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I I LENS 
Z1 LIGHT BLOCKING PLATE 

(57) ABSTRACT 

An image pickup apparatus including: CCD image pickup 
device; a light blocking plate for shutting out light incident 
upon the image pickup device; an exposure period control 
ling section for setting exposure time by controlling the light 
blocking plate and the image pickup device; a dark signal 
storing section for storing dark signals obtained from the 
image pickup device in a state Where light is shut out by the 
light blocking plate; a subtracting section for subtracting the 
dark signals from main image pickup signals of the image 
pickup device; a defect detecting section for detecting 
defects from the subtracted image pickup signals outputted 
from the subtracting section; and a defect correcting section 
for performing correction of the detected fault pixels. It is 
thereby possible to achieve an image pickup apparatus 
capable of detecting and correcting at high accuracy those 
fault pixels occurring afterWards because of changes due to 
the passage of time or those fault pixels transiently occurring 
under certain modes. 
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COMPUTATION OF MEAN A ~31 
A=(Xn-1 + Xn + Xn+1)/3 

S2 

SUBSTITUTION FOR Xn ~34 
Xn—> (Xn-1 + Xn+1)/2=B 
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IMAGE PICKUP APPARATUS 

[0001] This application claims bene?t of Japanese Appli 
cation No. 2001-154805 ?led in Japan of May 24, 2001, the 
contents of Which are incorporated this reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to image pickup 
apparatus in Which pixel defects occurring on image are 
adaptively detected and corrected in accordance With an 
image scene or an operating state of the apparatus. 

[0003] The rate of occurrence of defect pixels, i.e., fault 
pixels is generally higher in such image pickup apparatus as 
a high-de?nition electronic camera Where a solid-state 
image pickup device having a large number of pixels is used. 

[0004] Technology for the detection and correction thereof 
has become indispensable. The yield of solid-state image 
pickup device becomes higher and the price of the apparatus 
is greatly reduced by correcting pixels of singularities rep 
resented by these fault pixels. 

[0005] The knoWn technology for electrically correcting 
such fault pixels includes the folloWing techniques. In 
particular, Japanese patent laid-open application 55-156482 
for example discloses the technique of preparing a memory 
in Which locations of fault pixels occurring peculiarly to 
each solid-state image pickup device are previously retained 
at the time of manufacturing the solid-state image pickup 
device. Such a memory is mounted on the image pickup 
apparatus such as an image sensor. While continuously 
surveying output signals from the memory, the fault pixels 
at the predetermined locations are interpolated for example 
by means of average values of adjoining pixels. 

[0006] Further Japanese patent laid-open applications Hei 
6-6685 and Hei-9-289614 for example disclose the tech 
nique of providing a mode to detect fault pixels under certain 
image pickup conditions for example at the time of intro 
ducing poWer or at the time of an adjustment involving the 
operation for shutting out light incident upon the solid-state 
image pickup device so that, though a memory is provided, 
information on the detected defects is updated at each 
occurrence of such certain image pickup conditions. 

[0007] Further Japanese patent laid-open applications Hei 
7-23297 and Hei-9-247548 for example disclose the tech 
nique of making correction by determining an arbitrary pixel 
of an arbitrary image as to its defect based on its correlation 
With the surrounding pixels during photographing operation 
of camera. 

[0008] Furthermore Japanese patent laid-open application 
2000-59690 discloses an electronic camera Which previ 
ously retains location data of fault pixels in a memory and 
at the same time has a function capable of detecting defects 
also from an arbitrarily selected taken image in accordance 
With the exposure time so that it can deal With transient 
defects occurring at the time of a long exposure. 

[0009] NoW, the one disclosed in the above described 
Japanese patent laid-open application 55 -15 6482 requires an 
exclusive memory for each individual sensor, i.e., each 
image pickup apparatus such as a camera. It cannot be 
jointly used by separate image pickup apparatus. Further, it 
cannot deal With the types of defect occurring due to the 
passage of time after the shipment of the image pickup 
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apparatus. Furthermore, there is also a problem of increase 
in both price and dissipation poWer due to the fact that 
memory siZe for storing defect locations becomes very large 
proportionally to the increase in the number of pixels as a 
result of achieving a high-de?nition image. Moreover, there 
is another problem that it cannot deal With the types of 
defects Which occur transiently in a long time exposure or 
under high temperatures. 

[0010] The ones disclosed in Japanese patent laid-open 
applications Hei-6-6685 and Hei-9-289614, on the other 
hand, are capable of dealing With those defects Which occur 
due to the passage of time. These, hoWever, cannot deal With 
those transiently occurring defects such as the defects in the 
case of a temperature hike after continuation of normal 
image pickup conditions, since the certain image pickup 
conditions for detecting defects are the conditions outside 
the normal photographing. Moreover, in the case of detect 
ing defects under certain image pickup conditions, since it is 
necessary to enter the defect detecting operation mode With 
limiting to such certain image pickup conditions, there is a 
problem that images cannot be taken during a long time 
period of such certain defect detecting operation mode. 

[0011] Further, the techniques disclosed in Japanese patent 
laid-open applications Hei-7-23297 and Hei-9-247548 are 
capable of dealing With changes after the shipment or in 
temperature, since detection/correction of defects is per 
formed for each image. There are many edge patterns, 
hoWever, in an arbitrarily selected image and it is dif?cult to 
detect defects around edge. An attempt for accurately detect 
ing the defects therefore results in a problem that the siZe of 
circuit and program becomes very large. In addition, While 
a high processing speed is a prerequisite in detecting defects 
in real time for each taken frame, an exceedingly large 
circuit and program siZe sloWs doWn the processing speed 
and makes a real time defect detection and correction thereof 
impossible. 

[0012] Furthermore, While the electronic camera disclosed 
in Japanese patent laid-open application 2000-59690 is 
adapted to be capable of dealing With transient defects 
occurring at the time of a long time exposure, it is not 
uncommon that the occurrence of such transient defects 
under a long time exposure is concentrated in a small area. 
In such a case, an accurate detection of the defects is 
dif?cult. Also, there is another problem that the technique 
disclosed therein is incapable of dealing With those defects 
resulting from changes due to the passage of time after the 
shipment of the electronic camera. 

SUMMARY OF THE INVENTION 

[0013] To eliminate the above problems in image pickup 
apparatus having the knoWn defect detecting/correcting 
functions, it is an object of the present invention to provide 
an image pickup apparatus in Which pixel defects occurring 
on image are detected and corrected adaptively to the image 
scene or the operating state of the apparatus so that it is 
possible to precisely correct those fault pixels occurring 
afterWards because of changes due to the passage of time or 
those fault pixels transiently occurring under certain modes. 

[0014] In accordance With a ?rst aspect of the invention, 
there is provided an image pickup apparatus including: an 
image pickup device; a light blocking means for shutting out 
light incident upon the image pickup device; a subtraction 
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means for subtracting a dark signal obtained as an output 
signal of the image pickup device When shutting out the 
incident light from a main image pickup signal obtained 
from the image pickup device at the time of a main image 
taking; a correction means for correcting defect signals 
occurring due to fault pixels of the image pickup device With 
respect to the subtracted image pickup signal from the 
subtraction means; and a control means for controlling the 
light blocking rneans consecutively before or after the main 
image taking so as to obtain a dark signal of a time duration 
corresponding to the number of occurrence of externally 
caused fault pixels of the image pickup device. In accor 
dance With a second aspect of the invention, the control 
means of the image pickup apparatus according to the ?rst 
aspect controls the light blocking means in accordance With 
an exposure time of the main image taking. 

[0015] In image pickup apparatus, defects occur in every 
portion Within an image and the defect detecting accuracy is 
greatly reduced for example at the time of a long time 
exposure. In the image pickup apparatus according to the 
above described ?rst and second aspects, hoWever, dark 
signals obtained by shutting out light for a time duration 
corresponding to the amount of occurrence of fault pixels of 
the image pickup device for example such as the exposure 
time of a main image taking are subtracted from the main 
image pickup signals at the time of the main image taking so 
that defects are detected With respect to the subtracted image 
pickup signals of Which dark components are offset. It is 
thus possible to accurately detect the defects. 

[0016] In accordance With a third aspect of the invention, 
the image pickup apparatus according to the ?rst aspect 
further includes a temperature detection means for detecting 
a temperature of the image pickup device, and the control 
means controls the light blocking means in accordance With 
the temperature detected at the temperature detection means. 

[0017] White-point defects of an image pickup device 
occur more frequently as the temperature becornes higher. 
By detecting defects With respect to subtracted image pickup 
signals resulting from the subtraction of dark signals 
obtained by shutting out light for a time duration corre 
sponding to the temperature of the image pickup device as 
described above, hoWever, the defects can be accurately 
detected even under changing ternperatures irrespective of 
mode setting such as of the exposure time. 

[0018] In accordance With a fourth aspect of the invention, 
there is provided an image pickup apparatus including: an 
image pickup device; a detection means for detecting fault 
pixels of the image pickup device from image pickup signals 
of a selected frame by selecting a predetermined frame from 
image pickup signals consecutively outputted as a plurality 
of frames from the image pickup device; a storage means for 
storing locations of the detected fault pixels; a correction 
means for correcting image pickup signals from the image 
pickup device on the basis of the locations of the fault pixels 
stored at the storage means; and a control means for con 
trolling tirning at Which the fault pixel detection means 
detects fault pixels. Further, in accordance With a ?fth aspect 
of the invention, the fault pixel detection means in the image 
pickup apparatus according to the fourth aspect detects fault 
pixels at every predetermined number of frames. 

[0019] In the case of consecutively taking a plurality of 
frames, it is not necessary to detect defects at each frame, 
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since difference in image is not large betWeen consecutive 
frarnes. In the image pickup apparatus according to the 
above described fourth and ?fth aspects, since defects are 
detected by selecting a predetermined frame for example at 
every predetermined number of frames from the image 
pickup signals consecutively outputted as a plurality of 
frames and the locations of the defects are stored to correct 
the defects, it is possible to correct the defects Without 
detecting defects at each frame. It is thereby possible to 
avoid easily cogniZable fault pixels Which occur due to the 
fact that the defects are seen and not seen by frarnes. 

[0020] In accordance With a sixth aspect of the invention, 
the fault pixel detection means in the image pickup appa 
ratus according to the fourth aspect detects fault pixels only 
at the ?rst frame of a number of consecutive frarnes. 

[0021] When defects are to be detected by frame, the 
defect detection processing takes time and performance of a 
further irnage taking Within such processing time may 
become impossible. The above problem, hoWever, can be 
avoided by detecting defects only With respect to the ?rst 
frame as described above. 

[0022] In accordance With a seventh aspect of the inven 
tion, the fault pixel detection means in the image pickup 
apparatus according to the fourth aspect detects fault pixels 
at predetermined time intervals or during an interrnission of 
photographing after a main photographing. 

[0023] An image taking at a desired point in time may 
become irnpossible if time is consumed in defect detection 
processing. The above problem, hoWever, can be eliminated 
by as described detecting defects at predetermined time 
intervals or When image is not being taken. 

[0024] In accordance With an eighth aspect of the inven 
tion, the image pickup apparatus according to any one of the 
fourth to seventh aspects further includes a motion detection 
means for detecting a motion in image Within a frame so that 
the fault pixel detection means detects fault pixels With 
respect to a frame or a region Within frame of Which a 
motion quantity detected by the motion detection means 
exceeds a predetermined value. 

[0025] Since, in consecutive taking of images, changes in 
image are smaller betWeen frarnes Where motion of the 
object is small, it is not necessary to detect defects at every 
frame. In the image pickup apparatus according to the above 
described aspect, since the motion detection means is pro 
vided so that defects are detected When the motion detecting 
quantity exceeds a predetermined value, it is possible not to 
detect defects at frarnes Where motion is small. 

[0026] In accordance With a ninth aspect of the invention, 
there is provided an image pickup apparatus including: an 
image pickup device; a storage means for previously storing 
the locations of fault pixels of the image pickup device; an 
edge detection means for detecting edges in image from 
image pickup signals outputted from the image pickup 
device; a fault pixel detection means for detecting fault 
pixels of the image pickup device from a frame or a region 
in frame having a value of edges less than a predetermined 
value on the basis of an output from the edge detection 
means; and a defect correction means for obtaining locations 
of fault pixels by adaptively sWitching betWeen the fault 
pixel detection means and the storage means based on an 
output from the edge detection means so as to correct irnage 
















