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(54) [Name of Invention] Interchangeable lens digital camera    

(57) [Abstract] 
[Problem to Be Solved] Realize distortion and shading 
correction with high precision by realizing miniaturization 
of the device and resolving the problem of the restriction of 
the amount of correction data and the restriction of time used 
for correction calculation. 
[Means for Solving the Problem] This invention is an 
interchangeable lens digital camera on which an 
interchangeable lens 50 and front converter lens 100 can be 
mounted, that can record data on a recording medium, and 
that, under the control of the BCPU 2, receives ID data from 
at least one of the above-mentioned interchangeable lens 50 
and front converter lens 100, and records the image data 
obtained by a CCD 3 and ID data on a recording medium 6. 
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[Scope of patent claims]  
[Claim 1] An interchangeable lens digital camera that allows 
for the free mounting of an interchangeable lens and 
converter lens and is capable of recording data on a recording 
medium, and is equipped with 
a communicating means for receiving ID data from at least 
one of the aforesaid interchangeable lens and converter lens, 
an image capturing means for capturing an object image and 
obtaining image data; and 
a recording means for recording image data obtained by the 
aforesaid image capturing means and ID data received by the 
aforesaid communicating means from at least one of the 
interchangeable lens and converter lens on the aforesaid 
recording medium. 
[Claim 2] An interchangeable lens digital camera that allows 
for the free mounting of an interchangeable lens and 
converter lens and is capable of recording data on a recording 
medium, and is equipped with 
a communicating means for receiving ID data from at least 
one of the aforesaid interchangeable lens and converter lens, 
an image capturing means for capturing an object image and 
obtaining image data; and 
a recording means for recording the image data obtained by 
the aforesaid image capturing means, ID data received by the 
aforesaid communicating means, and focal length data of the 
aforesaid interchangeable lens from at least one of the 
interchangeable lens and converter lens on the aforesaid 
recording medium. 
[Claim 3] An interchangeable lens digital camera that allows 
for the free mounting of an interchangeable lens and 
converter lens and is capable of recording data on a recording 
medium, and is equipped with 
a communicating means for receiving ID data from at least 
one of the aforesaid interchangeable lens and converter lens, 
an image capturing means for capturing an object image and 
obtaining the image data; and 
a recording means for recording the image data obtained by 
the aforesaid image capturing means, ID data received by the 
aforesaid communicating means, and aperture value data of 
the aforesaid interchangeable lens from at least one of the 
interchangeable lens and the converter lens on the aforesaid 
recording medium. 
[Detailed description of the invention]  
[0001]  
[Technical field to which the invention belongs] This 
invention relates to an interchangeable lens digital camera 
focused on improving the image quality of image data 
obtained by an imaging element or the like. 
[0002]  
[Conventional technology] In general, interchangeable 
lenses have characteristics such as distortion (distortion 
aberration) and shading (peripheral light reduction). The 
aforesaid "distortion" refers to that when a lens is used to 
photograph a grid-shaped object on a plane perpendicular to 
the optical axis as an object, its image is distorted. In addition, 
"shading" refers to that the amount of light decreases and 
becomes darker at the periphery of the image compared to 
the center of the image. 
[0003] Both phenomena can be minimized by designing a 

high-performance interchangeable lens, but the size of the 
camera will increase. Therefore, considering the 
compactness and lightness of the camera, for the aforesaid 
phenomena a compromise must be made to some extent. The 
aforesaid phenomenon is particularly noticeable in wide 
interchangeable lenses. 
[0004] Here, various conventional technologies have been 
disclosed to correct the aforesaid distortion and shading. 
[0005] For example, JPA H2(1990)-123879 discloses a 
technology that has a means to store distortion and shading 
information in an interchangeable lens, sends the aforesaid 
information to the body, corrects the image information 
obtained from the imaging element in the body, and stores 
the corrected high quality image information in memory. 
[0006] Furthermore, JPA H6(1994)-197266 discloses a 
technology that has a means to store shading correction 
coefficients in the interchangeable lens, sends the aforesaid 
information to the body, and corrects the shading using the 
aforesaid stored information in the process of A/D 
conversion of the analog video signal obtained from the 
imaging element in the body. 
[0007] In addition, JPA H6(1994)-250276 and JPA 
H6(1994)-250277 disclose a technology for storing 
photographing information related to the shading and 
distortion of the respective lens on film, reading out image 
data and photographing information from the film after 
photographing, and correcting shading and distortion based 
on the image data and photographing information. 
[0008]  
[Problems to be solved by the invention] However, in the 
aforesaid publicly known examples, it is necessary to pre-
maintain correction values for each interchangeable lens for 
correcting distortion and shading on the interchangeable lens 
side, or to pre-maintain correction values for all 
interchangeable lenses on the camera body side. Therefore, 
the size of the device increased, and furthermore there were 
restrictions on the correction data that could be stored, so 
highly accurate correction was not possible. 
[0009] This invention was made in view of the aforesaid 
problem, and its purpose is to provide an interchangeable 
lens digital camera that realizes miniaturization of the device, 
resolves the problems of restriction of the amount of 
correction data and restriction of the time spent for correction 
calculation, realizes highly accurate distortion and shading 
correction, and can also support the mounting of a converter 
lens. 
[0010]  
[Means for solving the problem] In the 1st aspect of this 
invention to achieve the aforesaid purpose, it provides an 
interchangeable lens digital camera that allows for the free 
mounting of an interchangeable lens and converter lens and 
is capable of recording data on a recording medium, and is 
equipped with a communicating means for receiving ID data 
from at least one of the aforesaid interchangeable lens and  
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converter lens, an image capturing means for capturing an 
object image and obtaining image data, and a recording 
means for recording on the aforesaid recording medium the 
image data obtained by the aforesaid image capturing means 
and ID data received from at least one of the interchangeable 
lens and the converter lens. 
[0011] In the 2nd aspect of this invention to achieve the 
aforesaid purpose, it provides an interchangeable lens digital 
camera that allows for the free mounting of an 
interchangeable lens and converter lens and is capable of 
recording data on a recording medium, is equipped with a 
communicating means for receiving ID data from at least one 
of the aforesaid interchangeable lens and converter lens, an 
image capturing means for capturing an object image and 
obtaining the image data; and a recording means for 
recording on the aforesaid recording medium the data 
obtained by the aforesaid image capturing means, ID data, 
and focal length data received from at least one of the 
interchangeable lens and the converter lens by the aforesaid 
communicating means.  
[0012] In the 3rd aspect of this invention to achieve the 
aforesaid purpose, it provides an interchangeable lens digital 
camera that allows for the free mounting of an 
interchangeable lens and converter lens and is capable of 
recording data on a recording medium, and is equipped with 
a communicating means for receiving ID data from at least 
one of the aforesaid interchangeable lens and converter lens, 
an image capturing means for capturing an object image and 
obtaining the image data; and a recording means for 
recording on the aforesaid recording medium the image data 
obtained by the aforesaid image capturing means, ID data, 
and aperture value data received from at least one of the 
interchangeable lens and the converter lens by the aforesaid 
communicating means.  
[0013] The following actions are achieved according to the 
aforesaid first to third aspects. 
[0014] That is, in the first aspect of this invention, the image 
data obtained by the aforesaid image capturing means and the 
ID data received from at least one of the interchangeable lens 
and the converter lens by the communicating means are 
recorded on the recording medium by the recording means. 
[0015] In the second aspect, the image data obtained by the 
image capturing means, the ID data received from at least 
one of the interchangeable lens and the converter lens by the 
communicating means, and the focal length data of the 
interchangeable lens are recorded on the recording medium. 
[0016] In the third aspect, the image data obtained by the 
image capturing means, the ID data received from at least 
one of the interchangeable lens and the converter lens by the 
communicating means, and the aperture value data of the 
interchangeable lens are recorded on the recording medium. 
[0017]  
[Embodiments of the invention] The embodiments of this 
invention will be explained below with reference to the 
figures. 
[0018] Fig. 1 is a block diagram showing the configuration 
of the electrical circuit of a camera system that applies to an 
interchangeable lens digital camera pertaining to an 
embodiment of this invention. 

[0019] The camera system consists of a digital camera body 
1 (hereinafter referred to as the "camera body") that can 
electrically capture an object image, an interchangeable lens 
50 with zooming function, and a front converter lens 100. 
[0020] First, the internal configuration of camera body 1 is 
described in detail. 
[0021] As shown in Fig. 1, inside the camera body 1, a BCPU 
2 such as a microcomputer that controls the entire camera 
body is provided. This BCPU 2 is electrically connected to 
the CCD driver 4, image processing circuit 5, recording 
circuit 7, AF module 8 that detects the focusing state of the 
photographing lens, 1RSW 9 that turns ON at the first stroke 
of the release, 2RSW 10 which is turned ON at the second 
stroke of the release, and a recording mode switch SW 11 
which switches the recording mode during magnetic 
recording on film. The output of the aforesaid CCD driver 4 
is connected to the input of a charge coupled device (CCD) 
3, and the input of this CCD 3 is connected to the input of the 
recording circuit 7 via the image processing circuit 5. The 
aforesaid CCD 3 is driven and controlled by the CCD driver 
4. The image signal output from CCD 3 is processed by the 
image processing circuit 5, including A/D conversion, color 
conversion, and data compression, before being recorded on 
the recording medium 6 by the recording circuit 7. In 
addition, the aforesaid BCPU 2 can freely communicate with 
the interchangeable lens 50 side via the mount contact 12. 
[0022] Next, the internal configuration of the 
interchangeable lens 50 is described in detail. 
[0023] As shown in Fig. 1, inside the interchangeable lens 50, 
an LCPU 51 such as a microcomputer is provided that 
controls the entire system, and the output of this LCPU 51 is 
connected to the input of the stepping motor 53 via the 
stepping motor control circuit 54. Then, the driving force of 
the stepping motor 53 is transmitted to the aperture 
mechanism 52 via a mechanical mechanism not shown in the 
figure. Furthermore, the output of the aforesaid LCPU 51 is 
connected to the input of the zoom motor 57 via a zoom 
motor control circuit 58. This zoom motor 57 is driven and 
controlled by the zoom motor control circuit 58, and the 
zooming amount is detected by the zoom encoder 59 and 
output to the LCPU 51. The LCPU 51 detects the focal 
distance of the photographing lens based on this zooming 
amount. In addition, the output of the aforesaid LCPU 51 is 
connected to the input of LD motor 60 via the LD motor 
control circuit 61. This LD motor 60 is driven and controlled 
by the LD motor control circuit 61. The amount of movement 
of the aforesaid LD motor 60 is detected by the LD encoder 
62 and output to the LCPU 51. This LCPU51 calculates the 
object distance based on the output value of this LD encoder 
62. In addition, the aforesaid LCPU 51 is electrically 
connected to the TELE SW 55 for operating the zoom lens  
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on the telephoto side (TELE side) and the WIDE SW 56 for 
operating the zoom lens on the wide-angle side (WIDE side). 
Furthermore, it is possible to communicate with the front 
converter lens 100 through the converter contact 63. 
[0024] Next, the internal configuration of the front converter 
lens 100 will be explained. Inside the front converter lens 100, 
an FCCPU 101, which is a microcomputer or the like, is 
provided that controls the entire system. ID data to identify 
the type of front converter lens itself is stored in memory 
inside the FCCPU 101. 
[0025] Next, Fig. 2 shows and explains the overall system 
configuration, including the camera body 200 on which an 
interchangeable lens is mounted, and an external image 
processing device 202. 
[0026] As shown in Fig. 2, inside the image processing 
device 202, a GCPU 203 such as a microcomputer is 
provided that controls the sequence of image processing. 
This GCPU 203 is electrically connected to the image 
memory 206, a data reading device 205, and a floppy disk 
drive 208. The aforesaid data reading device 205 is 
connected to the recording medium loading unit 204 where 
the recording medium 201 taken out from the camera body 
200 is loaded. 
[0027] In such a configuration, when the aforesaid recording 
medium 201 already photographed is loaded into the 
recording medium loading unit 204, its image data and 
correction-related data are read by the data reading device 
205 and temporarily stored in the image memory 206. 
Furthermore, a floppy disk 207 is loaded in the aforesaid 
FDD 208, and correction data for correcting distortion and 
shading for each interchangeable lens is read out. The GCPU 
203 performs the prescribed correction to the image data 
based on the aforesaid correction data and the correction-
related data.  
[0028] Hereinafter, referring to the flow chart in Fig. 3, the 
photographing sequence of the camera system employing the 
interchangeable lens camera pertaining to this embodiment 
will be explained. 
[0029] The BCPU 2 first detects the status of 1RSW 9, and 
when this 1RSW 9 is turned on (step S1), it then detects the 
status of the recording mode switch SW 11 (step S2). Then, 
it communicates with the interchangeable lens 50 and 
receives from the interchangeable lens 50 an ID code that 
identifies the type of interchangeable lens itself and the focal 
length data (step S3). Next, if the aforesaid interchangeable 
lens 50 is equipped with a front converter lens 100, 
communication with the front converter lens 100 is executed 
to receive an ID code to identify the type of front converter 
lens 100 (step S4). Moreover, if a front converter lens 100 is 
not mounted, communication is not possible and the process 
proceeds to the next step S5. 
[0030] Next, the AF module 8 is used to measure the distance 
(step S5), and based on this distance measurement result and 
the focal length data received from the interchangeable lens 

50, the driving amount of the photographing lens inside the 
interchangeable lens 50 is calculated (step S6). Then, the 
interchangeable lens 50 communicates with the 
interchangeable lens 50 again, and sends the driving (LD 
driving) amount of the photographing lens and the driving 
direction of the photographing lens to the interchangeable 
lens 50 (step S7). Moreover, the interchangeable lens 50 
executes LD driving upon receipt of this communication. 
[0031] Next, the BCPU 2 communicates with the 
interchangeable lens 50 and receives information on the stop 
position of the photographing lens (position of the LD 
encoder) from the interchangeable lens 50 (step S8). Then, 
based on the stop position of the photographing lens received 
through this communication, the distance of the object is 
calculated (step S9), light measurement is performed using a 
light measuring element (not shown in the figure) in the 
finder (step S10), and exposure calculation is performed 
based on this light measurement value (step S11).  
[0032] Then, the state of 2RSW 10 is detected, and if this 
2RSW 10 is OFF, the process goes to step S13, and if it is 
ON, the process goes to step S14 (step S12). In step S13, the 
state of 1RSW 9 is detected, and if this 1RSW 9 is ON, the 
process returns to step S12, and if it is OFF, the process 
returns to step S1. On the other hand, if 2RSW 10 is turned 
on (step S12), exposure is executed. Here, the focal plane 
shutter (not shown in the figure) in the camera body 1 and 
the aperture in the interchangeable lens are operated, to 
perform the exposure by the CCD 3 (Step S14). 
[0033] Next, according to the result of monitoring the 
recording mode switching SW 11 (step S2), the BCPU 2 
records image data when the recording mode is normal mode 
(step S16) and records image data and correction-related data 
when the recording mode is image quality improvement 
mode (step S17). 
[0034] Here, Fig. 4 shows an example of the structure of 
various data to be recorded on the recording medium in steps 
S16 and S17 of Fig. 3.  
[0035] In Fig. 4, the code 300 indicates data for one frame. 
Such data 300 is divided into an image data area 301, a 
comment data area 302, and a correction-related data storage 
area 304. Furthermore, the aforesaid comment data area 302 
inherently contains an area 304 for storing the data for the 
year, month, day, hour, and minute (the year, month, and day 
the photograph was taken). In addition, the aforesaid 
correction-related data storage area 304 inherently contains 
an area 305 for storing the ID number of the interchangeable 
lens, an area 306 for storing the ID number of the mounted 
front converter lens 100, an area 307 for storing the focal 
length of the photographing lens data, an area 307 for storing 
the aperture value data of the photographing lens, an area 308 
for storing the aperture value data of the photographing lens 
and an area 309 for storing the object distance data.  
[0036] In the aforesaid area 305, all types of interchangeable 
lenses are indicated with 4-bit data. In the aforesaid area 306,  
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the ID numbers of all types of front converter lenses or the 
fact that no converter is mounted are indicated with 4-bit data. 
In the aforesaid area 307, 2 bytes of data are displayed.  
That is, 0 to 9999 mm in 1 mm increments is indicated as 
below: 
1st byte = 00 to 99 (upper) 
2nd byte = 00 to 99 (lower) 
The details of the 1-byte data in area 308 are as shown in Fig. 
7, and the object distance data in area 309 is 5-bit data, the 
details of which are as shown in Fig. 8.  
[0037] In the recording of image data in step S16 of Fig. 3, 
image data and the year, month, day, hour, and minute data 
are recorded on the image data area 301 and the comment 
data area 302 of the recording medium. Furthermore, in the 
recording of image data and correction-related data in step 

S17, each data is recorded in the image data area 301, 
comment data area 302, and correction-related data area 304.  
[0038] Here, referring to Fig. 13 through Fig. 16, the 
principle of distortion and shading occurrence and the form 
of correction data are briefly explained.  
[0039] First, the correction data for distortion will be 
explained. 
[0040] Fig. 13 shows the distortion of light entering the 
optical system Os at angle θ. On the optical axis at a focal 
length f away from the optical system Os, an image with real 
image height z affected by distortion is formed relative to the 
ideal image height z′. 
[0041] In this case, the magnitude a of the distortion is 
expressed by the following Equation (1). 
[0042] 

a (z z′) /z′×100( )   (1)  
However, z′ f×tan(θ)   (2) 

The aberration of an optical system is generally a function of 
image height. Fig. 14 shows the aberration curve of distortion 
when the actual image height z is on the horizontal axis and 
distortion a is on the vertical axis. 
[0043] Fig. 15 shows the image of a square lattice which was 
distorted. Fig. 15(a), Fig. 15(b), and Fig. 15(c) are referred to 

as barrel, pincushion, and jingasa [ancient Japanese soldier's 
hat] shapes, respectively, where Fig. 14(a) corresponds to Fig. 
15(a), Fig. 14(b) corresponds to Fig. 15(b), and Fig. 14(c) 
corresponds to Fig. 15(c).  
[0044] Here, these aberration curves are expanded as follows.  
[0045] 

a(z) A1 z+A2 z2+A3 z3 

+A4 z4+A5 z5+A6 z6+…  (3) 
If the expansion coefficients A1, A2, A3... of Equation (3) 
are used as distortion correction data, the aberration 
characteristics shown in Fig. 14 can be corrected by 
performing a correction calculation. 
The higher the order of these expansion coefficients, the 
more accurate the correction, but due to the amount of 
correction data and calculation time, this embodiment has 
expansion coefficients A1, A2, A3, A4, and A5 as the 
distortion correction data. 

[0046] Next, the shading correction data will be explained.  
[0047] If the effective luminance on the film surface is b and 
the ideal image luminance is b′, the magnitude of shading, D, 
is expressed by the following Equation (4). 
[0048] 

D (b b′) / b′×100 ( )   (4) 
If shading is a function of image height, the shading curve is 
shown in Fig. 16(a) when the actual image height z is on the 
horizontal axis and shading D is on the vertical axis. In this 
Embodiment, due to the amount of correction data and 
calculation time, shading is limited to 5 points, as shown in 
Fig. 16(a), and is approximated by a shading line consisting 
of a polygonal line connecting the shading data at the 5 points, 
as shown in Fig. 16(b).  
[0049] Fig. 6 shows and explains the structure of the 
correction data stored in FD 207.  
[0050] Moreover, in this FD 207, both distortion correction 
data and shading correction data are stored differently for 
each interchangeable lens. Furthermore, even for the same 
interchangeable lens, since the correction data differs 
between cases where the front converter lens 100 is not 
mounted and cases where it is mounted, the data is inherently 
embedded. 
[0051] In Fig. 6, the code 400 shows all the correction data 
inside the FD 207, and in this correction data 400, correction 

data 401, 410, 420... corresponding to each interchangeable 
lens A, B, C... are inherently embedded.  
[0052] Explaining the correction data corresponding to the 
aforesaid interchangeable lens A in summary, such 
correction data 401 inherently contains correction data 402 
in case of interchangeable lens A with no converter lens 
mounted, correction data 403 in case of interchangeable lens 
A with converter lens A mounted, correction data 404 in case 
if interchangeable lens B is mounted, and distortion 
correction data in case of interchangeable lens A with no 
converter lens mounted. Furthermore, correction data 402 for 
the case where the converter is not mounted contains 
distortion correction data 405 and shading correction data 
406. Such a data structure is basically the same for correction 
data 410 corresponding to interchangeable lens B and 
correction data 420 corresponding to interchangeable lens C. 
[0053] The aforesaid distortion correction data 405 consists 
of two interchangeable tables. In cases where the 
interchangeable lens is a zoom lens, the correction data  
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differs depending on the focal length f and object distance D of 
the lens. In other words, the table in Fig. 9 determines the 
correction data number n according to the lens focal length f and 
object distance D, and the table in Fig. 10 determines the 
correction data A1 to A5 according to the aforesaid determined 
n. 
[0054] The aforesaid shading correction data 406 consists of two 
conversion tables. In cases where the interchangeable lens is a 
zoom lens, the correction data differs depending on the lens 
focal length f, object distance D, and aperture value (F No.). In 
other words, the table in Fig. 11 determines the correction data 
number n according to the lens focal length f and object distance 
D, and the table in Fig. 12 determines the correction data D1 ~ 
D5 according to the aforesaid determined n and aperture value 
(F No.).  
[0055] Referring to the flow chart in Fig. 5 below, the sequence 
in which photographed/developed film is loaded into the image 
processing device and image processing for distortion and 
shading correction is performed will be explained in detail. 
[0056] First, image data and correction-related data are read 
from the recording medium 201, which recorded the images 
already photographed which were loaded in the recording 
medium loading unit 204 of the image processing device 202 by 
the data reading device 205 (step S100). The read image data 
and correction-related data are temporarily stored in the image 
memory 206 (step S101). 
[0057] Next, all the correction data in the FD 207 are read out 
in advance by the FDD 208, and according to the correction data 
and the correction-related data read in the previous step S100, 
the correction data A1 to A5 required for distortion correction 
and the correction data D1 to D required for shading correction 
are determined (step S102). Then, the image data read out in the 
aforesaid step S100 and stored in the image memory 206 and the 
distortion correction data determined in the aforesaid step S102 
are used to correct the distortion (step S103).  
[0058] Next, shading correction is performed on the distortion-
corrected image data stored in the image memory 207 according 
to the shading correction data determined in step S102 (step 
S104), and the corrected image data is stored in the image 
memory 207 (step S105). Moreover, the aforesaid step S104 
performs a coordinate transformation operation as a distortion 
correction operation, and for example, the operation method 
disclosed in JPA H6(1994)-250277 can be adopted.  
[0059] Although the embodiments of this invention have been 
explained above, this invention is not limited thereto, and 
various improvements, etc., are possible without departing from 
the purpose thereof. 
[0060] Moreover, the aforesaid embodiments of this invention 
encompass the following inventions. 

[0061] (1) An interchangeable lens digital camera, which is 
equipped with a communicating means for receiving ID data 
from the interchangeable lens or the converter lens, an imaging 
element for obtaining the image data, and a recording means for 
recording on a recording medium the image data obtained from 
the aforesaid imaging element, the ID data received from the 
interchangeable lens or converter lens by the aforesaid 
communicating means, and the object distance data of an 
interchangeable lens.  
[0062] (2) An interchangeable lens digital camera, which is 
equipped with a correction information generating means for 
generating correction-related information related to the 
correction of photograph quality, an imaging element for 
obtaining the image data, a recording means for recording the 
image data on a recording medium, and a recording mode 
switching means that can switch between a first recording 
mode… a first mode in which the aforesaid correction 
information is not recorded together with the image data, and a 
second mode in which the aforesaid correction information is 
recorded together with the image data. 
[0063] (3) A camera system, which is equipped with an 
interchangeable lens digital camera having a correction 
information generating means for generating correction-related 
information related to shading correction and a recording means 
for recording on a recording medium the correction-related 
information generated by the aforesaid correction information 
generating means together with the image data; an image 
reading device for reading the image data and correction-related 
information from the recording medium which recorded the 
image already photographed; a shading correction data supply 
means for supplying the shading correction data for correcting 
image shading; a correction data selecting means for selecting 
certain data from the correction data supplied by the aforesaid 
correction data supply means according to the correction-related 
information read by the aforesaid data reading device; and an 
image correction device to generate the image data for which the 
shading was corrected according to the image data read by the 
aforesaid image reading device and the correction data selected 
by the aforesaid correction data selecting means. 
[0064] (4) A camera system, which is equipped with an 
interchangeable lens digital camera having a correction 
information generating means for generating correction-related 
information related to distortion correction and a recording 
means for recording on a recording medium the correction-
related information generated by the aforesaid correction 
information generating means together with the image data; an 
image reading device for reading the image data and correction-
related information from the recording medium which recorded 
the image already photographed; a distortion correction data 
supply means for supplying the distortion correction data for 
correcting the image distortion; a correction data selecting 
means for selecting certain data from the correction data 
supplied by the aforesaid correction data supply means 
according to the correction-related information read by the 
aforesaid data reading device; and an image correction device to 
generate the image data for which the distortion was corrected 
according to the image data read by the aforesaid image reading 
device and the correction data selected by the aforesaid 
correction data selecting means. 
[0065] Moreover, the correction-related information generated 
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by the above correction data generating means refers to the 
correction-related information to be generated and does not 
refer to the correction data itself. That is, specifically, it 
refers to ID data of the interchangeable lens, focal length data, 
aperture data, and object distance data, which are stored in 
the camera.
[0066]
[Effect of the invention] As described in detail above, 
according to this invention, it is possible to provide an 
interchangeable lens digital camera that realizes 
miniaturization of the device, resolves the problems of 
restriction of the amount of correction data and the restriction 
of time spent for correction calculation, realizes highly 
accurate distortion and shading correction, and can also 
support the mounting of a converter lens.
[Brief description of the figures]
[Fig. 1] It is a block diagram showing the configuration of 
the electrical circuit of a camera system using an 
interchangeable lens digital camera according to the 
embodiment of this invention.
[Fig. 2] It is a diagram showing the configuration of the entire 
system, including the camera body 200 on which an 
interchangeable lens is mounted, and an external image 
processing device 202.
[Fig. 3] It is a flow chart showing the sequence of image 
capture by the camera system employing the interchangeable 
lens camera pertaining to the embodiment.
[Fig. 4] It is a diagram showing an example of the structure 
of various data to be recorded in the recording medium in 
steps S16 and S17 of Fig. 3.
[Fig. 5] It is a flow chart showing the sequence of image 
processing for distortion and shading correction after loading 
the photographed and developed film into the image 
processing device.
[Fig. 6] It is a diagram showing the structure of the correction 
data stored in the FD 207.
[Fig. 7] It is a diagram showing the details of the aperture 
data of the photographing lens.
[Fig. 8] It is a diagram showing the details of the object 
distance data.
[Fig. 9] It is a diagram showing the distortion correction data 
405 calculation table.
[Fig. 10] It is a diagram showing the distortion correction 
data 405 calculation table.
[Fig. 11] It is a diagram showing the shading correction data 
406 calculation table.
[Fig. 12] It is a diagram showing the shading correction data 
406 calculation table.

[Fig. 9]

D(mm)
f(m) 0.6 ~ 0.8 0.8 ~ 1.5 1.5 ~ 2.5 2.5 ~ 5 5 ~ 

infinite
28 ~ 31 1 2 3 4 5
31 ~ 35 6 7 8 9 10
35 ~ 42 11 12 13 14 15
42 ~ 50 16 17 18 19 20
50 ~ 60 21 22 23 24 25
60 ~ 70 26 27 28 29 30

[Fig. 13] It is a diagram showing the distortion of light 
entering the optical system Os at angle θ.
[Fig. 14] It is a diagram showing the aberration curve of the 
distortion when the actual image height z is on the horizontal 
axis and the distortion a is on the vertical axis.
[Fig. 15] It is a diagram showing the image when the square 
lattice was distorted.
[Fig. 16] It is a diagram showing the characteristics of 
various shading curves.
[Description of the reference numerals] 
1 camera body
2 BCPU
3 CCD
4 CCD driver
5 image processing circuit
6 storage medium 
7 recording circuit 
8 AF module
9 1RSW
10 2RSW
11 recording mode switch SW
12 mount contact
50 interchangeable lens 
51 LCPU
52 aperture mechanism
53 stepping motor
54 stepping motor control circuit 
55 TELE SW
56 WIDE SW
57 zoom motor
58 zoom motor control circuit 
59 zoom encoder
60 LD motor
61 LD motor control circuit 
62 LD encoder
63 converter contact
100 front converter lens 
101 FCCPU

[Fig. 10]

n
Correction data

A1 A2 A3 A4 A5
1 -1.30 -15.00 -2.90 -1.30 0.70
2 -0.80 -12.30 -1.80 -1.10 0.85
|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

30 0.50 5.80 0.60 0.45 0.23
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[Fig. 1] [Fig. 8] 

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Object distance

0 0 0 0 0 0 ~ 0.4 
0 0 0 0 1 0.4 ~ 0.6 
0 0 0 1 0 0.6 ~ 0.8 
0 0 0 1 1 0.8 ~ 1.0 
0 0 1 0 0 1.0 ~ 1.2 
0 0 1 0 1 1.2 ~ 1.5 
0 0 1 1 0 1.5 ~ 2.0 
0 0 1 1 1 2.0 ~ 2.5 
0 1 0 0 0 2.5 ~ 3.0 
0 1 0 0 1 3.0 ~ 4.0 
0 1 0 1 0 4.0 ~ 5.0 
0 1 0 1 1 5.0 ~ 6.0 
0 1 1 0 0 6.0 ~ 7.0 
0 1 1 0 1 7.0 ~ 8.0 
0 1 1 1 0 8.0 ~ 10.0 
0 1 1 1 1 10.0 ~ 15.0 
1 0 0 0 0 15.0 ~ 20.0 
1 0 0 0 1 20.0 ~ 30.0 
1 0 0 1 0 30.0 ~ 

[Fig. 2] [Fig. 13] 

[Fig. 11] 

D(mm) 
f(m) 0.6 ~ 0.8 0.8 ~ 1.5 1.5 ~ 2.5 2.5 ~ 5 5 ~ 

Infinite 

28 ~ 31 1 2 3 4 5 

31 ~ 35 6 7 8 9 10 

35 ~ 42 11 12 13 14 15 

42 ~ 50 16 17 18 19 20 

50 ~ 60 21 22 23 24 25 

60 ~ 70 26 27 28 29 30 

[Fig. 12] 

n F no.
Correction data

D1 D2 D3 114 D5

1

4 ~ 5.6 1.30 5.00 10.60 17.71 25.70
5.6 ~ 8 1.24 4.75 10.07 16.82 24.42
8 ~ 11 1.17 4.50 9.54 15.94 23.13
11 ~ 1.11 4.25 9.01 15.05 21.85

2

4 ~ 5.6 1.27 4.90 10.39 17.36 25.19
5.6 ~ 8 1.22 4.66 9.87 16.48 23.93
8 ~ 11 1.15 4.41 9.35 15.62 22.67
11 ~ 1.09 4.17 8.83 14.75 21.41

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

|
|
|
|

30

4 ~ 5.6 0.65 2.50 5.30 8.86 12.85
5.6 ~ 8 0.62 2.38 5.04 8.41 12.21
8 ~ 11 0.59 2.25 4.77 7.97 11.57

11 ~ 0.56 2.13 4.51 7.53 10.93
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[Fig. 3] 

Power ON 

Recording mode switching SW reading 

Interchangeable lens communication 
(ID data, focal length data input) 

Converter communication (ID data input) 

Distance measurement 

Lens driving amount calculation 

Interchangeable lens communication (LD drive) 

Interchangeable lens communication (lens position 
reception) 

Object distance calculation 

Light measurement 

Exposure calculation 

Exposure 

Recording mode? 
Image quality improvement mode 

Normal mode 

Image data recording Image data recording + correction-
related data recording 
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[Fig. 4] [Fig. 5] 

[Fig. 6] 

[Fig. 14] 

[Fig. 15] 

Start 

End 

Data reading 

Image data recording 

Correction data determination 

Distortion correction 

Shading correction 

Image data recording 

Image data 

Date of year, month, day, hour, minute (5 bytes) 

Interchangeable 
lens 

ID No. 
(4 bits) 

Converter 
ID No. 
(4 bits) 

Focal length data (2 bits) 

Object distance data (1 byte) Aperture data (1 byte) 
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[Fig. 7] 
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[Fig. 16] 

Image 
height  

Image 
height  

Peripheral light 
reduction 

Peripheral light 
reduction 


























