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INFORMATION PROCESSING METHOD AND
ELECTRONIC DEVICE THEREOF, IMAGE
CALIBRATION METHOD AND APPARATUS,
AND ELECTRONIC DEVICE THEREOF

[0001] The present application claims the priority to Chi-
nese Patent Application No. 201310578185.X, entitled as
“INFORMATION PROCESSING METHOD AND ELEC-
TRONIC DEVICE”, filed on Nov. 18, 2013 with Chinese
State Intellectual Property Office, and the priority to Chinese
Patent Application No. 201310347516.9, entitled as
“IMAGE CALIBRATION METHOD AND APPARATUS,
AND ELECTRONIC DEVICE”, filed on Aug. 9, 2013 with
Chinese State Intellectual Property Office, which are incor-
porated herein by reference in their entirety.

FIELD

[0002] The disclosure relates to the filed of information
processing and image calibration, and particularly to an infor-
mation processing method and an electronic device, and an
image calibration method and apparatus and an electronic
device.

BACKGROUND

[0003] As development of smart phones, it is more and
more popular to realize one machine with multiple screens
and display content sharing among multiple screens using a
phone microcast technology and a wifi display technology.
However, in this case, touch operation can only be performed
on the display content in the host screen, and content in the
extended screen or in the shared screen by wifi display is
changed as the content in the host screen and can not be
performed by a user directly. An input operation on the
extended screen can be realized with the advent of gesture
input operation or extension device such as a Bluetooth
mouse and a Bluetooth keypad. However, the content of the
extended screen is only a mirror content of the host screen,
and the host screen can not process and respond to the input
operation on the extended screen since different display
screens has different display resolutions.

[0004] In addition, in displaying by a projector on a projec-
tion plane, a relative position of a projection region of the
projector in a recognition region of a camera is required to be
calibrated. The image calibration process may be as follows.
Alignment patterns such as crosses are projected onto four
corners of the recognition region of the camera, and the user
clicks the crosses on the four corners. The recognition region
responds to the click operation to obtain coordinates of four
apexes of the projection region in the recognition region, and
the four apexes are used to calibrate the relative position of the
projection region in the recognition region. It can be seen that
the existing image calibration process requires user’s opera-
tion to calibrate the relative position between the two regions.

SUMMARY

[0005] The disclosure provides an information processing
method and an electronic device, which enable the host
screen to process and respond to the input operation on the
extended screen, to improve user experience.

[0006] An information processing method is provided,
which is applied to an electronic device, the electronic device
is capable of making first multimedia data displayed synchro-
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nously on a first display unit and a second display unit and the
first display unit is located in the electronic device; the
method includes:

[0007] acquiring a first parameter of the first display unit
and a second parameter of the second display unit;

[0008] acquiring a first operation on the first multimedia
data for the second display unit;

[0009] analyzing the first operation to obtain first coordi-
nates of the first operation;

[0010] transforming, based on the first parameter and the
second parameter, the first coordinates of the first operation
on the first multimedia data for the second display unit into
second coordinates of the first operation on the first multime-
dia data for the first display unit; and

[0011] performing the first operation based on the second
coordinates of the first operation.

[0012] An electronic device is provided, where the elec-
tronic device is capable of making first multimedia data dis-
played synchronously on a first display unit and a second
display unit and the first display unit is located in the elec-
tronic device; the electronic device includes a first acquiring
unit, a second acquiring unit, an analyzing unit, a first trans-
forming unit and a first execution unit,

[0013] the first acquiring unit is configured to acquire a first
parameter of the first display unit and a second parameter of
the second display unit;

[0014] the second acquiring unit is configured to acquire a
first operation on the first multimedia data for the second
display unit;

[0015] the analyzing unit is configured to analyze the first
operation to obtain first coordinates of the first operation;

[0016] the first transforming unit is configured to trans-
form, based on the first parameter and the second parameter,
the first coordinates of the first operation on the first multi-
media data for the second display unit into second coordi-
nates of the first operation on the first multimedia data for the
first display unit; and

[0017] the first execution unit is configured to perform the
first operation based on the second coordinates of the first
operation.

[0018] In the technical solution of the disclosure, the first
parameter of the first display unit and the second parameter of
the second display unit are acquired, the first coordinates of
the first operation for the second display unit is transformed
into the second coordinates of the first operation for the first
display unit based on the first parameter and the second
parameter, and the first operation is performed based on the
second coordinates of the first operation. In this way, in a case
that the resolutions of the extended screen and the host screen
are different from each other, the input operation for the
extended screen can be synchronized between the extended
screen and the host screen, and the host screen can process
and respond to the input operation on the extended screen,
thus improving the user experience.

[0019] Thedisclosure further provides an image calibration
method, an image calibration apparatus and an electronic
device, which can address the problem that the existing image
calibration process requires user’s operation to calibrate the
relative position of the projection region in the recognition
region.

[0020] An image calibration method is provided, which is
applied to an electronic device, the electronic device includes



US 2015/0042559 Al

a micro projector and a depth camera and a relative position
between the micro projector and the depth camera is fixed; the
method includes:

[0021] acquiringa depth image formed by the depth camera
on a projection plane, wherein the projection plane is a plane
that the depth camera irradiates and the micro projector
projects a light beam on; and

[0022] obtaining arelative position of a projection region in
the depth image based on the relative position between the
micro projector and the depth camera, wherein the projection
region is a region formed by the micro projector on the pro-
jection plane.

[0023] An image calibration apparatus is further provided,
which is applied to an electronic device, the electronic device
includes a micro projector and a depth camera and a relative
position between the micro projector and the depth camera is
fixed; the apparatus includes:

[0024] an acquisition unit configured to acquire a depth
image formed by the depth camera on a projection plane,
wherein the projection plane is a plane that the depth camera
irradiates and the micro projector projects a light beam on;
and

[0025] a position obtaining unit configured to obtain a rela-
tive position of a projection region in the depth image based
on the relative position between the micro projector and the
depth camera, wherein the projection region is a region
formed by the micro projector on the projection plane.

[0026] An electronic device is further provided, including a
micro projector, a depth camera and the image calibration
apparatus described above, where a relative position between
the micro projector and the depth camera is fixed, and the
image calibration apparatus is configured to calibrate a rela-
tive position of a projection region of the micro projector in a
depth image of the depth camera.

[0027] In the technical solution of the disclosure, a depth
image formed by the depth camera on a projection plane is
acquired, and then a relative position of a projection region in
the depth image is obtained based on the relative position
between the micro projector and the depth camera, thus the
relative position of the projection region in the depth image is
calibrated automatically. Compared with the conventional
condition, in a case that the micro projector or the projection
plane is changed, the relative position of the projection region
in the depth image can be obtained based on the relative
position between the micro projector and the depth camera,
without the user’s operation to re-calibrate the relative posi-
tion, thus speeding up the calibration and increasing effi-
ciency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure.
[0029] FIG. 2 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure.
[0030] FIG. 3 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure.
[0031] FIG. 4 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure.
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[0032] FIG. 5 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure.

[0033] FIG. 6 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
[0034] FIG. 7 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
[0035] FIG. 8 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
[0036] FIG. 9 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
[0037] FIG. 10 is a schematic structural diagram of an
electronic device according to an embodiment of the disclo-
sure.

[0038] FIG. 11 is a schematic diagram of a second display
unit displaying first multimedia data in a portrait mode
according to an embodiment of the disclosure.

[0039] FIG. 12 is a schematic diagram of a second display
unit displaying first multimedia data in a landscape mode
according to an embodiment of the disclosure.

[0040] FIG. 13 is a flowchart of an image calibration
method according to an embodiment of the disclosure.
[0041] FIG. 14 is a sub-flowchart of an image calibration
method according to an embodiment of the disclosure.

[0042] FIG. 15 is a diagram of a light beam emitted from a
depth camera.
[0043] FIG. 16 is a schematic diagram of distance calcula-

tion according to an embodiment of the disclosure.

[0044] FIG. 17 is a schematic diagram of distance calcula-
tion according to an embodiment of the disclosure.

[0045] FIG. 18 is a schematic diagram of distance calcula-
tion according to an embodiment of the disclosure.

[0046] FIG. 19 is a flowchart of an image calibration
method according to an embodiment of the disclosure.
[0047] FIG. 20 is a schematic structural diagram of an
image calibration apparatus according to an embodiment of
the disclosure.

[0048] FIG. 21 is a sub-schematic structural diagram of an
image calibration apparatus according to an embodiment of
the disclosure.

[0049] FIG. 22 is a schematic structural diagram of an
image calibration apparatus according to an embodiment of
the disclosure.

DETAILED DESCRIPTION

[0050] In order to better understand features and technical
content of the disclosure, the disclosure will be explained in
detail below in conjunction with drawings, and the drawings
are only used for illustration and are not intended to limit the
disclosure.

[0051] FIG. 1 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure. The information processing method in the embodi-
ment is applied to an electronic device, and the electronic
device is capable of making first multimedia data displayed
synchronously on a first display unit and a second display unit
and the first display unit is located in the electronic device. In
a preferred embodiment of the disclosure, the information
processing method includes steps 101 to 105.

[0052] Instep 101, a first parameter of the first display unit
and a second parameter of the second display unit are
acquired.

[0053] Inthe embodiment, the first display unit is a display
apparatus in the electronic device, such as a touch display
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screen, and the first display unit is a host screen. The first
parameter of the first display unit is screen resolution of the
first display unit. The second display unit is an extended
screen. The second display unit may be a projection unit using
a microcast technology or may be a display apparatus using a
wifi display technology. The second parameter of the second
display unit is screen resolution of the second display unit.
[0054] Since the first display unit is located in the electronic
device, the first parameter of the first display unit may be
acquired directly. In a case that the second display unit is a
projection unit using the microcast technology, the second
display unit is also located in the electronic device, and thus
the second parameter of the second display unit may also be
acquired directly. In a case that the second display unit is a
display apparatus using the wifi display technology, the sec-
ond display unit is independent of the electronic device, and
the second display unit interacts with the electronic device via
a wifl network, therefore, the electronic device may acquire
the second parameter of the second display unit via the wifi
network.

[0055] The first multimedia data in the embodiment is mul-
timedia data displayed on a desktop of the electronic device.
For example, the first multimedia data is video data in a case
that a video is played on the desktop in a full screen mode.
[0056] In step 102, a first operation on the first multimedia
data for the second display unit is acquired.

[0057] A user may operate on the first multimedia data for
the second display unit, which refers to as the first operation.
For example, in a case that the second display unit is a touch
display screen, the user may touch the second display unit to
interact with the first multimedia data.

[0058] In order to enable the electronic device in the
embodiment to process and respond to the first operation, the
electronic device needs to acquire the first operation on the
first multimedia data for the second display unit. In a case that
the second display unit is a projection unit using the microcast
technology, the electronic device may acquire the first opera-
tion by deep detection. In a case that the second display unit
is a display apparatus using the wifi display technology, the
second display unit is independent of the electronic device,
and the second display unit interacts with the electronic
device via a wifi network, therefore, the electronic device may
acquire the first operation via the wifi network.

[0059] The first operation may be, for example, a touch
operation, a key operation, a gesture operation or a voice
operation.

[0060] Instep 103, the first operation is analyzed, to obtain
first coordinates of the first operation.

[0061] The first operation herein corresponds to coordinate
information, and the coordinate information is position infor-
mation of the first operation in the second display unit. There-
fore, the first coordinates are coordinates of the first operation
in the second display unit.

[0062] Instep 104, the first coordinates of the first operation
are transformed based on the first parameter and the second
parameter, to obtain second coordinates of the first operation
on the first multimedia data for the first display unit.

[0063] The first coordinates of the first operation herein are
two-dimensional coordinates, for example, x1 coordinate and
y1 coordinate. The x1 coordinate and the y1 coordinate are
transformed respectively based on the first parameter and the
second parameter, to obtain x2 coordinate and y2 coordinate.
The x2 coordinate and y2 coordinate are the second coordi-
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nates of the first operation. The second coordinates are coor-
dinates of the first operation in the first display unit.

[0064] Instep 105, the first operation is performed based on
the second coordinates of the first operation.

[0065] Since the second coordinates of the first operation
are coordinates in the first display unit, the electronic device
can process and respond to the first operation.

[0066] FIG. 2 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure. The information processing method in the embodi-
ment is applied to an electronic device, and the electronic
device is capable of making first multimedia data displayed
synchronously on a first display unit and a second display
unit. The first multimedia data is displayed on the first display
unitand the second display unit in a full screen mode. The first
display unit is located in the electronic device. In a preferred
embodiment of the disclosure, the information processing
method includes steps 201 to 206.

[0067] Instep 201, a first parameter of the first display unit
and a second parameter of the second display unit are
acquired.

[0068] Inthe embodiment, the first display unit is a display
apparatus in the electronic device, such as a touch display
screen, and the first display unit is a host screen. The first
parameter of the first display unit is screen resolution of the
first display unit. The second display unit is an extended
screen. The second display unit may be a projection unit using
a microcast technology or may be a display apparatus using a
wifi display technology. The second parameter of the second
display unit is screen resolution of the second display unit.
[0069] Since the first display unit is located in the electronic
device, the first parameter of the first display unit may be
acquired directly. In a case that the second display unit is a
projection unit using the microcast technology, the second
display unit is also located in the electronic device, and thus
the second parameter of the second display unit may also be
acquired directly. In a case that the second display unit is a
display apparatus using the wifi display technology, the sec-
ond display unit is independent of the electronic device, and
the second display unit interacts with the electronic device via
a wifl network, therefore, the electronic device may acquire
the second parameter of the second display unit via the wifi
network.

[0070] The first multimedia data in the embodiment is mul-
timedia data displayed on a desktop of the electronic device.
For example, the first multimedia data is video data in a case
that a video is played on the desktop in a full screen mode.
[0071] In step 202, a first operation on the first multimedia
data for the second display unit is acquired.

[0072] A user may operate on the first multimedia data for
the second display unit, which refers to as the first operation.
For example, in a case that the second display unit is a touch
display screen, the user may touch the second display unit to
interact with the first multimedia data.

[0073] In order to enable the electronic device in the
embodiment to process and respond to the first operation, the
electronic device needs to acquire the first operation on the
first multimedia data for the second display unit. In a case that
the second display unit is a projection unit using the microcast
technology, the electronic device may acquire the first opera-
tion by deep detection. In a case that the second display unit
is a display apparatus using the wifi display technology, the
second display unit is independent of the electronic device,
and the second display unit interacts with the electronic
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device via a wifi network, therefore, the electronic device may
acquire the first operation via the wifi network.

[0074] The first operation may be, for example, a touch
operation, a key operation, a gesture operation or a voice
operation.

[0075] Instep 203, the first operation is analyzed, to obtain
first coordinates of the first operation.

[0076] The first operation herein corresponds to coordinate
information, and the coordinate information is position infor-
mation of the first operation in the second display unit. There-
fore, the first coordinates are coordinates of the first operation
in the second display unit.

[0077] In step 204, a first transform parameter is deter-
mined based on the first parameter and the second parameter.
[0078] Since the first multimedia data is displayed on the
first display unit and the second display unit in a full screen
mode, the first transform parameter may be determined
directly based on the first parameter and the second param-
eter. Specifically, provided that screen resolution of the sec-
ond display unit is MxN and screen resolution of the first
display unit is PxQ, the first transform parameter is PxM and
QxN.

[0079] Instep 205, the first coordinates of the first operation
are transformed by the first transform parameter, to obtain
second coordinates of the first operation.

[0080] Specifically, provided that the first coordinates of
the first operation are (X,,y, ), second coordinates (X,,y,) are
obtained by transforming the first coordinates by the first
transform parameter. The process of transforming the first
coordinates of the first operation by the first transform param-
eter may be realized by the following formula (1):

X,=PxM/x,
Y2=0OxN/y, (6]
[0081] The second coordinates herein are coordinates of

the first operation in the first display unit.

[0082] Instep 206, the first operation is performed based on
the second coordinates of the first operation.

[0083] Since the second coordinates of the first operation
are coordinates in the first display unit, the electronic device
can process and respond to the first operation.

[0084] FIG. 3 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure. The information processing method in the embodi-
ment is applied to an electronic device, and the electronic
device is capable of making first multimedia data displayed
synchronously on a first display unit and a second display
unit. The first multimedia data is displayed on the first display
unit in a full screen mode and is displayed on the second
display unit in a non-full screen mode. The first display unitis
located in the electronic device. In a preferred embodiment of
the disclosure, the information processing method includes
steps 301 to 308.

[0085] Instep 301, a first parameter of the first display unit
and a second parameter of the second display unit are
acquired.

[0086] Inthe embodiment, the first display unit is a display
apparatus in the electronic device, such as a touch display
screen, and the first display unit is a host screen. The first
parameter of the first display unit is screen resolution of the
first display unit. The second display unit is an extended
screen. The second display unit may be a projection unit using
a microcast technology or may be a display apparatus using a
wifi display technology. The second parameter of the second
display unit is screen resolution of the second display unit.
[0087] Since the first display unitis located in the electronic
device, the first parameter of the first display unit may be
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acquired directly. In a case that the second display unit is a
projection unit using the microcast technology, the second
display unit is also located in the electronic device, and thus
the second parameter of the second display unit may also be
acquired directly. In a case that the second display unit is a
display apparatus using the wifi display technology, the sec-
ond display unit is independent of the electronic device, and
the second display unit interacts with the electronic device via
a wifl network, therefore, the electronic device may acquire
the second parameter of the second display unit via the wifi
network.

[0088] The first multimedia data in the embodiment is mul-
timedia data displayed on a desktop of the electronic device.
For example, the first multimedia data is video data in a case
that a video is played on the desktop in a full screen mode.
[0089] In step 302, a first operation on the first multimedia
data for the second display unit is acquired.

[0090] A user may operate on the first multimedia data for
the second display unit, which refers to as the first operation.
For example, in a case that the second display unit is a touch
display screen, the user may touch the second display unit to
interact with the first multimedia data.

[0091] In order to enable the electronic device in the
embodiment to process and respond to the first operation, the
electronic device needs to acquire the first operation on the
first multimedia data for the second display unit. In a case that
the second display unit is a projection unit using the microcast
technology, the electronic device may acquire the first opera-
tion by deep detection. In a case that the second display unit
is a display apparatus using the wifi display technology, the
second display unit is independent of the electronic device,
and the second display unit interacts with the electronic
device via a wifi network, therefore, the electronic device may
acquire the first operation via the wifi network.

[0092] The first operation may be, for example, a touch
operation, a key operation, a gesture operation or a voice
operation.

[0093] Instep 303, the first operation is analyzed, to obtain
first coordinates of the first operation.

[0094] The first operation herein corresponds to coordinate
information, and the coordinate information is position infor-
mation of the first operation in the second display unit. There-
fore, the first coordinates are coordinates of the first operation
in the second display unit.

[0095] Instep 304, adisplay area of the second display unit
on which the first multimedia data is displayed is determined
based on the first parameter and the second parameter, where
the display area is demarcated by a first boundary point and a
second boundary point.

[0096] Whether the first multimedia data is displayed on
the second display unit in a portrait mode or in a landscape
mode needs to be considered in a case that the first multimedia
data is displayed on the second display unit in a non-full
screen mode. Reference is made to FIG. 11 which is a sche-
matic diagram of a second display unit displaying the first
multimedia data in a portrait mode, where the second display
unit is a projection unit, the shadow areas represent areas in
which the first multimedia data is not displayed and the white
area represents an area in which the first multimedia data is
displayed. Provided that the width of the left shadow area is
D1, the width of the right shadow area is D2, and the width of
the whole projection plane is D; the first boundary point
represents a boundary between the left shadow area and the
white area, and coordinates of the first boundary point are
(X1,0), the second boundary point represents a boundary
between the right shadow area and the white area, and coor-
dinates of the second boundary point are (X2,0); x coordinate
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of'the first boundary point may be determined by the follow-
ing formula (2) and x coordinate of the second boundary point
may be determined by the following formula (3):

X1=MxD1/D )
X2=MxD-D2)/D 3)
[0097] where the relationship between D and D1 and

between D and D2 may be obtained by following steps.
[0098] Provided that the height of the white area is H and
the width of the white area is W, formula (4) is obtained by
H/W=N/M and H/D=P/Q:

W=(PxMxD)/(OxN) 4
[0099] Since W=D1+D2+D3, D1 may be obtained by the
following formula (5) it D1=D2:

D1={(PxMxD)/(QxN)-D}/2 (5)
[0100] By substituting formula (5) into formula (2) and
formula (3), x coordinate of the first boundary point and x

coordinate of the second boundary point in the portrait mode
are obtained, as shown in formula (6) and formula (7):

X1=Mx{(PxM)/(QxN)-1}/2 (6)
X2=Mx [1-{(PxM)/(QxN)-1}]/2 7
[0101] In this way, the first boundary point and the second

boundary point are determined based on the first parameter
and the second parameter, and the display area of the second
display unit on which the first multimedia data is displayed is
further determined.

[0102] Reference is made to FIG. 12 which is a schematic
diagram of a second display unit displaying the first multi-
media data in a landscape mode, where the second display
unit is a projection unit, the shadow areas represent areas in
which the first multimedia data is not displayed and the white
area represents an area in which the first multimedia data is
displayed. Provided that the height of the upper shadow area
is H1, the height of the lower shadow area is H2, and the
height of the whole projection plane is H; the first boundary
point represents a boundary between the upper shadow area
and the white area, and coordinates of the first boundary point
are (0,Y1), the second boundary point represents a boundary
between the lower shadow area and the white area, and coor-
dinates of the second boundary point are (0,Y2); y coordinate
of'the first boundary point may be determined by the follow-
ing formula (8), and y coordinate of the second boundary
point may be determined by the following formula (9):

Y1=NxHUH (8)
Y2=Nx(H-H2)/H ©)
[0103] where, similar as conditions in the portrait mode, the

relationship between H and H1 and between H and H2 may be
obtained by following formula (10):

HI=H2={(PxNxH)/(OxM)-H}/2 10)

[0104] By substituting formula (10) into formula (8) and
formula (9), y coordinate of the first boundary point and y
coordinate of the second boundary point in the landscape
mode are obtained, as shown in formula (11) and formula
(12):

Y1=Nx{(PxNY/(QxM)-1}/2 (11)
Y2=Nx [1-{(PxN)(OxM)-1}]/2 (12)
[0105] In this way, the first boundary point and the second

boundary point are determined based on the first parameter
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and the second parameter, and the display area of the second
display unit on which the first multimedia data is displayed is
further determined.

[0106] Instep 305, itisjudged whether the first coordinates
of the first operation are located between the first boundary
point and the second boundary point based on the first coor-
dinates of the first operation, to obtain a first judging result.
[0107] Provided that the first coordinates of the first opera-
tion are (X, v,), the process of judging whether the first
coordinates of the first operation are located between the first
boundary point and the second boundary point may be as
follows.

[0108] In a case that the first multimedia data is displayed
on the second display unit in aa portrait mode, it is judged
whether formula (13) holds.

Xlsx,=X2 (13)

[0109] In a case that formula (13) holds, the first coordi-
nates of'the first operation are located between the first bound-
ary point and the second boundary point.

[0110] In a case that the first multimedia data is displayed
on the second display unit in a landscape mode, it is judged
whether formula (14) holds.

Ylsy, 12 14

[0111] In a case that formula (14) holds, the first coordi-
nates of'the first operation are located between the first bound-
ary point and the second boundary point.

[0112] In step 306, in a case that the first judging result
indicates that the first coordinates of the first operation is
located between the first boundary point and the second
boundary point, a second transform parameter is determined
based on the first parameter, the second parameter, the coor-
dinates of the first boundary point and the coordinates of the
second boundary point.

[0113] In a case that the first multimedia data is displayed
on the second display unit in a portrait mode, the second
transform parameter is —X1xP/M, Q/N.

[0114] In a case that the first multimedia data is displayed
on the second display unit in a landscape mode, the second
transform parameter is P/M, =Y 1xQ/N.

[0115] Instep 307, the first coordinates of the first operation
are transformed by the second transform parameter, to obtain
second coordinates of the first operation.

[0116] Provided that the second coordinates of the first
operation are (X,, V,), the process of transforming the first
coordinates of the first operation by the second transform
parameter may be as follows.

[0117] In a case that the first multimedia data is displayed
on the second display unit in a portrait mode, the second
coordinates of the first operation are obtained by formula

(15).

Xo=(x—X1)xP/M

»=yixQ/N 15)

[0118] In a case that the first multimedia data is displayed
on the second display unit in a landscape mode, the second
coordinates of the first operation are obtained by formula

(16).

X=X xP/M
y2=(ri=Y1)xQ/N (16)
[0119] Instep 308, the first operation is performed based on

the second coordinates of the first operation.
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[0120] Since the second coordinates of the first operation
are coordinates in the first display unit, the electronic device
can process and respond to the first operation.

[0121] FIG. 4 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure. The information processing method in the embodi-
ment is applied to an electronic device, the electronic device
is capable of making first multimedia data displayed synchro-
nously on a first display unit and a second display unit, and the
first display unit is located in the electronic device. In a
preferred embodiment of the disclosure, the information pro-
cessing method includes steps 401 to 407.

[0122] Instep 401, a first parameter of the first display unit
and a second parameter of the second display unit are
acquired.

[0123] Inthe embodiment, the first display unit is a display
apparatus in the electronic device, such as a touch display
screen, and the first display unit is a host screen. The first
parameter of the first display unit is screen resolution of the
first display unit. The second display unit is an extended
screen. The second display unit may be a projection unit using
a microcast technology or may be a display apparatus using a
wifi display technology. The second parameter of the second
display unit is screen resolution of the second display unit.
[0124] Since the first display unitis located in the electronic
device, the first parameter of the first display unit may be
acquired directly. In a case that the second display unit is a
projection unit using the microcast technology, the second
display unit is also located in the electronic device, and thus
the second parameter of the second display unit may also be
acquired directly. In a case that the second display unit is a
display apparatus using the wifi display technology, the sec-
ond display unit is independent of the electronic device, and
the second display unit interacts with the electronic device via
a wifl network, therefore, the electronic device may acquire
the second parameter of the second display unit via the wifi
network.

[0125] The first multimedia data in the embodiment is mul-
timedia data displayed on a desktop of the electronic device.
For example, the first multimedia data is video data in a case
that a video is played on the desktop in a full screen mode.

[0126] In step 402, a first operation on the first multimedia
data for the second display unit is acquired.

[0127] A user may operate on the first multimedia data for
the second display unit, which refers to as the first operation.
For example, in a case that the second display unit is a touch
display screen, the user may touch the second display unit to
interact with the first multimedia data.

[0128] In order to enable the electronic device in the
embodiment to process and respond to the first operation, the
electronic device needs to acquire the first operation on the
first multimedia data for the second display unit. In a case that
the second display unit is a projection unit using the microcast
technology, the electronic device may acquire the first opera-
tion by deep detection. In a case that the second display unit
is a display apparatus using the wifi display technology, the
second display unit is independent of the electronic device,
and the second display unit interacts with the electronic
device via a wifi network, therefore, the electronic device may
acquire the first operation via the wifi network.

[0129] The first operation may be, for example, a touch
operation, a key operation, a gesture operation or a voice
operation.
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[0130] Instep 403: the first operation is analyzed, to obtain
first coordinates of the first operation.

[0131] The first operation herein corresponds to coordinate
information, and the coordinate information is position infor-
mation of the first operation in the second display unit. There-
fore, the first coordinates are coordinates of the first operation
in the second display unit.

[0132] Instep 404, the first coordinates of the first operation
are transformed based on the first parameter and the second
parameter, to obtain second coordinates of the first operation
on the first multimedia data for the first display unit.

[0133] The first coordinates of the first operation herein are
two-dimensional coordinates, for example, x1 coordinate and
y1 coordinate. The x1 coordinate and the y1 coordinate are
transformed respectively based on the first parameter and the
second parameter, to obtain x2 coordinate and y2 coordinate.
The x2 coordinate and y2 coordinate are the second coordi-
nates of the first operation. The second coordinates are coor-
dinates of the first operation in the first display unit.

[0134] In step 405, in a case that the first display unit is
rotated by an angle in a horizontal direction, a third transform
parameter is determined based on the rotated angle.

[0135] In an implementation, the first display unit may be
rotated by 90 degree, 180 degree or 270 degree in the hori-
zontal direction. In a case that the first display unit is not
rotated, the third transform parameter is

(o1}

In a case that the first display unit is rotated by 90 degree, the
third transform parameter is

.

In a case that the first display unit is rotated by 180 degree, the
third transform parameter is

In a case that the first display unit is rotated by 270 degree, the
third transform parameter is

[0136] Instep 406, the second coordinates of the first opera-
tion are transformed by the third transform parameter.

[0137] Provided that the transformed second coordinates
are (X5, Ya0)- In a case that the first display unit is not rotated,
the process of transforming the second coordinates of the first
operation by the third transform parameter may be realized by
the following formula (17).
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(xzo] (1 0] (xz] (17
= X
y20 01 y2

[0138] In a case that the first display unit is rotated by 90
degree, the process of transforming the second coordinates of
the first operation by the third transform parameter may be
realized by the following formula (18).

(Xzo] (0 1] (XZ] (18)
= X
Y20 10 Y2

[0139] In a case that the first display unit is rotated by 180
degree, the process of transforming the second coordinates of
the first operation by the third transform parameter may be
realized by the following formula (19).

(2)-(e)-C)

[0140] In a case that the first display unit is rotated by 270
degree, the process of transforming the second coordinates of
the first operation by the third transform parameter may be
realized by the following formula (20).

(iii]z(i]‘(ﬁ] (20)

[0141] Instep 407, the first operationis performed based on
the transformed second coordinates.

[0142] Sincethe transformed second coordinates of the first
operation are coordinates in the first display unit, the elec-
tronic device can process and respond to the first operation.

[0143] FIG. 5 is a schematic flowchart of an information
processing method according to an embodiment of the dis-
closure. The information processing method in the embodi-
ment is applied to an electronic device, the electronic device
is capable of making first multimedia data displayed synchro-
nously on a first display unit and a second display unit, and the
first display unit and the second display unit are located in the
electronic device. The electronic device projects the first mul-
timedia data through the second display unit, and the elec-
tronic device further includes an image capturing unit. In a
preferred embodiment of the disclosure, the information pro-
cessing method includes steps 501 to 507.

[0144] Instep 501, a first parameter of the first display unit
and a second parameter of the second display unit are
acquired.

[0145] Inthe embodiment, the first display unit is a display
apparatus in the electronic device, such as a touch display
screen, and the first display unit is a host screen. The first
parameter of the first display unit is screen resolution of the
first display unit. The second display unit is an extended
screen. The second display unit may be a projection unit using
a microcast technology or may be a display apparatus using a
wifi display technology. The second parameter of the second
display unit is screen resolution of the second display unit.
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[0146] Since the first display unit is located in the electronic
device, the first parameter of the first display unit may be
acquired directly. In a case that the second display unit is a
projection unit using the microcast technology, the second
display unit is also located in the electronic device, and thus
the second parameter of the second display unit may also be
acquired directly. In a case that the second display unit is a
display apparatus using the wifi display technology, the sec-
ond display unit is independent of the electronic device, and
the second display unit interacts with the electronic device via
a wifl network, therefore, the electronic device may acquire
the second parameter of the second display unit via the wifi
network.

[0147] The first multimedia data in the embodiment is mul-
timedia data displayed on a desktop of the electronic device.
For example, the first multimedia data is video data in a case
that a video is played on the desktop in a full screen mode.
[0148] In step 502, first information and second informa-
tion of a target object is captured by the image capturing unit,
where the first information is two-dimensional plane infor-
mation of the target object, and the second information is
one-dimensional depth information of the target object.
[0149] The image capturing unit herein may be a depth
sensor. The user may perform touch operation on a display
area projected by the second display unit, and the image
capturing unit captures three-dimensional information of the
user’s hand, where the three-dimensional information
includes two-dimensional plane information and one-dimen-
sional depth information.

[0150] In step 503, information about a display area of the
first multimedia data projected is acquired.

[0151] The information about the display area of the first
multimedia data projected may be calculated based on a focal
length parameter of the second display unit, a distance
between the second display unit and a projection screen, and
other parameters.

[0152] In step 504, the first information, the second infor-
mation and the information about the display area are ana-
lyzed, to obtain position coordinates of the target object in the
display area, as first coordinates.

[0153] After the three-dimensional coordinate information
of the target object is determined, coordinates of the three-
dimensional coordinates in the display area are also required
to be determined.

[0154] Instep 505, the first operation is analyzed, to obtain
first coordinates of the first operation.

[0155] The first operation herein corresponds to coordinate
information, and the coordinate information is position infor-
mation of the first operation in the second display unit. There-
fore, the first coordinates are coordinates of the first operation
in the second display unit.

[0156] Instep 506, the first coordinates of the first operation
are transformed based on the first parameter and the second
parameter, to obtain second coordinates of the first operation
on the first multimedia data for the first display unit.

[0157] The first coordinates of the first operation herein are
two-dimensional coordinates, for example, x1 coordinate and
y1 coordinate. The x1 coordinate and the y1 coordinate are
transformed respectively based on the first parameter and the
second parameter, to obtain x2 coordinate and y2 coordinate.
The x2 coordinate and y2 coordinate are the second coordi-
nates of the first operation. The second coordinates are coor-
dinates of the first operation in the first display unit.
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[0158] Instep 507, the first operationis performed based on
the second coordinates of the first operation.

[0159] Since the second coordinates of the first operation
are coordinates in the first display unit, the electronic device
can process and respond to the first operation.

[0160] FIG. 6 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
The electronic device in the embodiment is capable of making
first multimedia data displayed synchronously on a first dis-
play unit 60 and a second display unit 61, and the first display
unit 60 is located in the electronic device. The electronic
device includes a first acquiring unit 62, a second acquiring
unit 63, an analyzing unit 64, a first transforming unit 65 and
a first execution unit 66.

[0161] The first acquiring unit 62 is configured to acquire a
first parameter of the first display unit 60 and a second param-
eter of the second display unit 61.

[0162] The second acquiring unit 63 is configured to
acquire a first operation on the first multimedia data for the
second display unit 61.

[0163] The analyzing unit 64 is configured to analyze the
first operation to obtain first coordinates of the first operation.
[0164] The first transforming unit 65 is configured to trans-
form, based on the first parameter and the second parameter,
the first coordinates of the first operation into second coordi-
nates of the first operation on the first multimedia data for the
first display unit 60.

[0165] The first execution unit 66 is configured to perform
the first operation based on the second coordinates of the first
operation.

[0166] It should be understood by those skilled in the art
that functions realized by each unit in the electronic device
shown in FIG. 6 may be understood with reference to the
description of the information processing method described
above.

[0167] FIG. 7 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
The electronic device in the embodiment is capable of making
first multimedia data displayed synchronously on a first dis-
play unit 60 and a second display unit 61, and the first display
unit 60 is located in the electronic device. The electronic
device includes a first acquiring unit 62, a second acquiring
unit 63, an analyzing unit 64, a first transforming unit 65 and
a first execution unit 66.

[0168] The first acquiring unit 62 is configured to acquire a
first parameter of the first display unit 60 and a second param-
eter of the second display unit 61.

[0169] The second acquiring unit 63 is configured to
acquire a first operation on the first multimedia data for the
second display unit 61.

[0170] The analyzing unit 64 is configured to analyze the
first operation to obtain first coordinates of the first operation.
[0171] The first transforming unit 65 is configured to trans-
form, based on the first parameter and the second parameter,
the first coordinates of the first operation into second coordi-
nates of the first operation on the first multimedia data for the
first display unit 60.

[0172] The first execution unit 66 is configured to perform
the first operation based on the second coordinates of the first
operation.

[0173] Inan implementation, the first transforming unit 65
includes a first determining subunit 651 and a first transform-
ing subunit 652.
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[0174] The first determining subunit 651 is configured to
determine a first transform parameter based on the first
parameter and the second parameter.

[0175] The first transforming subunit 652 is configured to
transform the first coordinates of the first operation into sec-
ond coordinates of the first operation by the first transform
parameter.

[0176] It should be understood by those skilled in the art
that functions realized by each unit in the electronic device
shown in FIG. 7 may be understood with reference to the
description of the information processing method described
above.

[0177] FIG. 8 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
The electronic device in the embodiment is capable of making
first multimedia data displayed synchronously on a first dis-
play unit 60 and a second display unit 61, and the first display
unit 60 is located in the electronic device. The electronic
device includes a first acquiring unit 62, a second acquiring
unit 63, an analyzing unit 64, a first transforming unit 65 and
a first execution unit 66.

[0178] The first acquiring unit 62 is configured to acquire a
first parameter of the first display unit 60 and a second param-
eter of the second display unit 61.

[0179] The second acquiring unit 63 is configured to
acquire a first operation on the first multimedia data for the
second display unit 61.

[0180] The analyzing unit 64 is configured to analyze the
first operation to obtain first coordinates of the first operation.
[0181] The first transforming unit 65 is configured to trans-
form, based on the first parameter and the second parameter,
the first coordinates of the first operation into second coordi-
nates of the first operation on the first multimedia data for the
first display unit 60.

[0182] The first execution unit 66 is configured to perform
the first operation based on the second coordinates of the first
operation.

[0183] Inan implementation, the first transforming unit 65
includes a second determining subunit 653, a judging subunit
654, a third determining subunit 655 and a second transform-
ing subunit 656.

[0184] The second determining subunit 653 is configured
to determine a display area of the second display unit 61 on
which the first multimedia data is displayed based on the first
parameter and the second parameter, where the display area is
demarcated by a first boundary point and a second boundary
point.

[0185] The judging subunit 654 is configured to judge
whether the first coordinates of the first operation is located
between the first boundary point and the second boundary
point based on the first coordinates of the first operation, to
obtain a first judging result.

[0186] The third determining subunit 655 is configured to
determine a second transform parameter based on the first
parameter, the second parameter, coordinates of the first
boundary point and coordinates of the second boundary point,
in a case that the first judging result indicates that the first
coordinates of the first operation is located between the first
boundary point and the second boundary point.

[0187] The second transforming subunit 656 is configured
to transform the first coordinates of the first operation into
second coordinates of the first operation by the second trans-
form parameter.
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[0188] It should be understood by those skilled in the art
that functions realized by each unit in the electronic device
shown in FIG. 8 may be understood with reference to the
description of the information processing method described
above.

[0189] FIG. 9 is a schematic structural diagram of an elec-
tronic device according to an embodiment of the disclosure.
The electronic device is capable of making first multimedia
data displayed synchronously on a first display unit 60 and a
second display unit 61, and the first display unit 60 is located
in the electronic device. The electronic device includes a first
acquiring unit 62, a second acquiring unit 63, an analyzing
unit 64, a first transforming unit 65 and a first execution unit
66.

[0190] The first acquiring unit 62 is configured to acquire a
first parameter of the first display unit 60 and a second param-
eter of the second display unit 61.

[0191] The second acquiring unit 63 is configured to
acquire a first operation on the first multimedia data for the
second display unit 61.

[0192] The analyzing unit 64 is configured to analyze the
first operation to obtain first coordinates of the first operation.
[0193] The first transforming unit 65 is configured to trans-
form, based on the first parameter and the second parameter,
the first coordinates of the first operation into second coordi-
nates of the first operation on the first multimedia data for the
first display unit 60.

[0194] The first execution unit 66 is configured to perform
the first operation based on the second coordinates of the first
operation.

[0195] In an implementation, the electronic device further
includes a determining unit 67 and a second transforming unit
68;

[0196] the determining unit 67 is configured to determine a
third transform parameter based on a rotated angle;

[0197] the second transforming unit 68 is configured to
transform the second coordinates of the first operation by the
third transform parameter; and

[0198] the first execution unit 66 is configured to perform
the first operation based on transformed second coordinates.
[0199] It should be understood by those skilled in the art
that functions realized by each unit in the electronic device
shown in FIG. 9 may be understood with reference to the
description of the information processing method described
above.

[0200] FIG. 10 is a schematic structural diagram of an
electronic device according to an embodiment of the disclo-
sure. The electronic device in the embodiment is capable of
making first multimedia data displayed synchronously on a
first display unit 60 and a second display unit 61, and the first
display unit 60 is located in the electronic device. The elec-
tronic device includes a first acquiring unit 62, a second
acquiring unit 63, an analyzing unit 64, a first transforming
unit 65 and a first execution unit 66.

[0201] The first acquiring unit 62 is configured to acquire a
first parameter of the first display unit 60 and a second param-
eter of the second display unit 61.

[0202] The second acquiring unit 63 is configured to
acquire a first operation on the first multimedia data for the
second display unit 61.

[0203] The analyzing unit 64 is configured to analyze the
first operation to obtain first coordinates of the first operation.
[0204] The first transforming unit 65 is configured to trans-
form, based on the first parameter and the second parameter,
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the first coordinates of the first operation into second coordi-
nates of the first operation on the first multimedia data for the
first display unit 60.

[0205] The first execution unit 66 is configured to perform
the first operation based on the second coordinates of the first
operation.

[0206] In an implementation, the electronic device further
includes an image capturing unit 69,

[0207] the image capturing unit 69 is configured to capture
first information and second information of a target object,
where the first information is two-dimensional plane infor-
mation of the target object, and the second information is
one-dimensional depth information of the target object;
[0208] the second acquiring unit 63 is further configured to
acquire information about a display area of the first multime-
dia data projected; and

[0209] the analyzing unit 64 is further configured to ana-
lyze the first information, the second information and the
information about the display area, to obtain position coordi-
nates of the target object in the display area.

[0210] It should be understood by those skilled in the art
that functions realized by each unit in the electronic device
shown in FIG. 10 may be understood with reference to the
description of the information processing method described
above.

[0211] An image calibration method is further provided
according to an embodiment of the disclosure. The image
calibration method is applied to an electronic device, the
electronic device includes a micro projector and a depth cam-
era, and a relative position between the micro projector and
the depth camera is fixed. The image calibration method
includes:

[0212] acquiringa depth image formed by the depth camera
on a projection plane, where the projection plane is a plane
that the depth camera irradiates and the micro projector
projects a light beam on; and

[0213] obtaininga relative position of a projection region in
the depth image based on the relative position between the
micro projector and the depth camera, where the projection
region is a region formed by the micro projector on the pro-
jection plane.

[0214] It can be seen from the above solution of the image
calibration method that the relative position of the projection
region in the depth image can be calibrated automatically.
Even in a case that the micro projector or the projection plane
is changed, the relative position ofthe projection region in the
depth image can be obtained based on the relative position
between the micro projector and the depth camera, without
the user’s operation to re-calibrate the relative position, thus
speeding up the calibration and increasing efficiency.

[0215] The technical solutions of the image calibration
method will be described clearly and completely hereinafter
in conjunction with the drawings in the embodiments of the
invention. Apparently, the embodiments described are only a
few but not all of the embodiments of the invention. All the
other embodiments acquired by those skilled in the art with-
out creative effort on the basis of the embodiments of the
invention fall within the scope of protection of the present
invention.

[0216] Referenceis madeto FIG. 13 which is a flowchart of
an image calibration method according to an embodiment of
the disclosure. The image calibration method is applied to an
electronic device, the electronic device includes a micro pro-
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jector and a depth camera, and a relative position between the
micro projector and the depth camera is fixed.

[0217] Referring to FIG. 13, the image calibration method
includes steps 1301 to 1302.

[0218] In step 1301, a depth image formed by the depth
camera on a projection plane is acquired, where the projection
plane is a plane that the depth camera irradiates and the micro
projector projects a light beam on.

[0219] The depth image is an image having three-dimen-
sional feature information, i.e., depth information, of an
object. The depth information refers to a distance between the
depth camera and a certain point in a scene corresponding to
the depth image.

[0220] In the embodiment, coordinates of each pixel point
in the depth image are represented by pixel coordinates. For
example, if the depth image is a rectangle depth image of
640%480, pixel coordinates of a central point of the depth
image is (320,240), where 640 is a lateral resolution of the
depth image and 480 is a vertical resolution of the depth
image.

[0221] In step 1302, a relative position of a projection
region in the depth image is obtained based on the relative
position between the micro projector and the depth camera,
where the projection region is a region formed by the micro
projector on the projection plane.

[0222] It can be understood that the relative position of the
projection region in the depth image may be represented by
pixel coordinates of four apexes of the projection region in the
depth image.

[0223] In the embodiment, the process of obtaining the
relative position of the projection region in the depth image
may include steps 1421 to 1423, as shown in FIG. 14.
[0224] Instep 1421, pixel coordinates of a vertical point of
a divergence point of the depth camera on the projection plane
are acquired, where the divergence point of the depth camera
is an apex of a cone formed in space by a light beam emitted
from the depth camera.

[0225] Parameters of the depth camera such as the diver-
gence point, the central point and the vertical point are
explained below with reference to a diagram of a light beam
emitted from a depth camera shown in FIG. 15. In FIG. 15,
points B, C, D and E are points formed by a light beam emitted
from a point A to a projection plane. The graphics form by the
five points A, B, C, D and E is a cone formed in space by a
light beam emitted from the depth camera, therefore, point A
is the divergence point of the depth camera. An intersecting
point between the projection plane and a vertical line from
point A to the projection plane is the vertical point of the
divergence point on the projection plane.

[0226] The region formed by points B, C, D and E is the
region irradiated by the depth camera on the projection plane,
and the depth image acquired by the depth camera is a depth
image of the region. The region irradiated by the depth cam-
era is arectangular region, and central point F of the rectangle
is the central point of the depth image.

[0227] Coordinates of each pixel point in the depth image
are represented by pixel coordinates. In a case that the depth
image is a rectangular depth image, pixel coordinates of the
central point of the depth image may be acquired. For
example, if the depth image is a rectangle depth of 640*480,
pixel coordinates of the central point of the depth image is
(320, 240).

[0228] The depth image is an image having depth informa-
tion. The depth information refers to a distance between the
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depth camera and a certain point in a scene corresponding to
the depth image. Specifically, the depth information is a dis-
tance from each point in the projection plane to the divergence
point, therefore, the length of line AG and the length of line
AF can be known. The length of line GF may be calculated by
Pythagorean theorem since line AG is vertical to the projec-
tion plane, that is, the distance between the central point of the
depth image and the vertical point of the divergence point of
the depth camera on the projection plane is obtained.

[0229] In a case that line GF is parallel to line CE, vertical
point G and central point F have the same vertical pixel
coordinate, and horizontal pixel coordinates of vertical point
G may be obtained based on arelationship between resolution
and distance, thus the pixel coordinates of vertical point G are
obtained.

[0230] In a case that line GF is not parallel to line CE,
vertical point G and central point F have different horizontal
pixel coordinates and different vertical pixel coordinates. In
this case, it is necessary to further calculate a relative position
between vertical point G and central point F, that is, a distance
from the horizontal pixel coordinate of vertical point G to the
horizontal pixel coordinate of central point F and a distance
from the vertical pixel coordinate of vertical point G to the
vertical pixel coordinate of central point F, and details is
described with reference to FIG. 16.

[0231] A line parallel to line CE is made from central point
F, aline parallel to line CB is made from vertical point G, and
an intersecting point between the two made lines is marked as
H. It can be known by the skilled in the art that, the length of
line GH is the distance from the vertical pixel coordinate of
vertical point G to the vertical pixel coordinate of central
point F, the length of line HF is the distance from the hori-
zontal pixel coordinate of vertical point G to the horizontal
pixel coordinate of central point F, and line GH is vertical to
line HF.

[0232] The length ofline GH and the length of line HF may
be acquired as follows. The length of line AG and the length
of'line AF may be acquired firstly from the depth image, and
the length of line GF in right triangle AGF is obtained by
Pythagorean theorem. The length of line AH is then acquired
from the depth image, and the length of line GH in right
triangle AGH is obtained by Pythagorean theorem. The length
of line HF in right triangle GHF is further obtained by
Pythagorean theorem.

[0233] Afterthelength of line HF and the length ofline GH,
that is, after obtaining the distance from the horizontal pixel
coordinate of vertical point G to the horizontal pixel coordi-
nate of central point F and the distance from the vertical pixel
coordinate of vertical point G to the vertical pixel coordinate
of central point F, pixel coordinates of the vertical point is
obtained in connection with a relationship between resolution
and distance.

[0234] A process of acquiring the relationship between
resolution and distance may be as follows. The length of line
AC and the length of line AE may be obtained from the depth
image, the value of vertex angle CAE of triangle ACE is a
visual angle of the depth camera, and the length of line CE
may be obtained by a triangle theorem. The length of line CB
may be obtained similarly. Further, lateral resolution and
vertical resolution of the depth image are known, and the
relationship between resolution and distance may be
obtained.

[0235] Forexample, ina case that the depth image is adepth
image of 640%*480, lateral resolution of the depth image is
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640, vertical resolution of the depth image is 480, the length
of line CE is 20 cm and the length of line CB is 15 cm, the
relationship between resolution and distance is that each cen-
timeter in horizontal distance indicates 32 lateral resolution
and each centimeter in vertical distance indicates 32 vertical
resolution.

[0236] In the embodiment, the process of acquiring the
distance between the central point and the vertical point of the
divergence point of the depth camera on the projection plane
may also be as follows.

[0237] An angular value of an angle between a normal of
the projection plane and a line joining the central point of the
depth image and the divergence point of the depth camera is
obtained, and then the distance between the central point and
the vertical point is obtained based on depth information of
the central point of the depth image and the angular value in
combination with Cosine theorem. The normal of the projec-
tion plane is obtained by a plane equation fitting. A process of
obtaining the normal of the projection plane by the plane
equation fitting may refer to the existing plane equation fitting
process, which is not described in the embodiment.

[0238] As shown in FIG. 17, the normal of the projection
plane is parallel to line AG, therefore, the value of angle GAF
is equal to the angular value of the angle between the normal
1 of the projection plane and the line joining the central point
of the depth image and the divergence point of the depth
camera, and thus after the value of angle GAF is obtained, the
distance between the central point and the vertical point is
obtained by the theorem based on the value of angle GAF in
combination with the depth information of the central point of
the depth image.

[0239] In step 1422, pixel coordinates of the vertical point
of the divergence point of the micro projector on the projec-
tion plane are obtained based on the relative position between
the micro projector and the depth camera and the pixel coor-
dinates of the vertical point, where the divergence point of the
micro projector is an apex of a cone formed in space by a light
beam emitted from the micro projector.

[0240] It can be understood that the relative position
between the vertical point of the divergence point of the depth
camera on the projection plane and the vertical point of the
divergence point of the micro projector on the projection
plane is a relative position between the micro projector and
the depth camera. After the pixel coordinates of the vertical
point of the divergence point of the depth camera on the
projection plane are acquired, the pixel coordinates of the
vertical point of the divergence point of the micro projector on
the projection plane can be obtained based on the relative
position.

[0241] For example, dx is a distance along the horizontal X
axis between the depth camera and the micro projector, and
dy is adistance alongY axis between the depth camera and the
micro projector. If the pixel coordinates of the vertical point
of'the divergence point of the depth camera on the projection
plane are (%, y), the pixel coordinates of the vertical point of
the divergence point of the micro projector on the projection
plane are (lateral resolution corresponding to x+dx, vertical
resolution corresponding to y+dy).

[0242] Instep 1423, pixel coordinates of four apexes of the
projection region are obtained based on the pixel coordinates
of the vertical point of the divergence point of the micro
projector on the projection plane in combination with a rela-
tionship between resolution and distance, to calibrate the
relative position of the projection region in the depth image.
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[0243] A process of acquiring the pixel coordinates of four
apexes of the projection region is described below in detail in
connection with FIG. 18. In FIG. 18, point O is the divergence
point of the micro projector, point P is the vertical point of the
divergence point of the micro projector on the projection
plane, and points Q, M, N and Z are four apexes of the
projection region. In the embodiment, the process of acquir-
ing the pixel coordinates of the apex is explained by taking
point Q as an example. Details are as follows.

[0244] Vertical lines are made from point P to line QM and
line QN respectively, where intersecting points are I and J,
and the length of line OI, the length of line OP and the length
of line OJ may be acquired from the depth image, then the
length of line PI and the length of line PJ may be obtained
based on Pythagorean theorem.

[0245] After pixel coordinates of the vertical point of the
divergence point of the micro projector on the projection
plane are obtained, pixel coordinates of point Q are obtained
in combination with the relationship between resolution and
distance. Similarly, processes of acquiring pixel coordinates
of'points M, N and Z may refer to the process of acquiring the
pixel coordinates of point Q.

[0246] In a case that the micro projector or the projection
plane is changed, the relative position of the projection region
in the depth image may also be obtained based on the relative
position between the micro projector and the depth camera
with reference to the contents shown in FIGS. 13 to 18.
Compared with the conventional condition, the relative posi-
tion of the projection region in the depth image can be
obtained without user’s operation to recalibrate the relative
position according to the image calibration method of the
embodiment, thus speeding up the calibration and increasing
efficiency.

[0247] After the relative position of the projection region in
the depth image is calibrated, an operation in the depth image
may be converted into an operation in the projection region.
As shown in FIG. 19 which is a flowchart of an image cali-
bration method according to an embodiment of the disclo-
sure, the image calibration method includes steps 1901 to
1905.

[0248] In step 1901, a depth image formed by the depth
camera on a projection plane is acquired, where the projection
plane is a plane that the depth camera irradiates and the micro
projector projects a light beam on.

[0249] In step 1902, a relative position of a projection
region in the depth image is obtained based on the relative
position between the micro projector and the depth camera,
where the projection region is a region formed by the micro
projector on the projection plane.

[0250] Details of steps 1901 and 1902 may refer to the
description of steps 1301 and 1302, which are not described
in detail in the embodiment.

[0251] In step 1903, an operation of an operator for the
depth image and an operation region of the operation in the
depth image are acquired.

[0252] The operation of the operator in the depth image
includes a click operation and/or a swipe operation. In a case
that the operator performs the click operation in the depth
image, coordinates of the click of the click operation in the
depth image are obtained. In a case that the operator performs
the swipe operation in the depth image, coordinates of a point
onan operated object such as a screen touched by the operator
at the beginning of the swipe operation and coordinates of a
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point on the operated object touched by the operator at the end
of the swipe operation are obtained.

[0253] Instep 1904, the operation region in the depth image
is converted into an operation region in the projection region.

[0254] The relative position of the projection region in the
depth image is obtained; therefore, the operation region in the
depth image is converted into the operation region in the
projection region based on the relative position after the
operation region in the depth image is obtained.

[0255] In step 1905, the operation of the operator is per-
formed in the operation region within the projection region.

[0256] An image calibration apparatus corresponding to
the above image calibration method is provided according to
anembodiment of the disclosure. The image calibration appa-
ratus is applied to an electronic device, the electronic device
includes a micro projector and a depth camera, and a relative
position between the micro projector and the depth camera is
fixed.

[0257] FIG. 20 illustrates a schematic structural diagram of
an image calibration apparatus according to an embodiment
of the disclosure, and the image calibration apparatus
includes an acquisition unit 11 and a position obtaining unit
12.

[0258] The acquisition unit 11 is configured to acquire a
depth image formed by the depth camera on a projection
plane, where the projection plane is a plane that the depth
camera irradiates and the micro projector projects a light
beam on.

[0259] In the embodiment, the depth image is an image
having three-dimensional feature information, i.e., depth
information, of an object. The depth information refers to a
distance between the depth camera and a certain point in a
scene corresponding to the depth image.

[0260] Coordinates of each pixel point in the depth image
are represented by pixel coordinates. For example, if the
depth image is a rectangle depth image of 640*480, pixel
coordinates of a central point of the depth image is (320,240),
where 640 is a lateral resolution of the depth image and 480 is
a vertical resolution of the depth image.

[0261] The position obtaining unit 12 is configured to
obtain a relative position of a projection region in the depth
image based on the relative position between the micro pro-
jector and the depth camera, where the projection region is a
region formed by the micro projector on the projection plane.

[0262] It can be understood that the relative position of the
projection region in the depth image may be represented by
pixel coordinates of four apexes of the projection region in the
depth image. FIG. 12 illustrates a schematic structural dia-
gram of the position obtaining unit 12, including an acquisi-
tion subunit 121, a first coordinate obtaining subunit 122 and
a second coordinate obtaining subunit 123.

[0263] The acquisition subunit 121 is configured to acquire
pixel coordinates of a vertical point of a divergence point of
the depth camera on the projection plane, where the diver-
gence point of the depth camera is an apex of a cone formed
in space by a light beam emitted from the depth camera.
[0264] The acquisition subunit may include a first coordi-
nate acquisition subunit, a distance obtaining subunit and a
second coordinate acquisition subunit.

[0265] The first coordinate acquisition subunit is config-
ured to acquire pixel coordinates of a central point of the
depth image.
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[0266] The distance obtaining subunit is configured to
obtain a distance between the central point and the vertical
point of the divergence point of the depth camera on the
projection plane.

[0267] Intheembodiment, the distance obtaining subunitis
configured to obtain the distance between the central point
and the vertical point of the divergence point of the depth
camera on the projection plane based on depth information of
the central point and the depth information of the vertical
point of the divergence point of the depth camera on the
projection plane in combination with Pythagorean theorem;
orobtain an angular value of an angle between a normal of the
projection plane and a line joining the central point of the
depth image and the divergence point of the depth camera and
obtain the distance between the central point and the vertical
point of the divergence point of the depth camera on the
projection plane based on depth information of the central
point of the depth image and the angular value in combination
with Cosine theorem. The normal of the projection plane is
obtained by a plane equation fitting.

[0268] The second coordinate acquisition subunit is con-
figured to obtain the pixel coordinates of the vertical point of
the divergence point of the depth camera on the projection
plane based on the pixel coordinates of the central point of the
depth image in combination with the relationship between
resolution and distance.

[0269] The first coordinate obtaining subunit 122 is config-
ured to obtain pixel coordinates of a vertical point of a diver-
gence point of the micro projector on the projection plane
based on the relative position between the micro projector and
the depth camera and the pixel coordinates of the vertical
point, where the divergence point of the micro projector is an
apex of a cone formed in space by a light beam emitted from
the micro projector.

[0270] It can be understood that the relative position
between the vertical point of the divergence point of the depth
camera on the projection plane and the vertical point of the
divergence point of the micro projector on the projection
plane is the relative position between the micro projector and
the depth camera. After the pixel coordinates of the vertical
point of the divergence point of the depth camera on the
projection plane are acquired, the pixel coordinates of the
vertical point of the divergence point of the micro projector on
the projection plane can be obtained based on the relative
position.

[0271] For example, dx is a distance along the horizontal X
axis between the depth camera and the micro projector, and
dy is adistance alongY axis between the depth camera and the
micro projector. If the pixel coordinates of the vertical point
of'the divergence point of the depth camera on the projection
plane are (%, y), the pixel coordinates of the vertical point of
the divergence point of the micro projector on the projection
plane are (lateral resolution corresponding to x+dx, vertical
resolution corresponding to y+dy).

[0272] The second coordinate obtaining subunit 123 is con-
figured to obtain pixel coordinates of four apexes of the pro-
jection region based on the pixel coordinates of the vertical
point of the divergence point of the micro projector on the
projection plane in combination with a relationship between
resolution and distance, to calibrate the relative position of the
projection region in the depth image. The details of the pro-
cess may refer to related description of FIG. 18.

[0273] Referring to FIG. 10 which illustrates a schematic
structural diagram of an image calibration apparatus accord-
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ing to an embodiment of the disclosure. On the basis of FIG.
20, the image calibration apparatus further includes an opera-
tion acquisition unit 13, a conversion unit 14 and an execution
unit 15.

[0274] The operation acquisition unit 13 is configured to
acquire an operation of an operator for the depth image and an
operation region of the operation in the depth image.

[0275] The operation of the operator in the depth image
includes a click operation and/or a swipe operation. In a case
that the operator performs the click operation in the depth
image, coordinates of the click of the click operation in the
depth image are obtained. In a case that the operator performs
the swipe operation in the depth image, coordinates of a point
on an operated object such as a screen touched by the operator
at the beginning of the swipe operation and coordinates of a
point on the operated object touched by the operator at the end
of the swipe operation are obtained.

[0276] The conversion unit 14 is configured to convert the
operation region in the depth image into an operation region
in the projection region based on the relative position of the
projection region in the depth image.

[0277] The relative position of the projection region in the
depth image is obtained; therefore, the operation region in the
depth image is converted into the operation region in the
projection region based on the relative position after the
operation region in the depth image is obtained.

[0278] The execution unit 15 is configured to perform the
operation of the operator in the operation region within the
projection region.

[0279] An electronic device is further provided according
to an embodiment of the disclosure. The electronic device
includes a micro projector, a depth camera and the image
calibration apparatus described above. A relative position
between the micro projector and the depth camera is fixed,
and the image calibration apparatus is configured to calibrate
a relative position of the projection region of the micro pro-
jector in the depth image of the depth camera. The specific
structure and implementation of the image calibration appa-
ratus may refer to the above embodiments about the image
calibration apparatus and image calibration method, and the
details thereof are not described in detail herein.

[0280] It should be noted that, the embodiments of the
disclosure are described in a progressive manner, with the
emphasis of each of the embodiments on the difference
between it and the other embodiments; hence, for the same or
similar parts between the embodiments, one can refer to the
other embodiments. For an apparatus embodiment, the
description is relatively simple since it is substantially similar
to the method embodiment, and the related part may refer to
parts of the illustration in the method embodiment.

[0281] Inthe embodiments of the disclosure, the disclosed
apparatuses and methods may also be implemented in other
ways. The above described apparatus embodiments are only
illustrated. For example, the division for the units is merely a
division of logical functions, and other division manner may
be adopted in practice. For example, multiple units or com-
ponents may be combined, or may be integrated into another
system. Some features may be omitted or not performed. In
addition, the disclosed components may be coupled, directly
coupled or connected to each other via ports, and the devices
or units may be indirectly coupled or connected to each other
in an electric manner or a mechanical manner or other man-
ners.
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[0282] The units described as separate components may be
or may not be separate physically. The components displayed
as units may be or may not be physical units, that is, the
components may be located in one place or may be distributed
on multiple network units. Part of or all of the units may be
chosen based on requirements to achieve the technical solu-
tion of the disclosure.

[0283] In addition, function units disclosed according to
the embodiments of the disclosure may be integrated in one
processing unit, or each unit may be separated as one unit, or
two or more function units may be integrated in one unit. The
integrated unit(s) may be implemented through hardware or
through a hardware and software function unit.

[0284] It may be understood by those skilled in the art that
all or a few of steps for realizing the method embodiment
described above may be realized by hardware related to a
program instruction, the program described above may be
stored a computer-readable storage medium, and the program
performs the steps of the method embodiment described
above when being executed. The storage medium described
above includes various mediums that can store program
codes, such as, a mobile storage device, a Read-Only
Memory (ROM), a Random Access Memory (RAM), a mag-
netic disk or an optical disk.

[0285] Alternatively, in a case that the integrated unit(s)
described above in the disclosure is implemented through the
software function unit and is sold and used as an individual
product, the individual product may be stored in a computer
readable storage medium Base on such understanding, the
essence of the technical solution of the disclosure or a part of
the disclosure contributing to conventional technologies may
be embodied as a software product which is stored in a storage
medium and includes multiple instructions for instructing a
computer device (which may be a personal computer, a
server, network equipment or the like) to perform all of or few
of the steps of the methods according to the embodiments of
the disclosure. The storage medium described above may
include any medium which can store program codes, such as
a mobile storage device, a Read-Only Memory (ROM), a
Random Access Memory (RAM), a magnetic disk or an opti-
cal disk.

[0286] The foregoing are only specific embodiments of the
disclosure, and the scope of protection of the disclosure is not
limited thereto. Any changes or substitutions that may be
easily thought by those skilled in the art within the technical
scope disclosed by the disclosure should be within the scope
of protection of the disclosure. Therefore, the scope of pro-
tection of the disclosure should conform to the scope of
protection of claims.

1. An information processing method, applied to an elec-
tronic device, the electronic device being capable of making
first multimedia data displayed synchronously on a first dis-
play unit and a second display unit, and the first display unit
being located in the electronic device, the method compris-
ing:

acquiring a first parameter of the first display unit and a

second parameter of the second display unit;

acquiring a first operation on the first multimedia data for

the second display unit;

analyzing the first operation to obtain first coordinates of

the first operation;

transforming, based on the first parameter and the second

parameter, the first coordinates of the first operation on
the first multimedia data for the second display unit into
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second coordinates of the first operation on the first
multimedia data for the first display unit; and
performing the first operation based on the second coordi-
nates of the first operation.
2. The information processing method according to claim
1, wherein in a case that the first multimedia data is displayed
on the first display unit and the second display unit in a full
screen mode, transforming, based on the first parameter and
the second parameter, the first coordinates of the first opera-
tion on the first multimedia data for the second display unit
into second coordinates of the first operation on the first
multimedia data for the first display unit comprises:
determining a first transform parameter based on the first
parameter and the second parameter; and
transforming the first coordinates of the first operation into
the second coordinates of the first operation by the first
transform parameter.
3. The information processing method according to claim
1, wherein in a case that the first multimedia data is displayed
on the first display unit in a full screen mode and is displayed
on the second display unit in a non-full screen mode, trans-
forming, based on the first parameter and the second param-
eter, the first coordinates of the first operation on the first
multimedia data for the second display unit into second coor-
dinates of the first operation on the first multimedia data for
the first display unit comprises:
determining a display area of the second display unit on
which the first multimedia data is displayed based on the
first parameter and the second parameter, wherein the
display area is demarcated by a first boundary point and
a second boundary point;
judging whether the first coordinates of the first operation
is located between the first boundary point and the sec-
ond boundary point based on the first coordinates of the
first operation, to obtain a first judging result;
determining a second transform parameter based on the
first parameter, the second parameter, coordinates of the
first boundary point and coordinates of the second
boundary point, in a case that the first judging result
indicates that the first coordinates of the first operation is
located between the first boundary point and the second
boundary point; and
transforming the first coordinates of the first operation into
the second coordinates of the first operation by the sec-
ond transform parameter.
4. The information processing method according to claim
1, wherein in a case that the first display unit is rotated by an
angle in a horizontal direction, performing the first operation
based on the second coordinates of the first operation com-
prises:
determining a third transform parameter based on the
angle;
transforming the second coordinates of the first operation
by the third transform parameter; and
performing the first operation based on transformed second
coordinates.
5. The information processing method according to claim
1, wherein in a case that the second display unit is located in
the electronic device and the electronic device projects the
first multimedia data through the second display unit, the
electronic device further comprises an image capturing unit,
and acquiring a first operation on the first multimedia data for
the second display unit and analyzing the first operation to
obtain first coordinates of the first operation comprises:
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capturing first information and second information of a
target object by the image capturing unit, wherein the
first information is two-dimensional plane information
of the target object, and the second information is one-
dimensional depth information of the target object;

acquiring information about a display area of the first mul-
timedia data projected; and

analyzing the first information, the second information and
the information about the display area, to obtain position
coordinates of the target object in the display area.

6. An electronic device, the electronic device being capable
of making first multimedia data displayed synchronously on
a first display unit and a second display unit, and the first
display unit being located in the electronic device, wherein
the electronic device comprises a first acquiring unit, a second
acquiring unit, an analyzing unit, a first transforming unit and
a first execution unit,

the first acquiring unit is configured to acquire a first
parameter of the first display unit and a second param-
eter of the second display unit;

the second acquiring unit is configured to acquire a first
operation on the first multimedia data for the second
display unit;

the analyzing unit is configured to analyze the first opera-
tion to obtain first coordinates of the first operation;

the first transforming unit is configured to transform, based
on the first parameter and the second parameter, the first
coordinates of the first operation on the first multimedia
data for the second display unit into second coordinates
of the first operation on the first multimedia data for the
first display unit; and

the first execution unit is configured to perform the first
operation based on the second coordinates of the first
operation.

7. The electronic device according to claim 6, wherein the
first transforming unit comprises a first determining subunit
and a first transforming subunit,

the first determining subunit is configured to determine a
first transform parameter based on the first parameter
and the second parameter; and

the first transforming subunit is configured to transform the
first coordinates of the first operation into the second
coordinates of the first operation by the first transform
parameter.

8. The electronic device according to claim 6, wherein the
first transforming unit comprises a second determining sub-
unit, a judging subunit, a third determining subunit and a
second transforming subunit,

the second determining subunit is configured to determine
a display area of the second display unit on which the
first multimedia data is displayed based on the first
parameter and the second parameter, wherein the dis-
play area is demarcated by a first boundary point and a
second boundary point;

the judging subunit is configured to judge whether the first
coordinates of the first operation is located between the
first boundary point and the second boundary point
based on the first coordinates of the first operation, to
obtain a first judging result;

the third determining subunit is configured to determine a
second transform parameter based on the first parameter,
the second parameter, coordinates of the first boundary
point and coordinates of the second boundary point, in a
case that the first judging result indicates that the first
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coordinates of the first operation is located between the
first boundary point and the second boundary point; and

the second transforming subunit is configured to transform
the first coordinates of the first operation into the second
coordinates of the first operation by the second trans-
form parameter.

9. An image calibration method, applied to an electronic
device, the electronic device comprising a micro projector
and a depth camera, and a relative position between the micro
projector and the depth camera being fixed, the method com-
prising:

acquiring a depth image formed by the depth camera on a

projection plane, wherein the projection plane is a plane
that the depth camera irradiates and the micro projector
projects a light beam on; and

obtaining a relative position of a projection region in the

depth image based on the relative position between the
micro projector and the depth camera, wherein the pro-
jection region is a region formed by the micro projector
on the projection plane.

10. The method according to claim 9, wherein obtaining a
relative position of a projection region in the depth image
based on the relative position between the micro projector and
the depth camera comprises:

acquiring pixel coordinates of a vertical point of a diver-

gence point of the depth camera on the projection plane,
wherein the divergence point of the depth camera is an
apex of a cone formed in space by a light beam emitted
from the depth camera;

obtaining pixel coordinates of a vertical point of a diver-

gence point of the micro projector on the projection
plane based on the relative position between the micro
projector and the depth camera and the pixel coordinates
of'the vertical point of the divergence point of the depth
camera on the projection plane, wherein the divergence
point of the micro projector is an apex of a cone formed
in space by a light beam emitted from the micro projec-
tor; and

obtaining pixel coordinates of four apexes of the projection

region based on the pixel coordinates of the vertical
point of the divergence point of the micro projector on
the projection plane in combination with a relationship
between resolution and distance, to calibrate the relative
position of the projection region in the depth image.

11. The method according to claim 10, wherein acquiring
pixel coordinates of a vertical point of a divergence point of
the depth camera on the projection plane comprises:

acquiring pixel coordinates of a central point of the depth

image;

obtaining a distance between the central point and the

vertical point of the divergence point of the depth camera
on the projection plane; and

obtaining pixel coordinates of the vertical point of the

divergence point of the depth camera on the projection
plane based on the pixel coordinates of the central point
of'the depth image in combination with the relationship
between resolution and distance.

12. The method according to claim 11, wherein obtaining a
distance between the central point and the vertical point of the
divergence point of the depth camera on the projection plane
comprises: obtaining the distance between the central point
and the vertical point based on depth information of the
central point and depth information of the vertical point of the
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divergence point of the depth camera on the projection plane
in combination with Pythagorean theorem;

or

obtaining a distance between the central point and the

vertical point of the divergence point of the depth camera
on the projection plane comprises: obtaining an angular
value of an angle between a normal of the projection
plane and a line joining the central point of the depth
image and the divergence point of the depth camera; and
obtaining the distance between the central point and the
vertical point based on depth information of the central
point of the depth image and the angular value in com-
bination with Cosine theorem.

13. The method according to claim 12, wherein the normal
of'the projection plane is obtained by plane equation fitting.

14. The method according to claim 9, further comprising:

acquiring an operation of an operator for the depth image

and an operation region of the operation in the depth
image;

converting the operation region in the depth image into an

operation region in the projection region based on the
relative position of the projection region in the depth
image; and

performing the operation of the operator in the operation

region within the projection region.
15. An image calibration apparatus, applied to an elec-
tronic device, the electronic device comprising a micro pro-
jector and a depth camera, and a relative position between the
micro projector and the depth camera being fixed, the appa-
ratus comprising:
an acquisition unit configured to acquire a depth image
formed by the depth camera on a projection plane,
wherein the projection plane is a plane that the depth
camera irradiates and the micro projector projects a light
beam on; and
a position obtaining unit configured to obtain a relative
position of a projection region in the depth image based
on the relative position between the micro projector and
the depth camera, wherein the projection region is a
region formed by the micro projector on the projection
plane.
16. The apparatus according to claim 15, wherein the posi-
tion obtaining unit comprises:
an acquisition subunit configured to acquire pixel coordi-
nates of a vertical point of'a divergence point of the depth
camera on the projection plane, wherein the divergence
point of the depth camera is an apex of a cone formed in
space by a light beam emitted from the depth camera;
a first coordinate obtaining subunit configured to obtain
pixel coordinates of a vertical point of a divergence point
of the micro projector on the projection plane based on
the relative position between the micro projector and the
depth camera and the pixel coordinates of the vertical
point of the divergence point of the depth camera on the
projection plane, wherein the divergence point of the
micro projector is an apex of a cone formed in space by
a light beam emitted from the micro projector; and

a second coordinate obtaining subunit configured to obtain
pixel coordinates of four apexes of the projection region
based on the pixel coordinates of the vertical point of the
divergence point of the micro projector on the projection
plane in combination with a relationship between reso-
Iution and distance, to calibrate the relative position of
the projection region in the depth image.
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17. The apparatus according to claim 16, wherein the
acquisition subunit comprises:
a first coordinate acquisition subunit configured to acquire
pixel coordinates of a central point of the depth image;
a distance obtaining subunit configured to obtain a distance
between the central point and the vertical point of the
divergence point of the depth camera on the projection
plane; and
second coordinate acquisition subunit configured to
obtain pixel coordinates of the vertical point of the diver-
gence point of the depth camera on the projection plane
based on the pixel coordinates of the central point of the
depth image in combination with the relationship
between resolution and distance.
18. The apparatus according to claim 17, wherein the dis-
tance obtaining subunit is configured to:
obtain the distance between the central point and the ver-
tical point of the divergence point of the depth camera on
the projection plane based on depth information of the
central point and depth information of the vertical point
of the divergence point of the depth camera on the pro-
jection plane in combination with Pythagorean theorem;
or
obtain an angular value of an angle between a normal of the
projection plane and a line joining the central point of the
depth image and the divergence point of the depth cam-
era; and obtain the distance between the central point
and the vertical point of the divergence point of the depth
camera on the projection plane based on depth informa-
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tion of the central point of the depth image and the
angular value in combination with Cosine theorem.

19. The apparatus according to claim 15, further compris-
ing:

an operation acquisition unit configured to acquire an
operation of an operator for the depth image and an
operation region of the operation in the depth image;
conversion unit configured to convert the operation
region in the depth image into an operation region in the
projection region based on the relative position of the
projection region in the depth image; and

an execution unit configured to perform the operation of

the operator in the operation region within the projection
region.

20. An electronic device, comprising a micro projector, a
depth camera and an image calibration apparatus, a relative
position between the micro projector and the depth camera
being fixed, and the image calibration apparatus comprising:

an acquisition unit configured to acquire a depth image

formed by the depth camera on a projection plane,
wherein the projection plane is a plane that the depth
camera irradiates and the micro projector projects a light
beam on; and

a position obtaining unit configured to obtain a relative

position of a projection region in the depth image based
on the relative position between the micro projector and
the depth camera, wherein the projection region is a
region formed by the micro projector on the projection
plane.



