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Present Situation and Prospect of Glasses-Free Augmented Reality 3D Display
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School of Optoelectronic Science and Engineering, Soochow University, Suzhou 215006, Jiangsu, China

Abstract Augmented reality (AR) display is a significant development direction of new display technology and one of

the hardware entrances of the “meta-universe”.

Glasses-free AR-3D display has a broad range of application needs in

vehicles, education, medical and other fields; therefore, it has gained close attention from scholars and industry experts.

This study reviews the development of glasses-free AR-3D display technology, primarily including AR-3D display

technology based on geometric optical elements, holographic optical elements, and pixelated diffractive optical

elements, among others, expounds the basic principles of various technologies, analyzes the challenges of existing

technologies, and anticipates its subsequent advancement.
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Fig. 1

Research progress of AR-3D display system based on off-axis optical elements technology and free-form surface optical elements

technology. (a) Schematic of AR-3D display based on off-axis optical elements™; (b) photos by AR-3D display based on off-axis

optical elements™; (c) schematic of AR-3D head-up display based on free-form surface optical elements *"; (d) photos by AR-3D

head-up display based on free-form surface optical elements™"
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Fig. 2 Research progress of AR-3D display system based on sparse reflective membrane array technology and double 4f lens array

technology. (a) Structure diagram of AR-3D display based on sparse reflective membrane array'*”;

based on sparse reflective membrane array™”;

system”; (d) schematic diagram of experimental system based on double 4f lens array system';

real object by experimental system

(b) photos by AR-3D display

(¢) structure diagram of elementary imaging system based on double 4f lens array

(e) superposition of 3D image on
&
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Fig. 3 Research progress of AR-3D display system based on microlens array technology. (a) Schematic of electrically-focus-tunable-

; (b) (c) pholo% by electrically-focus-tunable-lens-based AR-3D display""”

(d) schematic
’; (f) photos

by AR-3D display when camera focusing on 50 cm"

T 105 B B 45 R 1 AR-3D i B4 T £
P E e 5 B S A R TR RS,
HAARGO 2L B DBRKESI S, RS

ot E S A AR-3D BRI BT . ARim, i ik
BRI AR B BRI, 62 AR-3D BoR ARG 2% |
H &2 AR R B 5 7 A e Pk i . bab, i 1

2011004-4



B 7 i B B B, H A o B RN 3D SR A
2y, 5 m TR A B A 3D B SE PR .

P E LA R AR-3D /R 35 AR R G2 8 5
JEUHE BN MR T 05 ok o S Al A o e i B LS AR
BEAh 3 T 5 L IE S O 2 RS R IR AR-3D R $
R R

2019 4F , Li %4 T — Fh 3k T4 L BE 21 H R Y
BRIR AR-3D Wn 240, RPN A 4(a) (D) iR . %

a 2D display screg
( ) “-"I’inho'lcs ‘
/ 0‘

3D imaging °

-
“Mirror

"tk

AR content

| MBPA

|)

| ‘Rcal object
|

2D display screen

2D display screen

Mirrorimage

(c)
lt: Transmitting polarization |
AP ] = o s
Lens array @®: Non-transmitting polarization |
RP RP Reflected light

@
= ' :
ﬁ g @ Transmitted light ~-
®

Transmission axis

1
-\ 7 Real object

P Pinhole

L

thl
\' ]‘,'MHI‘A
|

% 59% F20H1/2022 F 10 B/ ENBEFRHE

FGUR LT B AL R AR T 15 G4 USR8 5
H, 8 BUB AR A IE R S ML S IE R, Bk
i I B T B 1R, ok At S B T R AL PR AR R EL S IR
MR E . R R, 5 TR B, R,
HE TR T B FLBE S, W7 AR B o3 B 38 158 B
5 5 LAY B AN AL AR R /N EE B AR B 2 R A
TN BT LA B, M 5 2R i B R ) 2D
IR B

4 BT HF LI B ARG i R 7 AR B9 AR-3D 7R R GEWF SR (a) 3 T BELIE S 52 AR 79 Sz 3 BRHIR AR-3D 2 7 T AF it

FHPE 5 (b) FE 5 LB 51 B AR 14 2 33U R AR-3D B 7R 92 B0 R I 5 (o) 3 52 36 Ml ik 1 i 52 S5 =0 R IR AR-3D i 7 T A
JECRRPE s (d) JE T R 4R R 0 R 59 AR AR-3D &7 ST S sl R

Fig. 4 Research progress of AR-3D display system based on pinhole array technology and reflective polarizer technology. (a) Schematic

diagram of reflection-type glasses-free AR-3D display based on pinhole array technology"”; (b) photos by reflection-type glasses-

free AR display based on pinhole array technology™; (c) schematic diagram of reflection-type glasses-free AR-3D display based

on a reflective polarizer"™
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Fig. 5 Research progress of AR-3D display system based on holographic optical element technology. (a) Schematic diagram of glasses-

free AR-3D display using a lenticular lens array holographic optical element”; (b) experimental results of glasses-free AR-3D

display using a lenticular lens array holographic optical element™; (¢) schematic diagram of glasses-free AR-3D display based on

a pixelated volume holographic optical element™”; (d) experimental results of glasses-free AR-3D display based on a pixelated

volume holographic optical element™™
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Fig. 6 Research progress of AR-3D display system based on holographic technology. (a) Schematic diagram of dual-view holographic

AR-3D display based on CGH projection;

300 mmand 400 mm, respectively””;

(d) schematic diagram of transparent holographic AR-3D display based on CGH";

(b) (c) captured experimental images at viewing zone 1 when digital camera focused at

(e) photos by

transparent holographic AR-3D display based on CGH"™
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Fig. 7 Research progress of AR-3D display system based on pixelated diffractive optical element technology. (a) Schematic diagram of

glasses-free AR-3D display based on spatially multiplexed pixelated nanogratings™; (b) transmittance curves of holographic

based on spatially multiplexed pixelated nanogratings®” ; (c) photos by glasses-free AR-3D display based on spatially multiplexed

pixelated nanogratings”™; (d) schematic diagram of glasses-free AR-3D display based on pixelated multilevel blazed gratings™";

(e) schematic diagram of viewpoints formed by pixelated multilevel blazed gratings in different focal planes™; (f) photos by

glasses-free AR-3D display based on pixelated multilevel blazed gratings ™"
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Table 1 Glasses-free augmented reality 3D display technology list

Optical element type Classification Spatial resolution FOV Display size
Off-axis 1024 pixel X 768 pixel ™ 20, 1°%%
Free-form surface 10° X 5141
Reflection film array 840 pixel X 1200 pixel 2100 mm X 1500 mm"**!
Geometric optical . )
4f 14. 3 152 mm X 142 mm'"
element
Micro-lens array 1.5/2. 63arcmins@30 ¢cm/100 cm™" 27° X167 16.32 mmx9. 18 mm""
Pinhole array 7.13 lp/mm“” 5.8 inch’™
HOE 70 pixel X 768 pixel ™ 9.85"" 70 mm X 70 mm"*

Diffractive optical Holographic display 1920 pixel X 1080 pixel ™ 9.13°x9.13"" 45 mm X 45 mm'"™

element Pixelated diffractive ) o oiol o
. 960 pixel X 540 pixel ™ 47" 710. 4 mm X 399. 6 mm"
optical element
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B3z Bl 2 09503 . RRLBUARIR AR-3D 278 19
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Hio AMEBEE BOR A AW EE D BRIR AR-3D 2 7R e #%
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