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Multi-plane holographic display algorithm based on
hybrid phase
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Abstract: In computational holography, the realization of multi-plane holographic display based on
layer-based method is one of the most commonly used methods. Aiming at the problem of crosstalk
between multiple planes in layer-based method, this paper combines the advantages of random phase
and quadratic phase, and proposes a multiplanar holographic display method based on hybrid phase.
First, a suitable weighting factor is selected to generate the hybrid phase instead of the random phase
as the initial phase. After iteration using the iterative Fourier transform algorithm, each obtained
sub-hologram is superimposed with Fresnel zone plate with different reconstruction distances. Then,
each hologram is superimposed with complex amplitude, and a phase-only hologram is obtained after
the phase is obtained, thus the layered image is reconstructed on the specified plane. A multi-plane

holographic display system is constructed using a liquid crystal on silicon to carry out relevant optical
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experiments. The experimental results show that the structural similarity parameter of this method is

improved (up to 4.6% ) compared with the random phase-based method, which attenuates the crosstalk

between multiple holographic reconstruction planes and improves the reproduction quality of the multi-

plane holographic display.

Key words: multi-plane display; layer-based method; hybrid phase; phase-only hologram; the fresnel

zone plate

|

e

A 5 R ] DL I A A 2 TR B R,
N EA AR 4 RR AR Z Y Ak,
W58 F AW F LA % R 4 B Kl (Computer-
Generated Hologram, CGH) " il 4% %] =3 7] 5% 14
i #% (Spatial Light Modulator, SLM) |- 52 B 4> &,
BoR ZITERA BRI sh A n] v e il
W5 B AR

TEARZ CGH [y J5 ¥k op 3k TR A ik 75 8
SRR RERE NN TEZ — o RIEYIEBA
[ UR B =AW RS & i oy s T4 5 4
ST AT T T A B 40 4 B i B2 T I
V] 22 5k A 59 6 0 09 52 I S A 3 . X A T
PR 1280 2 NG Rl = (13 AP ) B €
HARSIHZ ATk g B rhon] LUR H 2 #5807
%, 40 Ping-Pong 553 A 3% ikt R I R AT 4
AL R EME 2SR EEMEIKBZ
] 7= A B, 2 Y A S IR — APk,
TR XA ) R, Li Yan S8 N4 T —Fhsh &5
#ME£1Y Gerchberg-Saxton (GS) 5 32 2 8 % 47 &
2 O BRI B IR PR, DT i e T R R A
ST ) Y S Zhang Jingzhao 25 A4 H T —Fh
B AR O Sl M A OB bR
WHeEE, E—ERE LD T8I, Pang
Yingfei % A& i 1 —Ffr 5 T i Ay =X 0 JE £ AR
PR S AR LR 6 2 7 i 4 B AR 1) 2l
A4 B ENM . Wang Zi 25 N K6 T 0 8] £ % 2
JH BE LS BE R B A Ak 5 125 0802 22 OF T A R
Pt BRI, B TR T T R AR RO
S, A5 35 A PR R R A, O B G T AR
B 15, ATS AR 23 T 2% - T 2 B R AL i
Makey G % A9 V- T8 09 5 |77 #F 17 70808 | 4%
e R AT 4 B R R AR A e B RS
I 4 B AL 5% 1 0 OF A2 PR T Bh A A By R

PERR A

52 dERE AL R BT IR K AR SCRE R T
— M ETRAG MUK Z 2 BoR k. B
e, BB I B AU DY 7 BE LA A2 A R Air
B A R 5 AR AL HF 2 TR G AR LA S 90 i A A6
55 LAY AR &R 4 3 S IR I e A o FRIR
T8 A A FEAR P T L, )P A A e R A
BT TR E. K5 & A ) 8 B
A8 P R P AR (0 J= Y E A PR 2R AR 3
R BP0 L e A RS A B i A5 T e R
P& n il R Jim AT AR R A& 0, AR O £ 45 B,
SIS E] o FRa R Al AR A7 4 B IR 4 = = (]
JEIE A, 5B 28 A B R R

2 PriRgr ik

e CGH A= it 7 vh, O 7 6k 55 3 [ R
3 BEHLAH AL | B A FRE R A Y T 40, BIF ST N B 4
H A RO A AR R B AL AH 57 A S 00 e A
DL o B R AR Y B &, UM L AT R
N
o(m,n)=am’+ bn*, (1)
oo il n J2 EHEOF- T AR R A A5, a il b S O~
TZIE R /NE . a FI b B A 23 5% W A3 4 98 o fEL
R/ T B Bk AU (R OR AT e T B S 1R
FOPHCTE AR . AL Y S B0k
MO L 2 BRI RN WS %
SCHRL16 ], ARG B S 00T DL E I F

T 2 l 2
gp(m,n)—Mm —I—Nn , (2)
Hor M RN J2& B A5 AR TEKF J5 1] IR R 8
FAE 2 57 ) R R AL

1EZ V& B R, i TR e —E R ¥
B R R M P T S R A TR Y R
o FH A0 e A2 SR T T B O 0 0 BB I R 1 5



507 4

T, F ETIRS AN 2 F 28 Bos 911

M), 1717 VR G A AL A R ORE S 0 2 7 AR B
M PSS G LR AT R . PR AR SR AR
T A AR 7 AT DA R38R H
alm,n)=¢(m,n)+CXy(mn), (3)
Horfre oy Om, n) FoR BEMLARAL 5 C J&— P ALE A+,
PR SE TS AN [) 3 LAY BE LA A . >4 C HCO I, AH
MFALEIN T R AR, 23 IR S B R RN
A CHCL, WL b B AILAH 67 23 5 | S BB e 7, X 4
BB EMRE T3 Btk sE G E N CHE I
A, DAY B 1 4R 8 O 52 RN U 55 AR R 7
Z A O R AT L A DR 2 R R R
e KA O 7 R S | 57y v S NS I R A L
G B BRI T
TERGR A SO 1 Z 01, 18 e % Bg e IF o it o
R A F a2z Be, m DU SO L i 4 BT
AKX

eijT

2y

F(&np)=— 22, .

2
= (g )

jj Uz, y)e "oy

H:U(x,y) 2R S 516, ¢la,y)
TRV AL, 2, 3R M BB TR, A KR
Pt o A () A LIS B4 8 K 7R T
Gy 0 W0 65 0 A R

U(I,y)efj‘/’(f'y):

dady , (4)

2n
i
e 2

*]%(IE‘F}W;)
e [] Fleme dedy.  (5)

TERT S 4% B 8 R 2 = =, WO F- 1 E |, FETR /R
RS B3 A AT DL R OA

5%
e i@+
Azg .

H(&p)=—

JAZ,

2
— (xé+yy

H W(x,y,zo)ej*z“(

Hor, W, y, 20) R8s BB T Y6 0 Aii o il
A IE A LA 2R 51 05 FE

)dxdy , (6)

T ey
W(I’yaz(‘)): e eJ}:[\( 7 .
JAZ,
= LTy gy oW ity
“ H(g e e = aady (1)

Xf HE 2 (5) FI(7) n] LAAS 5 .

SR )

H(&n)=F(&ple = . (8)

BB T A1 f 3E 1R R 4 BUIR & A — ik nl
LIRS

Hi (= F.(&ne =7 (9)

Horp R e s 288 s i o FF A (OFRALF(9)
CIOLEEF

=3 &
Hy (&)=~ .
! =1 1Az,
- P2 (g )
JJ Uz, y)e #re™ dady

(10)

AR (10) e =T AT LU SR AR
B F kR L AN G T 0 G A
B (o y ) AT AL A T T 8 AR I
BEHLAR G . B AR 28 2 (10) 38 i e 14 L o
4 B B D A DA AR T DL fbL Ml
PR AR R 4 B

3 R H I £ T 1 4 PR R O vk S
e AR L I A A L M 4 B T
B A TF 6 £ A 9 509 7 T U L 75 5
[0 45 B 49k b AR B L IR R B R A T
48 B 4 KV T L UMY 5 788 590 0 4 R
B b b A T B O A R AR OB
DBV H R . A B R AR A B
SCHE IR R4 Sk A B R L FLMR AR i 1
B %

B L B = A AR AR R R
I3 W RV TAT T4 BT (0402 B Rk T
PR 28 3ok — > T A 3 5 B B 45 K 8 5 0 B A
R FE e 0 FITIEL 2 A B R 0 A o A5 2 3
153 9K T LA 0 LIV 1 0 48 L
SHE N e 1T D 0 L I A 3 B 2 i 20 40
RS 4 2T A SC 8 S22 7 v o = 2 9 i 7 A
BT T S5 R R R B AL e A5 30
A LI 4 20 P15 9 A A B o A o 4
A PR P A B A T L AR A R
4 BT 45 T4 TR A A B I 1T R
U 25 1 52 G0 3775 0 46 37 4 B 5 L o7
4 B8 R 2 2 2 DA S R T L7 50 £ 4
BRI



5 E — v 0Q 3
912 RS RTYN % 39 %
Target images ) o Phases of
K times iteration  the Fresnel zone plate
Acgy €7con
| Complex Phase
| superposition ;
| - Complex extraction|  Phase-only
| . + amplitude distribution » hologram
| Fourier phase-only
|

B 1

i A A B 2 S T 4 SR D A A

Flow chart of the proposed method for generation of multi-plane hologram

Fig. 1

3 BEMEE

ARSIV T — RIS DL UE bR Uy v
M RUNE . B SRR A IS 1A R T AR )
ARG AN, fE2 B WoR i R rh, 2 B AR TBE
PRIt R EWR B, T, N T EHET IR,
A AT A - 5 86 L (Speckle Contrast
Ratio, SCR)™ e A& ML, SCRAILAFKIRA

op
SCR=—,
1

Horpr, o BT 53 530 3R b o 22 AP 58 8 . SCR
/] i P PR e 7 N | PR B i o

A 2 il PR tiger ™ /5 O H AR R, 25 4R
BKBE R 200 XA (3), B AE N 1

(11)

hologram

CHIME R 0~1,Lh 0. 1 R K IR A4k, 78 H An &
PBorb ik £ — A3 57 1 DX Can &1 2 Ca) v (19 204 i
R K SCRAA . Z5RWE 2(b) iR, RHA
) S0 A5 W BE LA AL 64T T 7 45258, v LAE AL
R Y 340 S SO X L R R . R Tk
— 25 A Ak SR A A A R L, AR SCEE R Group 5
T TR A A AR S W R AR AT, AR 5 KR 0. 05 9k
P A T RS B LA RIS R E 2o H
S0 HE RUUR o XS ACER 6 ) SCREUE
A AR LN AR B AT 3 Rk 3y, BRI ot mT DAl
BV Y AT HIA S LA B B b B AL D Bl
A Bl BV 5 e A ih & an & 2(c)
BRI R . IR BLA 4 mT A
BB A T 0. 210, 3 2 E] if, SCR#E /),

K2 AT FECHEXT LB S A

0.98 0.98 %
0.97 0.97 o
0.96 - .-Groupl (.96 . Fi s P
095F TN N e Group2 o .95 ® e ol *
S 0.94 Group3 Q g4 AR °
“0.93 Group 4 0493 q,.-""';__ o °°
0.92 Group 5 . )
091 — -Group6 092 °
0.90 1 1 1 1 1 1 1 1 1 1 1 p 0 91 1 1 1 1 1
0 0.10203040.5060708091.0 — -Group7 (] 0.2 0.4 0.6 0.8 1.0
C C
(b) (c)

(a) HAxEME; (b) CH5SCRIYKFR; (o) H—FIHLMHAI M T ,C5 SCRINKFR

Fig. 2 Relationship between weight factor and speckle contrast. (a) Target image; (b) Relationship between C and SCR;

(¢) Relationship between C and SCR at the single random phase.
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Fig.4 Four plane reconstruction results of simple letter images. (a) Target images; (b) Reconstructions of the method

proposed in Reference [15]; (¢) Reconstructions of the proposed method.
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(b) Reconstruction results of the proposed method.
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Fig. 8 Four plane reconstruction results of complex images.

(a) Intensity image, depth image and hologram;

(b) Layered images; (c) Reconstruction results.
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Fig. 9 Reconstruction results with 20 planes. (a) Sliced three-dimensional object; (b) 20 planes of target images; (¢) Re-

constructed images.
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Fig. 12 Diagram of experimental setup. LP: Linear po-
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larizer. SF: Spatial filter; L1, L2, L3: Lens
(focal length of 300 mm) ; 1.CoS: Liquid crystal
on silicon; HFP: High pass filter.
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Fig. 14 Multi-plane optical reconstruction results of com-
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