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Holographic retinal projection near-eye display with
enhanced depth cues

TU Kefeng', SUN Fei”, WANG Zi'", LU Guogiang', FENG Qibin'

(1. Academy of Opto-Electric Technology, School of Instrument Science and Opto-Electronics
Engineering, Hefei University of Technology, Hefei 230009, China;
2. Anhui High-Tech Development Center ( Anhui Basic Research Management Center) , Hefei 230088, China)

Abstract: Holographic retinal projection display (RPD) is one of the near eye displays that can alleviate
vergence accommodation conflict (VAC) due to its large depth of field. However, an excessive depth of
field (DOF) will cause a loss of depth cues whose image clarity does not vary with depth. To solve this
problem, a band-limited random phase based holographic RPD is proposed by using the band-limited
random phase to control the light beam width into the viewer’s pupil. And the depth of field will be limited
by the controlled beam width. Thus, the depth cue of defocus can be enhanced. The process of the band-
limited random phase based RPD can be divided into three steps: Firstly, the band-limited random phase
is calculated by the light beam width into the pupil and the depth of the target image. Secondly, the target

%5 H #3: 2023-08-09; #&1T H #1 : 2023-08-22.
HEE&TH : [HK A RPHEHE S (No. 62275071, No. 61805065)

Supported by National Natural Science Foundation of China(No. 62275071, No. 61805065)
HEAF AR AN, E-mail : 502976 779@qq. com ; wangzi@hfut. edu. cn



902 W5 Bos 55 39 %

image is multiplied by the spherical wave phase and the band-limited random phase. The hologram is
obtained by a one-step Fresnel diffraction from the processed complex amplitude distribution in the target
image plane. Lastly, the spatial light modulator loaded with the hologram is illuminated by the collimated
laser light source. And the reconstructed object light converges on the pupil which achieves the depth cue
enhanced RPD. The experiment verifies that the band-limited random phase based holographic RPD has
the advantages of low scattering and high reproduction quality. And it can f{lexibly control the DOF of the

target image and provide the observer with depth cues of focus blur.
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Fig.1 Principle of holographic retina projection display
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Fig. 3 Simulation and experimental reconstruction images

of holographic RPD at different depths
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Fig.5 Spectrum of target image without random phase and

with random phase. (a) Target image; (b) Spec-
trum of target image; (c) Spectrum of target image X

random phase.
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Fig.6 Relationship between band-limited random phase and

spectrum

p=N, - Dr~0-f, (8)
H N R IE AR IR RZE . B RRA
AR (DB EAA(C):
N,= 5NAII~ eNAx, , (9)
A AL
A C9) BT, N AT DUAR 3 H Ar KIS 78
TR L R 225K i e AL T G R 98 B e 3315 3
N E I Al R Bl BLAE 2 3 2545 B B S X
56 4= Bl ML AR A7 2F 17 = 4l B o AR A A5 2 H
O3 AT, OO HO RS o A 2 AT AR N B LA
SR 5 S A =l O 1 R VAL v o g B UL
AR A4S B A7 BR B HLAR AL A (2, y) , Hoah #2 4
2 (10)~(11) s
H(u,v):]-'{Zn-random[N,N]} , (10)
hMx,y)=F 1{H(u,v)-circ[Nf]}, (11)
Horrrandom [N, N2 A i O~1 1 BEHL KL N XN
L circ [N ] A A N B AR 1Y AL A 10 i pRi
B TEitE A B A R b, T BR B AILAE 47




o557

JERHEE A R AR E 0 0 2 B R B R 905

) 4 3 RPD 1655 — b i, B A BRI A
15 J% 1 e LA 3R &8 fi L A9 BR 1 % A 07 5 3R
H FREEMLA AL A, y) S B EZRIE U (2, y), HAx
IR S84 B RPD {5 — 2

@f%%%ﬁmmﬁﬁmﬁﬁ*WM <1
80, FRATTxE S BB AL AR A 1 42 B RPD Jr
FEAE AN ] 2R A TR B 114 0 L B S 3 45 SR BEAT X L o
S, E AL RO R TE B E O 1.5 mm.
4% 1 10 A A% 25 18] 05 R 18 e, BE HLAH 07 1 38 B
LIRS Z 55 B Ry 326, EIMR 210 MR K M EE A
36 pm, X L B AL AH A7 09 08 I FL AR AR R S R
365, SLH R HAHHLILAE L K 1.5 mm 9 FHLERE
153 BEAT IR, DAG 3T A HR WL EE A B s 4 1 . &
7R T AERE B KR 0. 64 m H1 1. 14 m IR B Ak Y
FHLEG . 51654 B RPD B 45 FAH L, 4 B
Bl AILAH 7 19 42 8 RPD A7 B 2 19 3R S BRI B 4
RS E BT 2 RS B .

RAT0.64 mhk
(FUZ 1)

RAET1.14 mik
(FG 210 )

i IR BEHLAR 7
+
FRITARNL

7 kT BREEALAR AL 4 & RPD 75 A ] 2R F5 IR 1Y
1 B K S0 7 IR R
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Fig. 8 Reconstruction results of holograms with and with-

out random phase in the case of no spherical waves
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