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(57) ABSTRACT 

An image sensor has improved functions So as to automati 
cally eliminate a flicker noise. For the purpose, the image 
sensor includes a pixel array for capturing information about 
an image provided from the outside and having N pixel rows 
and M pixel columns for maximizing a feature of reacting to 
light, wherein M and N are integers, respectively, a flicker 
noise detective pixel unit containing X pixel rows, which has 
a form extended from the N pixel rows of the pixel array, and 
M pixel columns, wherein each pair of X pixel rows has an 
identical exposure time and X is an even number, and a flicker 
noise for controlling an exposure point for the flicker noise 
detective pixel unit and detecting the flicker noise by using 
outputs of the flicker noise detective pixel unit. 

39 Claims, 6 Drawing Sheets 

X) 

FLICKERNOISE 
CETECTING 
BLOCK 

PIXELARRAY 

34 
ANAOG-LINE 

BLFFERNOBLOCK 

t CONVERTER 

38 

FCKERNOISE 
8 DETECTIVE 

capixELBLOCK 

ANALOGOLTAGECF 
DETECEDMNURO 

- - - - - - - - - - s 
WARIABLEAPFER 

- - - - - - - - - - - - 

ANALO-C-GFA 

CONTROL 

CONTROLUNG& i. 
EEBNSSTE INTERFACINSBLOCK $GNAL 

COLUMNDECODER 

  

  

    

  

  



U.S. Patent Mar. 12, 2013 Sheet 1 of 6 US RE44,062 E 

F.G. 1 
(PRIOR ART) 

10 CONTROL CONTROL 
11 AND CONTROLLING & INTERFACE 

PXEL ARRAY * EEASE - output signal. 
INTERFACINGBLOCK - 

ANALOG VOLTAGE OF 
DETECTED MNIMUM ROW 

12 CONTROL SIGNAL 
ANALOG-LINE OF EACH BLOCK 

BUFFERING BLOCK 

14 13 
BUS CONTROL 

ANAL COUMNDECODER 

VARIABLEAMPFER 
- - - - - - - - - - - 

- 

- 

ANAOG-To-octa 
CONVERTER 

DIGITAL SIGNAL 
PROCESSOR (DSP) 

OG BUS 

15 
  



U.S. Patent Mar. 12, 2013 Sheet 2 of 6 US RE44,062 E 

FG. 2A 
(PRIOR ART) 

LIGHT ENERGY 
1 Frame 2 Frame 

TIME 

EXPOSURE TIME EXPOSURE TIME 

FG. 2B 
(PRIOR ART) 

LIGHT ENERGY 

TIME 

EXPOSURE TIME EXPOSURE TIME 

FG. 2C 
(PRIOR ART) 

LIGHT ENERGY 
1 Frame 2 Frame 

TIME 

EXPOSURE TIME EXPOSURE TIME 

  



U.S. Patent Mar. 12, 2013 Sheet 3 of 6 US RE44,062 E 

F.G. 2D 
(PRIOR ART) 

LIGHT ENERGY 

EXPOSURE TIME EXPOSURE TIME 

FG, 2E 
(PRIOR ART) 

LIGHT ENERGY 

TIME 

EXPOSURE TIME EXPOSURE TIME 

  



U.S. Patent Mar. 12, 2013 Sheet 4 of 6 US RE44,062 E 

F.G. 3 

FLICKERNOISE 
31 DETECTIVE 

plxGLBLOCK 
Ko H 

(XM) 

FLICKERNOISE 33 CONTROL 

E. CONTROLLING & NERFACE 
CONTROEXTERNAL SYSTEM - CUPUT AND INTERFACING BLOCK SIGNAL 
ADDRESS - 

PXEL ARRAY 

ANALOGVOLTAGE OF 
DETECTED MNIMUM ROW 

34 

ANALOG-LINE 
BUFFERING BLOCK 

| 35 36 

ANALOG BUS COLUMN DECODER 

37 
- - - - - - - - - - - 

WARIABLE AMPFER 
- - - - - - - - - - - 

ANAOG-TO-DIGITAL. 
CONVERTER 

DIGITAL SIGNAL 
PROCESSOR (DSP) 

  

  

  

  

    

  



U.S. Patent Mar. 12, 2013 Sheet 5 of 6 US RE44,062 E 

FG. 4A 

LIGHT ENERGY 

TIME 

EXPOSURE TIME EXPOSURE TIME 

EXPOSURE EXPOSURE 
STARTING STARTING 
POINT POINT 

FG. 4B 

LIGHT ENERGY 

TIME 

EXPOSURE TIME EXPOSURE TIME 

EXPOSURE EXPOSURE 
STARTING STARTING 
POINT POINT 

  





US RE44,062 E 
1. 

IMAGE SENSOR FOR DETECTING FLICKER 
NOISE AND METHOD THEREOF 

Matter enclosed in heavy brackets appears in the s 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 10 

The present invention relates to an image sensor and a 
method for detecting a flicker noise of the image sensor, 
which has improved functions so as to automatically elimi 
nate the flicker noise. 15 

BACKGROUND OF THE INVENTION 

In general, an image sensor is a device of displaying images 
by using a feature that a semiconductor reacts to light. That is, 
the image sensor reads out electrical values by detecting 
lightness and wavelengths of different lights derived from 
different objects. The image sensor makes the electric values 
to levels able to be signal-processed. 

The image sensor is a semiconductor device of changing an 
optical image to electrical values. A charge-coupled device 
(CCD) is a device in which MOS capacitors are located very 
close to one another and charge, carriers are stored at the 
capacitors. On the other hand, a Complementary Metal Oxide 30 
Semiconductor (CMOS) image sensor uses CMOS technol 
ogy which utilizes a control circuit and a signal processing 
circuit as peripheral circuits, employs MOS transistors as 
many as the number of pixels and adopts a Switching scheme 
of detecting outputs sequentially by using the MOS transis- 35 
tors. The CMOS image sensor is used in personal portable 
systems such as a mobile phone since it consumes low power. 
Therefore, the image sensors are used in various areas of PC 
camera, medical instrument, toy and so on. 

FIG. 1 is a block diagram showing a conventional image 40 
SSO. 

Referring to FIG.1, the image sensor includes a controlling 
& external system interfacing block 10, a pixel array 11, an 
analog-line buffering block 12, a column decoder 13, an 
analog bus 14, an analog signal processor (ASP) 15 and a 45 
digital signal processor (DSP) 16. 
The ASP 15 contains a variable amplifier and an analog 

to-digital converter (ADC) and the DSP 16 performs func 
tions of error correction, color interpolation, gamma correc 
tion, color space conversion and so on. 50 

Hereinafter, an operation of each component constructing 
the above image sensor will be explained in detail. 

The pixel array 11 contains NxM pixels for maximizing a 
feature of reacting to light, N and M being integers, respec 
tively, and is a core part of the image sensor for detecting 55 
information about images provided from the outside. 
The controlling & external system interfacing block 10 

controls a whole operation of the image sensor by using a 
finite state machine (FSM) and performs an interfacing 
operation for an external system. Since the block 10 includes 60 
an arrangement register (not shown), it is possible to program 
information related to various internal operations and the 
whole operation of the image sensor is controlled by the 
programmed information. 
The analog-line buffering block 12 detects voltages of 65 

pixels on a selected one row and stores the detected Voltages 
therein. Among the analog data stored in the analog-line 

25 

2 
buffering block 12, a data on a column chosen by the column 
decoder 13 is transferred to the variable amplifier in the ASP 
15 through the analog bus 14. 
The variable amplifier, e.g., a programmable gain amplifier 

(PGA), amplifies pixel voltages stored in the analog-line buff 
ering block 12 when the pixel Voltages are low. The analog 
data amplified at the variable amplifier are color-corrected 
and then converted to digital values at the ADC. The digital 
values are converted again according to video standards Such 
as 4:2:2 or 4:4:4 at the DSP 16 after being processed by the 
above procedure. 

Meanwhile, in the image sensor, a fixed pattern noise can 
occur by an offset Voltage due to a minute difference in a 
manufacturing process. In order to compensate this fixed 
pattern noise, the image sensor adopts a correlated double 
sampling (CDS) scheme to read a reset Voltage signal and a 
data Voltage signal from each pixel of the pixel array 11 and 
output a difference between the reset Voltage signal and the 
data Voltage signal. 

Application of the image sensor is still-camera, personal 
computer (PC) camera, medical, toy, and portable terminal 
and so on. If light sources are different, there occurs a flicker 
noise. Since, however, the greaterpart of application requires 
an image sensor usable without regard to a kind of light 
Source, the image sensor needs a function of automatically 
eliminating the flicker noise. 
The CMOS image sensor captures images by adjusting its 

exposure time to light. Therefore, if the exposure time is 
integer times of a frequency of a light source, there is no 
problem. However, if the exposure time is different from the 
frequency of the light source, in case of the CMOS image 
sensor capturing image data on a line-by-line basis, since the 
amount of light that each line receives is different, there 
occurs a flicker noise making a noise bar on a final image. 

FIGS. 2A to 2E show graphs illustrating various cases in 
which flicker effects happen. 

Referring to FIG. 2A, there is described the variation of 
light energy according to the change of time in case that the 
amount of inputted light, i.e., energy, has an identical fre 
quency to that of the exposure time of the image sensor. In this 
case, since the amount of energy that each line receives is 
identical, a normal image is outputted. 

FIG. 2B shows the energy having a different frequency 
from the exposure time, i.e., a case that the exposure time is 
shorter than a frequency of the light Source. In other words, it 
shows a case that the frequency of the energy is longer than 
the exposure time, i.e., the energy changes in a shorter time 
period. 

FIG. 2C shows a case that the frequency of the energy is 
shorter than the exposure time, i.e., the energy changes in a 
longer time period. In any case, there occurs flicker in the 
image. Specially, when there occurs a flicker noise, a noise 
bar generated on the image flows upward or downward, or the 
noise bar is fixed in the image. At this time, the fixed flicker 
noise is difficult to be distinguished with a real image. 

FIGS. 2D and 2E represent cases that there occur flicker 
noises fixed in the image. In these cases, sizes offlicker noises 
occurring in a first frame and a second frame are identical 
regardless of the relation between the exposure time and the 
frequency of the light source. In case that the fixed flicker 
noises are generated, if detecting the flicker noises by using a 
flicker noise of a different size for each frame as in an existing 
algorithm, it is impossible to detect the flicker noises. 

Therefore, as afore-mentioned, there needs to eliminate 
flicker for every case that the flicker occurs. 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide 
an image sensor and a flicker noise detecting method capable 
of automatically eliminating flicker noises for every case that 
there occur the flicker noises. 

In accordance with one aspect of the present invention, 
there is provided an image sensor including a pixel array for 
capturing information about an image provided from the out 
side and having N pixel rows and Mpixel columns for maxi 
mizing a feature of reacting to light, wherein M and N are 
integers, respectively, a flicker noise detective pixel unit con 
taining X pixel rows, which has a form extended from the N 
pixel rows of the pixel array, and M pixel columns, wherein 
each pair of X pixel rows has an identical exposure time and 
X is an even number, and a flicker noise for controlling an 
exposure point for the flicker noise detective pixel unit and 
detecting the flicker noise by using outputs of the flicker noise 
detective pixel unit. 

In accordance with another aspect of the present invention, 
there is provided a method for detecting a flicker noise of an 
image sensor, comprising the steps of: (a) securing informa 
tion about images of a first pair of pixel rows by differing 
exposure points of the first pair of pixel rows having a first 
exposure time and repeating the image information securing 
process as changing the exposure points of the first pair of 
pixel rows; (b) capturing information about images of a sec 
ond pair of pixel rows by differing exposure points of the 
second pair of pixel rows having a second exposure time and 
repeating the image information capturing process as chang 
ing the exposure points of the second pair of pixel rows; (c) 
calculating an average value of the image information for 
each pixel row of the first and the second pairs of pixel rows 
in every image information detecting process; (d) ciphering a 
maximum value and a minimum value among average values 
for said each pixel row obtained from the step (c); (e) deter 
mining a first Subtract value by Subtracting the minimum 
value from the maximum value of one pixel row having the 
first exposure time, deciding a second subtract value by Sub 
tracting the minimum value from the maximum value of the 
other pixel row having the first exposure time, and outputting 
a smaller one of the first subtract value and the second sub 
tract value as a first minimum Subtract value; (f) determining 
a third subtract value by subtracting the minimum value from 
the maximum value of one pixel row having the second expo 
Sure time, deciding a fourth Subtract value by Subtracting the 
minimum value from the maximum value of the other pixel 
row having the second exposure time, and outputting a 
smaller one of the third subtract value and the fourth subtract 
value as a second minimum Subtract value; and (g) deciding 
an exposure time corresponding to the flicker noise by com 
paring the first minimum subtract value and the second mini 
mum subtract value. 

In accordance with further another aspect of the present 
invention, there is provided a method for detecting a flicker 
noise of animage sensor, comprising the steps of: (a) securing 
information about an image of each of a first and a second 
pixel row by differing exposure points of the first and the 
second pixel rows having a first exposure time and repeating 
the image information securing process as changing the expo 
Sure points of the first and the second pixel rows; (b) capturing 
information about an image of each of a third and a fourth 
pixel row by differing exposure points of the third and the 
fourth pixel rows having a second exposure time and repeat 
ing the image information capturing process as changing the 
exposure points of the third and the fourth pixel rows; (c) 
calculating an average value of the image information for 
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4 
each of the first to the fourth pixel rows in every image 
information detecting process; (d) ciphering a maximum 
value and a minimum value among average values for said 
each of the first to the fourth pixel rows obtained from the step 
(c); (e) determining a first Subtract value by Subtracting the 
minimum value from the maximum value of the first pixel 
row, deciding a second Subtract value by Subtracting the mini 
mum value from the maximum value of the second pixel row, 
and outputting a smaller one of the first Subtract value and the 
second Subtract value as a first minimum subtract value; (f) 
determining a third subtract value by Subtracting the mini 
mum value from the maximum value of the third pixel row, 
deciding a fourth Subtract value by Subtracting the minimum 
value from the maximum value of the fourth pixel row, and 
outputting a smaller one of the third subtract value and the 
fourth Subtract value as a second minimum subtract value; 
and (g) deciding an exposure time corresponding to the flicker 
noise by comparing the first minimum subtract value and the 
second minimum subtract value. 

In accordance with the present invention, it is possible to 
automatically eliminate flicker in every case that a flicker 
noise occurs. For this, the present invention can control on/off 
of an exposure time for each line. In accordance with the 
present invention, there are added dedicated lines for the 
flicker detection to an existing pixel array, wherein the dedi 
cated lines are independently operated with regard to func 
tions of the pixel array and an exposure time of each dedicated 
line is artificially on/off to compensate a conventional noise 
detecting scheme. As a result, it is possible to detect flicker 
noises for most of cases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention will become apparent from the following descrip 
tion of preferred embodiments given in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of a conventional image sensor; 
FIGS. 2A to 2E are graphs illustrating various cases in 

which flicker effects happen; 
FIG. 3 provides a block diagram of an image sensor in 

accordance with the present invention; 
FIGS. 4A and 4B represent graphs describing two cases of 

detecting flicker as changing an exposure time when a frame 
length is integer times of a frequency of a light source; and 
FIG.5 describes a flow chart of an algorithm for detecting 

flicker in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following detailed description, the preferred 
embodiments of the present invention are set forth in order to 
provide a thorough understanding of the invention with ref 
erence to the drawings. However, it will be understood by 
those skilled in the art that the present invention may be 
practiced without these preferred embodiments. 
A flicker effect happens when a frequency of a light source 

is different from an exposure time of an image sensor. The 
light source is a luminous body used in everyday life. The Sun 
and a fluorescent lamp are also light sources. In case of using 
the Sunlight as the light source, since its frequency is very 
high and the exposure time is always more than thousands of 
times of a Sunlight period, there does not occur the flicker 
effect under the Sunlight. On the other hand, in case of using 
the fluorescent lamp as the light source, since its frequency is 
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50 Hz or 60 Hz, there occurs the flicker effect in an image 
sensor having the exposure time of dozens of ms. 

Since a CMOS image sensor reads each line so as to cap 
ture image data from pixels, it uses various methods for 
eliminating flicker. Since an identical exposure time is 
applied to each line, if the exposure time is different from a 
frequency of a light source, the amount of energy made at 
each line by the light source becomes different from the 
exposure time. As a result, the different amount of energy is 
inputted and there occurs flicker. 

In accordance with the present invention, a basic flicker 
phenomenon as well as a specific flicker phenomenon can be 
detected automatically. The flicker phenomenon represent a 
phenomenon by which there is generated a noise bar on an 
image. In a general case, since the noise bar on the image 
flows upward or downward, it can be definitely distinguished 
with a figure on the image. However, if a frame length 
becomes integertimes of the frequency of the light Source, the 
noise bar on the image does not flow upward or downward 
and looks like a check, making the flicker detection difficult. 
In accordance with the present invention, this phenomenon is 
also detected. 

FIG. 3 provides a block diagram of an image sensor in 
accordance with the present invention. 

Referring to FIG. 3, an inventive image sensor includes a 
pixel array 30 that contains NxM pixels for maximizing a 
feature of reacting to light, N and M being integers, respec 
tively, and detects information about images provided from 
the outside, a flicker noise detective pixel block 31 that con 
tains X pixel rows, which has a form extended from the N 
pixel rows of the pixel array 30, and Mpixel columns, X being 
an even number larger than N, and whose each pair of pixel 
rows has an identical exposure time, a flicker noise detecting 
block 32 for controlling an exposure point of the flicker noise 
detective pixel block 31 and detecting a flicker noise based on 
outputs of the flicker noise detective pixel block 31, a con 
trolling & external system interfacing block 33, an analog 
line buffering block 34, a column decoder 36, an analog bus 
35, an analog signal processor (ASP)37, and a digital signal 
processor (DSP) 38. 

The ASP 37 contains a variable amplifier and an analog 
to-digital converter (ADC) and the DSP 38 performs func 
tions of error correction, color interpolation, gamma correc 
tion, color space conversion and so on. 

Hereinafter, an operation of each component constructing 
the inventive image sensor will be explained in detail. 

The pixel array 30 contains NxM pixels for maximizing a 
feature of reacting to light, N and M being integers, respec 
tively, and is a core part of the image sensor for detecting 
information about images provided from the outside. 
The flicker noise detective pixel block 31 detects informa 

tion for an image during one frame to allow each pair of rows 
to have different exposure points from each other and, in a 
next frame, detects information for the image after changing 
the exposure points of each pair of rows. That is, for a plural 
ity of frames, it detects the image information as changing the 
exposure points of each pair of rows. 
The controlling & external system interfacing block 33 

controls a whole operation of the image sensor by using a 
finite state machine (FSM) and performs an interfacing 
operation for an external system. Since the block 33 includes 
an arrangement registers (not shown), it is possible to pro 
gram information related to various internal operations and 
the whole operation of the image sensor is controlled by the 
programmed information. 
The analog-line buffering block 34 detects voltages of 

pixels on a selected row and stores the detected Voltages 
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6 
therein. Among the analog data stored in the analog-line 
buffering block 34, a data on a column chosen by the column 
decoder 36 is transferred to the variable amplifier in the ASP 
37 through the analog bus 35. 
The variable amplifier, e.g., a programmable gain amplifier 

(PGA), amplifies pixel voltages stored in the analog-line buff 
ering block 34 when the pixel Voltages are low. The analog 
data amplified at the variable amplifier are color-corrected 
and then converted to digital values at the ADC. The digital 
values are converted again according to video standards Such 
as 4:2:2 or 4:4:4 at the DSP 38 after being processed by the 
above procedure. 

Meanwhile, in the image sensor, a fixed pattern noise can 
occur by an offset Voltage due to a minute difference in a 
manufacturing process. In order to compensate this fixed 
pattern noise, the image sensor adopts a correlated double 
sampling (CDS) scheme to read a reset Voltage signal and a 
data Voltage signal from each pixel of the pixel array 30 and 
output a difference between the reset Voltage signal and the 
data Voltage signal. 
As can be seen from the construction in FIG. 3, the inven 

tive image sensor includes the flicker noise detective pixel 
block 31 for only detecting flicker, e.g., 4 pixel lines, in 
addition to the pixel array 30 on which an image is practically 
displayed. 
The flicker noise detecting block 32 receives outputs from 

the flicker noise detective pixel block 31 and certifies whether 
or not the flicker is generated. Based on the results, different 
exposure times are provided to rows. 

FIGS. 4A and 4B represent graphs describing two cases of 
detecting flicker as changing an exposure time when a frame 
length is integer times of a frequency of a light source. 

Referring FIG. 4A, there is shown why it is impossible to 
detect the flicker when the frame length is integer times of the 
frequency of the light Source. When comparing two frames in 
which flicker occurs, in case that the frame length is not 
integer times of the frequency of the light Source, the amount 
of energy of the first frame is different from that of the second 
frame since the light source has a different frequency from the 
exposure time. 

Therefore, the occurrence offlicker is detected by compar 
ing the amount of energies of two frames. However, in case 
that the frequency of the light source becomes integertimes of 
the frame length, although data of lines at the same place of 
the first and the second frames are applied by different expo 
sure times of the light source, it is difficult to detect the 
occurrence offlicker since the amount of energies inputted to 
the sensor during the sensor being exposed to the lines 
become identical. 

Therefore, in order to detect the flicker, it is required to 
adopt different exposure timing. 

In FIG. 4B, there is shown an example of adopting different 
exposure timing. If the exposure timing is differently set up 
for each line, it is possible to detect the flicker although the 
frame length becomes integer times of the frequency of the 
light Source. 

Hereinafter, there is described an inventive flicker noise 
detecting algorithm. In accordance with the present inven 
tion, by adjusting the exposure timing; it is possible to detect 
the flicker noise in case that the frame length becomes integer 
times of the frequency of the light source. 

It is assumed that there are a pair of pixel rows, A1 and A2, 
having an exposure time t1 corresponding to a light source 
A and a pair of pixel rows, B1 and B2, having an exposure 
time t2 corresponding to a light source B. 
At first, information about images of corresponding rows 

A1 and A2 is detected by differing their exposure points. For 
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instance, if the exposure point of A1 is a /4 point of a wave 
length of the light source A, the exposure point of A2 is 
decided as a 34 point of the wavelength of the light source A. 
Then, this process is repeated as changing the exposure point 
of each pixel. 

At this time, information about images of corresponding 
rows B1 and B2 is detected by differing their exposure points. 
For example, if the exposure point of B1 is a /4 point of a 
wavelength of the light source B, the exposure point of B2 is 
determined as a 34 point of the wavelength of the light source 
A. This process is repeated as changing the exposure point of 
each pixel. 

Then, there is ciphered an average value of the information 
about the image of each pixel row for each time. After repeat 
ing plural times the average value ciphering process, a mini 
mum value and a maximum value are determined by compar 
ing a plurality of average values of each pixel row. A first 
Subtract value is calculated by Subtracting the minimum value 
from the maximum value of the pixel row A1 having the 
exposure time t1. Likewise, a second Subtract value is 
ciphered by Subtracting the minimum value from the maxi 
mum value of the pixel row A2 having the exposure time t1. 
A smaller one of the first subtract value and the second sub 
tract value is determined as a first minimum subtract value. 
A third subtract value is calculated by subtracting the mini 

mum value from the maximum value of the pixel row B1 
having the exposure time t2. Likewise, a fourth subtract 
value is ciphered by subtracting the minimum value from the 
maximum value of the pixel row B2 having the exposure time 
t2. A smaller one of the third subtract value and the fourth 
subtract value is decided as a second minimum subtract value. 

After then, an exposure time corresponding to the flicker 
noise is determined according to sizes of the first minimum 
Subtract value and the second minimum subtract value. 
When deciding the exposure time corresponding to the 

flicker noise, an exposure time having a larger one of the first 
minimum subtract value and the second minimum Subtract 
value corresponds to the flicker noise and a light Source 
corresponding to an exposure time having a smaller one is a 
real light Source. 
The first minimum Subtract value and the second minimum 

Subtract value are larger than a signal conversion minimum 
value for preventing an error operation due to the minute 
variation of an external environment. For each pixel row, 
information about an image is detected at a certain exposure 
time and an average value of each pixel row is calculated. 

In the meantime, the above one time for each pixel row 
corresponds to one frame of the pixel array in the image 
SSO. 

FIG.5 describes a flow chart of an algorithm for detecting 
flicker in accordance with an embodiment of the present 
invention. 

In FIG. 5, there is shown a procedure of finding a real light 
Source by using two pairs of pixel rows, i.e., 4 pixel rows, 
wherein the two pairs of pixel rows correspond to two light 
sources A and B, respectively. Hereinafter, a procedure of 
detecting a flicker noise is explained with reference to the 
drawing. 

At first, it is assumed that there are a pair of pixel rows 
using the light source A, i.e., having an exposure time corre 
sponding to the light Source A and a pair of pixel rows using 
the light source B, i.e., having an exposure time correspond 
ing to the light source B, i.e., total 4 pixel rows extended from 
rows in a pixel array So as to detect the flicker noise. 

Each of the 4 pixel rows for detecting the flicker noise 
outputs one data for one frame reading out whole data of the 
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pixel array. Therefore, there are outputted total 16 data from 
the 4 pixel rows by repeating the data reading process during 
4 frames. 

In step S501, a current frame is set to 0 and a pixel data 
of a first frame is outputted. 

In step S502, it is determined whether or not a current 
output data is of a fourth frame and, if the current frame is not 
the fourth frame, the next frame starts to be exposed. If the 
current frame is the fourth frame, this procedure goes back to 
step S501 and the current frame is set to 0 again. 

If it is determined that the current frame is not the fourth 
frame in step S502, the next frame starts to be exposed. 
Therefore, in step S503, the pixel row A1 using the light 
Source A is exposed at a 4point of a wavelength of the light 
source A, i.e., * Astart1<=* A/4. The pixel row A2 using the 
light source A is exposed at a 4point of the wavelength of the 
light source A, i.e., * Astart2<=*A. The pixel row B1 using 
the light Source B is exposed at a 4point of a wavelength of 
the light source B, i.e., *Bstart1<=*B/4. The pixel row B2 
using the light Source B is exposed at a 4point of the wave 
length of the light source B, i.e., *Bstart2<=*B. At each 
exposure point, image information of the corresponding pixel 
row is captured. 

In step S504, there is calculated an average value of the 
image information for each of the four pixel rows obtained 
during processing a frame corresponding to step S503. 

That is, an average value of the first frame for the pixel row 
A1 is calculated as SAF11<=AFrameavg1; that for the pixel 
row A2, as SAF12<=AFrameavg2; that for the pixel row B1, 
as "SBF11<=BFrameavg1; and that for the pixel row B2, as 
SBF12<=BFrameavg2. 
In step 'S505, the pixel row A1 using the light source A is 

exposed at a 3/4point of the wavelength of the light source A, 
i.e., * Astart1<=*A/3. The pixel row A2 using the light 
Source A is exposedata% point of the wavelength of the light 
source A, i.e., * Astart2<=*A/2. The pixel row B1 using the 
light source B is exposed at a 34point of the wavelength of the 
light source B, i.e., *Bstart1<=*B/3. The pixelrow B2 using 
the light source B is exposed at a 24 point of the wavelength of 
the light source B, i.e., *Bstart2<=*B/2. At each exposure 
point, image information of the corresponding pixel row is 
secured. 

In step S506, there is calculated an average value of the 
image information for each of the four pixel rows obtained 
during processing a frame corresponding to step S505. 

Namely, an average value of the second frame for the pixel 
row A1 is calculated as SAF21<=AFrameavg1; that for the 
pixel row A2, as SAF22<=AFrameavg2; that for the pixel 
row B1, as "SBF21<=BFrameavg1; and that for the pixelrow 
B2, as "SBF22<=BFrameavg2. 

In step S507, the pixel row A1 using the light source A is 
exposed at a 24 point of the wavelength of the light source A, 
i.e., * Astart1<=*A/2. The pixel row A2 using the light 
Source A is exposedata% point of the wavelength of the light 
source A, i.e., * Astart2<=*A/3. The pixel row B1 using the 
light source B is exposed at a 24 point of the wavelength of the 
light source B, i.e., *Bstart1<=*B/2. The pixelrow B2 using 
the light source B is exposed at a 3/4point of the wavelength of 
the light source B, i.e., *Bstart2<=*B/3. At each exposure 
point, image information of the corresponding pixel row is 
obtained. 

In step S508, there is calculated an average value of the 
image information for each of the four pixel rows obtained 
during processing a frame corresponding to step S507. 

That is to say, an average value of the third frame for the 
pixel row A1 is calculated as SAF31<=AFrameavg1; that 
for the pixel row A2, as SAF32<=AFrameavg2; that for the 
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pixel row B1, as "SBF31<=BFrameavg1; and that for the 
pixel row B2, as "SBF32<=BFrameavg2. 

In step S509, the pixel row A1 using the light source A is 
exposed at a 4 point of the wavelength of the light source A, 
i.e., * Astart1<=*A. The pixel row A2 using the light source 
A is exposed at a 4 point of the wavelength of the light Source 
A, i.e., * Astart2<=* A/4. The pixel row B1 using the light 
source B is exposedata /4 point of the wavelength of the light 
source B, i.e., *Bstart1<=*B. The pixel row B2 using the 
light source B is exposed at a 4point of the wavelength of the 
light source B. i.e., *Bstart2<=*B/4. At each exposure 
point, image information of the corresponding pixel row is 
captured. 

In step S510, there is calculated an average value of the 
image information for each of the four pixel rows obtained 
during processing a frame corresponding to step S509. 

That is, an average value of the second frame for the pixel 
row A1 is calculated as SAF41<=AFrameavg1; that for the 
pixel row A2, as SAF42-AFrameavg2; that for the pixel 
row B1, as SBF41<=BFrameavg1; and that for the pixel row 
B2, as "SBF42<=BFrameavg2. 

In step S511, it is determined if the current frame is the 
fourth frame. If so, the procedure goes back to step S501 and 
the current frame is set to 0. 

In step S512, a minimum value and a maximum value are 
ciphered by using the 4 average values obtained for each of 
the pixel rows A1, A2, B1 and B2. 

At this moment, the maximum value of the average values 
for the pixel row A1 is Max A1<=Max(SAF11, SAF21, 
SAF31, SAF41) and its minimum value is MinA1<=Min 
(SAF11, SAF21, SAF31, SAF41). 
The maximum value of the average values for the pixel row 

A2 is MaxA2<=Max(SAF12, SAF22, SAF32, SAF42) and 
its minimum value is MinA2<=Min(SAF12, SAF22, SAF32. 
SAF42). 
The maximum value of the average values for the pixel row 

B1 is “MaxB1-Max(SBF11, SBF21, SBF31, SBF41) and 
its minimum value is MinB1<=Min(SBF11, SBF21, SBF31, 
SBF41). 
The maximum value of the average values for the pixel row 

B2 is “MaxB2<=Max(SBF12, SBF22, SBF32, SBF42) and 
its minimum value is MinB2<=Min(SBF12, SBF22, SBF32. 
SBF42). 

In step S513, a first subtract value for the pixel row A1 is 
calculated as Max A1-Min A1. A second subtract value for 
the pixel row A2 is ciphered as MaxA2-MinA2. Then, after 
comparing the first and the second subtract values like 
FlkA-Min(Max A1-MinA1), (MaxA2-MinA2), the first 
minimum subtract value FlkA is outputted as a smaller one 
of the first and the second subtract values. 

Likewise, a third subtract value for the pixel row B1 is 
calculated as MaxB1-MinB1. A fourth subtract value for 
the pixel row B2 is ciphered as MaxB2-MinB2. Then, after 
comparing the third and the fourth subtract values like 
FlkB<=Min(MaxB1-MinB1), (MaxB2-MinB2), the sec 
ond minimum subtract value FlkB is outputted as a smaller 
one of the third and the fourth subtract values. 

In step S514, an exposure time corresponding to the 
flicker noise is determined by comparing the sizes of the first 
minimum subtract value FlkA and the second minimum 
Subtract value FlkB. 

In this case, the flicker noise is a light Source corresponding 
to an exposure time having a longer one of the first minimum 
subtract value FlkA and the second minimum subtract value 
FlkB and the real light source is a light Source corresponding 
to an exposure time having a smaller one. 
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The first minimum subtract value FlkA and the second 

minimum subtract value FlkB should be larger than a signal 
conversion minimum value Th’ for preventing an error 
operation due to the minute variation of an external environ 
ment. 

In other words, in the operation of FIG. 5, among the four 
lines for detecting the flicker noise, one pair of lines is applied 
with an exposure time having a different frequency from the 
other pair of lines. Pixel rows having an identical exposure 
time are exposed at different points from each other. In a next 
frame, they are exposed at different points from in the previ 
ous frame. In this case, the exposure time is not changed. 

In case of changing the exposure time and the exposure 
point, if the frequency of the light source and the exposure 
time are different, an output value of each line outputted from 
each frame is different from those of other lines and, thus, it is 
possible to detect the flicker exactly. 

For more accurate flicker detection, two lines among the 
four lines have a different exposure time from the rest two 
lines. As a result, four resulting values are obtained from each 
of the four lines and total 16 resulting values are secured from 
the four lines. 
At first, a maximum value and a minimum value are 

obtained by comparing first lines of the four frames. Like 
wise, respective maximum values and minimum values are 
secured from the second lines, the third lines and the fourth 
lines of the four frames. For the four lines, a smaller value 
between two lines applied by the light source A becomes 
FlkA and a smaller value between two lines applied by the 

light source B becomes FlkB. A smaller value between 
FlkA and FlkB represents a current light source. 
If the flicker is detected, the exposure time is automatically 

changed applicable to the current light source, thereby elimi 
nating the flicker phenomenon. 
As described above, in accordance with a preferred 

embodiment of the present invention, it is noticed that the 
flicker noise can be detected in case a frame length is integer 
times of a frequency of a light Source by classifying pixel lines 
automatically eliminating the flicker noise occurring by the 
difference of the light source into pairs of pixel lines having 
different light sources and applying different exposure timing 
to each pair of pixel lines. 

Therefore, in accordance with the present invention, it is 
possible to eliminate the flicker noise and improve the quality 
of image by automatically distinguishing a frequency of a 
light source without regard to a kind offlicker occurring in the 
image and applying an appropriate exposure time. 
The present application contains subject matter related to 

Korean patent application No. 2004-29016, filed in the 
Korean Patent Office on Apr. 27, 2004, the entire contents of 
which being incorporated herein by reference. 

While the present invention has been described with 
respect to the particular embodiments, it will be apparent to 
those skilled in the art that various changes and modifications 
may be made without departing from the spirit and scope of 
the invention as defined in the following claims. 
What is claimed is: 
1. A method for detecting a flicker noise of an image sensor, 

comprising the steps of 
(a) securing information about images of a first pair of pixel 

rows by differing exposure points of the first pair of pixel 
rows having a first exposure time and repeating the 
image information securing process as changing the 
exposure points of the first pair of pixel rows; 

(b) capturing information about images of a second pair of 
pixel rows by differing exposure points of the second 
pair of pixel rows having a second exposure time and 



a light Source corresponding to an exposure time having a 
smaller one of the first minimum subtract value and the sec 
ond minimum subtract value is decided as a real light source. 
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repeating the image information capturing process as 
changing the exposure points of the second pair of pixel 
roWS; 

(c) calculating an average value of the image information 
for each pixel row of the first and the second pairs of 5 
pixel rows in every image information detecting pro 
CeSS; 

(d) ciphering a maximum value and a minimum value 
among average values for said each pixel row obtained 
from the step (c); 

(e) determining a first Subtract value by Subtracting the 
minimum value from the maximum value of one pixel 
row having the first exposure time, deciding a second 
Subtract value by Subtracting the minimum value from 
the maximum value of the other pixel row having the 
first exposure time, and outputting a smaller one of the 
first subtract value and the second subtract value as a first 
minimum Subtract value; 

(f) determining a third subtract value by subtracting the 
minimum value from the maximum value of one pixel 
row having the second exposure time, deciding a fourth 
Subtract value by Subtracting the minimum value from 
the maximum value of the other pixel row having the 
second exposure time, and outputting a smaller one of 
the third subtract value and the fourth subtract value as a 
second minimum subtract value; and 

(g) deciding an exposure time corresponding to the flicker 
noise by comparing the first minimum Subtract value 
and the second minimum Subtract value. 

2. The method as recited in claim 1, wherein, in the step (g), 
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an exposure time having a larger one of the first minimum 
subtract value and the second minimum subtract value is 
determined as the flicker noise. 

3. The method as recited in claim 1, wherein, in the step (g), 
35 

4. The method as recited in claim 2, wherein, in the step (g), 
a light Source corresponding to an exposure time having a 
smaller one of the first minimum subtract value and the sec 
ond minimum subtract value is decided as a real light source. 

40 

5. The method as recited in claim 3, wherein the first 
minimum subtract value and the second minimum Subtract 
value are larger than a signal conversion minimum value for 
preventing an error operation due to minute variation of an 
external environment. 

45 

6. The method as recited in claim 4, wherein the first 
minimum subtract value and the second minimum Subtract 
value are larger than a signal conversion minimum value for 
preventing an error operation due to minute variation of an 
external environment. 

50 

7. The method as recited in claim 1, wherein the image 
information for each pixel row is obtained at one exposure 
point to thereby cipher the average value. 

8. The method as recited inclaim 1, wherein one time of the 55 
image information detecting process corresponds to one 
frame. 

9. A method for detecting a flicker noise of an image sensor, 
comprising the steps of 

(a) securing information about an image of each of a first 
and a second pixel row by differing exposure points of 
the first and the second pixel rows having a first exposure 
time and repeating the image information securing pro 
cess as changing the exposure points of the first and the 
second pixel rows; 

(b) capturing information about an image of each of a third 
and a fourth pixel row by differing exposure points of the 
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third and the fourth pixel rows having a second exposure 
time and repeating the image information capturing pro 
cess as changing the exposure points of the third and the 
fourth pixel rows; 

(c) calculating an average value of the image information 
for each of the first to the fourth pixel rows in every 
image information detecting process; 

(d) ciphering a maximum value and a minimum value 
among average values for said each of the first to the 
fourth pixel rows obtained from the step (c); 

(e) determining a first Subtract value by Subtracting the 
minimum value from the maximum value of the first 
pixel row, deciding a second Subtract value by Subtract 
ing the minimum value from the maximum value of the 
second pixel row, and outputting a smaller one of the first 
subtract value and the second subtract value as a first 
minimum Subtract value; 

(f) determining a third subtract value by subtracting the 
minimum value from the maximum value of the third 
pixel row, deciding a fourth Subtract value by Subtracting 
the minimum value from the maximum value of the 
fourth pixel row, and outputting a smaller one of the third 
subtract value and the fourth subtract value as a second 
minimum Subtract value; and 

(g) deciding an exposure time corresponding to the flicker 
noise by comparing the first minimum subtract value 
and the second minimum subtract value. 

10. The method as recited in claim 9, wherein, in the step 
(g), an exposure time having a larger one of the first minimum 
Subtract value and the second minimum Subtract value is 
determined as the flicker noise. 

11. The method as recited in claim 9, wherein, in the step 
(g), a light source corresponding to an exposure time having 
a smaller one of the first minimum subtract value and the 
second minimum Subtract value is decided as a real light 
SOUC. 

12. The method as recited in claim 10, wherein, in the step 
(g), a light source corresponding to an exposure time having 
a smaller one of the first minimum subtract value and the 
second minimum Subtract value is decided as a real light 
SOUC. 

13. The method as recited in claim 11, wherein the first 
minimum Subtract value and the second minimum Subtract 
value are larger than a signal conversion minimum value for 
preventing an error operation due to minute variation of an 
external environment. 

14. The method as recited in claim 12, wherein the first 
minimum Subtract value and the second minimum Subtract 
value are larger than a signal conversion minimum value for 
preventing an error operation due to minute variation of an 
external environment. 

15. The method as recited in claim 9, wherein the image 
information for each of the first to the fourth pixel rows is 
obtained at one exposure point to thereby cipher the average 
value. 

16. The method as recited in claim 9, wherein one time of 
the image information detecting process corresponds to one 
frame. 

17. The method as recited in claim 16, wherein the step of 
detecting information about an image of each of two pixel 
rows by differing exposure points of the two pixel rows and 
repeating the image information detecting process is per 
formed for 4 frames. 

18. An image sensor comprising: 
a pixel array for capturing information about an image 

provided from the outside and having N pixel rows and 
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Mpixel columns for maximizing a feature of reacting to 
light, wherein M and N are integers, respectively; 

a flicker noise detective pixel unit containing X pixel rows, 
which has a form extended from the N pixel rows of the 
pixel array, and Mpixel columns, wherein each pair of X 5 
pixel rows has an identical exposure time and X is an 
even number; and 

a flicker noise detecting block for controlling an exposure 
point for the flicker noise detective pixel unit and detect 
ing the flicker noise by using outputs of the flicker noise 
detective pixel unit, 

wherein the flicker noise detective pixel unit secures the 
image information during one frame by making one pair 
of rows have different exposure points from each other, 
captures the image information during a next frame by 
differing the exposure points of the rows and performs 
its operation by varying the exposure points of the rows 
during a plurality of frames. 

19. An image sensor comprising: 
a ficker noise detective pixel block including a plurality of 

pixel rows, 
a flicker noise detecting block configured to detect a flicker 

noise by providing exposure time starting points to the 
plurality of pixel rows during a first frame and by chang 
ing at least one of the exposure time starting points in the 
plurality of pixel rows during a second frame, and 

wherein values of the exposure time starting points are 
determined with reference to start times of a correspond 
ing one of the first frame or the second frame. 

20. The image sensor of claim 19, wherein the plurality of 
pixel rows includes a first pair of pixel rows, and 

wherein the flicker noise detecting block is further config 
ured to provide exposure time starting points for a first 
exposure time to the first pair of pixel rows to detect a 
flicker of a first light source. 

21. The image sensor of claim 20, wherein the flicker noise 
detecting block is further configured to provide different expo 
sure time starting points to each row of the first pair of pixel 40 
rows during the first frame. 

22. The image sensor of claim 20, wherein the plurality of 
pixel rows includes a second pair of pixel rows, and 

wherein the flicker noise detecting block is further config 
ured to provide exposure time starting points for a sec 
Ond exposure time to the second pair of pixel rows to 
detect a ficker of a second light source. 

23. The image sensor of claim 22, wherein the flicker noise 
detecting block is further configured to provide different expo 
sure time starting points to each row of the second pair of 50 
pixel rows during the first frame. 

24. The image sensor of claim 22, wherein the first light 
source includes a frequency of 50 Hz and the second light 
source includes a frequency of 60 Hz. 

25. The image sensor of claim 22, filrther comprising a 
pixel array configured to have an exposure time adjusted 
according to a detection of the ficker of the first light source 
or the flicker of the second light source. 

26. A method for detecting flicker in an image sensor; the 
method comprising: 

providing exposure time starting points to a plurality of 
pixel rows during a first frame, 

changing at least one of the exposure time starting points in 
the plurality of pixel rows during a second frame, and 

wherein values of the exposure time starting points are 65 
determined with reference to start times of a correspond 
ing one of the first frame or the second frame. 
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27. The method of claim 26, filrther comprising providing 

exposure time starting points for a first exposure time to a first 
pair of pixel rows to detect a flicker of a first light source. 

28. The method of claim 27 filrther comprising providing 
different exposure time starting points to each row of the first 
pair of pixel rows during the first frame. 

29. The method of claim 27 filrther comprising providing 
exposure time starting points for a second exposure time to a 
second pair of pixel rows to detect a flicker of a second light 
SOIFCe. 

30. The method of claim 29 filrther comprising providing 
different exposure time starting points to each row of the 
second pair of pixel rows during the first frame. 

31. The method of claim 29, wherein the first light source 
includes a frequency of 50 Hz and the second light source 
includes a frequency of 60 Hz. 

32. The method of claim 29, filrther comprising: 
detecting one of the flicker of the first light source or the 

flicker of the second light source, and 
adjusting an exposure time of a pixel array according to 

said detecting one of the flicker of the first light source or 
the flicker of the second light source. 

33. A method for detecting flicker in an image sensor, the 
method comprising: 

changing at least one of a plurality of exposure time start 
ing points in a corresponding plurality of pixel rows 
between a first frame and a second frame, 

capturing image information from the plurality of pixel 
rows during the first frame and the second frame, 

detecting a flicker of a light source according to the image 
information from the plurality of pixel rows during the 
first frame and the second frame, and 

wherein values of the plurality of exposure time starting 
points are determined with reference to start times of a 
corresponding One of the first frame or the second frame. 

34. The method of claim 33, filrther comprising: 
changing at least one of the plurality of exposure time 

starting points for a first exposure time for a first pair of 
pixel rows between the first frame and the second frame, 

capturing image information from each of the first pair of 
pixel rows during the first frame and the second frame, 
and 

detecting a flicker of a first light source according to the 
image information from each of the first pair of pixel 
rows during the first frame and the second frame. 

35. The method of claim 34, further comprising applying 
different exposure time starting points to the first pair of rows 
during the first frame. 

36. The method of claim 34, filrther comprising: 
changing at least one of the plurality of exposure time 

starting points of a second exposure time for a second 
pair of pixel rows between the first frame and the second 
frame, 

capturing image information from the second pair of pixel 
rows during the first frame and the second frame, and 

detecting a flicker of a second light source according to the 
image information from the second pair of pixel rows 
during the first frame and the second frame. 

37. The method of claim 36, further comprising applying 
different exposure time starting points to the second pair of 
rows during the first frame. 

38. The method of claim 36, filrther comprising adjusting 
an exposure time of a pixel array according to said detecting 
a flicker of a first light source and said detecting a ficker of a 
second light source. 
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39. An image sensor comprising: 
a flicker noise detective pixel unit including a plurality of 

pixel rows, and 
a ficker noise detection controller configured to provide. 

a first exposure point for a first pixel row of the plurality 
of pixel rows during a first frame, 

a second exposure point for a second pixel row of the 
plurality of pixel rows during the first frame, 

a third exposure point for the first pixel row of the plu 
rality of pixel rows during a second frame, and 

a fourth exposure point for the second pixel row of the 
plurality of pixel rows during the second frame, 
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wherein the first exposure point is different from the third 

exposure point and the second exposure point is different 
from the fourth exposure point, 

wherein values of the first exposure point and the second 
exposure point are determined with reference to a start 
time of the first frame, and 

wherein values of the third exposure point and the fourth 
exposure point are determined with reference to a start 
time of the second frame. 


