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METHOD AND APPARATUS FOR
CALIBRATING A PLURALITY OF CAMERAS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2019-0078562 filed on
Jul. 1, 2019, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference for

all purposes.
BACKGROUND

1. Field

[0002] One or more example embodiments relate to a
technology for calibrating cameras of a vehicle, and more
particularly, to a technology for calibrating cameras of a
vehicle while the vehicle is traveling.

2. Description of Related Art

[0003] As an image capturing and processing technology
develops, recently produced vehicles are equipped with
cameras, and a top view system that assists a driver or a user
in driving a vehicle or assists a vehicle in traveling is
provided to a user or a vehicle. The top view system may
generate a top-view image or a bird’s-eye view image
(hereinafter simply “bird-view image™) using a plurality of
images captured by a plurality of cameras. The bird-view
image may provide a driver with an elevated top view of a
vehicle that is viewed from above, and thus contribute to
completely removing a blind spot on a front side, a rear side,
a left side, and/or a right side of the vehicle.

SUMMARY

[0004] An aspect provides a method and device for cali-
brating a plurality of cameras.

[0005] Another aspect provides a method and device for
calibrating a plurality of cameras while a vehicle is travel-
ing.

[0006] According to an example embodiment, there is

provided a camera calibration method to be performed by a
processor provided in a vehicle. The camera calibration
method includes obtaining a plurality of images of surround-
ings of the vehicle captured by a plurality of cameras of the
vehicle, setting a region of interest (ROI) in each of the
images among which a first ROI of a first image and a
second ROI of a second image include a common region,
detecting one or more feature points of the set ROIs,
matching a first feature point of the first ROI and a second
feature point of the second ROI based on the detected feature
points, calculating a first bird-view coordinate of the first
feature point and a second bird-view coordinate of the
second feature point, and calibrating the cameras by adjust-
ing an extrinsic parameter of each of the cameras based on
an error between the first bird-view coordinate and the
second bird-view coordinate.

[0007] The cameras may include at least two of a left
camera configured to capture an image of a left-side view
from the vehicle, a right camera configured to capture an
image of a right-side view from the vehicle, a front camera
configured to capture an image of a front-side view from the
vehicle, or a rear camera configured to capture an image of
a rear-side view from the vehicle.
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[0008] The extrinsic parameter of each of the cameras may
include rotation information and position information of
each of the cameras.

[0009] The feature points may be associated with an object
on a road on which the vehicle is traveling.

[0010] When the first image is a front-side view image and
the second image is a left-side view image, the setting of the
ROI in each of the images may include setting the ROI in
each of the images such that the first ROI includes a leftmost
side of the front-side view image and the second ROI
includes a rightmost side of the lefi-side view image.
[0011] The camera calibration method may further include
generating partial images by cropping the set ROIs. The
detecting of the feature points of the ROIs may include
detecting the one or more feature points of the ROIs based
on the generated partial images.

[0012] When the number of matching feature points of the
first ROI and the second ROI is greater than or equal to a
preset number, the calculating of the first bird-view coordi-
nate of the first feature point and the second bird-view
coordinate of the second feature point may include calcu-
lating the first bird-view coordinate and the second bird-
view coordinate.

[0013] The calibrating of the cameras may include calcu-
lating a first error between the first bird-view coordinate and
the second bird-view coordinate, and adjusting an extrinsic
parameter of at least one of the cameras such that the first
error is minimized.

[0014] When the extrinsic parameter of the at least one of
the cameras is adjusted, the calculating of the first bird-view
coordinate of the first feature point and the second bird-view
coordinate of the second feature point may include calcu-
lating a first adjusted bird-view coordinate of the first feature
point and a second adjusted bird-view coordinate of the
second feature point based on the adjusted extrinsic param-
eter. The calibrating of the cameras may include calculating
a first adjusted error between the first adjusted bird-view
coordinate and the second adjusted bird-view coordinate.
[0015] When the first error is less than a preset threshold
value, the calibrating of the cameras may further include
terminating the calibrating of the cameras.

[0016] According to another example embodiment, there
is provided an electronic device provided in a vehicle to
calibrate a plurality of cameras. The electronic device
includes a memory in which a program of calibrating the
cameras is recorded, and a processor configured to perform
the program. The program may include obtaining a plurality
of images of surroundings of the vehicle captured by the
cameras of the vehicle, setting an ROI in each of the images
among which a first ROI of a first image and a second ROI
of a second image include a common region, detecting one
or more feature points of the set ROIs, matching a first
feature point of the first ROI and a second feature point of
the second ROI based on the detected feature points, calcu-
lating a first bird-view coordinate of the first feature point
and a second bird-view coordinate of the second feature
point, and calibrating the cameras by adjusting an extrinsic
parameter of each of the cameras based on an error between
the first bird-view coordinate and the second bird-view
coordinate.

[0017] The cameras may include at least two of a left
camera configured to capture an image of a left-side view
from the vehicle, a right camera configured to capture an
image of a right-side view from the vehicle, a front camera
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configured to capture an image of a front-side view from the
vehicle, or a rear camera configured to capture an image of
a rear-side view from the vehicle.

[0018] The extrinsic parameter of each of the cameras may
include rotation information and position information of
each of the cameras.

[0019] The feature points may be associated with an object
on a road on which the vehicle is traveling.

[0020] When the first image is a front-side view image and
the second image is a left-side view image, the setting of the
ROI in each of the images may include setting the ROI in
each of the images such that the first ROI includes a leftmost
side of the front-side view image and the second ROI
includes a rightmost side of the lefi-side view image.
[0021] The program may further include generating partial
images by cropping the set ROIs. The detecting of the
feature points of the ROIs may include detecting the feature
points of the ROIs based on the generated partial images.

[0022] When the number of matching feature points of the
first ROI and the second ROI is greater than or equal to a
preset number, the calculating of the first bird-view coordi-
nate of the first feature point and the second bird-view
coordinate of the second feature point may include calcu-
lating the first bird-view coordinate and the second bird-
view coordinate.

[0023] The calibrating of the cameras may include calcu-
lating a first error between the first bird-view coordinate and
the second bird-view coordinate, and adjusting an extrinsic
parameter of at least one of the cameras such that the first
error is minimized.

[0024] When the extrinsic parameter of the at least one of
the cameras is adjusted, the calculating of the first bird-view
coordinate of the first feature point and the second bird-view
coordinate of the second feature point may include calcu-
lating a first adjusted bird-view coordinate of the first feature
point and a second adjusted bird-view coordinate of the
second feature point based on the adjusted extrinsic param-
eter. The calibrating of the cameras may include calculating
a first adjusted error between the first adjusted bird-view
coordinate and the second adjusted bird-view coordinate.

[0025] When the first error is less than a preset threshold
value, the calibrating of the cameras may include terminat-
ing the calibrating of the cameras.

[0026] According to still another example embodiment,
there is provided a camera calibration method to be per-
formed by a processor provided in a vehicle. The camera
calibration method includes obtaining a plurality of images
of surroundings of the vehicle captured by a plurality of
cameras of the vehicle, determining a partial region of each
of the images based on an ROI that is set in advance with
respect to a bird’s eye viewpoint, generating a plurality of
partial bird-view images by transforming the determined
partial regions by the bird’s eye viewpoint, in which a first
partial bird-view image among the partial bird-view images
corresponds to a first ROI and a second partial bird-view
image among the partial bird-view images corresponds to a
second ROI and the first ROI and the second ROl include a
common region, detecting a first feature point of the first
partial bird-view image and a second feature point of the
second partial bird-view image, matching the first feature
point and the second feature point, and calibrating the
cameras by adjusting an extrinsic parameter of each of the
cameras based on an error between a first bird-view coor-
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dinate of the first feature point and a second bird-view
coordinate of the second feature point.

[0027] The cameras may include at least two of a left
camera configured to capture an image of a left-side view
from the vehicle, a right camera configured to capture an
image of a right-side view from the vehicle, a front camera
configured to capture an image of a front-side view from the
vehicle, or a rear camera configured to capture an image of
a rear-side view from the vehicle.

[0028] When the number of matching feature points of the
first partial bird-view image and the second partial bird-view
image is greater than or equal to a preset number, the
calibrating of the cameras by adjusting the extrinsic param-
eter of each of the cameras based on the error between the
first bird-view coordinate of the first feature point and the
second bird-view coordinate of the second feature point may
include calibrating the cameras.

[0029] The calibrating of the cameras by adjusting the
extrinsic parameter of each of the cameras based on the error
between the first bird-view coordinate of the first feature
point and the second bird-view coordinate of the second
feature point may include calculating a first error between
the first bird-view coordinate and the second bird-view
coordinate, and adjusting an extrinsic parameter of at least
one of the cameras such that the first error is minimized.
[0030] According to yet another example embodiment,
there is provided an electronic device provided in a vehicle
to calibrate a plurality of cameras. The electronic device
includes a memory in which a program of calibrating the
cameras is recorded, and a processor configured to perform
the program. The program may include obtaining a plurality
of images of surroundings of the vehicle captured by the
cameras of the vehicle, determining a partial region of each
of the images based on an ROI that is set in advance with
respect to a bird’s eye viewpoint, generating a plurality of
partial bird-view images by transforming the determined
partial regions by the bird’s eye viewpoint, in which a first
partial bird-view image among the partial bird-view images
corresponds to a first ROI and a second partial bird-view
image among the partial bird-view images corresponds to a
second ROI and the first ROI and the second ROI include a
common region, detecting a first feature point of the first
partial bird-view image and a second feature point of the
second partial bird-view image, matching the first feature
point and the second feature point, and calibrating the
cameras by adjusting an extrinsic parameter of each of the
cameras based on an error between a first bird-view coor-
dinate of the first feature point and a second bird-view
coordinate of the second feature point.

[0031] Additional aspects of example embodiments will
be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects, features, and advan-
tages of the present disclosure will become apparent and
more readily appreciated from the following description of
example embodiments, taken in conjunction with the
accompanying drawings of which:

[0033] FIG. 1 is a diagram illustrating an example of a
bird-view image of a vehicle according to an example
embodiment;
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[0034] FIGS. 2 and 3 are diagrams illustrating examples of
rotation information and position information of extrinsic
parameters of cameras according to an example embodi-
ment;

[0035] FIG. 4 is a diagram illustrating an example of an
electronic device configured to calibrate a plurality of cam-
eras according to an example embodiment;

[0036] FIG. 5 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras according to an
example embodiment;

[0037] FIG. 6 is a diagram illustrating examples of regions
of interest (ROIs) according to an example embodiment;
[0038] FIG. 7 is a diagram illustrating an example of a
method of extracting and matching feature points according
to an example embodiment;

[0039] FIG. 8 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras by adjusting an
extrinsic parameter of each of the cameras according to an
example embodiment;

[0040] FIG. 9 is a diagram illustrating an example of an
error between bird-view coordinates of matching feature
points according to an example embodiment;

[0041] FIG. 10 illustrates examples of partial bird-view
images generated when a plurality of cameras are desirably
calibrated according to an example embodiment;

[0042] FIG. 11 illustrates examples of partial bird-view
images generated when a plurality of cameras are not
desirably calibrated according to an example embodiment;
[0043] FIG. 12 is a flowchart illustrating an example of a
method of calculating an adjusted error between bird-view
coordinates based on an adjusted extrinsic parameter accord-
ing to an example embodiment;

[0044] FIG. 13 is a flowchart illustrating an example of a
method of adjusting an extrinsic parameter of a camera such
that an error is minimized according to an example embodi-
ment;

[0045] FIG. 14 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras according to
another example embodiment;

[0046] FIGS. 15 and 16 are diagrams illustrating examples
of a partial region of an image determined based on a preset
ROl in a bird-view image according to an example embodi-
ment;

[0047] FIG. 17 is a diagram illustrating an example of a
method of extracting and matching feature points of partial
bird-view images according to an example embodiment; and
[0048] FIG. 18 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras by adjusting an
extrinsic parameter of each of the cameras based on an error
between a first bird-view coordinate and a second bird-view
coordinate according to an example embodiment.

DETAILED DESCRIPTION

[0049] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and
equivalents of the methods, apparatuses, and/or systems
described herein will be apparent after an understanding of
the disclosure of this application. For example, the
sequences of operations described herein are merely
examples, and are not limited to those set forth herein, but
may be changed as will be apparent after an understanding
of the disclosure of this application, with the exception of
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operations necessarily occurring in a certain order. Also,
descriptions of features that are known in the art may be
omitted for increased clarity and conciseness.

[0050] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the,” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises,” “compris-
ing,” “includes,” and/or “including,” when used herein,
specify the presence of stated features, integers, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
operations, elements, components, and/or groups thereof.
Terms such as first, second, A, B, (a), (b), and the like may
be used herein to describe components. Each of these
terminologies is not used to define an essence, order, or
sequence of a corresponding component but used merely to
distinguish the corresponding component from other com-
ponent(s). For example, a first component may be referred to
as a second component, and similarly the second component
may also be referred to as the first component.

[0051] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure pertains based on an understand-
ing of the present disclosure. Terms, such as those defined in
commonly used dictionaries, are to be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and are
not to be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0052] Hereinafter, some example embodiments will be
described in detail with reference to the accompanying
drawings. Regarding the reference numerals assigned to the
elements in the drawings, it should be noted that the same
elements will be designated by the same reference numerals,
wherever possible, even though they are shown in different
drawings.

[0053] FIG. 1 is a diagram illustrating an example of a
bird-view image of a vehicle according to an example
embodiment.

[0054] To generate an elevated top view or a bird’s eye
view image (hereinafter simply “bird-view image”) of a
vehicle, it needs to merge a plurality of images captured by
a plurality of cameras of the vehicle. To merge the images,
it needs to match coordinate systems of the images. That is,
it needs to generate partial bird-view images by transform-
ing the coordinate systems of the images into a common
coordinate system that is set in advance for the vehicle, and
generate a final bird-view image by merging the generated
partial bird-view images. Here, a partial bird-view image
may be generated by warping an image, for example. The
generated final bird-view image may be used for an around
view monitor (AVM). The term “bird-view image” used
herein may refer to an image captured from a bird’s eye
viewpoint.

[0055] In the example of FIG. 1, a generated bird-view
image 100 may be an image of a vehicle 110 that is captured
from a bird’s eye viewpoint. In this example, the bird-view
image 100 may not include an image of the vehicle 110.
Alternatively, the bird-view image 100 may include a preset
image of the vehicle 110 that is not an actually captured
image of the vehicle 110. The bird-view image 100 may
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include a left line 120 on a left side of the vehicle 110, a right
line 130 on a right side of the vehicle 110, a first marking
140, and a second marking 150. The bird-view image 100
may further include a guardrail on a road, for example.

[0056] However, due to an error occurring when installing
a camera in a vehicle, it may not be possible in reality to
completely match coordinate axes of cameras to a common
coordinate system. Although it may be possible to precisely
calibrate a camera installation error at a factory that pro-
duces a vehicle, the camera installation error may change or
occur constantly after the vehicle is released because an
installation position of a camera in the vehicle changes by a
physical force, for example, impact and twisting occurring
while the vehicle is traveling. Thus, to generate an accurate
bird-view image, a plurality of cameras of a vehicle may
need to be calibrated on a periodic basis or each time an
impact occurs.

[0057] To merge a plurality of images, it needs to perform
camera calibration to correct such a camera installation error
first. For the camera calibration, information including, for
example, a height and an angle at which a camera is
installed, may be required. To obtain such information for
the camera calibration, an existing method that installs a
certain reference pattern such as a checkerboard on the
ground and obtains camera information using a pattern
image of the checkerboard captured by cameras of a vehicle
has been used.

[0058] The existing method may obtain precise camera
information because an accurate relative position of a certain
marker such as a pattern may be obtained in advance.
However, to perform the method, such a certain pattern may
need to be installed around a vehicle. In addition, the method
may not be performed while the vehicle is traveling.

[0059] In acase of a general vehicle, a camera installation
error may occur on a periodic basis or each time an impact
occurs due to an actual movement of the vehicle, and thus
camera calibration may need to be automatically performed
even while the vehicle is traveling. The camera calibration
performed while a vehicle is traveling may be referred to as
on-road calibration (ORC).

[0060] When the calibration is performed only using a line
on a road, it is possible to estimate only rotation information
of extrinsic parameters of a camera. The extrinsic param-
eters may include rotation information and position infor-
mation. For example, when only the rotation information is
estimated while the position information is set as an inac-
curate value, the estimated rotation information may be
inaccurate as a result.

[0061] The rotation information may be estimated as a
more inaccurate value to correct the position information set
as an inaccurate value, and thus other portions excluding
lines on a road may not be matched although the lines are
well matched.

[0062] Thus, all patterns on a road, in addition to lines,
may be used for more accurate camera calibration. The
patterns on the road may include patterns drawn in colors
different from those indicating lanes on the road to convey
information to drivers, for example, lines, speed limit mark-
ings, left and right direction markings, and children protec-
tion zones. The reasons for using the patterns may be that
most of the patterns are on the road and on the ground, and
thus the patterns indicate same points in a bird-view image,
and the patterns have distinctive feature points.
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[0063] Hereinafter, a method of calibrating a plurality of
cameras, simply referred to herein as a camera calibration
method, will be described in detail with reference to FIGS.
2 through 13.

[0064] FIGS. 2 and 3 are diagrams illustrating examples of
rotation information and position information of extrinsic
parameters of cameras according to an example embodi-
ment.

[0065] To calibrate cameras, extrinsic parameters of the
cameras may need to be corrected or calibrated. The extrin-
sic parameters may include rotation information and posi-
tion information of the cameras.

[0066] In the example of FIG. 2, an upper portion 210
illustrates a pitch (Rx) of a camera, a middle portion 220
illustrates a roll (Rz) of the camera, and a lower portion 230
illustrates a yaw (Ry) of the camera.

[0067] Inthe example of FIG. 3, an upper portion 310 and
a lower portion 320 illustrate position information (Tx, Ty,
and Tz). The position information may be set based on a
position of a vehicle. For example, a world coordinate
system in which a certain position of the vehicle is set as a
reference point may be set in advance, and position infor-
mation of cameras may be represented by the world coor-
dinate system.

[0068] FIG. 4 is a diagram illustrating an example of an
electronic device configured to calibrate a plurality of cam-
eras according to an example embodiment.

[0069] Referring to FIG. 4, an electronic device 400
includes a communicator 410, a processor 420, a memory
430, and a camera 440. The electronic device 400 may be
provided in a vehicle. For example, the electronic device
400 may be a device such as an electronic control unit
(ECU). For another example, the electronic device 400 may
be an independent device connected to an ECU.

[0070] The communicator 410 may be connected to the
processor 420, the memory 430, and the camera 440 to
transmit and receive data. The communicator 410 may be
connected to another external device to transmit and receive
data thereto and therefrom. Hereinafter, the expression
“transmit and receive A” will indicate transmitting and
receiving information or data indicating A.

[0071] The communicator 410 may be embodied as a
circuitry in the electronic device 400. For example, the
communicator 410 may include an internal bus and an
external bus. For another example, the communicator 410
may be an element that connects the electronic device 400
and an external device. The communicator 410 may be an
interface. The communicator 410 may receive data from the
external device and transmit the received data to the pro-
cessor 420 and the memory 430.

[0072] The processor 420 may process the data received
by the communicator 410 and data stored in the memory
430. The processor 420 may be a data processing device that
is embodied by hardware having a circuit of a physical
structure to execute desired operations. The desired opera-
tions may include, for example, a code or instructions
included in a program. The data processing device embodied
by hardware may include, for example, a microprocessor, a
central processing unit (CPU), a processor core, a multi-core
processor, a multiprocessor, an application-specific inte-
grated circuit (ASIC), and a field-programmable gate array
(FPGA).
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[0073] The processor 420 may execute a computer-read-
able code, for example, software, that is stored in the
memory 430, and instructions derived by the processor 420.
[0074] The memory 430 may store the data received by
the communicator 410 and data processed by the processor
420. For example, the memory 430 may store a program, for
example, an application and software. The program to be
stored may be a set of syntaxes that is coded to calibrate
cameras by adjusting extrinsic parameters of the cameras
and is executable by the processor 420.

[0075] The memory 430 may include at least one volatile
memory, nonvolatile memory, random-access memory
(RAM), flash memory, hard disk drive, and optical disc
drive.

[0076] The memory 430 may store a set of instructions
that operates the electronic device 400, for example, soft-
ware. The set of instructions that operates the electronic
device 400 may be executed by the processor 420.

[0077] The camera 440 may generate an image by cap-
turing a scene. The camera 440 may include a plurality of
cameras. For example, the cameras may be installed on a
front side, a rear side, a left side, and a right side of the
vehicle.

[0078] Hereinafter, the communicator 410, the processor
420, the memory 430, and the camera 440 will be described
in detail with reference to FIGS. 5 through 13.

[0079] FIG. 5 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras according to an
example embodiment. The method of calibrating a plurality
of cameras may also be referred to herein simply as a camera
calibration method.

[0080] Operations 510 through 560 to be described here-
inafter with reference to FIG. 5 may be performed by the
electronic device 400 described above with reference to FIG.
4

[0081] Referring to FIG. 5, in operation 510, the electronic
device 400 obtains a plurality of images of surroundings of
a vehicle. For example, the electronic device 400 may obtain
the images captured using the camera 440. To detect feature
points of a pattern present at a same time and a same
position, the images may be captured at a same capturing
time. The pattern may indicate an object on a road.

[0082] The camera 440 may include a wide-angle lens
having a greater viewing angle than a general lens, or a
fish-eye lens which is a super-wide-angle lens having a
viewing angle of 180 degrees (°) or greater. For example,
using such a lens having a great viewing angle to generate
an image, it is possible to capture an image of all the
surroundings of the vehicle.

[0083] For example, when the camera 440 includes four
cameras that capture respectively an image of a front-side
view from the vehicle, an image of a rear-side view from the
vehicle, an image of a lefi-side view from the vehicle, and
an image of a right-side view from the vehicle, and camera
calibration is performed based on the images captured by the
four cameras, an extrinsic parameter of each of the cameras
may be estimated. For example, a pitch (Rx), a yaw (Ry),
and a roll (Rz) may be estimated as rotation information of
a camera. For another example, translation information (Tx,
Ty) and height information (Tz) may be estimated as posi-
tion information of a camera.

[0084] In this example, when the camera 440 includes the
four cameras that capture the images of the front-side view,
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the rear-side view, the left-side view, and the right-side view
of the vehicle, four channels may be defined for each of the
cameras.

[0085] For example, when there is a pattern on a road that
is captured simultaneously by at least two of the cameras,
the pattern may need to indicate a same position in images
that are transformed by a bird’s eye viewpoint. In this
example, when an extrinsic parameter of each of the four
cameras is accurate, the pattern may be indicated as a single
one in a bird-view image. However, when the extrinsic
parameter is not accurate, the pattern may be indicated as a
plurality of patterns.

[0086] Thus, it is possible to estimate an accurate extrinsic
parameter of each of the cameras. Hereinafter, a method of
estimating an accurate extrinsic parameter using obtained
images will be described in detail.

[0087] In operation 520, the electronic device 400 sets a
region of interest (ROI) in each of the images. The ROI may
be a portion of an image that overlaps another image. Thus,
for example, a first ROl of a first image among the images
and a second ROI of a second image among the images may
include a common region. In this example, when the first
image is a front-side view image and the second image is a
left-side view image, the first ROI of the first image and the
second ROI of the second image may be at a position
indicating an upper left end of the vehicle. The ROI will be
described hereinafter in detail with reference to FIGS. 6 and
7.

[0088] In operation 530, the electronic device 400 detects
one or more feature points of the set ROIs. For example, the
electronic device 400 may detect feature points of the first
ROI and feature points of the second ROI. The electronic
device 400 may detect feature points of the pattern present
on the road. For example, the feature points may include a
feature point of a line on the road, a feature point of a
direction marking, and the like. To detect the feature points,
a scale-invariant feature transform (SIFT) algorithm, a
speeded-up robust feature (SURF) algorithm, a Haar algo-
rithm, a Ferns algorithm, and an oriented features from
accelerated segment test (FAST) and rotated binary robust
independent elementary features (BRIEF) (ORB) algorithm
may be used. However, examples are not limited to the
example algorithms described in the foregoing.

[0089] Inoperation 540, the electronic device 400 matches
a first feature point of the first ROI and a second feature
point of the second ROI. For example, a feature point of an
ROI of a front-side view image may match a feature point
of'an ROI of a left-side view image, the feature point of the
ROI of the front-side view image may match a feature point
of an ROI of a right-side view image, a feature point of an
ROI of a rear-side view image may match the feature point
of the ROI of the left-side view image, and the feature point
of the ROI of the rear-side view image may match the
feature point of the ROI of the right-side view image.
[0090] In operation 550, the electronic device 400 calcu-
lates a first bird-view coordinate of the first feature point and
a second bird-view coordinate of the second feature point.
For example, when the first feature point is a feature point
of a front-side view image and the second feature point is a
feature point of a left-side view image, the electronic device
400 may calculate the first bird-view coordinate of the first
feature point based on an extrinsic parameter of a front
camera and calculate the second bird-view coordinate of the
second feature point based on an extrinsic parameter of a left
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camera. The term “bird-view coordinate” described herein
may indicate coordinates in a coordinate system of a bird-
view image to be generated. For example, the coordinate
system of the bird-view image may be a world coordinate
system described above.

[0091] As a prerequisite for performing operation 550,
whether the number of matching feature points is greater
than or equal to a preset number may be determined after
operation 540 is performed. For example, when the number
of matching feature points of the first ROI and the second
ROI is greater than or equal to the preset number, the first
bird-view coordinate and the second bird-view coordinate
may be calculated. As the number of the matching feature
points of the first ROI and the second ROI increases, it is
possible to estimate a more accurate extrinsic parameter.
[0092] However, when the number of the matching feature
points of the first ROI and the second ROI is less than the
preset number, accuracy in adjusting the extrinsic parameter
may not be guaranteed. Thus, the extrinsic parameter may
not be adjusted for a plurality of current images, for
example, current frames.

[0093] In operation 560, the electronic device 400 cali-
brates the cameras by adjusting the extrinsic parameter of
each of the cameras based on an error between the first
bird-view coordinate and the second bird-view coordinate.
[0094] When the cameras are not accurately calibrated,
different world coordinate systems may be generated for the
cameras. Thus, to replace an accurate world coordinate
system, a position of a neighboring camera adjacent to a
target camera may be used. For example, the camera cali-
bration may be performed by transforming the position of
the neighboring camera into a position of the target camera,
and setting the transformed position as a reference point of
the world coordinate system. Using such a method described
in the foregoing, the camera calibration may be performed
using the reference point even though an accurate reference
point of the world coordinate system is not known, and it
may thus be possible to adjust the extrinsic parameter.
[0095] However, when an extrinsic parameter of the
neighboring camera is inaccurate, the set reference point of
the world coordinate system may also be an inaccurate
position. Thus, a method of repeatedly performing the
camera calibration on each of the cameras, not performing
the camera calibration once on one camera, may be used to
gradually reduce an error of the extrinsic parameter. As
described above, by setting a reference point of a world
coordinate system of each target camera while changing the
target camera, and performing repeatedly the camera cali-
bration using the set reference point of the world coordinate
system, it is possible to calibrate a plurality of cameras
simultaneously.

[0096] Hereinafter, the camera calibration method will be
described in greater detail with reference to FIGS. 8 through
13.

[0097] FIG. 6 is a diagram illustrating examples of ROIs
according to an example embodiment.

[0098] Referring to FIG. 6, a first image 611 may be a
front-side view image generated by a front camera 610, or
a first partial bird-view image generated based on the
front-side view image. A second image 621 may be a
left-side view image generated by a left camera 620, or a
second partial bird-view image generated based on the
left-side view image. A third image 631 may be a rear-side
view image generated by a rear camera 630, or a third partial
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bird-view image generated based on the rear-side view
image. A fourth image 641 may be a right-side view image
generated by a right camera 640, or a fourth partial bird-
view image generated based on the right-side view image.
[0099] The images 611, 621, 631, and 641 are provided as
examples to describe ROIs around a vehicle 600. Thus,
whether the images 611, 621, 631, and 641 arc images
generated by cameras or transformed partial bird-view
images is not limited to the examples described in the
foregoing.

[0100] A first ROI may be set such that the first ROI
includes at least a portion of a first common region 651 of
the first image 611 and the second image 621. For example,
the first ROI may include a lefimost side of the front-side
view image, and a second ROI may include an uppermost
side of the left-side view image. Similarly, ROIs may be set
such that the ROIs includes at least a portion of a second
common region 652 of the second image 621 and the third
image 631. ROIs may be set such that the ROIs includes at
least a portion of a third common region 653 of the third
image 631 and the fourth image 641. ROIs may be set such
that the fourth ROI includes at least a portion of a fourth
common region 654 of the fourth image 641 and the first
image 611.

[0101] FIG. 7 is a diagram illustrating an example of a
method of extracting and matching feature points according
to an example embodiment.

[0102] Referring to FIG. 7, a first ROI 712 may be set in
a front-side view image 710 and a second ROI 722 may be
set in a left-side view image 720. The electronic device 400
may generate partial images by cropping the set ROIs 712
and 722.

[0103] Based on the set ROIs 712 and 722 or the generated
partial images, one or more feature points 713, 714, 723, and
724 of the ROIs 712 and 722 may be detected. Although
only some feature points of direction markings are illus-
trated for the convenience of description, a plurality of other
feature points may be detected based on a text and an edge
of an image.

[0104] The electronic device 400 may match the detected
feature points. For example, the feature point 713 of the first
ROI 712 may match the feature point 723 of the second ROI
722, and the feature point 714 of the first ROI 712 may
match the feature point 724 of the second ROI 722.
[0105] To match the feature points, various algorithms
such as a SIFT algorithm, a SURF algorithm, a Haar
algorithm, a Ferns algorithm, and an ORB algorithm may be
used, but not limited thereto.

[0106] FIG. 8 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras by adjusting an
extrinsic parameter of each of cameras according to an
example embodiment.

[0107] Operation 560 described above with reference to
FIG. 5 may include operations 810 through 830 to be
described hereinafter with reference to FIG. 8.

[0108] Referring to FIG. 8, in operation 810, the electronic
device 400 calculates a first error between the first bird-view
coordinate and the second bird-view coordinate. When an
extrinsic parameter of each of the cameras is set or adjusted
accurately, the first bird-view coordinate and the second
bird-view coordinate may be indicated the same, and thus
the first error may be 0 or a value close to 0.

[0109] The first bird-view coordinate and the second bird-
view coordinate may be associated with a pair of matching
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feature points. For example, when there is a plurality of pairs
of matching feature points, an error may be calculated for
each of the pairs.

[0110] In operation 820, the electronic device 400 deter-
mines whether the first error is greater than or equal to a
preset threshold value. When the first error is less than the
threshold value, the camera calibration for calibrating the
cameras may be terminated. However, when one of errors
does not satisfy such a condition described in the foregoing
even though another error of the errors satisfies the condi-
tion, the camera calibration may be performed continuously.
[0111] In operation 830, when the first error is greater than
or equal to the threshold value, the electronic device 400
adjusts an extrinsic parameter of at least one of the cameras
such that the first error is minimized. For example, the
electronic device 400 may adjust at least one of rotation
information or position information of the camera.

[0112] According to an example embodiment, based on a
plurality of errors, a cause of occurrence of the errors may
be determined. The cause may include, for example, inac-
curate rotation information of a left camera. To solve such a
cause, at least one of rotation information or position infor-
mation of a camera may be adjusted. For example, the
rotation information of the left camera may be adjusted. To
determine such a cause, various methods may be used, and
the methods may not be limited to a specific one.

[0113] For example, for the camera calibration, a Leven-
berg-Marquardt algorithm and a gradient descent algorithm
may be used.

[0114] FIG. 9 is a diagram illustrating an example of an
error between bird-view coordinates of matching feature
points according to an example embodiment.

[0115] When the feature point 713 and the feature point
723 match each other as illustrated in FIG. 7, a first
bird-view coordinate 910 of the feature point 713 and a
second bird-view coordinate 920 of the feature point 723
may be calculated.

[0116] When an extrinsic parameter of each of cameras is
accurate, the first bird-view coordinate 910 and the second
bird-view coordinate 920 may have a same coordinate in a
world coordinate system. However, when the extrinsic
parameter is not accurate, the first bird-view coordinate 910
and the second bird-view coordinate 920 may have different
coordinates in the world coordinate system.

[0117] When accuracy of the extrinsic parameter
decreases, a first error 930 between the first bird-view
coordinate 910 and the second bird-view coordinate 920
may increase. The first error 930 may be calculated as a
distance therebetween. When the accuracy of the extrinsic
parameter increases through adjustment, the first error 930
may decrease.

[0118] FIG. 10 illustrates examples of partial bird-view
images generated when a plurality of cameras are desirably
calibrated according to an example embodiment.

[0119] Referring to FIG. 10, a feature point 1011 in a first
partial bird-view image 1010 of a left-side view image may
match a feature point 1021 in a second partial bird-view
image 1020 of a rear-side view image, and feature points
1022 and 1023 in the second partial bird-view image 1020
may respectively match feature points 1031 and 1032 in a
third partial bird-view image 1030.

[0120] When a plurality of cameras are desirably cali-
brated, a coordinate of the feature point 1011 and a coordi-
nate of the feature point 1021 may correspond to or match
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each other, for example, they may be the same or almost the
same, in a world coordinate system. Similarly, coordinates
of the feature points 1022 and 1023 and coordinates of the
feature points 1031 and 1032 may correspond to or match
each other, for example, they may be the same or almost the
same, in the world coordinate system.

[0121] FIG. 11 illustrates examples of partial bird-view
images generated when a plurality of cameras are not
desirably calibrated according to an example embodiment.
[0122] Referring to FIG. 11, a feature point 1111 in a first
partial bird-view image 1110 of a left-side view image may
match a feature point 1121 in a second partial bird-view
image 1120 of a rear-side view image, and feature points
1122 and 1123 in the second partial bird-view image 1110
may respectively match feature points 1131 and 1132 in a
third partial bird-view image 1130 of a right-side view
image.

[0123] When a plurality of cameras are not desirably
calibrated, a coordinate of the feature point 1111 and a
coordinate of the feature point 1121 may not correspond to
or match each other in a world coordinate system. Similarly,
coordinates of the feature points 1122 and 1123 and coor-
dinates of the feature points 1131 and 1132 may not corre-
spond to or match each other in the world coordinate system.
[0124] Even when the coordinate of the feature point 1111
and the coordinate of the feature point 1121 correspond to or
match each other, the coordinates of the feature points 1122
and 1123 and the feature points 1131 and 1132 may not
correspond to or match each other. In such a case, an
extrinsic parameter of each of cameras may be adjusted such
that the coordinates of the feature points 1122 and 1123 and
the feature points 1131 and 1132 correspond to or match
each other.

[0125] FIG. 12 is a flowchart illustrating an example of a
method of calculating an adjusted error between bird-view
coordinates based on an adjusted extrinsic parameter accord-
ing to an example embodiment.

[0126] After operation 560 described above with reference
to FIG. 5 is performed, operation 550 described above with
reference to FIG. 5 may be performed again. That is, by
performing repeatedly operations 550 and 560, it is possible
to calibrate a plurality of cameras.

[0127] Operation 550 may further include operation 1210
to be described hereinafter with reference to FIG. 12. In
operation 1210, the electronic device 400 calculates a first
adjusted bird-view coordinate of the first feature point and a
second adjusted bird-view coordinate of the second feature
point based on the adjusted extrinsic parameter.

[0128] Operation 560 may further include operation 1220
to be described hereinafter with reference to FIG. 12. In
operation 1220, the electronic device 400 calculates a first
adjusted error between the first adjusted bird-view coordi-
nate and the second adjusted bird-view coordinate.

[0129] Operation 1220 may correspond to operation 810
described above with reference to FIG. 8, and operations
820 and 830 described above with reference to FIG. 8 may
be performed after operation 1220 is performed.

[0130] FIG. 13 is a flowchart illustrating an example of a
method of adjusting an extrinsic parameter of a camera such
that an error is minimized according to an example embodi-
ment. Operation 830 described above with reference to FIG.
8 may include operations 1310 and 1320 to be described
hereinafter with reference to FIG. 13.
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[0131] Referring to FIG. 13, in operation 1310, the elec-
tronic device 400 adjusts an extrinsic parameter of each of
a front camera and a rear camera.

[0132] Inoperation 1320, the electronic device 400 adjusts
an extrinsic parameter of each of a left camera and a right
camera.

[0133] An example of a method of extracting and match-
ing feature points from images which are not bird-view
images but, for example, fish-eye images, and transforming
matching feature points by a bird’s eye viewpoint, is
described above with reference to FIGS. 5 through 13.
[0134] Hereinafter, an example of a method of transform-
ing a portion of an image which is not a bird-view image but,
for example, a fish-eye image, into a bird-view image,
extracting feature points from partial bird-view images, and
matching the extracted feature points will be described with
reference to FIGS. 14 through 18.

[0135] FIG. 14 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras according to
another example embodiment. The method of calibrating a
plurality of cameras may also be referred to herein simply as
a camera calibration method.

[0136] Operations 1410 through 1460 to be described
hereinafter with reference to FIG. 14 may be performed by
the electronic device 400 described above with reference to
FIG. 4.

[0137] Referring to FIG. 14, in operation 1410, the elec-
tronic device 400 obtains a plurality of images of surround-
ings of a vehicle. The obtained images may be images
captured using a fish-eye lens.

[0138] For a more detailed description of operation 1410,
reference may be made to the description of operation 510
provided above with reference to FIG. 5.

[0139] In operation 1420, the electronic device 400 deter-
mines a partial region of each of the images based on an ROI
set in advance with respect to a bird’s eye viewpoint. For
example, a region corresponding to a front left side of an
entire bird-view image to be generated may be preset as a
first ROI, and a region of a front-side view image corre-
sponding to the first ROI may be determined to be a partial
region. For another example, a region corresponding to a
front left side of an entire bird-view image to be generated
may be preset as a second ROI, and a region of a left-side
view image corresponding to the second ROI may be
determined to be a partial region. The first ROI, the second
ROI, and the partial regions respectively corresponding to
the first ROI and the second ROI will be described herein-
after in detail with reference to FIGS. 15 and 16.

[0140] In operation 1430, the electronic device 400 gen-
erates a plurality of partial bird-view images by transform-
ing the determined partial regions of the images by the bird’s
eye viewpoint. The partial regions of the images determined
in operation 1420 may be images captured using a fish-eye
lens, and thus shapes in the images may be distorted. By
transforming the partial regions by the bird’s eye viewpoint,
it is possible to restore the shapes in the images. A partial
bird-view image will be described hereinafter in detail with
reference to FIG. 17.

[0141] Inoperation 1440, the electronic device 400 detects
a first feature point of a first partial bird-view image and a
second feature point of a second partial bird-view image. For
example, a feature point on a pattern positioned on a road
may be detected. To detect feature points, various algo-
rithms, for example, a SIFT algorithm, a SURF algorithm, a
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Haar algorithm, a Ferns algorithm, and an ORB algorithm,
may be used, but not be limited thereto.

[0142] In operation 1450, the electronic device 400
matches the first feature point and the second feature point.
For example, the electronic device 400 may match the first
feature point of the first partial bird-view image of a front
side and the second feature point of the second partial
bird-view image of a left side. For another example, the
electronic device 400 may match the first feature point of the
first partial bird-view image of a left side and the second
feature point of the second partial bird-view image of a rear
side. When the images captured using a fish-eye lens are
transformed into bird-view images, accuracy in matching
feature points in ROIs for same features may increase.
[0143] In operation 1460, the electronic device 400 cali-
brates a plurality of cameras by adjusting an extrinsic
parameter of each of the cameras based on an error between
a first bird-view coordinate of the first feature point and a
second bird-view coordinate of the second feature point.
[0144] For a more detailed description of operation 1460,
reference may be made to the description of operation 560
provided above with reference to FIG. 5.

[0145] As a prerequisite for performing operation 560,
whether the number of matching feature points is greater
than or equal to a preset number may be determined after
operation 550 described above with reference to FIG. 5 is
performed. For example, when the number of matching
feature points of the first partial bird-view image and the
second partial bird-view image is greater than or equal to the
preset number, camera calibration may be performed. When
the number of matching feature points increases, an extrinsic
parameter may be estimated more accurately.

[0146] However, when the number of the matching feature
points of the first partial bird-view image and the second
partial bird-view image is less than the preset number,
accuracy in adjusting the extrinsic parameter may not be
guaranteed, and thus the extrinsic parameter may not be
adjusted for a plurality of current images, for example,
current frames.

[0147] Hereinafter, the camera calibration method will be
described in greater detail with reference to FIG. 18.
[0148] FIGS. 15 and 16 are diagrams illustrating examples
of a partial region of an image determined based on a preset
ROl in a bird-view image according to an example embodi-
ment.

[0149] A right portion of FIG. 15 illustrates a front region
1510 of an entire bird-view image, and a portion of the front
region 1510 may be set in advance as an ROI 1511.
[0150] A left portion of FIG. 15 illustrates a front-side
view image 1520 among a plurality of images, and the
front-side view image 1520 may be an image captured using
a fish-eye lens. A partial region 1521 of the front-side view
image 1520 that corresponds to the ROI 1511 may be
determined. For example, the partial region 1521 corre-
sponding to the ROI 1511 may be determined based on an
extrinsic parameter of a front camera. When the extrinsic
parameter of the front camera is adjusted, the partial region
1521 corresponding to the ROI 1511 may change.

[0151] Similarly, a right portion of FIG. 16 illustrates a left
region 1610 of an entire bird-view image, and a portion of
the left region 1610 may be set in advance as an ROI 1611.
[0152] A left portion of FIG. 16 illustrates a left-side view
image 1620 among a plurality of images, and the left-side
view image 1620 may be an image captured using a fish-eye
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lens. A partial region 1621 of the left-side view image 1620
that corresponds to the ROI 1611 may be determined. For
example, the partial region 1621 corresponding to the ROI
1611 may be determined based on an extrinsic parameter of
a left camera. When the extrinsic parameter of the left
camera is adjusted, the partial region 1621 corresponding to
the ROI 1611 may change.

[0153] In such a relationship between the ROI 1511 and
the ROI 1611, the ROI 1511 may be referred to herein as a
first ROI and the ROI 1611 may be referred to herein as a
second ROI.

[0154] FIG. 17 is a diagram illustrating an example of a
method of extracting and matching feature points of partial
bird-view images according to an example embodiment.
[0155] Referring to FIG. 17, the partial region 1521 of
FIG. 15 and the partial region 1621 of FIG. 16 may be
transformed into a first partial bird-view image 1710 and a
second partial bird-view image 1720, respectively. The first
partial bird-view image 1710 and the second partial bird-
view image 1720 may be images from a bird’s eye view-
point.

[0156] One or more feature points 1711 and 1712 of the
first partial bird-view image 1710 may be extracted. One or
more feature points 1721 and 1722 of the second partial
bird-view image 1720 may be extracted. The feature point
1711 may match the feature point 1721, and the feature point
1712 may match the feature point 1722.

[0157] FIG. 18 is a flowchart illustrating an example of a
method of calibrating a plurality of cameras by adjusting an
extrinsic parameter of each of the cameras based on an error
between a first bird-view coordinate and a second bird-view
coordinate according to an example embodiment.

[0158] Operation 1460 described above with reference to
FIG. 14 may include operations 1810 through 1830 to be
described hereinafter with reference to FIG. 18.

[0159] Referring to FIG. 18, in operation 1810, the elec-
tronic device 400 calculates a first error between the first
bird-view coordinate and the second bird-view coordinate.
When an extrinsic parameter of a camera is accurately set or
adjusted, the first bird-view coordinate and the second
bird-view coordinate may be indicated the same, and thus
the first error may be 0 or a value close to 0.

[0160] The first bird-view coordinate and the second bird-
view coordinate may be associated with a pair of matching
feature points. When there is a plurality of pairs of matching
feature points, an error may be calculated for each of the
pairs.

[0161] In operation 1820, the electronic device 400 deter-
mines whether the first error is greater than or equal to a
preset threshold value. When the first error is less than the
threshold value, camera calibration for calibrating a plurality
of cameras may be terminated. However, when one of errors
does not satisfy such a condition described in the foregoing
even though another error of the errors satisfies the condi-
tion, the camera calibration may be performed continuously.
[0162] In operation 1830, when the first error is greater
than or equal to the threshold value, the electronic device
400 adjusts an extrinsic parameter of at least one of the
cameras such that the first error is minimized. For example,
the electronic device 400 may adjust at least one of rotation
information or position information of the camera.

[0163] According to an example embodiment, based on a
plurality of errors, a cause of occurrence of the errors may
be determined. The cause may include, for example, inac-
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curate rotation information of a left camera. To solve such a
cause, at least one of rotation information or position infor-
mation of a camera may be adjusted. For example, the
rotation information of the left camera may be adjusted. To
determine such a cause, various methods may be used, and
the methods may not be limited to a specific one.

[0164] For example, for the camera calibration, a Leven-
berg-Marquardt algorithm and a gradient descent algorithm
may be used.

[0165] According to an example embodiment described
herein, there is provided a method and device for calibrating
a plurality of cameras.

[0166] According to another example embodiment
described herein, there is provided a method and device for
calibrating a plurality of cameras while a vehicle is travel-
ing. The units described herein may be implemented using
hardware components and software components. For
example, the hardware components may include micro-
phones, amplifiers, band-pass filters, audio to digital con-
vertors, non-transitory computer memory and processing
devices. A processing device may be implemented using one
or more general-purpose or special purpose computers, such
as, for example, a processor, a controller and an arithmetic
logic unit (ALU), a digital signal processor, a microcom-
puter, a field programmable gate array (FPGA), a program-
mable logic unit (PLU), a microprocessor or any other
device capable of responding to and executing instructions
in a defined manner. The processing device may run an
operating system (OS) and one or more software applica-
tions that run on the OS. The processing device also may
access, store, manipulate, process, and create data in
response to execution of the software. For purpose of
simplicity, the description of a processing device is used as
singular; however, one skilled in the art will appreciated that
a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a processing device may include multiple proces-
sors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
Cessors.

[0167] The software may include a computer program, a
piece of code, an instruction, or some combination thereof,
to independently or collectively instruct or configure the
processing device to operate as desired. Software and data
may be embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or in a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software also may
be distributed over network coupled computer systems so
that the software is stored and executed in a distributed
fashion. The software and data may be stored by one or more
non-transitory computer readable recording mediums. The
non-transitory computer readable recording medium may
include any data storage device that can store data which can
be thereafter read by a computer system or processing
device.

[0168] The methods according to the above-described
example embodiments may be recorded in non-transitory
computer-readable media including program instructions to
implement various operations of the above-described
example embodiments. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program instructions
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recorded on the media may be those specially designed and
constructed for the purposes of example embodiments, or
they may be of the kind well-known and available to those
having skill in the computer software arts. Examples of
non-transitory computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROM discs, DVDs, and/or Blue-
ray discs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory (e.g.,
USB flash drives, memory cards, memory sticks, etc.), and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The above-described devices
may be configured to act as one or more software modules
in order to perform the operations of the above-described
example embodiments, or vice versa.

[0169] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may
be achieved if the described techniques are performed in a
different order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents.

[0170] Therefore, the scope of the disclosure is defined not
by the detailed description, but by the claims and their
equivalents, and all variations within the scope of the claims
and their equivalents are to be construed as being included
in the disclosure.

What is claimed is:

1. A camera calibration method to be performed by a
processor provided in a vehicle, comprising:

obtaining a plurality of images of surroundings of the

vehicle captured by a plurality of cameras of the
vehicle;

setting a region of interest (ROI) in each of the images,

wherein a first ROI of a first image among the images
and a second ROI of a second image among the images
include a common region;

detecting one or more feature points of the set ROIs;

matching a first feature point of the first ROI and a second

feature point of the second ROI based on the detected
feature points;

calculating a first bird-view coordinate of the first feature

point and a second bird-view coordinate of the second
feature point; and

calibrating the cameras by adjusting an extrinsic param-

eter of each of the cameras based on an error between
the first bird-view coordinate and the second bird-view
coordinate.

2. The camera calibration method of claim 1, wherein the
cameras include at least two of a left camera configured to
capture an image of a left-side view from the vehicle, a right
camera configured to capture an image of a right-side view
from the vehicle, a front camera configured to capture an
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image of a front-side view from the vehicle, or a rear camera
configured to capture an image of a rear-side view from the
vehicle.

3. The camera calibration method of claim 1, wherein the
extrinsic parameter of each of the cameras includes rotation
information and position information of each of the cameras.

4. The camera calibration method of claim 1, wherein the
feature points are associated with an object on a road on
which the vehicle is traveling.

5. The camera calibration method of claim 1, wherein the
setting of the ROI in each of the images comprises:

when the first image is a front-side view image and the

second image is a left-side view image, setting the ROI
in each of the images such that the first ROI includes a
leftmost side of the front-side view image and the
second ROI includes a rightmost side of the left-side
view image.

6. The camera calibration method of claim 1, further
comprising:

generating partial images by cropping the set ROlIs,

wherein the detecting of the feature points of the ROIs
comprises:

detecting the one or more feature points of the ROIs
based on the generated partial images.

7. The camera calibration method of claim 1, wherein the
calculating of the first bird-view coordinate of the first
feature point and the second bird-view coordinate of the
second feature point comprises:

when the number of matching feature points of the first

ROI and the second ROI is greater than or equal to a
preset number, calculating the first bird-view coordi-
nate and the second bird-view coordinate.

8. The camera calibration method of claim 1, wherein the
calibrating of the cameras comprises:

calculating a first error between the first bird-view coor-

dinate and the second bird-view coordinate; and
adjusting an extrinsic parameter of at least one of the
cameras such that the first error is minimized.

9. The camera calibration method of claim 8, wherein the
calculating of the first bird-view coordinate of the first
feature point and the second bird-view coordinate of the
second feature point comprises:

when the extrinsic parameter of the at least one of the

cameras is adjusted, calculating a first adjusted bird-

view coordinate of the first feature point and a second

adjusted bird-view coordinate of the second feature

point based on the adjusted extrinsic parameter,

wherein the calibrating of the cameras comprises:

calculating a first adjusted error between the first
adjusted bird-view coordinate and the second
adjusted bird-view coordinate.

10. The camera calibration method of claim 8, wherein the
calibrating of the cameras further comprises:

when the first error is less than a preset threshold value,

terminating the calibrating of the cameras.

11. A non-transitory computer-readable storage medium
storing instructions that, when executed by a processor,
cause the processor to perform the camera calibration
method of claim 1.

12. An electronic device provided in a vehicle to calibrate
a plurality of cameras, comprising:

a memory in which a program of calibrating the cameras

is recorded; and

a processor configured to perform the program,
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wherein the program comprises:

obtaining a plurality of images of surroundings of the
vehicle captured by the cameras of the vehicle;

setting a region of interest (ROI) in each of the images,
wherein a first ROI of a first image among the images
and a second ROI of a second image among the
images include a common region;

detecting one or more feature points of the set ROIs;

matching a first feature point of the first ROI and a
second feature point of the second ROI based on the
detected feature points;

calculating a first bird-view coordinate of the first
feature point and a second bird-view coordinate of
the second feature point; and

calibrating the cameras by adjusting an extrinsic
parameter of each of the cameras based on an error
between the first bird-view coordinate and the sec-
ond bird-view coordinate.

13. The electronic device of claim 12, wherein the feature
points are associated with an object on a road on which the
vehicle is traveling.

14. The electronic device of claim 12, wherein the pro-
gram further comprises:

generating partial images by cropping the set ROIs,

wherein the detecting of the feature points of the ROIs
comprises:

detecting the feature points of the ROIs based on the
generated partial images.

15. The electronic device of claim 12, wherein the cal-
culating of the first bird-view coordinate of the first feature
point and the second bird-view coordinate of the second
feature point comprises:

when the number of matching feature points of the first

ROI and the second ROI is greater than or equal to a
preset number, calculating the first bird-view coordi-
nate and the second bird-view coordinate.

16. The electronic device of claim 12, wherein the cali-
brating of the cameras comprises:

calculating a first error between the first bird-view coor-

dinate and the second bird-view coordinate; and
adjusting an extrinsic parameter of at least one of the
cameras such that the first error is minimized.

17. The electronic device of claim 16, wherein the cal-
culating of the first bird-view coordinate of the first feature
point and the second bird-view coordinate of the second
feature point comprises:

when the extrinsic parameter of the at least one of the

cameras is adjusted, calculating a first adjusted bird-

view coordinate of the first feature point and a second

adjusted bird-view coordinate of the second feature

point based on the adjusted extrinsic parameter,

wherein the calibrating of the cameras comprises:

calculating a first adjusted error between the first
adjusted bird-view coordinate and the second
adjusted bird-view coordinate.

18. The electronic device of claim 16, wherein the cali-
brating of the cameras comprises:

when the first error is less than a preset threshold value,

terminating the calibrating of the cameras.

19. A camera calibration method to be performed by a
processor provided in a vehicle, comprising:

obtaining a plurality of images of surroundings of the

vehicle captured by a plurality of cameras of the
vehicle;
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determining a partial region of each of the images based
on a region of interest (ROI) that is set in advance with
respect to a bird’s eye viewpoint;

generating a plurality of partial bird-view images by

transforming the determined partial regions by the
bird’s eye viewpoint, wherein a first partial bird-view
image among the partial bird-view images corresponds
to a first ROI and a second partial bird-view image
among the partial bird-view images corresponds to a
second ROI, and the first ROI and the second ROI
include a common region;

detecting a first feature point of the first partial bird-view

image and a second feature point of the second partial
bird-view image;

matching the first feature point and the second feature

point; and

calibrating the cameras by adjusting an extrinsic param-

eter of each of the cameras based on an error between
a first bird-view coordinate of the first feature point and
a second bird-view coordinate of the second feature
point.

20. The camera calibration method of claim 19, wherein
the cameras include at least two of a left camera configured
to capture an image of a left-side view from the vehicle, a
right camera configured to capture an image of a right-side
view from the vehicle, a front camera configured to capture
an image of a front-side view from the vehicle, or a rear
camera configured to capture an image of a rear-side view
from the vehicle.

21. The camera calibration method of claim 19, wherein
the calibrating of the cameras by adjusting the extrinsic
parameter of each of the cameras based on the error between
the first bird-view coordinate of the first feature point and the
second bird-view coordinate of the second feature point
comprises:

when the number of matching feature points of the first

partial bird-view image and the second partial bird-
view image is greater than or equal to a preset number,
calibrating the cameras.

22. The camera calibration method of claim 19, wherein
the calibrating of the cameras by adjusting the extrinsic
parameter of each of the cameras based on the error between
the first bird-view coordinate of the first feature point and the
second bird-view coordinate of the second feature point
comprises:

calculating a first error between the first bird-view coor-

dinate and the second bird-view coordinate; and
adjusting an extrinsic parameter of at least one of the
cameras such that the first error is minimized.

23. A non-transitory computer-readable storage medium
storing instructions that, when executed by a processor,
cause the processor to perform the camera calibration
method of claim 19.

24. An electronic device provided in a vehicle to calibrate
a plurality of cameras, comprising:

a memory in which a program of calibrating the cameras

is recorded; and

a processor configured to perform the program,

wherein the program comprises:

obtaining a plurality of images of surroundings of the
vehicle captured by the cameras of the vehicle;

determining a partial region of each of the images
based on a region of interest (ROI) that is set in
advance with respect to a bird’s eye viewpoint;
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generating a plurality of partial bird-view images by
transforming the determined partial regions by the
bird’s eye viewpoint, wherein a first partial bird-
view image among the partial bird-view images
corresponds to a first ROI and a second partial
bird-view image among the partial bird-view images
corresponds to a second ROI, and the first ROI and
the second ROI include a common region;

detecting a first feature point of the first partial bird-
view image and a second feature point of the second
partial bird-view image;

matching the first feature point and the second feature
point; and

calibrating the cameras by adjusting an extrinsic
parameter of each of the cameras based on an error
between a first bird-view coordinate of the first
feature point and a second bird-view coordinate of
the second feature point.
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