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(57) ABSTRACT 

If photographing conditions Such as the ISO Speed or shutter 
Speed or environmental conditions Such as the ambient 
temperature require no dark image data during photography, 
an AF operation and AE operation are performed when a 
Shutter Switch SW1 is pressed, and photography is per 
formed when a shutter Switch SW2 is pressed after that, 
without performing any dark loading, in both Single shot 
photography and continuous photography. In development, 
horizontal dark Shading correction is performed using one 
dimensional correction data. This one-dimensional correc 
tion data of one horizontal line for use in the horizontal dark 
Shading correction is formed by performing a projective 
arithmetic operation for an image which is obtained by dark 
photography and Stored in a nonvolatile memory 56 in a 
production process. 
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IMAGE SENSINGAPPARATUS, IMAGE SENSING 
METHOD, PROGRAM, AND STORAGE MEDIUM 

FIELD OF THE INVENTION 

0001. The present invention relates to an image sensing 
apparatus, image Sensing method, program, and Storage 
medium for Sensing, recording, and playing back Still 
images, motion images, and the like. 

BACKGROUND OF THE INVENTION 

0002. As an image Sensing apparatus of this type, an 
image Sensing apparatuS Such as a digital camera which uses 
a memory card having a Solid-State memory device as a 
recording medium and records and plays back Still images 
and motion imageS Sensed by a Solid-State image Sensor Such 
as a CCD or CMOS has been conventionally put on the 
market. 

0003. By selecting a photography mode of this digital 
camera, it is possible to Switch Single shot photography by 
which photography is performed frame by frame whenever 
a shutter button is pressed, and continuous photography by 
which photography is continuously performed while the 
Shutter button is kept pressed. 
0004. Also, when image sensing is performed by using a 
solid-state image sensor such as a CCD or CMOS, dark 
noise correction can be performed by an arithmetic opera 
tion by using dark image data which is read out after electric 
charge is Stored in the same manner as in regular photog 
raphy while the image Sensor is not exposed, and regular 
photography image data which is read out after electric 
charge is Stored while the image Sensor is exposed. 
0005. By this dark noise correction, a high-quality image 
can be obtained by correcting image quality deterioration, 
Such as dark current noise produced in the image Sensor or 
pixel loSS caused by a very Small flaw unique to the image 
Sensor, of photographed image data. 
0006 Since dark current noise increases in accordance 
with the charge Storage time and the temperature rise of the 
image Sensor, a large image quality improving effect can be 
obtained especially when exposure is performed for a long 
time or at a high temperature. Therefore, this dark noise 
correction is a useful function for the user of a digital 
Caca. 

0007 When regular photography is performed after dark 
image data is photographed by the conventional image 
Sensing apparatuS Such as a digital camera described above, 
photographing frame intervals can be made equal during 
continuous photography. However, during Single shot pho 
tography, a shutter release time lag increases by the dark 
image photographing time, So the user may miss a precious 
Shutter chance. 

0008. On the other hand, when dark image data is pho 
tographed after regular photography is performed, a shutter 
release time lag can be decreased during Single shot pho 
tography. However, during continuous photography, the 
photographing interval between the first and Second frames 
increases, So the photographing frame intervals cannot be 
made equal. 
0009. In addition, photographing conditions and environ 
mental conditions for long-time exposure or high-tempera 
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ture exposure are not taken into consideration at all. That is, 
circuit System noise exists in addition to image quality 
deterioration Such as dark current noise produced in the 
image Sensor or pixel loSS caused by a very Small flaw 
unique to the image Sensor. This circuit System noise is not 
taken into consideration at all. The circuit System noise is 
fixed-pattern noise which is dark offset produced by, e.g., 
Voltage fluctuations caused by the resistance component of 
a power line in the Sensor or Sensor variations. 

SUMMARY OF THE INVENTION 

0010 AS an image Sensing apparatus capable of prevent 
ing image quality deterioration while minimizing the num 
ber of times of dark image photography which causes a 
Shutter release time lag, the present invention is an image 
Sensing apparatus for recording a photographed image on a 
recording medium comprising image Sensing means capable 
of image Sensing in a first image Sensing mode in which first 
image data is obtained by performing image Sensing in a 
non-exposed State, and a Second image Sensing mode in 
which Second image data is obtained by performing image 
Sensing in an exposed State, correction data Storage means 
for Storing correction data for correcting the Second image 
data obtained in the Second image Sensing mode which is 
obtained by an arithmetic operation on the basis of the first 
image data, Selecting means for Selecting one of the first 
image data obtained in the first image Sensing mode and the 
Stored correction data, and correcting means for correcting 
the Second image data obtained in the Second image Sensing 
mode by using the Selected first image data or correction 
data. 

0011. An image sensing method of the present invention 
is an image Sensing method of recording a photographed 
image on a recording medium comprising a first image 
Sensing Step of obtaining first image data by performing 
image Sensing in a non-exposed State, a Second image 
Sensing Step of obtaining Second image data by performing 
image Sensing in an exposed State, a correction data Storage 
Step of Storing correction data for correcting the Second 
image data which is obtained by an arithmetic operation on 
the basis of the first image data, a Selection Step of Selecting 
one of the obtained first image data and the Stored correction 
data, and a correction Step of correcting the obtained Second 
image data by using the Selected first image data or correc 
tion data. 

0012. Other features and advantages of the present inven 
tion will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
embodiments of the invention and, together with the 
description, Serve to explain the principles of the invention. 
0014 FIG. 1 is a block diagram showing the arrange 
ment of a digital camera according to an embodiment; 
0015 FIG. 2 is a view showing mixing of fixed-pattern 
noise in the horizontal and Vertical directions, 
0016 FIG. 3 is a flow chart showing the photographing 
operation procedure of an image processor 100; 
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0017 FIG. 4 is a flow chart continued from FIG. 3 to 
show the photographing operation procedure of the image 
processor 100; 
0018 FIG. 5 is a flow chart continued from FIGS. 3 and 
4 to show the photographing operation procedure of the 
image processor 100; 
0.019 FIG. 6 is a view showing original image correction 
performed by black data subtraction or horizontal dark 
Shading correction; 
0020 FIG. 7 is a flow chart showing a focusing/photom 
etry procedure in step S114; 
0021 FIG. 8 is a flow chart showing a photographing 
procedure in step S128; 
0022 FIG. 9 is a flow chart continued to FIG. 8 to show 
the photographing procedure in Step S128; 
0023 FIG. 10 is a flow chart showing a dark loading 
procedure in steps S121 and S131; 
0024 FIGS. 11A and 11B are views showing the flow of 
the photographing operation of this embodiment; and 
0.025 FIG. 12 is a view showing original image correc 
tion using one-dimensional data in both the Vertical and 
horizontal directions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0026 Preferred embodiments of the present invention 
will now be described in detail in accordance with the 
accompanying drawings. 
0027. An image sensing apparatus, image Sensing 
method, program, and Storage medium according to an 
embodiment of the present invention will be explained with 
reference to the accompanying drawings. The image Sensing 
apparatus of this embodiment is applied to a digital camera. 
0028 FIG. 1 is a block diagram showing the arrange 
ment of the digital camera according to the embodiment. In 
FIG. 1, reference numeral 100 denotes an image processor; 
12, a shutter having a Stop function of controlling the 
exposure amount of an image Sensor 14, and 14, the image 
Sensor which converts an optical image into an electrical 
Signal. 

0029 Light entering a photographing lens 310 in a lens 
unit 300 forms an optical image on the image sensor 14 
through a stop 312, lens mounts 306 and 106, a mirror 130, 
and the shutter 12 by the Single-lens refleX System. 
0.030. An A/D converter 16 converts an output analog 
Signal from the image Sensor 14 into a digital signal. A 
timing generator 18 Supplies clock signals and control 
Signals to the image Sensor 14, the A/D converter 16, and a 
D/A converter 26. The timing generator 18 is controlled by 
a memory control circuit 22 and system control circuit 50. 
0.031) An image processing circuit 20 performs predeter 
mined pixel interpolation or color conversion for data from 
the A/D converter 16 or data from the memory control 
circuit 22. The image processing circuit 20 performs a 
predetermined arithmetic operation by using Sensed image 
data as needed. On the basis of the obtained operation result, 
the system control circuit 50 performs a TTL (Through-The 
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Lens) AF (Auto-Focusing) process, AE (Automatic Expo 
Sure) process, and EF (Electronic Flash light control) pro 
cess to control an exposure (shutter) controller 40 and 
focusing controller 342. Also, the image processing circuit 
20 performs a predetermined arithmetic operation by using 
Sensed image data and, on the basis of the obtained operation 
result, performs TTL AWB (Automatic White Balance) 
processing. 

0032. This embodiment includes the focusing controller 
342 and a photometry controller 46 as dedicated units. 
Therefore, the system control circuit 50 can perform the AF 
(Auto-Focusing) process, AE (Automatic Exposure) pro 
cess, and EF (Electronic Flash light control) process by 
using the focusing controller 42 and photometry controller 
46, but need not perform the AF (Auto-Focusing) process, 
AE (Automatic Exposure) process, and EF (Electronic Flash 
light control) process by using the image processing circuit 
2O. 

0033 Alternatively, the system control circuit 50 can 
perform the AF (Auto-Focusing) process, AE (Automatic 
Exposure) process, and EF (Electronic Flash light control) 
process by using the focusing controller 42 and photometry 
controller 46, and can also perform the AF (Auto-Focusing) 
process, AE (Automatic Exposure) process, and EF (Elec 
tronic Flash light control) process by using the image 
processing circuit 20. 

0034. The memory control circuit 22 controls the A/D 
converter 16, the timing generator 18, the image processing 
circuit 20, an image display memory 24, the D/A converter 
26, a memory 30, and a compression/expansion circuit 32. 

0035) Data from the A/D converter 16 is written in the 
image display memory 24 or memory 30 via the image 
processing circuit 20 and memory control circuit 22 or via 
the memory control circuit 22 alone. 

0036 Reference numeral 24 denotes the image display 
memory; 26, the D/A converter; and 28, an image display 
which is a TFT LCD. Display image data written in the 
image display memory 24 is displayed on the image display 
28 via the D/A converter 26. When sensed image data is 
Sequentially displayed on the image display 28, a digital 
finder function can be realized. It is also possible to freely 
turn on and off the image display 28 in accordance with 
instructions from the system control circuit 50. When the 
image display 28 is turned off, the power consumption of the 
image processor 100 can be greatly reduced. 

0037. The memory 30 stores photographed still images or 
motion images, and has an enough memory capacity to Store 
a predetermined number of Still images or a predetermined 
time of motion images. Accordingly, even in continuous 
photography or panorama photography during which a plu 
rality of Still images are continuously photographed, a large 
amount of images can be written in the memory 30 at a high 
speed. The memory 30 can also be used as a work area of the 
system control circuit 50. 

0038. The compression/expansion circuit 32 compresses 
and expands image data by adaptive discrete cosine trans 
form (ADCT) or the like. That is, the compression/expan 
Sion circuit 32 loads an image Stored in the memory 30, 
compresses or expands the loaded image, and writes the 
processed data in the memory 30. 
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0039. The shutter controller 40 controls the shutter 12 in 
collaboration with a stop controller 340 which controls the 
stop 312 on the basis of photometry information from the 
photometry controller 46. The focusing controller 42 per 
forms the AF (Auto-Focusing) process. That is, the focusing 
controller 42 allows light entering the photographing lens 
310 in the lens unit 300 to propagate through the stop 312, 
the lens mounts 306 and 106, the mirror 130, and a focusing 
Submirror (not shown) by a single-lens reflex System, 
thereby measuring the focusing State of an image formed as 
an optical image. 

0040. A thermometer 44 detects the ambient temperature 
of a photographing environment. When this thermometer is 
installed in the image Sensor 14, the dark current of the 
Sensor can be predicted more accurately. 
0041. The photometry controller 46 performs the AE 
(Automatic Exposure) process. That is, the photometry 
controller 46 allows light entering the photographing lens 
310 in the lens unit 300 to propagate through the stop 312, 
lens mounts 306 and 106, mirror 130, and focusing Submir 
ror (not shown) by the single-lens reflex System, thereby 
measuring the exposure State of an image formed as an 
optical image. The photometry controller 46 also achieves 
an EF (Electronic Flash light control) function in collabo 
ration with an electronic flash 48. The electronic flash 48 has 
an AF auxiliary light emitting function and electronic flash 
light control function. 

0042. As described earlier, on the basis of the result of an 
arithmetic operation performed by the image processing 
circuit 20 by using image data Sensed by the image Sensor 
14, the system control circuit 50 can perform exposure 
control and AF (Auto-Focusing) control using the video TTL 
system for the exposure (shutter) controller 40, the stop 
controller 340, and a focusing controller 342. 
0043 AF (Auto-Focusing) control may also be per 
formed by using the measurement result obtained by the 
focusing controller 42 and the operation result obtained by 
the image processing circuit 20 by using image data Sensed 
by the image Sensor 14. Furthermore, exposure control may 
also be performed by using the measurement result obtained 
by the photometry controller 46 and the operation result 
obtained by the image processing circuit 20 by using image 
data Sensed by the image Sensor 14. 
0044) The system control circuit 50 controls the whole 
image processor 100 and incorporates a well-known CPU 
and the like. A memory 52 Stores constants, variables, 
programs, and the like for operations of the System control 
circuit 50. A display unit 54 displayS operating States, 
messages, and the like by using, e.g., characters, images, and 
Sounds in accordance with execution of programs by the 
system control circuit 50. The display unit 54 has a liquid 
crystal display device, loudspeaker, and the like. The display 
unit 54 is installed in one or a plurality of places near an 
operation unit of the image processor 100, where the display 
unit 54 is easy to see. The display unit 54 is formed by 
combining an LCD, LEDs, Sound generator, and the like. 
Some functions of the display unit 54 are installed in an 
optical finder 104. 

0.045. Of the display contents of the display unit 54, those 
displayed on the LCD are, e.g., Single shot/continuous 
photography indication, Self-timer indication, the compres 
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Sion ratio, the number of recording pixels, the number of 
recorded frames, the number of remaining photographable 
frames, the Shutter Speed, the aperture value, exposure 
compensation indication, electronic flash indication, red-eye 
relief indication, macro photography indication, buZZer Set 
ting indication, the remaining amount of clock battery, the 
remaining amount of battery, error indication, information 
indication by a number of a plurality of digits, the State of 
attachment/detachment of recording media 200 and 210, the 
state of attachment/detachment of the lens unit 300, com 
munication I/F operation indication, the date and time, and 
the State of connection to an external computer. 
0046) Of the display contents of the display unit 54, those 
displayed in the optical finder 104 are, e.g., in-focus indi 
cation, the completion of photography preparation, a camera 
Shake warning, flash charge indication, the completion of 
flash charge, the Shutter Speed, the aperture value, exposure 
compensation indication, and recording medium write 
operation indication. 
0047 Of the display contents of the display unit 54, those 
indicated by the LED and the like are, e.g., in-focus indi 
cation, the completion of photography preparation, a camera 
Shake warning, flash charge indication, the completion of 
flash charge, recording medium write operation indication, 
macro photography Setting notification, and Secondary bat 
tery charge indication. 
0048. Of the display contents of the display unit 54, an 
example indicated by a lamp or the like is a Self-timer 
notification lamp. This self-timer notification lamp may also 
be the AF auxiliary light. 

0049 Reference numeral 56 denotes an electrically eras 
able/recordable nonvolatile memory storing programs (to be 
described later). An EEPROM is used as this nonvolatile 
memory. The nonvolatile memory 56 stores set values such 
as various parameters and the ISO Speed, Set modes, and 
one-dimensional correction data used for horizontal dark 
Shading correction. This one-dimensional correction data is 
formed and written during adjustment in the production 
process. For example, the one-dimensional data can be data 
of one horizontal line formed by performing a projective 
arithmetic operation for an image obtained by dark photog 
raphy. 

0050. The correction data may also be two-dimensional 
data obtained by directly Storing a dark image Sensed in the 
production process. However, Vertical fixed-pattern noise is 
Small in Some image Sensors, So only horizontal correction 
need only be performed in these Sensors. 
0051 Fixed-pattern noise is often produced by a differ 
ence (variation) between read paths through which signals 
from pixels reach the final output Stage when these signals 
are read out from a circuit System of the image Sensor. FIG. 
2 is a view showing mixing of fixed-pattern noise in the 
horizontal and vertical directions. Referring to FIG. 2, the 
horizontal fixed-pattern noise depends upon the difference 
between the read path of a vertical line a and the read path 
of a vertical line b. Likewise, the vertical fixed-pattern noise 
depends upon the difference between the read path of a 
horizontal line c and the read path of a horizontal line d. For 
example, as shown in FIG. 2, when an image Sensor is So 
formed that horizontal lines share a read circuit and that 
noise mixed when a Signal from each horizontal line is 
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transferred to the common read circuit is reduced by, e.g., 
improving the circuit layout, the vertical fixed-pattern noise 
is Small and hence need not be corrected. In an image 
Sensing apparatus using this image Sensor, fixed-pattern 
noise can be removed by correcting an original image by 
using horizontal one-dimensional correction data. 
0.052 Reference numerals 60, 62, 64, 66, 68, and 70 
denote operation units for designating various operations of 
the System control circuit 50. Each operation unit is, e.g., a 
Switch, a dial, a touch panel, a pointing device using a visual 
axis, a voice recognition device, or a combination of a 
plurality of these devices. Details of these operation units 
will be described below. 

0.053 A mode dial Switch 60 can selectively set various 
functional photography modes Such as an automatic photo 
graph mode, program photography mode, Shutter Speed 
priority photography mode, aperture priority photography 
mode, manual photography mode, focal depth priority 
(depth) photography mode, portrait photography mode, 
landscape photography mode, close-up photography mode, 
Sports photography mode, night view photography mode, 
and panorama photography mode. 

0054) A shutter switch (SW1) 62 is turned on in the 
middle of the operation of a shutter button (not shown) to 
Start the operation of AF (Auto-Focusing), AE (Automatic 
Exposure), AWB (Automatic White Balance), EF (Elec 
tronic Flash light control), or the like. 
0055 Ashutter switch (SW2) 64 is turned on when the 
operation of the shutter button (not shown) is complete. The 
shutter switch (SW2) 64 starts the operation of a series of 
processes, i.e., an exposure process in which a signal read 
out from the image Sensor 14 is written as image data in the 
memory 30 via the A/D converter 16 and memory control 
circuit 22, a development process which uses arithmetic 
operations in the image processing circuit 20 and memory 
control circuit 22, and a recording process in which image 
data is read out from the memory 30, compressed by the 
compression/expansion circuit 32, and written in the record 
ing medium 200 or 210. 
0056. A playback Switch 66 starts a playback operation 
by which an image photographed in a photography mode is 
read out from the memory 30 or the recording medium 200 
or 210 and displayed on the image display 28. 
0057. A single/continuous switch 68 can set a single shot 
mode in which a Standby State is Set after one frame is 
photographed when the shutter Switch SW2 is pressed, and 
a continuous shooting mode in which photography is con 
tinuously performed while the shutter switch SW2 is kept 
pressed. 

0.058 An ISO speed set switch 69 can set the ISO speed 
by changing the gain Setting in the image Sensor 14 or image 
processing circuit 20. 

0059 An operation unit 70 includes various buttons and 
a touch panel. Examples are a menu button, a Set button, a 
macro button, a multiscreen playback page turning button, a 
flash Set button, a single/continuous/Self-timer Switching 
button, a menu move +(plus) button, a menu move -(minus) 
button, a playback image move +(plus) button, a playback 
image move -(minus) button, a photographing image qual 
ity Select button, an exposure compensation button, a date/ 
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time Set button, a Select/Switch button for Selecting and 
Switching various functions when, e.g., panorama mode 
photography and playback are executed, a determine/ex 
ecute button for determining and executing various func 
tions when, e.g., panorama mode photography and playback 
are executed, an image display ON/OFF Switch for setting 
ON/OFF of the image display 28, a quick review ON/OFF 
Switch for Setting a quick review function for automatically 
playing back photographed image data immediately after the 
photography, a compression mode Switch for Selecting the 
compression ratio of JPEG compression or for Selecting a 
CCDRAW mode in which a signal from the image sensor is 
directly converted into a digital Signal and recorded on the 
recording medium, a playback Switch capable of Setting 
various modes Such as a playback mode, multiscreen play 
backferase mode, and PC connection mode, and an AF mode 
Set Switch capable of Setting a one-shot AF mode in which 
an auto-focusing operation is Started when the shutter Switch 
S1 is pressed and, once an in-focus State is obtained, this 
in-focus state is held, and a servo AF mode in which the 
auto-focusing operation is continued while the Shutter 
Switch SW1 is kept pressed. 

0060. The functions and numerical values of the plus 
buttons and minus buttons described above can be selected 
more Smoothly by using rotary dial Switches. 

0061 A power Switch 72 can switch power ON and 
power OFF modes of the image processor 100. The power 
Switch 72 can also switch power ON and power OFF settings 
of various devices such as the lens unit 300, an external 
strobe, and the recording media 200 and 210 connected to 
the image processor 100. 

0062 Reference numeral 80 denotes a power controller 
which includes a battery detection circuit, a DC-DC con 
verter, a Switching circuit for Switching blocks to be pow 
ered on, and the like. The power controller 80 detects the 
presence/absence of a battery, the type of battery, and the 
battery remaining amount. On the basis of the detection 
results and instructions from the system control circuit 50, 
the power controller 80 controls the DC-DC converter to 
Supply a necessary Voltage to individual units including the 
recording media for a necessary period. 

0063 Reference numerals 82 and 84 denote connectors; 
and 86, a power Supply which is a primary battery Such as 
an alkaline battery or lithium battery, a Secondary battery 
such as a NiCd battery, NiMH battery, or Libattery, or an AC 
adapter. 

0064) Reference numerals 90 and 94 denote interfaces 
with recording media Such as memory cards or hard disks, 
92 and 96, connectors for connecting to the recording media 
Such as memory cards or hard disks, and 98, a recording 
medium attachment Sensor for Sensing whether the record 
ing media 200 and 210 are attached to the connectors 92 and 
96, respectively. 

0065. This embodiment includes two systems of inter 
faces and connectors for attaching recording media. How 
ever, it is also possible to install one or any arbitrary number 
of Systems of interfaces and connectors for attaching record 
ing media. In addition, as an interface and connector of 
another Standard, those based on the Standard of, e.g., a 
PCMCIA card or CF (Compact Flash (registered trade 
mark)) card may also be used. 
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0.066 Furthermore, when the interfaces 90 and 94 and 
connectors 92 and 96 are based on the Standard of, e.g., a 
PCMCIA card or CF (Compact Flash (registered trade 
mark)) card, various communication cards Such as a LAN 
card, modem card, USB card, IEEE1394 card, P1284 card, 
SCSI card, and PHS can be connected. Consequently, image 
data and management information attached to the image data 
can be transferred to another computer or a peripheral device 
Such as a printer. 
0067. The optical finder 104 can guide light entering the 
photographing lens 310 through the stop 312, the lens 
mounts 306 and 106, the mirror 130, and a mirror 132 by the 
Single-lens refleX System, and form an optical image of the 
light. Accordingly, photography can be performed using 
only the optical finder 104 without using the digital finder 
function of the image display 28. The optical finder 104 
displayS. Some functions of the display unit 54. Examples are 
in-focus indication, a camera Shake warning, flash charge 
indication, the shutter Speed, the aperture value, and expo 
Sure compensation indication. 
0068 A communication unit 110 has various communi 
cation functions such as RS232C, USB, IEEEE1394, P1284, 
SCSI, a modem, a LAN, and radio communication. Refer 
ence numeral 112 denotes a connector for connecting the 
image processor 100 to another apparatus via the commu 
nication unit 110, or an antenna for performing radio com 
munication. 

0069. An interface 120 connects the image processor 100 
to the lens unit 300 in the lens mount 106. A connector 122 
electrically connects the image processor 100 to the lens unit 
300. A lens attachment sensor 124 senses whether the lens 
unit 300 is attached to the lens mount 106 and/or the 
connector 122. 

0070 The connector 122 exchanges control signals, state 
Signals, data Signals, and the like between the image pro 
cessor 100 and lens unit 300, and supplies electric currents 
having various Voltages. The connector 122 may also per 
form optical communication and audio communication in 
addition to electrical communication. 

0071. The mirrors 130 and 132 guide light entering the 
photographing lens 310 to the optical finder 104 by the 
single-lens reflex system. The mirror 132 can be either a 
quick return mirror or half mirror. 
0.072 The recording medium 200 is, e.g., a memory card 
or hard disk. The recording medium 200 has a recording unit 
202 Such as a Semiconductor memory or magnetic disk, an 
interface 204 which interfaces with the image processor 100, 
and a connector 206 which connects to the image processor 
100. Similar to the recording medium 200, the recording 
medium 210 is also a memory card, hard disk, or the like. 
The recording medium 210 has a recording unit 212 Such as 
a Semiconductor memory or magnetic disk, an interface 214 
which interfaces with the image processor 100, and a 
connector 216 which connects to the image processor 100. 
0073. The lens unit 300 is an interchangeable lens unit. 
The lens mount 306 mechanically couples the lens unit 300 
with the image processor 100. The lens mount 306 includes 
various functions of electrically connecting the lens unit 300 
to the image processor 100. 
0.074 Reference numeral 310 denotes the photographing 
lens, 312, the Stop, 320, an interface for connecting the lens 
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unit 300 to the image processor 100 in the lens mount 306; 
and 322, a connector for electrically connecting the lens unit 
300 to the image processor 100. 
0075. The connector 322 exchanges control signals, state 
Signals, data Signals, and the like between the image pro 
cessor 100 and lens unit 300, and also has a function of 
receiving and Supplying various electric currents. The con 
nector 322 may also transmit an optical Signal, audio signal, 
and the like in addition to an electrical Signal. 
0076) The stop controller 340 controls the stop 312 in 
collaboration with the shutter controller 40 which controls 
the shutter 12, on the basis of photometry information from 
the photometry controller 46. The focusing controller 342 
controls focusing of the photographing lens 310. A Zoom 
controller 344 controls Zooming of the photographing lens 
310. A lens system control circuit 350 controls the whole 
lens unit 300. The lens system control circuit 350 also has 
the function of a memory for Storing constants, variables, 
programs, and the like for operations, and the function of a 
nonvolatile memory for holding identification information 
Such as a number unique to the lens unit 300, management 
information, function information Such as the open aperture 
value, minimum aperture value, and focal length, and 
present and past Set values. 
0077. The operation of the digital camera having the 
above arrangement will be described below. FIGS. 3, 4, and 
5 are flow charts showing the photographing operation 
procedure of the image processor 100. This processing 
program is stored in a storage medium Such as the nonvola 
tile memory 30, loaded into the memory 52, and executed by 
the CPU of the system control circuit 50. 
0078 When the power supply is turned on such as when 
the battery is replaced, the system control circuit 50 initial 
izes flags, control variables, and the like, and performs 
necessary predetermined Settings for the individual units of 
the image processor 100 (step S101). The system controller 
50 checks the set position of the power Switch 72 to 
determine whether the power Switch 72 is set to power OFF 
(step S102). 
0079 If the power switch 72 is set to power OFF, the 
system control circuit 50 performs predetermined termina 
tion processes, e.g., terminates the display of each display 
unit, records necessary parameters including flags and con 
trol variables, Set values, and Set modes in the nonvolatile 
memory 56, and causes the power controller 80 to shut down 
unnecessary power Supply to the units including the image 
display 28 of the image processor 100 (step S103). After 
that, the flow returns to step S102. 
0080) If the power switch 72 is set to power ON, the 
system control circuit 50 causes the power controller 80 to 
check whether the remaining amount of the power Supply 86 
Such as a battery and the operation Status of the power 
Supply 86 are Suitable for the operation of the image 
processor 100 (step S104). If there is a problem, the system 
control circuit 50 gives a predetermined warning by dis 
playing an image on the display unit 54 or outputting a 
sound (step S105), and the flow returns to step S102. 
0081. If the power Supply 86 has no problem, the system 
control circuit 50 checks the set position of the mode dial 
Switch 60 to determine whether the mode dial Switch 60 is 
set to a photography mode (step S106). If the mode dial 
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Switch 60 is set to another mode, the system control circuit 
50 executeS processing corresponding to the Selected mode 
(step S107), and the flow returns to step S102 after the 
execution. 

0082 If the mode dial Switch 60 is set to the photography 
mode, the system control circuit 50 checks whether the 
recording medium 200 or 210 is attached, acquires manage 
ment information of image data recorded in the recording 
medium 200 or 210, and checks whether the operating state 
of the recording medium 200 or 210 is suitable for the 
operation of the image processor 100, particularly, for 
recording and playback of image data with respect to the 
recording medium (step S108). If there is a problem, the 
System control circuit 50 gives a predetermined warning by 
displaying an image on the display unit 54 or outputting a 
sound (step S105), and the flow returns to step S102. 
0083) If there is no problem in step S108, the system 
control circuit 50 checks the selected State of the single/ 
continuous Switch 68 for Selecting Single shot photography/ 
continuous photography (step S109). If Single shot photog 
raphy is selected, the system control circuit 50 sets the 
single/continuous flag to “single shot” (step S110). If con 
tinuous photography is Selected, the System control circuit 
50 Sets the Single/continuous flag to “continuous shooting 
(step S111). The single/continuous switch 68 can freely 
Switch a Single shot mode in which a Standby State begins 
after one frame is photographed when the Shutter Switch 
SW2 is pressed, and a continuous shooting mode in which 
photography is continuously performed while the Shutter 
Switch SW2 is kept pressed. Note that the state of the 
Single/continuous flag is Stored in an internal memory of the 
system control circuit 50 or in the memory 52. 
0084. The system control circuit 50 uses the display unit 
54 to display various set states of the image processor 100 
by images and Sounds (step S112). If the image display 
Switch of the image display 28 is ON, various set states of 
the image processor 100 may also be displayed by images 
and Sounds by using the image display 28. 

0085. The system control circuit 50 checks whether the 
shutter switch SW1 is pressed (step S113). If the shutter 
Switch SW1 is not pressed, the flow returns to step S102. If 
the shutter Switch SW1 is pressed, the system control circuit 
50 performs a focusing/photometry process, i.e., focuses the 
photographing lens 310 on an object and determines an 
aperture value and shutter speed (step S114). In the pho 
tometry process, the electronic flash is Set if necessary. 
Details of this focusing/photometry process will be 
explained later. 

0.086. After that, the system control circuit 50 checks the 
Set speed of the camera. That is, the System control circuit 
50 checks whether the set speed of the ISO speed set Switch 
69 is less than ISO800 (step S115). This check is performed 
because if the set speed is ISO800 or more, an exposure 
amount becomes Small, So the image quality is significantly 
deteriorated by, e.g., dark current noise produced in the 
image Sensor or by pixel loSS caused by a very Small flaw 
unique to the image Sensor. Although the threshold value is 
ISO800 in this embodiment, it is of course also possible to 
set ISO1600. If the set speed is ISO800 or more, the flow 
advances to step S119. If the set speed is less than ISO800, 
the system control circuit 50 further checks whether the set 
speed is less than ISO400 (step S116). 
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0087. If the set speed is less than ISO400, the flow 
advances to step S122. If the set speed is ISO400 or more, 
the system control circuit 50 checks whether an ambient 
temperature Temp measured by the thermometer 44 is leSS 
than 28 C. (step S117). If the ambient temperature Temp is 
less than 28 C., the flow advances to step S122. If the 
ambient temperature Temp is 28 C. or more, the system 
control circuit 50 checks whether a shutter speed Tv is less 
than 1 sec (step S118). If the shutter speed Tv is less than 1 
sec, the flow advances to step S122. If the shutter speed Tv 
is 1 sec or more, the flow advances to step S119. 
0088. In the condition determination processes in steps 
S116, S117, and S118, ISO400, 28 C., and 1 sec are 
respectively Set as threshold values. However, depending on 
the characteristics of the image Sensor 14, Some appropriate 
values may also be set. 
0089 Dark current noise increases with the charge stor 
age time or with the temperature rise of the image Sensor. 
Therefore, when long-time exposure or high-temperature 
exposure is to be performed, correction cannot be well 
performed by prestored correction data, So correction must 
be performed by black data subtraction. 
0090 Accordingly, if none of the conditions in steps S116 
to S118 is met, the system control circuit 50 sets a black data 
subtraction flag to 1 (step S119). The system control circuit 
50 then checks the set state of the single/continuous flag 
(step S120). If single shot is set, dark loading is performed 
after regular photography is completed, So the flow imme 
diately advances to step S124. If continuous shooting is set, 
the system control circuit 50 performs dark loading for black 
data subtraction (step S121), and then the flow advances to 
Step S124. By performing a correcting arithmetic operation 
by using dark image data loaded by this dark loading 
process, image quality deterioration, Such as dark current 
noise produced in the image Sensor 14 or pixel loSS caused 
by a flaw unique to the image Sensor 14, of photographed 
image data can be corrected. This dark loading proceSS will 
be described later. 

0091) If any of the conditions in steps S116 to S118 is 
met, the system control circuit 50 clears the black data 
Subtraction flag to 0 (step S122) and rasterizes correction 
data (step S123), in order to perform horizontal dark shading 
correction without any black data subtraction. Note that the 
State of the black data Subtraction flag is Stored in the 
internal memory of the system control circuit 50 or in the 
memory 52. 

0092. In step S123, the system control circuit 50 reads out 
one-dimensional correction data for use in horizontal dark 
Shading correction from the nonvolatile memory 56, and 
repetitively rasterizes this one-dimensional data in the Ver 
tical direction by the same number of lines as an actual 
image in a predetermined region of the memory 30. After 
this correction data rasterization is completed, the flow 
advances to step S124. FIG. 6 is a view showing original 
image correction performed by black data Subtraction or the 
horizontal dark Shading correction data. 
0093. The system control circuit 50 checks whether the 
shutter Switch SW2 is pressed (step S124). If the shutter 
Switch SW2 is not pressed, the system control circuit 50 
checks whether the shutter Switch SW1 is released (step 
S125). The system control circuit 50 repeats the processes in 
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steps S124 and S125 until the shutter switch SW1 is released 
or the shutter Switch SW2 is pressed. If the shutter Switch 
SW1 is released in step S125, the flow returns to step S102. 
0094) If the shutter switch SW2 is pressed in step S124, 
the system control circuit 50 checks whether the memory 30 
has an image Storage buffer area capable of Storing the 
photographed image data (step S126). If the image Storage 
buffer area of the memory 30 has no area capable of storing 
new image data, the System control circuit 50 performs a 
predetermined warning by displaying an image on the 
display unit 54 or outputting a sound (step S127), and the 
flow returns to step S102. 
0.095 For example, this happens immediately after the 
maximum number of frames Storable in the image Storage 
buffer area of the memory 30 are continuously photo 
graphed, the first image to be read out from the memory 30 
and written in the recording medium 200 or 210 has not been 
recorded in the recording medium 200 or 210, so an empty 
area for even one frame cannot be Secured in the image 
storage buffer area of the memory 30. 

0096. When photographed image data is to be stored in 
the image Storage buffer area of the memory 30 after being 
compressed, the compressed image data amount depends 
upon the Settings of the compression mode. By taking this 
into consideration, therefore, the system control circuit 50 
checks in Step S126 whether there is a Storage area in the 
image Storage buffer area of the memory 30. 

0097. If determining in step S126 that the memory 30 has 
an image Storage buffer area capable of Storing the photo 
graphed image data, the System control circuit 50 executes 
a photographing process, i.e., reads out a Sensed image 
Signal Stored for a predetermined time after image Sensing 
from the image Sensor 14, and writes the photographed 
image data in a predetermined area of the memory 30 via the 
A/D converter 15, image processing circuit 20, and memory 
control circuit 22, or from the A/D converter 16 via the 
memory control circuit 22 alone (step S128). Details of this 
photographing process will be described later. 
0.098 When completing the photographing process in 
step S128, the system control circuit 50 checks the state of 
the black data Subtraction flag Stored in the internal memory 
or the memory 52 (step S129). If the black data subtraction 
flag is not set to 1, the flow advances to step S132. If the 
black data Subtraction flag is Set to 1, the System control 
circuit 50 checks the State of the Single/continuous flag 
stored in the internal memory or the memory 52 (step S130). 
If continuous shooting is Set, the flow advances to Step S132. 

0099 AS described above, when continuous shooting is 
Set in Step S130, a development process is executed (Step 
S132) without performing a dark loading process in Step 
S131 because dark loading is already performed in Step 
S121 before execution of continuous photography. In this 
manner, continuous shooting frame intervals can be made 
Substantially equal. 

0100 If single shot is set in step S130, the system control 
circuit 50 performs the dark loading process, i.e., Stores 
noise components Such as the dark current of the image 
Sensor 14 for the same time as regular photography with the 
Shutter 12 closed, and reads out the Stored noise image Signal 
(step S131). After that, the flow advances to step S132. 
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0101 The system control circuit 50 reads out a portion of 
the image data written in the predetermined area of the 
memory 30, performs a WB (White Balance) integral opera 
tion and OB (Optical Black) integral operation necessary to 
perform development, and Stores the operation results in the 
internal memory of the system control circuit 50 or in the 
memory 52. 
0102) The system control circuit 50 reads out the photo 
graphed image data written in the predetermined area of the 
memory 30 by using the memory control circuit 22 and, if 
necessary, the image processing circuit 20, and performs 
various development processes including AWB (Automatic 
White Balance), gamma conversion, and color conversion 
by using the operation results Stored in the internal memory 
of the system control circuit 50 or in the memory 52 (step 
S132). 
0103) In the development process, the system control 
circuit 50 also performs a dark correcting operation for 
canceling the dark current noise of the image Sensor 14 and 
the like by performing Subtraction by using the horizontal 
dark Shading correction data rasterized in Step S123 or the 
dark image data loaded in the dark loading process. 
0104. When the correcting operation is performed by 
using the horizontal dark Shading correction data as 
described above, image quality deterioration caused by 
horizontal dark current noise or fixed-pattern noise produced 
in the image Sensor 14 can be corrected without performing 
any dark loading for the photographed image. When the 
correcting operation is performed by using the dark image 
data loaded in the dark loading process, it is possible to 
correct that image quality deterioration of the photographed 
image data, which results not only from horizontal dark 
current noise or fixed-pattern noise produced in the image 
Sensor 14 but also from two-dimensional factorS Such as 
pixel loSS caused by a flaw unique to the image Sensor 14. 
0105 The system control circuit 50 reads out the image 
data written in the predetermined area of the memory 30, 
performs image compression corresponding to the Set mode 
by using the compression/expansion circuit 32, and writes 
the photographed image data Subjected to the Series of 
processes in an empty image area of the image Storage buffer 
area of the memory 30 (step S133). 
0106 The system control circuit 50 then starts a record 
ing process of reading out the image data Stored in the image 
storage buffer area of the memory 30, and writing the 
readout image data in the recording media 200 and 210 such 
as memory cards or compact flash (registered trade mark) 
cards via the interfaces 90 and 94 and connectors 92 and 96 
(step S134). Whenever new photographed image data Sub 
jected to the Series of processes is written in an empty image 
portion of the image Storage buffer area of the memory 30, 
this recording Starting proceSS is executed for the image 
data. 

0107 While the image data is written in the recording 
media 200 and 210, the system control circuit 50 performs 
recording medium write operation indication on the display 
unit 54, e.g., turns on and off the LED of the display unit 54, 
in order to indicate that the write operation is being 
executed. 

0108. In addition, the system control circuit 50 checks 
whether the shutter switch SW1 is pressed (step S135). If the 
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shutter Switch SW1 is released, the flow returns to step S102. 
If the shutter Switch SW1 is pressed, the system control 
circuit 50 checks the State of the Single/continuous flag 
Stored in the internal memory of the System control circuit 
50 or in the memory 52 (step S136). If single shot is set, the 
flow returns to step S135, and the current processing is 
repeated until the shutter Switch SW1 is released. If con 
tinuous shooting is Set, the flow returns to Step S124 to 
prepare for the next photography, in order to continuously 
perform photography. In this way, the Series of processes 
concerning photography are complete. 

0109 FIG. 7 is a flow chart showing the focusing/ 
photometry procedure in Step S114. In this focusing/pho 
tometry procedure, various Signals are exchanged between 
the system control circuit 50 and the stop controller 340 or 
the focusing controller 342 via the interface 120, connectors 
122 and 322, interface 320, and lens system control circuit 
350. 

0110. The system control circuit 50 starts an AF (Auto 
Focusing) process by using the image Sensor 14 and focus 
ing controllers 42 and 342 (step S201). 
0111. The system control circuit 50 feeds light entering 
the photographing lens 310 to the focusing controller 42 via 
the stop 312, lens mounts 306 and 106, mirror 130, and 
focusing Submirror (not shown), thereby checking the focus 
ing State of an image formed as an optical image. Until 
focusing (AF) indicates an in-focus State, the System control 
circuit 50 detects the focusing State by using the focusing 
controller 42 while driving the photographing lens 310 by 
using the focusing controller 342. In this way, the System 
control circuit 50 executes AF control (steps S202 and S203) 
0112) If focusing (AF) indicates an in-focus state in step 
S203, the system control circuit 50 determines the in-focus 
focusing point from a plurality of focusing points in the 
photographing image plane, and Stores the determined 
focusing point data, focusing data and/or Set parameters in 
the internal memory of the system control circuit 50 or in the 
memory 52 (step S204). 
0113 Subsequently, the system control circuit 50 starts 
an AE (Automatic Exposure) process by using the photom 
etry controller 46 (step S205). The system control circuit 50 
feeds light entering the photographing lens 310 to the 
focusing controller 42 via the stop 312, lens mounts 306 and 
106, mirrors 130 and 132, and photometry lens (not shown), 
thereby checking the exposure State of the image formed as 
an optical image, and performs photometry by using the 
exposure (shutter) controller 40 until exposure (AE) is found 
to be appropriate (steps S206 and S207). 
0114. If exposure (AE) is found to be appropriate in step 
S207, the system control circuit 50 stores the photometry 
data and/or Set parameters in the internal memory of the 
system control circuit 50 or in the memory 52 (step S207A). 
0115) In accordance with the exposure (AE) result 
detected by the photometry process in step S206 and the 
photography mode set by the mode dial Switch 60, the 
system control circuit 50 determines an aperture value (AV 
value) and shutter speed (TV value). 
0116. On the basis of the determined shutter speed (Tv 
value), the system controller 50 determines the charge 
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Storage time of the image Sensor 14, and performs photog 
raphy and dark loading for this determined charge Storage 
time. 

0117. On the basis of the photometry data obtained in the 
photometry proceSS in Step S206, the System control circuit 
50 checks whether the electronic flash is necessary (step 
S208). If the electronic flash is necessary, the system control 
circuit 50 sets a flash flag and charges the electronic flash 48 
until it is completely charged (steps S209 and S210). When 
the electronic flash 48 is completely charged, the System 
control circuit 50 terminates this processing and returns to 
the main processing. 
0118 FIGS. 8 and 9 are flow charts showing the pho 
tographing procedure in Step S128. In this photographing 
process, various signals are exchanged between the System 
control circuit 50 and the stop controller 340 or the focusing 
controller 342 via the interface 120, connectors 122 and 322, 
interface 320, and lens system control circuit 350. 
0119) The system control circuit 50 moves the mirror 130 
to a mirror up position by a mirror driver (not shown) (Step 
S301). In accordance with the photometry data stored in the 
internal memory of the system control circuit 50 or in the 
memory 52, the system control circuit 50 drives the stop 312 
to a predetermined aperture value by the stop controller 340 
(step S302). 
0.120. After clearing the electric charge of the image 
sensor 14 (step S303), the system control circuit 50 starts 
charge storage (step S304), opens the shutter 12 by the 
shutter controller 40 (step S305), and starts exposing the 
image sensor 14 (step S306). 
0121 The system control circuit 50 then checks in accor 
dance with the flash flag whether the electronic flash 48 is 
necessary (step S307). If YES in step S307, the system 
control circuit 50 causes the electronic flash 48 to emit light 
(step S308). 
0.122 The system control circuit 50 waits for the comple 
tion of exposure of the image Sensor 14 in accordance with 
the photometry data (step S309). When the exposure is 
complete, the system control circuit 50 closes the shutter 12 
by the shutter controller 40 (step S310), thereby terminating 
the exposure of the image Sensor 14. 
0123. The system control circuit 50 drives the stop 312 to 
the open aperture value by the stop controller 340 (step 
S311), and moves the mirror 130 to a mirror down position 
by the mirror driver (not shown) (step S312). 
0.124. The system control circuit 50 then checks whether 
the set charge Storage time has elapsed (Step S313). If the set 
charge Storage time has elapsed, the System control circuit 
50 terminates charge Storage of the image Sensor 14 (Step 
S314). After that, the system control circuit 50 reads out an 
electric charge Signal from the image Sensor 14, and writes 
the photographed image data in a predetermined area of the 
memory 30 via the A/D converter 16, image processing 
circuit 20, and memory control circuit 22, or from the A/D 
converter 16 via the memory control circuit 22 alone (Step 
S315). When completing the series of processes, the system 
control circuit 50 terminates this processing and returns to 
the main processing. 
0.125 FIG. 10 is a flow chart showing the dark loading 
process in steps S121 and S131. The system control circuit 
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50 clears the electric charge of the image Sensor 14 (step 
S401), and starts storing electric charge in the image Sensor 
14 with the shutter 12 closed (step S402). 
0.126 The system control circuit 50 then checks whether 
a preset charge Storage time has elapsed (step S403). If this 
charge Storage time has elapsed, the System control circuit 
50 terminates the charge storage of the image Sensor 14 (step 
S404), and writes image data (dark image data) in a prede 
termined area of the memory 30 via the A/D converter 16, 
image processing circuit 20, and memory control circuit 22, 
or from the A/D converter 16 via the memory control circuit 
22 alone (step S405). This dark image data is used in 
development performed when photography is executed 
beforehand and the photographed image data is read out 
from the image sensor 14 and written in the memory 30. 
0127. When development is performed using this dark 
loading data, image quality deterioration, Such as dark 
current noise produced in the image Sensor 14 or pixel loSS 
caused by a flaw unique to the image Sensor 14, of photo 
graphed image data can be corrected. After that, the System 
control circuit 50 terminates this processing and returns to 
the main processing. 

0128 FIGS. 11A and 11B are views showing the flow of 
photography in this embodiment. As shown in FIG. 11A, if 
the black data Subtraction flag is Set in Single shot photog 
raphy, AF (Auto-Focusing) and AE (Automatic Exposure) 
are performed when the shutter Switch SW1 is pressed, and 
dark loading is performed after photography when the 
shutter Switch SW2 is pressed after that. If the black data 
Subtraction flag is Set in continuous photography, dark 
loading is performed after AF (Auto-Focusing) and AE 
(Automatic Exposure) when the shutter Switch SW1 is 
pressed, and photography is continuously performed when 
the shutter Switch SW2 is pressed after that. 

0129. On the other hand, as shown in FIG. 11B, if the 
black data Subtraction flag is not set and horizontal dark 
Shading correction is to be performed, AF (Auto-Focusing) 
and AE (Automatic Exposure) are performed when the 
Shutter Switch SW1 is pressed, and photography is per 
formed when the shutter Switch SW2 is pressed after that, 
without performing any dark loading, in both Single shot 
photography and continuous photography. 
0130. In the image sensing apparatus of this embodiment 
as described above, when correction is to be performed by 
Selecting prestored horizontal dark Shading correction data, 
no dark image data need be photographed. Therefore, a 
Shutter release time lag can be reduced, and a user does not 
miss a shutter chance by a release time lag. 
0131 Noise which does not change by photographing 
conditions or environmental conditions, Such as fixed-pat 
tern noise equivalent to circuit System noise of an image 
Sensor, can be corrected by prestored correction data. How 
ever, noise which changes its amount in accordance with 
photographing conditions or environmental conditions, i.e., 
image quality deterioration Such as dark current noise pro 
duced in an image Sensor or pixelloSS caused by a very Small 
flaw unique to the image Sensor, cannot be completely 
corrected with prestored data alone in Some cases. To correct 
Such noise, if an amount to be corrected is predicted to be 
largely different from the prestored horizontal dark Shading 
correction data owing to photographing conditions Such as 
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the ISO speed or shutter time or environmental conditions 
Such as the ambient temperature, dark loading is performed, 
and the noise is corrected by using the obtained dark image 
data. In this manner, deterioration of the image quality can 
be prevented. 
0.132. In addition, when an image sensor which requires 
no correction because its fixed-pattern noise in one of the 
horizontal and vertical directions is Small is to be used, 
one-dimensional horizontal dark Shading correction data, for 
example, can be used as the prestored correction data. This 
Simplifies the processing and reduces the amount of memory 
for Storing the correction data. 
0133. The embodiment of the present invention has been 
explained above. However, the present invention is not 
limited to the arrangement of this embodiment and is 
applicable to any arrangement capable of achieving the 
functions presented in the Scope of claims or the functions 
of the arrangement of the embodiment. 
0134) For example, in the above embodiment, correction 
data is rasterized in the memory 30 when horizontal dark 
correction is to be performed. However, correction may also 
be performed without any rasterization Such that correction 
data is Sequentially Subtracted from an original image while 
image data is loaded from the image Sensor 14. 
0135 Also, in this embodiment, rasterization (S123) of 
the horizontal dark Shading correction data is performed 
after the shutter Switch SW1 is pressed. However, the 
correction data may also be rasterized when the power 
Supply of the camera is turned on. 
0.136 Furthermore, although the correction data is one 
dimensional horizontal data in the embodiment, this correc 
tion data may also be one-dimensional vertical data or 
two-dimensional data. Also, the correction data need not be 
data of a whole two-dimensional image. That is, as shown in 
FIG. 12, one-dimensional data in both the horizontal and 
vertical directions are stored. When the one-dimensional 
horizontal data is to be rasterized in the correction data 
rasterization process (S123), dark Shading in both the hori 
Zontal and vertical directions can be corrected by adjusting 
the correction amount line by line by using the one-dimen 
sional vertical data. FIG. 12 is a view showing original 
image correction using one-dimensional data in both the 
Vertical and horizontal directions. In this case, the Vertical 
data may also be Stored not as one-dimensional correction 
data but as a mathematical expression. When the one 
dimensional horizontal data is to be rasterized, Vertical dark 
Shading can be corrected by using this mathematical expres 
SO. 

0.137 In the above embodiment, correction data is 
formed and stored in the nonvolatile memory 56 during 
adjustment in the production process. However, this correc 
tion data may also be formed and Stored by a user at any 
arbitrary timing by performing a projective arithmetic opera 
tion for an image obtained by dark photography. 
0.138. In the above embodiment, single shot and continu 
ous shooting are Switched by using the Single/continuous 
Switch 68. However, Single shot and continuous shooting 
may also be Switched in accordance with operation mode 
selection by the mode dial 60. 
0.139. In the above embodiment, the charge storage time 
of dark loading is made equal to that of regular photography. 
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However, this charge Storage time may also be different 
provided that data Sufficient to correct dark current noise or 
the like can be obtained. 

0140. In the above embodiment, no photography can be 
performed while dark loading is executed in StepS S121 and 
S131. Therefore, an image or Sound indicating that the 
image processor 100 is in a busy State may be generated by 
the display unit 54 and/or the image display 28. 
0.141. In this embodiment, photography is performed by 
moving the mirror 130 to the mirror up position or mirror 
down position. However, it is also possible to use a half 
mirror as the mirror 130 and perform photography without 
moving the mirror 130. 
0142 Furthermore, each of the recording media 200 and 
210 need not be a memory card such as a PCMCIA card or 
compact flash (registered trade mark) card or a hard disk, but 
may be a micro DAT, a magnetooptical disk, an optical disk 
such as a CD-R or CD-RW, or a phase changing optical disk 
such as a DVD. Each of the recording media 200 and 210 
may also be a composite medium formed by integrating, 
e.g., a memory card and hard disk. In this case, a portion 
may also be detachable from the composite medium. 
0143. In the above embodiment, the recording media 200 
and 210 are separated from the image processor 100 and can 
be freely connected. However, one or both of these record 
ing media may also be fixed to the image processor 100. It 
is also possible to connect one or any arbitrary number of 
recoding media 200 and 210 to the image processor 100. 
0144) Further, the present invention is also applicable to 
a case in which the invention is achieved by Supplying 
program codes of Software for implementing the functions 
of the above embodiment to a System or apparatus. In this 
case, the program codes themselves implement the novel 
functions of the present invention, and the program itself and 
a storage medium Storing the program constitute the inven 
tion. 

0145. In the above embodiment, program codes shown in 
the flow charts of FIGS. 3 to 5 and 7 to 10 are stored in the 
ROM as a storage medium. However, a storage medium for 
supplying the program codes is not limited to the ROM. For 
example, it is also possible to use a flexible disk, hard disk, 
or nonvolatile memory card. 
0146 In the present invention, no dark image data need 
be photographed when correction is to be performed by 
Selecting prestored correction data. Accordingly, a shutter 
release time lag can be reduced, and a user does not miss a 
Shutter change by a release time lag. 
0147 Also, if an amount to be corrected is predicted to be 
largely different from prestored correction data owing to 
photographing conditions Such as the ISO Speed or shutter 
time or environmental conditions Such as the ambient tem 
perature, correction is performed using dark image data 
obtained in the first image Sensing mode. In this manner, 
deterioration of the image quality can be prevented. 
0.148. Furthermore, since the prestored correction data is 
one-dimensional correction data, the processing is simpli 
fied, and the amount of memory for Storing the correction 
data is reduced. 

0149. As described above, deterioration of the image 
quality can be prevented while the number of times of dark 
image photography which causes a shutter release time lag 
is minimized. 
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0150. The present invention can be applied to a system 
constituted by a plurality of devices (e.g., host computer, 
Sensor, interface, reader, printer.) or to an apparatus com 
prising a single device (e.g., digital camera). 
0151. Further, the object of the present invention can also 
be achieved by providing a Storage medium Storing program 
codes for performing the aforesaid processes to a computer 
System or apparatus (e.g., a personal computer), reading the 
program codes, by a CPU or MPU of the computer system 
or apparatus, from the Storage medium, then executing the 
program. 

0152. In this case, the program codes read from the 
Storage medium realize the functions according to the 
described embodiments and the Storage medium Storing the 
program codes constitutes the invention. 
0153. Further, the storage medium, such as a floppy disk, 
a hard disk, an optical disk, a magneto-optical disk, CD 
ROM, CD-R, a magnetic tape, a non-volatile type memory 
card, and ROM can be used for providing the program 
codes. 

0154 Furthermore, besides aforesaid functions according 
to the above described embodiments are realized by execut 
ing the program codes which are read by a computer, the 
present invention includes a case where an OS (operating 
System) or the like working on the computer performs a part 
or entire processes in accordance with designations of the 
program codes and realizes functions according to the above 
described embodiments. 

0.155) Furthermore, the present invention also includes a 
case where, after the program codes read from the Storage 
medium are written in a function expansion card which is 
inserted into the computer or in a memory provided in a 
function expansion unit which is connected to the computer, 
CPU or the like contained in the function expansion card or 
unit performs a part or entire proceSS in accordance with 
designations of the program codes and realizes functions of 
the above described embodiments. 

0156. In a case where the present invention is applied to 
the aforesaid Storage medium, the Storage medium Stores 
program codes corresponding to the flowcharts described in 
the embodiments. 

O157 The present invention is not limited to the above 
embodiments and various changes and modifications can be 
made within the Spirit and Scope of the present invention. 
Therefore to apprise the public of the Scope of the present 
invention, the following claims are made. 
0158. It is thus believed that the operation and construc 
tion of the present invention will be apparent from the 
foregoing description. While the method, apparatus and 
System shown and described has been characterized as being 
preferred, it will be readily apparent that various changes 
and modifications could be made therein without departing 
from the scope of the invention as defined in the following 
claims. 

What is claimed is: 
1. An image Sensing apparatus for recording a photo 

graphed image on a recording medium comprising: 
image Sensing means capable of image Sensing in a first 

image Sensing mode in which first image data is 
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obtained by performing image Sensing in a non-ex 
posed State, and a Second image Sensing mode in which 
Second image data is obtained by performing image 
Sensing in an exposed State; 

correction data Storage means for Storing correction data 
for correcting the Second image data obtained in the 
Second image Sensing mode, which is obtained by an 
arithmetic operation on the basis of the first image data; 

Selecting means for Selecting one of the first image data 
obtained in the first image Sensing mode and the Stored 
correction data; and 

correcting means for correcting the Second image data 
obtained in the Second image Sensing mode by using 
the Selected first image data or correction data. 

2. The apparatus according to claim 1 wherein the cor 
rection data is Stored in Said correction data Storage means 
in a production process. 

3. The apparatus according to claim 1, wherein, 
Said image Sensing means is an image Sensor, 
the first image data obtained in the first image Sensing 
mode is dark current noise data of Said image Sensor, 

the Second image data obtained in the Second image 
Sensing mode is photographed image data Sensed by 
Said image Sensor, and 

the correction data is fixed-pattern noise equivalent to 
circuit System noise of Said image Sensor. 

4. The apparatus according to claim 1, wherein said 
Selecting means performs Selection on the basis of photo 
graphing conditions and environmental conditions. 

5. The apparatus according to claim 4, wherein the 
photographing conditions include a shutter Speed and ISO 
Speed. 

6. The apparatus according to claim 4, wherein the 
environmental conditions include an ambient temperature. 

7. The apparatus according to claim 3, wherein the 
correction data is one-dimensional correction data obtained 
from the first image data. 

8. The apparatus according to claim 7, wherein the 
one-dimensional correction data is horizontal data obtained 
by performing a projective arithmetic operation in a vertical 
direction for image data obtained in the first image Sensing 
mode. 

9. An image Sensing method of recording a photographed 
image on a recording medium comprising: 

a first image Sensing Step of obtaining first image data by 
performing image Sensing in a non-exposed State; 

a Second image Sensing Step of obtaining Second image 
data by performing image Sensing in an exposed State; 

a correction data Storage Step of Storing correction data for 
correcting the Second image data, which is obtained by 
an arithmetic operation on the basis of the first image 
data; 

a Selection Step of Selecting one of the obtained first image 
data and the Stored correction data; and 

a correction Step of correcting the obtained Second image 
data by using the Selected first image data or correction 
data. 
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10. The method according to claim 9, wherein the cor 
rection data Storage Step is performed in a production 
process of an image Sensing apparatus. 

11. The method according to claim 9, wherein, 

the first image data is dark current noise data of an image 
SenSOr, 

the Second image data is photographed image data Sensed 
by the image Sensor, and 

the correction data is fixed-pattern noise equivalent to 
circuit System noise of the image Sensor. 

12. The method according to claim 9, wherein the selec 
tion Step comprises performing Selection on the basis of 
photographing conditions and environmental conditions. 

13. The method according to claim 12, wherein the 
photographing conditions include a shutter Speed and ISO 
Speed. 

14. The method according to claim 12, wherein the 
environmental conditions include an ambient temperature. 

15. The method according to claim 11, wherein the 
correction data is the first image data obtained in the first 
image Sensing mode or data obtained by an arithmetic 
operation on the basis of the first image data. 

16. The method according to claim 15, wherein the 
correction data is one-dimensional correction data obtained 
from the first image data. 

17. The method according to claim 16, wherein the 
one-dimensional correction data is horizontal data obtained 
by performing a projective arithmetic operation in a vertical 
direction for image data obtained in the first image Sensing 
mode. 

18. A Storage medium holding a computer-readable pro 
gram code for implementing the image Sensing method cited 
in any one of claims 9. 

19. A program having a computer-readable program code 
for implementing the image Sensing method cited in any one 
of claims 9. 

20. An image Sensing apparatus for recording a photo 
graphed image on a recording medium comprising: 

image Sensing means capable of image Sensing in a first 
image Sensing mode in which first image data is 
obtained by performing image Sensing in a non-ex 
posed State, and a Second image Sensing mode in which 
Second image data is obtained by performing image 
Sensing in an exposed State, 

correction data Storage means for Storing correction data 
for correcting the Second image data obtained in the 
Second image Sensing mode, 

Selecting means for Selecting one of the first image data 
obtained in the first image Sensing mode and the Stored 
correction data before the image Sensing by Said image 
Sensing means, and 

correcting means for correcting the Second image data 
obtained in the Second image Sensing mode by using 
the Selected first image data or correction data. 
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