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IMAGE READING APPARATUS AND COMPUTER 
READABLE STORAGE MEDIUM FOR 

CORRECTING IMAGE SIGNAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image reading 
apparatus for optically reading an image and a computer 
readable storage medium Which stores program codes for 
realiZing the function of the image reading apparatus, in 
particular, to the apparatus and storage medium suitable for 
reading of an image of an X-ray ?lm of medical use. 

[0003] 2. Related Background Art 

[0004] Various types of image reading apparatuses have 
been developed recently. Also in the medical ?eld, appara 
tuses have been developed Which detect an image, particu 
larly an image of an X-ray ?lm of medical use and digitaliZe 
it for use such as electronic ?ling, remote diagnosis and 
automatic diagnosis. 

[0005] With such an image reading apparatus, light from 
a light source such as a halogen lamp and a ?uorescent lamp 
is applied to an X-ray ?lm, and light transmitted through the 
X-ray ?lm is received by a solid state image pickup device 
and converted into an electric signal Which is then converted 
into a digital signal to be output to an image processing 
circuit for shading correction and the like. The image pickup 
device may be a CCD line sensor and the like. 

[0006] A CCD line sensor Which is used as the solid state 
image pickup device has a variation in pixel data, called a 
dark output distribution (?xed pattern noises) caused by dark 
current ?uctuation or the like. As a tWo-dimensional image 
is scanned and read With a CCD line sensor, the dark output 
distribution ?xed to respective pixels as different from 
random noises appears on the image as artifacts Which linear 
in the scan direction. Since a medical X-ray ?lm image 
reading apparatus outputs density values, such artifacts 
become conspicuous in a high density area. Therefore, if a 
CCD line sensor is used as the solid state image device, it is 
necessary to check ?xed pattern noises at each pixel and 
correctly compensate for such noises. 

[0007] In a knoW method of compensating for ?xed pat 
tern noises, an output of each pixel of a CCD line sensor 
When a light source is not turned on is stored in a memory 
or the like, and an offset value corresponding to the ?xed 
pattern noises is subtracted from pixel data by a subtractor. 
In order to suppress the in?uence of random noises, an 
output of each pixel picked up Without light may be col 
lected a plurality of times to use an average of the plurality 
outputs as ?xed pattern noise correction data. 

[0008] With this method, hoWever, if random noises are 
mixed With the ?xed pattern noise correction data, an image 
is corrected by using the ?xed pattern noise correction data 
containing random noise components, and these noises 
appear on the image as linear artifacts. 

[0009] If ?xed pattern noises are collected a plurality of 
times and these noises are averaged in order to suppress the 
in?uence of random noises, it takes a long time to collect 
data, memory means capable of storing data of a plurality of 
lines becomes necessary, and the circuit structure becomes 
complicated. 
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SUMMARY OF THE INVENTION 

[0010] The invention has been made to solve the above 
problems and it is an object of the present invention to 
reduce the in?uence of random noises upon ?xed pattern 
noise correction data to thereby prevent artifacts from being 
superposed upon an image and execute a black correction 
process With simple circuits. 

[0011] According to one aspect of the present invention, 
there is provided an image reading apparatus Which com 
prises: image pickup means for optically reading an image 
and converting the read image into an electrical image 
signal; calculating means for calculating correction data in 
accordance With dark output distribution data obtained by 
the image pickup means; and subtracting means for sub 
tracting the correction data from the image signal obtained 
by the image pickup means by reading the image. 

[0012] According to another aspect of the present inven 
tion, there is provided a computer readable storage medium 
storing a program, the program executing: an image pickup 
step of optically reading an image With image pickup means 
and converting the read image into an electrical image 
signal; a calculating step of calculating correction data in 
accordance With dark output distribution data obtained by 
the image pickup means; and a subtracting step of subtract 
ing the correction data from the image signal obtained by the 
image pickup means by reading the image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram shoWing the structure of 
an image reading apparatus according to the invention. 

[0014] FIG. 2 is a block diagram shoWing the structure of 
a dark distribution correction data calculation circuit accord 
ing to a ?rst embodiment of the invention. 

[0015] FIG. 3 is a block diagram shoWing the structure of 
a dark distribution correction data calculation circuit accord 
ing to a second embodiment of the invention. 

[0016] FIG. 4 is a ?oW chart illustrating the processes to 
be executed by the ?rst and second embodiments. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] First, the principle upon Which the present inven 
tion is based Will be described. 

[0018] With recent improvements on manufacture tech 
niques of CCD line sensors, a variation in ?xed pattern 
noises such as dark current ?uctuation is becoming negli 
gibly small. From this reason, in this invention, an average 
value or mode value (most frequently occurring value) of 
dark outputs of all or some pixels of a CCD line sensor or 
a dark output of the CCD line sensor subjected to a spatial 
loW-pass ?ltering process is used for each pixel as correction 
data for ?xed pattern noises such as dark current ?uctuation. 

[0019] Since an average value or mode value (most fre 
quently occurring value) of dark outputs of all or some 
pixels of a CCD sensor or a dark output of the CCD sensor 
subjected to a spatial loW-pass ?ltering process is used as 
correction data for ?xed pattern noises such as dark current 
?uctuation, it is possible to prevent artifacts from appearing 
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on an image by using simple circuits, Which artifacts may be 
caused by random noises superposed upon the correction 
data. 

[0020] Embodiments of the invention Will be described 
With reference to the accompanying draWings. 

[0021] An X-ray ?lm image reading apparatus is used by 
Way of example in the following embodiments. 

[0022] FIG. 1 is a block diagram shoWing the structure of 
a shading correction circuit of an X-ray ?lm image reading 
apparatus according to the ?rst embodiment of the inven 
tion. 

[0023] Referring to the block diagram of FIG. 1, the X-ray 
?lm image reading apparatus has: a light source 1 such as a 
?uorescent lamp and a halogen lamp; an X-ray ?lm 2 from 
Which an image is read; an optical system lens 3, a CCD line 
sensor 4; an ampli?er 5 for amplifying an output of the CCD 
line sensor; an A/D converter 5, a dark distribution correc 
tion circuit 7; a logarithm conversion look-up table 8; a 
bright distribution correction circuit 9; a dark distribution 
correction data calculation circuit 10; a memory 11 for 
storing shading corrected data; a control circuit 12 having a 
CPU and the like; a storage medium 13 Which also consti 
tutes the invention and may be a RAM, a ROM, an HD or 
the like storing programs and the like Which execute the 
processes shoWn in FIG. 4 for running the X-ray ?lm image 
reading apparatus; and a bus line 14 for transfer address, 
data, control signal and the like in this apparatus. 

[0024] The dark distribution correction circuit 7 is consti 
tuted of a subtractor 7a and a dark distribution memory 7b 
having a capacity corresponding to the number of lines of 
the CCD line sensor 4. The bright distribution correction 
circuit 9 is constituted of a subtractor 9a and a bright 
distribution memory 9b having a capacity corresponding to 
the number of lines of the CCD line sensor 4. 

[0025] An output of the CCD line sensor 4 is supplied via 
the ampli?er 5 to the A/D converter 6, and an output of the 
A/D converter 6 is supplied to the dark distribution correc 
tion circuit 7 and dark distribution correction data calcula 
tion circuit 10. An output of the dark distribution correction 
data calculation circuit 10 is supplied to the dark distribution 
memory 7b of the dark distribution correction circuit 7, an 
output of the dark distribution correction circuit 7 is supplied 
via the logarithm conversion look-up table 8 to the bright 
distribution correction circuit 9, and an output of the bright 
distribution correction circuit 9 is stored in the memory 11. 

[0026] Connected via the bus line 14 of this apparatus to 
the control circuit 12 are the dark distribution correction 
calculation circuit 10, dark distribution memory 7b of the 
dark distribution correction circuit, memory 11 and storage 
medium 13. 

[0027] Next, the operation of the apparatus Will be 
described. 

[0028] A shading correction process to be described here 
inunder includes a pre-processing and a main processing. In 
the pre-processing, correction data is collected, calculated, 
and stored in the memory. In the main processing, a subject 
X-ray ?lm is read and corrected in accordance With the data 
stored during the pre-processing. 

[0029] FIG. 4 is a How chart illustrating the shading 
correction process. 
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[0030] The pre-processing includes Steps S31 to S39 
shoWn in FIG. 4, and the main processing includes Steps 
S21 to S28. 

[0031] At Step S31, an unrepresented turn-on control 
circuit turns off the light source 1. 

[0032] At Step S32, A/D converted output data of the CCD 
line sensor 4 is acquired. 

[0033] At Step S33, in accordance With the data acquired 
at Step S32, dark distribution correction data such as an 
average value, a mode value and a value obtained through 
spatial loW-pass ?ltering is calculated. 

[0034] At Step S34, the calculation result at Step S33 is 
stored as dark distribution correction data. 

[0035] At Step S35, the unrepresented turn-on control 
circuit turns on the light source 1. 

[0036] At Step S36, A/D converted output data of the CCD 
line sensor 4 is acquired. 

[0037] At Step S37, the data stored at Step S34 is sub 
tracted from the data acquired at Step S36. 

[0038] At Step S38, the data obtained at Step S37 is 
logarithmically converted. 

[0039] At Step S39, the data logarithmically converted at 
Step S38 is stored as bright distribution correction data. 

[0040] The pre-processing is thus completed. 

[0041] At Step S21, the light source 1 is turned-on by a 
turn-on control circuit (not shoWn). 

[0042] At Step S22, transport of an X-ray ?lm is stared by 
transport means (not shoWn). 

[0043] At Step S23, A/D converted output data of the CCD 
line sensor 4 is acquired. 

[0044] At Step S24, the data stored at Step S34 is sub 
tracted from the data acquired at Step S23. 

[0045] At Step S25, the data acquired at Step S24 is 
logarithmically converted. 

[0046] At Step S26, the data logarithmically converted at 
Step S25 is subtracted from the data stored at Step S39. 

[0047] At Step S27, the data acquired at Step S26 is stored. 

[0048] At Step S28 it is judged Whether the ?lm transport 
is completed, and if not, Steps S23 to S27 are repeated until 
the ?lm transport is completed, to thereby obtain one image. 

[0049] With the above operations, an X-ray ?lm image can 
be obtained. 

[0050] First, the pre-processing performed before an 
X-ray ?lm is read Will be described in some detail. 

[0051] First, the turn-on control circuit (not shoWn) turns 
off the light source 1. Since the light source 1 is turned off, 
the CCD line sensor 4 outputs a dark voltage. The dark 
voltage output from the CCD line sensor 4 is ampli?ed by 
the ampli?er 5. Noises in the dark voltage of the CCD line 
sensor 4 are reduced by a noise reduction circuit (CDS, not 
shoWn) and thereafter, an output of the noise reduction 
circuit is supplied to the A/D converter 6. The dark voltage 
is converted by the A/D converter 6 into n-bit digital data Bi 
(1 éiép, p is the number of pixels of one line) and supplied 
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to the dark distribution correction circuit 7 and dark distri 
bution correction data calculation circuit 10. 

[0052] FIG. 2 is a block diagram showing the structure of 
the dark distribution correction data calculation circuit 10. 

[0053] The dark distribution correction data calculation 
circuit 10 has an adder 10a, a register 10b for storing an 
addition result, and a bit shifter 10c for dividing an output 
of the register 10b. 

[0054] Next, the operation of the dark distribution correc 
tion data calculation circuit 10 Will be described. 

[0055] The register 10b for storing an addition result is 
reset by the control circuit 12 immediately before dark 
distribution data is collected. The adder 10a adds an output 
of the register 10b to the dark distribution voltage of the ?rst 
piXel of the CCD line sensor 4 converted into a digital value 
by the A/D converter 6, the addition result being stored in the 
register 10b. The addition result stored in the register 10b is 
fed back and added to the neXt output of the A/D converter 
6, the addition result being again stored in the register 10b. 

[0056] This operation is repeated by 2k times and there 
after, the output of the register 10b is shifted by k bits by the 
bit shifter 10c. Namely, the dark distribution correction 
calculation circuit 10 eXecutes a calculation given by the 
folloWing equation (1): 

[0057] Where 2k§p (p: the number of piXels of one line). 
The dark distribution correction data B is calculated in the 
above manner. 

[0058] The dark distribution correction data B may use 
line data Which is acquired under the conditions that the dark 
distribution correction data is 0, that the logarithm conver 
sion look-up table 8 is linear, and that the bright distribution 
correction calculation is not performed, and is averaged by 
the control circuit 12 over a plurality of piXels in one line, 
e.g., 2 to 500 pixels. In this case, data is not necessary to be 
collected from a plurality of lines. 

[0059] More speci?cally, the dark distribution correction 
data B is calculated by the folloWing equation (2): 

[0060] Where 2; N>p (N: the number of calculation points 
for calculating the average value). Although the calculation 
point starts from the ?rst piXel, the above calculation may be 
executed by using N piXels around the center piXel of the 
CCD line sensor. 

[0061] Although the average value is used for the dark 
distribution correction data, the correction data is not limited 
only to the average value. For eXample, if the distribution of 
noises is not symmetrical, the average value may not rep 
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resent the real dark distribution level. In such a case, not the 
average value but a mode value of distribution is used. 

[0062] If the dark output is limited to 0 level, the mode 
value may take 0 level in some case. In this case, the mode 
value different from 0 level may be used. 

[0063] The dark distribution correction data B calculated 
as above is stored in the dark distribution memory 7b as the 
correction data Bi‘=B (1 éiép) for the i-th piXel. 

[0064] The same value is subtracted from each piXel. 
Therefore, the dark distribution memory 7b is structured not 
as a one-line memory but as a one-piXel register, and the 
dark distribution correction circuit 7 may be structured to 
alWays subtract each piXel value by a value in the one-pixel 
register. 

[0065] NeXt, the turn-on control circuit (not shoWn) turns 
on the light source 1 Without setting the X-ray ?lm 2. Since 
the light source 1 is turned on, the CCD line sensor 4 outputs 
a bright distribution voltage. The bright distribution voltage 
output from the CCD line sensor 4 is ampli?ed by the 
ampli?er 5. Noises in the bright distribution voltage of the 
CCD line sensor 4 are reduced by the noise reduction circuit 
(CDS, not shoWn) and thereafter, an output of the noise 
reduction circuit is supplied to the A/D converter 6. This 
voltage is converted by the A/D converter 6 into n-bit digital 
data Li (1 éizp, p is the number of piXels of one line). 

[0066] The dark distribution correction circuit 7 performs 
dark distribution correction by using the stored dark distri 
bution correction data Bi‘ and outputs Li—Bi‘ (1 éiép). This 
output is supplied to the logarithm look-up table 8 of an n-bit 
input-to-n-bit output type. By acquiring the output of the 
logarithm look-up table 8 Without bright distribution cor 
rection calculation, bright distribution correction data Li‘ 
subjected to the dark distribution correction and logarithmic 
conversion can be obtained as: 

[0067] Where léiép and A=(2n—l)/loglo(2n). This bright 
distribution correction data L‘ is stored in the bright distri 
bution memory 9b. 

[0068] The pre-processing is completed by the above 
processes. 

[0069] NeXt, the main processing of reading an X-ray ?lm 
Will be described. 

[0070] The turn-on control circuit (not shoWn) turns on the 
light source 1. Light from the light source 1 is transmitted 
through the X-ray ?lm 2, converged by the optical lens 3, 
and focussed upon the CCD line sensor 4. 

[0071] The X-ray ?lm 2 is sequentially transported in a 
direction indicated by an arroW by transport means (not 
shoWn). The CCD line sensor 4 receives a one-dimensional 
image perpendicular to the transport direction so that the 
X-ray ?lm 2 is scanned by the CCD line sensor 4 and all 
piXel data are read. 

[0072] Light received by the CCD line sensor 4 is photo 
electrically converted and output as a voltage value of each 
piXel. This output is ampli?ed by the ampli?er 5. Noises of 
the output signal are reduced by the noise reduction circuit 
(not shoWn) and thereafter, the output of the noise reduction 
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circuit is supplied to the A/D converter 6 Which converts it 
into n-bit digital data Di (1 éiép, p is the number of pixels 
of one line). 

[0073] The subtractor 7a of the dark distribution correc 
tion circuit 7 subtracts the dark distribution correction data 
Bi‘ calculated by the pre-processing from the output data of 
each pixel of the CCD line sensor. An output of the dark 
distribution correction circuit 7 is given by: 

[0074] This output is supplied to the logarithm conversion 
look-up table 8 for division calculation. An output of the 
logarithm conversion look-up table 8 of the n-bit input-to 
n-bit output type is given by: 

[0076] The subtractor 9a of the bright distribution correc 
tion circuit 9 subtracts the output Yi of the logarithm 
conversion look-up table 8 from the output data of each pixel 
or bright distribution correction data Li collected at the 
pre-processing. This subtraction by the subtractor 9a corre 
sponds to division Which readily calculates a transmission 
factor of the X-ray ?lm. This logarithmic output of the 
subtractor 9a is a density value Zi given by: 

Z.=L.’-Y.<1§i§p> 

[0077] The density value Zi is stored in the memory 11. 

[0078] The shading correction process is performed in the 
above manner While an X-ray ?lm is read. In this embodi 
ment, although a line sensor is used, an area sensor may also 
be used by performing similar processes described above, if 
a variation in the dark output distribution is small. 

[0079] With this embodiment, an average value of dark 
output distribution data is calculated to obtain the black 
correction data. It is possible to prevent artifacts from being 
generated by random noises superposed upon the black 
correction data, and to simplify circuits. 

[0080] This embodiment assumes that variation in ?xed 
pattern noises to be caused by dark current ?uctuation or the 
like is negligibly small. If a pixel has a random noise level 
such that absolute value of difference betWeen that random 
noise level and a reference random noise level does not enter 
a range predetermined by the random noise characteristics 
anticipated from the physical characteristics of a solid state 
image pickup device and its peripheral circuit or by the 
random noise characteristics actually measured, then the 
black correction of such the pixel may be performed by 
using the dark output value of that pixel in place of the 
reference random noise level. 

[0081] More speci?cally, it is assumed that the reference 
random noise level is B and the random noise characteristics 
anticipated from the physical characteristics of a solid state 
image pickup device and its peripheral circuit or random 
noise characteristics actually measured are represented by a 
standard deviation ON. In this case, if a pixel has a random 
noise level not entering the range of B+/—koN, then the black 
correction for this pixel is performed by using the dark 
output value Bi of this pixel in place of the reference random 
noise value B. 

[0082] Next, the second embodiment of the invention Will 
be described. 
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[0083] A CCD line sensor is generally ?xedly mounted on 
an optical system. Since a heat dissipation ef?ciency at the 
contact portion betWeen the ?xedly mounted portion of the 
CCD line sensor and the optical system is different from that 
at the other portions, a temperature distribution of the CCD 
line sensor becomes uneven. Since a variation in the dark 
current depends on temperature, the ?xed value for dark 
distribution correction described above may not correct the 
dark current over the Whole area of the CCD line sensor. 

[0084] Achange in the dark output distribution, caused by 
the uneven temperature distribution, is generally gentle 
relative a CCD line sensor. Therefore, in order to correct a 
change in the dark output distribution, collected ?xed pat 
tern noises are subjected to a spatial loW-pass ?ltering 
process to remove and correct random noises. 

[0085] In the second embodiment, a shading correction 
circuit capable of correcting a variation in the temperature 
distribution Will be described. 

[0086] The structure of the second embodiment is similar 
to that shoWn in FIG. 1, except that a dark distribution 
correction data calculation circuit 10 takes the structure 
shoWn in FIG. 3. 

[0087] First, the pre-processing to be performed before an 
X-ray ?lm is read Will be described. 

[0088] First, the turn-on control circuit (not shoWn) turns 
off the light source 1. Since the light source 1 is turned off, 
the CCD line sensor 4 outputs a dark distribution output 
voltage. The dark voltage output voltage from the CCD line 
sensor 4 is ampli?ed by the ampli?er 5. Noises in the dark 
voltage of the CCD line sensor 4 are reduced by the noise 
reduction circuit (CDS, not shoWn) and thereafter, an output 
of the noise reduction circuit is supplied to the A/D converter 
6. The dark voltage is converted by the A/D converter 6 into 
n-bit digital data Bi (1 éiép, p is the number of pixels of one 
line). 
[0089] FIG. 3 is a block diagram shoWing the structure of 
the dark distribution correction data calculation circuit 10. 

[0090] The dark distribution correction data calculation 
circuit 10 has an adder 10a, a register 10b for storing an 
addition result, a bit shifter 10c for dividing an output of the 
register 10b, a subtractor 10d, and sixteen shift registers 
SR1, SR2, . . . , SR16. 

[0091] Next, the operation of the dark distribution correc 
tion data calculation circuit 10 Will be described. 

[0092] The register 10b for storing an addition result and 
the shift registers SR1, SR2, . . . , SR16 are reset by the 
control circuit 12 immediately before dark distribution data 
is collected. Outputs from the CCD line sensor 4 converted 
into digital values by the A/D converters are sequentially 
input to the register, starting from the ?rst pixel. The adder 
10a adds an output of the register 10b to the dark distribution 
voltage of the ?rst pixel of the CCD line sensor 4 converted 
into the digital value by the A/D converter 6. The subtractor 
10d subtracts the output of the shift register SR16 from an 
output of the adder 10a, the subtraction result being stored 
in the register 10b. The subtraction result stored in the 
register 10b is fed back and added to the next output of the 
A/D converter 6, and subtracted by an output of the shift 
register SR16, the subtraction result being again stored in the 
register 10b. 
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[0093] This operation is repeated by 16 times and there 
after, the output of the register 10b is shifted by four bits by 
the bit shifter 10c. Correction data Bi‘ for the ?rst pixel is 
therefore stored in the dark correction memory 7b. 

[0094] The above operations are repeated to sequentially 
store the correction data of each piXel in the dark distribution 
correction memory 7b. Namely, the dark distribution cor 
rection calculation circuit 10 eXecutes a calculation given by 
the folloWing equation (4): 

l6 (4) 

B; = (1/16)Z Diw 
F1 

[0095] Where 1§i§p—16. The dark distribution moving 
average output Bi‘ is stored in the memory 7b. Although 
siXteen shift registers are used, the number of shift registers 
may be increased to 32, 64, . . . , With the number of bits to 

be shifted by the shift register 10c being changed corre 
spondingly, to thereby suppress the in?uence of random 
noises. Alternatively, the number of shift registers may be 
decreased to simplify the circuit structure. 

[0096] The dark distribution correction data Bi‘ may use 
line data Which is acquired under the conditions that the dark 
distribution correction data is 0, that the logarithm conver 
sion look-up table 8 is linear, and that the bright distribution 
correction calculation is not performed, and is subjected to 
a moving averaging process given by the folloWing equation 
(5) by the control circuit. In this case, data is not necessary 
to be collected from a plurality of lines. The dark distribution 
correction data Bi‘ is given by: 

1:1 

[0097] Where m is the number of moving averaging points. 
Although the moving averaging process is used as the spatial 
loW-pass ?ltering, other processes may also be used Which 
alloW the spatial loW-pass ?ltering. 

[0098] The bright distribution data collection process and 
the main processing of the second embodiment are similar to 
those of the ?rst embodiment. 

[0099] In the second embodiment, the collected dark out 
put distribution data subjected to the spatial loW-pass ?lter 
ing is used as the dark distribution correction data. There 
fore, Without collecting dark distribution data of a plurality 
of lines, artifacts to be caused by random noises superposed 
upon the dark distribution correction data can be prevented 
from being generated, and a change in the dark output 
distribution data, caused by an uneven temperature distri 
bution, can be corrected. 

[0100] The present invention can be achieved also by 
supplying another system or apparatus With the storage 
medium 13 storing program codes achieving the function of 
the invention, and by making a computer of the system or 
apparatus read and eXecute the program codes stored in the 
storage medium 13. 
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[0101] As described above, according to the embodiments 
of the invention, it is possible to prevent artifacts from being 
generated by random noises superposed upon the ?Xed 
pattern noise correction data, and to simplify circuits. 

[0102] Instead of the correction data, a dark output distri 
bution value of a piXel having a particular random noise 
level may be used for data subtraction. Accordingly, it is 
possible to effectively correct a variation in ?Xed pattern 
noises such as dark current ?uctuation of a CCD line sensor. 

[0103] Collected dark output distribution data subjected to 
spatial loW-pass ?ltering may be used as the correction data. 
Accordingly, Without collecting dark distribution data of a 
plurality of lines, artifacts to be caused by random noises 
superposed upon the dark distribution correction data can be 
prevented from being generated, and a change in the dark 
output distribution, caused by an uneven temperature dis 
tribution, can be corrected. 

[0104] Many Widely different embodiments of the present 
invention may be constructed Without departing from the 
spirit and scope of the present invention. It should be 
understood that the present invention is not limited to the 
speci?c embodiments described in the speci?cation, eXcept 
as de?ned in the appended claims. 

What is claimed is: 
1. An image reading apparatus comprising: 

image pickup means for optically reading an image and 
converting the read image into an electrical image 
signal; 

calculating means for calculating correction data in accor 
dance With dark output distribution data obtained by 
said image pickup means; and 

subtracting means for subtracting the correction data from 
the image signal obtained by said image pickup means 
by reading the image. 

2. An image reading apparatus according to claim 1, 
Wherein said calculating means calculates an average value 
of the dark output distribution data of all or some piXels and 
uses the average value as the correction data. 

3. An image reading apparatus according to claim 1, 
Wherein said calculating means calculates a statistical mode 
value of the dark output distribution data of all or some 
piXels and uses the mode value as the correction data. 

4. An image reading apparatus according to claim 1, 
Wherein said calculating means calculates, if the dark output 
distribution data is limited to a predetermined level, a mode 
value having a level different from the predetermined level. 

5. An image reading apparatus according to claim 1, 
Wherein said subtracting means does not subtract the cor 
rection data from the image signal for a speci?c piXel, but 
subtracts a piXel value of the speci?c piXel from the image 
signal. 

6. An image reading apparatus according to claim 5, 
Wherein the speci?c piXel is a piXel having a random noise 
level such that an absolute value of an output of said 
subtracting means does not enter a range relative predeter 
mined by the random noises anticipated from the physical 
characteristics of said image pickup means and peripheral 
circuits or by adding a standard deviation multiplied by k (k 
being an integer) of the random noises actually measured. 
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7. An image reading apparatus according to claim 1, 
wherein said calculating means uses the dark output distri 
bution data subjected to a spatial loW-pass ?ltering process 
as the correction data. 

8. An image reading apparatus according to claim 7, 
Wherein the spatial loW-pass ?ltering process is a moving 
averaging process. 

9. An image reading apparatus according to claim 1, 
Wherein the dark distribution output data is obtained by a 
single data acquisition operation. 

10. An image reading apparatus according to claim 1, 
Wherein said image pickup means includes a line sensor 
using solid state image pickup elements. 

11. A computer readable storage medium storing a pro 
gram, the program executing: 

an image pickup step of optically reading an image With 
image pickup means and converting the read image into 
an electrical image signal; 

a calculating step of calculating correction data in accor 
dance With dark output distribution data obtained by the 
image pickup means; and 

a subtracting step of subtracting the correction data from 
the image signal obtained by the image pickup means 
by reading the image. 

12. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein said calculating step 
calculates an average value of the dark output distribution 
data of all or some piXels and uses the average value as the 
correction data. 

13. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein said calculating step 
calculates a statistical mode value of the dark output distri 
bution data of all or some piXels and uses the mode value as 
the correction data. 
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14. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein said calculating step 
calculates, if the dark output distribution data is limited to a 
predetermined level, a mode value having a level different 
from the predetermined level. 

15. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein said subtracting step 
does not subtract the correction data from the image signal 
for a speci?c piXel, but subtracts a piXel value of the speci?c 
piXel from the image signal. 

16. A computer readable storage medium storing a pro 
gram according to claim 15, Wherein the speci?c piXel is a 
piXel having a random noise level such that an absolute 
value of an output of said subtracting step does not enter a 
range predetermined by the random noises anticipated from 
the physical characteristics of the image pickup means and 
peripheral circuits or by adding a standard deviation multi 
plied by k (k being an integer) of the random noises actually 
measured. 

17. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein said calculating step 
calculates, uses output distribution data subjected to a spatial 
loW-pass ?ltering process as the correction data. 

18. A computer readable storage medium storing a pro 
gram according to claim 17, Wherein the spatial loW-pass 
?ltering process is a moving averaging process. 

19. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein the dark distribution 
output data is obtained by a single data acquisition opera 
tion. 

20. A computer readable storage medium storing a pro 
gram according to claim 11, Wherein the image pickup 
means includes a line sensor using solid state image pickup 
elements. 


