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Fig. 1 Schematic diagram of two-dimensional pupil expanded waveguide AR-HUD
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Fig. 2 Schematic diagram of one-dimensional pupil expanded volume holographic waveguide. (a) Waveguide structure; (b) local

amplification
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Fig. 3 Initial vector distribution of volume holographic grating parameters. (a) Vector distribution in K vector sphere; (b) vector

distribution in £,0%, plane
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Fig. 9 Holographic optical waveguide and augmented reality display results. (a) Image light transmitting in waveguide;

(b)(c) augmented reality display results

B, S8t T i E b .
3.2 SWmEitie

g T RO AR A B T S 80 Bk TR
B A8 T AR A RS AT R S5 AR TE T K
A BOCMHE M L, AT E YOS S T
TR AR, PS5k 5 2 B EOL M BHE L
) Je f 23 Bl A B R3S I 34 N 68 [R] B 7 A~ o 35 3
FRAR A R A, BRI C BT R IB LIS L, B R
REFEE A SO 45 0 T S A il . FOAR P4 Uy ik 5K
PR — 2 AR 4 B S HR X T R i R
SRS KAl A — 4P R e BB A
AR S EE, DA T B v T N T R e B
U T AR R M RIS T H T 424k AR-HUD #Y
R R T AR 4 O U D

L T B R E SR S R (L o X 4 S A
W I I IR R/ B A IR oSl [ )
BT ST R e A S R SRR TR,
R b 3 () B 51 2 8007 [) B 0 R 40 R RN = S
il 1 , 8 2ok 41 A T S0 B 4 R R R T AR 42 BRI R AR-
HUD.

LN N S B D VU (82 =P S R Ber v S |
W T LR A AT 5 R A ], 2 P P S RO R B 4 BLRR
AT BRI T R Z ) A — 2 T I R 2% W AR
TR DA . AR IR B G B ) X AR M e R, AT
T & PIAS I 5 38 1K Je 45 42 B BOL A B, JE BT B 1Y
VAR SR T HEAT B O, BT A ORI R R 4 80k

ST AR R FM TR B S B E A,
FE A 7= A B AU A 4 O, e SE I T AR OB M Y
il 38 7k D N AR D B I IR A ok T
BF 9106 R 2 0 iy A B 5 28 ) A A G R iR B 45t 1Y
W 2 50T SE IO B B HE . IR BRI 0 E
W TE AT TE RS ok R AR SRS 1 5y vk R AR
RO ST . AT IR 4 8 U OB, i
2 A OGN T A 4 RS O 1) L %) B S IR R X AT S
B IEAT T — 5 W, DT ORIE T R 0 5
¥4,

4

4
2

%

HE T O fRT I B R A 4 B OGN T T O e A

4 8O SRS PR B, B IR S T AR e R B A
TSR L R T B AP EELR
4,35 T RSk 130 mm X 270 mm A4 7 I i 4 4>
BOEIE T, AR TR B R RUR . R R %
T Ry R T R 4 BO% B S AE A 2k AR-HUD 45k 1)
PN AT T T R 1 e al

(1]

(3]

(4]

(6]

(7]

(8]

[10]

[11]

1011002-6

2 £ x #t

FLARRIE, B . B T XU G A i 1 WU T Sk R R B
S SR, 2022, 42(14): 1422003.

Kong X X, Xue C X. Optical design of dual-focal-plane head-up
display based on dual picture generation units[J]. Acta Optica
Sinica, 2022, 42(14): 1422003.

Karar V, Ghosh S. Estimation of tunneling effect caused by
luminance non-uniformity in head-up displays[J]. Chinese Optics
Letters, 2014, 12(1): 013301.

GulL, Cheng D W, LiuY, et al. Design and fabrication of an off
-axis four-mirror system for head-up displays[J]. Applied Optics,
2020, 59(16): 4893-4900.

Qin Z, Lin S M, Luo K T, et al. Dual-focal-plane augmented
reality head-up display using a single picture generation unit and
a single freeform mirror[J]. Applied Optics, 2019, 58(20): 5366-
5374.

Li Z L, Xu Y, Yang Y,
augmented reality head-up display with a real-virtual dual mode
and large eyebox[J]. Applied Optics, 2022, 61(33): 9962-9971.
Lee J H, Yanusik I, Choi Y, et al. Automotive augmented

et al. Multiplane holographic

reality 3D head-up display based on light-field rendering with
eye-tracking[J]. Optics Express, 2020, 28(20): 29788-29804.
Takaki Y, Urano Y, Nishio H. Motion-parallax smoothness of
short-, medium-, and long-distance 3D image presentation using
multi-view displays[J]. Optics Express, 2012, 20(24): 27180-
27197.

Teich M, Schuster T, Leister N, et al. Real-time, large-depth
holographic 3D head-up display: selected aspects[J]. Applied
Optics, 2022, 61(5): B156-B163.

Peng H C, Cheng D W, Han J, et al. Design and fabrication of
a holographic head-up display with asymmetric field of view[J].
Applied Optics, 2014, 53(29): H177-H185.

Wei S L, Fan Z C, Zhu Z B, et al. Design of a head-up display
based on freeform reflective systems for automotive applications
[J]. Applied Optics, 2019, 58(7): 1675-1681.

Ltk RIS it te, AF et iB gl AR-HUD R G bn &
TrERFFELI] ST 244, 2019, 48(4): 0412002,

An Z, Xu X P, Yang J H, et al. Calibration method of optical



F43% F 10 H1/2023 £ 5 B/ RFFR

transmission AR-HUD system[J]. Acta Photonica Sinica, 2019, waveguide system for autostereoscopic imaging with a wide field
48(4): 0412002. of view[J]. Optics Express, 2021, 29(22): 36287-36301.

[12] Bigler C M, Mann M S, Blanche P A. Holographic waveguide [15] Draper C T, Blanche P A. Holographic curved waveguide
HUD with in-line pupil expansion and 2D FOV expansion[J]. combiner for HUD/AR with 1-D pupil expansion[J]. Optics
Applied Optics, 2019, 58(34): G326-G331. Express, 2022, 30(2): 2503-2516.

[13] Draper C T, Bigler C M, Mann M S, et al. Holographic [16] I, Mt VOATHE, % . PRGN AY a0 15 3k £ A ROG A F
waveguide head-up display with 2-D pupil expansion and (J]. W EBOE, 1997, 24(4): 337-341.
longitudinal image magnification[J]. Applied Optics, 2019, 58 Yuan Q, Tao S Q, Jiang Z Q, et al. The vertical angular
(5): A251-A257. selectivity and grating degeneracy of volume holographic gratings

[14] Yanusik I, Kalinina A, Morozov A, et al. Pupil replication [J]. Chinese Journal of Lasers, 1997, 24(4): 337-341.

Large-Scale Volume Holographic Optical Waveguide for Automotive
Augmented Reality Head-Up Display

Meng Daoyang, Yang Xin', Song Qiang, Ma Guobin
Shenzhen Lochn Optics Technology Co., Ltd., Shenzhen 518000, Guangdong, China

Abstract

Objective  Automotive intelligence is an unstoppable process, and as a key display system in the intelligent cockpit,
augmented reality head-up display (AR-HUD) is becoming more and more important. AR-HUD presents the vehicle's
sensor information, driving speed information, navigation information, and other enhanced image information integrated
with the real environment to the driver, thus improving the driving experience and safety. Large field of view and eye box
are very important for AR-HUD. However, for an AR-HUD system based on traditional geometric imaging methods, AR-
HUD systems with a large field of view and large eye box require a larger-scale volume of the optical system, which is
determined by the Rach invariant of the imaging system. The only display method that can break the limitation of Rach
invariant is optical waveguide display technology, including relief grating optical waveguide, geometric optical waveguide,
and volume holographic optical waveguide. The relief grating optical waveguide has high production cost and is difficult to
be used for large-scale volume optical waveguide displays, while the geometric optical waveguide has low production
efficiency and is not suitable for large-scale volume optical waveguide displays. Volume holographic optical waveguides are
manufactured by laser exposure, which has the potential advantage to realize the display of large-scale volume waveguides.
However, the preparation of traditional volume holographic optical waveguides requires the use of coupling prisms. Filling
refractive index matching solution between the holographic photosensitive material and the coupling prisms will lead to

troublesome manufacturing problems and is not conducive to automatic manufacturing.

Methods In this paper, a complete theoretical derivation method of exposure volume holographic grating under the
condition of non-total reflection is realized. Starting from the exposure parameters of holographic optical waveguides, this
paper gives the parameter design method of large-scale volume holographic optical waveguide exposure under non-total
reflection conditions based on grating degeneracy theory in the vector sphere. It is concluded that the transmitted-volume
holographic grating and the transition grating used for two-dimensional pupil expansion are not valid to be exposed under
the condition of non-total reflection, and the reflective volume holographic grating waveguides can only be manufactured
under the condition of non-total reflection. Based on the theoretical derivation, a fully automatic splicing and exposure
system of volume holographic optical waveguides is designed and built, which successfully realizes the manufacturing of

large-scale volume holographic optical waveguides.

Results and Discussions Based on the exposure angle parameters obtained by theoretical calculation, a large-scale
volume holographic optical waveguide splicing exposure system is built, and a large-scale volume holographic optical
waveguide with a size of 130 mm X 270 mm is fabricated through 18 splicing. The projector is used as the image source for
display, and the AR display results are obtained. Although we realize monochrome display, the exposure angle parameters
are wavelength independent, which means that this set of parameters can be used to make three primary color waveguides
using three color lasers for color display. In addition, a two-dimensional pupil expansion waveguide can be composed of
two one-dimensional pupil expansion waveguides, so the method in this paper can be applied to the development of a two-

dimensional pupil expansion waveguide for AR-HUD applications.
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Conclusions  Starting from the exposure parameters of holographic optical waveguides, this paper gives the parameter

design method of large-scale volume holographic optical waveguide exposure under non-total reflection conditions based on
grating degeneracy theory in the vector sphere. A large-scale volume holographic optical waveguide automatic exposure
system is designed and built. The large-scale volume holographic optical waveguide with a size of 130 mm X270 mm is
demonstrated, and the AR display results are obtained. The successful breakthrough of this technology has laid a solid

foundation for the mass production and wide application of large-scale volume holographic optical waveguide AR-HUD.

Key words imaging systems; augmented reality; head-up display; volume holographic optical waveguide; automated

exposure system
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