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(57) ABSTRACT

Embodiments of the present disclosure provide a holo-
graphic display device. The holographic display device
includes a spatial light modulator and a light source unit. The
light source unit 1s provided on the light entry side of the
spatial light modulator and configured to providing read-out
light to the spatial light modulator. The spatial light modu-
lator includes at least one loading portion for receiving a
write-1n signal, which comprises a plurality of pixel units
arranged 1n a matrix form, and the light exit surface of at
least a part of which 1s a first cambered surface protruding
in a direction away from the light source unait.
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HOLOGRAPHIC DISPLAY DEVICE AND
CONTROL METHOD THEREOF,
COMPUTER NON-TRANSIENT READABLE
STORAGE MEDIUM AND COMPUTER
PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-

cation No. 201720186184.4, filed on Feb. 28, 2017, titled
“HOLOGRAPHIC DISPLAY DEVICE”, which 1s incorpo-
rated herein by reference in 1ts entirety.

TECHNICAL FIELD

Embodiments of the present disclosure relate to display
technology field, more particularly, to a holographic display
device, a control method thereof, a computer non-transient
readable storage medium and computer program product.

BACKGROUND

With the continuous development of display technology,
3D (Dimension) display technology 1s becoming increas-
ingly popular and used. In the realization process of 3D
display, the user’s left eye and right eyes may receive
different 1mages, which can constitute a stereoscopic 1mage
pair with horizontal parallax, which may, through the fusion
function of the brain, ultimately form a stereoscopic image
with deep sense. However, because the images accepted by
the user’s left and right eyes are different, so the user 1s
prone to be dizzy after watching the 3D display screen for
a long time.

In order to solve the above-mentioned problems, a holo-
graphic display technique 1s proposed 1n the related art, so
that the 1images received by the user’s lett and right eyes are
consistent. The holography display technique 1s an 1mage
recording and reproduction technology which uses interfer-
ence and diffraction principle to record and reproduce the
real three-dimensional 1mage of objects. The 1images repro-
duced using a holographic technology have a powertul
stereo sense, with a real visual eflect.

SUMMARY

In an aspect of the disclosure, an embodiment of the
disclosure discloses a holographic display device, compris-
ing a spatial light modulator and a light source unit provided
on a light entry side of the spatial light modulator and
configured to provide read-out light to the spatial light
modulator, wherein, the spatial light modulator comprises at
least one loading portion configured to receive a write-1n
signal, which comprises a plurality of pixel units arranged 1n
a matrix form, and a light exit surface of at least a part of
which 1s a first cambered surface protruding in a direction
away from the light source unait.

Optionally, the holographic display device further com-
prises a collector configured to acquire an observation
position, and a deflecting device, which 1s connected to the
collector. The deflecting device 1s provided on a light exit
side of the spatial light modulator, covers at least a part of
the at least one loading portion, and 1s configured to deflect
the output light of the part of the at least one loading portion
covered by the deflecting device to the observation position.

Optionally, the detlecting device comprises at least one
light deflecting element, and there 1s one-to-one correspon-
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dence between the at least one light deflecting element and
the at least one loading portion.

Optionally, the at least light deflecting element comprises
a liquid crystal grating.

Optionally, the deflecting device further comprises a
bracket, and the light deflecting element comprises a convex
lens, at least one deflection direction of which 1s adjustable,
and which 1s movably mounted on the bracket.

Optionally, the at least one loading portion comprises at
least two loading portions, the light exit surface of a part of
the at least two loading portions 1s a second cambered
surface protruding 1n a direction close to the light source
unit, and the first cambered surface and the second cambered
surface are located at different loading portions of the at least
two loading portions.

Optionally, light exit surfaces of all of at least one loading
portions of the spatial light modulator are the first cambered
surface, and all of the at least one loading portion are
connected end to end successively to form a ring.

Optionally, the light source unit 1s located within the ring
in the spatial light modulator.

Optionally, the light source unit comprises a laser and a
collimating beam expander disposed 1n turn on the light
entry side of the spatial light modulator, the collimating
beam expander being configured to convert the light emitted
from the laser into a surface light source.

Optionally, the light source unit comprises at least one
LED light source.

Optionally, the holographic display device further com-
prises: a controller connected to the spatial light modulator
and configured to load holographic data of one frame of a
hologram to the spatial light modulator. The light source unit
comprises at least one light source, and there 1s one-to-one
correspondence between the at least one light source and the
at least one loading portion, and each of the at least one light
source 1s connected to the controller which 1s configured to:
in a situation that one or more loading portions of the at least
one loading portion are addressed, open the light sources
corresponding to positions of the one or more loading
portions to be addressed 1n the light source unit, and close
the remaining light sources in the light source unit.

In another aspect of the disclosure, an embodiment of the
disclosure discloses a control method of controlling the
holographic display device as above, wherein, the method
comprises: acquiring user information which includes a
current viewing position of a user; generating a deflection
command based on the collected user information, the
deflection command being configured to control a deflection
angle of the deflection device 1n order to deflect output light
so as to deflect a formed holographic 1image to the current
observation position of the user.

Optionally, the step of generating a deflection command
based on the collected user information includes: determin-
ing a user based on the user information, and generating the
deflection command 1n a situation that the user meets a
default condition.

Optionally, the user information comprises a facial feature
of the user, and the default condition comprises at least one
ol a predetermined location and the user’s age range.

Optionally, the method further comprises: determining
one or more of the at least one loading portion of the spatial
light modulator as current loading portions according to the
current observation position of the user; opening only the
light source corresponding to the current loading portions in
the light source unit, so as to provide the read-out light for
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the current loading portions; making only the current load-
ing portions in the spatial light modulator to receive a
write-1n signal.

In another aspect of the disclosure, an embodiment of the
disclosure discloses a computer non-transient readable stor-
age medium storing computer instructions configured to,
when executed by a processor, cause the processor to
perform the control method as above.

In another aspect of the disclosure, an embodiment of the
disclosure discloses a computer program product compris-

ing instructions that, when running on a computer, cause the
computer to execute the control method as above.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe technical solutions 1n embodiments of
the present disclosure or 1n the prior art more clearly, the
accompanying drawings to be used in the description of
embodiments or the prior art will be troduced brietfly.
Obviously, the accompanying drawings to be described
below are merely some embodiments of the present disclo-
sure, and a person of ordinary skill in the art can obtain other
drawings according to those drawings without paying any
creative eflort.

FIG. 1 1s a schematic diagram of a multistage diffraction
wave emitted by a holographic display device;

FIG. 2 1s a schematic diagram of a holographic display
principle provided by the related art;

FIG. 3 1s a schematic structural view of a holographic
display device provided by an embodiment of the present
disclosure;

FIG. 4 1s a schematic view of the structure of the at least
one loading portion 1n the holographic display device shown
in FIG. 3;

FIG. § 1s a schematic structural view of a holographic
display device including a deflecting device provided by an
embodiment of the present disclosure;

FIG. 6 1s a schematic structural view of a holographic
display device including another deflecting device provided
by an embodiment of the present disclosure;

FIG. 7 1s a schematic view showing a structure of a
ring-like spatial light modulator 1n the holographic display
device of FIG. 3;

FIG. 8 1s a schematic structural view of a spatial light
modulator 1n the holographic display device of FIG. 3.

DETAILED DESCRIPTION

The technical solutions 1n the embodiments of the present
disclosure will be described clearly and completely with
reference to the accompanying drawings in the embodiments
of the present disclosure. Obviously, the described embodi-
ments are merely some but not all of embodiments of the
present disclosure. All other embodiments made on the basis
of the embodiments of the present disclosure by a person of
ordinary skill in the art without paying any creative efiort
shall be included 1n the protection scope of the present
disclosure.

Optical holography 1s the use of principles of light inter-
terence and diffraction to carry out optical holography. In the
holographic display technique, as shown 1n FIG. 1, the light
emitted from the holographic display device 01 in related art
includes a multi-stage diffraction wave, thereby forming a
multi-stage diffraction pattern. The 0-order diffraction pat-
tern therein 1s emitted to outside in the direction of the
incident light and can only be viewed 1n the direction of the
incident light, so the viewing range 1s small. For the dii-
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fraction pattern greater than or equal to the £2 order, since
the diffraction angle i1s too large, the light intensity 1s too
small to view diffraction pattern. Thus, the holographic
display device typically provides the viewer with £1 order
diffraction pattern, but the £1 order diffraction patterns have
a narrow viewing angle and are not easy for many people to
watch.

In a holographic display device of the related art, as
shown 1 FIG. 2, the light emitted from the laser 21 1s
divided into two beams. A beam of the two beams 1is
irradiated onto the object 22, retlected and scattered on the
surtace of the object 22, and the reflected and scattered light
forms an object wave A after reaching the holographic plate
23. The other beam of the two beams 1s coherent with the
object wave A, and 1s 1rradiated to the holographic plate 23
as a reference wave B, so as to expose the holographic plate
23 1n order that information of the phase and amplitude 1n
the object wave A 1s recorded in the form of interference
fringes on the Holographic plate 23. Then, based on light
wave diffraction principle, the holographic plate 23 having
the above-described interference fringes 1s 1rradiated with
the light waves coherent with the object wave A, so that the
original object wave A can be reproduced to form a 3D
image of the object 22.

However, the holographic plate 23 in the related art 1s
provided with a photosensitive material. Since the interfer-
ence fringes recorded on the holographic plate 23 after
exposure of the photosensitive material cannot be changed,
it 1s difficult to realize dynamic display. So 1n order to
achieve dynamic holographic display, the calculation of
holographic (English full name: Computer Generated Holo-
gram, referred to as: CGH) technology i1s used. In the
technology, a mathematical description function of the
object wave A 1s input directly into the computer to simulate
the actual interference process, thus the interference fringes
can be calculated, and according to the interference fringes
a computer-generated hologram can be plotted.

Specifically, the process of obtaining the hologram
described above may include: First, Sampling 1s made to
obtain the value at discrete sample points of the object 22 or
the wave surface;

Next, the light field distribution of the light wave A on the
holographic plane 1s calculated;

Next, the coding 1s carried out, that 1s, the complex
amplitude distribution of the light waves on the holographic
plane 1s encoded as a change 1n transmittance of a hologram;

Finally, the hologram i1s plotted. Specifically, the trans-
mittance changes of a hologram are plotted under computer
control. In this step, 1t the resolution of the device for
plotting 1s not enough, a larger image 1s plotted first and then
the larger image 1s scaled down to gain the hologram to be
used.

On this basis, the obtained hologram i1s loaded into the
pixel units 111 of the spatial light modulator 10 (English
abbreviation: SLM) as shown in FIG. 4 through optical
addressing or electrical addressing by a computer, so that the
obtained hologram can be reproduced 1n the actual optical
path.

An embodiment of the present disclosure provides a
holographic display device 01 as shown in FIG. 3, which
includes a spatial light modulator 10.

In some embodiments of the present disclosure, the spa-
tial light modulator 10 may include a liquid crystal spatial
light modulator.

In some embodiments of the present disclosure, the spa-
tial light modulator 10 includes a loading portion 11 for
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receiving a write-1n signal as shown in FIG. 3, or a plurality
of loading portions 11 as shown in FIG. S.

In some embodiments of the present disclosure, as shown
in FIG. 4, the at least one loading portion 11 includes a
plurality of pixel units 111 arranged in a matrix form.

Optionally, the light exit surface of at least one loading
portion 11 1s a first cambered surface L protruding in a
direction away from the light source unit 20.

In some embodiments of the present disclosure, 1n order
to reduce the loading time of the hologram, as shown 1n FIG.
5, the spatial light modulator 10 includes a plurality of
loading portions 11. As a result, 1t 1s possible to address only
the pixel units 111 1n one loading portion 11 of the spatial
light modulator 10 without addressing all of the pixel units
111 of the spatial light modulator 10, when a frame of
hologram 1s displayed. In this way, the addressing process
can be simplified and the amount of data to be calculated can
be reduced, so that the loading time of the hologram can be
reduced when the holographic display device 01 constituted
by the spatial light modulator 10 1s used for holographic
display.

In some embodiments of the present disclosure, in the
case of a plurality of loading portions 11 included in the
spatial light modulator 10, 1t 1s optional that, as shown 1n
FIG. 5, the light exit surfaces of all the loading portions 11
are the first cambered surface L. Optionally, for easy
machining, the curvatures of the first arc surfaces L of all the
loading portions 11 are the same.

In some embodiments of the present disclosure, in order
to make the read-out light supplied from the light source unit
20 better interfere with the 1interference fringes loaded on the
spatial light modulator 10, It 1s optional that the light entry
surfaces of the spatial light modulator 10 may be a cambered
surface having same curvature as the first cambered surface
L. when the light exit surface of the spatial light modulator
10 1s the first arc surface L. In this case, the cross-section of
the spatial light modulator 10 1s fan-shaped, which 1s per-
pendicular to the light-entry surface of the spatial light
modulator 10.

In some embodiments of the present disclosure, as shown
in FIG. 3, the holographic display device 01 also includes a
controller 30 connected to the spatial light modulator 10.
And the controller 30 provides a write-in signal and 1s
configured to load holographic data of the hologram into the
spatial light modulator 10.

In some embodiments of the present disclosure, the holo-
graphic display device 01 further includes a light source unit
20 provided on the light entry side of the spatial light
modulator 10 configured to supply the read-out light to the
spatial light modulator 10, so that It 1s possible that the
read-out light can diffract with the interference fringes
loaded on the spatial light modulator 10 to reproduce the
hologram.

In some embodiments of the present disclosure, as shown
in FIG. §, the light source unit 20 may include a laser 21 and
a collimating beam expander 210 provided on the light exit
side of the laser 21. The collimating beam expander 210 can
convert the light emitted from the laser 21 1nto a collimating
surface light source.

In some embodiments of the present disclosure, as shown
in FIG. 6, the light source umt 20 described above may
include at least one LED light source. Optionally, 1n order to
save power consumption, the light source unit 20 1includes a
plurality of LED light sources corresponding to the at least
loading portion 11 respectively. Each of the plurality of LED
light sources 1s connected to the controller 30. Based on this,
the LED light sources can be individually controlled by the
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controller 30. For example, when only one or more loading
portions of the at least loading portion 11 are to be
addressed, only the LED light sources corresponding to
positions of the one or more loading portion 11 to be
addressed 1s turned on, and the remaining light sources of
the at least one loading portion are 1n the closed state, so as
to achieve the purpose of reducing power consumption.

In some embodiments of the present disclosure, the light
source unit 20 may include 4 a variety of light sources, and
the holographic display device 01 may realize color display.
Of course, light sources are not limited to color light sources,
for example, the LED light sources can emit white light.

Embodiments of the present disclosure provide a holo-
graphic display. The spatial light modulator 10 receives the
read-out light supplied from the light source unit 20, and the
at least one loading portion 11 receives the write-in signal,
and the read-out light diffracts with the interference fringes
loaded on the spatial light modulator 10 so as to reproduce
the hologram. On the basis of this, since the light exit surface
of at least a part of at least one loading portion 11 1s the first
cambered surface L and the first cambered surface L pro-
trudes 1n a direction away from the light source unit 20, the
first cambered surface L can diffuse the output light of the at
least a part of loading portion 11 having the first cambered
surface L to increase the viewing angle of the holographic
display device. And then, when the a lot of people view the
holographic 1mage through the holographic display device,
the user located near the edge of the at least a part of the at
lease one loading portion 11 can see the output light diffused
by the first cambered surface L of the loading portion 11, and
thus can see the holographic image clearly and completely,

In some embodiments of the present disclosure, in order
to further increase the viewing angle of the holographic
display device 01, as shown 1n FIG. 7, the light exit surfaces
of all the at least one loading surface 11 of the spatial light
modulator 10 both are the first cambered surface L, and all
of the at least one loading portion are connected end to end
successively to form a ring.

It should note that, that all of the at least one loading
portion connected end to end successively means that, as
shown 1n FIG. 7, the holographic display device 01 includes
a spatial light modulator 10, a plurality of loading portions
11 of which are connected end to end successively to form
a ring. In this way, when the hologram display device 01 1s
used for display, since all of the at least one loading portion
11 of the spatial light modulator 10 are connected end to end
successively and to form a ring, the reproduced hologram
can be watched on respective sides of the holographic
display device 01, so as to improve the viewing experience
of the user.

Or, the holographic display device 01 includes a plurality
of spatial light modulator 10 connected end to end, each of
which 1s constituted by a loading portion 11 having a first
cambered surface L so that the plurality of spatial light
modulators 10 1s connected end to end successively to form
a ring. The benefits of this scheme are the same as those of
the scheme shown 1n FIG. 7, and will not be repeated here.

In some embodiments of the present disclosure, the holo-
graphic display device 01 is in the shape of a ring. In order
to reduce the manufacturing process of the hologram display
device 01, as shown 1n FIG. 7, 1t 1s optional that the light
source unit 20 1s located 1n the ring of the spatial light
modulator 10. In this way, since the spatial light modulator
10 1s of a nng shape and the light source unit 20 1s located
in the ring of the spatial light modulator 10, a ring shaped
light source unit 20 can thus be manufactured, to prevent
that a plurality of light source units 20 are provided to supply
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the read-out light for the at least one loading portion 11,
thereby reducing the manufacturing cost of the holographic
display device 01. In addition, the controller 30 (not shown
in FIG. 7) 1s located within the ring.

The above-described holographic display device 01 pro-
vided by the embodiments of the present disclosure may be
applied to, but 1s not limited to, a showcase 1n museums,
exhibitions and advertisements. For example, when the
holographic display device 01 1s applied, 1n a museum, for
displaying a restoration image of a cultural relic displayed 1n
a showcase, the user can view the restoration 1image on any
side of the showcase, thereby improving the user watching
experience.

When the user 1s not located at the optimum viewing
position of the at least loading portion 11 where he 1s, the
viewing eflect for the user on the hologram 1s poor because
the output light of the at least one loading portion 11 1s
difficult to enter 1nto the eyes of the observer to the greatest
extent.

Therefore, 1n order to improve the viewing eflect of the
user, it 1s optional 1n some embodiments of the present
disclosure that, as shown 1n FIG. 5, the holographic display
device 01 further includes a collector 32 for acquiring an
observation position, and a deflecting device 31 connected
to the collector 32. Specifically, the collector 32 and the
deflecting device 31 may be connected via the controller 30.
The deflecting device 31 1s provided on the light exit side of
the spatial light modulator 10 and covers at least a part of at
least one loading portion 11. The deflecting device 31 1s used
for deflecting the output light of the at least a part of at least
one loading portion 11 covered by the deflecting device 31
to the observation position.

Optionally, the collector 32 may include a camera that
acquires the location of the user’s position and the change of
eye-gaze, by capturing the position of the user’s body, head,
eye, or pupil.

A method of controlling the holographic display device
provided by the embodiments of the present disclosure
includes: acquiring user information which includes a cur-
rent viewing position of a user; generating a deflection
command based on the collected user information for con-
trolling the deflection angle of the deflection device 31 to
deflect the output light so as to deflect the formed holo-
graphic 1mage to the current observation position of the user.

In some embodiments of the present disclosure, as shown
in FIG. 5 or 6, the controller 30 1s connected to the collector
32 and the deflecting device 31, wherein the controller 30
receives the acquisition result of the collector 32 and issues
a deflection command based on the acquisition result. The
deflection command 1s used to control the deflection angle of
the deflecting device 31 to deflect the output light, so as to
deflect the formed holographic image to the user’s obser-
vation position.

In some embodiments of the present disclosure, a user can
be determined based on the collected user information. And,
the deflection 1nstruction i1s generated 1n a situation that the
user meets a default condition. For example, a preset con-
dition 1s provided in the controller 30, which includes at
least one of a predetermined location and the user’s age
range, for example, an age range of 60 to 70 years. When a
plurality of users are viewing in the observation area of the
at least one loading portion 11, the collector 32 acquires the
user’s facial features to determine the age of the user and
acquires the location of the user. The controller 30 selects the
user based on the acquisition result of the collector 32. The
controller 30 1ssues a detlection command when the user
satisfies the preset condition, for example, the position of the
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user B 1s at the predetermined position or the age of the user
B 1s within the above-mentioned age range. And, the deflec-
tion device 31 deflects the output light to the location where
the user B 1s according to the deflection command. That 1s,
the output light of the loading portion 11 1s maximally
entered 1nto the eyes of the user B, thereby improving the
viewing eflect of the user.

In some embodiments of the present disclosure, as shown
in FIG. § or 6, the deflecting means 31 includes at least one
light deflecting element 311, which corresponds to at least
one the loading portion 11 respectively. In this way, when
the users views the hologram 1mage at the different loading
portions 11 of the at least one loading portion respectively,
at least one light deflection element 311 covering and
one-to-one corresponding to the at least one loading portion
11 can deflect the output light of the at least one loading
portion 11 according to the acquisition result of the collector
32 so that the output light of the different loading portion of
the at least one loading portion 11 1s individually controlled.

In some embodiments of the present disclosure, any one
of the light deflecting elements 311 1s connected to the
controller 30. The controller 30 1s used for the detlection of
the output light of the loading portion 11 corresponding to
the position of the light deflecting element 311 to the
observation position under the control of the controller 30,
so that the output light of the current loading portions can be
maximally entered into the eyes of the observer so as to
improve the viewing eflect of the observer.

In some embodiments of the present disclosure, any of the
light deflecting elements 311 may include, as shown 1n FIG.
5, a liquid crystal grating. Inside the liquid crystal layer, the
liquid crystal grating 1s provided, and block electrodes are
arranged on both sides of the liquid crystal layer so as to
control the deflection angle of the liquid crystal molecules 1n
the liquid crystal layer by the voltages inputted to the block
clectrodes. The output direction of the output light of the
corresponding loading portion 11 corresponding to the posi-
tion of the liquid crystal grating 1s thus controlled.

In some embodiments of the present disclosure, as shown
in FIG. 6, the deflecting device 31 includes a bracket 33, and
the light deflecting element 311 1s a convex lens, at least one
deflection direction of which 1s adjustable, and which 1is
movably mounted on the bracket 33. In this case, the rotation
direction of the convex lens can be controlled according to
the observation position acquired by the collector 32, and the
direction of the output light of the corresponding loading
portion of at least one loading portion 11 corresponding to
the position of the convex lens can be controlled as neces-
sary.

In some embodiments of the present disclosure, the holo-
graphic display device 01 can select the corresponding
loading portion of the at least one loading portion 11 for
holographic display according to the position and the change
of eye-gaze of the user. One or more of the at least one
loading portion of the spatial light modulator 10 may be
determined as the current loading portions according to the
current observation position of the user. And only the light
source corresponding to the current loading portion 1s
opened 1n the light source unmit 20 so as to provide the
read-out light for the current loading portion. At the same
time only the current loading portions receive the write-in
signal 1n the spatial light modulator 10. In this way, the
power consumption of the hologram display device 01 can
be reduced. And, the current loading portions and the current
lightening display area also change with the change of the
current observation position of the user. That 1s, the display
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area of the holographic display device 01 can be realized so
as to track the user’s position.

To turther understand the concept of the current loading
portions, a specific example 1s given below.

In the case where the spatial light modulator 10 1s of the
ring shape, the control process of the output light of the
loading portion 11 1s specifically described 1n accordance
with the change of the observation position of the user, in
combination with the detlecting device 31 and the collector
32.

In some embodiments of the present disclosure, in a
situation that a user views the reproduced hologram around
the holographic display device 01, for example, in the
direction of the arrow shown in FIG. 7, e.g. when the user
approaches the first loading portion 1101, the collector 32
(not shown) acquires the observation position of the user,
and the controller 30 (not shown) opens the light source
corresponding to the first loading portion 1101, which pro-
vides the first loading portion 1101 with read-out light, based
on the observation position of the user acquired by the
collector 32. Then the first loading portion 1101 receives the
write-1n signal and forms a hologram 1mage through the first
loading portion 1101 and supplies it to the user. As the user
moves within the first loading portion 1101, the controller 30
1ssues a deflection command based on the acquisition result
of the collector 32, according to which the detlecting device
31 deflects the output light so as to deflect the formed
holographic 1mage to the user’s observation position. When
the user moves to the second loading portion 1102, the light
source corresponding to the first loading portion 1101 1s
closed, and at the same time the light source corresponding
to the second loading portion 1102 i1s turned on. The second
loading portion 1102 starts to display. In addition, when the
user moves to another loading portion, the control process of
the holographic display device 01 1s the same as described
above, and will not be described here. In this way, the
display area of the spatial light modulator 10 in accordance
with the movement of the viewer 1s realized.

In some embodiments of the present disclosure, in the
practical application of the holographic display device 01, in
order to improve the viewing eflect of the hologram display
device 01, as shown 1n FIG. 8, 1n a situation that at least one
loading portion of the spatial light modulator 10 1includes at
least two loading portions 11, the light exit surface of a part
of at least two loading portions 11 1s the second cambered
surface K, and the second cambered surface K 1s protruded
in the direction towards the light source unit 20. The first
cambered surface L and the second cambered surface K are
located at different loading portions 11 of the at least two
loading portions. In this case, since the second cambered
surface K protrudes in the direction towards the light source
unit 20, the second cambered surface K can converge the
output light of the part of the at least two loading portion 11
together so that the viewing eflect 1s better when the user 1s
located at a position at which the output light 1s converged.

A embodiment of the present disclosure also provides a
computer non-transient readable storage medium storing
instructions that, when runming by a processor, cause the
processor to perform the control method described above.

The present disclosure also provides a computer program
product comprising instructions that, when run on a com-
puter, cause a computer to execute the control method
described above.

The steps of the method or algorithm described in
embodiments of the present disclosure may be implemented
in hardware, or may be implemented by a processor execut-
ing software instructions. Software instructions can be made
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up of the corresponding software modules, which can be
stored 1n random access memory (RAM), flash memory,
read only memory (ROM), erasable programmable read-
only memory (EPROM), electrically erasable program-
mable read-only memory (EEPROM), registers, hard disks,
removable hard disks, read-only optical disks (CD-ROMs),
or any other form of storage media well known 1n the art. An
exemplary storage medium 1s coupled to the processor so
that the processor can read information from the storage
medium and can write information to the storage medium.
The processor may be a device such as a central processing
umt (CPU), a field programmable logic array (FPGA), a
microcontroller (MCU), a specific functional application
circuit (ASIC), and the like having logical computing capa-
bility and/or program execution capability.

Those skilled in the art will appreciate that in one or more
of the above examples, the functions described herein may
be implemented in hardware, software, firmware, or any
combination thereof. When implemented using software,
these functions may be stored in a computer-readable
medium, or transmitted as one or more 1nstructions (or code)
on a computer-readable medium. The computer-readable
medium includes a computer storage medium and a com-
munication medium. The communication medium includes
any medium that facilitates transferring a computer program
from one place to another. The storage medium may be any
available media that can be accessed by a universal or
special purpose computer.

The foregoing descriptions are merely specific implemen-
tation manners of the disclosure, rather than limiting the
protection scope of the application. Any change or substi-
tution that 1s readily conceived for any one skilled in the art
within the technical scope disclosed by the disclosure shall
fall into the protection scope of the application. Therefore,
the protection scope of the present disclosure shall be
defined by the claims.

Additional embodiments including any one of the
embodiments described above may be provided by the
disclosure, where one or more of its components, function-
alities or structures 1s interchanged with, replaced by or
augmented by one or more of the components, functional-
ities or structures of a different embodiment described
above.

In some embodiments of the present disclosure, commu-
nications may be made directly or indirectly over a network
connection when communicating data, information, and the
like. For example, a network may include any combination
of a wireless network, a wired network, and/or a wireless
network and a wired network. A network may include a
LAN (local area network), an Internet, a telecommunica-
tions network, an Internet of things based on the Internet
and/or telecommunications network, and/or any combina-
tion of the above network. A wired network can communi-
cate using a transmission mode such as twisted pairs, coaxial
cables, or optical fiber. A wireless network may use a
communication mode such as a 3G/4G/5G mobile commu-
nication network, a Bluetooth, a Zigbee, or a WiF1.

What 1s claimed 1s:

1. A holographic display device, comprising a spatial light
modulator and a light source unit provided on a light entry
side of the spatial light modulator and configured to provide
read-out light to the spatial light modulator, wherein,

the spatial light modulator comprises at least one loading

portion configured to receive a write-1n signal, which
comprises a plurality of pixel units arranged 1in a matrix
form, and a light exit surface of at least a part of which
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1s a first cambered surface protruding in a direction
away from the light source unait;

the holographic display device further comprises a col-
lector configured to acquire an observation position,
and a deflecting device, which 1s connected to the
collector, and

the deflecting device 1s provided on a light exit side of the
spatial light modulator, covers at least a part of the at
least one loading portion, and 1s configured to deflect
the output light of the part of the at least one loading
portion covered by the deflecting device to the obser-
vation position.

2. The holographic display device according to claim 1,

wherein, the deflecting device comprises at least one light

deflecting element, and there 1s one-to-one correspondence
between the at least one light deflecting element and the at
least one loading portion.

3. The holographic display device according to claim 2,
wherein, the at least one light deflecting element comprises
a liquid crystal grating.

4. The holographic display device according to claim 2,
wherein, the deflecting device further comprises a bracket,
and the light deflecting element comprises a convex lens, at
least one detflection direction of which 1s adjustable, and
which 1s movably mounted on the bracket.

5. The holographic display device according to claim 1,
wherein, the at least one loading portion comprises at least
two loading portions, the light exit surface of a part of the
at least two loading portions 1s a second cambered surface
protruding 1n a direction close to the light source unit, and

the first cambered surface and the second cambered

surface are located at different loading portions of the
at least two loading portions.

6. The holographic display device according to claim 1,
wherein, light exit surfaces of all of at least one loading
portions of the spatial light modulator are the first cambered
surface, and all of the at least one loading portion are
connected end to end successively to form a ring.

7. The holographic display device according to claim 6,
wherein, the light source unit 1s located within the ring in the
spatial light modulator.

8. The holographic display device according to claim 1,
wherein, the light source unit comprises a laser and a
collimating beam expander disposed 1n turn on the light
entry side of the spatial light modulator, the collimating
beam expander being configured to convert the light emitted
from the laser into a surface light source.

9. The holographic display device according to claim 1,
wherein, the light source unit comprises at least one LED
light source.

10. The holographic display device according to claim 1,
wherein, the holographic display device further comprises:
a controller connected to the spatial light modulator and
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configured to load holographic data of one frame of a
hologram to the spatial light modulator, and wherein,

the light source unit comprises at least one light source,

and there 1s one-to-one correspondence between the at
least one light source and the at least one loading
portion, and each of the at least one light source 1s
connected to the controller which 1s configured to:

in a situation that one or more loading portions of the at

least one loading portion are addressed, open the light
sources corresponding to positions of the one or more
loading portions to be addressed 1n the light source unit,
and close the remaining light sources in the light source
unit.

11. A control method of controlling the holographic
display device according to claim 10, wherein, the control
method comprises:

acquiring user information which includes a current view-

ing position of a user;

generating a detlection command based on the collected

user mformation, the deflection command being con-
figured to control a deflection angle of the deflection
device 1n order to deflect output light so as to deflect a
formed holographic 1image to the current observation
position of the user.

12. The control method according to claim 11, wherein,
the step of generating a deflection command based on the
collected user information includes:

determining a user based on the user information, and

generating the deflection command 1n a situation that
the user meets a default condition.

13. The control method according to claim 12, wherein,
the user information comprises a facial feature of the user,
and the default condition comprises at least one of a prede-
termined location and the user’s age range.

14. The control method according to claim 12, wherein,
the method further comprises:

determining one or more of the at least one loading

portion of the spatial light modulator as current loading
portions according to the current observation position
of the user;

opening only the light source corresponding to the current

loading portions in the light source unit, so as to
provide the read-out light for the current loading por-
tions;

making only the current loading portions in the spatial

light modulator to receive a write-1n signal.

15. A computer non-transient readable storage medium
storing computer instructions configured to, when executed
by a processor, cause the processor to perform the control
method of claim 11.

16. A computer program product comprising instructions
that, when running on a computer, cause the computer to
execute the control method of claim 11.
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