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An image sensor operates in a base mode according to a first
sampling rate and a first pixel exposure time and includes a
light condition detector that extracts illuminance information
from a pixel signal received from pixels in a pixel array, and
generates a low-illuminance information signal upon detect-
ing that a value of the illuminance information falls within a
first range, a sampling controller that changes the first sam-
pling rate to a second sampling rate in response to the low-
illuminance information signal, and an exposure time con-
troller that changes the first pixel exposure time to a second
pixel exposure time in response to the low-illuminance infor-

(KR) evvevieeieeeiene 10-2014-0083901 mation signal.
ISEN
PX
( PA
] ]
\\ RD SHUT ETC
Shuttering
\__,,-J | Row Unit Ex%cr)nsgre
PIXEL DECODER| XRST | e miiiamymal| CS3 | ¢
| N | ontroller
ARRAY (SAUT1SAUT2)
LCD LLI HLI
ADC
SM £
POUT1 Analog |poyro| Lot
SAMPLING Digital Condition
MODULE Converter Detector
HLI LLI
SC
CS2
Sampling
Cst Controller




Patent Application Publication

Mar. 3,2016 Sheet1 of 10

US 2016/0065822 A1

FIG. 1
— - - ISEN __ o
| SC ]
yd
| 0 |
aLl Sampling - SC1
Controller |~ 302
| Light !
POUT —— Condition ET
! Detector LETC !
LLI
= EXxposure |——= 503
] HLI Time ]
| Controller |

________




US 2016/0065822 A1

Patent Application Publication Mar. 3,2016 Sheet2 of 10
FIG. 2
ISEN
PX
( PA
LE ] T
\\ RD SHUT FTC
1] ROW Shthe{mg Exposure
NS = e, [T]DECODER{ SRS e T8 | e
ARRAY (SHUTT}SHUT2 Controller
LCD LLI HLI
ADC
SM L
vuia POUTH Analog  IpoyT2| _Light
SAMPLING Digital Condition
MODULE Converter Detector
HLI LLI
SC
CS2
Sampling
CS1 Controller




Patent Application Publication Mar. 3,2016 Sheet 3 of 10 US 2016/0065822 A1

FIG. 3A

LLI

] } } } digital data
000 001 010 011
FIG. 3B
LLI2
i I } } digital data
000 001 010 011
FIG. 3C
LLI3
} } digital data

000 001 010 011



FIG. 4

U1

Patent Application Publication

US 2016/0065822 A1

Mar. 3,2016 Sheet4 of 10

L SEN
SC SDR

LLI S A
T Sampling ':lzsizqua:l:' !

—— | Controller 12nd data
Sampling i
Data |

Z ETC Register
LLI |

— | Exposure e .

HLI Time  3rd data |
—™1 Controller i

_____




Patent Application Publication Mar. 3,2016 Sheet 5 of 10 US 2016/0065822 A1

] 5 L )

F«

Sub frame time_1
Fi.a

Fk,3

Frame time_1
Frame time_2

F,2
Sub frame time_2

Fi1

VSYNC — |J

Fe.

VSYNC |

FIG. 5A
FIG. 5B



Patent Application Publication Mar. 3,2016 Sheet 6 0of 10 US 2016/0065822 A1

[ [
N
|
)
£
] ®
:I_ ____________________ € =
© g L
E Q
+ =
b} < w
5 L ‘
= O |
o
=
w
e |
- o
L
— (o]
| 1
© )
g ] g ]
S| TToTTTTTTTTmTTTo — e — —
= £
© ®
C L
Llf- o
Tl
s
N
il
.___________________________________________13 Llf
&)
=
>~
w
> B T —
< @s)]
o o] o
=
: 7
@) @) >
— —
= Py



US 2016/0065822 A1

Mar. 3,2016 Sheet 7 of 10

Patent Application Publication

¢;_n_

2 owil swelj gng
! Z-own aweld

d “OId

v;_n_ m_v_n_

—

e

7z
X
/o

/7

"]

o
—

| oWl ewel} qng

|~owi) awel

Vi O



Patent Application Publication

FIG. 8

Mar. 3,2016 Sheet 8 of 10

START 5100

Calculate histogram

— 5200

5800

High illuminance Sampling

Low illuminance

Condition

S300
Yes

5400

Low illuminance Sampling

Sampling
Criteria ok?

No . S600

US 2016/0065822 A1

- S700

Update Sampling Criteria

Sampling

I




Patent Application Publication

Mar. 3,2016 Sheet9 of 10

US 2016/0065822 A1

FIG. 9
}CMR
LS
ISEN - PRO
IMAGE SENSOR
RLIG @— CON CNT
LE
FIG. 10
}IPS
- CMR
ISEN - PRO
LS % ISP DIS
IMG | DISPLAY
IMAGE SENSOR I/F DEVICE
LE LENS CNT =




Patent Application Publication

FIG. 11

Mar. 3,2016 Sheet100f10  US 2016/0065822 A1

CPU

COM

A S

RAM

W - CMR

Ul

PS




US 2016/0065822 Al

IMAGE SENSOR, IMAGE SENSING
METHOD, AND IMAGE PHOTOGRAPHING
APPARATUS INCLUDING IMAGE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0083901 filed on Jul. 4, 2014, the
subject matter of which is hereby incorporated by reference.

BACKGROUND

[0002] The inventive concept relates generally to image
sensors, image sensing methods, and image photographing
apparatuses including image sensor(s). More particularly, the
inventive concept relates to image sensors capable of operat-
ing with improved signal-to-noise (SNR) ratios under low-
illuminance conditions, as well as image sensing methods and
image photographing apparatuses including such image sen-
sor(s).

[0003] Technology related to imaging devices and image
photographing methods is rapidly developing. As pixel size
has been reduced, certain binary sensor techniques or multi-
bit, over-sampling sensor techniques have become increas-
ingly important in various image acquisition techniques that
ensure a full well capacity (FWC) range. Unfortunately, con-
ventional approaches to multi-bit, over-sampling sensor tech-
niques performed under low-illuminance conditions often
results in an unacceptable signal-to-noise ratio (SNR).

SUMMARY

[0004] Embodiments of the inventive concept provide
image sensors exhibiting an improved signal-to-noise ratio
(SNR) under low-illuminance conditions by detecting an illu-
minance condition with respect to an object. Other embodi-
ments of the inventive concept provide image sensing meth-
ods and image photographing apparatuses for such image
sensors.

[0005] According to an aspect of the inventive concept,
there is provided an image sensor operating based on a sam-
pling frequency set to a first sampling frequency, a second
sampling rate set to a first sampling rate, and a pixel exposure
time set to a first pixel exposure time, the image sensor includ-
ing: a pixel array including a plurality of pixels through which
visible light reflected by an object is converted to a pixel
signal; a light condition detector that extracts illuminance
information from the pixel signal and generates a low-illumi-
nance condition information signal if the illuminance infor-
mation is within a first range; a sampling controller that
modifies at least one of the first sampling frequency and the
first sampling rate to a second sampling frequency orasecond
sampling rate in response to the low-illuminance condition
information signal; and an exposure time controller that
modifies the first pixel exposure time to a second pixel expo-
sure time in response to the low-illuminance condition infor-
mation signal.

[0006] The light condition detector may generate a high-
illuminance condition information signal if the illuminance
information is within a second range, and the sampling con-
troller may modify at least one of the second sampling fre-
quency and the second sampling rate to the first sampling
frequency or the first sampling rate in response to the high-
illuminance condition information signal, and the exposure
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time controller may modify the second exposure time to the
first pixel exposure time in response to the high-illuminance
condition information signal.

[0007] The image sensor may operate using a rolling shut-
ter method in which a resetting operation and a reading opera-
tion are performed in units of rows of the pixel array.

[0008] The image sensor may further include a sampling
module that performs sampling based on a control signal
regarding at least one of the sampling frequency and the
sampling rate received from the sampling controller, and the
sampling controller may control the sampling module such
that at least one of the first sampling frequency and the first
sampling rate is modified to the second sampling frequency or
the second sampling rate.

[0009] The second sampling frequency may be smaller
than the first sampling frequency, and the second sampling
rate may be smaller than the first sampling rate.

[0010] The image sensor may further include a shuttering
unit that resets each of the pixels of the pixel array in units of
pixel exposure times and reads the pixels in units of pixel
exposure times to sense a pixel signal, and the shuttering unit
may control a reset timing of the pixels to modify an exposure
time of the pixels.

[0011] The exposure time controller may control the shut-
tering unit such that the shuttering unit adjusts the reset timing
to modify the first pixel exposure time to the second pixel
exposure time.

[0012] The second pixel exposure time may be longer than
the first pixel exposure time.

[0013] Data about at least one of the second sampling fre-
quency and the second sampling rate may be stored as first
data by using the sampling controller, and the image sensor
may further include a register unit that stores data about the
second pixel exposure time as second data by using the expo-
sure time controller.

[0014] The sampling controller may refer to the first data
when modifying at least one of the first sampling frequency
and the first sampling rate to the second sampling frequency
or the second sampling rate in response to a low-illuminance
condition information signal that is activated after the first
and second data is stored in the register unit, and the exposure
time controller may refer to the second data when modifying
the first pixel exposure time to the second pixel exposure
time.

[0015] According to another aspect of the inventive con-
cept, there is provided an image photographing apparatus,
including: a lens that receives visible light reflected by an
object; an image sensor that senses image information about
the object from the visible light transmitted from the lens; a
processor that controls the image sensor and performs signal-
processing on the image information transmitted from the
image sensor, wherein the image sensor operates based on a
sampling frequency set to a first sampling frequency, a sam-
pling rate set to a first sampling rate, and a pixel exposure time
set to a first pixel exposure time a pixel array that includes a
plurality of pixels through which visible light reflected by the
object is converted to a pixel signal; a light condition detector
that extracts illuminance information from the pixel signal
and generates a low-illuminance condition information signal
if the illuminance information is within a first range; a sam-
pling controller that modifies at least one of the first sampling
frequency and the first sampling rate to a second sampling
frequency or a second sampling rate in response to the low-
illuminance condition information signal; and an exposure
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time controller that modifies the first pixel exposure time to a
second pixel exposure time in response to the low-illumi-
nance condition information signal.

[0016] The light condition detector may generate a high-
illuminance condition information signal if the illumination
information is within a second range, and the sampling con-
troller may modify at least one of the second sampling fre-
quency and the second sampling rate to the first sampling
frequency or the first sampling rate in response to the high-
illumination condition information signal, and the exposure
time controller may modify the second pixel exposure time to
the first pixel exposure time in response to the high-illumina-
tion condition information signal.

[0017] The image sensor may further include a sampling
module that performs sampling based on a control signal
regarding at least one of the sampling frequency and the
sampling rate received from the sampling controller, and the
sampling controller may control the sampling module to
modify at least one of the first sampling frequency and the
first sampling rate to the second sampling frequency or the
second sampling rate.

[0018] The image sensor may further include a shuttering
unit that resets each of the pixels of the pixel array in units of
pixel exposure times and reads the pixels in units of pixel
exposure times to sense a pixel signal, and the shuttering unit
may control a reset timing of the pixel to modify an exposure
time of the pixels.

[0019] The second sampling frequency may be smaller
than the first sampling frequency, and the second sampling
rate may be smaller than the first sampling rate, and the
second pixel exposure time may be longer than the first pixel
exposure time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Certain embodiments of the inventive concept will
be described in some additional detail with reference to the
accompanying drawings in which:

[0021] FIG.1 is a block diagram illustrating an image sen-
sor (ISEN) according to an embodiment of the inventive
concept;

[0022] FIG. 2 is a block diagram further illustrating in one
example the image sensor (ISEN) of FIG. 1 according to an
embodiment of the inventive concept;

[0023] FIG. 3, including FIGS. 3A, 3B and 3C, is a graph
illustrating one method of determining illuminance based on
a low-illuminance condition information signal according to
an embodiment of the inventive concept;

[0024] FIG. 4 is a block diagram illustrating an image sen-
sor further including a register unit according to an embodi-
ment of the inventive concept;

[0025] FIGS. 5A and 5B illustrate signal waveforms for a
sampling operation when a sampling controller controls a
sampling frequency;

[0026] FIGS. 6A and 6B illustrate signal waveforms for a
sampling operation when an exposure time controller con-
trols the frame per second (FPS) sampling rate of a sampling
module;

[0027] FIGS. 7A and 7B illustrate signal waveforms for a
sampling operation when the exposure time controller con-
trols the reset timing of a shuttering unit;

[0028] FIG. 8 is a flowchart summarizing one method of
operating an image sensor according to an embodiments of
the inventive concept;
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[0029] FIG. 9 is a block diagram illustrating an image pho-
tographing apparatus according to an embodiment of the
inventive concept;

[0030] FIG. 10 is a block diagram illustrating an image
processing and visualization system according to an embodi-
ment of the inventive concept; and

[0031] FIG. 11 is a block diagram illustrating a computing
system device according to an embodiment of the inventive
concept.

DETAILED DESCRIPTION

[0032] Certain embodiments of the inventive concept will
be described in some additional detail with reference to the
accompanying drawings. The illustrated embodiments are
provided so that this disclosure will be thorough and complete
to those of ordinary skill in the art. As the inventive concept
allows for various changes and many different forms, particu-
lar embodiments will be illustrated in the drawings and
described in detail in the written description. However, the
scope of the inventive concept is not limited to only the
particular modes of practice illustrated or described herein.
Rather, the scope of the inventive concept encompasses many
changes, equivalents, and substitutes for the illustrated
examples. Throughout the written description and drawings,
like reference numbers and labels denote like or similar ele-
ments.

[0033] An expression used in the singular encompasses the
expression of the plural, unless it has a clearly different mean-
ing in the context. In the present specification, it is to be
understood that the terms such as “including” or “having,”
etc., are intended to indicate the existence of the features,
numbers, steps, actions, components, parts, or combinations
thereof disclosed in the specification, and are not intended to
preclude the possibility that one or more other features, num-
bers, steps, actions, components, parts, or combinations
thereof may exist or may be added.

[0034] Unless defined differently, all terms used in the
description including technical and scientific terms have the
same meaning as generally understood by those skilled in the
art. Terms as defined in a commonly used dictionary should
be construed as having the same meaning as in an associated
technical context, and unless defined apparently in the
description, the terms are not ideally or excessively construed
as having formal meaning.

[0035] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0036] Figure (FIG. 1 is a block diagram illustrating an
image sensor (ISEN) according to an embodiment of the
inventive concept.

[0037] Referring to FIG. 1, the image sensor comprises a
light condition detector (LCD), a sampling controller (SC),
and an exposure time controller (ETC). The image sensor of
FIG. 1 may be used to sense or derive “image information”
with respect to an object. For example, the image sensor may
be used to detect or generate a “time of flight” (TOF) for a
signal generated by (or generated in response to) the image
Sensor.

[0038] Incertain embodiments of the inventive concept, the
image sensor operates by first executing (or performing) a
“sampling operation” that senses a pixel signal. This may be
done by reading pixel data at a “second sampling rate”
defined with respect to a “basic operating mode™ character-
ized by a “second sampling frequency”. Here, the second
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sampling rate (e.g., a rate measured in ‘frames per second’ or
FPS) and a corresponding “second pixel exposure time” are
respectively set according to the second sampling frequency.
In this example, the basic operating mode is assumed to be a
default operating mode used when the image sensor is oper-
ated under relatively high (or “normal”) illuminance condi-
tions. Alternately, the sampling operation may be done by
reading pixel data at a “first sampling rate” defined with
respect to a “low light operating mode” characterized by a
“first sampling frequency”. Here, the first sampling rate and
corresponding “first pixel exposure time” are respectively set
according to the first sampling frequency. In this example, the
low light operating mode is assumed to be an operating mode
used when the image sensor is operated under relatively low
illuminance conditions.

[0039] The light condition detector may be used to extract
illuminance information LI from a pixel signal POUT
received by the image sensor, where the pixel signal POUT is
assumed to be a bit-unit signal that is converted to corre-
sponding digital data by an analog-to-digital converter ADC
(not shown in FIG. 1, but see e.g., FIG. 2) that may be
included in the image sensor. That is, the light condition
detector may be used to extract illuminance information LI
provided to the sampling controller SC and exposure time
controller under both high illuminance conditions (i.e., a
high-illuminance information signal HLI) and low illumi-
nance conditions (i.e., a low-illuminance information signal
LLD.

[0040] Incertainembodiments of the inventive concept, the
high-illuminance information signal HLI and the low-illumi-
nance information signal LI may be respectively generated
using a histogram analysis method. For example, if the illu-
minance information LI extracted from the pixel signal
POUT is expressed by four (4) bits, then illuminance infor-
mation LI falling into (e.g.,) a first illuminance range of 0000
to 0011 may be deemed to denote the low-illuminance con-
dition, and illuminance information LI falling into (e.g.,) a
second illuminance range of 0000 to 1111 may be deemed to
denote the high-illuminance condition. As a result, a high-
illuminance information signal HL.I or a low-illuminance
information signal LLI respectively corresponding to the
high-illuminance condition or low-illuminance condition
may be provided to the sampling controller and exposure time
controller.

[0041] Upon receiving the low-illuminance condition
information signal LLI, the sampling controller SC may pro-
vide a sampling module (not shown in FIG. 1, but see e.g.,
FIG. 2) with a first control signal CS1 that changes the first
sampling frequency to the second sampling frequency corre-
sponding to the low-illuminance condition. Also, the sam-
pling controller SC may provide the sampling module with a
second control signal CS2 that changes the second sampling
frequency to the first sampling frequency corresponding to
the high-illuminance condition. That is, the sampling module
may switch between the first sampling frequency (and corre-
sponding first sampling rate for the pixel signal POUT) and
the second sampling frequency (and corresponding second
sampling rate for the pixel signal POUT) in response to the
first control signal CS1 and/or the second control signal CS2.
In certain embodiments of the inventive concept, the second
sampling frequency will be lower than the first sampling
frequency, such that the lower sampling frequency is applied
under the low-illuminance condition to increase the maxi-
mum range for the pixel exposure time.
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[0042] In certain other embodiments of the inventive con-
cept, the second sampling rate will be less than the first
sampling rate. And since a first sample period (e.g., a frame
period) is equal to 1/the first sampling rate, the sample period
defined for low-illuminance conditions by embodiments of
the inventive concept will be relatively greater than sample
periods similarly defined by conventional approaches. Thus,
the sampling controller SC may determine with a greater
degree of accuracy in relation to the first sampling period the
nature of the pixel signal POUT during low-illuminance con-
ditions. Further, the second sampling frequency, second sam-
pling rate, and second sample period may be determined in
view of the first sampling frequency, second sampling rate,
and second sample period associated with the low-illumi-
nance condition (e.g., in relation to the low-illuminance infor-
mation signal LLI). For example, the lower the level of illu-
minance as indicated by the low-illuminance information
signal LLI, the lower the second sampling frequency may be
set.

[0043] Thus, assuming that the sampling controller SC
receives the high-illuminance information signal HLI and
then provides the sampling module with the first control
signal CS1, the sampling module will change (as necessary)
the first sampling frequency to the second sampling fre-
quency corresponding to the high-illuminance condition.
Also, the sampling controller may provide a sampling module
with a second control signal CS2 in order to change the
second sampling rate to the first sampling rate corresponding
to the high-illuminance condition. In response to the first
control signal CS 1 or the second control signal CS2, the
sampling module may change between the first and second
sampling frequencies and respectively corresponding first
and second sampling rates. The first sampling frequency and
first sampling rate and/or the second sampling frequency and
second sampling rate may be stored as control data in a
register unit. Then, when a change in sampling frequency is
indicated, the sampling controller may reference the register
unit.

[0044] According to certain embodiments of the inventive
concept, upon receiving a low-illuminance information sig-
nal LLI, the exposure time controller may provide a shutter-
ing unit (not shown in FIG. 1, but see e.g., FIG. 2) with a third
control signal CS3 in order to change a first pixel exposure
time corresponding to low-illuminance conditions to a sec-
ond pixel exposure time corresponding to high-illuminance
conditions. Here, the shuttering unit may control “rest tim-
ing” for pixels (e.g., pixels arranged in row units of a pixel
array), where the reset timing controls an interval during
which the pixels are reset. By extending the reset timing, for
example, the shuttering unit may change the first pixel expo-
sure time to the second pixel exposure time longer than the
first pixel exposure time. Given a relatively longer pixel expo-
sure time under low-illuminance conditions, signal-to-noise
ratio may be correspondingly improved. Thus, the exposure
time controller may accurately operate according to low-
illuminance conditions to generate or derive the second pixel
exposure time in response to the low-illuminance information
signal LLI. This approach will be described hereafter in some
additional detail.

[0045] Uponreceiving a high-illuminance information sig-
nal HLI, the exposure time controller ETC provides a shut-
tering unit with a third control signal CS3 that changes
between the second pixel exposure time used under low-
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illuminance conditions and the first pixel exposure time used
under high-illuminance conditions.

[0046] Hence, a sampling frequency, sampling rate, and
corresponding pixel exposure time may all be defined in
response to one or more control signals (e.g., first, second
and/or third control signals—SC1, SC2 and/or SC3) gener-
ated by the sampling controller SC and exposure time con-
troller in response to low-illuminance conditions or high-
illuminance conditions.

[0047] With reference to the embodiment illustrated in
FIG. 1, the light condition detector, sampling controller, and/
or exposure time controller may be commonly integrated on
a single module. In one alternate embodiment, the image
sensor may further include a timing generator that receives at
least one of the first, second, and third control signals CS1,
CS2, and CS3 and controls the sampling frequency, sampling
rate and pixel exposure time accordingly.

[0048] FIG. 2 is a block diagram further illustrating in one
example the image sensor (ISEN) of FIG. 1 according to an
embodiment of the inventive concept.

[0049] Referring to FIG. 2, the image sensor further com-
prises in addition to the light condition detector LCD, sam-
pling controller SC, and exposure time controller ETC, a
pixel array PA, a row decoder RD, a sampling module SM, an
analog-to-digital converter ADC, and a shuttering unit SHUT.
The pixel array PA includes pixels PX arranged in a matrix of
rows and columns The pixels PX may each include a photo-
electric conversion device that generates an electric change
corresponding to incident light, such as for example, visible
light VLIG. The photoelectric conversion device may be, for
example, a photodiode, a phototransistor, a photo-gate, or a
pinned photodiode. The pixels PX may include a transmis-
sion transistor, a drive transistor, a selection transistor or a
reset transistor that is connected to the photoelectric conver-
sion device to control the photoelectric conversion device or
outputs an electric change of the photoelectric conversion
device as a first pixel signal POUT1. Each transistor included
in the pixels PX may output a voltage (a first pixel signal
POUT1) corresponding to visible light received by the pho-
toelectric conversion device of each of the pixels PX.

[0050] The sampling module SM may be used as described
above to sample the first pixel signal POUT1 that is output
from the pixels PX, and communicate the first pixel signal
POUT1 to the analog-to-digital converter ADC. The analog-
to-digital converter ADC may convert the first pixel signal
POUT1 having an analog voltage value to digital data. The
analog-to-digital converter ADC may provide the light con-
dition detector LCD with a second pixel signal POUT2 which
is obtained by converting the first pixel signal POUT1 to
digital data. Thus, the light condition detector LCD may
receive the second pixel signal POUT2 which is in units of
bits and is obtained by converting the first pixel signal
POUT1) to digital data to extract illuminance information LI
and may provide the sampling controller SC and the exposure
time controller ETC with a low-illuminance condition infor-
mation signal LLI and a high-illuminance condition informa-
tion signal HLI based on the illuminance information LI. The
first pixel signal POUT1 and the second pixel signal POUT2
may include a plurality of signals. Accordingly, the low-
illuminance or high-illuminance information signals LLI or
HLI may be generated by using the above-described histo-
gram analysis method.

[0051] Operation of the sampling controller SC and expo-
sure time controller ETC have been described above with
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respect to FIG. 1. The shuttering unit SHUT may operate in a
rolling shutter manner, for example, such that the shuttering
unit SHUT communicates a reset signal XRST to a row
decoder RD. The row decoder RD may sequentially reset first
through last rows (e.g., R1 through Rn) in units of rows with
respect to the pixel array PA in response to the reset signal
XRST.

[0052] The shuttering unit SHUT may receive the third
control signal CS3 described above from the exposure time
controller ETC, and in response to the third control signal
CS3, it may control the reset timing of the reset signal XRST.
Thus, the shuttering unit SHUT may include at least one
resetting unit (e.g., a first resetting unit SHUT1 and a second
resetting unit SHUT?2 in the illustrated example, where the
first resetting unit SHUT1 resets a first row in units of rows
with respect to the pixel array PA, and the second resetting
unit SHUT?2 resets a (next) second row, then the first resetting
unit SHUT1 resets a (next) third row next, etc. when commu-
nicating the reset signal XRST).

[0053] As noted above, the sampling controller SC and
exposure time controller ETC may be used to determine an
illuminance condition (e.g., “high” or “low”) and even under
low-illuminance conditions, as indicated by the low-illumi-
nance information signal LLI, derive an optimum sampling
frequency, sampling rate, and pixel exposure time. The light
condition detector LCD may provide the sampling controller
SC and exposure time controller ETC with either a low-
illuminance information signals LI or the high-illuminance
information signals LLH in response to a detected illumi-
nance condition. Then, the sampling controller SC and expo-
sure time controller ETC may derive the optimum sampling
frequency, sampling rate, and pixel exposure time.

[0054] FIG. 3 is a graph illustrating a method of determin-
ing illuminance conditions based on a low-illuminance infor-
mation signal LLI according to an embodiment of the inven-
tive concept.

[0055] Referring to FIG. 3, the low-illuminance informa-
tion signal LLI is assumed to be a digital data signal. An
amount of illuminance may be determined based on arange of
values for the digital data signal. That is, a first low-illumi-
nance information signal LLI1 shown in FIG. 3A is assumed
to be in a first range of 000 to 001, a second low-illuminance
information signal LLI2 shown in FIG. 3B is assumed to be in
a second range of 000 to 010 greater than the first range, and
a third low-illuminance information signal L.LI3 shown in
FIG. 3Cis assumed to be is a third range 0f 000 to 011, greater
than the second range.

[0056] Inthis working example, the sampling controller SC
and exposure time controller ETC of FIGS. 1 and 2 may be
used to set a number of different first sampling frequencies,
first sampling rates, and first pixel exposure times respec-
tively appropriate to the different low-illuminance condi-
tions. For example, when the first (lowest) low-illuminance
condition information signal LLI1 is received, a longest first
pixel exposure time may be set or selected. Or when the third
(highest) low-illuminance condition information signal LLI3
is received, a shortest first pixel exposure time may be set or
selected. In this manner, the signal-to-noise ratio may be
improved a function of detected low-illuminance conditions.
[0057] This type of approach might also be used for differ-
ent high-illuminance signals and corresponding conditions.
[0058] FIG. 4 is a block diagram illustrating an image sen-
sor ISEN further including a register unit according to an
embodiment of the inventive concept.
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[0059] Referring to FIG. 4, the image sensor ISEN may
further include a sampling data register SDR in addition to the
image sensor ISEN of FIG. 1. The sampling data register SDR
may store a first sampling frequency, first sampling rate, and
a first pixel exposure time as third data. The sampling data
register SDR may store, according to a low-illuminance con-
dition, data about at least one of the set second sampling
frequency and the set second sampling rate as first data B
data. Also, the sampling data register SDR may store, accord-
ing to a low-illuminance condition, data about the set second
pixel exposure time as second data 2"? data. If the illuminance
conditions change from high-illuminance to low-illumi-
nance, the first sampling frequency, first sampling frequency,
and the first pixel exposure time that were preset upon system
initiation, for example, may be reset in response to one or
more control signals. The first sampling frequency, first sam-
pling rate, and first pixel exposure time may be pre-stored in
the sampling data register SDR as third data 3" data. Later,
when high-illuminance conditions are detected, the first sam-
pling frequency, first sampling rate, and first pixel exposure
time may be reset using the first data 1% data stored in the
sampling data register SDR. Also, data about at least one of
the second sampling frequency and second sampling rate that
may be set under low-illuminance conditions may be stored
as first data 1% data, and the data about a second pixel expo-
sure time may be stored as second data 2" data. Next, if the
same or similar low-illuminance condition is detected and
thus an activated low-illuminance condition information sig-
nal is received, the first sampling frequency, the first FPS, and
the first pixel exposure time may be respectively changed to
the second sampling frequency, the second FPS, and the
second pixel exposure time by referring to the first and second
data 1* data and 2" data stored in the sampling data register
SDR. However, this is an exemplary embodiment, and the
embodiments of the inventive concept are not limited thereto;
each sampling frequency, pixel exposure time, and sampling
rate information described above may be stored as a single
piece of data. In addition, in response to the first low-illumi-
nance condition information signal LLI1, the second low-
illuminance condition information signal LI.2, and the third
low-illuminance condition information signal LL3, data
about the second sampling frequency, the second FPS, and the
second pixel exposure time that are respectively differently
calculated may be stored in the sampling data register SDR.

[0060] FIGS. 5A and 5B illustrate signal waveforms for a
sampling operation when a sampling controller SC controls a
sampling frequency.

[0061] FIG. 5A illustrates operation of the image sensor
ISEN under a high-illuminance condition. First, the image
sensor ISEN generates an image completed by combining a
plurality of previously generated images using a multi-sam-
pling method. Here, the time required to perform one sam-
pling is referred to as a “sub-frame time”, and time required to
perform the whole multi-sampling is referred to as “frame
time”, where frame time corresponds to a sampling period
defined by a sampling rate and frequency. With respect to the
sampling period, when a sampling clock VSYNC is logically
“high”, the sampling module SM performs sampling, and
stops sampling when a sampling clock VSYNC goes logi-
cally “low”. In the illustrated example of FIG. 5A, sampling
is done four (4) times under the high-illuminance condition.
However, if sampling is performed multiple times, since a
frame time is fixed, a number of sub-frame times is reduced
according to the number of times sampling is performed. The
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sub-frame time represents a maximum pixel exposure time A
during which a pixel is exposed, and as the maximum pixel
exposure time A is reduced, light intensity under the low-
illuminance condition is not sufficient and a SIGNAL-TO-
NOISE during multi-sampling is deteriorated.

[0062] FIG. 5B illustrates operation of the image sensor
ISEN under a low-illuminance condition. Upon receiving a
low-illuminance condition information signal LLI from the
light condition detector LCD, the sampling controller SC may
control modification to the second sampling frequency by
providing the sampling module SM with a first control signal
CS1. The sampling module SM may change the sampling
frequency to the second sampling frequency. FIG. 5B illus-
trates that the sampling frequency of four times is changed to
one time. As a result, a second sub-frame time sub frame
time_2 is longer than a first sub-frame time sub frame time_1,
thereby increasing the maximum pixel exposure time. By
increasing the pixel exposure time using the exposure time
controller ETC, deterioration of the SIGNAL-TO-NOISE
under low-illuminance conditions may be prevented. Alter-
nately, a timing generator may be used to receive the first
control signal CS1 to reset a sampling frequency, thereby
modifying the sampling frequency of the sampling module
SM. In certain configurations the timing generator TG may be
included in the sampling module SM.

[0063] FIGS. 6A and 6B are waveforms illustrating a sam-
pling operation when the exposure time controller ETC con-
trols a sampling rate of the sampling module SM.

[0064] The operation illustrated in FIG. 6A is the same as
the operation of the image sensor ISEN described with refer-
enceto FIG.5A, and thus, description thereof will be omitted.
However, a large first frame time frame time_1 cannot be set
in the operation of FIG. 6 A using the method described with
reference to FIG. SA. That s, there is a limitation to extension
of'a pixel exposure time. Accordingly, in order to improve the
limitation, a method of setting a large frame time like the
second frame time frame time_2 is illustrated in FIG. 6B.
According to an embodiment, when a low-illuminance con-
dition information signal LLI is received from the sampling
controller SC, a second control signal SC2 may be provided
to the sampling module SM, thereby controlling modification
of' the first sampling rate to the second FPS. According to an
embodiment, a frame time may be represented as 1/FPS, and
the sampling rate may be reduced so that the second frame
time frame time_2 is greater than the first frame time frame
time_1 of FIG. 6A. As aresult, as the second frame time frame
time_2 is greater than before as illustrated in FIG. 6B, the
second sub-frame time sub frame time_2 of FIG. 6B may be
greater than the first sub-frame time sub frame time_1, and as
aresult, a pixel maximum exposure time may be increased by
using the exposure time controller ETC. Accordingly, dete-
rioration of a signal-to-noise under low-illuminance condi-
tions may be prevented. According to another embodiment,
the second control signal CS2 sets a new sampling rate upon
receiving the second control signal CS2, thereby modifying
the sampling rate of the sampling module SM. Furthermore,
the timing generator TG may be included in the sampling
module SM.

[0065] FIGS. 7A and 7B illustrate a sampling operation
when the exposure time controller ETC controls a reset tim-
ing of a shuttering unit SHUT.

[0066] FIG. 7A illustrates an operation of the image sensor
ISEN under a high-illuminance condition. In regard to FIG.
7A, the shuttering unit SHUT may be formed of a first reset-
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ting unit STX1 and a second resetting unit STX2, and may
alternately perform resetting in units of rows of the pixel array
PA. By varying pixel exposure times tl, t2, t3, and t4, a
dynamic range of a pixel may be extended, and an image
quality under a high-illuminance condition may be improved.
However, according to the method of FIG. 7A, a pixel expo-
sure time is short as t1, t2, and t3, and thus signal-to-noise
deterioration under low-illuminance conditions may be
avoided.

[0067] Referring to FIG. 7B, an operation of the image
sensor ISEN under a low-illuminance condition is illustrated.
According to an embodiment, upon receiving low-illumi-
nance condition information signal LLI from the sampling
controller SC, a third control signal CS3 is provided to the
shuttering unit SHUT, thereby controlling modification of the
first pixel exposure time to the second pixel exposure time.
Accordingly, the shuttering unit SHUT may modify the pixel
exposure time by modifying a reset timing via the third con-
trol signal CS3. According to an embodiment, by reducing a
first reset timing B3 and a second reset timing B4 of FIG. 7B
to be shorter than the first reset timing B1 and the second reset
timing B2 of FIG. 7A, pixel exposure times t'1, t'2, and t'3
under a low-illuminance condition may be increased to be
longer than the pixel exposure times t1, t2, and t3 of FIG. 7A.
As aresult, deterioration of a SNR under a low-illuminance
condition may be prevented. According to another embodi-
ment, the timing generator TG may receive a third control
signal CS3 to reset a pixel exposure time, thereby modifying
a reset timing of the shuttering unit SHUT to modify a pixel
exposure time. Furthermore, the timing generator TG may be
included in the shuttering unit SHUT.

[0068] FIG.8 is a flowchart summarizing a method of oper-
ating the image sensor ISEN of FIGS. 1 and 2.

[0069] Referring to FIGS. 1, 2 and 8, when light, such as
visible light VLIG, incident to an object strikes a lens (LENS)
of the image sensor, operation of the image sensor starts
(8100). An illuminance condition is detected using (e.g.,) a
histogram analysis method (S200). That is, a illuminance
condition may be detected with respect to illuminance infor-
mation extracted from a pixel signal. Then, a determination is
made as to whether or not the detected illuminance condition
are consistent with low-illuminance conditions (S300) based
on illuminance information LI. This determination may
include calculating a range of bit values for the illuminance
information LI based on the illuminance information LI con-
verted to the digital data and generating a high-illuminance
condition information signal HL.I and a low-illuminance con-
dition information signal LLI. Under low-illuminance condi-
tions, low illuminance sampling is performed (S400),
wherein at least one of a sampling frequency, sampling rate,
and pixel exposure time are set appropriately in view of the
low-illuminance conditions. That is, the existing (or currently
used) sampling frequency, sampling rate, and/or pixel expo-
sure time (singularly or collectively “sampling criteria”) is
tested for appropriateness (S500). Should the existing sam-
pling criteria prove appropriate in view of the illuminance
conditions, then sampling is performed (S700), else the sam-
pling criteria may be appropriately updated (S600). For
example, the method may determine whether there is data
related to a second sampling frequency, second sampling rate,
and second pixel exposure time that are appropriate for low-
illuminance conditions by referring to the sampling data reg-
ister SDR. If such data is present, the second sampling fre-
quency, second sampling rate, and second pixel exposure
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time may be set using the data. In contrast, if the data is not
present, the updating operation (S600) may be used to derive
and set the second sampling frequency, second sampling rate,
and second pixel exposure time to be appropriate for the
low-illuminance condition.

[0070] When high-illuminance conditions are detected,
high-illuminance sampling is performed (S800). Here, the
method may include modifying the second sampling fre-
quency, the second FPS, and the second pixel exposure time
which have been set under the low-illuminance conditionto a
first sampling frequency, a first FPS, and a first pixel exposure
time that are preset based on the high-illuminance condition.
Furthermore, the sampling data register SDR may be referred
to and use the first sampling frequency, the first FPS, and the
first pixel exposure time that are stored in the sampling data
register SDR.

[0071] FIG. 9 is a block diagram illustrating an image pho-
tographing apparatus CMR according to an embodiment of
the inventive concept.

[0072] Referring to FIGS. 1 and 9, the image photograph-
ing apparatus CMR may include the image sensor ISEN of
FIG. 1 that receives reflection light RLIG which is output
light OLIG output from a light source LS as reflected from an
object OBG and sensed as image information IMG about the
object. The light source LS may emit both a visible ray and an
infrared ray. The image photographing apparatus CMR
according to the current embodiment of the inventive concept
may further include a processor PRO including a controller
CNT that controls the image sensor ISEN through a control
signal XCON and a signal processing circuit ISP that per-
forms signal processing with respect to the image information
IMG sensed by using the image sensor ISEN.

[0073] FIG. 10 is a block diagram illustrating an image
processing and visualization system IPS according to an
embodiment of the inventive concept.

[0074] Referringto FIG. 10, the image processing and visu-
alization system IPS may include an image photographing
apparatus CMR and a display device that displays an image
received from the image photographing CMR. To this end, the
processor PRO of FIG. 9 may further include an interface IF
through which image information IMG received from the
image sensor ISEN is transmitted to a display device DIS.
[0075] FIG. 11 is a block diagram illustrating a computing
system device COM according to an embodiment of the
inventive concept.

[0076] Referring to FIG. 11, the computing system device
COM includes a central processing unit CPU that is electri-
cally connected to a bus BS, a user interface U], and an image
photographing apparatus CMR. The image photographing
apparatus CMR may include the image sensor ISEN and the
processor PRO according to the embodiment of the inventive
concept as described above.

[0077] The computing system device COM according to
the current embodiment of the inventive concept may further
include a power supply device PS. Also, the computing sys-
tem device COM may further include a storage device RAM
that stores image information IMG transmitted from the
image photographing device CMR.

[0078] If the computing system device COM according to
the current embodiment of the inventive concept is a mobile
device, a battery for supplying an operating voltage to the
computing system and a modem such as a baseband chipset
may be additionally provided. Also, the computing system
device COM may be further provided with an application
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chipset, a mobile dynamic random access memory (DRAM),
orthe like, and as this is obvious to one of ordinary skill in the
art, detailed description thereof will be omitted.

[0079] While the inventive concept has been particularly
shown and described with reference to embodiments thereof,
the embodiments should be considered in descriptive sense
only and not for purposes of limitation. For example, it will be
understood by those skilled in the art that various changes in
form and details of the method of calculating a phase delay
regarding consecutive images described above may be made.
Therefore, the scope of the inventive concept is defined not by
only the detailed description of the inventive concept but by
the appended claims.

What is claimed is:

1. An image sensor initially operating in a base mode
according to a first sampling frequency and a first pixel expo-
sure time, the image sensor comprising:

a light condition detector that extracts illuminance infor-
mation from a pixel signal received from pixels in a pixel
array, and generates a low-illuminance information sig-
nal upon detecting that a value of the illuminance infor-
mation falls within a first range;

a sampling controller that changes the sampling frequency
to a second sampling frequency in response to the low-
illuminance information signal; and

an exposure time controller that changes the first pixel
exposure time to a second pixel exposure time in
response to the low-illuminance information signal.

2. The image sensor of claim 1, wherein after generating
the low-illuminance information signal, the light condition
detector generates a high-illuminance information signal
upon detecting that the value of the illuminance information
falls in a second range different from the first range,

the sampling controller changes the second sampling fre-
quency to the first sampling frequency in response to the
high-illuminance condition information signal, and

the exposure time controller changes the second exposure
time to the first pixel exposure time in response to the
high-illuminance condition information signal.

3. The image sensor of claim 1, wherein the image sensor

further comprises:

a shuttering unit that operates using a rolling shutter
method in response to a control signal provided by the
exposure time controller during a reset operation applied
to the pixels.

4. The image sensor of claim 1, wherein the image sensor

further comprises:

a sampling module that samples the pixel signal in
response to a control signal generated by the sampling
controller in response to at least one of the first sampling
frequency and the second sampling frequency.

5. The image sensor of claim 1, wherein the first sampling
frequency is defined as a first frames per second (FPS) rate,
and the second sampling frequency is defined as a second FPS
rate.

6. The image sensor of claim 1, wherein the image sensor
further comprises:

a shuttering unit that resets the pixels in response to at least
one of'the first pixel exposure time and the second pixel
exposure time.

7. The image sensor of claim 6, wherein the exposure time
controller controls the shuttering unit such that the shuttering
unit adjusts a reset timing in response to the change from the
first pixel exposure time to the second pixel exposure time.
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8. The image sensor of claim 1, wherein the second pixel
exposure time is longer than the first pixel exposure time.

9. The image sensor of claim 1, wherein image sensor
further comprises a register unit, data defining the first sam-
pling frequency and the second sampling frequency is stored
in the register unit as first data, and data defining the first pixel
exposure time and the second pixel exposure time is stored as
second data in the register unit.

10. The image sensor of claim 9, wherein the sampling
controller references the first data stored in the register unit
when changing the first sampling frequency to the second
sampling frequency, and the storing of the first and second
data in the register unit is performed before the sampling
controller changes the first sampling frequency to the second
sampling frequency.

11. An image photographing apparatus, comprising:

a lens that receives light incident to an object;

an image sensor that senses image information from the
incident light communicated via the lens;

a processor that controls the image sensor and performs
signal-processing on the image information communi-
cated via the image sensor,

wherein the image sensor initially operates in a base mode
according to a first sampling frequency and a first pixel
exposure time, and the image sensor comprises:
alight condition detector that extracts illuminance infor-

mation from a pixel signal received from pixels in a
pixel array, and generates a low-illuminance informa-
tion signal upon detecting that a value of the illumi-
nance information falls within a first range;

a sampling controller that changes the first sampling
frequency to a second sampling frequency inresponse
to the low-illuminance information signal; and

an exposure time controller that changes the first pixel
exposure time to a second pixel exposure time in
response to the low-illuminance information signal.

12. The image photographing apparatus of claim 11,
wherein after generating the low-illuminance information
signal, the light condition detector generates a high-illumi-
nance information signal upon detecting that the value of the
illuminance information falls in a second range different from
the first range,

the sampling controller changes the second sampling fre-
quency to the first sampling frequency in response to the
high-illuminance condition information signal, and

the exposure time controller changes the second exposure
time to the first pixel exposure time in response to the
high-illuminance condition information signal.

13. The image photographing apparatus of claim 11,

wherein the image sensor further comprises:

a shuttering unit that operates using a rolling shutter
method in response to a control signal provided by the
exposure time controller during a reset operation applied
to the pixels.

14. The image photographing apparatus of claim 11,

wherein the image sensor further comprises:

a sampling module that samples the pixel signal in
response to a control signal generated by the sampling
controller in response to at least one of the first sampling
frequency and the second sampling frequency.

15. The image photographing apparatus of claim 14,

wherein the first sampling frequency is defined as a first
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frames per second (FPS) rate and the second rate sampling
frequency is defined as second FPS rate different from the
first FPS rate.

16. A method of operating an image sensor, comprising:

determining whether the image sensor is operating in low-

illuminance conditions, and upon determining that the
image sensor is operating in low-illuminance condi-
tions, defining a first sampling frequency as a first
frames per second (FPS) rate and a first pixel exposure
time for the image sensor, else

upon determining that the image sensor is not operating in

low-illuminance conditions, defining a second sampling
frequency as a second FPS rate different from the first
FPS rate and a second pixel exposure time different from
the first pixel exposure time for the image sensor.

17. The method of claim 16, wherein the determining of
whether the image sensor is operating in low-illuminance
conditions comprises:

calculating a histogram for a pixel signal received by the

image sensor.
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18. The method of claim 16, further comprising:

determining whether or not the first FPS rate and the first

pixel exposure time are appropriate for the low-illumi-
nance conditions, and upon determining that at least one
of the first FPS rate and the first pixel exposure time is
not appropriate for the low-illuminance conditions,
updating the at least one of the first FPS rate and the first
pixel exposure time.

19. The method of claim 16, wherein a light condition
detector extracts illuminance information from a pixel signal
received from pixels of a pixel array, and generates a low-
illuminance information signal upon detecting that a value of
the illuminance information falls within a first range.

20. The method of claim 18, further comprising:

using a sampling controller to change the first FPS rate to

the second FPS rate in response to the low-illuminance
information signal; and

using an exposure time controller to change the first pixel

exposure time to a second pixel exposure time in
response to the low-illuminance information signal.
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