disposed toward the first side with respect to the lens unit 

holder, 
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 wherein the lens unit holder holds the lens unit at a position where a position of a focal 

point of the collimator lens of the optical unit coincides with a position in an entrance pupil 

of the taking lens of the lens unit, and 

 wherein the collimator lens causes an image of the measurement chart to be formed 

through the entrance pupil of the taking lens on the image sensor of the sensor board that is 5 

held by the sensor board holder. 

 

3. The camera module manufacturing apparatus according to claim 1, 

 wherein the optical unit comprises: 

  a central optical system including a central collimator lens and a central 10 

measurement chart for forming an image of the central measurement chart in a central 

portion of the image sensor through the central collimator lens and the taking lens; and 

  at least two peripheral optical systems each including a peripheral collimator 

lens and a peripheral measurement chart for respectively forming images of the peripheral 

measurement charts in peripheral portions of the image sensor through the peripheral 15 

collimator lenses and the taking lens, 

 wherein the relative position of the lens unit and the sensor board is adjusted based on 

a central image signal obtained by converting, using the image sensor, an image of the central 

measurement chart that is formed in the central portion of the image sensor by the central 

optical system and peripheral image signals obtained by converting, using the image sensor, 20 

images of the peripheral measurement charts that are respectively formed in the peripheral 

portions of the image sensor by the peripheral optical systems, 

 wherein the central measurement chart is disposed to be tilted with respect to a plane 

that is perpendicular to an optical axis of the central collimator lens, and 

 wherein the peripheral measurement charts are each disposed to be tilted with respect 25 

to a plane that is perpendicular to an optical axis of a corresponding one of the peripheral 

collimator lenses. 
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4. The camera module manufacturing apparatus according to claim 3, comprising: 

 a sensor board holder configured to hold the sensor board; 

 a lens unit holder configured to hold the lens unit, the lens unit holder being disposed 

toward a first side with respect to the sensor board holder; 

 a movement mechanism configured to move one of the lens unit holder and the sensor 5 

board holder relative to the other or both relative to each other; and 

 a controller configured to adjust the relative position of the lens unit and the sensor 

board using the movement mechanism, 

 wherein the optical unit is disposed toward the first side with respect to the lens unit 

holder, 10 

 wherein the peripheral collimator lenses are disposed to have the optical axes to be 

tilted with respect to the optical axis of the central collimator lens and such that positions of 

focal points of the peripheral collimator lenses and a position of a focal point of the central 

collimator lens are located at an identical position, 

 wherein the lens unit holder holds the lens unit at a position where the position of the 15 

focal point of the central collimator lens and the positions of the focal points of the peripheral 

collimator lenses coincide with a position in an entrance pupil of the taking lens, 

 wherein the central collimator lens of the central optical system causes an image of 

the central measurement chart to be formed through the entrance pupil of the taking lens in 

the central portion of the image sensor, and 20 

 wherein the peripheral collimator lenses of the peripheral optical systems cause 

images of the peripheral measurement charts to be respectively formed through the entrance 

pupil of the taking lens in the peripheral portions of the image sensor. 

 

5. The camera module manufacturing apparatus according to claim 4, wherein the lens unit 25 

holder holds the lens unit at a position where the taking lens has an optical axis that is coaxial 

with the optical axis of the central collimator lens, and where a center position of the entrance 
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pupil of the taking lens coincides with the position of the focal point of the central collimator 

lens and the positions of the focal points of the peripheral collimator lenses. 

 

6. The camera module manufacturing apparatus according to claim 4 or 5, 

 wherein the optical unit comprises a base that has a flat shape, 5 

 wherein the central collimator lens is attached toward a second side with respect to a 

central portion of the base to have the optical axis to be perpendicular to a surface of the 

base, and 

 wherein the peripheral collimator lenses are attached toward the second side with 

respect to peripheral portions of the base to have the optical axes to be tilted with respect to 10 

the surface of the base and such that the positions of the focal points of the peripheral 

collimator lenses and the position of the focal point of the central collimator lens are located 

at an identical position. 

 

7. The camera module manufacturing apparatus according to claim 6, 15 

 wherein the central measurement chart is disposed toward the first side with respect 

to the central portion of the base to be tilted with respect to the surface of the base, and 

 wherein the peripheral measurement charts are each attached to a corresponding one 

of the peripheral portions of the base to be parallel with the surface of the base. 

 20 

8. The camera module manufacturing apparatus according to claim 7, 

 wherein the central measurement chart has a center edge that passes through the 

optical axis of the central collimator lens and extends in a tilt direction, and 

 wherein each of the peripheral measurement charts has a first edge that passes through 

the optical axis of a corresponding one of the peripheral collimator lenses and extends in a 25 

direction from the central portion of the base toward a corresponding one of the peripheral 

portions of the base and a second edge that extends in a direction that intersects the first edge. 
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9. The camera module manufacturing apparatus according to any one of claims 6 to 8, 

comprising: 

 a cover attached toward the first side with respect to the base for covering the first side 

of the base; and 

 a light source attached toward the first side with respect to the base, 5 

 wherein the central measurement chart and the peripheral measurement charts are each 

composed of a light transmitting portion that transmits light and a light shielding portion that 

blocks light, and 

 wherein an inner surface of the cover reflects light coming from the light source and 

causes the light to be incident upon the central measurement chart and the peripheral 10 

measurement charts. 

 

10. The camera module manufacturing apparatus according to claim 9, wherein the light 

source is shaped like a ring and is disposed to have a central axis that is coaxial with the 

optical axis of the central collimator lens. 15 

 

11. A camera module manufacturing method for manufacturing a camera module by 

adjusting a relative position of a lens unit that incorporates a taking lens and a sensor board 

to which an image sensor configured to convert an image that is formed by the taking lens 

into an image signal is attached, and for joining together the lens unit and the sensor board 20 

with the relative position having been adjusted, the camera module manufacturing method 

comprising: 

 a preparation step of preparing an optical unit including a collimator lens and a 

measurement chart; and 

 a position adjustment step of forming, using the optical unit, an image of the 25 

measurement chart on the image sensor through the collimator lens and the taking lens, and 

adjusting the relative position of the lens unit and the sensor board based on an image signal 
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obtained by converting, using the image sensor, the image of the measurement chart that is 

formed on the image sensor, 

 wherein the position adjustment step is performed with the measurement chart being 

disposed to be tilted with respect to a plane that is perpendicular to an optical axis of the 

collimator lens. 5 

 

12. The camera module manufacturing method according to claim 11, 

 wherein the optical unit comprises: 

  a central optical system including a central collimator lens and a central 

measurement chart for forming an image of the central measurement chart in a central 10 

portion of the image sensor through the central collimator lens and the taking lens; and 

  at least two peripheral optical systems each including a peripheral collimator 

lens and a peripheral measurement chart for respectively forming images of the peripheral 

measurement charts in peripheral portions of the image sensor through the peripheral 

collimator lenses and the taking lens, 15 

 wherein the position adjustment step comprises adjusting the relative position of the 

lens unit and the sensor board based on a central image signal obtained by converting, using 

the image sensor, an image of the central measurement chart that is formed in the central 

portion of the image sensor by the central optical system and peripheral image signals 

obtained by converting, using the image sensor, images of the peripheral measurement charts 20 

that are respectively formed in the peripheral portions of the image sensor by the peripheral 

optical systems, and 

 wherein the position adjustment step is performed with the central measurement chart 

being disposed to be tilted with respect to a plane that is perpendicular to an optical axis of 

the central collimator lens, and with each of the peripheral measurement charts being 25 

disposed to be tilted with respect to a plane that is perpendicular to an optical axis of a 

corresponding one of the peripheral collimator lenses. 

  


