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The rapid generation technology of computer-generated hologram (CGH) is the key technology of the

holographic three-dimensional display system. The calculation of holograms based on point source mode

important branch of computational holography because of its simple model and flexible operation

calculations of point source model for holograms are enormous

display, the methods of improving the calculation speed of hologram have been put forward continuously
the research direction of the fast algorithm of point source model
1

algorithm is prospected
Key words

. However, the
In order to meet the requirements of real-time

The
it is divided into two categories

development of the fast algorithm of point source model is reviewed. Based on the principle of CGH, according to
ki .

high-performance hardware to CGH is introduced. Finally, the future research direction of point source model fast
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combination of algorithm and high-performance hardware. Through the analysis of the implementation methods and
alculation
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existing problems of all kinds of algorithms, the direction of improvement is pointed out, and the contribution of
- look-up table
OCIS codes

wavefront record plane

; parallel
it 55 2 Sk,
4 3 =4 BORFR AT e Rt = ik
b H

R AE S EA BAT W B TR CR 1 P IR A R

1948 4F, Gabor™ #2 1! 4 B 19 4
PRI S e R A TR I 1 82 VM (SR P B S R S
WNENRAEEIINE=HE"ER. B8 2
NMHTFTHITE. 4D R. 5B EME BT
Wi B H: 2018-03-20; fEE B HF: 2018-05-03

: £

,H A
AT EX Z 2 B ARE R %E., HF
P K
- 7B 5
E-mail: jinbingui@163.com

20 42 60 4RA0, i THOG s A B 2 EOR

N EED|
1965 4F ,Kozma 5 7E il /F — Fh 2 %
()8 As BB . SC B T 558 & BR #EAH LAY
FHABHE. 2018-05-09
HEWE. HEARP%E4S (61565011,61465005) . 7= B4 H AR Bl 2% 3 4 (2014FB132)

100005-1

©2018  H [H W6 ) A= AL

S Pl e 3o M2 7 I B ¢

i A PR AR R OO A B T B DR, O Tk B S

B IEEE AR, ﬁkﬁﬂﬁ

10.3788/LOP55.100005

1S an



55, 100005(2018)

ANSHBIFHRE

www.opticsjournal.net

Tk, A, 26 M 2% % Aemitage 5 KB T 3L ]
AR 7 3 4 A, S B0 A B8O TR () AR 2R T R
SEHLANZ: AR 1 T 5% — 3k i3 2 BB (CGHD
1967 4, Lohmann %517 K b ol 4 B b 530 9% o7 7
CGH Ry b KoK 4 Ja T 3 H 8 4 BRI s ]

B AL R 5 B R M P & L i
& AR AR A B H AT EM ., itR el
JE 3 i B AL U R R e S S
R T ¥ L fe 2 I D AR B A N 2R T AR L
P =5 W — R AR TR BEARR T
SEHL G 5 T LA 4 T b i S5 R R 3 = AR A A O Dk 1 AR
Wi AR 45 2 T B 5 E S22 B L, 1A
2 BATHE T 1850 4 B RIS 560 i 1 BR A, 38 H AT AR
Was | n] A DA KT DL AR AR R L Ak 4 B IR A
RS, Tk TR 2R TRE2R
M —0r 3, B BHEAR 5ERGHEHL BT BIR
WP e 3 NN 151Dy 5 5 2 D R R A o8 B N S
A A B — RO %R

Mz, = 4P ik CGH it 2 Bt 5
KL PR e ek A R = dE ik CGH 2 3UT
Y B BRI SN EZ -, ATHRESE
BT O BN BT T R SR, H T
B4 BRI F B N WA O 0k - — K s 1)l TR A
ENEF2 NN E g N T S =3 Eeg N1 N7}
R SRR A S RE Y T R A BE R
JECHR ) B A 2 7 ) M 3R T A 1 L A T
P, kI R 2 BRI A AR KN HE ). &
SCM SRR SR BRI L e A T T R AT R 2 R
Klad e 2 B afEs ., EAMR TR
CGH 15 3 B 09 5 vk FURE 2, IF o3 B i ishie 7 87k
I P B A7 7 Y 5 6 ] B, 9F X5t 4 I 4 9F 55 5 1)
AT TR,

2 DRI AR 4 R R B AR i B

TEREHLA: B A 42 2 R RE % 1F i b i 5% 0 A =
DX R MFE L. AR A2 QR T, =
YY) VR BIF AR FRAR G 8 WO AR . K = AR iR R
BOR N AN s BB G L e i  2% 18 1Y B A SRR T LA
TR — Al S S OG TR, TnE 1 R BTk R Bk
(TR A RS R Bei N 7 2k - S e gl SN R Y T S i Fu R
TS ROB R K 0% B Dk, B R L B AR 15 B A —
ASRAE AR AT T EIRE . SRR TS O R B RR O 4k R
ERk .

WY R 2 [ A bR XOY , 4 8 EE T By

P

\\

Y
oo
X
object

K1 =454 Bl sk K
Fig. 1 Diagram of CGH for recording 3D object
SSTIARBR S X O'Y' s = S 4 T A 2 U A
BRW oy, oz, ) T LIS )28 BB B0k B 4 8
I BRI 1 (1)) ) AR

N

4 / Ai .
()3l =20 “explitkr F9) ]+ (D

KA B SRR o TR WIGAH AL
k=2m/X FTRPEE, RN = eI & — 18 5t
A, — W) WG AR A R (O 5 270) 0 B N B BE AL A A7, A Ry
2BESEZ NP r, WK ERTE i S
HW (2 0y -2 ) IR BB EBRE S (v, .v,) 1
B, ] RoR R
ro=yJ@,—x) Yy d—z)"
(2)
K. d S = YY) R T AE ) 23 8] A A 3] 4 B TR T
SN EIENE N ER= WD O QD= Wi & ik WL RO < s s e g SN |
R AR A R, T A = ek R Y
A EHOSOEIR AR 4 B K E T AR s B R R0 43
ARG KRR 2 kR A5 B 1T & IR 18 I A& 1y
2R, B =gy ERmEA N D SOLE. 28
B E R i p Xg  IBARE —H2 B8’ , (DX
PIHE R N X p Xq K. BRITEAE TR
A BEGEE — W S BGE T — Wik e ik i
BA R, AR T AR AR H R, B AR Af
BETT AL, e LLTE B 4 A0 s 18] 3 e BLAEL

SIS it )| B = R SN RN 5 N

3.1 BERRE

R T U AR e s PR AR AL B A B R G481 )
M, 1993 4F, Lucente™ 1 W #2£ 3 T & & £
(LU B 4 BB R 7 k. %07 e B e it
=AWk 23 ) rp 24 50 SR RE RO 42 BT B RS U
DR, IR AP A A7 BORE 3 B, 7T 4 B
I R AR P 0 A AR R B IR AEAE LUT

100005-2



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

B EA T3 KA (EFP), Ik 4 BLR B — 4
il B A B R B S B g R L T SRR N

I(I,y)—Za T(xsysxpsypszy)s (3D

AT (v,y;3a, ayp,zp)jﬂfﬁflﬁl‘l‘%ﬁﬁﬁ%ﬁ
LUT #) EFP;a, BUE R 0 1 1,40 1 B, 350
LUT iz S0 EFP 5 S U DS EC, W) 647 80, 24
O U BEBA AN DE L, RIS & B & — ik
kAT EEE ., MBE=gYIRERTE N B
FOBRBER RN p X g, WS 8+ 5 R ECh
N X pXq, XM EIEE LR m, T8 =484
R RS R EFPE T B L 7 2l &
InERAE  BIVRT AR B = 4R ) 42 B [REE 3
ok FUOR BE T B Nk As B BRAR T EE LT R B 2
PR R KM TIHA 2 BB R E R, (A6 2
BT T LUT B8 o 98 K 8 17 6 =
6], 2 4 BRI R AR BT 2 (1 oy MO, 5 2

i ZS [82 N X p X g X M, Jt it W 776 25 [ 3k 8] T
GByte %% . H IR ME LA AT i B LR
Al YA S (FPGA) R S,

LUT PR 53006 5 22 K W A Aif 25 1], A F) 1 5
P4 B R B ST, 2008 4F L i EDE S R Kim
SEUOUE LUT B9 SEals 1R F 25 3508 AUt — oo A
ERF (N-LUD) i, X A7 0] DL 2 R RS 4
LUT o5 4 470 25 6] 19 /N I DR b sk 1 530 38 B2 1Y
o, N-LUT Fikmy i ME @ e 2 s, 58—
A R =R R A SR R R B R 0 B
SRR AL 43 O 5 R A OC I U0 R S T
55 20 AR UR R BRI 2 SRR T T 3 g 4R R TS A7 i
FE N-LUT "3z §) Fr 3 B vt 50 049 7 59 R 4
233 BRI L B4, A BOZ YT S AT S
55 =20 BT A SRR AT R R A B i 2
BEZHeitr &, B nl A = g Wik CGH.,
50U A A B 4 3 P R R R R S

extraction

3D object of 3D
information

generation of CGH

reconstructed

CGH pattern !
3D object

N

. p=1
color image

> 2o, T(@X-2, Y-y ,2,) >

— m =
m T novel LUT
'
depth image ©
PFPs

[l 2 7 T A 4k 2 3k i R AE &
Fig. 2 Flow block-diagram of the N-LUT method

X N-LUT &, HAE B CGH 1y 3B L 34658
BRI (CRT R 69.5 % o T 55 A7t 25 8] i) K /N A o 41
LUT &M 1/745, it G 428 5 LUT Jrik A .
AR N-LUT MK T LUT BYA76% = [a] {H H1 386
TAELAT S & i HLX R vk B LUT £74if %5 a7
SRAR K. Al LUT 3 #8 L, N-LUT ¥ 1 ¥t DL 78
FPGA FEIEALFE AT (GPU) W5 A B At
BRI  LUT 32 1 B 9 i 5002 1 40 I i8R is DA K fif
PR g e 447 A S BB M

2009 4F BN 2% & Pan 551 R TREAL LUT
M% [ 4 A AT R A B A R R (S LU 5

B RS B SRS T R R SRR R 1A
SRR R IE R 2, A e
SR X L 14 7K SF- 8 i PR

H(Ax,zj):exp(%
A A ] T
V(Ay,z;)= exp(i VAy? +Z,j, (%)

HAAE LUT . Xh,Av =0, —x, . Ay =y, —
Vi (v ) HEEM AR, (x;y;.2;) HYFHE
bR, TELRET X THAMIE (x;,2,)HH »
AR B AT K CE I R R AR R, X

AR B T (o030 |, TIOR3

Alterzf) D

n—1
S(yi)= D a, XV (Ay.z,) s (6)

=0

I(» (Ih 73//1) ‘(‘l’j':j) :H(AI 9Zi)>< S(y/,) . (D
.S (v ) AEAMFEEE 2, 92 D riJRE
e SN THD A BTRRA , 30 e  — R  TROA [) 2 B

100005-3



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

2 P RSV b A R B A S PR R R L e
B =R 2 B T, (x5, ) RIBA

I (xmyh):EL (xnsy4) ‘u].:]»o (8)
AR XY PIAS 5 1l 0 9 B AR

T A B R AE R AR R RO L BRI T LUT £
ith 2 [8) FVECHE 6 26 10 O 80, R R4 v 1 4 B BT i 3
R, MR SCHR[13]. S LUT A fE=s ) h E
MByte 4% , 75 B JE 40 #1510 rp 52 BIZ 5 5, vT 3k
F R 2 X 10" MY R TR R, X IR
B =ik A BRI EE T — A E R ik B

vertical light
modulation factor

R

N, of C-LUT

4.®<_

r

read data out

58K IK AN ) S 35 R

T e LUT 5423 ) i 4d RT3 25
S RE R E AR, 2013 45, L AT BE T K22 19 Jia
HEUUAE SSLUT ik B ak B3 T R 48 A k%
(C-LUD . %5k R W 25 21 B, 330 1 A 1] <]
3PIR . H—H AEBLE I T BT E X-Y Jrim
PRI IR E R L ERER T E
Je A% v 4 UM 2 H AR 5 X R 9 XY T [l
PE R R 5 FE 3 A R 1 Z 1) R L F .
MR 4 B A,

generation of CGH 'ﬁ
@III ]

longitudinal light

_ modulation factor 65 -
—>Nz depth layers hologram

. . longitudinal light
horizontal light modulation factor
modulation factor
off-line computation in-line compution

Kl 3 C-LUT Jy ik J5 BLAE 5]
Fig. 3 Block-diagram of the C-LUT method principle

C-LUT ¥R TE R IR 98 A1 50 B8 (Y B filf - 42
Y BT R OR B 4 8 IR T LA TE I Y A 00 B
PR 5 AR TR A B R LA s B A R . (D Un]
LR LR R R

N—1 x/qulz
H 4 R / — A .k P q ><
b= Dok g

exp( ikx;xijexp(ik y;,iy,j , 9
A, X7 1 A B R H (2 .a;) = exp
(—ikx)z;/dy. Y J5 1 8 T & XK
V(y,sy;)=exp(—iky,y;/d)+Z 7 ¥ Hl FHF K

Yotre Z T REAE Y T — BN T,
i 3 a7 4k (9) AT 45 3
How (2, 05)) =

DIAH (@ x ) V(3 y )Lz hz) . (10

T = 24 S T L 752 o S D

TR AR B R R N R
N A RRAEAR R VR BE 2 N - 10 B A AH 5] 6 4l )

FHIEF L (272, ST H—20 4858 .6 N,
ARG A AE [R] — 3 B 1), AR 0 K S T LA A
A A 7K S5 P8 K F H (o), .x;) . 2Bk

L@@z)ekaxHyf}“,dJIgﬁﬂ AR EJ7 16 N, FIR T RIEZ N 284
2(d—=;) BRI BN e AR5 = Ak 4 R 1 225550
HFH(I;’y;):E{Z [ZA/H(JC;’IJ)]'V(y,pvyj)}ll(z/’zj)o D

iz =0

C-LUT F ¥l Tl 51 A T K 6 Ffl3E H
77 1] B RH A2 98 3 22 3% R ) R 22 2 S BUR PR A
XY I ERANEWES AR S E XY O

li] b B9 0 B 1R 25 R/ E B IR IR =, 5 B
B d WA o SCHRL7 38 3 A0 A7 TR A3 K

z;/d B HCIER T B 1% 22 A AL TURMME2 5 AR 2T

100005-4



55, 100005(2018)

ANSHBIFHRE

www.opticsjournal.net

FAA AMEE R T, 76— R B3 T 76 43t B e

B C-LUT %A b T S LUT % H4 B A58

PR KT, IR REAR T LUT M7 g = ),
R SCER [ 14-17 b % T CRT, LUT, S LUT

A C-LUT X JLFP 8 2 0 & 4= % |38 B4 FIAE6ig 25
B, BB E—MEZ & NAE N M, =41k
WA N, B — 2K Mg mA N, Al

N, DNHFE S S5 Rk 1 s,

F 1 RIER S IR AR RN A T L

Table 1 Complexity, operation and memory usage comparison among the algorithms

Complexity of Complexity of

Operation of Operation of

Algorithm Memory usage
in-line off-line in-line off-line
CRT N.N,N.pq 0 lexps 14 45X ,5+ 0 0
LUT N.N,N.pq N.N,N.pq 1+,1X lexps 1y N.N,N.pq
S-LUT N. [N.(N,q+tpg)+pql (N.p+N,qg)N. 1+.1X 2exps24 ,8X,2+ (N.p+N,qg)MN.
C-LUT N. [N, (N,q+pg) +pq] N.p+N,q 1+ .1 X1lexp.4 X .1+ 2exp.8X (N.p+N,g )M

M 1 A LUF 1 C-LUT J7 2 B i A4k 23 1]
/b BT s B R RN B TR 2R B R
S M SR ZE N, Tk, RS A2 0 8 8H
XK. WEK C-LUT Hik5 GPU Ml FPGA 454 .44
e B &L i R A e B R
L ERE R N T S B BOR RS

AR C-LUT kit 5 4 B B w18, H
JE T EEH Bk i Rl 5 B R A R 25 TR
IE AN TR R e . 2014 4E BRI S0 R
W=k A Rk (T-LUT), 1253 T 5 IR
TP SE AR SR B, 38 3 R 56 1 B0 T RURD = A o S AR
e Az L —Fh AR, LUT, 78 LUT B4 filfE %
REEAR BIMA BB it Frb  BR AR TR MR
ZB,LUT MMM AAIR LS SLUT #Y.
T C-LUT, T-LUT H /e TR EAE B e
FEL AT = A ik 4 8B T S - LA
SCHRC15 K% 58 B GPU b im LSz 3, 5 i #)
NVIADIA F & 04t — 1+ 444 (CUDA) i# 17 3147
AR IFUEAT T S WROR ATtk X TF CRT
B GPU hntiz &, T-LUT 3 o 327 30 15 =
A

Bl A BN B A0 8% )RR LUT Pk 1153
R EE &R TR, FeF, LUT MiF5E
AR B K KW, i R 1) GByte 2 2% 31 3L 7E 1)
Byte ft 90, A7 UMM T A IR A 1155 4 B R B o
N 1933 511 21PN (5 B I = 7 R 1 B N K g o S )
BRI EEXT LUT Jrik b fr et of LUT 5
EVERERE AR R BRI S - i 2 B A
(AT B TR, A R 3k B SR A E R
3.2 EEIERTWEE

2009 4, H A~ T i} K2 Shimobaba 207 #i Y
T B TR B e AR o ) YRR R PR RSk
AEE P (WRP) ., XAk EESBmMSY

I 2Z [ A — A 1, T4 BRI, e
FCL IR R vk T B A Y AW BT IC SR b i B R
W o3 A o AR e 5 3E T S R AT SR AL 4 B 4
B, BT WRP B = 49y 1 iE B AR 3T . 76 717 5
e B BR ) 74 5% 00 T, 4 0 D BB 2 A I e it T
RN I CE AR W L A5 S TR A WO B
WRP 1) Tk i BUEE 5 /N, T4 B B T3 20
PR KBEAR 7T DL Y WRP 242 W, B R/ k E
T & B E R

:: : object point
@ Y5 %)
wavefront Z=2:2,
recording plane 0,
Wl
0. 0
\<\" %
CGH = ]

p
4 YT S T T AR
Fig. 4 Outline of the calculation with the WRP
WNIEL 4 FT 7R W0 I B R AT B A L2 5O YA
SRR RN
sinf, —sinf, =1/2p, 12)
X.0, HZHCRAGHA .0, o =W IR R
g, A THETIE. BIRSEIEAMNM 0, =0,
WRP L2 W, iR H
W, = ‘Zl ‘tan[arcsin(/\/zp)] ~
\Z;, — Z, | tan(A/2p) , (13)
XH.Z, YA E WRP IR HIERE, Z, A 5
2 REREEEE.Z, h WRP 34 B EER.A
HZENPK, p HEBBBRERSN. 40, B/
R, B8 A0 0L AT AR A L S A 2R . AR (13)
A AT WRP (kR W, 8l Z, MZ, Jug, =

100005-5



55, 100005(2018)

ANSHBIFHRE

www.opticsjournal.net

XGNP HE N W, = (1/N)ZW1 o

WRP I (£ 8 i AL 7 B Rox o Win, Y
WRP $E30 = 49 Rk, W s, ol 4 B
TR, R YRR AR KRR =gy ik
W W K kI R AR, N TR
DA, TR TR RSN Z, W, Eh .,
EHRTMEA FERRLHN Z, BRI X
WRP W5 Z e i) — AN WE5E 8, %07 Bk A7 1
T — A BE A AR L R T e B RS =
I 7/R

WRP 255 — 5 75 B R FH 6 26 B 2 v T 3 A
MUEAE WRP By ok, izl R E R ENITR. N
Tk DX A B2 0 F 5 &L 2010 4, Shimobaba
SECO X W P Ik R AT T e, 4R LUT 3R
WRP LRSS AP A 2 B E M k. XAk
KWL AR LUT J7 16 ok 15 = 2 4 14 5|
WRP T AT 565 158, 88 — P4 ] GPU 15 WRP
3 CGH Mgt ., 51445 WRP EM I iZH
AT Z B R KRR T 3X 10" A9 a5 A R
sf g 2048 pixel X 2048 pixel B AH B & AT DL SE
10 frame/ sy 4,

KT S RfE % WRP AR IC sk K T4 B E R
ST 2 R R A B TR T R M
2014 4, Phan ZEPY fE WRP 32 09 SR E 2 H T XL
WRP FPRE R 2, Horp A~ WRP i 5 = 4E (ki)
— Ay WeH . S EAS WRP EEAH L, W WRP 783
HHEABI SR =4k FEA R RS2 E
PRl 8 R R A O AR A AR AR g B T i HL XX
WRP ¥ P> WRP V- 34 28 ek B2 2 9> WRP ¥
R —4 WRP 9 2.5 £,

£ WRP J7 3 b o] DLl 2K WRP SE5E =489
A e ek /3 B L T AR SCmk[19-21 ], WRP
F1% K50 ek i) B 2 [ 52 19, ELR X WRP 14 51 4
B AT AL AL B, R L3 F WRP 3B 28
EI I A AR K e T2 8] . o Tk — it s 4
SV R, B EE N B R T KR A AR
2017 4F, Hasegawa 2572 $& i — Fh vl L A 318 1k
WRP % FHES A7 & A= i CGH w7k . %
B AR G 2 H L K WRP T AR 0 E L &
1 AR TR AL WRP R FnHE 514 B
KK A>T A i 4 3 Tl % st i) i L R AR ) S
WSS ITEILE M. ok ks R

KRBT, B TR — i E AT ik AT AR = A 1R R
& BEM RN B B WRP 78 K& EcE . [
A, Arai G55 B — B BE T /DN I AR 4 1) PR B
A ST /NG G /N U A 4 R T WRP B v, il
N AR e 5E L) S B WRP AT EF . BT
WRP B9V 1 B . 76 55 — 26 v i FH /DN D A8 4, )
LSRR /DN T8 722 0 W AT S 8 8 8 o i 380 5 e I 4
A BBk 5 T L 3 Fh 7 vk O WRP SR B
HEAT T St (8 R 25 B IR U EE AT ST WRP
) 4 5RO AT 58, 1 20 40 B JE VR B A7 S L R R R TR
FLAT GRS AT S e T SRR B AR
TN AR B R WRP 2 (4 il i, L H R 4 B Y
JEAR B TAR K4 T, X T K /N R 2048 pixel X
2048 pixel (R Z M4 B E.0.4 s WA HE —H A
Y

T iR WRP &, 2 BRI A SR LUT
RO LH TRKWEET: . HERFFAE— A ) &8, G =
XoF = g A 3 T AU 22 T P JEE P 00 25 L 0 SR S
RS R B T R WRP s v, 0 i o 2
158 — 4R T
33 SHEEAGITE

R e B n e 4 2 TR R TR B AR
Jri R PR 5 B AR S B I AR S T R
A BRI R A AT B W R T R A R R
Jre i) A, H R AR A 0 A 2 A Y
i EMRIERE A AN [/ AT 43y : FPGA f1 GPU, T
A4 53 I EATHEAT A BN 53HT

TE 1992 4F, H AR Tro 557 gl i H 7T 4
FEB M AR A T L 1T ke in s 4 2 PRI B 1 A 4
A4 (HORN), 1993 4F, % #f 55 /N4 58 W T
HORN-1 %) 1 /E f1#%3F, HORN-1 £ % i 26 4
B R R, BB R S 10 MHz, 2R 16 i
ROM, H A& L& 254 R I 178, HORN-1 & i i
T RE A R, HURE TS 43 BF R S 400 pixel X
400 pixel fy4x 5L AH L H 5 4 181 Y 3 15 3]
TARK M4 T: . 5 2 i 32 30 09 1T 5 AL A b o B 2 T
T 100 f5. k& FPGA Ay & fe DL J T-if k2%
WG /NI AN 55 7, LA B WH T 7 S RRA 1Y
HORN, 4 2 = 4 & 7w 19 B A0 7R K ot
Bk, HE 2% HORN-7 A] LL7E 0.4 s N A4
1.6 X 10" My 2M AR R 2 B ¥k w5 H T
SRF A B SN . SR, 2 BT IR HLI T K
JEIA A FLA A% B 5, T EL T ZEAR = A R R 152 3T R
M Z . GPU HAT = M 68 L A 46 8 B K I & J8 1

100005-6



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

ARSI TR AR B, =& 114
A GPU x4 B B 317 ik

1995 4, MIT L8 = JF & 7 —Fh it 5
e BB RS | e TR T2 B K
A TEIR I PR 1R 285 K R AR PF X R Ge b AT S 8.

RSB E R SIS BNk, fib
i1 % M A A B 2% % = 4 3 &= i /7 Hogel-
Vector 4ih% , 4R 5 - E 17 Dkl i 65 75 31 = 2 & B &
18 IEx = Y4 BRI AT S R . ORI AR
TAEG A 2 B R, 2 BRI R AT

K5 B % & G 5 AR Ak 1A 42 b i & it Ak — T
Hogel-Vector Hogel
computation construction

del Hogel-Vectors
T MB ~1.5 MB/frame
(may be used
for several
frames)

.5'5 : E' holo.
O display

holographic
fringe pattern
36 MB/frame

Hogel
basis fringes
65 KB

5 Hogel-Vector 4 5 Flf# 15

Fig. 5 Hogel-Vector generation and decoding

1999 4, Ritter &7 $#2 ) T 3L 30 H EE 15 &
OpenGL X 1 5 AL &1 4 44 47 45 4 A k4 B IR Y
Hik. N TEENLEIEE (b sc el 2
B N7 R TUSE T A W S R TR E
F18) S K500 2o B 8 s o PRLABOR R R B B2 e S0 v,
SRS Sk 1E AL U)ol FH &0 €0 3 30 36, An SR o0 B fAL, )
it FH 2% €538 18 2 7R ITAEAitt Sy 4 XH{EL . k2 350 ) FH €5 N
Bl JR kT SR A7 i . H b A SO AR AR IR A BB
Sy 4 B, A 4 BB 2 N R iR EDE T
BN E s T &M, SESET BT, X
s 1k AT LUK 115504 B A 3 B 42 55 60~ 90 1%,

2006 4F, Ahrenberg 2P 3% | OpenGL EIIE
M OpenGL & 0 8515 5 (GLSL) % GPU 4 #2 . hin &
A B ELATLE 0.1 s S8 1000 A9 8 A iU 3
K 960 pixel X600 pixel HI4EH .,

2009 4F, BIFF K24 Chen 2507 L H T —Fl e K%
Wb PR PR TT b AT AT ISR A B R S i AR
T A v AT R 0 A IO R R 3 8 T L 3 o
ST RAY) S A 1 LUT AV FERT 935,
TIARYY 5 A & T IR SR LUT K7 A7 fif 58 3%
Yy A B0 o0 22— o A3 2 ) R G 4 0 B L AR
B 5 RAE T B0/ W) A i — P I 2 R
PR . AR XA M8 4 B IETE GPU e
CPU [P 14 2] 15 £, BARZIT RS T2 B EM
A UHE L (H R A A S0 B3 S 1 I R AT T PR R B i
FEA T E AR 0 it HOoR X E @RI T IR, ok
PP R S AR S R ARG B T

2010 4F , Shimobaba %" {fi F§ AMD-HD5000

#%1 GPU.fE OpenCL Z2#4 T, P i+ 5 4 2K,
JF5 457 £ GPU 4725 NVIADIA 78 CUDA %2
TN BITRRE AT T g, L s R, A
AMD A 721y GPU 7 OpenCL 224y F i3+ 8 4 &
KR BE 7 o, X NTE GPU FIF &Pt 5 4 B
KA E = E R T —1~2%,

2012 4F, Takada %" F| H 2 &5 Ak 2 2050 48
MRS LW CGH Wit5H, £ GPU RE RS 1E
0.055 s N 3F 4 1 2048 A~ s 4 W By = 4 W 1A
6400 pixel X 3720 pixel {2 & B4 B K, H L H MA
£ FE CPU 1t 533 5.

T A AR AL BT R A R R B R AR
2 T = Y R 4 BUIEL, 2016 4, Sugawara
Ll T AT GPU By = A BN TR A e
B BN 6 TR .

(M-1)-th line

6 = MIEAN T AR A R
Fig. 6 Coordinates of the triangular patch model
kA HE RS B YO 2 B L A

100005-7



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

. o 1 —exp(—jkLD,) 1exp(jkM<15y)}
U =Coneitn [ ey | [T o
Hordr,
ro:zo+(~ro*5)_+(yo*77)“
22,
. . 2 . 2 _ 2 _ 2
PN o8 (CT s B it 1o O (T R Tt Y I -
2z 2o
o — AZM[(«T<>_E)2+(3’(>_7])2] AI;\/I[(I<>_$)2+(3/0_77)2]
yfAZL* ) -
; 225 20
I—f—t ':Pv (Al'L’AyLsAZL) ﬂ‘j 7J( ¥ [] III%, %j %_ x

(Azy s Ay Az ) HEEEFIE, (205v0.20) H =
AN T BB R W46 i, T (D B R 8 H L
PEREEAE . E I E R O (PN?) P A =MIEA T Y
ANEC LA PR B /N TR IR, 2 R
BN A2 7 2 AR G B T Ry R AR
Z . BOTESG T s R AP Ad By g Al
T GPU Hrsg 8, S8k B, 3 A oy ik 19 11 550 R
JE 5 = 4E YR IR A RO G RS =4 ik = e
AT R ECR G, PR B X R B R R B
] BN B2 2% AR R S 4 BT AR Y R A

W8 & 5 1 B A A R e S R P RE A R
G587 2] LUK R B2 £ 4 2 PR TS R, S
CGH RYSZmHE B, A2 b 3R SCHR b A7 A7 7 — 2 ()
R TR T = AR YA Y R ) AT e, T L TSR
BRI T80 — . 78 LUS RIS o mT DL 2%l 2
FR B R TC Cn = A 08O A TR R =X 4 L TR
Pk 1) P 00 ] e AR B 3 R £, 4 B TR e R L S
5 Z A L 4 B =2 R

45 i

Xof 3 SRR A e B 4 R B R e
RERE(FiEAT T B2, . BARTESR L BB IR KRG,
B =44 B R FAR AR AEA T A5 3 5, L F %
Ji R AR 4 L PR S AT SR AN 3] 5 B B A 0K
M\ B ARSI R 2 4 B B B T 43
PIAS B RIF G D7 1) — & JF & PRk B s, il
e PERETHAE L. BT e B B B R IR AT M A
GPU EA JF & J& 1 . o 4 i B S8 00 050 LA GPU
T2 B EE# N EE TR, b TRk
S P T A A R R v R R S A AR
IR Z R EE RS A B TR R h . RE
ANTA] ) = A4, 18 6 de AR Ak 1 T F 53 0 s, DA S5 31
YRR ST 4 B S A BOR

100005-8

(1]

(2]

(3]

(4]

(6]

(7]

(8]

(9]

Gabor D. A new microscopic principle[J]. Nature,
1948, 161(4098): 777-778.

Zhu Y F.
holography[J]. Printing Technology, 2000(12): 76-
77.

Rl BHMOE 2 B &Ry m )], B AR,
2000(12): 76-77.

The direction of commercial laser

Kozma A, Kelly D L. Spatial filtering for detection of
signals submerged in noise [J]. Applied Optics,
1965, 4(4): 387-392.

Armitage ] D, Lohmann A W. Character recognition
by incoherent spatial filtering [J]. Applied Optics,
1965, 4(4): 461-467.

Lohmann A W, Paris D P. Binary Fraunhofer
generated by computer [J]. Applied

Optics, 1967, 6(10): 1739-1748.

holograms,

Goodman ] W. Introduction to Fourier optics [ M].
Qin KC, LiuP S, Chen ] B, et al., Transl. 3rd ed.
Beijing: Electronic Industry Press, 2011.

Goodman J W. i L5622 G [M] . ZE g, X4k
. R EE, &, ¥R 3 M. dbal: MLF Tk AR AL,
2011.

LiJ C. Diffraction calculation and digital holography
[M] . Beijing: Science Press, 2014.

FRE . TR L TF2EIM]. dbat: Bl R
#t, 2014.

JiaJ, Wang Y T, Liu J, et al. Progress of dynamic
3D display of the computer-generated hologram [J].
Laser & Optoelectronics Progress, 2012, 49 (5):
050002.

TIH, EWKR, XA, & HHH 2R =4S R
WHFEHERELT]. WOt 506 T4 Rk, 2012, 49(5):
050002.

Matsushima K, Nakahara S. Region segmentation
and parallel processing for creating large-scale CGHs

in polygon source method[]J]. Proceedings of SPIE,



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2009, 7233: 72330E.

Nishi H, Higashi K, Arima Y, et al. Smooth
shading of specular surfaces in polygon-based high-
definition CGH [C] // 2011 3DTV Conference: The
True Vision-Capture, Transmission and Display of
3D Video, May 16-18, 2011, Antalya, Turkey. New
York: IEEE, 2011: 12070126.

Zhang Y P, Zhang ] Q, Chen W, et al. Fast
computer generated hologram algorithm of triangle
mesh models[]J]. Chinese Journal of Lasers, 2013,
40(7): 0709001.

KA, TR, BRME, & T AR NITE 42
BPGgA ], P EBOE, 2013, 40(7): 0709001.

Liu C, Gui J B, Li J C, et al. Fast generation
algorithm of computer-generated hologram based on
triangular surface light source frequency spectrum
analytic solutions [J]. Laser & Optoelectronics
Progress, 2018, 55(1): 010901.

X, R, R E, & T = A0 ot R AR
i AT M 0 T B R AR U )] WO SOt
T2k, 2018, 55(1): 010901.

Matsushima K, Nakahara S. New techniques for
wave-field rendering of polygon-based high-definition
CGHs [J]. of SPIE, 2011, 7957:

79571A.

Proceedings

Lucente M E. Interactive computation of holograms
using a look-up table [J]. Journal of Electronic
Imaging, 1993, 2(1): 28-34.

Kim S C, Kim E S. Effective generation of digital
holograms of three-dimensional objects using a novel
look-up table method[J]. Applied Optics, 2008, 47
(19): D55-D62.

Pan Y C, Xu X W, Solanki S, ez al. Fast CGH
computation using S-LUT on GPU []J].

Express, 2009, 17(21): 18543-18555.

Optics

Jia], Wang Y T, Liu]J, et al. Reducing the memory

usage for effective computer-generated hologram
calculation using compressed look-up table in full-
color holographic display[J]. Applied Optics, 2013,
52(7): 1404-1412.

Jiang X Y, Cong B, Pei C, et al. A new look-up
table method of holographic algorithms based on
compute unified device architecture  parallel
computing [J]. Acta Optica Sinica, 2015, 35(2):
0209001.

WwRs, A, R, 5. — MR T R A R
G-t ERE Rt T R 2 R T]. S
], 2015, 35(2): 0209001.

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

100005-9

Shimobaba T, Masuda N, Ito T. Simple and fast

calculation  algorithm  for  computer-generated
hologram with wavefront recording plane[]J]. Optics
Letters, 2009, 34(20): 3133-3135.

Shimobaba T, Nakayama H, Masuda N, et al.
Rapid calculation algorithm of Fresnel computer-
look-up  table and

generated-hologram  using

wavefront-recording plane methods for three-
dimensional display [J]. Optics Express, 2010, 18
(19): 19504-19509.

Phan A H, Piao M L, Gil S K, et al. Generation
speed and reconstructed image quality enhancement of
a long-depth object using double wavefront recording
planes and a GPU [J]. Applied Optics, 2014, 53
(22): 4817-4824.
Shimobaba T, Kakue T,

Hasegawa N, et al.
Acceleration of hologram generation by optimizing the
arrangement of wavefront recording planes [J].
Applied Optics, 2017, 56(1): A97-A103.
Arai D, Shimobaba T, Nishitsuji T, et al/. An
accelerated hologram calculation using the wavefront
recording plane method and wavelet transform [J].
Optics Communications, 2017, 393: 107-112.
Shimobaba T, Masuda N, Sugie T, et al. Special-
purpose computer for holography HORN-3 with PLD
technology[J]. Computer Physics Communications,
2000, 130(1/2): 75-82.

Shimobaba T, Hishinuma S, Ito T. Special-purpose
computer for holography HORN-4 with recurrence
algorithm [J]. Computer Physics Communications,
2002, 148(2): 160-170.

Ito T, Masuda N, Yoshimura K,
HORN-5 for a
electroholography[J]. Optics Express, 2005, 13(6):
1923-1932.

Ichihashi Y, Nakayama H, Ito T, et al. HORN-6

et al. Special-

purpose computer real-time

special-purpose clustered computing system for
electroholography [ J]. Optics Express, 2009, 17
(16): 13895-13903.

Masuda N, Hirai D, Okada N, ez al. Special

purpose computer for phase modulation type electro-
holography [C] // Forum on Information Technology
2012, 2012, University,
Tokyo, Japan. Tokyo: IECIE, 11(1): 285-286.

Watling ] A, Lucente M E, Sparrell C J, et al.

September 4-6, Hosei

Hardware architecture for rapid generation of electro-
holographic fringe patterns[J]. Proceedings of SPIE,
1995, 2406: 172-183.



55, 100005(2018)

ANSHBIZFHRE

www.opticsjournal.net

[30]

[31]

[32]

[33]

Ritter A, Bottger J, Deussen O, et al. Hardware-
based rendering of full-parallax synthetic holograms
[J]. Applied Optics, 1999, 38(8): 1364-1369.
Ahrenberg L, Benzie P, Magnor M, et al. Computer
generated holography wusing parallel commodity
graphics hardware [J]. Optics Express, 2006, 14
(17): 7636-7641.

Chen R H Y, Wilkinson T D. Computer generated
hologram from point cloud using graphics processor
[J]. Applied Optics, 2009, 48(36): 6841-6850.
Shimobaba T, Ito T, Masuda N,

et al. Fast

calculation of computer-generated-hologram on AMD

[34]

[35]

100005-10

HD5000 series GPU and OpenCL []].
Express, 2010, 18(10): 9955-9960.
Takada N, Shimobaba T, Nakayama H, et al. Fast

Optics

high-resolution computer-generated hologram
computation using multiple graphics processing unit
cluster system [J]. Applied Optics, 2012, 51(30):
7303-7307.

Sugawara T, Ogihara Y, Sakamoto Y. Fast point-
based method of a computer-generated hologram for a
triangle-patch model by using a graphics processing

unit[J]. Applied Optics, 2016, 55(3): A160-A166.



