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Application of phase recovery algorithm based on parallel
architecture in holographic projection technology

WU Guang-zhi* , ZHANG Han-sheng, MAO Wen-yi
(China Satellite Maritime Tracking and Control Department , Wuxi 214431, China)

Abstract: Compared with conventional display technology, holographic projection technology has out-
standing advantages. The phase retrieval algorithm is a key image processing algorithms in
holographic projection technology. The constringency speed and precision of these algorithms need to
be raised. The performance of the algorithms above are not satisfactory, sometimes they cannot even
guarantee that the iterative process converges to the correct solutions. Then, this paper proposes a
parallel architecture based on the phase recovery algorithm-Parallel Gerchberg-Saxton with Genetic
Algorithm (PGSGA). Simulation has proved that the proposed algorithm PGSGA is better in conver-
gence rate and the restoration quality by testing gray-scale image.
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Fig. 1  Principle schematic diagram of video holographic

projection system

e

4 ABfER B H ok

ViHPS " LCoS #8 4 7l L 58 h 4l AH ff 4 5
FREs AR A Z ML EE, BE2EMAL
s R G0 0 EAGER SR FH K B I8 ) I 7 o B B A5



1012 W5 WoR

%29 &

50 I R AR B R B, R & VIHPS W i /5 2
AR B DR 0t T ey AR 90 1 45 1 B i (LA B 75
HB AR 0 4 2 B R T A PR A ) i e )
[B) R, 3 28 [ R AE ) B2 AR 22 0l v B0 AE 7, B
ey 1) 25 o D i 0 5 R AR R R BD &R T B AR A
L A PR B—— AR R R R

X T - 30 i AR H i XU R o A A A
[ L 8 B T A A BB B J& 1971 4F Gerchberg
F1 Saxton £ K —E GS Bk . M5 . A%
I T AR GSEIER ., 1981 4, A< I F1
W Wi L K 38 2 5 AR I — Ot 2 AR e s
LM T M RGN B IR R — A ALK S
3 1) AR O 3K O 8 I AR B L 46 D
S YR — AHAL Y 5 B A, R IR AR O ik i) DAAE
B2 b A i — AR 5 R 2 [ R

75 B A AR LK A Te) B SR AR R L GS
kIR BRI AR S AR Dbt S5O 15 2
R 22BN AE IR U IR B A - T[]
AEAE i A7 8 L AR 0 A L . R Z2 B0 AR LR
EREEERE GS BB,

(BAESE PR f T LA TR AR AL
GS FVE WS J 52 ROR B AR . JF % % th BLL
- 58 A A5 i B B AR L A B R RN 4 R 2 B
M, GS 5L 2 IR B e 4k 728 5 eR RIORE BE 19 17 )5 1]
e TR M AR Y, LA B — P T Rk, T
TR oK MBI AR 5 AR YT IR R 1 5
A AW B A Y BT DB LR R 1T
TR B R HOE SR A 1Y B /ME S A RE TS 2
— SR AR AN KA AT B R B e /ME

Fienup 5% & GS 53 0 ook 5k, kR
B A 5 . Fienup 55338 o 5 A ER 0 4
WRR 1) B2 5t 7 75 WAc 8 o B B bR, R B KR g
FEREIR G, kiR 325, 1322 0] DL R 48
Hir G RIESR G, . —BIEOT . 2 K
AT — A SE L B AR EZE /NG, 2
AEAG ARG N, [ Z . G, 23 el i A5 AR /)N .

Ao 1R A0 RR AR 5 1 AT B R VB 4 R e b AR
PR ) — M ERESY DL Ke A - R R (Y -G 5
220, I o B FH A 45 AR e R G v i e A
5 B[] L, 4 I i - AR A7 9k 52 0] R AT 43 Dy 3
28 AR 7 AU | 2 R R A 7 TR A AL JR 4R
AHRE J5 R 4 A R AR L . - BURE 6 R 2

TRk GS FBIAZJE B —Fh B S i 1 ik
BV R AL R T oA AR B, TE TSR AR
AHTR A B0 5 A% - JBAH 067 Wk 52 940 3k 31 53 1 L
GS Bk B SO B2 1k GS Bk &, B AT LA
FUE GSBIEMET . Y-GBiEYE GSHk—
BE R IR (8 o3 SR

5 AT Mmeiaiaik 5 Ak

- IR 2 9 A 8 v HG kAR R TR A TS T
P AETH B [) (15 B0 T 5 4% - TR 57 1% 52
TR [ GS RS A S0 JE AL T
GS Bkt n g, % B2 GS 595 1y W S0
5L AIE 1 18 B G BRI mT DL [ 6 22
AN WHEIEAT I A7 B AN W= 0 ) A 10 45 2R 19 J7
PoRXF GS kAT . F BB T A s A
8 A L, 3 LA s A B 1T b i 52 SUBE - AR
S B X AL HEAT B IE L X R AT LUGE 7548 1E S5 Y
AAAL LS SRS T] BE 2215 1) d5e A0 205 SR 5 T, 45 25 AR
SEOR BT e AU T E— 2D X GS Bk b AT
PR AL . BE T o B A A B REUARL, A S AR T B
TIRAT A b A AL 50 vh R g A% R S 0R T gk
FTARBLAE TE R N (1 GS MO K 2 F vk (R PGS-
GAR ¥, HAKERIRNT .
H" = FT (G, * exp(igi”)
o = angle(H{")
gi” = FT(H, + expligi”) . QY
0, = angle(g{™)
error; = RMS(abs (g ) ,Gy)
H{” = FT7' (G, « exp(igy”)
oy = angle(HY")
gt = FT(H, » exp(igy”) . (2)
0, = angle(g{”)
error, = RMS(abs (g ) ,Gy)
Hy’ = FT7'(G, » exp(igg’)
o’ = angle(HY”)
g’ = FT(H, « expCigl’) . (3)
0x = angle(gg’)
errory, = RMS(abs (g ) .Gy)

bk K AT T A R B s 5 Ao, s



55 6 1] I

AT IRAT A B ALK A AR 4 B OGRS i 1013

ST TR R L A (FT )
hologramAH 7 48 — 4 8 B 1L it A2 i (F T
FBAR G R T L 5 s i, i T

(1) (n-1) (1)

|:§01 [ PK

F(4) H ,Phase_Correction Ab FH A B AR 45 77
K AP HIT 4 A AR 22, Pk iR 22 /i
— 20, 1 A RS 28 A7 4 1 AR A B s 1) B2 S
S APATIEIE , B 1k Bk A 58k 20 R B AR
N TR AT A AR A W G

TERA LA IE H 5 | 3 3 A% B30 1 v 1) 3 SUAR S
S X TR R AR AT A OE . TR AL
i, 28 XL S R RS 1 4R O 7 A T R e £
T R B AR . B g AT LB AR TR — ik ik
FBIBIHE , AR AE T — LA B ACEE RAE AR
Jry TR /N B M 8 AR A, DT A BE 22 B B3R 0 O
S AR, ST AR B A B /. T T R IR AR SR
REUHZE AT

(DX XHAF

XE DI PIARIFATE B0 GS i858 1ok A
BLHEAT A AL 31 A 451, 158 WY A S i 28 AR 2
] #4728 LB AR .

Fie B2 AS AH AL X I AR 3R 0 IR B i#E 47 43 4
i & 256 KB, ik DL Ay 4 4R i (0~
63,64~127,128~191,192~255)

AEIFATER 1.2 #9 GS AL S5 31 0T L4y 531 4
g4,

FJFATE 1 W5 — 40, X K B (AL T 0~
63 Z [l AR

JEATE 1 W5 A S, XN K B A A T
64~127 Z A A AH A

FJEATE 1 M5 =2 S, RN K B A Ak T
128~191 Z [a] Wy AH A

FJEATE 1 M5 VT 2 S, RN YK B A Ak T
192~255 Z [a] ) AH A o

FJFATER 2 W95 — 40, XN K B (AL T 0~
63 Z[a] (I AHA

AT S 2 W5 4 S, RN K B A Ak T
64~127 Z Al A AE A

JEAT 4 3 WA =4 Sk, XN YK B A Ak T
128~191 Z [a] Wy AH A7

phase; |Phasecomea

iR KR R AT 2 5 D A s
N [10) 0 B — 2L % I () AR [R] L 25 9%, K4 T O #E
i iz AL BT R — A 1 K A .

JEAT 2 4 0955 U 21 Sy, X
192~255 Z [Al i AH A .

LA IR T 1.2 B AL
YR AHA B AT B4, (a0, 4 1,2 T4 30
L2 AWM AMANE BE— R R EAL, B

RERVE A 2 Fios
- Eo
2 314
E5HD = BEEA
phasg1(n) phasgl(n)

B2 ZTXizg

Fig.2 Crossover operator

4 K Bir {8 Ak T

phasf0(n)
2 3

(A F 7 ¥

AR S BT AR R AR AT — 2R JF AT 4 R GS
B2 e — A B R L BE 47 728 Ak, At 2 B9 # f5AS
Al BAREAEIE 3 iR

K3 ARz

Fig. 3 Mutation operator

Bl 25 T 2 0F AT 2R AR 6 25 SR 1 28 — 41
PR AT AR 538 S R, BAR AR s ] DL
JEARAL IR, B — A~ [ (E A H R
i 5E .

HEAT 38 AR S B — & B 1k GS 57 45 i



1014 W5 WoR

%29 &

e SR BB fie /N 1, R A] UM GS 33005 Wi 8531 £
A At B4 3 1 Gl o B2 0 4 2 AU D

I RS SIS BUM b4 e Y AW RE S i SR gy
B X T AR A 4 R PR I A e R A R ORIz ) 2
—AWRO AT LLE GRS L RS e B
V1 A IO P W B8 15 81 R W 8 o PO 2 3 IS
MR RN m X AR A WA B8 FU R 2 B, A

aziJEZ (M) 5)

Hi T VIHPS 2 F 4l A1 A7 4 81812 47
B AR 4 B TET A WRELAR 2 — [ % Y 8K e

6 1FAFI®

FIH Matlab #4453 5 4f 2 GS.Fieup,PGS-
GA Bk il ie 4 A sE S 80, JF E 1T iR
o

XF 256 X 256 4> HER MY lena B R #E 1T GS,
Fieup,PGSGA B : %48 5.10,20,30 K, it 7 H
ARG R WT .

Sy SE B AT B R 3 LR 3% AR Y S W0 IR AR
PE¥yE Ry 0 HFE, ARIESHRENT .

(1) GS B iR BE #0473 — 14k 5

(2) Fieup B ¥k K BEH — 4k, [ it & 4K
A 0.8;

(3)PGSGA HIKEEIH—1k, IFAT4 17 %, K
BE N 256 4,

IXCHL A5 3 R AR vk Ak AR Sk 4R o 2R A
TR AR S AR 307 0% 22 Bl 2k AR
B th 2, il 4 B

Bl 4 thZ iR T GS.Fieup.PGSGA &1
% ARSI £ . AR s B b il kL TT LA R BTE
AT 10 YA H . PGSGA I SIGH 1 B . 5 T GS.

Z F X #:

Fieup 57k, 7T 15 Wik h PGSGA Byl sk 4
R T GS,Fieup, T LB D, 6 {4
1Y) 325 B3 B[] A 50 A X 25 0 20

Ktk PGSGA Bk 7E Mg 2 80 E#F4L GS,
Fieup Bk L4, %48 10 Ik RMS 1% 2= #5223l /0>
60 %6 LA I, 3% B R 3 A A 14 52 3% PGSGA Bk
iF, A LA RUAAR 20 i 2% AR A B B H 2l i GS.,
Fieup B8 2 1915 AR EU EABOR .

—©—PGSGA|

5 10 15 20 25 30
Iteration

4 770 22 BE kA B i A2 e ith &
Fig. 4 Change curves of mean square error with

the number of iteration

FERFSE M GS AR L 3kt b 32 T
ETIFT4 M GS BB % (PGSGA) , iZH 2
()32 B R I IFAT 45 4 o [ Asf A S8 8 A% B ik h i X
AR S B 1) REUARL X 2 AR 45 SR R HAR 1) R 0 i
FHAEIE o 38 2 028 T — YRR A 325 AR 178 4o 1 Ok o ek
sk, 459 £, PGSGA 5 ¥ Rt % 18 47 s i1 &
Hh Al AR 4 B IR MRS HE 1 TR A 0T N O iR 2
#4 GS.Fieup Bk L, 8 K Matlab 1
BLHUE T PGSGA kA&, @y GS,
Fieup 51 H A B0 UE T 340 1k A He b i

(1] AX#H. 4. TR ETHTEEHARMBIEME[)]. b F4% 14,2005, 13(1): 48-51.
Zhou W J, Peng J, Yu Y J. Deformation measurement based on digital holography [J]. Optics and Precision Engi-

neering »2005, 113(1): 48-51. (in Chinese)

(2] ¥ =23, & o8RRI R 2B RFEEIR]. 4 E T8£S %47 ,.2008, 29(10): 1-4.

Cao Y R, Wei S. Algorithm to calculate the fractional Fourier transform holograms [J]. Com puter Engineering and

Design,2008, 29(10): 1-4. (in Chinese)

(3] 24, 2%, HEM. FLXEEBRARE PR LEF AR E BT, %22 53R ,1989, 11(38) . 1809-1818.

Wang L, Dong B Z, Yang G Z. Non-unitary transformation system of two-dimensional phase retrieval problem [J].



%56 9 FRTAR R BT I AT AR AR LK A R AR A B OGS0 Y ] 1015

(4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

(13]

Physical Journal ,1989, 11(38): 1809-1818. (in Chinese)
A B, B R G R GE T B R IR AR AL BV B R [T ], 32 3R, 1981, 3(30): 410-414.
Yang G Z. Gu B Y. Amplitude and phase restoration of the optical system [J]. Physical Journal ,1981, 3(30):410-
414. (in Chinese)
R, B, B EATERO R YT ], 2 3R, 1996, 45(5): 789-795,
Zhang Jing-juan, Ji Yang. Genetic algorithms in shaping the laser beam [J]. Physical Journal, 1996, 45(5): 789-
795. (in Chinese)
5 F 2 BRI RID]. KiE: KEHT KR, 2008.
Ma T. Research on digital holography quality [D]. Dalian: Dalian University of Technology, 2008. (in Chinese)
BRUE. BE2BHEARMBI A ID]. KiE. RiEMITKY, 2006.
Liang L J. Preliminary research on digital holography [D]. Dalian: Dalian University of Technology, 2006. (in
Chinese)
Gerchberg R W, Saxton W O. Phase determination from imagines and diffraction plane pictures in the election mi-
cro scope [J]. Oprik 1971, 34(2); 275-283.
Georgiou A, Crossland W A. Image projection using phase-only holograms [J]. Photonic Con ference Proceedings ,
2004,
Dai H, Liu K XY, Wang X, et al. Characteristics of LCOS phase-only spatial light modulator and its applications
[J]. Opt. Commun. ,2004, 238:269-276.
Georgiou A, Christmas J, Moore J,et al. Liquid crystal over silicon device characteristics for holographic projec-
tion of high-definition television images [J]. Applied Optics 2008, 26(47): 4793-4804.
FHEA, R, T REAR B AL 2 AM] dta. B Tk AL, 1996,
Li Y L, Fu X L. Spatial Light Modulator and its Application [ M]. Beijing: National Defense Industry Press,
1996. (in Chinese)
£ RO SHARE I Ea D] I8 LB, 2007.
Zuo Y S. Methods for calculating the recovery phase of the light field [D]. Hefei: Anhui University, 2007. (in
Chinese)

EERN R &84 —), B LRI A8 t, TRIG.HRF M NEIEESAHE, E-mail: wuguangzhi2008 @

sina. com



