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IMAGE COMPENSATION METHOD, IMAGE COMPENSATION
APPARATUS, AND ELECTRONIC DEVICE

Technical Field

The present application relates to, but not limited to, the field of information technology,
in particular to an image compensation method, an image compensation apparatus, and an
electronic device.

Background

At present, more and more mobile phones perform depth calculation by using dual
cameras, and Optical Image Stabilization, OIS, as an important means to improve the quality of
photos taken under low brightness is also increasingly applied to mobile phones. The working
principle of OIS is to compensate for jitter through lens movement to achieve image
stabilization. However, when the dual-camera OIS function is enabled, image bias will occur in
the process of shooting or real-time preview. The image bias brought by the dual-camera OIS
function cannot be solved in the known art.

Summary

Implementations of the present application provide an image compensation method, an
image compensation apparatus, and an electronic device.

In one aspect, an implementation of the present application provides an image
compensation method, which may include: acquiring a Hall value of an electronic device,
wherein the electronic device is provided with a first camera and a second camera, and at least
one of the first camera and the second camera is provided with an optical image stabilization
system; acquiring a lens bias corresponding to the Hall value; calculating an image bias
corresponding to the lens bias according to the preset OIS calibration function; and performing
image compensation by using the image bias on at least one of a first image captured by the
first camera and a second image captured by the second camera at the same time.

In another aspect, an implementation of the present application provides an image
compensation apparatus, comprising: an acquisition unit, configured to acquire a Hall value of
an electronic device; wherein the image compensation apparatus is provided with a first camera
and a second camera, and at least one of the first camera and the second camera is provided
with an optical image stabilization, OIS, system, wherein the acquisition unit is further
configured to acquire a lens bias corresponding to the Hall value; a calculation unit, configured
to calculate an image bias corresponding to the lens bias according to a preset OIS calibration
function; and a compensation unit, configured to perform image compensation by using the
image bias on at least one of a first image captured by the first camera and a second image
captured by the second camera at the same time.

In another aspect, an implementation of the present application provides an electronic
device, which may include a storage and a processor, wherein a computer program is stored in
the storage, and when the computer program is executed by the processor, the processor is
enabled to implement the above image compensation method.

The nature and advantages of implementations of the present application may be better
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understood with reference to the following detailed descriptions and accompanying drawings.

Brief Description of Drawings

The drawings are intended to provide a further understanding of the technical solution of
the present application and form a part of the specification. The drawings together with
implementations of the present application are used to explain the technical solution of the
present application and do not constitute a limitation to the technical solution of the present
application.

FIG. 1 is a flowchart of an image compensation method according to an implementation.

FIG. 2 is a schematic diagram of image changes before and after lens bias according to an
implementation.

FIG. 3 is a flowchart of an image compensation method according to an implementation.

FIG. 4 is a schematic structural diagram of an image compensation apparatus according to
an implementation.

FIG. 5 is a schematic diagram of the internal structure of an electronic device according to
an implementation.

FIG. 6 is a block diagram of partial structure of a mobile terminal according to an
implementation.

Detailed Description

The present application will be described in further detail below with reference to the
drawings and implementations. It should be understood that the implementations described
herein are only for the purpose of explaining the present application and are not intended to
limit the present application.

It should be understood that the terms "first", "second" and the like used in this
application may be used herein to describe various elements, but these elements are not limited
by these terms. These terms are only used to distinguish one element from another. For example,
without departing from the scope of the present application, a first client may otherwise be
referred to as a second client, and similarly, a second client may otherwise be referred to as a
first client. The first client and the second client are both clients, but they are not the same
client.

An implementation of the present application provides an image compensation method.
As shown in FIG. 1, the method may include the following actions S101-S104.

In action S101, acquiring a Hall value of an electronic device, wherein the electronic
device is provided with a first camera and a second camera, and at least one of the first camera
and the second camera is provided with an optical image stabilization system.

The actions of the implementation of the present application may be implemented by an
electronic device. The electronic device may be a device with dual cameras, and include but not
limited to a photo camera, a video camera, a mobile terminal such as a smart phone, a tablet
computer such as a PAD, a personal digital assistant, PDA, a portable device such as a portable
computer, a wearable device, etc., and implementations of the present application are not
limited thereto. The first camera and the second camera of the dual cameras may be set in
parallel on the body of the electronic device.

In the implementation of the application, the dual cameras simulate the human binocular
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vision principle to perceive a distance, i.e. observing an object from two points to acquire
images under different viewing angles, and calculating the bias between pixels by using
triangulation measurement principle according to the matching relationship between pixels of
the images to acquire the depth of field, DOF, of the object. When one or both of the dual
cameras are provided with an OIS system, the lens bias caused by the OIS system leads to
change of the calibration parameters of the dual cameras, thereby resulting in problems of
parallax and inaccurate DOF calculation. Therefore, the target DOF calculation is corrected or
compensated subsequently by using a calibration function.

In an OIS system, a Hall sensor may be used to measure a Hall value in real time when
the bias in OIS is generated, and may calculate the magnitude and direction of lens movement
at a current time point according to the corresponding relationship between the Hall value and
lens movement, that is, bias. The movement may be a movement of the first camera or the
second camera in the x direction and/or y direction. The Hall value may be the current/voltage
value measured by the Hall sensor, or it may be Hall position information, such as displacement
information related to the Hall sensor. The current/voltage value measured by the Hall sensor
may be used to determine a principal point bias of the current lens, that is, the lens bias. There
is a corresponding relationship between Hall position information and lens bias, including but
not limited to: Hall position information is equal to lens bias, or Hall position information has a
linear relationship with lens bias, or Hall position information has a non-linear relationship with
lens bias.

In action S102, acquiring a lens bias corresponding to the Hall value.

In an exemplary implementation, there may be a linear calibration relationship between
the Hall value and the lens bias, satisfying the function f (x) = ay + b, wherein x and y
respectively represent the Hall value and the lens bias. For example, when a =1 and b = 0, the
Hall value is equal to the lens bias, and the lens bias is acquired by acquiring the Hall value.
Alternatively, there may be a non-linear relationship, such as a unary quadratic equation or a
binary quadratic equation, between the Hall value and the lens bias. In the implementation of
the present application, the magnitude of the lens bias at a current time point may be uniquely
determined by the known magnitude of the Hall value. In OIS systems, the order of magnitude
of the lens bias is in microns.

In an exemplary implementation, the calibration relationship between Hall values and lens
biases may be set before the electronic device acquires the Hall value measured by the Hall
sensor. However, the present application is not limited thereto. As long as the calibration
relationship between Hall values and lens biases is set before the action S102, the lens bias
corresponding to the Hall value can be calculated according to the calibration relationship in the
action S102.

In action S103, acquiring the first image captured by the first camera and the second
image captured by the second camera at the same time, and calculating the image bias
corresponding to the lens bias according to the preset OIS calibration function.

In an exemplary implementation, the OIS calibration function may be set by: shooting a
target reference at different time points and recording a lens bias and an image bias at each time
point; determining an OIS calibration function model according to a corresponding relationship
between recorded lens biases and image biases; and inputting the lens biases and the image
biases at different time points into the OIS calibration function model to determine an
expression of the OIS calibration function.

In an exemplary implementation, before the electronic device acquires the preset OIS
calibration function, the method may further include: shooting a target reference at different
time points to acquire an image corresponding to a lens bias at each time point, wherein the
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image contains at least one feature point; detecting the at least one feature point in the image,
and calculating an image bias of the image relative to an image at an initial time point
according to the position of the at least one feature point in the image; and constructing a
calibration relationship table according to lens biases and image biases at different time points,
and fitting the OIS calibration function between the lens bias and the image bias according to
the calibration relationship table. In the implementation of the application, the OIS calibration
function of the lens bias and the image bias may be fitted by setting a calibration function
model to determine the calibration function satisfied by the lens biases and the image biases.
For example, a fitting curve is drawn in a two-dimensional coordinate system by computer
geometry technology, thereby determining the calibration function satisfied by the lens biases
and the image biases. For example, it is determined by fitting that the lens biases and the image
biases satisfy a linear function model or a non-linear function model such as a binary quadratic
equation.

In an exemplary implementation, fitting the OIS calibration function of the lens bias and
the image bias according to the calibration relationship table may include: fitting an OIS
calibration function model of the lens bias and the image bias according to the calibration
relationship table; and inputting lens biases and image biases at different time points as input
parameters into the OIS calibration function model, and calculating an expression of the OIS
calibration function.

For example, the OIS calibration function may be a linear unary equation, or may be a
non-linear unary quadratic equation or a binary quadratic equation, etc., and the
implementations of the present application are not limited thereto. For example, assuming that
the OIS calibration function model is a binary quadratic equation f (A x, A y) = ax” + by’ + cxy
+dx + ey + f, A x, A y are image biases in units of pixels, x and y are lens biases in X and Y
axes, and a, b, ¢, d, e and f are parameters. The values of the six parameters a, b, ¢, d, e and
need to be determined to calculate the expression of the OIS calibration function and fit the
corresponding relationship between lens biases and image biases. In the implementation of the
present application, six equations are required to measure the values of the six parameters. That
is, if A x, Ay and x, y could be measured, different A x, A y and x, y may be selected and input
into the equation to solve the values of the six parameters. In another words, at different time
points, the same object is shot according to different known lens biases, and A x and A y are
determined by the displacement of the feature points, also called as target points, in the shot
image. For example, the OIS is in an initial start state at time t0, and at the same time the
camera position is at point 0; the OIS is moved to six points, i.e., points A (x1, y1), B (x2, y2),
C (x3, y3), D (x4, y4), E (x5, y5), F (x6, y6) at six time points of t1 to t6 respectively to shoot
six images. By measuring a feature point or a few feature points/a feature block, the feature
point/feature block biases (Ax1, Ayl), (Ax2, ay2), (ax3, Ay3), (ax4, ay4), (Ax5, AyS),
(ax6, Ay0) of the feature point/feature block with respect to the point 0 in each image can be
acquired. Inputting the data of Ax, Ay and x, Y into the equation, the values ag,bg,co,dy,€oand
fo of the six parameters a, b, ¢, d, e and f can be solved, thereby the f(Ax, Ay) can be determined,
i.e., the expression of the f(Ax, Ay) can be determined as f(AX, Ay)= apx’+ boy*+ coxy+
d()X“‘ Coy+ f().

In S104, performing image compensation on at least one of the first image and the second
image by using the image bias.

For example, if the image bias calculated currently is one pixel bias in the positive
direction of the X axis, when the image compensation is performed, the entire image will be
shifted by one pixel in the negative direction of the X axis to realize image compensation.
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For example, if the first camera is provided with an OIS system and the second camera is
not provided with an OIS system, image compensation may be only performed on the first
image.

In the implementation of the present application, image data and Hall values are
synchronous strictly according to the time sequence, that is, timestamps. For example, if images
are captured at 30Hz and Hall values are acquired at 200 Hz at the same time, an image will
correspond to 6 to 7 Hall values in time sequence.

In an exemplary implementation, before acquiring the Hall value of the electronic device,
the method may further include: acquiring angular velocity information of a gyroscope, wherein
the angular velocity information corresponds to Hall values in time sequence. In the OIS system
the gyroscope is used to identify the movement or inclination of the electronic device in
different directions. An OIS motor will reverse the bias for certain degrees according to the data
given by the gyroscope at different time points to ensure that the jitter of the device body or
lens caused by shake of hand is counteracted. As such, acquired Hall values are synchronous
with the gyroscope data in time sequence.

]

In an exemplary implementation, the operation of acquiring the Hall value of the
electronic device may include: selecting at least one piece of the angular velocity information,
and acquiring at least one Hall value corresponding to the at least one piece of the angular
velocity information.

In an exemplary implementation, the angular velocity information includes angular
velocity values, and selecting at least one piece of the angular velocity information includes:
selecting at least one angular velocity value from acquired angular velocity information. For
example, at least one angular velocity value may be selected according to a variance of angular
velocity values or a sum of angular velocity values.

For example, among multiple angular velocity values, a set of angular velocity values
with the smallest variance or the smallest sum may be selected, and the image bias for
calibration may be calculated using the Hall value corresponding to the set of angular velocity
values, and the image bias may be used to compensate the image.

For example, an image frame corresponds to multiple Hall values, and each Hall value
corresponds to a set of angular velocity values, i.e., Hall values are synchronous with angular
velocity values in time sequence but with different frequencies. A set of angular velocity values
is firstly selected, then the image bias is calculated using the Hall value corresponding to the
selected set of angular velocity values instead of all Hall values, and then the image frame is
compensated. When a set of angular velocity values is selected, the variance or sum of a set of
angular velocity values corresponding to each Hall value is calculated, and the set of angular
velocity values with the smallest variance or sum is selected, and then the image bias is
calculated using the Hall value corresponding to the set of angular velocity values.

Alternatively, if an image frame corresponds to multiple Hall values and each Hall value
corresponds to one angular velocity value, the average value of all angular velocity values
corresponding to the image frame may be calculated, and the angular velocity value with the
smallest difference from the average value may be selected, and then the image bias may be
calculated using the Hall value corresponding to the selected angular velocity value.

In an exemplary implementation, image biases corresponding to at least two Hall values
may be used to correct an image frame, in which case, the at least two Hall values may be set to
correspond to different regions of the image frame, and image compensation may be performed
on the different regions using the image biases, respectively. In an exemplary implementation,
when an image frame is acquired by a progressive scan, all lines of the image frame are evenly
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divided to the at least two Hall values. For example, six image biases corresponding to six Hall
values may be used to correct the image frame. Since dual cameras adopt the CMOS
progressive scan to acquire images, image compensation is performed on regions of different
lines corresponding to different Hall values. For example, assuming that there are currently six
Hall values of Hall 1 - Hall 6, and each Hall value corresponds to a unique image bias, denoted
as bias pixel 1 - bias pixel 6, if CMOS scans six lines, then the image of the six lines may be
corrected by using bias pixel 1 - bias pixel 6, respectively. If CMOS scans sixty lines, then the
image of the sixty lines may be corrected in blocks, that is, the sixty lines are divided into six
blocks, each block includes 10 lines, and the image of six blocks may be corrected block by
block by using bias pixel 1 - bias pixel 6, respectively. In another words, the image of the first
block including 10 lines may be corrected by using bias pixel 1 as a correction parameter, the
image of the second block including 10 lines may be corrected by using bias pixel 2 as a
correction parameter, and so on, until the image of the sixth block including 10 lines is
corrected by using bias pixel 6 as a correction parameter.

In an exemplary implementation, after the image compensation is completed, the
electronic device may also calculate DOF information based on the compensated image(s).

FIG. 2 is a schematic diagram of imaging changes before and after lens bias. For example,
if the lens of a camera is driven by an OIS motor, as shown in FIG. 2, before the lens moves,
the camera calibration parameters are: focal length f, and principal point ul. After OIS is started,
it causes the lens to move, the principal point is changed to u2, then the lens bias is Au =u2 -
ul in units of microns. In an actual procedure, A u is derived according to the corresponding
relationship between Hall values and lens biases. The image bias (A x, A y) corresponding to
the lens bias A u may be calculated by using the OIS calibration function, and image correction,
i.e., image compensation, may be performed by using (A x, A y), and DOF may be calculated
by using the triangulation measurement. The triangulation measurement is a conventional
algorithm for calculating DOF, and thus is not repeated in the implementations of this
application.

In the implementation of the present application, an image bias is acquired by using the
corresponding relationship between Hall values and lens biases and the calibration relationship
between lens biases and image biases. Compared with the scheme of acquiring the lens bias by
acquiring the optical center bias, which is in unit of code, the implementation of the present
application acquires a more intuitive Hall value and reversely calculates the lens bias through
the Hall value, therefore the calculation complexity is low and the implementation is simple. In
addition, after multiple Hall values and an image frame are acquired at the same time, the
implementation of the present application inventively proposes to select, according to different
angular velocity values, that is gyro values, acquired by the gyroscope, at least one image bias
corresponding to at least one Hall value to perform correction on the image frame by line or
block, which not only improves the accuracy of image correction, but also considers the
efficiency and calculation amount of image correction and improves the utilization of
calculation resources to a certain extent.

In the implementation of the application, through the calibration relationship between the
Hall value and the image bias, the image bias is corrected in the process of image shooting or
real-time preview, the influence on the DOF calculation is eliminated, and the effect of
background blur under OIS is improved.

An implementation of the present application provides an image compensation method, as
shown in FIG. 3, which may include the following actions S301-S304.

In action S301, acquiring a Hall value of an electronic device, wherein the electronic
device is provided with a first camera and a second camera, and at least one of the first camera
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and the second camera is provided with an optical image stabilization system.
In action S302, acquiring a lens bias corresponding to the Hall value.

In action S303, calculating an image bias corresponding to the lens bias according to a
preset OIS calibration function.

In action S304, performing image compensation by using the image bias on at least one of
a first image captured by the first camera and a second image captured by the second camera at
the same time.

Actions S301 - S302 and S304 are consistent with actions S101 - S102 and S104 in FIG. 1,
and reference may be made to the relevant descriptions of actions S101 - S102 and S104 in the
previous implementations.

In action S303, the implementation of calculating the image bias corresponding to the lens
bias according to the preset OIS calibration function is consistent with the implementation of
calculating the image bias corresponding to the lens bias according to the preset OIS calibration
function in action S103 in the previous implementations, and reference may be made to the
relevant description of action S103 in the previous implementations.

In this implementation, the time point of acquiring the first image captured by the first
camera and the second image captured by the second camera at the same time is not limited. As
long as the first image captured by the first camera and the second image captured by the
second camera at the same time are acquired before image compensation is performed, the
image compensation can be implemented in this implementation.

Except that the time point of acquiring the first image and the second image is not limited
in action S303, other technical features in this implementation are consistent with those in the
previous implementations, and the relevant descriptions in the previous implementations may
be referred to.

An implementation of the present application provides an image compensation apparatus
40. As shown in FIG. 4, the image compensation apparatus 40 may include an acquisition unit
41, a calculation unit 42 and a compensation unit 43.

The acquisition unit 41 is configured to acquire a Hall value. The image compensation
apparatus is provided with a first camera and a second camera, and at least one of the first
camera and the second camera is provided with an optical image stabilization, OIS, system.

The OIS system may include: an OIS controller, a gyroscope, a Hall sensor, a motor and a
camera.

The camera includes the first camera and the second camera. The first camera and the
second camera may be provided in front of the electronic device in parallel or on the back of the
electronic device in parallel, and the arrangement of the first camera and the second camera
may be horizontal or vertical. At least one of the first camera and the second camera is provided
with the OIS system, and the first camera and the second camera have lenses respectively.

The Hall sensor is a magnetic field sensor for displacement detection based on the Hall
effect, and is configured to acquire the Hall value, and acquire the lens bias of the camera with
OIS system, i.e. the lens bias of at least one of the first camera and the second camera, through
the corresponding relationship between Hall values and lens biases.

The gyroscope is a positioning system based on the movement of electronic device in free
space, and is configured to acquire angular velocity information when the electronic device
jitters. Angular velocity information corresponds to Hall values in time sequence. For example,
an angular value at a time point corresponds to a Hall value the same time point.

OIS controller acquires angular velocity information from the gyroscope, converts angular
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velocity information into jitter amplitude of electronic device, and sends the jitter amplitude as
a reference signal to the motor.

The motor may be an OIS motor and is configured to drive the lens of a camera with an
OIS system to move according to the jitter amplitude to ensure the clarity of the image.

The OIS controller, which may be the acquisition unit 41 in the implementation of the
present application, acquires the first image and the second image by shooting the target scene
at the same time by using the first camera and the second camera, respectively. The OIS
controller also acquires the Hall value acquired by the Hall sensor and the angular velocity
information acquired by the gyroscope at the same time, and outputs the information to the
calculation unit 42.

When the acquisition unit 41 acquires multiple Hall values during acquiring the first
image and the second image, the acquisition unit 41 is further configured to acquire angular
velocity information corresponding to the Hall values.

The calculation unit 42 is configured to calculate the image bias corresponding to the lens
bias according to a preset OIS calibration function.

In the implementation of the present application, the computing unit 42 may be a general
purpose processor CPU, or an image processor GPU, or an image signal processor, ISP.

Hall values and the calibration relationship between lens biases and image biases are
introduced and described in previous implementations, which will not be repeated here.

The compensation unit 43 is configured to perform image compensation by using the
image bias on at least one of the first image captured by the first camera and the second image
captured by the second camera at the same time.

The acquisition unit 41 is further configured to acquire the lens bias corresponding to the
Hall value.

The calculation unit 42 is further configured to acquire the preset OIS calibration function
and calculate an image bias corresponding to the lens bias according to the OIS calibration
function.

In addition, the image compensation apparatus 40 also includes a shooting unit 44, a
detection unit 45 and a fitting unit 46.

The shooting unit 44 is configured to shoot a target reference at different time points to
acquire an image corresponding to the lens bias at each time point. The image contains at least
one feature point.

The detection unit 45 is configured to detect the at least one feature point in the image,
and calculate the image bias of the image with respect to an image at an initial time point
according to the position of the at least one feature point in the image.

The fitting unit 46 is configured to construct a calibration relationship table according to
the lens biases and the image biases at the different time points, and fit an OIS calibration
function between the lens bias and the image bias according to the calibration relationship table.
The fitting unit 46 may fit the OIS calibration function of the lens bias and the image bias
according to the calibration relationship table in the following way: fitting an OIS calibration
function model of the lens bias and the image bias according to the calibration relationship table;
and inputting the lens biases and the image biases at different time points as input parameters
into the OIS calibration function model to determine an expression of the OIS calibration
function.

In addition, the calculation unit 42 is further configured to set a calibration relationship
between Hall values and lens biases, and calculate the lens bias corresponding to the Hall value
8
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according to the calibration relationship.

The compensation unit 43 is further configured to perform image compensation by using
the image bias on at least one of the first image acquired by the first camera and the second
image acquired by the second camera at the same time.

In addition, it should be noted that the calculation unit 42 is further configured to calculate
the DOF information according to at least one of the first image and the second image that is
compensated. The electronic device may be a terminal, such as a mobile terminal. FIG. 5 is a
schematic diagram of the internal structure of the electronic device. As shown in FIG. 5, the
electronic device includes a processor, a storage and a network interface which are connected
through a system bus. The processor is configured to provide computing and control
capabilities to support the operation of the entire electronic device. The storage is configured to
store data, programs and the like, and at least one computer program is stored on the storage
and may be executed by the processor to implement the image compensation method suitable
for the electronic device provided in the implementations of the present application. The storage
may include a non-volatile storage medium and a memory. The non-volatile storage medium
stores an operating system and a computer program. The computer program may be executed
by the processor to implement an image compensation method provided in the foregoing
implementations. The memory provides a cached operating environment for operating system
and computer program in non-volatile storage medium. The network interface may be an
Ethernet card or a wireless card, etc. for communicating with external electronic devices. The
electronic device may be a mobile terminal, a tablet computer or a personal digital assistant or a
wearable device, etc.

In an exemplary implementation, the electronic device may include a storage and a
processor. A computer program is stored in the storage, and when the computer program is
executed by the processor, the processor performs the following operations: acquiring a Hall
value of an electronic device, wherein the electronic device is provided with a first camera and
a second camera, and at least one of the first camera and the second camera is provided with an
optical image stabilization, OIS, system; acquiring a lens bias corresponding to the Hall value;
calculating an image bias corresponding to the lens bias according to a preset OIS calibration
function; and performing image compensation by using the image bias on at least one of a first
image captured by the first camera and a second image captured by the second camera at the
same time.

In an exemplary implementation, when the computer program is executed by the
processor, the processor further performs the following operations: acquiring angular velocity
information of a gyroscope, wherein the angular velocity information corresponds to Hall
values in time sequence; selecting at least one piece of the angular velocity information, and
acquiring the Hall value corresponding to the at least one piece of the angular velocity
information.

In an exemplary implementation, the angular velocity information includes angular
velocity values, and when the computer program is executed by the processor, the processor
further performs the following operation: selecting at least one angular velocity value according
to a variance or a sum of angular velocity values.

In an exemplary implementation, when the computer program is executed by the
processor, the processor further performs the following operation: setting the OIS calibration
function in the following way: shooting a target reference at different time points and recording
a lens bias and an image bias of the image at each time point; determining an OIS calibration
function model according to a corresponding relationship between recorded lens biases and
image biases; and inputting the lens biases and the image biases at different time points into the
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OIS calibration function model to determine an expression of the OIS calibration function.

In an exemplary implementation, when the computer program is executed by the
processor, the processor further performs the following operations: shooting a target reference
at different time points to acquire an image corresponding to the lens bias at each time point,
wherein the image contains at least one feature point; detecting the at least one feature point in
the image, and according to the position of the at least one feature point in the image,
calculating an image bias of the image relative to an image at an initial time point, and
constructing a calibration relationship table according to lens biases and image biases at
different time points, and fitting the OIS calibration function between the lens bias and the
image bias according to the calibration relationship table.

In an exemplary implementation, when the computer program is executed by the
processor, the processor further performs the following operations: setting a calibration
relationship between Hall values and lens biases, and calculating the lens bias corresponding to
the Hall value according to the calibration relationship.

In an exemplary implementation, images captured by at least one of the first camera and
the second camera are synchronous with Hall values in time sequence, and an image frame of at
least one of the first image and the second image corresponds to at least two Hall values. When
the computer program is executed by the processor, the processor further performs the
following operations: configuring the at least two Hall values to correspond to different
regions of an image frame to be compensated, and performing the image compensation on the
different regions respectively by using image biases corresponding to the different regions.

In an exemplary implementation, when the computer program is executed by the
processor, the processor further performs the following operations: when the image frame is
acquired by progressive scan, evenly dividing all lines of the image frame to the at least two
Hall values.

An implementation of the present application also provides a computer-readable storage
medium storing computer-executable instructions that, when executed by one or more
processors, enables the one or more processors to perform the actions of any image
compensation method in the implementations described above.

An implementation of the present application also provides a computer program product
containing instructions that, when running on a computer, cause the computer to perform any
image compensation method in the implementations described above.

An implementation of the application also provides an electronic device. As shown in FIG.
6, for ease of explanation, only the part of the electronic device related to the implementation of
the present application is shown, and the methods described in previous implementations of the
present application may be referred to for specific technical details that are not described in this
implementation. The electronic device may be any terminal device including a mobile terminal,
a tablet computer, a Personal Digital Assistant, PDA, a Point of Sales, POS, a car computer, a
wearable device, etc.

FIG. 6 is a block diagram of a part of the structure of the mobile terminal provided by the
implementation of the present application. Referring to FIG. 6, the mobile terminal includes
radio frequency, RF, circuit 610, storage 620, input unit 630, display unit 640, sensor 650,
audio circuit 660, wireless fidelity, wifi, module 670, processor 680, and power supply 690, etc.
Those skilled in the art may understand that the mobile terminal structure shown in FIG. 6 does
not constitute a limitation to a mobile terminal, which may include more or fewer components
than shown, or some combined components, or different component arrangements.

The RF circuit 610 may be configured to receive and transmit signals or receive and
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transmit information in a call, and receive downlink information from the base station and then
send it to the processor 680 for processing. Or the RF circuit 610 may be configured to transmit
the uplink data to the base station. Generally, the RF circuit includes, but is not limited to,
antennas, at least one amplifier, a transceiver, a coupler, a low noise amplifier, LNA, a duplexer,
etc. In addition, RF circuit 610 may also communicate with the network and other devices
through wireless communication. The above wireless communication may use any
communication standard or protocol, including but not limited to global system of mobile
communication, GSM, general packet radio service, GPRS, code division multiple access,
CDMA, wideband code division multiple access, WCDMA, long term evolution, LTE, e-mail,
short messaging service, SMS, etc.

The storage 620 may be configured to store software programs and software modules. The
processor 680 executes various functional applications and data processing of the mobile
terminal by running the software programs and modules stored in the storage 620. The storage
620 may mainly include a program storage area and a data storage area. The program storage
area may store an operating system, an application program required for at least one function
such as an application program of a sound playing function, an application program of an image
playing function, etc. The data storage area may store data such as audio data, address book, etc.
created according to the use of the mobile terminal. In addition, the storage 620 may include
high-speed random access memory, and may also include non-volatile memory, such as at least
one disk memory device, flash memory device, or other volatile solid-state memory device.

The input unit 630 may be configured to receive input digital or character information,
and generate key signal inputs related to user settings and function control of the mobile
terminal 600. Specifically, the input unit 630 may include a touch panel 631 and other input
devices 632. The touch panel 631, also known as a touch screen, may collect user's touch
operations on or near the touch panel 631 such as the user's operations on or near the touch
panel 631 by using any suitable object or accessory such as a finger or stylus, and drive the
corresponding connection device according to a preset program. In one implementation, the
touch panel 631 may include two parts, a touch detection device and a touch controller. The
touch detection device detects the touch position of the user, detects the signal brought by the
touch operation, and transmits the signal to the touch controller. The touch controller receives
touch information from the touch detection device, converts it into contact coordinates, and
sends it to the processor 680, and may receive and execute commands from the processor 680.
In addition, the touch panel 631 may be implemented in various types such as resistive,
capacitive, infrared and surface acoustic waves. In addition to the touch panel 631, the input
unit 630 may also include other input devices 632. In particular, other input devices 632 may
include, but are not limited to, one or more of a physical keyboard, function keys such as
volume control keys, switch keys, etc., or the like.

The display unit 640 may be configured to display information input by the user or
information provided to the user and various menus of the mobile terminal. The display unit
640 may include a display panel 641. In one implementation, the display panel 641 may be
provided in the form of a liquid crystal display, LCD, an organic light - emitting diode, OLED,
etc. In one implementation, the touch panel 631 may cover the display panel 641, and when the
touch panel 631 detects a touch operation on or near it, the touch operation is transmitted to the
processor 680 to determine the type of touch event, and then the processor 680 provides a
corresponding visual output on the display panel 641 according to the type of touch event.
Although in FIG. 6, the touch panel 631 and the display panel 641 are two independent
components to realize the input and output functions of the mobile terminal, in some
implementations, the touch panel 631 and the display panel 641 may be integrated to realize the
input and output functions of the mobile terminal.
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The mobile terminal 600 may also include at least one sensor 650, such as a light sensor, a
motion sensor, and other sensors. The light sensor may include an ambient light sensor and a
proximity sensor. The ambient light sensor may adjust the brightness of the display panel 641
according to the brightness of ambient light. The proximity sensor may turn off the display
panel 641 and/or backlight when the mobile terminal moves near to the ear. The motion sensor
may include an acceleration sensor, through which the magnitude of acceleration in all
directions may be detected. The motion sensor may detect the magnitude and direction of
gravity in static condition, and may be used to identify applications of mobile terminal posture
such as horizontal and vertical screen switching, vibration identification related functions such
as pedometer, tap, etc.. In addition, the mobile terminal may also be provided with other sensors,
such as a gyroscope, a barometer, a hygrometer, a thermometer, an infrared sensor, etc.

Audio circuit 660, speaker 661 and microphone 662 may provide an audio interface
between the user and the mobile terminal. The audio circuit 660 may transmit the electrical
signal converted from received audio data to the speaker 661, and then the speaker 661 converts
it into a sound signal for output. On the other hand, the microphone 662 converts the collected
sound signal into an electrical signal, and then the electrical signal is received by the audio
circuit 660 and converted into audio data. After that the audio data are output to the processor
680 for processing, and then are sent to another mobile terminal via the RF circuit 610, or are
output to the storage 620 for subsequent processing.

WiFi is a short-range wireless transmission technology. The mobile terminal may help
users to send and receive e-mails, browse web pages and access streaming media and the like
through WiFi module 670. The WiFi module 670 provides users with wireless broadband
Internet access. Although FIG. 6 shows the WiFi module 670, it may be understood that the
WiFi module 670 is not the necessary configuration of the mobile terminal 600, and may be
omitted as needed.

The processor 680 is the control center of the mobile terminal, connects various parts of
the entire mobile terminal with various interfaces and lines, and performs various functions and
data processing of the mobile terminal by running or executing software programs and/or
modules stored in the memory 620 and invoking data stored in the memory 620, thereby
performing overall monitoring of the mobile terminal. In one implementation, the processor 680
may include one or more processing units. In one implementation, the processor 680 may
integrate an application processor and a modem processor. The application processor mainly
processes an operating system, a user interface, an application program, and the like. The
modem processor mainly handles wireless communication. It will be understood that the
modem processor described above may not be integrated into the processor 680.

The mobile terminal 600 also includes a power supply 690 such as a battery for supplying
power to various components. Alternatively, the power supply may be logically connected to
the processor 680 through the power management system, so that functions such as charge
management, discharge management, and power consumption management may be realized
through the power management system.

In one implementation, the mobile terminal 600 may also include a camera, a Bluetooth
module, etc.

In the implementation of the present application, the processor 680 included in the
electronic device performs the actions of the method of image compensation when executing
the computer program stored in the memory.

Any references to memory, storage, databases, or other media used in this application may
include non-volatile and/or volatile memory. The non-volatile memory may include read only
memory, ROM, programmable ROM, PROM, electrically programmable ROM, EPROM,
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electrically erasable programmable ROM, EEPROM, or flash memory. Volatile memory may
include random access memory, RAM, as an external cache memory. By way of illustration and
not limitation, RAM is available in various forms, such as static RAM, SRAM, dynamic RAM,
DRAM, synchronous DRAM, SDRAM, double data rate SDRAM, DDR SDRAM, enhanced
SDRAM, ESDRAM, synchronous link DRAM, SLDRAM, memory bus direct RAM, RDRAM,
direct memory bus dynamic RAM, DRDRAM, and memory bus dynamic RAM, RDRAM.

The implementations described above only provide several implementations of this
application, and their descriptions are relatively specific and detailed, but they are not to be
construed as limiting the protection scope of this application. It should be noted that for those of
ordinary skill in the art, modifications and improvements may be made without departing from
the concept of this application, which fall within the protection scope of this application. The
protection scope of this application is defined by the appended claims.
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