US 20240094531A1

a2y Patent Application Publication (o) Pub. No.: US 2024/0094531 A1

a9y United States

Liu et al. 43) Pub. Date: Mar. 21, 2024
(54) PROJECTION SYSTEM, AUGMENTED (52) US. CL
REALITY GLASSES, VEHICLE, AND CPC ... GO02B 27/0103 (2013.01); B60K 35/00
TERMINAL (2013.01); GO2B 27/0172 (2013.01); B6OK
2370/1529 (2019.05); B60OK 2370/23
(71) Applicant: HUAWEI TECHNOLOGIES CO., (2019.05); B60K 2370/29 (2019.05); GO2B
LTD., Shenzhen (CN) 2027/011 (2013.01); GO2B 2027/0174
(2013.01); GO2B 2027/0178 (2013.01)
(72) Inventors: Juan Liu, Beijing (CN); Liangfa Xu,
Beijing (CN); Zhenlv Lv, Beijing (CN); (57) ABSTRACT
Botong Qiu, Shenzhen (CN)
A projection system is provided, and includes: a phase
(21) Appl. No.: 18/511,750 compensation apparatus (101), configured to perform first
. phase compensation and chromatic aberration correction on
(22) Filed: Nov. 16, 2023 alight ray of a received image, and reflect an output light ray
s of the image to a holographic combiner (102); and the
Related U.S. Application Data holographic combiner (102), configured to perform second
(63) Continuation of application No. PCT/CN2022/ phase compensation on the light ray that is of the image and
090934, filed on May 5, 2022. that is output by the phase compensation apparatus (101).
The phase compensation apparatus (101) is utilized to
30) Foreign Application Priority Data correct at least one of the following aberrations: astigma-
tism, a spherical aberration, and a coma aberration; and
May 20, 2021 (CN) oo, 202110552755.2 further correct another aberration in combination with the

Publication Classification

(51) Int. CL
GO2B 27/01
BG60K 35/00

(2006.01)
(2006.01)

Side view of an HUD

holographic combiner (102), thereby effectively eliminating
aberrations and improving imaging quality. The projection
system is used in a head-up display system, an augmented
reality display system, a head-mounted display device, and
the like.

Virtual image

i

°

101
Coaxial equivalent 100
Intermediate Image position in
ihe fiest direction )
=

£,
R
3,

Intermediate 1mage position in
the second divection

Second direction
{{Usually a vertical direction Y}

First direction
X (Usually a horizoutal direction X)



Patent Application Publication  Mar. 21, 2024 Sheet 1 of 11 US 2024/0094531 A1

Holographic optical element

v

R e S H ;
— D1 X
) Normal direction
........................................... . 4 KIS S e
o s
- :
\\ (;y Sy : i
> S N
\ ’[»: ’/ \>\ :- i .
FIG. 1
200
T |
| |
: Image source : Phase compensation Holographic
! 100 :" ~~~~~~ apparatus 101 combiner 102
! !

FI1G. 2



Patent Application Publication  Mar. 21, 2024 Sheet 2 of 11 US 2024/0094531 A1

Inclined
direction

1 R
Non-inclined
direction

FIG. 3



US 2024/0094531 A1l

Mar. 21, 2024 Sheet 3 of 11

Patent Application Publication

(% uonoanp [pIuozLIoY B Afjensy) ¥
UOTIOD 1831

{4 0ouoayD [BIMA B AjR0S(Y))
GOTIO0XP PUODOY

v DI

) UOTORP PUOIS OUL
" ur uopisod 088w MpRIpoOwIINU]

OIIOHID ISTY 24}
ui ponsod aBeun sjerpounoIy]

(01 Juapeamnba [erxeo)
10t

ofeuty Rl A

61

QNH Ue §o M1 9PIS



Patent Application Publication  Mar. 21, 2024 Sheet 4 of 11 US 2024/0094531 A1

First
direction

Second direction

\\ First

divection




US 2024/0094531 A1l

Mar. 21, 2024 Sheet 5 of 11

Patent Application Publication

AORIIAP
Bty

101

ko

10§ WOAIY SOUILTY UAYZULYS
Jo wodnoo aouariedxe
23uno] dIA ©osRy nO X

)

L2
gonIenp

PUOAS

s

{peoye s1010W (OG) 250Y OSh

3000 300t 300 OOD\ MDD OO HOD OO WDOT OO HOOL DODI OO DN DOX N

peayB WH(E Yol Wiy,
79 2188 Jurpieog

00:/ 18 Surpieog
1016HZ
uiliog-uayzudyg
Jopumual Y3



Patent Application Publication  Mar. 21, 2024 Sheet 6 of 11 US 2024/0094531 A1




US 2024/0094531 A1l

Mar. 21, 2024 Sheet 7 of 11

Patent Application Publication

(A ‘uonoanp
jBoLIaA B AJBnsn)
Uo103Ip punoes %

(X ‘wonoanp
[PIIOZLIOY ® Af[RNS[})
UOTIDAP 181

6 DId

UOHOMAP PUOOIS Oy}

- 01 nonisod afeun oymIpaISRY
. UOTIOQIP 15T 9Y1 W
vonisod sfeuy syerponiIagg

\ 001 10s[eAInb2 [BIXRO7)

\ﬁ Lol

afww [enan A

QN e Jo mata dog,



Mar. 21, 2024 Sheet 8 of 11 US 2024/0094531 A1l

Patent Application Publication

FI1G. 10

FI1G. 11



Patent Application Publication  Mar. 21, 2024 Sheet 9 of 11 US 2024/0094531 A1

ABCDEFGHUKLMNOPQ

abecdefghijkimnopqrstuy
ABCDEFGHUKLMNOPQ

FIG. 12



Patent Application Publication Mar. 21, 2024 Sheet 10 of 11  US 2024/0094531 A1

Left diagram Right diagram

FIG. 13



Patent Application Publication Mar. 21, 2024 Sheet 11 of 11  US 2024/0094531 A1l

Obtain a color preprocessing offset "\ Step 1

Identify a human eye by using an eye tracking technology [ Step 2

Perform color-offset preprocessing based on the color

. N\, Step 3
preprocessing offset
An observer sees, at an observation point, an image obtained N, Step 4
through color-offset preprocessing

FIG. 14

FI1G. 15



US 2024/0094531 Al

PROJECTION SYSTEM, AUGMENTED
REALITY GLASSES, VEHICLE, AND
TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2022/090934, filed on May 5,
2022, which claims priority to Chinese Patent Application
No. 202110552755.2, filed on May 20, 2021. The disclo-
sures of the aforementioned applications are hereby incor-
porated by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the optics field, and
more specifically, to a projection system, augmented reality
glasses, a vehicle, and a terminal.

BACKGROUND

[0003] A holographic optical element, as a light and thin
optical component with high diffraction efficiency, has a
good prospect for application; therefore, a holographic dis-
play system has emerged. Compared with a conventional
display system, the holographic display system uses holo-
graphic optical elements, which have good wavelength
selectivity and angle selectivity, and high diffraction effi-
ciency; therefore, the system obtains light and thin high-
quality display, which is highly bright and free of double
images.

[0004] Currently, the holographic display system still has
a series of aberration problems which affect imaging quality,
such as astigmatism, chromatic aberration, spherical aber-
ration, coma aberration, distortion, and color offset. Cur-
rently, there is not yet an effective method for solving the
aberration problems in the holographic display system.

SUMMARY

[0005] Therefore, this application provides a projection
system, augmented reality glasses, a vehicle, and a terminal,
to help reduce a size of a projection system to occupy
relatively small space, and to effectively improve imaging
quality of an image.

[0006] According to a first aspect, a projection system is
provided and includes: a phase compensation apparatus and
a holographic combiner. The phase compensation apparatus
is configured to perform first phase compensation and chro-
matic aberration correction on a light ray of a received
image, and reflect an output light ray of the image to the
holographic combiner. The holographic combiner is config-
ured to perform second phase compensation on the light ray
that is of the image and that is output by the phase com-
pensation apparatus, and deflect the light ray of the image
that has undergone second phase compensation into a human
eye, so that the light ray of the image becomes an enlarged
image. In the projection system according to embodiments
of this application, after performing the first phase compen-
sation and the chromatic aberration correction, the phase
compensation apparatus reflects an optical path to the holo-
graphic combiner; and then the holographic combiner per-
forms second phase compensation on the light ray that is of
the image and that is output by the phase compensation
apparatus. In embodiments of this application, an optical
path becomes smaller through optical path folding, so that a
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size of the system is relatively small. In addition, the
projection system in embodiments of this application is
simple to produce, and imaging quality of an image is good.
[0007] Optionally, the holographic combiner is further
configured to enlarge the light ray of the image. An enlarge-
ment function of the system is mainly undertaken by the
holographic combiner 102. Therefore, an aperture of an
optical element before the holographic combiner is rela-
tively small. The phase compensation apparatus 101 is
introduced to perform compensation, an aperture of an
optical element that needs to be fabricated is relatively
small, and implementation is relatively simple.

[0008] In a possible implementation, that the holographic
combiner is configured to perform second phase compen-
sation on the light ray that is of the image and that is output
by the phase compensation apparatus includes: performing
compensation on astigmatism of the light ray that is of the
image and that is output by the phase compensation appa-
ratus. In a possible implementation, that the phase compen-
sation apparatus is configured to perform first phase com-
pensation on the light ray of the image includes: performing
compensation on a spherical aberration and a coma aberra-
tion of the light ray of the image. In this way, a phase
compensation function of the holographic combiner 102
may work together with the phase compensation apparatus
101, to perform compensation on the aberrations, thereby
reducing complexity and a size of the phase compensation
apparatus 101, effectively eliminating the aberrations, and
improving imaging quality.

[0009] Inapossible implementation, the holographic com-
biner is fabricated by adding a spatial light modulator and/or
a free-form curved mirror and performing holographic expo-
sure.

[0010] In a possible implementation, there is an included
angle between a central projection light ray outgoing from
the holographic combiner and a normal direction of the
holographic combiner, where the central projection light ray
is a projection light ray in a direction of a connection line
between the center of the human eye and the center of the
holographic combiner.

[0011] Ina possible implementation, the projection system
is used in an in-vehicle head-up display system. The holo-
graphic combiner is attached to a windshield (for example,
an inner surface of the windshield) of a wvehicle, or is
sandwiched in the windshield. The phase compensation
apparatus is disposed at a central console of the vehicle. The
manner of attaching the holographic combiner to a wind-
shield of a vehicle is quite simple. The manner of sandwich-
ing the holographic combiner in the windshield (for
example, laminated glass) makes the holographic combiner
free from damage or corrosion resulting from changes of the
external environment, and therefore reliability is relatively
high.

[0012] Optionally, the projection system further includes
an image source, configured to send the light ray of the
image to the phase compensation apparatus; a value range of
a cumulative optical path d, from the image source to the
holographic combiner is from 200 millimeters to 600 mil-
limeters; and a value range of a focal length f,,, ., of the
holographic combiner in a first direction is from 202.70
millimeters to 681.82 millimeters, and a value range of a
focal length £, of the holographic combiner in a second
direction is from 200.31 millimeters to 679.03 millimeters.
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The first direction is a horizontal direction, and the second
direction is a vertical direction.

[0013] It can be understood that the foregoing value
ranges are examples for description, and do not constitute
any limitation on embodiments of this application.

[0014] In a possible implementation, a central projection
light ray outgoing from the holographic combiner is parallel
to a normal direction of the holographic combiner. It can be
understood that in real-world application, “parallel” may be
understood as being approximately parallel.

[0015] Optionally, the projection system is used in aug-
mented reality AR glasses; the holographic combiner is
disposed at a lens; and the phase compensation apparatus is
disposed in a leg of the AR glasses.

[0016] Optionally, the projection system further includes
an image source, configured to send the light ray of the
image to the phase compensation apparatus; a value range of
a cumulative optical path d, from the image source to the
holographic combiner is from 30 millimeters to 65 millime-
ters; and a value range of a focal length f,,, ., of the
holographic combiner in a first direction is from 30.36
millimeters to 2191.01 millimeters, and a value range of a
focal length f,,; of the holographic combiner in a second
direction is from 30.18 millimeters to 69.52 millimeters.
[0017] It can be understood that the foregoing value
ranges are examples for description, and do not constitute
any limitation on embodiments of this application.

[0018] In a possible implementation, the phase compen-
sation apparatus includes a reflective holographic optical
element. Therefore, a chromatic aberration of the system
may be corrected, by introducing the reflective holographic
optical element, within a wavelength linewidth of the pro-
jection light ray which is less than 10 nanometers.

[0019] Optionally, the phase compensation apparatus fur-
ther includes at least one free-form curved mirror, in addi-
tion to the foregoing reflective holographic optical element.
Therefore, by introducing the reflective holographic optical
element and the at least one free-form curved mirror (for
example, a free-form curved reflector), a chromatic aberra-
tion of the system may be corrected within a wavelength
linewidth of the projection light ray which is less than 10
nanometers.

[0020] In a possible implementation, the phase compen-
sation apparatus includes at least one free-form curved
mirror. Optionally, a tri-color wavelength linewidth of the
light ray of the image received by the phase compensation
apparatus is less than 3 nanometers. Therefore, by introduc-
ing the at least one free-form curved mirror (for example, a
free-form curved lens), a chromatic aberration of the system
may be corrected within a wavelength linewidth of the
projection light ray which is less than 3 nanometers.
[0021] In a possible implementation, the image source is
further configured to perform distortion preprocessing on the
light ray of the image.

[0022] The distortion preprocessing can effectively elimi-
nate distortion of the image, thereby reducing aberrations
caused by the distortion and improving imaging quality.
[0023] Inapossible implementation, the projection system
further includes an image source, and the image source is
further configured to perform color-offset preprocessing on
the light ray of the image. In this application, color-offset
preprocessing is added at the image source, and a color
offset aberration is corrected within an eye box by using an
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eye tracking technology, so that imaging points of mono-
chromatic components overlap after imaging, thereby reduc-
ing aberrations.

[0024] In a possible implementation, the phase compen-
sation apparatus further includes a planar reflector.

[0025] In a possible implementation, the phase compen-
sation apparatus in embodiments of this application may
include one or more combinations of reflective phase com-
pensation elements, so as to provide a greater degree of
freedom for aberration optimization design and easily
achieve a desirable aberration correction effect.

[0026] According to a second aspect, augmented reality
glasses are provided, including any one of the projection
systems that can be used in the augmented reality glasses
according to the first aspect.

[0027] According to a third aspect, a vehicle is provided,
including any one of the projection systems that can be used
in the vehicle according to the first aspect.

[0028] According to a fourth aspect, a terminal is pro-
vided, including the projection system according to any one
of the implementations of the first aspect.

[0029] According to a fifth aspect, a projection method is
provided. The method includes: performing first phase com-
pensation and chromatic aberration correction on a light ray
of a received image, and reflecting an output light ray of the
image to a holographic combiner; and performing second
phase compensation on the light ray that is of the image and
that is output by a phase compensation apparatus, and
deflecting the light ray of the image that has undergone the
second phase compensation into a human eye, so that the
light ray of the image becomes an enlarged image.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG. 1 is a schematic diagram of a cause for
astigmatism;
[0031] FIG. 2 is a schematic block diagram of a projection

system 200 according to an embodiment of this application;
[0032] FIG. 3 shows an example in which a projection
system according to an embodiment of this application is
used in an in-vehicle head-up display system;

[0033] FIG. 4 is a diagram showing an example of param-
eters for a projection system used in an in-vehicle head-up
display system according to an embodiment of this appli-
cation;

[0034] FIG. 5 is a diagram showing an example of a
combination of phase compensation elements;

[0035] FIG. 6 is another diagram showing an example of
a combination of phase compensation elements;

[0036] FIG. 7 is a diagram showing an example in which
a projection system according to an embodiment of this
application is used in AR glasses;

[0037] FIG. 8 is another diagram showing an example in
which a projection system according to an embodiment of
this application is used in AR glasses;

[0038] FIG. 9 is a diagram showing an example of param-
eters for a projection system used in AR glasses according
to an embodiment of this application;

[0039] FIG. 10 is a diagram showing an example of a
combination of phase compensation elements;

[0040] FIG. 11 is a diagram showing a simulation effect
according to an embodiment of this application;

[0041] FIG. 12 is a diagram showing a simulation effect
after distortion preprocessing;
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[0042] FIG. 13 is a diagram showing an example of a
process of obtaining a color preprocessing offset according
to an embodiment of this application;

[0043] FIG. 14 is a schematic diagram of a method for
obtaining a color preprocessing offset according to an
embodiment of this application; and

[0044] FIG. 15 is a comparison diagram showing an effect
of color-offset preprocessing.

DESCRIPTION OF EMBODIMENTS

[0045] The following describes technical solutions of this
application with reference to the accompanying drawings.
[0046] The technical solutions in embodiments of this
application may be applied to various augmented reality
(angmented reality, AR) projection display systems and
transparent projection display systems, for example, a head-
up display (head-up display, HUD) system, a head-mounted
display (head-mounted display, HMD) (for example, AR
glasses) device, and showcase/vehicle window projection
display. It can be understood that the head-up display system
includes but is not limited to in-vehicle/aerospace/shipboard
head-up display.

[0047] For ease of understanding, some concepts or terms
involved in this application are first briefly described.
[0048] Aberrations in a holographic projection display
system affect imaging quality. Image astigmatism and a
chromatic aberration are one of main sources of aberrations
in a holographic projection display system.

[0049] A cause why image astigmatism is generated is as
follows: a holographic combiner is used as a beam deflector;
and to avoid overlapping between a diffracted image and a
reflected image, a diffraction angle and an incident angle are
non-coaxially designed. As a result, a beam aperture of an
outgoing beam in a horizontal direction and that in a vertical
direction are inconsistent, thereby generating astigmatism.
For ease of understanding, the cause why astigmatism is
generated is described herein with reference to FIG. 1. As
shown in FIG. 1, an included angle between a normal
direction of a holographic optical element and an output
direction of a light ray is 6, an aperture of a coaxial
horizontal outgoing beam is D,, and an aperture of an
off-axis inclined outgoing beam is D,. Therefore, there is a
relational expression between D, and D,: D,=D, cos 8. Due
to a change in the beam apertures, an actual imaging
distance q' deviates from a coaxial imaging distance q. There
is a relational expression between the actual imaging dis-
tance and the coaxial imaging distance: q'=q.cos® 8.
[0050] A cause why a chromatic aberration is generated is
as follows: optical elements have different optical responses
to light having different wavelengths, which is known as a
dispersion effect. When a projection light source has a
specific linewidth, an aberration occurs.

[0051] In addition, aberrations of a holographic projection
display system may further include a spherical aberration, a
coma aberration and distortion.

[0052] A primary aberration (including a spherical aber-
ration, a coma aberration, and astigmatism) of a holographic
combiner may be expressed by using the following formula:

2
+y 1 5
2 (Cex+Cyy) + E(Axx = 24,,xy+ 4,y )
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[0053] In the formula, x and y are horizontal and vertical
coordinates of a point on a wavefront. In the foregoing
formula, the first item

(]Cz + yZ)Z

8

N

is a spherical aberration, and S is a spherical aberration
coefficient; the second item

x2+4?

Lt Oy

is a coma aberration, and C is a coma aberration coefficient;
and the third item Y2(A x*-2A,_xy+A y?) is astigmatism,
and A is an astigmatism coefficient. Expressions of the
coefficients are as follows:

Xo Xo
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[0054] where x and y are coordinates of a corresponding
object point or image point on an xy plane, and 1 is a
distance between the corresponding object point or
image point and the origin of the coordinates (where a
corner mark o represents object light during exposure
recording, a corner mark R represents reference light
during exposure recording, and a corner mark I repre-
sents image light during reproduction, and a corner
mark ¢ represents reproduced light during reproduc-
tion). A coordinate system is defined in a way in which
the xy plane and the holographic combiner are on a
same plane. The coordinate origin is located at the
center of the holographic combiner.

[0055] For unified description herein, in the formulas
(including the foregoing formulas and the following formu-
las) in embodiments of this application, an error tolerance on
the left side and the right side of an equal sign in each
equation is 15%.

[0056] A cause why distortion is generated is as follows:
when the holographic combiner is used as an imaging
element to enlarge an image, an edge of the image is
distorted.

[0057] This application provides a projection system, in
which a phase compensation apparatus is introduced to
eliminate an aberration problem caused by astigmatism and
a chromatic aberration, thereby helping improve imaging
quality of a holographic projection display system.
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[0058] The following describes a projection system
according to embodiments of this application with reference
to FIG. 2 to FIG. 15.

[0059] FIG. 2 is a schematic block diagram of'a projection
system 200 according to an embodiment of this application.
As shown in FIG. 2, the projection system 200 includes a
phase compensation apparatus 101 and a holographic com-
biner (holographic combiner) 102.

[0060] The phase compensation apparatus 101 is config-
ured to perform first phase compensation and chromatic
aberration correction on a light ray of a received image, and
reflect an output light ray of the image to the holographic
combiner 102.

[0061] The holographic combiner 102 is configured to
perform second phase compensation on the light ray that is
of the image and that is output by the phase compensation
apparatus 101, and deflect the light ray of the image that has
undergone the second phase compensation into a human eye,
so that the light ray of the image becomes an enlarged image.
For example, the light ray of the image forms an upright
enlarged virtual image at the human eye.

[0062] The holographic combiner 102 is transparent to
light beyond a designed response angle or light outside a
response wavelength (or in other words, the holographic
combiner 102 has a high transmittance for light that does not
meet a designed projection angle or a projection wave-
length), so that the human eye can further observe, while
observing the image, an external real scenario by using the
holographic combiner, and the two are superimposed to
enhance a display effect.

[0063] In the projection system according to this embodi-
ment of this application, after performing the first phase
compensation and the chromatic aberration correction, the
phase compensation apparatus reflects an optical path to the
holographic combiner; and then the holographic combiner
performs second phase compensation on the light ray that is
of the image and that is output by the phase compensation
apparatus. In this embodiment of this application, an optical
path becomes smaller through optical path folding, so that a
size of the system is relatively small. In addition, the
projection system in this application is easy to produce, and
imaging quality of an image is relatively good.

[0064] In this embodiment of this application, the phase
compensation apparatus 101 is added to the projection
system, and the phase compensation apparatus 101 is uti-
lized to correct at least one of the following aberrations:
astigmatism, a spherical aberration, and a coma aberration;
and further corrects another aberration in combination with
the holographic combiner 102, thereby effectively eliminat-
ing aberrations and improving imaging quality.

[0065] For example, the phase compensation apparatus
101 performs phase compensation on the astigmatism, and
the holographic combiner 102 performs phase compensation
on the spherical aberration and the coma aberration.
[0066] For another example, the phase compensation
apparatus 101 performs phase compensation on the spherical
aberration and the coma aberration, and the holographic
combiner 102 performs phase compensation on the astig-
matism. An enlargement function of the system is mainly
undertaken by the holographic combiner 102. Therefore, an
aperture of an optical element before the holographic com-
biner 102 is small. In this way, the phase compensation
apparatus 101 is introduced to perform compensation, an
aperture of an optical element that needs to be fabricated is
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relatively small, and implementation is relatively simple. In
addition, a phase compensation function of the holographic
combiner 102 may work together with the phase compen-
sation apparatus 101, to perform compensation on the aber-
rations, thereby reducing complexity and a size of the phase
compensation apparatus 101.

[0067] It is to be understood that a name of the holo-
graphic combiner 102 does not constitute any limitation on
embodiments of this application. The holographic combiner
102 may also be understood as a holographic apparatus
having functions of the holographic combiner 102.

[0068] A source of the image received by the phase
compensation apparatus 101 is not limited in this embodi-
ment of this application. The projection system may include
an image source, or may not include an image source. In a
case in which the projection system does not include an
image source, the image received by the phase compensa-
tion apparatus may come from an external device (for
example, a terminal device), provided that the image can be
sent to the projection system.

[0069] It is to be understood that a manner in which the
phase compensation apparatus 101 receives the image is not
limited in this embodiment of this application. For example,
the image received by the phase compensation apparatus
101 may be a light ray of an image sent by an external
device, which arrives at the phase compensation apparatus
101 after being projected and/or emitted.

[0070] Optionally, the projection system further includes
an image source 100. The image source 100 is configured to
generate an image, where a light ray of the image is
projected to the phase compensation apparatus 101. It can be
understood that a specific form of the image source 100 is
not limited in this embodiment of this application. The
image source 100 may be a self-luminous integrated flat
panel display, or may be a display module with a scattering
screen. For example, the image source 100 may be any one
of'the following: a light emitting diode (light emitting diode,
LED), a micro-light emitting diode (Micro-LED), an organic
light emitting diode (organic light emitting diode, OLED), a
liquid crystal display (liquid crystal display, LCD), a digital
micro-mirror device (digital micro-mirror device, DMD),
and a micro-electro-mechanical system (micro-electro-me-
chanical system, MEMS). Optionally, a narrow-linewidth
LED or a laser light source may be selected as the image
source 100.

[0071] To correct the astigmatism, the phase compensa-
tion apparatus 101 may perform first phase compensation in
a single direction or in a plurality of directions, so that an
imaging distance of the holographic combiner 102 in a first
direction is the same as an imaging distance of the holo-
graphic combiner 102 in a second direction. For example,
the single direction may be a first direction or a second
direction. For another example, the plurality of directions
may be a first direction and a second direction.

[0072] It can be understood that a quantity, a type, or a
combination form of phase compensation elements included
in the phase compensation apparatus 101 is not limited in
this embodiment of this application. For example, the type
of'the phase compensation elements may include a reflective
phase compensation element and/or a transmissive phase
compensation element.

[0073] The phase compensation apparatus 101 is config-
ured to perform chromatic aberration correction on the light
ray of the image, specifically including: the phase compen-
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sation apparatus 101 and the holographic combiner 102 have
opposite dispersion characteristics, and can implement chro-
matic aberration correction within a specific range of an
RGB tri-color wavelength linewidth of the image source,
that is, chromatic aberrations are neutralized between the
phase compensation apparatus 101 and the holographic
combiner 102. For example, the phase compensation appa-
ratus 101 includes a holographic optical element, and the
holographic optical element is configured to implement a
function of chromatic aberration correction.

[0074] Optionally, the phase compensation apparatus 101
includes a holographic optical element. Optionally, the
phase compensation apparatus 101 further includes one or
more of the following optical elements: a diffractive optical
element and a micro-nano optical element (meta-surface, or
a two-dimensional material, or the like). A tri-color wave-
length linewidth of an image on which the phase compen-
sation apparatus 101 performs chromatic aberration correc-
tion is less than 10 nanometers. In other words, a tri-color
wavelength linewidth of the light ray of the image received
by the phase compensation apparatus 101 is less than 10
nanometers.

[0075] Further, the phase compensation apparatus 101
further includes at least one free-form curved mirror, in
addition to the one or more of a diffractive optical element,
a holographic optical element, and a micro-nano optical
element (a meta-surface, or a two-dimensional material, or
the like). In other words, at least one of a diffractive optical
element, a holographic optical element, and a micro-nano
optical element, and at least one free-form curved mirror
may be used together to implement chromatic aberration
correction. It can be understood that the free-form curved
mirror herein may represent a type of curved mirror. For
example, the free-form curved mirror may include a qua-
dratic curved mirror, a cylindrical mirror, a prism, or the
like. Alternatively, the free-form curved mirror herein may
also represent a kind of curved mirror itself, for example, a
free-form curved mirror as understood by a person skilled in
the art. Herein, the phase compensation apparatus 101
further includes at least one free-form curved mirror, in
addition to the one or more of a diffractive optical element,
a holographic optical element, and a micro-nano optical
element (a meta-surface, or a two-dimensional material, or
the like). In this case, a tri-color wavelength linewidth of an
image on which the phase compensation apparatus 101
performs chromatic aberration correction is also less than 10
nanometers. In other words, a tri-color wavelength linewidth
of the light ray of the image received by the phase compen-
sation apparatus 101 is also less than 10 nanometers.
[0076] For example, the phase compensation apparatus
101 includes a holographic optical element and a free-form
curved mirror; the free-form curved mirror (which may be a
free-form curved reflector) receives a light ray of an image,
and performs first phase compensation on the light ray of the
received image; and a light ray reflected by the free-form
curved mirror arrives at the holographic optical element, and
the holographic optical element performs chromatic aberra-
tion correction on the light ray of the image received from
the free-form curved mirror.

[0077] It can be understood that the phase compensation
apparatus 101 herein is merely an example for description,
and this application is not limited thereto. For example,
positions of the holographic optical element and the free-
form curved mirror that are included in the phase compen-
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sation apparatus may be interchanged. For another example,
the phase compensation apparatus may include a plurality of
holographic optical elements and/or free-form curved mir-
rors.

[0078] Alternatively, optionally, the phase compensation
apparatus 101 includes at least one free-form curved mirror.
The at least one free-form curved mirror receives a light ray
of an image, and performs first phase compensation and
chromatic aberration correction on the light ray of the image.
In other words, chromatic aberration correction may be
implemented by using at least one free-form curved mirror.
Herein, the free-form curved mirror used to implement
chromatic aberration correction is a free-form curved lens.
In this case, the phase compensation apparatus further
includes a reflector, configured to reflect a light of an image.
For a meaning of the free-form curved mirror, refer to the
foregoing description. Details are not described herein
again. Herein, the phase compensation apparatus 101 does
not include a holographic optical element. A tri-color wave-
length linewidth of an image on which the phase compen-
sation apparatus 101 performs chromatic aberration correc-
tion is less than 3 nanometers. In other words, a tri-color
wavelength linewidth of the light ray of the image received
by the phase compensation apparatus 101 is less than 3
nanometers.

[0079] In a possible implementation, that the holographic
combiner 102 is configured to perform second phase com-
pensation on the light ray that is of the image and that is
output by the phase compensation apparatus 101 includes:
performing phase compensation on astigmatism of the light
ray that is of the image and that is output by the phase
compensation apparatus 101; and the phase compensation
apparatus 101 is configured to perform phase compensation
on a spherical aberration and a coma aberration of the light
ray of the image. An imaging distance of the holographic
combiner 102 in a first direction is the same as an imaging
distance of the holographic combiner 102 in a second
direction, and the first direction is orthogonal (or in other
words, vertical) to the second direction. In other words, the
holographic combiner 102 may correct the astigmatism of
the light ray of the image; and the phase compensation
apparatus 101 performs first phase compensation and chro-
matic aberration correction on the spherical aberration and
the coma aberration of the light ray of the image, thereby
improving imaging quality of the holographic display sys-
tem.

[0080] In this embodiment of this application, the spheri-
cal aberration, the coma aberration, and the chromatic
aberration of the light ray of the image are corrected by
using the phase compensation apparatus 101; and the astig-
matism of the light ray of the image may be corrected by
using the holographic combiner 102, thereby greatly
improving imaging quality of the holographic display sys-
tem.

[0081] Optionally, the holographic combiner 102 is fabri-
cated by adding a spatial light modulator and/or a free-form
curved mirror to provide a phase compensation factor and
performing holographic exposure. For example, the free-
form curved mirror may be a cylindrical mirror. For a
meaning of the free-form curved mirror, refer to the fore-
going description. Details are not described herein again.
[0082] Optionally, the holographic combiner 102 may be
a holographic thin film whose thickness does not exceed 1
millimeter, and may be attached to a surface of a transparent
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substrate in an application scenario or sandwiched in a
sandwich material. A person skilled in the art can know that
the transparent substrate or the sandwich material is usually
glass or transparent plastic that already exists in an appli-
cation scenario. The human eye can observe an upright
enlarged virtual image formed in front of a projection light
ray emitted by the holographic combiner 102, and can
observe an external real scene through the transparent sub-
strate or the sandwich material. In this way, the real scene is
fused with the virtual image, thereby implementing an
augmented reality display result.

[0083] It is to be understood that a shape of the holo-
graphic combiner 102 is not limited in this embodiment of
this application. For example, the holographic combiner 102
may be an ellipse, a rectangle, an irregular shape, or a
corresponding shape designed based on an application sce-
nario.

[0084] In a possible implementation, there is an included
angle between a central projection light ray outgoing from
the holographic combiner 102 and a normal direction of the
holographic combiner 102, where the central projection light
ray is a projection light ray in a direction of a connection line
between the center of the human eye and the center of the
holographic combiner.

[0085] The projection system in this embodiment of this
application may be used in an in-vehicle head-up display
system. Correspondingly, the holographic combiner 102 is
attached to a windshield of a vehicle, or sandwiched in the
windshield; and the phase compensation apparatus 101 is
disposed at a central console of the vehicle. When the
holographic combiner 102 is attached to a windshield of a
vehicle, the holographic combiner 102 may be attached to an
inner surface of the windshield of the vehicle. The manner
of attaching the holographic combiner 102 to a windshield
of a vehicle is quite simple. The manner of sandwiching the
holographic combiner 102 in the windshield (for example,
laminated glass) makes the holographic combiner free from
damage or corrosion resulting from changes of the external
environment, and therefore reliability is relatively high.
[0086] Optionally, the image source 100 may be disposed
at the central console of the vehicle. It can be understood
that, the image source 100 may be an external device, and
may be pluggable; or may be an image source in the
projection system; or may be an image source in the in-
vehicle head-up display system; and is not limited herein.
Brightness of a light ray of an image emitted by the image
source 100 is adjustable and may be adaptively adjusted
along with brightness of an external environment, for
example, the light ray becomes bright in the daytime and
becomes dark at night.

[0087] An example shown in FIG. 3 is used herein to
describe an example in which a projection system according
to an embodiment of this application is used in an in-vehicle
head-up display system. As shown in FIG. 3, the image
source 100 and the phase compensation apparatus 101 may
be disposed inside a central console of a vehicle, and the
holographic combiner 102 may be attached to an inner
surface of a front windshield of the vehicle or sandwiched in
the front windshield. A light ray of an image generated by
the image source 100 is reflected by the phase compensation
apparatus 101, and then the light ray of the image is
projected, by using a transparent opening on a surface of the
central console, to the holographic combiner 102. The light
ray is diffracted by the holographic combiner 102 and then
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projected into a human eye, to form an upright enlarged
virtual image. In addition, the human eye can see a real
scene outside the vehicle through the front windshield. The
virtual image is fused with the real scene outside the vehicle,
and the two are superimposed to enhance a display effect.
For example, the real scenario outside the vehicle includes
but is not limited to a lane, a pedestrian/vehicle/traffic
indication mark, a navigation indication, and the like.

[0088] lLocations of the image source 100 and the phase
compensation apparatus 101 are not specifically limited in
this application. For example, an in-vehicle HUD is used as
an example, and the image source 100 and the phase
compensation apparatus 101 together may form an HUD
optical receiver/transmitter disposed in back space of an
inner decorative steering wheel (for example, an internal
position of a dashboard of the vehicle). The holographic
combiner 102 is attached to an inner surface of a windshield
of the vehicle or is sandwiched in the windshield. In the
in-vehicle head-up display system, the phase compensation
apparatus 101 may perform first phase compensation on the
light ray of the image in a first direction and/or a second
direction.

[0089] In an embodiment, in the in-vehicle head-up dis-
play system, the phase compensation apparatus 101 may be
configured to perform compensation on a spherical aberra-
tion and a coma aberration of the image, and the holographic
combiner 102 may be configured to perform compensation
on astigmatism of the light ray of the image. Optionally, the
projection system further includes an image source 100,
where the image source 100 is configured to send the light
ray of the image to the phase compensation apparatus 101.

[0090] For example, a value range of a cumulative optical
path d, from the image source 100 to the holographic
combiner 102 is from 200 millimeters to 600 millimeters; an
included angle 6 between a central normal direction of the
holographic combiner and a horizontal direction is 10° to
70° a distance d; from a virtual image formed by the
holographic combiner 102 to the holographic combiner 102
is 5 meters to 15 meters; and a value range of a focal length
f;02x Of the holographic combiner in a first direction is from
202.70 millimeters to 681.82 millimeters, and a value range
of a focal length f,,z, of the holographic combiner in a
second direction is from 200.31 millimeters to 679.03 mil-
limeters. The first direction is the horizontal direction, and
the second direction is a vertical direction.

[0091] Optionally, f,,,zy and f oz, in the foregoing
example respectively meet the following formulas:

Sroey  do dijcos?d

[0092] For the spherical aberration and the coma aberra-
tion of the light ray of the image corrected by the phase
compensation apparatus 101, optionally, in the in-vehicle
head-up display system, a phase compensation factor added
to the phase compensation apparatus 101 satisfies the fol-
lowing expression:
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[0093] where k is a light wave vector, S is a spherical
aberration coefficient, x is a horizontal coordinate of a
point on a wavefront, y is a vertical coordinate of the
point on the wavefront, C_ is a coma aberration coef-
ficient, and p is a scaling factor.

[0094] Specifically, the phase compensation apparatus 101
may provide the phase compensation factor by using a
surface shape and/or a phase cumulative distribution of an
optical element of the phase compensation apparatus 101, to
perform compensation on the spherical aberration and the
coma aberration of the light ray of the image. Different phase
compensation factors may be generated by using different
optical paths that are generated by designing the surface
shape (for example, a free-form curved mirror) of the optical
element; or providing the phase compensation factor by
using the phase cumulative distribution of the optical ele-
ment may be implemented by using one or more of the
following optical elements: a diffractive optical element, a
holographic optical element, and a micro-nano optical ele-
ment (meta-surface, or a two-dimensional material, or the
like).

[0095] In an embodiment, in the in-vehicle head-up dis-
play system, the phase compensation apparatus 101 may be
configured to perform compensation on astigmatism of the
light ray of the image, and the holographic combiner 102
may be configured to perform compensation on a spherical
aberration and a coma aberration of the light ray of the
image. This embodiment is described with reference to the
following three manners.

[0096] Manner 1: The phase compensation apparatus 101
performs, in a first direction and a second direction, first
phase compensation on the light ray of the image, where the
phase compensation apparatus 101 has a focal length (or in
other words, a focal power) in both the first direction and the
second direction, the first direction is a horizontal direction,
and the second direction is a vertical direction.

[0097] Before a focal length of a phase compensation
element in the first direction and/or that in the second
direction are/is described, for ease of understanding, param-
eters defined in the following description are first described
with reference to FIG. 4: d,, d,, d_, and 0. FIG. 4 is an
example of a side view of an HUD to which a projection
system according to this application is applied. As shown in
FIG. 4, d, is a cumulative optical path/distance from the
image source 100 to the holographic combiner 102; d, is a
distance from a virtual image formed by the holographic
combiner 102 to the holographic combiner 102; d. is a
distance from the phase compensation apparatus 101 to the
holographic combiner 102; 0 is an included angle between
a central normal direction of the holographic combiner and
the first direction; d,, is a distance, in the first direction,
between a virtual object (that is, an intermediate image
position in the first direction) formed by the phase compen-
sation apparatus 101 for the holographic combiner 102 and
the holographic combiner 102; and d,,,, is a distance, in the
second direction, between a virtual object (that is, an inter-
mediate image position in the second direction) formed by
the phase compensation apparatus 101 for the holographic
combiner 102 and the holographic combiner 102. The first
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direction is a horizontal direction, and the second direction
is a vertical direction. d =ds+d_, that is, a cumulative optical
path/distance from the image source 100 to the holographic
combiner 102, where ds is a distance from the image source
100 (or a coaxial equivalent 100) to the phase compensation
apparatus 101. A meaning of the intermediate image position
in the first direction is: a position at which an intermediate
image is the clearest among images in the first direction.
This is because the phase compensation apparatus 101 has a
focal power in the first direction, and therefore the clearest
of imaging positions in the first direction changes relative to
the coaxial equivalent 100. A meaning of the intermediate
image position in the second direction is: a position at which
an intermediate image is the clearest among images in the
second direction. This is because the phase compensation
apparatus 101 has a focal power in the second direction, and
therefore the clearest of imaging positions in the second
direction changes relative to the coaxial equivalent 100.
Imaging distances of the holographic combiner 102 in the
first direction and the second direction are the same, that is,
both are d,. In other words, an image is the clearest at the d,
position in the first direction and an image is the clearest at
the d, position in the second direction, thereby achieving an
objective of eliminating astigmatism.

[0098] For Manner 1, for example, when a value range of
the cumulative optical path/distance d, from the image
source 100 to the holographic combiner 102 is from 250
millimeters to 312.5 millimeters, a value range of the
distance d. from the phase compensation element to the
holographic combiner 102 is from 187.5 millimeters to 250
millimeters, and a value of an included angle 8 between a
direction of a connection line from the human eye to the
center of the holographic combiner 102 and the normal
direction of the holographic combiner 102 is 45°, a value
range of the focal length f,_,,, of the phase compensation
apparatus 101 in the first direction is from —1203.1 milli-
meters to —350.0 millimeters and a value range of the focal
length f__ . of the phase compensation apparatus 101 in the
second direction is from 450 millimeters to 1296.9 milli-
meters.

[0099] Optionally, .,y in the foregoing example satisfies
the following formula:

[0100] f

com

y satisfies the following formula:

[0101] d,, satisfies the following formula:
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[0102] d,,, satisfies the following formula:
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[0103] f,, satisfies the following formula:

[0104] Meanings of the parameters in the foregoing for-
mulas are not described herein again.

[0105] Manner 2: The phase compensation apparatus 101
performs, in a first direction, first phase compensation on the
light ray of the image, so that an imaging distance in the first
direction is equal to an imaging distance in a second
direction, where the phase compensation apparatus 101 has
a focal length (or in other words, a focal power) in the first
direction.

[0106] The first direction is a horizontal direction, and the
second direction is a vertical direction. For example, when
a value range of the cumulative optical path/distance d, from
the image source 100 to the holographic combiner 102 is
from 250 millimeters to 312.5 millimeters, a value range of
the distance d_. from the phase compensation apparatus 101
to the holographic combiner 102 is from 187.5 millimeters
to 250 millimeters, and a value of an included angle 0
between a direction of a connection line from the human eye
to the center of the holographic combiner and the normal
direction of the holographic combiner is 45°, a value range
of the focal length f_,  of the phase compensation appa-
ratus 101 in the first direction is from —1203.1 millimeters
to —350.0 millimeters and the focal length of the phase
compensation apparatus 101 in the second direction is
infinite.

[0107] Optionally, £,y in the foregoing example satisfies
the following formula:

[0109] f, , satisfies the following formula:

1 1 1
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[0110] Meanings of the parameters in the foregoing for-
mulas are not described herein again.

[0111] Manner 3: The phase compensation apparatus 101
performs, in a second direction, first phase compensation on
the light ray of the image, so that an imaging distance in the
second direction is equal to an imaging distance in a first
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direction, where the phase compensation apparatus 101 has
a focal length (or in other words, a focal power) in the
second direction, the first direction is a horizontal direction,
and the second direction is a vertical direction. For example,
when a value range of the cumulative optical path/distance
d, from the image source 100 to the holographic combiner
102 is from 250 millimeters to 312.5 millimeters, a value
range of the distance d. from the phase compensation
apparatus 101 to the holographic combiner 102 is from
187.5 millimeters to 250 millimeters, and a value of an
included angle 6 between a direction of a connection line
from the human eye to the center of the holographic com-
biner and the normal direction of the holographic combiner
is 45°, a value range of the focal length f_,,, of the phase
compensation apparatus 101 in the second direction is from
450 millimeters to 1296.9 millimeters and the focal length of
the phase compensation apparatus 101 in the first direction
is infinite.

[0112] Optionally, f_,,,, in the foregoing example satisfies
the following formula:

1 1 1
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[0113] d,,, satisfies the following formula:
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[0114] f, _ satisfies the following formula:

[0115] Meanings of the parameters in the foregoing for-
mulas are not described herein again.

[0116] In the foregoing three manners, the phase compen-
sation apparatus 101 includes one phase compensation ele-
ment, that is, the foregoing function is implemented by using
one phase compensation element. However, this application
is not limited thereto.

[0117] Optionally, in embodiments of this application (in-
cluding a scenario in which a projection system according to
an embodiment of this application is used in an HUD and a
scenario in which a projection system according to an
embodiment of this application is used in an HMD), the
phase compensation apparatus 101 may include one or more
combinations of phase compensation elements. One phase
compensation element combination may include one or
more of: a reflective phase compensation element, a trans-
missive phase compensation element, and a planar reflector.
In addition, a quantity of reflective phase compensation
elements, a quantity of transmissive phase compensation
elements, or a quantity of planar reflectors included in one
phase compensation element combination is not specifically
limited in this application. For example, one phase compen-
sation element combination includes one phase compensa-
tion element (which may be a reflective phase compensation
element or a transmissive phase compensation element) and
one planar reflector. For another example, one phase com-
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pensation element combination includes two phase compen-
sation elements and at least one planar reflector.

[0118] Compared with a case in which the phase compen-
sation apparatus 101 includes one phase compensation ele-
ment, the phase compensation apparatus 101 including one
or more combinations of reflective phase compensation
elements may provide a greater degree of freedom for
aberration optimization design and easily achieve a desirable
aberration correction effect, to help reduce difficulty in
fabricating the holographic combiner and reduce a size of an
optical receiver/transmitter by adding optical path folding of
a planar reflector.

[0119] The reflective phase compensation element may be
a free-form curved reflector, a holographic optical element,
a diffractive optical element, or a micro-nano optical ele-
ment (a meta-surface structure, or a two-dimensional mate-
rial, or the like). The transmissive phase compensation
element may be a cylindrical lens, a free-form curved lens,
a holographic optical element, a diffractive optical element,
or a micro-nano optical element (meta-surface, or a two-
dimensional material, or the like). Phase compensation is
implemented through different phase variations accumulated
at points on a surface, so as to correct an aberration. The
planar reflector may be a wideband dielectric reflector, a
metal reflector, a holographic optical element reflector, or
the like.

[0120] With reference to FIG. 5 and FIG. 6, the following
describes possible implementations of a combination of
phase compensation elements when a projection system
according to an embodiment of this application is used in an
HUD.

[0121] FIG. 5 is a diagram showing an example of a
combination of phase compensation elements. As shown in
FIG. 5, a phase compensation apparatus 101 includes reflec-
tive phase compensation elements 101-1 and 101-2 and two
planar reflectors 103 and 104, where 101-1 and 101-2 are
two different free-form curved reflectors, and different phase
compensation factors may be generated through different
optical paths that are generated by designing surface shapes
of the two free-form curved reflectors. In FIG. 5, a light ray
of an image generated by the image source 100 is projected
to the phase compensation element 101-1. The light ray is
reflected by the phase compensation element 101-1 to the
phase compensation element 101-2, and then reflected by
the planar reflectors 103 and 104 to the holographic com-
biner 102. A sum of phase compensation factors superposed
in the two times of reflection by the phase compensation
elements 101-1 and 101-2 may correct an aberration of the
holographic combiner. Functions of the planar reflectors 103
and 104 are to implement optical path turn-back, and com-
press an overall installation size of an optical receiver/
transmitter that includes the combination of phase compen-
sation elements and the image source, thereby optimizing an
overall size of the optical receiver/transmitter.

[0122] FIG. 6 is another diagram showing an example of
a combination of phase compensation elements. As shown in
FIG. 6, the phase compensation apparatus 101 includes a
transmissive phase compensation element 101-1, a planar
reflector 103, a reflective phase compensation element 101-
2, and a planar reflector 104. For specific optical path
directions, refer to the example shown in FIG. 6. Details are
not described herein again.
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[0123] It can be understood that the examples in FIG. 5
and FIG. 6 are merely examples for description, and this
application is not limited thereto.

[0124] In an implementation, for a case in which the
holographic combiner 102 corrects the spherical aberration
and the coma aberration of the light ray of the image,
optionally, in the in-vehicle head-up display system, a phase
compensation factor added to the holographic combiner 102
satisfies the following expression:

Lo (27 x+y?

[0125] where k is a light wave vector, S represents a
spherical aberration coefficient, x represents a horizon-
tal coordinate of a point on a wavefront, y represents a
vertical coordinate of the point on the wavefront, and
C, represents a coma aberration coefficient.
[0126] Specifically, the holographic combiner 102 may be
fabricated by adding a spatial light modulator and/or a
free-form curved mirror and performing holographic expo-
sure. The phase compensation factor provided by the holo-
graphic combiner 102 may be used to perform compensation
on the spherical aberration and the comma aberration of the
light ray of the image.
[0127] For unified description herein, an error tolerance of
a value of the phase compensation factor is *15%, and
details are not described again where the phase compensa-
tion factor appears in the following description.
[0128] In another possible implementation, a central pro-
jection light ray outgoing from the holographic combiner
102 is parallel to a normal direction of the holographic
combiner 102. For a definition of the central projection light
ray, refer to the foregoing description. Details are not
described herein again. It can be understood that in real-
world application, “paralle]” may be understood as being
approximately parallel.
[0129] The projection system in embodiments of this
application may be used in an HMD (for example, AR
glasses). The following description is provided by using AR
glasses as an example. Optionally, the holographic combiner
102 is disposed at a lens. For example, the holographic
combiner 102 is attached to a surface (an inner surface or an
outer surface) of the lens. It can be understood that the
holographic combiner 102 may not be attached to the
surface of the lens, and there is a gap between the holo-
graphic combiner 102 and the lens. This is not specifically
limited herein. For another example, the holographic com-
biner 102 is sandwiched in the lens; and the phase compen-
sation apparatus 101 is disposed at an image source 100.
[0130] In an embodiment, in the AR glasses, the phase
compensation apparatus 101 may be configured to perform
compensation on a spherical aberration and a coma aberra-
tion of the image, and the holographic combiner 102 may be
configured to perform compensation on astigmatism of the
light ray of the image. Optionally, the projection system
further includes an image source 100, where a value range
of a cumulative optical path d, from the image source 100
to the holographic combiner 102 is from 30 millimeters to 65
millimeters, an included angle 6 between a direction of a
central projection light ray outgoing from the phase com-
pensation apparatus 101 and a normal direction of the
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holographic combiner is 45° to 75°, a distance d, from a
virtual image formed by the holographic combiner 102 to
the holographic combiner 102 is from 1 meter to 5 meters,
a value range of a focal length f,,,., of the holographic
combiner 102 in a first direction is from 30.36 millimeters
to 2191.01 millimeters, and a value range of a focal length
fory Of the holographic combiner 102 in a second direction
is from 30.18 millimeters to 69.52 millimeters. Optionally,
the image source 100 is disposed in a leg of the AR glasses.
The first direction is a horizontal direction, and the second
direction is a vertical direction.

[0131] Optionally, f,;opy and fogy in the foregoing
example respectively meet the following formulas:

1 1 1

[0132] The phase compensation apparatus 101 corrects the
spherical aberration and the coma aberration of the light ray
of the image. Optionally, in the AR glasses, a phase com-
pensation factor added to the phase compensation apparatus
101 satisfies the following expression:

(Cxpx/cos 0+ Cypy)

[0133] where k is a light wave vector, S is a spherical
aberration coefficient, x is a horizontal coordinate of a
point on a wavefront, y is a vertical coordinate of the
point on the wavefront, C, is a coma aberration coef-
ficient, and p is a scaling factor.

[0134] Specifically, the phase compensation apparatus 101
may provide the phase compensation factor by using a
surface shape and/or a phase cumulative distribution of an
optical element of the phase compensation apparatus 101, to
perform compensation on the spherical aberration and the
coma aberration of the light ray of the image. For description
about the surface shape and the phase cumulative distribu-
tion of the optical element, refer to the foregoing descrip-
tion. Details are not described herein again.

[0135] An example shown in FIG. 7 is used herein to
describe an example in which a projection system according
to an embodiment of this application is used in AR glasses.
As shown in FIG. 7, the image source 100 and the phase
compensation apparatus 101 are disposed in a leg of the
glasses, and the holographic combiner 102 is attached to a
surface of alens of the glasses or is sandwiched in a material
of a lens of the glasses. It is to be understood that imaging
shown in FIG. 7 is merely an example for description, and
does not constitute a limitation on embodiments of this
application. For specific optical path directions, refer to the
example shown in FIG. 7. Details are not described herein
again.

[0136] An example shown in FIG. 8 is used herein to
describe another example in which a projection system
according to an embodiment of this application is used in AR
glasses. As shown in FIG. 8, the image source 100 and the
phase compensation apparatus 101 are disposed in a leg of
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the glasses, and the holographic combiner 102 is attached to
a surface of a lens of the glasses or is sandwiched in a
material of a lens of the glasses. For example, the holo-
graphic combiner 102 is an ellipse and may be located in the
center of the lens, so that the holographic combiner 102
diffracts a formed image to a human eye. It is to be
understood that the structure in FIG. 8 is merely an example
for description, and this application is not limited thereto. It
needs to be further understood that, dashed lines with arrows
in FIG. 8 are examples of optical path directions, and have
no special meaning.

[0137] In an embodiment, in the AR glasses, the phase
compensation apparatus 101 may be configured to perform
compensation on astigmatism of the light ray of the image,
and the holographic combiner 102 may be configured to
perform compensation on a spherical aberration and a coma
aberration of the light ray of the image. In the AR glasses,
the phase compensation apparatus 101 may perform, in a
first direction and/or a direction that is not a second direc-
tion, first phase compensation on the light ray of the image.
This embodiment is described with reference to the follow-
ing three manners.

[0138] Manner 1: the phase compensation apparatus 101
performs, in the first direction and the second direction, first
phase compensation on the light ray of the image, where the
phase compensation apparatus 101 has a focal length (or in
other words, a focal power) in both the first direction and the
second direction.

[0139] Before a focal length of a phase compensation
element in an inclined direction and/or that in a non-inclined
direction are/is described, for ease of understanding, param-
eters defined in the following description are first described
with reference to FIG. 9: d,, d;, d., and 6. FIG. 9 is an
example of a top view of an HMD to which a projection
system according to this application is applied. As shown in
FIG. 9, d; is a distance from a virtual image formed by the
holographic combiner 102 to the holographic combiner 102;
d.. is a distance from the phase compensation apparatus 101
to the holographic combiner 102; 0 is an included angle
between a direction of a central projection light ray outgoing
from the phase compensation apparatus 101 and a normal
direction of the holographic combiner 102; d,, is a distance,
in the first direction, between a virtual object (that is, an
intermediate image position in the first direction) formed by
the phase compensation apparatus 101 for the holographic
combiner 102 and the holographic combiner 102; and d, , is
a distance, in the second direction, between a virtual object
(that is, an intermediate image position in the second direc-
tion) formed by the phase compensation apparatus 101 for
the holographic combiner 102 and the holographic combiner
102. It is to be understood that, dashed lines introduced in
FIG. 9 are for ease of denoting distances from the param-
eters (including d,, d,, d,, and d, ;) to the center of the
holographic combiner 102, and have no special meaning.
The first direction is a horizontal direction, and the second
direction is a vertical direction. d,=ds+d,, that is, a cumu-
lative optical path/distance from the image source 100 to the
holographic combiner 102, where ds is a distance from the
image source 100 (or a coaxial equivalent 100) to the phase
compensation apparatus 101. A meaning of the intermediate
image position in the first direction is: a position at which an
intermediate image is the clearest among images in the first
direction. This is because the phase compensation apparatus
101 has a focal power in the first direction, and therefore the
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clearest of imaging positions in the first direction changes
relative to the coaxial equivalent 100. A meaning of the
intermediate image position in the second direction is: a
position at which an intermediate image is the clearest
among images in the second direction. This is because the
phase compensation apparatus 101 has a focal power in the
second direction, and therefore the clearest of imaging
positions in the second direction changes relative to the
coaxial equivalent 100. Imaging distances of the holo-
graphic combiner 102 in the first direction and the second
direction are the same, that is, both are d,. In other words, an
image is the clearest at the d, position in the first direction
and an image is the clearest at the d, position in the second
direction, thereby achieving an objective of eliminating
astigmatism.

[0140] For example, when a value range of the cumulative
optical path/distance d, from the image source 100 to the
holographic combiner 102 is from 50 millimeters to 60
millimeters and a value range of the included angle ©
between the central light ray outgoing from the phase
compensation apparatus 101 and the normal direction of the
holographic combiner is 60°, a value range of the focal
length £ of the phase compensation apparatus 101 in the
first direction is from —49.5 millimeters to —9.6 millimeters
and a value range of the focal length f_,,, of the phase
compensation apparatus 101 in the second direction is from
32.1 millimeters to 70.5 millimeters. Optionally, f,_,,y in the

com.

foregoing example satisfies the following formmula:

[0142] d,, satisfies the following formula:
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[0143] d,,, satisfies the following formula:
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[0144] f, , satisfies the following formula:

[0145] Manner 2: the phase compensation apparatus 101
performs, in the first direction, first phase compensation on
the light ray of the image, where the phase compensation
apparatus 101 has a focal length (or in other words, a focal
power) in the first direction.
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[0146] For example, when a value range of the cuamulative
optical path/distance d, from the image source 100 to the
holographic combiner 102 is from 50 millimeters to 60
millimeters and a value of the included angle 6 between the
central light ray outgoing from the phase compensation
apparatus 101 and the normal direction of the holographic
combiner 102 is 60°, a value range of the focal length f_,,
of the phase compensation apparatus 101 in the first direc-
tion is from —49.5 millimeters to —9.6 millimeters and the
focal length of the phase compensation apparatus 101 in the
second direction is infinite.

[0147] Optionally, ., in the foregoing example satisfies
the following formula:

[0148] d,, satisfies the following formula:

1 1 1

-
dux  dicos?0  fhoe

[0149] f, . satisfies the following formmula:

[0150] Manner 3: the phase compensation apparatus 101
performs, in the second direction, first phase compensation
on the light ray of the image, where the phase compensation
apparatus 101 has a focal length (or in other words, a focal
power) in the second direction.

[0151] Forexample, when a value range of the cuamulative
optical path/distance d, from the image source 100 to the
holographic combiner 102 is from 50 millimeters to 60
millimeters and a value of the included angle 6 between the
central light ray outgoing from the phase compensation
apparatus 101 and the normal direction of the holographic
combiner is 60°, a value range of the focal length f_ . of the
phase compensation apparatus 101 in the second direction is
from 32.1 millimeters to 70.5 millimeters and the focal
length of the phase compensation apparatus 101 in the first
direction is infinite.

[0152] Optionally, £, in the foregoing example satisfies
the following formula:

1 1 1
dny — d;

[0153] d,,, satisfies the following formula:
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[0154] f, . satisfies the following formmula:

1 1 1

Jioe o

[0155] Similarly, in the AR glasses, the phase compensa-
tion apparatus 101 may include one or more combinations of
phase compensation elements. For specific description about
the phase compensation element combinations, refer to the
foregoing description. With reference to FIG. 10, the fol-
lowing describes possible implementations of a combination
of phase compensation elements when a projection system
according to an embodiment of this application is used in AR
glasses.

[0156] FIG. 10 is a diagram showing an example of a
combination of phase compensation elements. As shown in
FIG. 10, the phase compensation apparatus 101 (or in other
words, a combination of phase compensation elements)
includes two reflective phase compensation elements 101-1
and 101-2. For specific optical path directions, refer to the
example shown in FIG. 10. Details are not described herein
again. Optionally, one of the reflective phase compensation
elements may be alternatively replaced with a planar reflec-
tor. The planar reflector may be used for optical path
turn-back.

[0157] In an implementation, for a case in which the
holographic combiner 102 corrects the spherical aberration
and the coma aberration of the light ray of the image,
optionally, in the AR glasses, a phase compensation factor
provided by the holographic combiner 102 satisfies the
following expression:

2 2
X 2
(00520 +y2] Xz +y2
K-s 5 4 Los 922 (Cyxfeost + Cy )

[0158] where k is a light wave vector, S represents a
spherical aberration coefficient, x represents a horizon-
tal coordinate of a point on a wavefront, y is a vertical
coordinate of the point on the wavefront, C, represents
a coma aberration coefficient, and 6 is an included
angle between a direction of a central projection light
ray outgoing from the phase compensation apparatus
101 and a normal direction of the holographic combiner
102.

[0159] Specifically, the holographic combiner 102 may be
fabricated by adding a spatial light modulator and/or a
free-form curved mirror and performing holographic expo-
sure. The phase compensation factor provided by the holo-
graphic combiner 102 may be used to perform compensation
on the spherical aberration and the coma aberration.

[0160] In consideration of system compactness and instal-
lation space, the projection system in this application may
not include the phase compensation apparatus 101, but
functions of the phase compensation apparatus 101 are
transferred to the image source 100 and/or the holographic
combiner 102 for implementation. To be specific, the pro-
jection system includes the image source 100 and the
holographic combiner 102, and the phase compensation
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apparatus 101 may be omitted. The phase compensation
apparatus 101 may be simplified in the following three
manners.

[0161] Manner 1: all functions of the phase compensation
apparatus 101 are integrated into the image source 100. For
example, the functions of the phase compensation apparatus
101 are implemented by adding an optical structure, such as
a micro-lens array, a transmissive meta-surface, a free-form
curved lens, or a holographic optical element, to a surface of
the image source 100.

[0162] Manner 2: all functions of the phase compensation
apparatus 101 are integrated into the holographic combiner
102. In a process of fabricating the holographic combiner
102, a phase correction factor for exposure processing is
added by using an optical element.

[0163] Manner 3: the functions of the phase compensation
apparatus 101 are implemented by the image source 100 and
the holographic combiner 102 together. For example, an
optical structure (a micro-lens array, a transmissive meta-
surface, a free-form curved lens, a holographic optical
element, or the like) is added to the image source 100, to
correct aberrations such as a spherical aberration, a coma
aberration, and a chromatic aberration; and a phase com-
pensation factor for exposure processing is added to a
process of fabricating the holographic combiner 102, to
correct astigmatism and aberrations. The image source 100
and the holographic combiner 102 together complete aber-
ration correction comprehensively on the spherical aberra-
tion, the coma aberration, the chromatic aberration, and the
astigmatism. The cooperation between the image source 100
and the holographic combiner 102 reduces a relative com-
plexity requirement on the image source 100 and difficulty
in fabricating the holographic combiner 102.

[0164] It is to be understood that the simplification of the
phase compensation apparatus 101 may be alternatively
used in an in-vehicle head-up display system or AR glasses.

[0165] FIG. 11 is a diagram showing a simulation effect
according to an embodiment of this application. In FIG. 11,
a diagram on the left shows an effect of imaging without
astigmatism compensation, and a diagram on the right
shows an effect of imaging after astigmatism compensation.
It can be seen that imaging quality of an image is higher after
the astigmatism compensation.

[0166] In this embodiment of this application, before
reflecting the image to the phase compensation apparatus
101, the image source 100 may further perform distortion
preprocessing on the image by using a distortion prepro-
cessing technology, so as to reduce distortion. The distortion
preprocessing technology is not limited in this application.
For example, an image distortion preprocessing technology
based on a feature point may be used to correct the distor-
tion.

[0167] The following briefly describes an image distortion
preprocessing technology based on a feature point.

[0168] A distortion coefficient of the system is obtained by
fitting a relationship between coordinates of a reference
point of an input image and coordinates of a reference point
of an output image. The distortion coefficient may be used
to perform distortion preprocessing on an input image in a
geometric transformation manner in advance, so that distor-
tion is eliminated for a final output image. The coordinate
mapping relationship between an input image and an output
image may be fitted by using the following polynomials:
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[0169] where (x, y) is a feature coordinate point in a
source image of an original image; (X.¥) is a coordinate
point of an image that is output for display after passing
through a holographic projection system; §(x,y) and
t(x,y) are mapping relationship functions for fitting
(X.¥) and (%, y); k is an order of fitting data, and a larger
k indicates higher fitting precision but higher complex-
ity and a greater computing workload; and u;; and v ; are
fitting coefficients of §(x,y) and t(x,y). As a quantity of
the feature points (X, y) increases, a pre-distortion
correction effect is better but a computing workload is
greater.

[0170] FIG. 12 is a diagram showing a simulation effect
after distortion preprocessing. As shown in FIG. 12, a
diagram on the left shows an input image for distortion
preprocessing, and a diagram on the right shows an effect of
imaging after distortion preprocessing. [t can be seen that the
effect of imaging after distortion preprocessing is better. For
a manner of obtaining the input image for distortion pre-
processing, refer to existing descriptions. How to obtain the
input image for distortion preprocessing is not limited
herein.

[0171] In embodiments of this application, the astigma-
tism, coma aberration, spherical aberration, chromatic aber-
ration, and distortion brought by the holographic combiner
can be effectively resolved, and imaging quality is signifi-
cantly improved.

[0172] In addition to the foregoing described aberrations,
a color offset aberration may also exist in a holographic
projection system.

[0173] A cause why the color offset aberration is generated
is as follows: a holographic optical element (including a
holographic combiner) is fabricated by performing exposure
using laser of three colors of red (R), green (G), and blue
(B). A deviation between tri-color optical paths during
exposure and an assembly error of the holographic projec-
tion system may introduce a color offset aberration during
imaging. In addition, the color offset aberration is related to
a position (or in other words, an observation point) of a
human eye. The observation point is any observation point
within an eye box. For example, a camera device (for
example, a CCD camera) may be disposed to record an
image seen by an observer. The observation point may be
expressed as (X,,y,Z)-

[0174] Ina possible implementation, the image source 100
is further configured to perform color-offset preprocessing
on the light ray of the image, so that an image observed by
the human eye has no color offset aberration (or in other
words, imaging points of monochromatic components over-
lap after imaging, to reduce aberrations). In this application,
color-offset preprocessing is added to the image source 100
and is combined with an eye tracking technology, to imple-
ment correction of a color offset aberration within an eye
box. The image source 100 performs color-offset prepro-
cessing on the light ray of the image by using a color
preprocessing offset.
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[0175] The following describes in detail a process in
which the image source 100 determines the color prepro-
cessing offset.
[0176] First, a feature image (for example, a black-and-
white checkerboard image) is input to the image source 100.
Then, three monochromatic input images corresponding to
the colored feature image are obtained. How to obtain the
three monochromatic input images is not limited herein.
Optionally, a light filter may be added to the camera device,
or to the image source 100, or at any position (that is, a
position of the light filter is not specifically limited) on an
optical path before entry into the camera device, so as to
obtain, through decomposition, the three monochromatic
input images (a tri-color narrow-spectrum light source cor-
responding to the image source 100) corresponding to the
colored feature image. Alternatively, the light filter may not
be needed, but the three monochromatic images are input
separately in three times. Next, the image source 100
adjusts, in each feature area (Xx,,.y,,). each monochromatic
input image; and performs color preprocessing by using a
color-offset preprocessing offset. (x,,.y,,) indicates a position
of a feature area, where m indicates a row where the feature
area is located, and n indicates a column where the feature
area is located. A feature area may be understood as a
minimum unit grid of an image. For example, a feature area
is a cell in a checkerboard. In addition, a colored image
observed by a human eye is captured at an observation point,
and the captured colored image is compared with a colored
feature image obtained through decomposition at the image
source 100, to obtain a difference between the two; and then
iteration is performed by using a method such as an opti-
mization algorithm, and fitting and adjustment is performed
until, after an output image of the image source 100 (where
the output image is an image obtained after the image source
100 performs color-offset preprocessing by using the color-
offset preprocessing offset) passes through the projection
system, an image generated at the observation point is the
same as the original feature image (that is, the input feature
image). In this case, color preprocessing offsets that are of
each feature area and that correspond to the observation
point are recorded. The color preprocessing offsets that are
of each feature area and that correspond to the observation
point are recorded as the following expressions:
(Axm,naAym,n)R,i,j,ka(Axm,naAym,n)G,i,/,ka(Axm,mAym,n)B,i,
Jik
[0177] where (Ax,, Ay, )z, TEpresents a color pre-
processing offset of each feature area for a red image
corresponding to the image seen at the observation
point, (AX,,, ,,.AY,, )¢ ; j« TEPrEsents a color preprocess-
ing offset of each feature area for a green image
corresponding to the image seen at the observation
point, and (AX,, ,,AY,, ) ; « TEPTEsents a color prepro-
cessing offset of each feature area for a blue image
corresponding to the image seen at the observation
point.
[0178] Then, reversed color preprocessing offsets of each
feature area are obtained. There are two manners of obtain-
ing the color preprocessing offsets of each reversed feature
area.
[0179] Manner 1: Adjustment and fitting of a black-and-
white checkerboard is performed only once, and an opera-
tion of reversing the feature image is not performed. The
following operation is performed on a part of the to-be-
determined color preprocessing offsets: a feature offset of a
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remaining area (for example, a black grid) in a feature image
is obtained by interpolation (averaging) of feature offsets of
adjacent feature areas (for example, white grids).

[0180] For example, it is assumed that offsets (Axm,n,Aym,
")R,i,]',ki (AXM,MBAYM,M)G,i,j,kS and (AXM,MSAYM,M)B,iJ,k of each
white feature area in the black-and-white checkerboard have
been obtained. Then offsets of remaining feature areas may
be obtained by interpolation of the obtained data. For
example, averaging of the obtained data is used as an
example, and then specific formulas for computing the
offsets of the remaining feature areas are as follows:

AX 3R i b 1 o S 1 R 1 X p g1 1R AT
g LR, i)

Ay 3R =AY ps Lo R 3 5N o1 R 1 T DY e LR T
Ayqul >R,i,j,k)

AXy 56,1 DX 1 56,1 i AYp 161 DN p g 156,
I+,

p»q*l’G,iJ,k)
AV 26,155 D 1,061 Y o1 09617 N s 10G i,
HAyp,qf 1 >G,i,j,k)/ 4

AX 38,1 b B 1 o2 Syt 1 X g1 152 47
g LB, )

AYp 8,175 B s 1B it Vo 1,981 5 DY g 1B i
AV 138,08

[0181] It can be understood that, the foregoing specific
computing formulas for obtaining the offsets of the remain-
ing feature areas are merely examples for description, and
this application is not limited thereto.
[0182] Manner 2: The feature image at the image source
100 is reversed. For example, in a black-and-white check-
erboard image, a black grid is set to white and a white grid
is set to black. For example, each reversed feature area
obtained may be denoted as (x,.y,), where p represents a
row in which the feature area is located, and q represents a
column in which the feature area is located.
[0183] The foregoing process of obtaining color prepro-
cessing offsets of each feature area may be repeated, to
obtain color preprocessing offsets that are of each reversed
feature area and that correspond to the observation point. For
example, the color preprocessing offsets of each reversed
feature area may be denoted as follows:

(Axpyq’Aypyq)R»i%k’ (Aqu’Aypyq) Girfke (AXpyq’Ayp»q)Byi%k

[0184] where (Ax, Ay, )z, . represents a color pre-
processing offset of each feature area for a reversed
image of the red image corresponding to the image seen
at the observation point, (Ax,, ,Ay, ).« represents a
color preprocessing offset of each feature area for a
reversed image of the green image corresponding to the
image seen at the observation point, and (Ax,, Ay, )
5,4 Tepresents a color preprocessing offset of each
feature area for a reversed image of the blue image
corresponding to the image seen at the observation
point.

[0185] It can be understood that the observation point may
be any observation point within an eye box; and color
preprocessing offsets corresponding to each observation
point, and color preprocessing offsets that are of each
reversed feature area and that correspond to each observa-
tion point may be obtained by using the foregoing method.
[0186] Finally, the foregoing two kinds of offsets may be
merged, and the foregoing process is repeated within the eye
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box, to obtain color preprocessing offsets that are of each
area on the image source 100 and that correspond to the
observation point (x,,y,,7;) as follows:

(AXa,b>Aya,b)R,i,j,k>(AXa,baAya,b) G,i,/',ka(AXa,baAya,b)B,i,j,k

[0187] where a represents a row in which a feature area
is located, b represents a column in which the feature
area is located, (AX, ,,Ay, ;) . tepresents a merged
color preprocessing offset of each feature area for the
red image, (AX,, ;,AY, 5):.. ;4 tepresents a merged color
preprocessing offset of each feature area for the green
image, and (Ax, ,,Ay, ;)5 « represents a merged color
preprocessing offset of each feature area for the blue
image.

[0188] “Merging” may be understood as superposition,
that is, the color preprocessing offsets of each feature area
and the color preprocessing offsets of each reversed feature
area are both considered, so as to reduce a color offset
aberration to a maximum extent.

[0189] For example, as shown in a left part of FIG. 13, a
process of obtaining an offset of each feature area in a
monochromatic image is as follows: 501: Input a black-and-
white checkerboard image to the image source 100. 502:
Obtain, through decomposition, a ftri-color image (or
referred to as an original colored feature image) of the input
feature image. 503: Record, in combination with an eye
tracking technology, a tri-color image seen at an observation
point. 504: Adjust an offset of each feature area in the
tri-color image at the image source, or in other words,
perform fitting and adjustment. 505: A tri-color image seen
at the observation point is the same as the original colored
feature image. 506: Record the offset of each feature area in
the monochromatic image.

[0190] With reference to a right part of FIG. 13, the
following describes a process of obtaining an offset of each
feature area in a monochromatic image after feature reversal
is performed on an image.

[0191] For another example, as shown in the right part of
FIG. 13, the process of obtaining the offset of each feature
area in a feature-reversed monochromatic image is as fol-
lows: 601: Input a feature-reversed black-and-white check-
erboard image to the image source 100. 602: Obtain, through
decomposition, a feature-reversed tri-color image (or
referred to as a feature-reversed original colored feature
image) of the input feature-reversed feature image. 603:
Record, in combination with an eye tracking technology, a
feature-reversed tri-color image seen at an observation
point. 604: Adjust an offset of each feature area in the
tri-color image input from the image source 100, or in other
words, perform fitting and adjustment. 605: A tri-color
image seen at the observation point is the same as the
feature-reversed original colored feature image. 606: Record
the offset of each feature area in the feature-reversed mono-
chromatic image.

[0192] It can be understood that the description in FIG. 13
is merely an example description, and does not constitute a
limitation on embodiments of this application.

[0193] In embodiments of this application, with reference
to an eye tracking technology, a position of an observation
point is identified and a corresponding color preprocessing
offset is invoked, to perform color-offset preprocessing at
the image source 100, so that an image that has no color
offset aberration and has undergone color offset correction
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can be obtained (or in other words, can be seen by an
observer). Below is a description with reference to a pro-
cedure in FIG. 14.

[0194] Step 1: Obtain a color preprocessing offset.
[0195] For a specific process of determining the color
preprocessing offset, refer to the foregoing descriptions.
[0196] A brief description is provided herein: find corre-
sponding color preprocessing offsets of each feature area at
an observation point within a designed eye box: (Ax,, Ay,
Wi i DXy ) G a AN (AX,, LAY, )5 5 4 and color
preprocessing offsets of each reversed feature area: (Ax,, ,
AyP,q)R,iJ,ki (AXp,qSAyP,q)G,i,j,ki and (AXp,inyP,q)B,iJ,k; and
merge the two to obtain feature offsets of the image source
100 at the observation point: (AX,, ;,AY, 1)z 5 (DX, 4AY,,
)G A0 (AX, .Y, )5 s e

[0197] Step 2: Identify a human eye by using an eye
tracking technology. For example, it may be identified that
the human eye is at a position (X,,y,,7;).

[0198] Step 3: Perform color-offset preprocessing based
on the color preprocessing offset.

[0199] Specifically, the color preprocessing offset
obtained in Step 1 is invoked to perform the color-offset
preprocessing.

[0200] Step 4: An observer sees, at the observation point,
an image obtained through color-offset preprocessing, where
a color offset aberration has been eliminated from the image
obtained through color-offset preprocessing.

[0201] FIG. 15 is a comparison diagram showing an effect
of color-offset preprocessing. As shown in FIG. 15, a
diagram on the left shows an image that does not undergo
color-offset preprocessing, and a diagram on the right shows
an image that has undergone color-offset preprocessing. It
can be seen that, compared with the diagram on the left,
edges of feature points (that is, edges of each cell) in the
diagram on the right are clearer. Therefore, in a holographic
projection display system, using the color-offset preprocess-
ing technology in embodiments of this application helps
improve imaging quality.

[0202] For example, the color offset preprocessing func-
tion in embodiments of this application may be implemented
in a software manner. For example, an image processing
filter lens having the color-offset preprocessing function
may be added to the image source 100.

[0203] This application further provides augmented reality
glasses, including any one of the projection systems that can
be used in the augmented reality glasses according to the
foregoing embodiments.

[0204] This application further provides a vehicle, includ-
ing any one of the projection systems that can be used in the
vehicle according to the foregoing embodiments.

[0205] This application further provides a terminal,
including any one of the projection systems according to the
foregoing embodiments.

[0206] This application further provides a projection
method, where the projection method is implemented by the
foregoing projection system. The projection system
includes: a phase compensation apparatus and a holographic
combiner. The projection method includes: performing, by
the phase compensation apparatus, first phase compensation
and chromatic aberration correction on a light ray of a
received image, and reflecting an output light ray of the
image to the holographic combiner; and performing, by the
holographic combiner, second phase compensation on the
light ray that is of the image and that is output by the phase
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compensation apparatus, and deflecting the light ray of the
image that has undergone the second phase compensation
into a human eye, so that the light ray of the image becomes
an enlarged image.

[0207] Optionally, the performing, by the holographic
combiner, second phase compensation on the light ray that
is of the image and that is output by the phase compensation
apparatus includes: performing compensation on astigma-
tism of the light ray that is of the image and that is output
by the phase compensation apparatus.

[0208] Optionally, the performing, by the phase compen-
sation apparatus, first phase compensation on the light ray of
the image includes: performing compensation on a spherical
aberration and a coma aberration of the light ray of the
image.

[0209] In embodiments of this application, “at least one”
means one or more, “at least one item” means one or more
items, “a plurality of” means two or more, and “a plurality
of items” means two or more items. The term “and/or”
describes an association relationship between associated
objects, and represents that three relationships may exist.
For example, A and/or B may represent the following cases:
Only A exists, both A and B exist, and only B exists, where
A and B may be singular or plural. The character “/”
generally indicates an “or” relationship between the associ-
ated objects. “At least one of the following items (pieces)”
or a similar expression thereof means any combination of
these items, including any combination of singular items
(pieces) or plural items (pieces). For example, at least one of
a, b, or ¢ may represent a; b; ¢; a and b; a and ¢; b and ¢; or
a, b, and ¢, where a, b, and ¢ each may be singular or plural.

[0210] A person of ordinary skill in the art may be aware
that, illustrative steps described with reference to the
embodiments disclosed in this specification can be imple-
mented by electronic hardware or a combination of com-
puter software and electronic hardware. Whether the func-
tions are performed by hardware or software depends on
particular applications and design constraint conditions of
the technical solutions. A person skilled in the art may use
different methods to implement the described functions for
each particular application, but it should not be considered
that the implementation goes beyond the scope of this
application.

[0211] In the embodiments provided in this application, it
is to be understood that the disclosed systems, apparatuses,
and methods may be implemented in other manners. For
example, the described apparatus embodiments are merely
examples. For example, division into the units is merely
logical function division. During actual implementation,
there may be another division manner. For example, a
plurality of units or components may be combined or
integrated into another system, or some features may be
ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or commu-
nication connections may be implemented by using some
interfaces. Indirect couplings or communication connections
between the apparatuses or units may be implemented in
electronic, mechanical, or other forms.

[0212] The units described as separate parts may or may
not be physically separate, and parts displayed as units may
or may not be physical units, and may be located at one
position, or may be distributed on a plurality of network
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units. Some or all of the units may be selected depending on
actual requirements to achieve the objectives of the solutions
in the embodiments.

[0213] In addition, functional units in embodiments of this
application may be integrated into one processing unit, each
of the units may exist alone physically, or two or more units
may be integrated into one unit.

[0214] When the functions are implemented in the form of
a software functional unit and sold or used as an independent
product, the functions may be stored in a computer-readable
storage medium. Based on such an understanding, the tech-
nical solutions of this application essentially, or the part
contributing to a current technology, or some of the technical
solutions may be implemented in a form of a software
product. The computer software product is stored in a
storage medium and includes several instructions for
instructing a computer device (which may be a personal
computer, a server, or a network device, or the like) to
perform all or some of the steps of the methods described in
embodiments of this application. The storage medium
includes any medium that can store program code, such as
a USB flash drive, a removable hard disk, a read-only
memory (Read-Only Memory, ROM), a random access
memory (Random Access Memory, RAM), a magnetic disk,
or an optical disc.

[0215] The foregoing descriptions are merely specific
implementations of this application, but the protection scope
of this application is not limited thereto. Any variation or
replacement readily figured out by a person skilled in the art
within the technical scope disclosed in this application shall
fall within the protection scope of this application. There-
fore, the protection scope of this application shall be subject
to the protection scope of the claims.

What is claimed is:

1. A projection system, comprising: a phase compensation
apparatus and a holographic combiner, wherein

the phase compensation apparatus is configured to per-

form first phase compensation and chromatic aberra-
tion correction on a light ray of a received image, and
reflect an output light ray of the image to the holo-
graphic combiner; and

the holographic combiner is configured to perform second

phase compensation on the light ray that is of the image
and that is output by the phase compensation apparatus,
and deflect the light ray of the image that has undergone
the second phase compensation into a human eye, so
that the light ray of the image becomes an enlarged
image.

2. The projection system according to claim 1, wherein
that the holographic combiner is configured to perform
second phase compensation on the light ray that is of the
image and that is output by the phase compensation appa-
ratus comprises: performing compensation on astigmatism
of the light ray that is of the image and that is output by the
phase compensation apparatus.

3. The projection system according to claim 1, wherein
that the phase compensation apparatus is configured to
perform first phase compensation on the light ray of the
image comprises: performing compensation on a spherical
aberration and a coma aberration of the light ray of the
image.

4. The projection system according to claim 1, wherein
the holographic combiner is fabricated by adding a spatial
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light modulator and/or a free-form curved mirror and per-
forming holographic exposure.

5. The projection system according to claim 1, wherein
there is an included angle between a central projection light
ray outgoing from the holographic combiner and a normal
direction of the holographic combiner.

6. The projection system according to claim 4, wherein
the projection system is used in an in-vehicle head-up
display system;

the holographic combiner is attached to a windshield of a
vehicle, or sandwiched in the windshield; and

the phase compensation apparatus is disposed at a central
console of the vehicle.

7. The projection system according to claim 5, wherein
the projection system further comprises an image source,
configured to send the light ray of the image to the phase
compensation apparatus;

a value range of a cumulative optical path d, from the
image source to the holographic combiner is from 200
millimeters to 600 millimeters (including 200 millime-
ters and 600 millimeters); and

a value range of a focal length f,,,. of the holographic
combiner in a first direction is from 202.70 millimeters
to 681.82 millimeters (including 202.70 millimeters
and 681.82 millimeters), and a value range of a focal
length f,,zy of the holographic combiner in a second
direction is from 200.31 millimeters to 679.03 milli-
meters (including 200.31 millimeters and 679.03 mil-
limeters).

8. The projection system according to claim 1, wherein a
central projection light ray outgoing from the holographic
combiner is parallel to a normal direction of the holographic
combiner.

9. The projection system according to claim 8, wherein
the projection system is used in augmented reality AR
glasses;

the holographic combiner is disposed at a lens; and

the phase compensation apparatus is disposed in a leg of
the AR glasses.

10. The projection system according to claim 8, wherein
the projection system further comprises an image source,
configured to send the light ray of the image to the phase
compensation apparatus;

a value range of a cumulative optical path d, from the
image source to the holographic combiner is from 30
millimeters to 65 millimeters (including 30 millimeters
and 65 millimeters); and

a value range of a focal length f,, . of the holographic
combiner in a first direction is 30.36 millimeters to
2191.01 millimeters (including 30.36 millimeters and
2191.01 millimeters), and a value range of a focal
length f,,zy of the holographic combiner in a second
direction is from 30.18 millimeters to 69.52 millimeters
(including 30.18 millimeters and 69.52 millimeters).

11. The projection system according to claim 1, wherein
the phase compensation apparatus comprises a reflective
holographic optical element.

12. The projection system according to claim 11, wherein
the phase compensation apparatus further comprises at least
one free-form curved mirror.

13. The projection system according to claim 11, wherein
a tri-color wavelength linewidth of the light ray of the image
received by the phase compensation apparatus is less than 10
nanometers.
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14. The projection system according to claim 1, wherein
the phase compensation apparatus comprises at least one
free-form curved mirror.

15. The projection system according to claim 14, wherein
a tri-color wavelength linewidth of the light ray of the image
received by the phase compensation apparatus is less than 3
nanometers.

16. The projection system according to claim 1, wherein
the projection system further comprises the image source,
and the image source is further configured to perform
color-offset preprocessing on the light ray of the image.

17. The projection system according to claim 1, wherein
the phase compensation apparatus further comprises a planar
reflector.

18. A terminal, comprising a projection system, where the
projection system comprising: a phase compensation appa-
ratus and a holographic combiner, wherein

the phase compensation apparatus is configured to per-

form first phase compensation and chromatic aberra-
tion correction on a light ray of a received image, and
reflect an output light ray of the image to the holo-
graphic combiner; and
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the holographic combiner is configured to perform second
phase compensation on the light ray that is of the image
and that is output by the phase compensation apparatus,
and deflect the light ray of the image that has undergone
the second phase compensation into a human eye, so
that the light ray of the image becomes an enlarged
image.

19. The terminal according to claim 18, wherein that the
holographic combiner is configured to perform second phase
compensation on the light ray that is of the image and that
is output by the phase compensation apparatus comprises:
performing compensation on astigmatism of the light ray
that is of the image and that is output by the phase com-
pensation apparatus.

20. The terminal according to claim 18, wherein that the
phase compensation apparatus is configured to perform first
phase compensation on the light ray of the image comprises:
performing compensation on a spherical aberration and a
coma aberration of the light ray of the image.
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