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Status and Prospect of Augmented Reality Head-Up Display

Zhou Ting ', Qiao Wen ', Hua Jianyu, Chen Linsen

School of Optoelectronic Science and Engineering, Soochow University, Suzhou 215006, Jiangsu, China

Abstract Drivers usually use in-car displays and portable electronic devices to obtain navigation information. However,
the focus transition between near distance and far distance distracts drivers’ attention from the driving environment and
affects driving safety. With the advancement of automobile intelligence, augmented reality head-up display (AR-HUD)
projects virtual information to the distance. As a result, the physical driving environment is superimposed with virtual
information, which considerably improves driving safety. The present study reviews the development of AR-HUD
technology, including single-plane head-up display, multi-plane head-up display, and 3D head-up display. The key optical
parameters that evaluate the HUD display is introduced. The working principles, state-of-the-art performances, and
critical challenges of various technologies are highlighted. Finally, the potential future development of AR-HUD
technology is discussed.
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Fig. 1 Change process of human-computer interaction information capacity with time
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Fig.4 Three HUD principles’”. (a) C-HUD; (b) W-HUD; (¢c) AR-HUD
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Table 1 Comparison of optical performances of different
HUD technologies

Parameter C-HUD"™  W-HUD"™ AR-HUD™
FOV /[(*)X(*)] 5.54X1.85 7X3 10X 4
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Table 2 Typical optical characteristics of AR-HUD

FOV /[(*)X ()] VID /m Volume /L
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Fig. 5 SLM-based single plane AR-HUD™. (a) Schematic of foveal imaging head-up display system; (b) optical part experimental

device of foveal imaging head-up display system; (c) experimental result of foveal imaging head-up display system
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Fig. 6 Schematic of HUD optical principle based on optical waveguide. (a) Principle of head-up display system based on arrayed

waveguide grating; (b) principle of head-up display system based on surface relief grating; (c) principle of head-up display system

based on volume holographic grating
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Fig. 7 Single plane AR-HUD based on array waveguide"”. (a) Schematic of the principle of waveguide augmented reality head-up

display system based on microprism array; (b) schematic of the overall structure of waveguide augmented reality head-up display

system based on microprism array; (c) original drawing of system test; (d) imaging effect of waveguide augmented reality head-

up display system based on microprism array
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Fig. 8 Single plane AR-HUD based on volume holography. (a) Effect of large field-of-view augmented reality head-up display"";

(b) principle of SBG-based holographic optical waveguide head-up display system™; (c) experimental device of holographic

optical waveguide head-up display system based on SBG""; (d) principle of head-up display system based on volume

holography™”; (e) experimental device of head-up display system based on volume holography™; (f) experimental rendering of

head-up display system based on volume holography"™”
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Table 3 Corresponding relationship between area of the

coupling grating required by the optical waveguide
HUD and the FOV

) 5 Area of the coupling grating /
FOV /[ ()% ()] pre ST
(mm>Xmm)

105 304.98X137.32
15X7 393.30X172. 33
20X10 482.65X224. 98

4 Z V- B AR k R

PR TG Sk R R GRS T A B9 05 B 2 B — A
ST A By R A o (A, 2 e BT R 0 T S DL
i 275 WA 1) 303 B R Al 2 0 b B3R TR R T O
B TR B0 o O B SRE T S B H g R R AT BAE

BB A Z0E RO Sk B8 REH 8 2 24T
GETAEH KE,

EXET EH A m S5 HUD R4, ]
i 3 A G AR BT S8 B 2 A TR T, AR 2
E i S R LN A N 1 B /B L
A G A B TT AT ST 2 AN TR, HAR
a3 ] A HE R FEAL . 2019 4E, Qin O — B
6.6 cm RU5F LCD B3 43 28 24 Kk, 51 9 (a) BFR
AT VID 9 m 2.5 m 8 B4 LS, 0 £
G301 107X 3R 6° X 2° B 8.5 L, i 9(b)~(d)
FroR o e Ah RO TC R O O it T Oy
6 b 43 5 325 3T WG AN R P T

TE—oh R Gl e To A R
AT RS AR Bl B A A AR A R R 2 T 1
TN T — A O B AR O B A el A A T A
B, AT R L Bl 2 U 5 O 2 e O B DTG O 4% R R
o Bl AH AL F 8% 14, A A Pancharatnam-
Berry phase optical elements (PBOEs) 1% ) 2 7] i 18
PE O IR B B RS R A, T S8 3 AR-HUD B R
R,

FE T 2 A 0 4 2 8] 6 R A% (LCoS 48 ) , fE AT
MNAEAT LR Z B354 0 554, a5 852 R &
Mu S — R AR Sk BOR RS X R G A
RURE I b AR S BE 45 &, ¥ 10(a) B s, AT AE 3~
30 m X33 S2 R R B, i 10(b) ~(d) iR . B
Bl AR BE AR AR Y 4 B TR GG o 1M TR 5 R R LT R Y

—%,; [67-68]

0811008-6



Focal
point *

© -UpperFOV (far)

120 (e0)

£ 6055 8H1/2023 £ 4 A/ ENEFEHE

B9 JET A i R B 2 i AR-HUD™ . (a) 3T 804> PG AR BT 9 47 3K 7R 22 46 09 JEURE 5 (b) 3 T 804 P8 AR B 0T 19 4R
e R ARG IR 5 (c) T B BR A BT Y 46 Sk 7R 2R 98 Y T R B W R AR 5 (d) 28 T 304 BB A i B o A 46 3k R
RGN I 8 R RUCR

Fig. 9 Multi plane AR-HUD based on free mirror™”. (a) Principle of head-up display system based on a single image generation unit;

(b) head-up display prototype based on a single image generation unit; (c) close display effect of head-up display system based on

a single image generation unit; (d) remote display effect of head-up display system based on a single image generation unit
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Fig. 10 Multi plane AR-HUD based on SLM"". (a) Principle of head-up display system based on SLLM; (b) Head-up display system

prototype based on SLM; (c) experimental rendering of head-up display system based on SLM at 3 m; (d) experimental

rendering of the head-up display system based on SLM at 30 m
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Fig. 11 HOE-based multiplanar AR-HUD. (a) Principle of multi plane HUD using HOE angle selectivity’;

HUD using HOE wavelength selectivity"”;
holography™;

augmented reality head-up display system with real-virtual dual mode™;

reality head-up display system'”
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(d) display effect of double depth head-up display system based on volume holography””;

’; (g) display rendering of real-virtual dual mode augmented reality head-up display system"

(b) principle of multi plane

(c) prototype of double depth head-up display system based on volume

(e) principle of

() prototype of real-virtual dual mode augmented
7]
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Fig. 12 AR-3D-HUD based on geometric elements™”.

(a) Principle of light field virtual projection head-up display system;

(b) prototype of light field virtual projection head-up display system; (c) display effect of light field virtual projection head-up

wE 12(b) M E 12(0) Fras , 5 F IR BREREE , 5 BF R B
N E I TR S = B R R NN =V NN E 7
i, 47l fiE WM 3D-HUD M £ 3 5 & . b, 25
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HUD™', FEARIABE T, 25 5 51 9 0 AR X [ 2, iR
BRI RS W AT 3D-HUD, 1k B = 8% R .
2021 4, Kang %5 Hy — B0 OB i e FLER B2 R 46, thfk
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AR A, St DR 3R BH 5 5 S0 IR 3 1 4% ) R

A2 B HAR(CGH) & XF HAr )ty , @ i i AL

display system
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Al 1 2R

2022 4F , Seereal A A T R T i H 4 B 19 3D-
HUD Jy 7" 3l 2 314 B 105 M 7 el 2 424 XU B 38 o 52 .
AR T — MM RS X3 L. 9~4.5mEH
R R ERENL, nE 13 (a) ~ () Fin . &8
HUD # A 2 BEAR 9 3D i U BG4 il 7 v, R

13 % T k4 B 19 AR-3D-HUD, (a) Seereal 2w 41 41 (1) AR-HUD 58" ; (b) Seereal 24 #4441 AR-HUD 7£ 1. 9 m B 25 4b 19
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Fig. 13 AR-3D-HUD based on volume holography. (a) AR-HUD prototype introduced by Seereal corporation “"; (b) display effect of

AR-HUD introduced by Seereal corporation at 1.9 m distance"’; (c¢) display effect of AR-HUD introduced by Seereal

corporation at 4. 5 m distance™"; (d) principle of projection holographic 3D display system™; (e) chessboard reconstructed by

projection holographic 3D system observed at the target observation point””; (f) three-dimensional scene reconstructed with

two squares at 1 cm and 5 cm behind the holographic screen
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Table 4 Typical paramters of head-up display

Technology Technical classification FOV /[ (") X ()] VID /m Volume /L
Free-form reflector ** 10X 5 10 254
Single plane head-up display Arrayed waveguide!"” 10X5 infinity 6.5—
Volume holography"™”’ 24X12.6
Free-form reflector'™ 6x2/10X3 2.5/9 8.5
Multi plane head-up display Spatial light modulator'™ 3-30
Holographic element'™ 8X4/10X 4 5/in plane
3D head-up display Lenticular lens array™” 10X 5
Computer-generated hologram'™"! 5X3 1.9-4.5

6 Zhiie MR

JC T B Y P 24 R A AR-HUD 4% R FE 42
K o AR by 35 S K FERT N BT UR,
HUDHARHBH S, A BB FELRKEHHUD B A
58 B, VA AR AR R R AR S

IR BR R, A SC 3 SE T T 0T JLAE HUD 1 2
JHFOV . VID 4S8 FE R KR . WEEEW
B ER FRE 5E E SEE PE A HUD B9 3 5 AR
P {5 5 T 5 9 5 AR 8 R B R TR R AR S,
B HE R W R L R AR B 25 SR SR
AT R /N o B e 17, — 2R HUD R 421
A ] A% 33 o EC(MTF) & T 0. 3@60 ppi. 4N, HUD
R B AL 5 R O SR S B R R R O A B BB AH
Ko F R EINE KRBT PG B I IR 5 5 R
HUD & 48 — i B2k 52 55 T 10000 cd/m”, 3B 4 2R
T 12000 cd/m*. MG BBE AR SR E ., CF
HUD £ %t nl 2 i FH 0 B A i B o 38 B4 35 W
(LCD) kW & (LCoS) (BTt ik B (DLP) % £
Ao HEHUD B 52 B R R o6 R R, nl 52 i
G A i B 70 BT 7 1 BB 6 T %, SR, A2 A8 3 )
RS W), G H 2 B 3 2 g e wi oy PR R BE O B S BUR
BEAS B AR R, — O T A AR R A AR A5 AL R

ARG, 55—y m IR R T HUD R G006 H %
KOG A (LED) FEOG R A4 (LBS) R BA 6L
i WRBUNGEOL AL AW AR N T HUD & 48

AR-HUD # 4e 4% Jit i 15 8 5 30 73 25 09 R 30 )
P38 -, R 19 R & & A 28 B A & 1Y 28 Ak Fn
FEE IR ET ) E I, HUD 2 G0 SR I AME A 450
SEOCPERR IE P B R 5 A 0945 22, 5F 8 i3 B s B
FARER IE R, X552 BG4 7 A v Ao 2k BG4 3L fif
WA 1 HE L AR S TR b S A ] o ok AR A ) R %
SbRUE A ET RS A 5 O i BRI T 70%, DAPR
UE 28 B 53 76 47 B gk R R ) AL O AT R R AT R A 1Y
DR B8 375 2ok 25 0 R85 016 B4 B, e T A P X B
AR T E I HUD J7 28 95 08 ) 2% 58 G vE Y
[i] A

AR F ARG i B — A = 4B R BT, 25 FH P R R
B W E kb SRR IR o R LT U R LB
S AN E PN . T R AR A0 2
W o REAE B 75 U8 A5 - 38 2k B L s 47 75 2R A, (T AR
T8 3 T B R A B R B B A S [ BN S, AT RE A
TH A2 R B A" B B AR N AR
155 BA 7R 050 B B, — 4k DL B 8 2 28 i % I O 4y
B4 37 A4 JER R 25 ) Ja% 5 fe T 5 A A0 B L T i DL IR R

AL DL UL b, HUD A W 1) 25 55 K S 7S R 18T 14 0

0811008-10



£ 6055 8H1/2023 £ 4 A/ ENEFEHE

RAZH R RTT T KR . B, AR R
BB A B AN B o nT RE R R 2 B 4 BHAG

HUD 77 Ml fi B %42 i
& £ X W
[1] Klauer S, Dingus T, Neale V, et al. The impact of

(3]

(4]

(6]

(7]

(8]

(9]

[10]

driver inattention on near-crash/crash risk: an analysis

using the 100-car naturalistic driving study data[M].

Washington, D.C.: U.S. Department of Transportation,

2006.

FEXEAR . B HOARTE I EAT A B B T]. BHE X, 2020

(1):5, 12.

Fu X L. Application of head-up display technology in

automobile industry[J]. Technology Wind, 2020(1): 5,

12.

Liu ' Y C, Wen M H. Comparison of head-up display

(HUD) wvs. head-down display (HDD): driving performance

Taiwan[J].
Studies,

of commercial vehicle operators in
International  Journal
2004, 61(5): 679-697.
Alejandro B J, Gilberto O G, David A J. Advances and
trends of head-up and head-down display systems in

of SPIE, 2014, 9086:

of Human-Computer

automobiles[J].
90860E.
Gish K W, Staplin L. Human factors aspects of using

Proceedings

head up displays in automobiles: a review of the
literature, interim report[R]. Washington, D. C.: Joint
Program Office for Intelligent Transportation Systems,
1995.

Smith S, Fu S H. The relationships between automobile
head-up display presentation images and drivers’ Kansei
[J]. Displays, 2011, 32(2): 58-68.

Ablassmeier M, Poitschke T, Wallhoff F, et al. Eye
gaze studies comparing head-up and head-down displays
in vehicles[C]//2007 IEEE International Conference on
Multimedia and Expo, July 2-5, 2007, Beijing, China.
New York: IEEE Press, 2007: 2250-2252.

Wickens C D, Ververs P M. Allocation of attention with
head-up displays[EB/OL]. [2022-11-12]. https://ntlrepository.
blob. core. windows. net/lib/39000/39800/39802/ AM98-
28.pdf.

Fadden S, Wickens C, Ververs P. Costs and benefits of
head up displays-an attention perspective and a meta
analysis[C]/2000 World Aviation Conference, October
10-12, 2000, San Diego, CA, USA. Reston: AIAA
Press, 2000: 5542.

Horrey W J, Wickens C D, Alexander A L. The effects
of head-up display clutter and In-vehicle display separation
on concurrent driving performance[J]. Proceedings of the
Human Factors and Ergonomics
Meeting, 2003, 47(16): 1880-1884.
IR ¥R % HUD A7k & A 5% : AR~HUD 3 B, 11 JF
% o0 T K T [EB/OL] https://www. vzkoo. com/
document/202211102feca061dcee2ed96d309462.html.
Ren L. Special research on automobile HUD industry:
AR~HUD

Society  Annual

advanced, opening the door of vehicle-

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

(23]

0811008-11

mounted meta universe[EB/OL]. [2022-11-12]. https://
www. vzkoo. com/document/202211102feca06 1dcee2ed9
6d309462.html.

Skirnewskaja J, Wilkinson T D. Automotive holographic
head-up displays[J]. Advanced Materials, 2022, 34(19):
€2110463.

SRR AT LR R BORDESEID]. w9 A0 B At LR
2%, 2013.

Cai J H. Research on the technology of diffraction used in
head-up display service[D]. Nanjing: Nanjing University
of Science and Technology, 2013.

WRbeh, B OF, B g ke, A5 BUEA i T R RS
Je B AL A BT [T]. OG5 e i T o R g, 2023, 60
(9): 0922001.

Chen X W, Cao Y, X J L, et al. Optimal design of
optical module of the head-up display system with two
free-form surfaces[J]. Laser & Optoelectronics Progress,
2023, 60(9): 0922001.

Blankenbach K. Requirements and system aspects of AR-
head-up displays[J]. IEEE
Magazine, 2019, 8(5): 62-67.
Sulyok A, Erdei G, Koppa P. Flat panel head-up display
with motion parallax[C]//Digital Holography and Three-
Dimensional August  1-4, 2022,
Cambridge, United Kingdom. Washington, D.C.: Optica
Publishing Group, 2022: Th2A.11.

BR R . B s LS4 Sk WO R i 55
(D] TP v [ B2 e d o 4 68 e H R B 55 B, 2019.
Ou G H. Research and design of augmented reality head-

Consumer  Electronics

Imaging 2022,

up display optical system for vehicles[D]. Chongqing:
Chongqing Institute of Green and Intelligent Technology,
Chinese Academy of Sciences, 2019.

P AP BN RGO F A AL BEITD]. 7%
P2 Tl R, 2022,

Cao Y. Optimized design of optical module for automotive
head-up display system[D]. Xi’an: Xi’an Technological
University, 2022.

Singh I, Kumar A, Singh H S, et al. Optical design and
performance evaluation of a dual-beam combiner head-up
display[J]. Optical Engineering, 1996, 35(3): 813-818.
Park H'S, Park M W, Won K H, et al. In-vehicle AR-
HUD system to provide driving-safety information[J].
ETRI Journal, 2013, 35(6): 1038-1047.

Qin Z, Lin F C, Huang Y P, et al. Maximal acceptable
ghost images for designing a legible windshield-type
vehicle head-up display[J]. IEEE Photonics Journal,
2017, 9(6): .

I Z A . C-HUD 4 & X 46 % B on & [EB/OL]
[2022-11-12]. https://www. adayome. com/product/57.
html.

ADAYO. C-HUD combined head up display[EB/OL].
[2022-11-12]. https://www. adayome. com/product/57.
html.

e Z B A W-HUD KU 536 3k 578 %% [EB/OL].
[2022-11-12]. https://www. adayome. com/product/58.
html.

ADAYO. W-HUD windshield head up display[EB/OL].


https://ntlrepository.blob.core.windows.net/lib/39000/39800/39802/AM98-28.pdf
https://ntlrepository.blob.core.windows.net/lib/39000/39800/39802/AM98-28.pdf
https://ntlrepository.blob.core.windows.net/lib/39000/39800/39802/AM98-28.pdf
https://www.vzkoo.com/document/202211102feca061dcee2ed96d309462.html
https://www.vzkoo.com/document/202211102feca061dcee2ed96d309462.html
https://www.vzkoo.com/document/202211102feca061dcee2ed96d309462.html
https://www.vzkoo.com/document/202211102feca061dcee2ed96d309462.html
https://www.vzkoo.com/document/202211102feca061dcee2ed96d309462.html
https://www.adayome.com/product/57.html
https://www.adayome.com/product/57.html
https://www.adayome.com/product/57.html
https://www.adayome.com/product/57.html
https://www.adayome.com/product/58.html
https://www.adayome.com/product/58.html

FE605% 8H1/2023 £ 4 A/ B ENEBEFEHE

[24]

[25]

(26]

[27]

(28]

[29]

[2022-11-12]. https://www. adayome. com/product/58.
html.

A Z B . AR-HUD 3 58 3 52 2036 3k R 8% [EB/
OL]. [2022-11-12]. https://www.adayome.com/product/
59.html.

ADAYO. AR-HUD augmented reality head-up display
[EB/OL]. [2022-11-12]. https://www. adayome. com/
product/59.html.

Gabbard J L, Fitch G M, Kim H. Behind the glass:
driver challenges and opportunities for AR automotive
applications[J]. Proceedings of the IEEE, 2014, 102(2):
124-136.

Tufano D R. Automotive HUDs: the overlooked safety
issues[J]. Human Factors, 1997, 39(2): 303-311.
Ng-Thow-Hing V, Bark K, Beckwith L, et al. User-
centered perspectives for automotive augmented reality
[C]/2013 TIEEE International Symposium on Mixed and
Augmented Reality-Arts, Media, and Humanities
(ISMAR-AMH), October 1-4, 2013, Adelaide, SA,
Australia. New York: IEEE Press, 2013: 13-22.

Ward N J,

automotive application: an overview of human factors

Parkes A. Head-up displays and their

issues affecting safety[J]. Accident Analysis & Prevention,
1994, 26(6): 703-717.

Kim B H, Park S C. Optical system design for a head-up
display using aberration analysis of an off-axis two-mirror
system[J]. Journal of the Optical Society of Korea, 2016,
20(4): 481-487.

Kim K H, Park S C. Design of confocal off-axis two-
mirror system for head-up display[J]. Applied Optics,
2019, 58(3): 677-683.

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.
Gu L, 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.

Okumura H, Hotta A, Sasaki T, et al. Wide field of
view optical combiner for augmented reality head-up
displays[C]//2018 IEEE International Conference on
Consumer Electronics (ICCE), January 12-14, 2018,
Las Vegas, NV, USA. New York: IEEE Press, 2018.
An 7, Meng X P, Ji X, et al. Notice of violation of
IEEE publication principles: design and performance of
mounted
IEEE

an off-axis free-form mirror for a rear
augmented-reality head-up display system[J].
Photonics Journal, 2021, 13(1): 7000215.
Hirokawa T, Yachida T.
US9753289[P]. 2017-09-05.
Morohashi K, Sato M, Takahashi Y, et al. Projection
device and head-up display device: US20170235138[P].
2017-08-17.

KA[EB/OL]. [2022-11-12]. https://id. vw.com.cn/pc/
id4x.html.

Volkswagen[EB/OL]. [2022-11-12]. https://id.vw.com.
cn/pe/iddx. html.

Eberhardt B, Schmidt F P. Head-up display with an

Head up display device:

[39]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

(48]

[49]
[50]

[51]

[52]

0811008-12

adjusting device for a mirror: US06809872B2 [P/OL].
2002-09-05[2004-10-26]. http://www.google.co.in/patents/
US06809872B2.

Fan C, He S Y. Micromirror based virtual image
automotive head-up display[J]. Microsystem Technologies,
2017, 23(6): 1671-1676.

Mullins B, Greenhalgh P, Christmas J. 59-5: Invited
paper: the holographic future of head up displays[J]. SID
Symposium Digest of Technical Papers, 2017, 48(1):
886-889.

Christmas J, Collings N. 75-2: Invited paper: realizing
head SID
Symposium Digest of Technical Papers, 2016, 47(1):
1017-1020.

Christmas J, Masiyano D, Collings N. Holographic

automotive holographic up displays[J].

automotive head up displays[EB/OL]. https://www.
researchgate.net/publication/273047366_Holographic _
Automotive_Head _Up _Displays.

Wang W, Zhu X L, Chan K, et al. Digital holographic
system for automotive augmented reality head-up-display
[C]/2018 IEEE 27th International Symposium on
Industrial Electronics (ISIE), June 13-15, 2018, Cairns,
QLD, Australia. New York: IEEE Press, 2018: 1327-
1330.

Chakir S, Mermillod P, Heggarty K, et al. Wide field of
view re-configurable foveal projection systems using a
phase only spatial light modulator: an application to a new
generation of automotive HUDs[J].
2022, 30(8): 12937-12951.

Hedili M K, Freeman M O, Urey H. Microlens array-
based high-gain screen design for direct projection head-
up displays[J]. Applied Optics, 2013, 52(6): 1351-1357.
Gu L, Cheng D W, Wang Q W, et al. Design of a two-
dimensional stray-light-free geometrical waveguide head-
up display[J]. Applied Optics, 2018, 57(31): 9246-9256.
PR, BRA A PN R, AR R T RO BERE A e T
B4 4G Sk BOR RG] MoE SOl T e
2022, 59(17): 1722004.

LiY L, ChenJJ, Sun X H, et al. Design of vehicle-
mounted head-up display system based on microprism

Optics Express,

array optical waveguide[J]. Laser &. Optoelectronics
Progress, 2022, 59(17): 1722004.

Richter P, von Spiegel W, Waldern J. 55-2: Invited
paper: volume optimized and mirror-less holographic
SID
Symposium Digest of Technical Papers, 2018, 49(1):
725-728.

WAYRAY[EB/OL]. [2022-12-01]. https://wayray.com/.
Draper C T, Bigler C M, Mann M S, et al. Holographic
waveguide head-up display with 2-D pupil expansion and

waveguide augmented reality head-up display[J].

longitudinal image magnification[J]. Applied Optics,
2019, 58(5): A251-A257.
Bigler C M, Blanche P A, Sarma K. Holographic
waveguide heads-up display for longitudinal image
magnification and pupil expansion[J]. Applied Optics,
2018, 57(9): 2007-2013.

Bang K, Jang C, Lee B. Curved holographic optical


https://www.adayome.com/product/58.html
https://www.adayome.com/product/58.html
https://www.adayome.com/product/59.html
https://www.adayome.com/product/59.html
https://www.adayome.com/product/59.html
https://www.adayome.com/product/59.html
https://id.vw.com.cn/pc/id4x.html
https://id.vw.com.cn/pc/id4x.html
https://wayray.com/

£ 6055 8H1/2023 £ 4 A/ ENEFEHE

[62]

elements and applications for curved see-through displays
[J]. Journal of Information Display, 2019, 20(1): 9-23.
Draper C T, Blanche P A. Holographic
waveguide combiner for HUD/AR with 1-D pupil
expansion[J]. Optics Express, 2022, 30(2): 2503-2516.
Li Z L, LiuJ, Yang Y. Dual-view and multi-content

curved

head-up display using a single picture generation unit and
two-layer volume holographic grating[J]. IEEE Photonics
Journal, 2022, 14(4): 7035208.

Malcolm H. The use of optical waveguides in head up
display (HUD) applications[J]. Proceedings of SPIE,
2013, 8736: 87360E.

Chou T A, Pan T H, Chuang C H, et al. P-145:
Student poster: AR HUD system realized by holographic
display technology[J]. SID Symposium Digest of
Technical Papers, 2022, 53(1): 1185-1187.

Basak U Y, Kazempourradi S M K, Ulusoy E, et al.
Wide field-of-view dual-focal-plane augmented reality
display[J]. Proceedings of SPIE, 2019, 10942: 1094209.
Li S Q, Xu X W, Maruthiyodan Veetil R, et al. Phase-
only transmissive spatial light modulator based on tunable
dielectric metasurface[J]. Science, 2019, 364(6445):
1087-1090.

Skirnewskaja J, Montelongo Y, Wilkes P, et al. LIDAR-
derived digital holograms for automotive head-up displays
[J]. Optics Express, 2021, 29(9): 13681-13695.
Continental’ s 2017 Augmented Reality-Head Up Display
prototype[EB/OL]. http://continental-head-up-display.com/.
Shi B C, Hong T, Wei W, et al. 34.3: a dual depth head
up display system for vehicle[J]. SID Symposium Digest
of Technical Papers, 2018, 49: 371-374.

Qmn 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.

Seo J H, Yoon C Y, OhJ H, et al. 59-4: a study on
multi-depth head-up display[J]. SID Symposium Digest
of Technical Papers, 2017, 48(1): 883-885.

Nakagawa J, Yamaguchi H, Yasuda T. Head up display
with laser scanning unit[J]. Proceedings of SPIE, 2019,
11125: 111250C.

Wang Y J, Lin Y H. An optical system for augmented
reality with electrically tunable optical zoom function and
image registration exploiting liquid crystal lenses[J].
Optics Express, 2019, 27(15): 21163-21172.

Zou J Y, Hsiang E L, Zhan T, et al. High dynamic
range head-up displays[J]. Optics Express, 2020, 28(16):
24298-24307.

Li L, Wang Q H, Jiang W. Liquid lens with double
tunable surfaces for large power tunability and improved
optical performance[J]. Journal of Optics, 2011, 13(11):
115503.

Li K, Geng Y, Yontem A O, et al. Head-up display
with dynamic depth-variable viewing effect[J]. Optik,
2020, 221: 165319.

Zhan T, Lee Y H, Tan G J, et al. Pancharatham -
Berry optical elements for head-up and near-eye displays

[70]

[71]

[72]

[73]

[74]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

0811008-13

[7]. Josa B, 2019, 36(5): D52-D65.

Zhan T, Lee Y H, Xiong J H, et al. High-efficiency
switchable optical elements for advanced head-up displays
[J]. Journal of the Society for Information Display, 2019,
27(4): 223-231.

Mu C T, Lin W T, Chen C H. Zoomable head-up
display with the integration of holographic and
geometrical imaging[J]. Optics Express, 2020, 28(24):
35716-35723.

Coni P, Bardon J L,

multiplane holographic HUD using light selectivity of

Damamme N, et al. 56-1: a
Bragg grating[J]. SID Symposium Digest of Technical
Papers, 2019, 50(1): 775-778.

LiZ L, XuY, Yang Y, et al. Multiplane holographic
augmented reality head-up display with a real-virtual dual
mode and large eyebox[J]. Applied Optics, 2022, 61(33):
9962-9971.

LiZ L, LiuJ, XuL F. A multi-plane augmented reality
head-up display system based on volume holographic
optical elements with large area[J]. IEEE Photonics
Journal, 2021, 13(5): 5200108.

Zhou F B, Zhou F, Chen Y, et al. Vector light field
display based on an intertwined flat lens with large depth
of focus[J]. Optica, 2022, 9(3): 288-294.

ShiJ C, HuaJ Y, Zhou F B, et al. Augmented reality
vector light field display with large viewing distance
based on pixelated multilevel blazed gratings[J].
Photonics, 2021, 8(8): 337.

Hua J Y, Hua E K, Zhou F B, et al. Foveated glasses-
free 3D display with ultrawide field of view via a large-
scale 2D-metagrating complex[J]. Light: Science &.
Applications, 2021, 10(1): 1-9.

Hahn J, Kim H, Lim Y, et al. Wide viewing angle
dynamic holographic stereogram with a curved array of
spatial light modulators[J]. Optics Express, 2008, 16
(16): 12372-12386.

Ting C H, Chang Y C, Chen C H, et al. Multi-user 3D
film on a time-multiplexed side-emission backlight system
[J]. Applied Optics, 2016, 55(28): 7922-7928.

Fattal D, Peng Z, Tran T, et al. A multi-directional
backlight for a wide-angle, glasses-free three-dimensional
display[J]. Nature, 2013, 495(7441): 348-351.

LiJC, TuHY, Yeh W C, et al. Holographic three-
dimensional display and hologram calculation based on
liquid crystal on silicon device[invited[J]. Applied Optics,
2014, 53(27): G222-G231.

Fan Z C, Weng Y T, Chen G W, et al. 3D interactive
surgical  visualization system using mobile spatial
information acquisition and autostereoscopic display[J].
Journal of Biomedical Informatics, 2017, 71: 154-164.
Geng J. Three-dimensional display technologies[J].
Advances in Optics and Photonics, 2013, 5(4): 456-535.
Son J Y, Javidi B. Three-dimensional imaging methods

based on multiview images[J]. Journal of Display
Technology, 2005, 1(1): 125-140.
Lee J H, Yanusik I, Choi Y, et al. Automotive

augmented reality 3D head-up display based on light-field


http://continental-head-up-display.com/

FE605% 8H1/2023 £ 4 A/ B ENEBEFEHE

[91]

[92]

[93]

rendering with eye-tracking[J]. Optics Express, 2020, 28
(20): 29788-29804.

Matsumoto T, Kusafuka K, Hamagishi G, et al. P-87:
glassless 3D head up display using parallax barrier with
eye tracking image processing[J]. SID Symposium Digest
of Technical Papers, 2018, 49(1): 1511-1514.

Kang D, Ma L. Real-time eye tracking for bare and
sunglasses-wearing faces for augmented reality 3D head-
up displays[J]. IEEE Access, 2021, 9: 125508-125522.
Xue G L, LiuJ, Li X,
method for full-color dynamic 3D holographic display[J].
Optics Express, 2014, 22(15): 18473-18482.

Display Daily[EB/OL]. [2022-11-12]. https://displaydaily.

com/.

et al. Multiplexing encoding

Siweivr. VividQ showed the optical engine for high
contrast and full depth holographic display in AR
earphones at SID Display Week[EB/OL]. [2022-11-12].
http://www.siweivr.com/rdzx/34787 html.

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.

Wakunami K, Hsieh P 'Y, Oi R, et al. Projection-type
see-through holographic three-dimensional display[J].
Nature Communications, 2016, 7(1): 1-7.

Ma X L, Yuan R Y, Zhang L. B, et al. Augmented

[96]

[97]

[98]

0811008-14

reality autostereoscopic 3D display based on sparse
reflection array[J]. Optics Communications, 2022, 510:
127913.

Shi J C, Qiao W, Hua J Y, et al. Spatial multiplexing
holographic combiner for glasses-free augmented reality
[J]. Nanophotonics, 2020, 9(9): 3003-3010.

Lu F, Hua J Y, Zhou F B, et al. Pixelated volume
holographic optical element for augmented reality 3D
display[J]. Optics Express, 2022, 30(10): 15929-15938.
REOR . T NI A e/ B A L] Bobh s an, 1990(4):
30-31.

XuM Q. On the minimum resolution angle of human eyes
[J]. China University Teaching, 1990(4): 30-31.

Li K, Bar L, Li Y G,
algorithm of AR-HUD virtual image based on neural

et al. Distortion correction

network model of spatial continuous mapping[C]//2020
IEEE International Symposium on Mixed and Augmented
Reality Adjunct (ISMAR-Adjunct), November 9-13,
2020, Recife, Brazil. New York: IEEE Press, 2020:
178-183.

IR B . S AH DG A% i o 518 A PR AR I A 1 B TE 1 4
Wb 4 e T (D] 2RI RN %, 2016.

Qiu F Y. HRTF of personalized spectrum correction and
its application in virtual auditory[D]. Shenzhen: Shenzhen
University, 2016.


https://displaydaily.com/
https://displaydaily.com/
http://www.siweivr.com/rdzx/34787.html
http://www.siweivr.com/rdzx/34787.html

	1　引言
	2　抬头显示的关键评价指标
	3　单平面成像抬头显示
	4　多平面成像抬头显示
	5　3D抬头显示
	6　结论及展望

