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(57) ABSTRACT 
A color interpolation method of an image sensor including a 
pixel array Which green, red and blue pixels are arrayed in 
Bayer pattern is provided. The method includes: calculating a 
?rst average value of ?rst values ?ltered by green pixels on 
even rows and a second average value of a second values 
?ltered by green pixels on odd rows; comparing a value 
difference between the ?rst average value and the second 
average value With a standard value; and performing one of a 
normal interpolation method and a compensation interpola 
tion method With respect to the values ?ltered by the green 
pixels according to the comparison. 

19 Claims, 3 Drawing Sheets 
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COLOR INTERPOLATION METHOD OF 
IMAGE SENSOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to an image sensor; more 
particularly, to an interpolation method for compensating a 
variation between channels of a green value by an analog 
circuit and a light interference of a complementary metal 
oxide semiconductor (CMOS) image sensor. 

DESCRIPTION OF RELATED ARTS 

Image sensors are devices taking images by using a char 
acteristic which semiconductor devices react to light. That is, 
pixels of the image sensors detect different brightness and 
wavelength coming out of each individual subject and read 
the detected brightness and wavelength into an electrical 
value. It is a function of the image sensors to change the 
electrical value into a level enabling a signal processing. 

Currently, lM-pixel image sensors are mainly used. From 
now on, it is expected that mega pixel image sensors having 
more than 200 million pixels will be commonly used as 
digital still cameras have been widely used. Accordingly, it is 
required to secure technology of image sensors having a great 
number of pixels to preoccupy a next image sensor market. 
A pixel size has been gradually decreased to make image 

sensors highly integrated and reduce a production cost. 
According to the decrease in the pixel size, a light interference 
effect by a light source has been gradually increased. 

The light interference effect changes an amount of the light 
entering to each one of pixels, thereby generating a ?ne lattice 
shape on images. The lattice shape causes a shape with a 
uniform pattern during the step of reducing images, which is 
required to the step of storing images with a high pixel. Thus, 
the lattice shape brings quality degradation to image sensors. 

FIG. 1 is a block diagram brie?y illustrating a conventional 
image sensor. 

Referring FIG. 1, the image sensor includes a pixel array 
unit 10 comprised of unit pixels as many as the number of 
N><M (Herein, N and M are natural numbers), an analog/ 
digital converter 11, a pixel line memory unit 12, a image 
signal processor 13 and a control and external system inter 
face unit 14. 

The control and external system interface unit 14 controls 
a whole operation of the image sensor by using a ?nite state 
machine (FSM) and serves a role of an interface with respect 
to the external system. Furthermore, the control and external 
system interface unit 14 has a batch resistor and thus, it is 
possible to arrange a program with respect to items relating to 
various internal operations. According to information about 
the program, the control and external system interface unit 14 
controls an operation of a whole chip. 

The pixel array unit 10 is formed by placing unit pixels 
horizontally in the number of N and vertically in the number 
of M, which the unit pixels are formed to maximize a char 
acteristic the pixels react to the light. The pixel array unit 10 
is a part detecting information about images entered from the 
outside, thereby being considered as a critical part of the 
whole image sensor. 

The analog/digital converter 11 plays a role in converting 
an analog voltage detected from each of the pixels into a 
digital voltage to be processed in a digital system. 
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2 
The pixel line memory unit 12 serves a role in storing a 

digital data converted through the analog/ digital converter 11. 
The image signal processor 13 performs various functions, 

i.e., a color interpolation, a color correction, a gamma correc 
tion, an auto white balance and an auto exposure, to improve 
capacity of the image sensor based on an output value stored 
in the pixel line memory unit 12, according to different func 
tions of the image sensor. 
An image quality of the image sensor depends on a char 

acteristic of the pixels themselves included in the pixel array 
unit 10 and the functions of the image signal processor 13. 
An interpolation method, one of the functions performed 

by the image signal processor 13, is an operation making each 
one of pixels has only one color intensity. Thus, the interpo 
lation method is an important factor deciding the image qual 
ity of the image sensor. 

For Bayer pattern of a typical image sensor, each pixel has 
information about only one color. 

That is, a pixel has information obtained by ?ltering one of 
colors of green, red and blue, and after passing through the 
interpolation method, each individual pixel becomes to 
restore and have information about all of the three colors of 
green, red and blue. Afterwards, by using the restored infor 
mation, the pixels can be produced in an image. 
The interpolation method uses a memory and performs a 

color interpolation by using pixel information neighboring to 
regions subjected to the interpolation method. 

In a typical case, since the interpolation method uses a 
mean ?lter and a median ?lter, the interpolation method pro 
vides a disadvantage that an image subjected to the restora 
tion is distorted. 
More than two green pixels different from each other gen 

erate a difference in values of the processed information due 
to the light interferences different from each other. 

In case that more than the two green pixels generate a noise 
due to the difference between individual channel values, a 
noise of a pixel unit is formed when an image is produced. 

If the interpolation method described above uses the mean 
?lter and the median ?lter, a noise formation phenomenon is 
lessened. However, the noise formation phenomenon is not 
completely removed by using the mean ?lter and the median 
?lter. It is impossible to remove a uniform pattern of the noise 
generated during an image reducing step. 

FIGS. 2A and 2B are diagrams illustrating a conventional 
pixel array having a pixel arrangement of 5x5 which a green 
pixel G is placed on the center. Particularly, FIGS. 2A and 2B 
are diagrams illustrating that a difference between individual 
green channels is generated. 

Hereinafter, with reference to FIGS. 2A and 2B, a limita 
tion caused by using the conventional image sensor will be 
explained. 
As described above, the image sensor uses a color ?lter 

array to represent only one color for one pixel. 
Typically, pixels of a complementary metal oxide semicon 

ductor (CMOS) image sensor are placed in Bayer color ?lter 
array given below. Herein, G represents a pixel for ?ltering a 
green color of the light; R represents a pixel for ?ltering a red 
color of the light; and B represents a pixel for ?ltering a blue 
color of the light. 

GRGRGR... 

BGBGBG... 

From a third row, the same constitution will be repeated. 
Recently, image sensors have become smaller due to a 

higher process technique. A photodiode size has been greatly 
reduced in a process of fabricating a semiconductor device 
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with a size of 0.18 pm compared with a conventional process 
of fabricating a semiconductor device with a size of 0.35 pm. 

However, since a logic unit processing data is more vari 
ously added, a height which a pixel is formed is not decreased 
compared with the conventional image sensor. 
Due to the above described problem, a type the pixel is 

formed like a well type. The well type becomes one of the 
factors causing the light interference. 

The light interference induces a difference in values of the 
green pixels placed in the Bayer color ?lter. The difference in 
the values of the green pixels generates the noise of the unit 
pixel on the image ?nally produced. 

Hereinafter, the conventional pixel array illustrated in 
FIGS. 2A and 2B will be described in detail. 

Shaded pixels denote green pixels having a high code value 
and dotted pixels denote green pixels having a low code value. 

Since a noise of a pixel unit generated by a difference in 
values of the green pixels is formed due to a light interference, 
an aspect of the noise is changed according to different loca 
tions of pixels and the noise is formed by the difference 
between a value of the green pixels in an odd row and a value 
of the green pixels in an even row. 

It is hard to remove the difference between the value of the 
green pixels in the odd row and the value of the green pixels 
in the even row by using the mean ?lter and the median ?lter 
mainly used in the conventional interpolation method and 
furthermore, the use of the mean ?lter and the median ?lter 
may cause image damage. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide 
a color interpolation method of an image sensor capable of 
preventing an image from being degraded by a variation 
between channels of green pixel values. 

In accordance with one aspect of the present invention, 
there is provided a color interpolation method of an image 
sensor including a pixel array which green, red and blue 
pixels are arrayed in Bayer pattern, including: calculating a 
?rst average value of ?rst values ?ltered by green pixels on 
even rows and a second average value of a second values 

?ltered by green pixels on odd rows; comparing a value 
difference between the ?rst average value and the second 
average value with a standard value; and performing one of a 
normal interpolation method and a compensation interpola 
tion method with respect to the values ?ltered by the green 
pixels according to the comparison. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention will become better understood with respect to the 
following description of the speci?c embodiments given in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram brie?y illustrating a conventional 
image sensor; 

FIGS. 2A and 2B are diagrams illustrating a conventional 
pixel array having a pixel arrangement of 5x5 which a green 
pixel G is placed on the center; 

FIG. 3 is a ?owchart illustrating interpolation methods 
subjected to green pixels in accordance with a speci?c 
embodiment of the present invention; and 

FIGS. 4A and 4B are diagrams illustrating a compensation 
interpolation method performed when there is a difference 
between odd channels of odd green pixels and even channels 
of even green pixels in accordance with the speci?c embodi 
ment of the present invention. 
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4 
DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, detailed descriptions of certain embodiments 
of the present invention will be provided with reference to the 
accompanying drawings. 

FIG. 3 is a ?owchart illustrating interpolation methods 
subjected to green pixels in accordance with a speci?c 
embodiment of the present invention. With reference to FIG. 
3, an operation in accordance with the speci?c embodiment of 
the present invention will be examined. 
As for a complementary metal oxide semiconductor 

(CMOS) image sensor, a plurality of pixels are arrayed in a 
matrix type. 
Among the plurality of pixels arrayed on a pixel array in the 

matrix type, a plurality of pixels placed along an edge of the 
pixel array are covered with a metal layer. The pixels covered 
with the metal layer are called black pixels which cannot 
receive image information and thus, cannot process image 
data. 

Although the black pixels cannot receive the image infor 
mation, each of the black pixels outputs a predetermined 
analog value, i.e., an offset value. 

Meanwhile, among the arrayed pixels, normal pixels 
except the black pixels receive images and then, ?lter prede 
termined analog values, thereby outputting the predeter 
mined analog values. At this time, the values ?ltered and 
outputted include actual image data and the aforementioned 
offset values. Herein, the offset value is called a noise. 

In accordance with the present invention, a dispersion 
value of all of the offset values outputted from the pixels 
placed on the edge of the pixel array is obtained. At this time, 
the obtained dispersion value is referred as an average value 
of the noise. 

Meanwhile, the pixel array formed in Bayer pattern 
includes four pixel regions. Among the four pixel regions, 
green pixels G are placed on the two pixel regions in a diago 
nal direction. A blue pixel B and a red pixel R are placed on 
each of the remaining two pixel regions. 
At this time, a degree of interference is different depending 

on the blue pixel B and the red pixel R neighbored to the two 
green pixels G when the green pixels G ?lter green compo 
nents from the incident light. 

Accordingly, although the two green pixels G receive the 
light with the same degree of brightness, the green pixels G 
obtain different values by ?ltering the green components 
according to different locations. 

Thus, a ?ltering property which the green pixel on an odd 
row has and a ?ltering property which the green pixel on an 
even row has are different. 

Herein, each of the step of ?ltering the green components 
of the light incident to the green pixel on the odd row and the 
step of ?ltering the green components of the light incident to 
the green pixel on the even row is de?ned as a channel. 

For an interpolation method of an image sensor in accor 
dance with the present invention, the average value of the 
noise is ?rst obtained and then, an average value of the values 
the green pixels on the odd rows obtain by ?ltering the green 
components and an average value of the values the green 
pixels on the even rows obtain by ?ltering the green compo 
nents are calculated respectively. Next, a value difference 
between the two aforementioned average values, i.e., a value 
difference between the channels, is obtained. Then, the aver 
age value of the noise and the value difference between the 
channels are compared with each other. 

Accordingly, in a case that the average value of the noise is 
greater than the value difference between the channels, it can 
be judged that there is no difference between the channels. In 
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a case that the value difference between the channels is 
greater than the average value of the noise, it can be judged 
that there is a difference between the channels. 

That is, as shown in FIG. 3, an average value of odd chan 
nels of odd green pixels and an average value of even channels 
of even green pixels are calculated respectively and then, a 
value difference between the average value of the odd chan 
nels of the odd green pixels and the average value of the even 
channels of the even green pixels is calculated at step S301. 
Furthermore, an average value of a noise of black pixels is 
calculated and then, the average value of the noise of the black 
pixels and the value difference between the average value of 
the odd channels of the odd green pixels and the average value 
of the even channels of the even green pixels are compared 
with each other at step S302. 

In a case that the value difference between the average 
value of the odd channels of the odd green pixels and the 
average value of the even channels of the even green pixels is 
smaller than the average value of the noise of the black pixels, 
there is not a difference between the odd channels of the odd 
green pixels and the even channels of the even pixels. Accord 
ingly, values ?ltered by green pixels are interpolated through 
a normal interpolation method at step S304. Meanwhile, in a 
case that the value difference between the average value of the 
odd channels of the odd green pixels and the average value of 
the even channels of the even green pixels is bigger than the 
average value of the noise of the black pixels, there is a 
difference between the odd channels of the odd green pixels 
and the even channels of the even pixels. Accordingly, a 
compensation interpolation method reducing the difference 
between the odd channels of the odd green pixels and the even 
channels of the even green pixels is performed at step S303. 

Hereinafter, the compensation interpolation method reduc 
ing the difference the odd channels of the odd green pixels and 
the even channels of the even green pixels will be explained. 
FIGS. 4A and 4B are diagrams illustrating a compensation 
interpolation method performed when there is a difference 
between odd channels of odd green pixels and even channels 
of even green pixels in accordance with the speci?c embodi 
ment of the present invention. 
As shown in FIG. 4A, a normal interpolation method is 

performed with respect to a ?rst value Gc ?ltered by the odd 
channels of the odd green pixels. Next, as shown in FIG. 4B, 
a normal interpolation method is performed with respect to a 
second value Gd ?ltered by the even channels of the even 
green pixels. Subsequently, an average value of two values 
obtained by performing the normal interpolation method 
twice is calculated. At this time, the obtained average value is 
used as an interpolation value of the green pixels. 

Accordingly, although there is a difference between the 
?rst value Gc ?ltered by the odd channels of the odd green 
pixels and the second value Gd ?ltered by the even channels 
of the even green pixels, since the aforementioned average 
value of the ?rst value Gc and the second value Gd, it is not 
possible to observe an error caused by a difference between 
the odd channels of the odd green pixels and the even chan 
nels of the even greenpixels as a result of a ?nal interpolation. 

In accordance with the present invention, the average value 
of the values the green pixels on the odd rows obtained by 
?ltering the green components and the average value of the 
values the green pixels on the even rows obtained by ?ltering 
the green components are calculated respectively. Then, 
according to a correlation between the value difference 
between the two aforementioned average values and the aver 
age value of the noise of the black pixels, different interpola 
tion methods are selected. Accordingly, it is possible to pre 
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6 
vent the value obtained by ?ltering from being changed 
according to different locations of the green pixels in the pixel 
array. 
The present invention for interpolating defective pixel data 

exempli?es the case of performing a color interpolation with 
respect to a pixel placed on the center of an arrangement 
shown in FIGS. 2A, 2B, 4A and 4B at an image information 
processor of an image sensor. In addition, the present inven 
tion can be also properly transformed and applied with 
respect to all cases that a data processing method of an image 
sensor uses an interpolation method using a memory process 
ing data by rows. 
As described in the above, in accordance with the present 

invention, it is possible to prevent an image from degradation 
caused by a change between channels of green values of an 
image sensor. Accordingly, the present invention raises an 
image quality, thereby providing an effect of improving 
image sensors. 
The present application contains subject matter related to 

the Korean patent application No. KR 2004-0071442 ?led in 
the Korean Patent Of?ce on Sep. 7, 2004, the entire contents 
of which being incorporated herein by reference. 

While the present invention has been described with 
respect to certain speci?c embodiments, it will be apparent to 
those skilled in the art that various changes and modi?cations 
may be made without departing from the spirit and scope of 
the invention as de?ned in the following claims. 
What is claimed is: 
1. A color interpolation method of an image sensor includ 

ing a pixel array which green, red and blue pixels are arrayed 
in Bayer pattern, the color interpolation method comprising: 

calculating a ?rst average value of ?rst values ?ltered by 
green pixels on even rows and a second average value of 
a second values ?ltered by green pixels on odd rows; 

calculating an average value of a noise of black pixels 
which do not receive image information; 

comparing a value difference between the ?rst average 
value and the second average value with the average 
value of the noise of the black pixels; and 

performing selectively, with an image signal processor, 
one of a normal interpolation method and a compensa 
tion interpolation method with respect to the values ?l 
tered by the green pixels based on a result of the com 
parison. 

2. The color interpolation method of claim 1, wherein [at] 
the selective performing of one of the normal interpolation 
method and the compensation interpolation method with 
respect to the values ?ltered by the green pixels based on the 
result of the comparison, if the value difference between the 
?rst average value and the second average value is greater 
[that] than the average value of the noise of the black pixels, 
the compensation interpolation method is employed. 

3. The color interpolation method of claim 2, wherein the 
compensation interpolation method includes: 

performing a compensation interpolation operation with 
respect to the ?rst values; 

performing a compensation interpolation operation with 
respect to the second values; and 

calculating an average value of values resulted from per 
forming the compensation operations with respect to the 
?rst values and the second values, wherein the average 
value is applied as an interpolation value of the green 
pixels. 

4. The color interpolation method of claim 1, wherein at the 
selective performing of one of the normal interpolation 
method and the compensation interpolation method with 
respect to the values ?ltered by the green pixels based on the 
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result of the comparison, if the value difference between the 
?rst average value and the second average value is smaller 
than the average value of the noise of the black pixels, the 
normal interpolation method is employed. 

5. The color interpolation method of claim 1, Wherein the 
normal interpolation method uses one of a mean value and an 

average ?lter. 
6. A method, comprising: 
calculating a ?rst average value of ?rst values from green 

pixels on even rows of a pixel array and a second aver 

age value of second values from green pixels on odd 
rows of the pixel array; 

calculating an average value of a noise of black pixels, 
which do not receive image information; 

comparing a value diference between the ?rst average 
value and the second average value with the average 
value ofthe noise ofthe blackpixels; and 

performing selectively, with an imaging device, a compen 
sation interpolation method with respect to the ?rst and 
second values from the green pixels based on a result of 
the comparison. 

7. The method ofclaim 6, wherein saidperforming selec 
tively a compensation interpolation method comprises per 
forming the compensation method the value di erence 
between the ?rst average value and the second average value 
is greater than the average value of the noise of black pixels. 

8. The method of claim 6, wherein said performing the 
compensation interpolation method comprises: 
performing a compensation interpolation operation with 

respect to the ?rst values; 
performing a compensation interpolation operation with 

respect to the second values; 
averaging values resultingfrom said performing a com 
pensation interpolation operation with respect to the 
?rst values and saidperforming a compensation inter 
polation operation with respect to the second values to 
obtain another average value; and 

applying the another average value as an interpolation 
value of the green pixels. 

9. The method ofclaim 6,further comprisingperforming a 
normal interpretation method with respect to the values from 
the green pixels the value di?'erence between the ?rst aver 
age value and the second average value is smaller than the 
average value of the noise of the black pixels. 

10. The method ofclaim 9, wherein the normal interpola 
tion method uses a mean value. 

11. The method ofclaim 9, wherein the normal interpola 
tion method uses an average ?lter 

12. An image sensor, comprising: 
a pixel array comprising a plurality of pixels con?gured to 

receive image information and aplurality ofblackpixels 
con?gured to not receive image information; and 
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circuitry con?gured to: 

calculate a ?rst average value of ?rst values from green 
pixels on even rows of the pixel array and a second 
average value of second values from green pixels on 
odd rows of the pixel array; 

calculate an average value ofa noise ofthe plurality of 
black pixels; 

compare a value difkrence between the ?rst average 
value and the second average value with the average 
value ofthe noise ofthe blackpixels; and 

perform selectively a compensation interpolation 
method with respect to the ?rst and second values 
from the green pixels based on a result of the com 
parison. 

13. The image sensor ofclaim 12, wherein the circuitry is 
further con?gured to perform the compensation interpolation 
method the value difference between the ?rst average value 
and the second average value is greater than the average 
value ofthe noise ofblackpixels. 

14. The image sensor ofclaim 12, wherein, in response to 
performing the compensation interpolation method, the cir 
cuitry is further con?gured to: 
perform a compensation interpolation operation with 

respect to the ?rst values; 
perform a compensation interpolation operation with 

respect to the second values; 
average values resulting from the compensation interpo 

lation operation with respect to the ?rst values and said 
the compensation interpolation operation with respect 
to the second values to obtain another average value; 
and 

apply the another average value as an interpolation value 
of the green pixels. 

15. The image sensor ofclaim 12, wherein the circuitry is 
further con?gured to perform a normal interpretation method 
with respect to the values from the green pixels the value 
diference between the ?rst average value and the second 
average value is smaller than the average value ofthe noise of 
the black pixels. 

16. The image sensor ofclaim 15, wherein the circuitry is 
further con?gured to use a mean value when performing the 
normal interpolation method. 

1 7. The image sensor ofclaim 15, wherein the circuitry is 
further con?gured to use an average ?lter when performing 
the normal interpolation method. 

18. The image sensor ofclaim 12, wherein the plurality of 
pixels are formed in a Bayer pattern comprising red pixels, 
green pixels, and blue pixels. 

19. The image sensor of claim 12, further comprising a 
metal layer con?gured to prevent the black pixels from receiv 
ing image information. 

* * * * * 
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