
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
63

3 
98

9
A

1
*EP003633989A1*

(11) EP 3 633 989 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
08.04.2020 Bulletin 2020/15

(21) Application number: 18809154.0

(22) Date of filing: 06.03.2018

(51) Int Cl.:
H04N 13/00 (2018.01)

(86) International application number: 
PCT/CN2018/078083

(87) International publication number: 
WO 2018/219004 (06.12.2018 Gazette 2018/49)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 31.05.2017 CN 201710398583

(71) Applicant: Shanghai Intelight Electronic 
Technology Co., Ltd.
Shanghai 200438 (CN)

(72) Inventor: TAN, Shunyi
Suzhou
Jiangsu 215513 (CN)

(74) Representative: Sun, Yiming
HUASUN Patent- und Rechtsanwälte 
Friedrichstraße 33
80801 München (DE)

(54) HOLOGRAM IMAGING METHOD, AND DATA GENERATION METHOD AND DEVICE

(57) The present invention provides an imaging
method for an image, including the following steps: step
1: receiving image data, the image data including an im-
age main data and image characteristic data; and step
10: processing the image main data according to the im-
age characteristic data, generating the holographic im-
age and outputting the holographic image. The present
invention provides an imaging method and a data gen-
eration method for a holographic image, and an appara-
tus that include each characteristic element of the holo-
graphic image and can further improve the efficiency of
each link in storage, transmission and conversion.
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Description

FIELD OF TECHNOLOGY

[0001] The present invention mainly relates to a holo-
graphic image technology, and in particular to a dynamic
imaging method and data generation method for a dy-
namic holographic image, and an apparatus.

BACKGROUND

[0002] A holographic display effect similar to a Three-
Dimensional (3D) effect may be implemented by means
of multiple images at different distances from an observ-
er. Such an image can keep a distance consistent with
an external actual scenery, so that a spectator feels that
the image is really attached to an actual object. It has an
important significance in augmented display application
and the expressiveness gets much beyond a planar im-
age. Therefore, many groups or organizations in medical
industry, industrial application, vehicle and riding sports,
film producers, and sports program broadcasting com-
panies are always expected to convey a content to the
spectator in a manner of a holographic image. On the
other hand, the spectator is also looking forward to view-
ing the holographic image. Along with the advancement
of technologies, the implementation of the real-time ho-
lographic image via a manner of computer-generated ho-
lography has become possible. However, the holograph-
ic image includes multiple types of information not pos-
sessed by a conventional two-dimensional (2D) image,
such as an actual imaging distance of each object, a view-
ing angle, and a surface-hidden relationship for reflecting
mutual block between the objects. At present, a technical
solution that well integrates each element possessed by
the holographic image, standardizes a whole processing
procedure and further can improve the storage and con-
version efficiency hasn’t been proposed.
[0003] For the above defects, it is necessary to provide
an imaging method and a data generation method for a
holographic image, and an apparatus that can include
each element of the holographic image well and can fur-
ther improve the efficiency of each link in storage, trans-
mission and conversion.

SUMMARY

[0004] A technical problem to be solved by the present
invention is to provide an imaging method and a data
generation method for a holographic image, and an ap-
paratus that include each characteristic element of the
holographic image and can further improve the efficiency
of each link in storage, transmission and conversion. In
order to solve at least one part of the technical problem
of the present invention, the present invention provides
an imaging method for a holographic image, including
the following steps: step 1: receiving image data, the im-
age data including an image main data and image char-

acteristic data; and step 10: processing the image main
data according to the image characteristic data, gener-
ating the holographic image and outputting the holo-
graphic image.
[0005] According to at least one embodiment of the
present invention, the image characteristic data includes
file characteristic data, frame characteristic data and sub-
frame characteristic data, and the imaging method further
includes the following steps:

step 2: identifying the image main data or the file
characteristic data and the image main data included
in the image data;

step 3: separating the image main data into one or
more pieces of frame data;

step 4: reading the frame data, and identifying a
frame main data or the frame main data and the
frame characteristic data of the frame data;

step 5: separating the frame main data into one or
more pieces of sub-frame data, reading each piece
of sub-frame data, identifying a sub-frame main data
and sub-frame characteristic data of the sub-frame
data, the sub-frame characteristic data including a
first characteristic, and each image element in the
sub-frame main data having the same first charac-
teristic, and extracting the first characteristic; and

step 6: processing the sub-frame main data accord-
ing to the file characteristic data, the frame charac-
teristic data and the sub-frame characteristic data,
generating the holographic image and outputting the
holographic image, the file characteristic data and
the frame characteristic data including a practical
content or excluding the practical content.

[0006] According to at least one embodiment of the
present invention, the step 6 further includes the following
steps:

step 6.1: reading each piece of sub-frame data, and
identifying sub-frame characteristic data and a sub-
frame main data for each piece of sub-frame data;

step 6.2: separating the sub-frame main data into
one or more pieces of branched sub-frame data,
reading each piece of branched sub-frame data,
identifying a branched sub-frame main data and
branched sub-frame characteristic data of the
branched sub-frame data, each image element in
the branched sub-frame data having a same second
characteristic; and

step 6.3: generating the holographic image accord-
ing to the file characteristic data, the frame charac-
teristic data, the sub-frame characteristic data and
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the branched sub-frame characteristic data and out-
putting the holographic image.

[0007] According to at least one embodiment of the
present invention, the image characteristic data includes
one or more of an image distance, a receiving object, an
image angle, a scaling, anhidden-surface relationship,
left and right frames, an image color and light intensity.
[0008] According to at least one embodiment of the
present invention, the image main data is a bitmap, a
vector diagram or a hologram needing to be displayed;
and the bitmap, the vector diagram or the hologram are
encrypted or unencrypted, and compressed or uncom-
pressed.
[0009] According to at least one embodiment of the
present invention, the first characteristic is the color, each
frame main data is separated into multiple pieces of sub-
frame data, and the color of each image element in the
sub-frame data is one type in a spectrum; or
the second characteristic is the color, each sub-frame
main data is separated into multiple pieces of branched
sub-frame data, and the color of each image element in
the branched sub-frame data is one type in the spectrum.
[0010] According to at least one embodiment of the
present invention, the file characteristic data includes
frame identification information, the frame identification
information includes frame length information represent-
ing a length of each piece of frame data, and the image
data is separated into multiple pieces of frame data ac-
cording to the frame length information in the step 3;
and/or
the frame characteristic data includes sub-frame identi-
fication information, the sub-frame identification informa-
tion includes sub-frame length information representing
a length of each sub-frame, and each frame main data
is separated into one or more pieces of sub-frame data
according to the sub-frame length information in the step
5.
[0011] According to at least one embodiment of the
present invention, the sub-frame characteristic data in-
cludes branched sub-frame identification information, the
branched sub-frame identification information includes
branched sub-frame length information representing a
length of each branched sub-frame, and each sub-frame
main data is separated into one or more pieces of
branched sub-frame data according to the branched sub-
frame length information in the step 6.1.
[0012] According to at least one embodiment of the
present invention, the file characteristic data includes
frame identification information, the frame identification
information includes a frame end field, an end of each
piece of frame data has the frame end field, and the image
data is separated into one or more pieces of frame data
according to the frame end field in the step 3; and/or
the frame characteristic data includes sub-frame identi-
fication information, the sub-frame identification informa-
tion includes a sub-frame end field, an end of each sub-
frame has the sub-frame end field, and each frame main

data is separated into one or more pieces of sub-frame
data according to the sub-frame end field in the step 5.
[0013] According to at least one embodiment of the
present invention, the sub-frame characteristic data in-
cludes branched sub-frame identification information, the
branched sub-frame identification information includes a
branched sub-frame end field, an end of each branched
sub-frame has the branched sub-frame end field, and
each sub-frame main data is separated into multiple piec-
es of branched sub-frame data according to the branched
sub-frame end field in the step 6.1.
[0014] According to at least one embodiment of the
present invention, the imaging method provided by the
present invention further includes the following steps:
step 3.1: identifying that the file characteristic data further
includes left-right frame information, the left-right frame
information representing that the frame data in the image
main data belongs to left frame data or right frame data;
and
step 10.1: projecting a sub-frame or a branched sub-
frame of a frame belonging to a corresponding left frame
to a left eye of a user, and projecting the sub-frame or
the branched sub-frame of the frame belonging to a right
frame to a right eye of the user.
[0015] According to at least one embodiment of the
present invention, the method for processing the image
main data, the frame main data and the sub-frame main
data is to generate a corresponding phase distribution
according to the file characteristic data, the frame char-
acteristic data or the sub-frame characteristic data.
[0016] According to at least one embodiment of the
present invention, the phase distribution is loaded to the
image main data, the frame main data and/or the sub-
frame main data and/or the branched sub-frame main
data, and the integrated image data, frame data and/or
sub-frame data and/or branched sub-frame data are out-
put.
[0017] According to at least one embodiment of the
present invention, the imaging method provided by the
present invention further includes the following step: step
3.2: identifying compensation information in the image
data, the compensation information including one or
more of a defocusing coefficient, a spherical aberration
coefficient, a comatic aberration coefficient, an astigmat-
ic coefficient, a distortion coefficient, a field curvature co-
efficient, a lateral chromatic aberration, a position aber-
ration and a higher order aberration.
[0018] According to at least one embodiment of the
present invention, the imaging method provided by the
present invention further includes the following steps:
step 3.3: identifying angle information in the frame char-
acteristic data; and
step 6.3: rotating frame or sub-frame or branched sub-
frame data belonging to same frame data according to
an angle corresponding to the angle information in the
frame characteristic data, and outputting the rotated
frame or sub-frame or branched sub-frame data.
[0019] According to at least one embodiment of the
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present invention, the imaging method provided by the
present invention further includes the following steps:
step 3.4: identifying relevant information included in the
file characteristic data, the relevant information including
one or more of the image data length information, the
compensation information, temperature information,
brightness information, bit depth information, resolution
information, play speed information, single frame data
format information, frame characteristic data length in-
formation, whether to compress and a compression man-
ner, creation time information, whether to encrypt and
encryption manner information; and
step 6.4: adjusting the sub-frame or branched sub-frame
data according to the relevant information.
[0020] According to at least one embodiment of the
present invention, the imaging method provided by the
present invention further includes the following steps:
step 6.5: reading light intensity information in frame char-
acteristic data or sub-frame characteristic data or
branched sub-frame characteristic data; and
when displaying the frame data or the sub-frame data or
the branched sub-frame data, sending the light intensity
information to a light source drive or a light source, and
sending the hologram generated after the processing of
the frame or sub-frame main data or branched sub-frame
main data to a spatial light modulator.
[0021] According to at least one embodiment of the
present invention, at least one part of the characteristic
data is directly converted into the phase distribution to
output to the spatial light modulator.
[0022] According to at least one embodiment of the
present invention, the image data at least includes a
piece of subordinated frame/sub-frame/branched sub-
frame data, and the subordinated frame/sub-
frame/branched sub-frame data only includes difference
information between the subordinated frame/sub-
frame/branched sub-frame data and a previous piece of
frame/sub-frame/branched sub-frame data of the subor-
dinated frame/sub-frame/branched sub-frame data; and
when displaying the subordinated frame/sub-
frame/branched sub-frame data, taking a combination of
frame/sub-frame/branched sub-frame data of the previ-
ous piece of frame/sub-frame/branched sub-frame data
and frame/sub-frame/branched sub-frame data of the
subordinated frame/sub-frame/branched sub-frame data
as the subordinated frame/sub-frame/branched sub-
frame data.
[0023] According to at least one embodiment of the
present invention, the step 1 and/or the step 2 are com-
pleted at a server, and the server sends a result to one
or more clients.
[0024] According to at least one embodiment of the
present invention, the steps 1-6 are completed at the
server, and the server sends the result to one or more
clients.
[0025] According to at least one embodiment of the
present invention, the client sends at least one part of
the file characteristic data and/or the frame characteristic

data to the server; and/or
the client sends the sever the instruction information of
the requirements of generating the image data.
[0026] According to at least one embodiment of the
present invention, at least one step in the steps 1-6 is
completed at the client, and the rest are completed at the
server; and the server sends the result to one or more
clients.
[0027] According to at least one embodiment of the
present invention, the imaging method provided by the
present invention further includes the following steps:
step 1.1: sending, by the client, a video file to the server;
and/or
step 1.2: sending, by the client, a play scenario parameter
to the server; and
step 6.5: optimizing, by the server, the frame data or the
sub-frame data or the branched sub-frame data accord-
ing to the play scenario parameter, and sending an op-
timized hologram generated by the frame data or the sub-
frame data or the branched sub-frame data to the client,
the play scenario parameter including one or more of
display size, resolution, a distance between an image
and a user, a viewing angle, environment light intensity,
surface-hidden information, color information, the com-
pensation information, the scaling, the receiving object,
and the left and right frames.
[0028] According to at least one embodiment of the
present invention, the server is connected to the client
via a wireless or wired manner.
[0029] According to at least one embodiment of the
present invention, the wireless connection is one or more
of Bluetooth, Wireless Fidelity (Wi-Fi), 3rd-Generation
(3G), 4th-Generation (4G) and 5th-Generation (5G).
[0030] According to at least one embodiment of the
present invention, upon the determination that a last
piece of frame data of the image data is displayed com-
pletely and no subsequent input is provided, the current
frame data is displayed cyclically.
[0031] According to at least one embodiment of the
present invention, the holographic image output by the
step 6 is cached and then output to the spatial light mod-
ulator in a color cyclic arrangement manner.
[0032] According to at least one embodiment of the
present invention, the method for processing the image
main data according to the file characteristic data in-
cludes the following steps:

step a: inputting an energy distribution of a target
image, the preset superimposed number of holo-
graphic sub-frames and a preset iteration condition,
or the energy distribution of the target image, the
preset superimposed number of holographic sub-
frames and the preset iteration condition as well as
at least one of an imaging distance, an imaging angle
and the compensation information;

step b: calculating intensity and phase distribution
of a frame/sub-frame/branched sub-frame image
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needing to be displayed;

step c: calculating a hologram or a hologram sub-
frame or a hologram branched sub-frame;

step d: determining whether the iteration condition
is met; if yes, operating the step e; and if no, skipping
to the step g;

step e: calculating a quantized hologram frame or a
quantized hologram sub-frame or a quantized holo-
gram branched sub-frame;

step f: calculating new intensity and phase distribu-
tion according to an image corresponding to the
quantized hologram frame or the quantized holo-
gram sub-frame or the quantized hologram
branched sub-frame and/or intensity and/or phase
distribution and/or compensation information of a
frame/sub-frame/branched sub-frame image need-
ing to be displayed, and skipping back to the step c,
or changing the iteration condition or parameter and
skipping back to the step c;

step g: outputting a corresponding quantized holo-
gram frame/sub-frame/branched sub-frame of a cor-
responding frame/sub-frame/branched sub-frame;

step h: supposing to accumulate the superimposed
number of hologram sub-frames/branched sub-
frames, and resetting the iteration condition;

step i: determining whether the superimposed
number of hologram sub-frames/branched sub-
frames reaches to a preset value; if no, operating
the step j; and if yes, ending the calculation of the
frame or sub-frame image, and waiting for or accept-
ing a next frame or sub-frame image; and

step j: changing the intensity and/or phase distribu-
tion or corresponding parameter of the frame/sub-
frame/branched sub-frame image, and skipping to
the step b.

[0033] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an image data generation method, in-
cluding the following steps:

step 101: extracting a characteristic of an image el-
ement needing to be displayed, and taking the ex-
tracted characteristic as image characteristic data,
the characteristic including one or more of an image
distance, a receiving object, a scaling, a viewing an-
gle, left and right frames, surface-hidden informa-
tion, a color, and light intensity;

step 102: separating the characteristic extracted im-

age element into one or more frames according to a
time sequence, and taking the one or more frames
as an image main data; and

step 130: encapsulating the image main data and
the image characteristic data into image data.

[0034] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: step 103: writing frame identification in-
formation corresponding to a frame data format of to-be-
generated frame data to file characteristic data.
[0035] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following steps: step 104: taking the image element hav-
ing a same first characteristic in each frame as a sub-
frame main data of same sub-frame data, and writing the
first characteristic to the sub-frame characteristic data,
the first characteristic being one or more of the color, the
image distance, the receiving object, the viewing angle,
the scaling, the left and right frames, a surface-hidden
relationship and the light intensity; and
step 105: taking sub-frame data in each frame as a frame
main data, and encapsulating the frame main data and
the frame characteristic data into the frame data.
[0036] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: step 106: writing sub-frame identification
information corresponding to a sub-frame data format of
to-be-generated sub-frame data to frame characteristic
data.
[0037] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following steps: step 106: taking the image element hav-
ing a same second characteristic as a branched sub-
frame main data, and writing the second characteristic
to the branched sub-frame characteristic data, the sec-
ond characteristic is different from the first characteristic
and being one or more of the color, the image distance,
the receiving object, the viewing angle, the scaling, the
left and right frames, the surface-hidden relationship and
the light intensity; step 107: encapsulating the branched
sub-frame main data and corresponding branched sub-
frame characteristic data into one piece of branched sub-
frame data;
step 120: taking a branched sub-frame having the same
first characteristic in each frame as a sub-frame main
data, and encapsulating the sub-frame main data and
corresponding sub-frame characteristic data into one
piece of sub-frame data; and
step 121: taking sub-frame data in each frame as a frame
main data, and encapsulating the frame main data and
the frame characteristic data into the frame data.
[0038] According to at least one embodiment of the
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present invention, the image data generation method
provided by the present invention further includes the
following step: step 108: writing branched sub-frame
identification information corresponding to a branched
sub-frame data format of to-be-generated sub-frame da-
ta to the sub-frame characteristic data, and/or writing
sub-frame identification information corresponding to a
sub-frame data format of to-be-generated sub-frame da-
ta to the frame characteristic data.
[0039] According to at least one embodiment of the
present invention, at least one of the file characteristic
data, the frame characteristic data, the sub-frame char-
acteristic data and the branched sub-frame characteristic
data is phase distribution.
[0040] According to at least one embodiment of the
present invention, a method for converting the file char-
acteristic data, the frame characteristic data, the sub-
frame characteristic data or the branched sub-frame
characteristic data into the phase distribution is to calcu-
late the phase distribution for the current image charac-
teristic data, frame characteristic data, sub-frame char-
acteristic data or branched sub-frame characteristic data,
or invoke the corresponding phase distribution in a preset
phase distribution library according to the file character-
istic data, the frame characteristic data, the sub-frame
characteristic data or the branched sub-frame character-
istic data.
[0041] According to at least one embodiment of the
present invention, the first characteristic is the color, the
color of the sub-frame data is written to the sub-frame
characteristic data in the step 104, and the color of the
image element in the sub-frame data is one of basic pa-
rameters in a color space; or
the second characteristic is the color, the same color is
written to branched sub-frame characteristic data of the
branched sub-frame in the step 104, and the color of
each image element in the branched sub-frame data is
one of the basic parameters in the color space.
[0042] According to at least one embodiment of the
present invention, the first characteristic is the image dis-
tance, the image distance of the sub-frame is written to
the sub-frame characteristic data in the step 104, and
the image distance of each image element in the sub-
frame data is the same; or
the second characteristic is the image distance, the same
image distance is written to branched sub-frame charac-
teristic data of the branched sub-frame in the step 106,
and the image distance of each image element in the
branched sub-frame data is the same.
[0043] According to at least one embodiment of the
present invention, the frame identification information,
the sub-frame identification information or the branched
sub-frame identification information is a length of the
frame data, the sub-frame data or the branched sub-
frame data.
[0044] According to at least one embodiment of the
present invention, the frame identification information,
the sub-frame identification information or the branched

sub-frame identification information is a frame end field
on the end of the frame data, a sub-frame end field on
the end of the sub-frame data or a branched sub-frame
field on the end of the branched sub-frame data.
[0045] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: identifying a left frame image element
needing to be projected to a left eye of a user and a right
frame image element needing to be projected to a right
eye of the user in the image element, writing the left frame
image element to left frame data, writing the right frame
image to right frame data, and writing left-right frame in-
formation on whether each piece of frame data is the left
frame data or the right frame data to the file characteristic
data.
[0046] According to at least one embodiment of the
present invention, the left frame data and the right frame
data are the same in number and are arranged alternately
in the image data.
[0047] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following steps: generating compensation information
according to device and/or user information, the com-
pensation information including one or more of a spher-
ical aberration coefficient, a comatic aberration coeffi-
cient, an astigmatic coefficient, a distortion coefficient, a
field curvature coefficient, a lateral chromatic aberration,
a position aberration, a higher order aberration, a diopter
coefficient and an astigmatic coefficient; and writing the
compensation information to the file characteristic data.
[0048] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: generating angle information for each
frame according to an image needing to be displayed,
and writing the angle information for each frame to frame
characteristic data of corresponding frame data.
[0049] According to at least one embodiment of the
present invention, relevant information of the image
needing to be displayed is written to the file characteristic
data, the relevant information including one or more of
the image data length information, the compensation in-
formation, temperature information, bit depth informa-
tion, brightness information, resolution information, play
speed information, single frame data format information,
frame characteristic data length information, whether to
compress and a compression manner, creation time in-
formation, whether to encrypt and encryption manner in-
formation.
[0050] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: taking total light intensity of a branched
sub-frame main data in each piece of branched sub-
frame data as light intensity information to write to
branched sub-frame characteristic data of the branched
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sub-frame data, and normalizing the branched sub-frame
main data to serve as the branched sub-frame main data;
or
[0051] taking total light intensity of a sub-frame main
data in each piece of sub-frame data as light intensity
information to write to sub-frame characteristic data of
the sub-frame data, and normalizing the sub-frame main
data to serve as the sub-frame main data; or
[0052] taking total light intensity of a frame main data
in each piece of frame data as light intensity information
to write to frame characteristic data of the frame data,
and normalizing the frame main data to serve as the
frame main data.
[0053] According to at least one embodiment of the
present invention, the image data generation method
provided by the present invention further includes the
following step: taking at least one unit as a subordinated
unit, and taking a difference between the subordinated
unit and a previous unit of the subordinated unit as a
content of the subordinated unit; and
the unit is the frame data, the sub-frame data, or the
branched sub-frame data.
[0054] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an apparatus, including: a processor;
and the processor enables, when running, the apparatus
to at least execute one of the above methods.
[0055] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an apparatus, including: a memory, and
a processor; the memory includes a computer code
stored thereon; and the code is configured to enable,
when being run on the processor, the apparatus to at
least execute one of the above methods.
[0056] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides a computer readable medium storing a
computer code thereon; and the computer code is con-
figured to execute, when being run on a processor, one
of the above methods.
[0057] An imaging method, a data generation method
and an apparatus provided by the present invention can
include each characteristic element of a holographic im-
age and can further improve the efficiency of each link
in storage, transmission and conversion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058]

FIG. 1 illustrates a flow diagram of an imaging meth-
od for a holographic image according to an embod-
iment of the present invention.

FIG. 2 illustrates a structural schematic diagram of
holographic image data according to an embodiment
of the present invention.

FIG. 3 illustrates a flow diagram of a data generation
method for a holographic image according to an em-
bodiment of the present invention.

FIG. 4 illustrates a schematic diagram of a hardware
implementation method of an imaging method for a
holographic image according to an embodiment of
the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0059] In order to make the above objectives, charac-
teristics and advantages of the present invention more
apparent and understandable, the specific embodiments
of the present invention will be described below in detail
in combination with the accompanying drawings. Many
particular details are described in the following descrip-
tion for the ease of a full understanding of the present
invention. However, the present invention may further be
implemented in other manners different from those de-
scribed herein. The present invention is not limited by
the following specific embodiment of the present inven-
tion.
[0060] As shown in the description and claims of the
present invention, unless an exceptional case is explicitly
indicated in a context, "a", "an", "one" and/or "the" are
not intended to indicate a singular form, and may also
include a plural form. Generally, terms "include", "includ-
ing", "comprise" and "comprising" only indicate that only
explicitly indicated steps and element are included, and
these steps and elements are not formed into an exclu-
sive enumeration; and a method or a device may also
include other steps or elements.
[0061] First of all, an imaging method for a holographic
image provided by the present invention is illustrated with
an unrestricted example. The imaging method for the ho-
lographic image provided by the present invention in-
cludes two steps. The first step is to receive image data
of the image. The image data further includes an image
main data as a main body of a display content, and image
characteristic data not included by the image main data
in the main body for describing the display content (in-
dependent of the image main data). That is, some com-
mon and independent characteristics in the image data
are received as the characteristic data, and the rest are
received as the image main data. The second step is to
process the image main data according to the received
image characteristic data, generate the holographic im-
age and output the holographic image.
[0062] The imaging method for the image provided by
the present invention will be further illustrated below with
one unrestricted example in conjunction with FIGS. 1-2.
In the current unrestricted example, the imaging method
for the holographic image includes the following steps:

Step 1001: receive image data including an image
content. This step may be implemented at a client.
For example, it may be appropriate that a hand-held
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intelligent device of a user receives data from a net-
work or data generated by a wearable device of the
user, etc. In addition, the meaning of "receive" is gen-
eralized, for example, image data generated by a
single game run in a local personal computer is re-
ceived. It may also be understood that the personal
computer as a display device receives the image da-
ta from itself when displaying the holographic image.
The image data includes an image main data and
image characteristic data. The image characteristic
data may be data in which characteristics of the
whole image data are included and integrated to-
gether, and may also be data in which characteristics
representing a part of content in the image are sep-
arately arranged in the whole image data. Upon the
completion of this step, the image main data may be
directly processed according to the image charac-
teristic data, and the holographic image is generated
and output. The method may also be skipped to the
step 1002.

Step 1002: identify the image characteristic data and
the image main data included in the image data. The
image characteristic data includes sub-frame char-
acteristic data, file characteristic data and frame
characteristic data. Optionally, the file characteristic
data is located at a front end of the image data and
is prior to the image main data. With such an ar-
rangement, the image data is adapted to be sent in
a manner of streaming media. Or the image charac-
teristic data may also be transmitted via a special
hardware circuit, so that the characteristic data may
be independent of the image main data and both the
characteristic data and the image main data are sent
at the same time in the manner of streaming media.
In addition, it can further be allowable that the image
characteristic data only has the sub-frame charac-
teristic data but not the frame characteristic data
and/or file characteristic data.

Step 1003: separate the image main data into one
or more pieces of frame data. In this step, the image
main data may be separated via frame identification
information in the file characteristic data into many
small pieces of frame data that only includes a con-
tent needing to be displayed within a time period.
The information in the frame identification informa-
tion may also be agreed in advance during the design
of hardware and/or software and does not need to
be written down the frame identification information
specially. The image characteristic data does not
contain the frame identification information.

[0063] It is to be noted that, after this step in some
examples, the final step of processing the frame main
data according to the frame characteristic data and out-
putting the frame main data may be executed directly.
However, in the current example, the frame main data is

subjected to the subsequent step 1004, but instead of
directly processing and outputting the frame main data.
In addition, it can further be allowable that the image char-
acteristic data only has the sub-frame characteristic data
and file characteristic data but not the frame character-
istic data.
[0064] Step 1004: read each piece of frame data, and
identify frame characteristic data and frame main data
for each piece of frame data. This step may be similar to
the method in the step 1002.
[0065] Step 1005: first separate the frame main data
into one or more pieces of sub-frame data, and read each
piece of sub-frame data. The method for separating the
frame main data into the sub-frame may be, for example,
to separate each frame main data into one or more pieces
of sub-frame data according to sub-frame identification
information in the frame characteristic data. For the sep-
arated sub-frame, a sub-frame main data and sub-frame
characteristic data for each piece of sub-frame data are
identified, where the sub-frame characteristic data in-
cludes a first characteristic, and each image element in
the sub-frame main data has the same first characteristic;
and the first characteristic is extracted. Herein, the first
characteristic is a combination of one or more of a color,
an image distance, a receiving object, a scaling, a viewing
angle, light intensity, surface-hidden information, and left
and right frames. It is to be noted that the "color" also
has a generalized understanding, may be understood as
red, yellow and blue colors in a Red Green Blue (RGB)
color space, and may also be understood as hue, satu-
ration and brightness in a Hue-Saturation-Brightness
(HSB) color space. Additionally, the information in the
sub-frame identification information may also be agreed
in advance during the design of hardware and/or soft-
ware. Herein, the sub-frame data may not have the sub-
frame identification information and the first characteris-
tic and the sub-frame main data are identified directly.
[0066] Upon the completion of the current step, the
sub-frame main data may be processed according to the
sub-frame characteristic data, or at least one of the sub-
frame characteristic data, the file characteristic data and
the frame characteristic data, and the holographic image
is generated and output. The method may also be
skipped to the step 1006. Besides, the file characteristic
data and the frame characteristic data include a practical
content or not include the practical content. That is, when
both the file characteristic data and the frame character-
istic data not include the practical content, the file char-
acteristic data and the frame characteristic data may only
include a form content and may also be completely inex-
istent, and the sub-frame main data is only processed
according to the sub-frame characteristic data in imaging.
[0067] Step 1006: read each piece of sub-frame data,
and identify sub-frame characteristic data and a sub-
frame main data for each piece of sub-frame data.
[0068] Step 1007: separate the sub-frame main data
into one or more pieces of branched sub-frame data, read
each piece of branched sub-frame data, and identify a
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branched sub-frame main data and branched sub-frame
characteristic data of the branched sub-frame data,
where each image element in the branched sub-frame
data has a same second characteristic, and the second
characteristic is another combination of one or more of
the color, the image distance, the receiving object, the
scaling, the viewing angle, the surface-hidden informa-
tion, the light intensity, and the left and right frames; and
then, extract the second characteristic. Additionally, the
information in the branched sub-frame identification in-
formation may also be agreed in advance during the de-
sign of hardware and/or software. Herein, the branched
sub-frame data may not have the branched sub-frame
identification information and the second characteristic
and the branched sub-frame main data are identified di-
rectly. For example, the resolution is 1920*1080, each
frame includes six sub-frames regularly, the main data
is transmitted via 24 data lines, one row synchronous
data line and one column synchronous data line, three
pixel points are transmitted in each clock cycle, and the
first characteristic is a combination of the distance and
the color, where the color is arranged in a fixed sequence
of RGBRGB, and the distance information is transmitted
via one data line. The six sub-frame main bodies of each
frame main body are transmitted completely within
691200*6 clock cycles, and the distance information of
the first characteristic corresponding to each sub-frame
is transmitted completely within 16 clock cycles upon the
transmission of each sub-frame main body. As frame and
sub-frame data are all transmitted in a format agreed
during the design of hardware and software in the exam-
ple, there is no need to write the corresponding identifi-
cation information specially.
[0069] Step 1008: generate the holographic image ac-
cording to the file characteristic data, the frame charac-
teristic data, the sub-frame characteristic data and the
branched sub-frame characteristic data and output the
holographic image. Similar to the step 1005, the file char-
acteristic data and the frame characteristic data include
the practical content or not include the practical content.
[0070] The sequence of the above steps is not limited,
and it is allowable to change the sequence or delete some
step according to an actual demand or a manner easily
understood by the person skilled in the art.
[0071] In the step 1008, there may be various methods
for processing the image element included in the
branched sub-frame data according to the first charac-
teristic and the second characteristic. Among them, one
optional processing method includes the following steps:

1. Input a target image |pmX
11(x, y) and an initial

phase ΦpmX
i(x, y), the number of iterations R, and

the number of superimposed holographic sub-
frames/branched sub-frames S, and initialize r=1,
s=1.

2. Suppose target intensity and phase distribution. 

3. Calculate a quantized hologram HpmX
sr(ξ,η) =

Q{C(Trans{TpmXsr(x, y)}, Aξη, Pξη, Gξη)}.

4. Determine r<R; if yes, run the step 5; and if no,
skip to the step 8.

5. Calculate an image T’pmXsr =
Trans-1{C-1(HpmX

sr(ξ,η), Aξη, Pξη, Gξη)} generated
by HpmX

sr(ξ,η).

6. Suppose r=r+1.

7. Calculate TpmXsr = l(TpmXs1,TpmXs(r-1), T’pmXs(r-1),
Aξη, Pξη, Gξη), and skip back the step 3.

8. Output a corresponding quantized hologram
HpmX

sr(ξ,η) of a corresponding frame/sub-
frame/branched sub-frame.

9. Suppose s=s+1, reset the r, and suppose r=1.

10. Determine s≤S; if yes, run the step 11; and if no,
end the calculation of the frame/sub-frame/branched
sub-frame image, and wait for or accept a next
frame/sub-frame image.

11. Suppose an energy distribution of the next sub-
frame as IpmXs1 = k(TpmX11, T’pmX1R,
T’pmX2R,...,T’pmX(s-1)R), continue to use or generate
a new ΦpmX

i(x,y), and skip back to the step 2.

[0072] The IpmX11(x,y) is image data of the input frame
or sub-frame or branched sub-frame, the TpmXs1(x,y) is
an intensity distribution, and the ΦpmX

i(x,y) maybe the
phase obtained by iteration of a previous frame of image,
and may also be prestored or obtained in other methods.
The Trans{} and the Trans-1{} are transformation and in-
verse transformation (for example, Fourier transforma-
tion, inverse Fourier transformation, Fresnel transforma-
tion, inverse Fresnel transformation and simulated an-
nealing algorithm and etc.) to generate the hologram cor-
respondingly, the Aξη is illumination light intensity and
phase distribution, the Pξη is characteristic data, the Gξη
is optical compensation data and is configured to com-
pensate aberration (spherical aberration, comatic aber-
ration, astigmation, field curvature, distortion, higher or-
der aberration, lateral chromatic aberration, color chro-
matic aberration, etc.) generated in an optical system
and/or optical aberration (myopia, hyperopia, astigma-
tism, etc.) generated by human eyes, and the C(), C-1()
is function and inverse function relationship for the inten-
sity and phase distribution of the hologram and image
generated after the addition of the compensation data.
The Q{} is a quantitative method (for example, abandon-
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ment intensity, quantization phase distribution, or inten-
sity and phase synthesized by the use of a double-phase
method, quantitative phase distribution, etc.), the
l(TpmXs1, TpmXs(r-1), T’pmXs(r-1), Aξη, Pξη, Gξη) is the rele-
vant operational method of target intensity and phase
distribution TpmXs1 concerning the frame or sub-frame or
branched sub-frame, target intensity TpmXs(r-1) for previ-
ous iteration, actual previous intensity and phase distri-
bution T’pmXs(r-1) and optical compensation data, imaging
distance data and etc.. The equation IpmXs1 = k(TpmX11,
T’pmX1R, T’pmX2R,..., T’pmX(s-1)R) indicates that the target
energy distribution corresponding to each holographic
branched sub-frame is associated with the previously
generated holographic sub-frame/branched sub-frame
(holographic sub-frame/branched sub-frame corre-
sponding to a sub-frame or branched sub-frame of the
corresponding data), and the k() is the corresponding
function relationship.
[0073] The sequence of the above steps is not limited,
and the sequence may be subjected to change or deletion
according to an actual demand or a manner easily un-
derstood by the person skilled in the art.
[0074] In addition, the frame/sub-frame/branched sub-
frame of the hologram may also not be completely in one-
to-one correspondence with the frame/sub-
frame/branched sub-frame of the image. Theoretically,
a picture of hologram may include all information (includ-
ing various imaging distances and angles, etc.) of a dis-
play image and the implementation in a manner of quickly
overlapping multiple sub-frames or branched sub-frames
in time turns out to be unnecessary. For example, 10
branched sub-frames in one sub-frame of the image re-
spectively represent image elements at different imaging
distances, so when the hologram is calculated, only one
frame of hologram sub-frame (only having one branched
sub-frame or no branched sub-frame) including 10 ele-
ments at different imaging distances may be generated,
that is, one frame of hologram sub-frame (without 10
branched sub-frames) may include all characteristic in-
formation in the image elements in actual display. In the
above example, the hologram sub-frame (only including
one branched sub-frame) may be obtained via direct cal-
culation; or 10 hologram sub-frames corresponding to
images at different distances may be calculated first and
are not output actually; and the 10 hologram sub-frames
are processed (for example, in a manner of overlapping
intensity and/or phase) into one hologram sub-frame (on-
ly including one frame of hologram sub-frame) and then
output.
[0075] According to the method shown in FIG. 1 and
the foregoing variation solution thereof, the image data
structure shown in FIG. 2 or the foregoing variation so-
lution thereof may be subjected to decapsulation and
then processed to display. In addition, according to the
method shown in FIG. 1 and the foregoing variation so-
lution thereof, the image data of other structures including
the image content may also reorganized in light of the
image data structure shown in FIG. 2 and the foregoing

variation solution to display.
[0076] With such an arrangement manner, the color,
image distance and angle of each frame or sub-frame or
branched sub-frame are recorded, and are recorded at
a relatively uniform position to form a uniform criterion,
thus improving the efficiency in extraction. On the other
hand, image contents having similar characteristics may
be recorded together, and displayed one by one accord-
ing to a time sequence in display, thus improving the
transmission efficiency, and reducing the switching fre-
quency of a display device among different image dis-
tances and colors; and therefore, the requirement on
hardware in display is low and the relatively good display
effect is achieved.
[0077] In the above example, the difference of the
frame, sub-frame and branched sub-frame for the viewer
lies in: for the viewer, each frame is a picture of integral
image seen at some moment (although a sub-frame im-
age actually may be a quick switch in time, and makes
the viewer consider that what he/he sees are different
portions of a same picture of image but not multiple pic-
tures of different images in time by means of persistence
of vision of human eyes), and the sub-frame and the
branched sub-frame are different characteristic elements
in this image. Nevertheless, by virtue of superposition in
a space at a same moment, and/or quick superposition
at different moments (with the use of the persistence of
vision of the human eyes), it is considered by the viewer
that this is a frame of integral image.
[0078] It is to be noted that the above are merely the
illustration for the optional example of the imaging meth-
od provided by the present invention. Many steps of the
imaging method provided by the present invention may
have various implementation manners, and will be further
described below in some unrestricted examples.
[0079] According to one unrestricted example, the file
characteristic data includes one or more of an image dis-
tance representing a position of an image element in im-
aging, a receiving object representing which user will re-
ceive, a viewing angle representing an angle formed be-
tween the image element and a viewer in imaging, an-
hidden-surface for a mutual blocking relationship of the
image element in imaging, left and right frames repre-
senting which frame in the image data is sent to a left
eye and which frame is sent to a right eye, an image
color, and total light intensity of light when the image el-
ement images, and a scaling relationship representing a
scaling relationship between the generated or recorded
image element and the actual displayed image element.
[0080] Additionally, the image main data may be a bit-
map, a vector diagram or a hologram needing to be dis-
played; and the bitmap, the vector diagram or the holo-
gram may be encrypted or unencrypted, and may also
be compressed or uncompressed.
[0081] According to one unrestricted example, the first
characteristic is the color. In the step 1005, each frame
main data is separated into multiple sub-frames, and the
color of each image element in each sub-frame is one
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type in a spectrum. For example, when the RGB color
space is used, each frame main data is separated into
three sub-frames, where the color of the image element
in the first sub-frame is red, the color of the image element
in the second sub-frame is green, and the color of the
image element in the third sub-frame is blue. In the cur-
rent unrestricted example, the second characteristic is
the image distance, that is, the distance between the im-
age and the user in display. For example, in the step
1007, each frame main data is separated into three
branched sub-frames; and the image distances of image
elements in the three branched sub-frames are any dis-
tance in the space respectively, for example, the distanc-
es of three branched sub-frames of a first sub-frame in
a first frame respectively are 0.5 m, 3 m and 20 m, the
distances of three branched sub-frames of a second sub-
frame of the first frame respectively are 0.8 m, 19 m and
5 m, the distances of three branched sub-frames of a
third sub-frame of the first frame respectively are 0.5 m,
19 m and 30 m, the distances of three branched sub-
frames of a first sub-frame of a second frame respectively
are 0.1 m, 15 m and 8 m, the distances of three branched
sub-frames of a second sub-frame of the second frame
respectively are 0.1 m, 15 m and 8 m, and the distances
of three branched sub-frames of a third sub-frame of the
second frame respectively are 0.2 m, 8 m and 10 m, and
so on. In this way, each piece of frame data is separated
into 9 sub-frames. Three colors in the RGB may form
various colors, and the different image distances may be
respectively configured to display a near scenery, a me-
dium-distance scenery and a distant scenery. Good dis-
play effect may be achieved by changing the distance
freely.
[0082] According to another unrestricted example, the
first characteristic is the image distance. For example,
each frame file main data in the step 1005 is separated
into multiple sub-frames, where the image distance of an
image element in a first sub-frame is any distance in 0-1
m, the image distance of the image element in a second
sub-frame is any distance in 1-5 m, and the image dis-
tance of the image element in a third sub-frame is any
distance in 5-20 m to infinity. On the contrary, the second
characteristic is the color. In the step 1007, each sub-
frame main data is separated into three branched sub-
frames, the color of the image element in each branched
sub-frame uses 450 nm blue, 520 nm green and 638 nm
red, and thus the color of each branched sub-frame is
one of the three colors.
[0083] The color information is listed as characteristic
information but not displayed ordinarily and arranged se-
quentially in a general fixed format such as RGB, which
lies in that the holographic display often has some simple
image display requirements on colors. For example, a
set of device having an RGB full-color display function
only has a white pattern for a long time in a video; in such
a case, the original three sub-frame or branched sub-
frame main data main of the RGB may be combined into
one sub-frame or branched sub-frame main data, and

only that an R color, a G color and a B color is labeled in
the characteristic information describing the color of the
main data; and in this way, the requirement on storage
and transmission may be reduced. Furthermore, in some
cases, it may also be appropriate to only calculate a holo-
gram of one color (such as the G color); the hologram is
directly or simply processed to output as the hologram
for other colors (such as the R color and the B color); and
under the irradiation of different light sources, a white
image is synthesized; and therefore, the computation
burden may further be reduced greatly.
[0084] Besides, as the holographic display uses inter-
ference and diffraction principles of the light for imaging,
and the spatial light modulator has different diffraction
angles for different optical wavelengths in fact, so in order
to simplify the subsequent computation when the holo-
gram is generated, or reduce the cost and design difficulty
of optical hardware, the resolution of each color image
may also be set to be different, and the resolution corre-
sponding to each color sub-frame is written to the file
characteristic data.
[0085] On the other hand, in the step 1003, the specific
method for separating the whole image data into multiple
pieces of frame data according to the frame identification
information in the file characteristic data may be diverse,
and will be further described below with some unrestrict-
ed examples.
[0086] According to one unrestricted example, the
frame identification information in the file characteristic
data includes frame length information representing a
length of each piece of frame data. For example, the
frame length information may be that "the length of each
piece of frame data is 1 MB". In the step 1003, the image
main data in the image data may be separated at a length
of 1 MB according to the frame length information to ob-
tain the frame data. The same method may also be avail-
able to separate the frame data into the sub-frame data
and separate the sub-frame data into the branched sub-
frame data. The advantage lies in that each piece of
frame, sub-frame and branched sub-frame data has a
determined length and is processed easily. According to
another unrestricted example, the frame identification in-
formation in the file characteristic data includes a special
frame end field. For example, the frame identification in-
formation includes an "OXFF" frame end field. Mean-
while, an end of each piece of frame data has the frame
end field in the image data. In the step 1003, the image
data may be separated into multiple frames according to
the frame end field. The method may also be applicable
to the steps of separating the frame data into the sub-
frame data and separating the sub-frame data into the
branched sub-frame data.
[0087] In addition, the number of sub-frames and/or
branched sub-frames and/or characteristic information
in each piece of frame data may be changeable, for ex-
ample, the first frame includes three sub-frames, the first
sub-frame includes one branched sub-frame, the second
sub-frame includes five branched sub-frames and the
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third sub-frame includes 20 branched sub-frames, the
second frame includes five sub-frames, and the first sub-
frame includes three branched sub-frames, etc. The rel-
evant number of frames and the characteristic informa-
tion may be written to the frame, sub-frame and branched
sub-frame identification information.
[0088] The variation of the imaging method provided
by the present invention in other aspects further includes:
according to one unrestricted example, the step 1004
further includes: identify left-right frame information in the
file image characteristic information. The left-right frame
information represents that each piece of frame data in
the image main data belongs to left frame data or right
frame data. For example, the left-right frame information
may be that "the odd number of frame data is the left
frame data and the even number of frame data is the
right frame data". The identification of the left-right frame
information can express the data to which each piece of
frame data belongs. In the current example, the step 1007
correspondingly includes: project a branched sub-frame
of a frame belonging to a left frame to a left eye of a user,
and project the branched sub-frame of the frame belong-
ing to a right frame to a right eye of the user. The left and
right frame data often are data main bodies having a sub-
tle difference, and correspond to subtle angular differ-
ences when the viewer views the scenery displayed in
the frame. As the difference between the left and right
frame data is very tiny usually, the left and right frames
may also be recorded in a manner of a subordinated
frame, for example, the left frame is a main frame, the
right frame is a subordinated frame and what recorded
is difference data with a left frame of image. Additionally,
the left and right frames may further be separated into
multiple left and right frame pairs, and different left and
right frame pairs are respectively projected to multiple
users located at different viewing angles. For example,
the left and right frames are separated into three left and
right frame pairs, the left and right frame pairs 1 are pro-
jected to the viewer located at -20°, the left and right
frame pairs 2 are projected to the viewer located at 0°,
and the left and right frame pairs 3 are projected to the
viewer located at 10°.
[0089] According to one unrestricted example of the
present invention, the data may further include multiple
left and right frames at different angles, for example, three
users are respectively located at viewing positions of
-35°, 1° and 50°, the left-right frame information is further
divided into left and right frames 1, left and right frames
2, and left and right frames 3, and after corresponding
holograms are generated upon the completion of the
processing of the processing module, the left and right
frames 1, 2, 3 are respectively projected to the users
located at different positions. The projection may be re-
spectively sent via a server to terminal devices 1, 2, 3
worn by the three users after a relevant hologram is gen-
erated, so that the clients can see different angles of the
image; and furthermore, when the users move, the angle
at which each user views the image also changes in real

time via the received change in angle and distance pa-
rameter. With such a protection, all frames (frames 1, 2,
3) are displayed on a set of special holographic display
device, and the image at the three angles are respectively
guided to eyes of the three users. The server can be
connected to the client via a wireless or wired manner.
Optionally, the wireless connection is one or more of
Bluetooth, Wi-Fi, 3G, 4G and 5G.
[0090] According to one unrestricted example of the
present invention, the frame characteristic data further
includes compensation information to compensate the
displayed image. Correspondingly, the step 1003 further
includes: identify compensation information in the file
characteristic data. The compensation information in-
cludes one or more of a spherical aberration coefficient,
a comatic aberration coefficient, an astigmatic coeffi-
cient, a distortion coefficient, a field curvature coefficient,
a lateral chromatic aberration, a position aberration, a
higher order aberration, a diopter coefficient and an as-
tigmatic coefficient. The compensation information may
be, for example, generated according to the imaging de-
vice and user information associated with a condition of
the user. Furthermore, the compensation information
may also be generated jointly according to multiple piec-
es of information.
[0091] According to one unrestricted example, the
method for processing the image main data, the frame
main data and the sub-frame main data may be carried
out by the use of operation associated with phase distri-
bution. The specific method is to first convert the file char-
acteristic data, the frame characteristic data or the sub-
frame characteristic data into a corresponding phase dis-
tribution matrix, and use the phase distribution matrix
when the image main data, the frame main data and the
sub-frame main data are processed.
[0092] It is to be noted that the phase data may be the
characteristic data such as the image distance and angle,
may also be the compensation information such as one
or more of a user short sightedness condition (diopter,
astigmatism, etc.), aberration of an optical system and
screen size, or may further be a combination of the char-
acteristic data and the compensation information. The
phase data may also be generated according to the
above data. The characteristic data is associated with
the display content and thus changes from time to time.
The compensation information is mainly associated with
a relatively fixed factor such as a play scenario, a play
device and a viewer, and thus keeps unchanged basically
in the whole imaging process. The characteristic data
and the compensation information may be compensated
after the hologram, kinoform or vector diagram is gener-
ated by using the main data and the final hologram, kino-
form or vector diagram obtained by the calculation with
the characteristic data and the compensation information
is output to display, and the relevant characteristic data
and the compensation information may also be generat-
ed into a phase matrix and calculated together with the
main data, and the final hologram, kinoform or vector
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diagram is generated directly. The method for converting
the characteristic data and/or the compensation informa-
tion into the phase distribution matrix may use a Zernike
polynomial or a Seidel polynomial.
[0093] The method for processing the image main da-
ta, the frame main data and the sub-frame image data
by using the phase distribution of the characteristic data
and/or the compensation information may be to load the
phase distribution to the image main data, the frame main
data and the sub-frame main data, and output the inte-
grated image data, frame data, sub-frame data or
branched sub-frame data. The loading method is to con-
vert the phase distribution matrix obtained in the forego-
ing step into a size identical to a matrix of the image main
data, and then perform four fundamental operations of
corresponding points on the image data or a matrix of a
corresponding hologram thereof and the phase distribu-
tion matrix. For example, the corresponding points are
subjected to the same addition, subtraction, multiplica-
tion and division. The combined matrix is transmitted to
the spatial light modulator, so that the expected image
may be displayed. Specifically, the addition, subtraction,
multiplication and division on the corresponding points
are determined by a specific condition.
[0094] According to one unrestricted example, what re-
corded as the characteristic information and/or the com-
pensation information in the corresponding characteristic
data of the frame/sub-frame/branched sub-frame is the
corresponding phase distribution information. For exam-
ple, the phase distribution corresponding to the distance
information is recorded in first characteristic information
of the sub-frame as the characteristic information, so
when the hologram is generated to display, the phase
distribution is used to directly operate with the hologram
and the generation of corresponding phase information
turns out to be unnecessary; and therefore, the compu-
tation burden is reduced, and the system power con-
sumption is lowered.
[0095] Similarly, an example of compensation will be
used to describe how to process the characteristic data
into the main data to generate the hologram.
[0096] The HpmR

ξη is an uncompensated frame/sub-
frame/branched sub-frame of the hologram, and the holo-
gram which is compensated and added with the charac-
teristic information is H’pmRξη = C(HpmR

ξη, Aξη, Pξη, Gξη),
where the Aξη is illumination light intensity and phase
distribution, the Gξη = g(ξ,η,x’,y’,θ) is the compensation
information, the ξ,η is a corresponding frequency domain
coordinate on the spatial light modulator and the x’, y’ is
the size of a stop in an optical system. The C() is a map-
ping or inverse mapping relationship for intensity and
phase distribution of the hologram after the compensated
data is generated, and is determined by the adopted spe-
cific algorithm and processing capacity of hardware. Al-
ternatively, Gξη = g(ξ,η,x’,y’,θ,D,a,e1,e2,e3,...), where the
D is a degree for short sightedness or far sightedness of
the viewer, the a is an astigmatic degree, the e1,e2,e3,...
are other optical aberration coefficients such as a defo-

cusing coefficient, a spherical aberration coefficient, a
comatic aberration coefficient, an astigmatic coefficient,
a distortion coefficient, a field curvature coefficient, a lat-
eral chromatic aberration, a position aberration, a higher
order aberration, a diopter coefficient and an astigmatic
coefficient, and the g() is a functional relationship. The
Pξη = f(ξ,η,d,θ) is intensity and/or phase distribution cor-
responding to the characteristic information, the d is an
imaging distance, the θ is a viewing angle, the f() is a
corresponding mapping relationship, and the g(),f() may
be different mapping relationships according to different
algorithms or optical systems.
[0097] According to one unrestricted example, all or a
part of compensation information and/or all or a part of
characteristic information and phase distribution thereof
may further be directly output to the spatial light modu-
lator, and the corresponding main data and the other part
of compensation information and/or characteristic infor-
mation may be output to another display device (such as
an OLED, an LCoS and a DMD screen). The advantage
lies in that the main data displayed on the other display
device may not be subjected to the calculation of the
hologram and thus the operation is simplified; and in
some cases, the better display effect may be achieved.
[0098] According to one unrestricted example, the
frame/sub-frame/branched sub-frame characteristic da-
ta further includes angle information, so that the image
element may be optimized for the viewer at different an-
gles. For example, the step 1004 further includes: identify
information representing a mapping angle of the frame
in the frame characteristic data. The mapping angle may
be a combination of one or more of any angles. In the
step 1007, the sub-frame/branched sub-frame data be-
longing to the same frame data is rotated first according
to the angle information of the frame data, and the rotated
branched sub-frame data is used for displaying. Similar
to the compensation, the rotating step may also be im-
plemented in various manners.
[0099] According to one unrestricted example, the
frame/sub-frame/branched sub-frame characteristic da-
ta further includes surface-hidden information, so that
the image element can correctly embody a fore-and-aft
relationship in the space. For example, a frame of image
includes two sub-frames, the main body data of a sub-
frame 1 includes a square and is located at a 2 m place
of the viewer, and the main data of a sub-frame 2 is a
non-transparent triangle and is located at a 1 m place of
the viewer; and in actual display, the bottom right corner
of the square located on a rear side is shielded by the
triangle located on a front side and cannot be seen, and
the pixel coordinate of a shielded portion of the square
is recorded according to an angle in the hidden relation-
ship in the sub-frame 1; and when the hologram is gen-
erated actually, the image for this portion of the sub-frame
1 is removed, and is no longer displayed in final output.
Correspondingly, the step 1004 further includes: identify
hidden information corresponding to the frame data in
the characteristic data. In the step 1007, the main data
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belonging to the same frame/sub-frame/branched sub-
frame data are processed according to the hidden infor-
mation of the frame/sub-frame/branched sub-frame, the
shielded portion is removed, and the frame/sub-
frame/branched sub-frame data after removing the
shielded portion is used for processing to display.
[0100] In addition, according to one unrestricted exam-
ple, the file characteristic data further includes other rel-
evant information. The relevant information may include:
one or more of the image data length information, the
compensation information, temperature information,
brightness information, bit depth information, resolution
information, play speed information, single frame data
format information, frame characteristic data length in-
formation, whether to compress and a compression man-
ner, creation time information and encryption manner in-
formation. In output, the output data may be adjusted
according to the information. The temperature informa-
tion may record a service temperature of the device in
work, so that a temperature control system (if any) in the
system controls a working temperature of the device with-
in an appropriate range.
[0101] According to one unrestricted example, the sub-
frame characteristic data further includes light intensity
information, and the content in the sub-frame main data
is distribution of image light intensity. When the sub-
frame is displayed, the light intensity information read
from the sub-frame characteristic data is sent to a light
source or a light source drive, and the hologram gener-
ated by the sub-frame main data is sent to the spatial
light modulator. Such an arrangement lies in: for the mod-
ulated light intensity and phase distribution of the holo-
gram, the light energy is guided to a required place via
interference and diffraction principles in imaging, and the
undesired light is not shielded like a common display
technology does for imaging; all light intensities are gath-
ered to a displayed image content by the spatial light
modulator (that is, for the hologram, there is no difference
between the image all having the gray scale of 1 and the
image all having the gray scale of 255), and it is necessary
to adjust total output of the light source to adjust total
brightness; and in this sense, the light intensity informa-
tion is required to be written to the sub-frame character-
istic data.
[0102] According to one unrestricted example, the
main data of the frame/sub-frame/branched sub-frame
is the vector diagram, for example, the main data of one
branched sub-frame records vertex coordinates of 100
triangles and filled texture information thereof. In actual
processing, the vector diagram is calculated first to gen-
erate a corresponding bit map and then the hologram is
generated. The advantage lies in that the vector diagram
is not distorted for any zooming and angle rotating; and
when the vector diagram is corresponding to different
characteristic information, the better display quality can
be achieved. Alternatively, it may also be appropriate to
first generate holograms corresponding to 100 triangles
and then operate all relevant holograms (for example,

accumulated holograms in the frequency domain) to ob-
tain a final output image.
[0103] According to one unrestricted example, the
main data of the frame/sub-frame/branched sub-frame
is the hologram, for example, the main data of one
branched sub-frame records the hologram of a flower
vase. In actual processing, only the characteristic infor-
mation and/or compensation information are operated
with the existing hologram, for example, the imaging dis-
tance of the flower vase is adjusted to 1 m according to
the characteristic information, the angle is adjusted to
10° with the center and the size is scaled to be 95% of
the original size. The recalculation for generating the
hologram of a target image turns out to be unnecessary,
only the calculation of the characteristic information or
compensation information is carried out, the computation
burden may be greatly reduced, the efficiency is im-
proved, and the power consumption is reduced.
[0104] According to one unrestricted example, at least
one part of frame data included in the image data is the
subordinated frame. The subordinated frame only
records difference information with the previous frame.
The difference information may be the frame/sub-
frame/branched sub-frame main data, and/or the char-
acteristic information. In display, the combination of the
branched sub-frame data of the previous frame and the
difference information and the branched sub-frame data
as a current frame are displayed. If multiple continuous
frames are the subordinated frames, the branched sub-
frame finally displayed by the previous frame is taken as
the previous frame to combine with the difference infor-
mation included in the current frame, and then the com-
bined branched sub-frame is displayed. Therefore, the
size of the image data may be small, and the transmission
bandwidth is saved. Additionally, for some images with
a small difference, the hologram corresponding to the
previous frame/sub-frame/branched sub-frame may be
directly processed to obtain the hologram needing to be
displayed by this frame, and thus the computation burden
is reduced.
[0105] According to one unrestricted example, a part
or all of the foregoing steps 1002-1008 may be operated
at the server to further reduce the load of local hardware.
Specifically, after the image data needing to be displayed
is generated at the client, the image data may be sent to
the server first. Furthermore, the client further sends a
play scenario parameter such as display size, a display
distance, a viewing angle, environmental light intensity
information and other information to the server. The serv-
er may execute the tasks of the steps 1002-1008 accord-
ing to the information. Upon the completion of the tasks,
the server processes the frame/sub-frame/branched
sub-frame data according to the play scenario parameter
and sends the processed sub-frame/branched sub-
frame of the hologram directly used for displaying to the
client. Optionally, when the hologram corresponding to
a last piece of frame data is displayed completely, the
determination on whether subsequent input is present is
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made; and in case of no subsequent input, the hologram
corresponding to the last piece of frame data is displayed
continuously.
[0106] Certainly, the client may also send the file char-
acteristic data and/or frame characteristic data to the
server (the characteristic data may be obtained via a sen-
sor of the client, such as a camera, a Global Positioning
System (GPS), a light intensity sensor, a gyroscope and
an accelerometer), so that the server processes the im-
age main data and/or frame main data according to the
file characteristic data and/or frame characteristic data.
Alternatively, in other unrestricted examples, the client
may send instruction information requiring the server to
generate the image data to the server; and after the im-
age data is processed by the server, it is sent back to the
client to display. Additionally, the server may receive rel-
evant data or instruction from multiple clients, and may
also send the relevant data or instruction to more than
one client.
[0107] Optionally, the client further sends the play sce-
nario parameter to the server when sending an image
file to the server. The play scenario parameter includes
one or more of display size, a distance between an image
of a display and a user, resolution, a viewing angle, a
scaling, environmental light intensity, image surface-hid-
den information and color information. The server opti-
mizes the sub-frame data or branched sub-frame data
according to the play scenario parameter, and sends the
optimized hologram generated by the sub-frame or
branched sub-frame data to the client.
[0108] The specific method for displaying the
frame/sub-frame/branched sub-frame data may be di-
verse, For example, one optional method is to cache a
certain number of sub-frame/branched sub-frame data
first and then output the data to the spatial light modulator
in a color cyclic arrangement manner. For example, a
sequence of a red branched sub-frame, a green
branched sub-frame, a blue branched sub-frame and a
next red branched sub-frame is used to display in an
RGB color space so as to achieve the better color com-
bination effect. It may also be appropriate that the
branched sub-frames of three colors in the RGB are re-
spectively and simultaneously output to three spatial light
modulators, and the required colors are output and dis-
played simultaneously via a color combination light path.
[0109] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an imaging apparatus for a holographic
image. The apparatus includes a memory and a proces-
sor. The memory may be a hard disk, a flash memory,
an internal memory, etc.; and the processor may be a
universal processor (such as a Central Processing Unit
(CPU) and a Graphic Processing Unit (GPU)), and may
also be an Application Specific Integrated Circuit (ASIC)
or a Field Programmable Gate Array (FPGA), etc. The
memory stores a computer code; and the processor ex-
ecutes, when running the computer code stored on the
memory, the imaging method for the holographic image

mentioned above. It may also be appropriate to develop
the imaging method for the holographic image into hard-
ware via the ASIC; and therefore, the memory does not
need to store the computer code in some cases.
[0110] Furthermore, in order to solve at least one part
of the technical problem of the present invention, the
present invention further provides a computer readable
medium storing a computer code thereon. The readable
medium may be an optical disc, a hard disk, a flash mem-
ory, etc. The computer code stored on the computer read-
able medium is configured to execute, when a processor
runs the code, the above-mentioned imaging method for
the holographic image.
[0111] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides a dynamic data generation method for
a holographic image, which will be described below with
reference to FIG. 3. The data generation method for the
holographic image provided by the present invention in-
cludes the following steps: Step 2001: extract a charac-
teristic of an image element needing to be displayed, and
take the extracted characteristic as a file characteristic
data, the characteristic including one or more of an image
distance, a receiving object, a viewing angle, a scaling,
left and right frames, hidden information, a color, and
light intensity.
[0112] Step 2002: separate the characteristic extract-
ed image element into one or more frames according to
a time sequence, and take the one or more frames as an
image main data.
[0113] Step 2003: write frame identification information
corresponding to a frame data format of to-be-generated
frame data to file characteristic data. The method and
objective for separating all elements needing to be dis-
played according to time are approximately identical to
the method and objective for separating a common pla-
nar video into frames. The objective of writing the frame
identification information corresponding to the frame data
format of the to-be-generated frame data to the file char-
acteristic data is to correspond each frame made in a
subsequent step to the identification information in this
step. The file characteristic data is completed in advance,
so that the whole image data is transmitted in a manner
of streaming media. In addition, the information (for ex-
ample, the data format) in the frame identification infor-
mation may also be agreed in advance during the design
of hardware and/or software and does not need to be
written to the frame identification information specially.
In this sense, the step 2003 may be omitted. For example,
the resolution of the image is 1024*1024, the main data
is transmitted via eight data lines, one row synchronous
data line and one column synchronous data line, one
pixel is transmitted in each clock cycle, the characteristic
is a combination of a distance and an angle, and the
distance and the angle are respectively transmitted via
one independent data line. Each frame main data is trans-
mitted completely within 1024*1024 clock cycles, and the
distance and angle information of the characteristic cor-
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responding to each frame is transmitted completely with-
in 24 clock cycles upon the transmission of each frame
main data. As the frame data are all transmitted in a for-
mat agreed during the design of hardware and software
in the example, there is no need to write the frame iden-
tification information specially, and thus the step 2003
may be omitted.
[0114] It is to be noted that the step 2020 of arranging
one or more pieces of frame data into the image main
data according to the time sequence, and encapsulating
the image main data and the file characteristic data into
the image data may be directly executed after this step
in some examples. However, in the current example, the
method is skipped to the step 2004 upon the completion
of this step.
[0115] Step 2004: write sub-frame identification infor-
mation corresponding to a sub-frame data format of to-
be-generated sub-frame data to frame characteristic da-
ta. In addition, the sub-frame identification information
may also be agreed in advance, so that the step 2004 is
omitted like the step 2003.
[0116] Step 2005: write branched sub-frame identifi-
cation information corresponding to a branched sub-
frame data format of to-be-generated branched sub-
frame data to sub-frame characteristic data. In addition,
the branched sub-frame identification information may
also be agreed in advance, so that the step 2005 is omit-
ted like the steps 2003 and 2004.
[0117] Step 2006: take the image element having
same first characteristic and second characteristic in
each frame as a branched sub-frame main data of same
branched sub-frame data, and write the second charac-
teristic to the branched sub-frame characteristic data, the
second characteristic being a combination of one or more
of the color, the image distance, the receiving object, the
scaling, the viewing angle, the light intensity, the hidden
information and the left and right frames, and the first
characteristic being another combination of one or more
of the color, the image distance, the receiving object, the
scaling, the viewing angle, the light intensity, the hidden
information and the left and right frames. The meanings
of the color, the image distance, the viewing angle and
the like are no longer repeated herein. The significance
of this step lies in that the required image and correspond-
ing characteristic parameters thereof can be encapsulat-
ed according to a uniform data format, and thus the image
element having the same characteristic can be proc-
essed and displayed once for all or in sequence.
[0118] Step 2007: encapsulate the branched sub-
frame main data and corresponding branched sub-frame
characteristic data into one piece of branched sub-frame
data.
[0119] Step 2008: take the branched sub-frame having
the same first characteristic in each frame as a sub-frame
main data, and write the first characteristic to the sub-
frame characteristic data, the first characteristic being
one or more of the color, the image distance, the receiving
object, the scaling, the viewing angle, the left and right

frames, a hidden relationship and the light intensity and
different from the second characteristic.
[0120] Step 2009: encapsulate the sub-frame main da-
ta and corresponding sub-frame characteristic data into
one piece of sub-frame data.
[0121] Step 2010: take sub-frame data in each frame
as a frame main data, and encapsulate the frame main
data and the frame characteristic data into the frame data.
[0122] Certainly, the level of the branched sub-frame
may also be omitted, and the element having the same
first characteristic is directly encapsulated into the sub-
frame main data. According to the above content, the
method is not conceived difficultly and thus will not be
repeated thereto.
[0123] Further, the image generation method may also
be predefined on a hardware device, such as a length of
each frame, and a specific parameter represented by the
first characteristic of the sub-frame. In this way, there is
no need to generate the header data. A data stream of
a to-be-displayed content and a data stream of corre-
sponding characteristic information are generated direct-
ly according to an agreed format on the device in actual
application, and transmitted to a processing module to
be processed to output and display.
[0124] The specific implementation device for the
above steps may also be diverse, for example, the file
characteristic data may be modulated on the spatial light
modulator together with the image main data, and the
image main data may also be modulated on other chips
(such as OLED, LCoS or DMD). Furthermore, the se-
quence of the above steps is not fixed, and it is allowable
to change the sequence or delete a relevant step accord-
ing to a manner easily known by the person skilled in the
art.
[0125] According to the method shown in FIG. 3, the
image data including a dynamic image content may be
converted into a dynamic image data structure shown in
FIG. 2.
[0126] It is to be noted that the above example is merely
the illustration of the optional example for the generation
of the image data provided by the present invention.
Many steps for the generation of the image data provided
by the present invention may have various implementa-
tion manners:
[0127] First of all, similar to the imaging method, the
first characteristic may be the color, the image distance,
the receiving object, the scaling, the left and right frames,
the hidden information, the light intensity or the viewing
angle. The corresponding second characteristic may be
the image distance, the receiving object, the scaling, the
left and right frames, the hidden information, the light
intensity, the viewing angle or the color.
[0128] Next, similar to the imaging method, the frame
identification information may be the frame length infor-
mation, and may also be the frame end field; and this is
also a similar case for the sub-frame identification infor-
mation and the branched sub-frame identification infor-
mation.
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[0129] Moreover, according to one unrestricted exam-
ple, when the image data is generated, a left frame image
element needing to be projected to a left eye of the user
and a right frame image element needing to be projected
to a right eye of the user may be identified first in the
image element. Herein, the "identification" should have
a generalized understanding, that is, the calculation of a
same element as the left frame image element and the
right frame image element should also be understood as
the "identification" of the left frame image element and
the right frame image element. Therefore, it may be ap-
propriate to write the left frame image element to left
frame data and write the right frame image element to
right frame data, so that the left frame image element is
finally projected to the left eye of the user, and the right
frame image element is finally projected to the right eye
of the user. Meanwhile, the left-right frame information
on whether each piece of frame data is the left frame
data or the right frame data is written to the file charac-
teristic data, so that whether each piece of frame data is
the left frame data or the right frame data may be iden-
tified in imaging. Optionally, the left frame data and the
right frame data may be the same in number and ar-
ranged alternately, and the relevant information may be
agreed in advance and does not need to be written to
the file characteristic data.
[0130] According to one unrestricted example, when
the dynamic image data is generated, each frame of com-
pensation information may be generated according to
hardware and/or a viewer of the device. The compensa-
tion information may include one or more of a spherical
aberration coefficient, a comatic aberration coefficient,
an astigmatic coefficient, a distortion coefficient, a field
curvature coefficient, a lateral chromatic aberration, a po-
sition aberration and a higher order aberration. The com-
pensation information may further include a degree of
short sightedness/far sightedness, a degree of astigma-
tism and the like of glasses of the viewer. After the com-
pensation information is generated, the compensation
information is written to the corresponding file character-
istic data. The compensation information may be gener-
ated according to information of a play device, and may
also be generated according to a play scenario param-
eter or generated according to the viewer. Furthermore,
a part of compensation information may also not be in-
tegrated into the image data, and is input dynamically at
each time of play, for example, as the degree of short
sightedness for eyes of each viewer may be different,
the image data does not record the compensation infor-
mation associated with the degree of short sightedness
of the viewer but relevant compensation information gen-
erated according to input information of the viewer at
each time of play.
[0131] According to one unrestricted example, when
the dynamic image data is generated, each frame of an-
gle information may also be generated according to a
dynamic image needing to be displayed. The angle in-
formation represents a mapping angle formed when the

frame is projected. Each frame of angle information is
written to characteristic information of corresponding
frame data so as to be read when the frame is displayed.
[0132] The selection on the mapping angle may be di-
verse. One optional manner is that all mapping angles
may be adjusted freely in real time and may be any angle
in a space.
[0133] According to one unrestricted example, when
the dynamic image data is generated, other relevant in-
formation of the dynamic image needing to be displayed
may further be written to the file characteristic data. The
relevant information may be one or more of the image
data length information, temperature information, depth
information, resolution information, play speed informa-
tion, single frame data format information, bit depth in-
formation, play speed information, frame characteristic
data length information, creation time information, wheth-
er to compress and how to compress, and whether to
encrypt and an encryption manner information, so that
the information is available in play.
[0134] According to one unrestricted example, when
the dynamic image data is generated, it may further be
appropriate to take total light intensity of a frame/sub-
frame/branched sub-frame main data in each frame/sub-
frame/branched sub-frame data as light intensity infor-
mation to write to image characteristic data of the
frame/sub-frame/branched sub-frame data, and normal-
ize the frame/sub-frame/branched sub-frame main data
to serve as the frame/sub-frame/branched sub-frame
main data, so that there is no need to calculate the total
light intensity or additionally obtain the total light intensity
information in display.
[0135] According to one unrestricted example, when
the dynamic image data is generated, it may further be
appropriate to take at least one frame/sub-
frame/branched sub-frame as a subordinated frame/sub-
frame/branched sub-frame, and take difference informa-
tion between the frame/sub-frame/branched sub-frame
and a previous frame/sub-frame/branched sub-frame of
the frame/sub-frame/branched sub-frame as a content
of the frame/sub-frame/branched sub-frame data. There-
fore, the size of the image data may be small, and the
transmission bandwidth is saved.
[0136] According to one unrestricted example, when
the dynamic image data is generated, it may further be
appropriate that a vector diagram of an image needing
to be displayed is taken as the image main data to store
in a first frame and multiple frames/sub-frames/branched
sub-frames thereafter do not store the image main data
but only change the characteristic information such as
the viewing angle and the distance. The processing mod-
ule generates a frame/sub-frame/branched sub-frame of
the hologram according to the image main data and the
characteristic information of the multiple frames/sub-
frames/branched sub-frames and outputs the frame/sub-
frame/branched sub-frame to display. Therefore, the size
of the image data may be small, and the transmission
bandwidth is saved.
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[0137] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an image data generation apparatus.
The apparatus includes a processor, and may also in-
clude a memory. The memory may be a hard disk, a flash
memory, an internal memory, etc.; and the processor
may be a universal processor and may also be an FPGA,
etc. The memory stores a code; and the processor exe-
cutes, when running the code stored on the memory, the
dynamic data generation method for the holographic im-
age mentioned above.
[0138] Furthermore, in order to solve at least one part
of the technical problem of the present invention, the
present invention further provides a computer readable
medium storing a code thereon. The readable medium
may be an optical disc, a hard disk, a flash memory, etc.
The code stored on the computer readable medium is
configured to enable a processor, when running the code,
the above-mentioned dynamic data generation method
for the holographic image.
[0139] In order to solve at least one part of the technical
problem of the present invention, the present invention
further provides an imaging apparatus for an image. The
apparatus includes a processor (such as an FPGA, or a
customized and developed ASIC chip), and specially im-
plements the above-mentioned imaging method for the
holographic image via a hardware manner. The appara-
tus will be described below with an unrestricted example.
FIG. 4 illustrates a single-color holographic display de-
vice. In the current example, the characteristic data is an
image distance. In the current example, the processing
module is the FPGA. Characteristic information and
branched sub-frame data are respectively input to the
processing module by the use of different pins, and are
synchronized in input time. For example, when the input
sub-frame data is 1, pins for inputting distance data main-
tains to transmit a special voltage level (representing the
distance 1). The processing module combines the dis-
tance 1 and the sub-frame data 1 according to the method
described in the present invention to generate a corre-
sponding hologram or kinoform and output the hologram
or kinoform. When the processing modules finish receiv-
ing the sub-frame data 1 and then starts to receive sub-
frame data 2, the level on pins for receiving the distance
information is to transmit data representing the distance
2, and so on.
[0140] The display device in the above example may
be head-mounted Augmented Reality (AR) glasses, the
image main data comes from own software or a connect-
ed external device thereof (such as a mobile phone, a
personal computer and a telecommunication sever), the
characteristic data may be from an own sensor device
(such as data obtained by a camera via the analysis of
a SLAM method, and data of a laser distance meter, a
gyroscope, an accelerometer, a light intensity sensor and
other sensors) or from a connected external device there-
of (the mobile phone, the personal computer and the tel-
ecommunication sever). The processing module may be

built in the glasses, generates a corresponding hologram
in real time according to the received data, and outputs
and displays images having different imaging distances.
For example, a first frame of image respectively labels
two objects at 0.5 m and 3 m towards a viewer, and the
frame/sub-frame of a corresponding hologram displays
corresponding images at 0.5 m and 3 m, and objects
corresponding to a second frame of image are two ob-
jects at 0.55 m and 4 m, and the frame/sub-frame of a
corresponding second hologram displays corresponding
images at 0.55 m and 4 m. It is to be noted that the
processing module may also be located on an external
device (such as the server, the mobile phone and the
personal computer) to reduce the size of the AR glasses
and lower the power consumption.
[0141] Although the present invention has been de-
scribed with reference to the current specific embodi-
ments, it should be appreciated by the person of ordinary
skill in the art that the above embodiments are merely
for describing the present invention, and various equiv-
alent changes or replacements or deletions may further
be made without departing from the spirit of the present
invention. Therefore, any change and variation of the
above embodiments within a substantial spiritual scope
of the present invention will fall within the scope of the
claims of the present invention.

Claims

1. An imaging method for an image, comprising the fol-
lowing steps:

step 1: receiving image data, the image data
comprising an image main data and image char-
acteristic data; and
step 10: processing the image main data accord-
ing to the image characteristic data, generating
the holographic image and outputting the holo-
graphic image.

2. The imaging method according to claim 1, wherein
the image characteristic data comprises file charac-
teristic data, frame characteristic data and sub-frame
characteristic data, and the imaging method further
comprises the following steps:

step 2: identifying the image main data or the
file characteristic data and the image main data
comprised in the image data;
step 3: separating the image main data into one
or more pieces of frame data;
step 4: reading the frame data, and identifying
a frame main data or the frame main data and
the frame characteristic data of the frame data;
step 5: separating the frame main data into one
or more pieces of sub-frame data, reading each
piece of sub-frame data, identifying a sub-frame
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main data and sub-frame characteristic data of
the sub-frame data, the sub-frame characteristic
data comprising a first characteristic, and each
image element in the sub-frame main data hav-
ing the same first characteristic, and extracting
the first characteristic; and
step 6: processing the sub-frame main data ac-
cording to the file characteristic data, the frame
characteristic data and the sub-frame charac-
teristic data, generating the holographic image
and outputting the holographic image, the file
characteristic data and the frame characteristic
data comprising a practical content or not com-
prising the practical content.

3. The imaging method according to claim 2, wherein
the step 6 further comprises the following steps:

step 6.1: reading each piece of sub-frame data,
and identifying a sub-frame characteristic data
and a sub-frame main data for each piece of
sub-frame data;
step 6.2: separating the sub-frame main data
into one or more pieces of branched sub-frame
data, reading each piece of branched sub-frame
data, identifying a branched sub-frame main da-
ta and branched sub-frame characteristic data
of the branched sub-frame data, each image el-
ement in the branched sub-frame data having a
same second characteristic; and
step 6.3: generating the holographic image ac-
cording to the file characteristic data, the frame
characteristic data, the sub-frame characteristic
data and the branched sub-frame characteristic
data and outputting the holographic image.

4. The imaging method according to claim 1, wherein
the image characteristic data comprises one or more
of an image distance, a receiving object, a viewing
angle, a scaling factor, a hidden-surface, left and
right frames, an image color and intensity.

5. The imaging method according to claim 1, wherein
the image main data is a bitmap, a vector diagram
or a hologram needing to be displayed; and the bit-
map, the vector diagram or the hologram are en-
crypted or unencrypted, and compressed or uncom-
pressed.

6. The imaging method according to claim 3, wherein
the first characteristic is the color, each frame main
data is separated into multiple pieces of sub-frame
data, and the color of each image element in the sub-
frame data is one in the spectrum; or
the second characteristic is the color, each sub-
frame main data is separated into multiple pieces of
branched sub-frame data, and the color of each im-
age element in the branched sub-frame data is one

in the spectrum.

7. The imaging method according to claim 2 or 3,
wherein the file characteristic data comprises frame
identification information, the frame identification in-
formation comprises frame length information rep-
resenting a length of each piece of frame data, and
the image data is separated into multiple pieces of
frame data according to the frame length information
in the step 3; and/or
the frame characteristic data comprises sub-frame
identification information, the sub-frame identifica-
tion information comprises sub-frame length infor-
mation representing a length of each sub-frame, and
each frame main data is separated into one or more
pieces of sub-frame data according to the sub-frame
length information in the step 5.

8. The imaging method according to claim 7, wherein
the sub-frame characteristic data comprises
branched sub-frame identification information, the
branched sub-frame identification information com-
prises branched sub-frame length information rep-
resenting a length of each branched sub-frame, and
each sub-frame main data is separated into one or
more pieces of branched sub-frame data according
to the branched sub-frame length information in the
step 6.1.

9. The imaging method according to claim 2 or 3,
wherein the file characteristic data comprises frame
identification information, the frame identification in-
formation comprises a frame end field, an end of
each piece of frame data has the frame end field,
and the image data is separated into one or more
pieces of frame data according to the frame end field
in the step 3; and/or
the frame characteristic data comprises sub-frame
identification information, the sub-frame identifica-
tion information comprises a sub-frame end field, an
end of each sub-frame has the sub-frame end field,
and each frame main data is separated into one or
more pieces of sub-frame data according to the sub-
frame end field in the step 5.

10. The imaging method according to claim 9, wherein
the sub-frame characteristic data comprises
branched sub-frame identification information, the
branched sub-frame identification information com-
prises a branched sub-frame end field, an end of
each branched sub-frame has the branched sub-
frame end field, and each sub-frame main data is
separated into multiple pieces of branched sub-
frame data according to the branched sub-frame end
field in the step 6.1.

11. The imaging method according to claim 2 or 3, further
comprising the following steps:
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step 3.1: identifying that the file characteristic
data further comprises left-right frame informa-
tion, the left-right frame information representing
that the frame data in the image main data be-
longs to left frame data or right frame data; and
step 10.1: projecting a sub-frame or a branched
sub-frame of a frame belonging to a correspond-
ing left frame to a left eye of a user, and project-
ing the sub-frame or the branched sub-frame of
the frame belonging to a right frame to a right
eye of the user.

12. The imaging method according to claim 2 or 3,
wherein the method for processing the image main
data and/or the frame main data and/or the sub-
frame main data is to generate corresponding phase
distribution according to the file characteristic data
and/or the frame characteristic data and/or the sub-
frame characteristic data.

13. The imaging method according to claim 12, wherein
the phase distribution is loaded to the image main
data and/or the frame main data and/or the sub-
frame main data and/or the branched sub-frame
main data, and the integrated image data and/or
frame data and/or sub-frame data and/or branched
sub-frame data are output.

14. The imaging method according to claim 13, further
comprising the following step:
step 3.2: identifying compensation information in the
image data, the compensation information compris-
ing one or more of a defocusing coefficient, a spher-
ical aberration coefficient, a comatic aberration co-
efficient, an astigmatic coefficient, a distortion coef-
ficient, a field curvature coefficient, a lateral chro-
matic aberration, a position aberration, a higher or-
der aberration, a diopter coefficient and an astigmat-
ic coefficient.

15. The imaging method according to claim 2 or 3, further
comprising the following steps:

step 3.3: identifying angle information in the
frame characteristic data; and
step 6.3: rotating frame or sub-frame or
branched sub-frame data belonging to same
frame data according to an angle corresponding
to the angle information in the frame character-
istic data, and outputting the rotated frame or
sub-frame or branched sub-frame data.

16. The imaging method according to claim 2 or 3, further
comprising the following steps:

step 3.4: identifying relevant information com-
prised in the file characteristic data, the relevant
information comprising one or more of the image

data length information, the compensation infor-
mation, temperature information, brightness in-
formation, bit depth information, resolution infor-
mation, play speed information, single frame da-
ta format information, frame characteristic data
length information, a compression manner, cre-
ation time information and encryption manner
information; and
step 6.4: adjusting the sub-frame or branched
sub-frame data according to the relevant infor-
mation.

17. The imaging method according to any one of claims
1 to 3, further comprising the following steps:

step 6.5: reading light intensity information in
frame data or sub-frame characteristic data or
branched sub-frame characteristic data; and
when displaying the frame data or the sub-frame
data or the branched sub-frame data, sending
the light intensity information to a light source
drive or a light source, and sending a hologram
generated after the processing of the frame or
sub-frame main data or branched sub-frame
main data to a spatial light modulator.

18. The imaging method according to any one of claims
1 to 3, wherein at least one part of the characteristic
data is directly converted into the phase distribution
to output to the spatial light modulator.

19. The imaging method according to any one of claims
1 to 3, wherein the image data at least comprises a
piece of subordinated frame/sub-frame/branched
sub-frame data, and the subordinated frame/sub-
frame/branched sub-frame data only comprises dif-
ference information between the subordinated
frame/sub-frame/branched sub-frame data and a
previous piece of frame/sub-frame/branched sub-
frame data of the subordinated frame/sub-
frame/branched sub-frame data; and
when displaying the subordinated frame/sub-
frame/branched sub-frame data, taking a combina-
tion of frame/sub-frame/branched sub-frame data of
the previous piece of frame/sub-frame/branched
sub-frame data and frame/sub-frame/branched sub-
frame data of the subordinated frame/sub-
frame/branched sub-frame data as the subordinated
frame/sub-frame/branched sub-frame data.

20. The imaging method according to claim 1, wherein
the step 1 and/or the step 2 are completed at a server,
and the server sends a result to one or more clients.

21. The imaging method according to claim 2, wherein
at least one step in the steps 1-6 is completed at the
server, and the server sends the result to one or more
clients.
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22. The imaging method according to claim 21, wherein
the client sends at least one part of the file charac-
teristic data and/or the frame characteristic data to
the server; and/or
the client sends instruction information requiring the
server to generate the image data to the server.

23. The imaging method according to claim 2 or 3,
wherein at least one step in the steps 1-6 is complet-
ed at the client, and the rest are completed at the
server; and the server sends the result to one or more
clients.

24. The imaging method according to claim 23, further
comprising the following step:

step 1.1: sending, by the client, a video file
and/or a play scenario parameter to the server;
and
step 6.5: optimizing, by the server, the frame
data or the sub-frame data or the branched sub-
frame data according to the play scenario pa-
rameter, and sending an optimized hologram
generated by the frame data or the sub-frame
data or the branched sub-frame data to the cli-
ent, the play scenario parameter comprising one
or more of display size, resolution, a distance
between an image and a user, a viewing angle,
environment light intensity, surface-hidden in-
formation, color information, the compensation
information, the scaling, the receiving object,
and the left and right frames.

25. The imaging method according to any one of claims
20 to 22, wherein the server is connected to the client
via a wireless or wired manner.

26. The imaging method according to claim 25, wherein
the wireless connection is one or more of Bluetooth,
Wireless Fidelity (Wi-Fi), 3rd-Generation (3G), 4th-
Generation (4G) and 5th-Generation (5G).

27. The imaging method according to any one of claims
1 to 3, wherein upon the determination that a last
piece of frame data of the image data is displayed
completely and no subsequent input is provided, the
current frame data is displayed cyclically.

28. The imaging method according to claim 2 or 3,
wherein the holographic image output by the step 6
is cached and then output to the spatial light modu-
lator in a color cyclic arrangement manner.

29. The imaging method according to claim 2 or 3,
wherein the method for processing the image main
data, or processing the image main data and the
image characteristic data comprises the following
steps:

step a: inputting energy distribution of a target
image, the preset superimposed number of ho-
lographic sub-frames and a preset iteration con-
dition, or the energy distribution of the target im-
age, the preset superimposed number of holo-
graphic sub-frames and the preset iteration con-
dition as well as at least one of an imaging dis-
tance, an imaging angle and the compensation
information;
step b: calculating intensity and phase distribu-
tion of a frame/sub-frame/branched sub-frame
image needing to be displayed;
step c: calculating a hologram frame or a holo-
gram sub-frame or a hologram branched sub-
frame;
step d: determining whether the iteration condi-
tion is met; if yes, operating the step e; and if
no, skipping to the step g;
step e: calculating a quantized hologram frame
or a quantized hologram sub-frame or a quan-
tized hologram branched sub-frame;
step f: calculating new intensity and phase dis-
tribution according to an image corresponding
to the quantized hologram frame or the quan-
tized hologram sub-frame or the quantized holo-
gram branched sub-frame and/or intensity
and/or phase distribution and/or compensation
information of a frame/sub-frame/branched sub-
frame image needing to be displayed, and skip-
ping back to the step c, or changing the iteration
condition or parameter and skipping back to the
step c;
step g: outputting a corresponding quantized
hologram frame/sub-frame/branched sub-
frame of a corresponding frame/sub-
frame/branched sub-frame;
step h: supposing to accumulate the superim-
posed number of hologram sub-
frames/branched sub-frames, and resetting the
iteration condition;
step i: determining whether the superimposed
number of hologram sub-frames/branched sub-
frames reaches to a preset value; if no, operating
the step j; and if yes, ending the calculation of
the frame or sub-frame image, and waiting for
or accepting a next frame or sub-frame image;
and
step j: changing the intensity and/or phase dis-
tribution or corresponding parameter of the
frame/sub-frame/branched sub-frame image,
and skipping to the step b.

30. An image data generation method, comprising the
following steps:

step 101: extracting a characteristic of an image
element needing to be displayed, and taking the
extracted characteristic as image characteristic
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data, the characteristic comprising one or more
of an image distance, a receiving object, a scal-
ing, a viewing angle, left and right frames, sur-
face-hidden information, a color, and light inten-
sity;
step 102: separating the characteristic extracted
image element into one or more frames accord-
ing to a time sequence, and taking the one or
more frames as an image main data; and
step 130: encapsulating the image main data
and the image characteristic data into image da-
ta.

31. The image data generation method according to
claim 30, further comprising the following step:
step 103: writing frame identification information cor-
responding to a frame data format of to-be-generat-
ed frame data to the image characteristic data.

32. The image data generation method according to
claim 30 or 31, wherein the image characteristic data
comprises file characteristic data, frame character-
istic data and sub-frame characteristic data, and the
image main data and the file characteristic data are
encapsulated into the image data in the step 102;
the image data generation method further comprises
the following steps:

step 104: taking the image element having a
same first characteristic in each frame as a sub-
frame main data of one sub-frame data, and writ-
ing the first characteristic to the sub-frame char-
acteristic data, the first characteristic being one
or more of the color, the image distance, the
receiving object, the viewing angle, the scaling,
the left and right frames, a surface-hidden rela-
tionship and the light intensity; and
step 105: taking sub-frame data in each frame
as a frame main data, and encapsulating the
frame main data and the frame characteristic
data into frame data; and
the file characteristic data and the frame char-
acteristic data comprise a practical content or
not comprise the practical content.

33. The image data generation method according to
claim 32, further comprising the following step:
step 106: writing sub-frame identification information
corresponding to a sub-frame data format of to-be-
generated sub-frame data to the frame characteristic
data.

34. The image data generation method according to
claim 32, wherein the image characteristic data fur-
ther comprises branched sub-frame characteristic
data, and the image data generation method further
comprises the following steps:

step 106: taking the image element having a
same second characteristic as a branched sub-
frame main data, and writing the second char-
acteristic to the branched sub-frame character-
istic data, the second characteristic being one
or more of the color, the image distance, the
receiving object, the viewing angle, the scaling,
the left and right frames, the surface-hidden re-
lationship and the light intensity;
step 107: encapsulating the branched sub-
frame main data and corresponding branched
sub-frame characteristic data into one piece of
branched sub-frame data;
step 120: taking branched sub-frames having
the same first characteristic in each frame as a
sub-frame main data, and encapsulating the
sub-frame main data and corresponding sub-
frame characteristic data into one piece of sub-
frame data; and
step 121: taking sub-frame data in each frame
as a frame main data, and encapsulating the
frame main data and the frame characteristic
data into the frame data.

35. The image data generation method according to
claim 34, further comprising the following step:
step 108: writing branched sub-frame identification
information corresponding to a branched sub-frame
data format of to-be-generated sub-frame data to the
sub-frame characteristic data, and/or writing sub-
frame identification information corresponding to a
sub-frame data format of to-be-generated sub-frame
data to the frame characteristic data.

36. The image data generation method according to
claim 35, wherein at least one of the file characteristic
data, the frame characteristic data, the sub-frame
characteristic data and the branched sub-frame
characteristic data is phase distribution.

37. The image data generation method according to
claim 32, wherein a method for converting the file
characteristic data, the frame characteristic data, the
sub-frame characteristic data or the branched sub-
frame characteristic data into the phase distribution
is to calculate the phase distribution for the current
image characteristic data, frame characteristic data,
sub-frame characteristic data or branched sub-
frame characteristic data, or invoke the correspond-
ing phase distribution in a preset phase distribution
library according to the file characteristic data, the
frame characteristic data, the sub-frame character-
istic data or the branched sub-frame characteristic
data.

38. The image data generation method according to
claim 34, wherein the first characteristic is the color,
the color of the sub-frame data is written to the sub-
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frame characteristic data in the step 104, and the
color of the image element in the sub-frame data is
one of basic parameters in a color space; or
the second characteristic is the color, the same color
is written to branched sub-frame characteristic data
of the branched sub-frame in the step 104, and the
color of each image element in the branched sub-
frame data is one of the basic parameters in the color
space.

39. The image data generation method according to
claim 34, wherein the first characteristic is the image
distance, the image distance of the sub-frame data
is written to the sub-frame characteristic data in the
step 104, and the image distance of each image el-
ement in the sub-frame data is the same; or
the second characteristic is the image distance, the
same image distance is written to branched sub-
frame characteristic data of the branched sub-frame
in the step 106, and the image distance of each im-
age element in the branched sub-frame data is the
same.

40. The image data generation method according to
claim 35, wherein the frame identification informa-
tion, the sub-frame identification information or the
branched sub-frame identification information is a
length of the frame data, the sub-frame data or the
branched sub-frame data.

41. The image data generation method according to
claim 35, wherein the frame identification informa-
tion, the sub-frame identification information or the
branched sub-frame identification information is a
frame end field on the end of the frame data, a sub-
frame end field on the end of the sub-frame data or
a branched sub-frame field on the end of the
branched sub-frame data.

42. The image data generation method according to
claim 32, further comprising the following step:
identifying a left frame image element needing to be
projected to a left eye of a user and a right frame
image element needing to be projected to a right eye
of the user, writing the left frame image element to
left frame data, writing the right frame image to right
frame data, and writing left-right frame information
on whether each piece of frame data is the left frame
data or the right frame data to the file characteristic
data.

43. The image data generation method according to
claim 42, wherein the left frame data and the right
frame data are the same in number and are arranged
alternately in the image data.

44. The image data generation method according to
claim 30, further comprising the following steps: gen-

erating compensation information according to de-
vice and/or user information, the compensation in-
formation comprising one or more of a spherical ab-
erration coefficient, a comatic aberration coefficient,
an astigmatic coefficient, a distortion coefficient, a
field curvature coefficient, a lateral chromatic aber-
ration, a position aberration, a higher order aberra-
tion, a diopter coefficient and an astigmatic coeffi-
cient; and writing the compensation information to
the file characteristic data.

45. The image data generation method according to
claim 30, further comprising the following step:
generating angle information for each frame accord-
ing to an image needing to be displayed, and writing
the angle information for each frame to frame char-
acteristic data of corresponding frame data.

46. The image data generation method according to
claim 32, wherein relevant information of the image
needing to be displayed is written to the file charac-
teristic data, the relevant information comprising one
or more of the image data length information, the
compensation information, temperature information,
brightness information, bit depth information, reso-
lution information, play speed information, single
frame data format information, frame characteristic
data length information, whether to compress and a
compression manner, creation time information and
encryption manner information.

47. The image data generation method according to
claim 30, further comprising the following step:

taking total light intensity of a branched sub-
frame main data in each piece of branched sub-
frame data as light intensity information to write
to branched sub-frame characteristic data of the
branched sub-frame data, and normalizing the
branched sub-frame main data to serve as the
branched sub-frame main data; or
taking total light intensity of a sub-frame main
data in each piece of sub-frame data as light
intensity information to write to sub-frame char-
acteristic data of the sub-frame data, and nor-
malizing the sub-frame main data to serve as
the sub-frame main data; or
taking total light intensity of a frame main data
in each piece of frame data as light intensity in-
formation to write to frame characteristic data of
the frame data, and normalizing the frame main
data to serve as the frame main data.

48. The image data generation method according to
claim 34, further comprising the following step:

taking at least one unit as a subordinated unit,
and taking a difference between the subordinat-
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ed unit and a previous unit of the subordinated
unit as a content of the subordinated unit, where-
in
the unit is the frame data, the sub-frame data,
or the branched sub-frame data.

49. An apparatus, comprising a processor, wherein the
processor enables, when running, the apparatus to
at least execute the method according to any one of
claims 1 to 48.

50. An apparatus, comprising a memory, and a proces-
sor, wherein the memory comprises a computer
code stored thereon, and the code is configured to
enable, when being run on the processor, the appa-
ratus to at least execute the method according to
any one of claims 1 to 48.

51. A computer readable medium comprising a compu-
ter code stored thereon, wherein the computer code
is configured to execute, when being run on a proc-
essor, the method according to any one of claims 1
to 48.
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