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ABSTRACT

In this paper, we proposed a new VLSI architecture which can generate computer-generated hologram (CGH)
in real-time and implemented to hardware. The modified algorithm for high-performance CGH was introduced
and re-analyzed for designing hardware. From both numerical and visual analysis, the internal number system of
hardware was decided. CGH algorithm and precision analysis enabled to propose a new cell architecture for
CGH. The operational sequence was analyzed with the architecture of CGH cell and the characteristics of the

modified CGH algorithm, and finally the pipelined architecture and the operational timing were proposed.

I.M B Z5rElel oJgk EEaele] Ak 1960 W Ft
o] FHE] AxE Ao EAl|3Hobject wave)2} 7]
E2 799 1948 Gaborell o]& Hx= Ak FIKreference wave)2] ZHiell o]s A== M
H ol 331 HuE /=3 4 ek 54 o P& ANz FAelE Brhsd oAl
o] W A7AEe] IS Felsht) e ER e 7Rl FES AR Y SR S 0
aelEs E2ae D8] 339 AR /12shy, &l A= e,
AYE AL AMgsle] 33 BAS B o CGHE ol§3}e] & zalslel s|gshe shiel
Mg Aggrews 1 ¢go] A ARECh o] AAE A% EEade] Ay ddddE W
H2 e Fuap) 93 Aze é%omé—i Atk Azke] 28] widl] szEdelR A
1966'd o] F W2 ATAkEe] FHarEel o3t & 23hs AL Erbsslal shedelR FalEefopt
a2e] ARk AT o gl ghel3]. webd AF7A W ot AlssEe] g
B =TS WSQlAARIYE, AR R, ER] ZodE Y BxFos £y - 9AgAxIga]e] d7Asslc
=S 2008 JCCI o Aw gl
* sty W ITAHF (yhseo@kw.ac kr), **3-2-tl|&lwl 2} 8815} ({hjchoi, dwkim}@kw.ac.kr)
=S D KICS2008-05-221 A=) 12008 59 199, HF=—g ) 120089 79 9o
540

www.dbpia.co.kr



o7 (419014 4789] Xilinx FPGA (XC2VP70)
= AHg3sk= AE PCB HE=ZE A7}l Fresnel
Transform CGHE F33lict E=7=9] x= 3l
/K]—ED]—Z_Q,] 9] A E HEw HH°3(1 4087H)’3]—
T TEE 7P 166MHz9] 22 Tkl &
i‘»’ﬂ‘ﬁ«l F2a%E 00679%el AT 5 glrk
[5191-+= 1712] Altera FPGA (EP20K300E)E A}
g3k= #8& PCB XZZE A28lo]  Fresnel
Transform CGHE F33lich 27702 w9 4]
5 WER wdshe 25 7R 35SMHzS] FE
Tl & Al ERaHS 0.15% ALY
= ek [6]7F [7]914+= nVIDIA®] GeForce 6600
olghi= A8 el Heel Fee] deie] CGH =
288 t}-2=3lo] Fresnel Transform CGHE
TRtk o] F Aol A= AHE FAS AA
gk Aol o BE CGHE A= AR oA &
e 7 Al vlslA FAA= A Balch
B Eredlie sledlel Fels 8 eAE
CGH «4x2|&S nleko 2 100% Jol=Zzlel e
9] sle=de] FERE Aok Ak sl=dole
FPGAZ Ta3lgic). £ =A== 7]1$€9 CGH
duE S FAHHIEP] Hils oF 3fESel=E
T3 ] wr} FgAo|y wEow Faksl 4= gl
= AAl 1 E5AE T glrk
e o 2ol AEe] ik TAelA]
£ CGH®| H=l¢} st=dle] +ds $ls 4%
CGH <72]ZS Avdltl MAlA:= Aokt s}
=] 25 AWsta VA e REsE B
ola 71 et vlaghch iAo R VA=
AS Pt

I. 5-! E.I AHg a;:%_“Q' jHR

2.1 CGH ¢ |§

SRS PIAE ol8stlw ST F A
qk olzigh ‘*5—1’74] x} 5 s wallegdl
Asbel] osix] FHS3E $w gick olel’h FEhAal
AXE B3l Rolxl RS ASE Y EE
2(computer-generated hologram, CGH)° |2} &t
2] F52] CGH7} 9Aat 2 =Foll4= “Phase”
WS ARgRIch A4 CCDE iAkE]= TlellA]
A A o83t ERaHE A Aol
3 1 FHB] # E=welA] oA @tk

o] 7HAe] A7k} el AA Al
AE= 7F A el o HelE Tl EAl

(e
=

A kAl “H—t— e A L A B
Hefol] njs
%x‘ﬂg] s

l
8 (ni} 2] Aoy A Ay
e E L EREERPEL I LR
= Helrh o714 N2 321 A
o] FAFE Sk 0,= kR, E AYEHA o=
A )9} ok A7IA ke FEIRe] IR o/ AR
Jolz]l v A& 532nme] FHE ARERIT) ag} v, =
R AE R oy, oy, 2oz 3A
Ade] 9% veldieh pi= e =21E e
WL 10.4pm2] FHe ARSgL

Do
lo
)

N
I, = Ac0s(0,+®, +3)) ¢))
. .

R, = lpz, —px,)* +(py, —py;* + 2 2

Al (2)= Fresnel <A} 7ol 2JsliA] A (3)2
2 ZAREREITHS).

R, =2 +2—(xa]+1/a]) 3)

kRuf’ﬂ AFel= 32 Al @)} o] Az &+

9\/]\‘:]' 047]/1% ‘/L'(U’Q']' y{)]‘)‘:—; 1(,7111]‘% ywiyjo]‘:}-
kR, = k(z;+ 24— P2 142 )) @
oj 22 ]‘ aj aj
_ % p2 2 2
7277( Iy + QAZ (Taijy,,j))
—277(9 +6’Xy)

AL @ell 2fsiA A (D A )eF #el ekl
T Sirk A (99 Ze] frmshe ol ZARL
T s F7|2 Sle] MEEER (6,46,,)°] 2
FellA Aaig aEfshA] Wk =7 whtolck

2
Ajoos(k(zj+%j(wi]+y‘ N+, +8) (5

A]-oos(27r(9Z+GXY)+€l>a -'r@j)

Sk el XA}
IIlOdH = EOJB;J'D}UL_ ] (S)O]]/q 9[1 ] 8 /\] (6)‘)’]-
o] f=d 4 glek A (5)2 A (6)oM 0,3l

541

www.dbpia.co.kr



2 Aol glo] molAwt Gyl alite] glo]
;(] A=k _‘T:'LH] J,]. o] Al cﬂx}oﬂ /(-1 /\J-%]——g] 13%_3_ AL aolz
o] #raghc)

+ @ 442) ©)

kR, —k( 2

’)
= mod{k(z] + T(xﬂf +y§]))}

2
= m()d{Qﬂ'( Y + W](l‘w +yuj))}

:mod[27r 92+0XY)}
:27r><mod[6‘Z+F)Xy]

A (O ol8sted A ()& AEsH A ()
Ak

N
I, =Y Acos (2r xmod|0, +0 . | +&, +&,)  (7)
o .

A (D AFE Z2ael oA aEa
BE 4 glek A3 ZEaeel osjid wet
ohlzl SLMS o|83fe] Hspqeom =HslE
oh;}.

AT

3
:

2.2 ™= CGH «112|&

B Aok oF Hellx] An fz CGH ¥x2]Z¢]
FES Eol7] g8l ARk whE 2vNgel9]. o]
A% CGH da8]&e ?fM«l 7l2E w2 Od
AYo] o)RZoixzlck WA, rl2Ze] A WA E2w)
AA@=0)ell Nl 04y (2,50, 2,,)F DAk L
o] 52| %il(d>0)°ﬂ A= 7&%0] 2 o 7}
A ol SHeA ik A3 (1, (x,;2)) D
w3k ((nfl)A)E BAse] i fA|ellMe] ER
= gk ()= TEek 7rEES] A A S| elA
AxkElofof sl FA Al (DI Zrh

: Ajcos (9H+§Pa -'rél)j)

A Ajoos(27r><mod '-‘r— sz-ﬂf 'pr"r@j)

N
by
/J\,
:ZAjoos(ZﬂXnmd[(@ +0XY)}+45 +45.)
v
X/J P

®

A AT 1, o, D)5k ] F 5 9l o]
2 4 @ Hadate] gelakd A ©)3) %

g 5 gk

2

QXY(T(U"Fd Yoo Zuj) :mod[ 21;\2. (z, +d) f )} 9

2

_ Y4
—mod{ 2)\

(22, +2dx, ,.+d2+yf”.)]

_ P 2 2
mod{ s P szjeriJ +—2/\ ](2da? & )]

= mOd[eXY +Fd]

ch’ ya]" Zuzj

AL 9)F A Gyl dislshd 2= A (102 2ok

N
=Y Ajcos (2 xmod [0y, +0,+ T, +&,+&;) (10)
J

AL (10)S AHEHE 0y, (2,0, 2
ool 4 Astelz o] Zstel r,30] 3718 2
wqleh weba sheze] A WA 914 o5
3 A A0 A 0y o 20 T

Sl S s, olel e e

L) @ o

wa 1o e AR Faug A (10), (1),

I, (ww», zj) =mod

= mod

+

X2
2/\zj

=mod|I} + 1} + A
p?
2z,

I(z,; z;) =mod (6z,,; +9)} (13)
J

2 2
p p
dx 4)+
2)\2]-( To;+4) 2)\2]-

7
| 2/\zj
=mod[I} +1} +24]

=mod

” (2;1:0].+1)

+ x4

A B wA Bem 37
of et F
B 3}
AAE P AU W ol e

B3,

www.dbpia.co.kr



=
s

ol

Za2S $)8 VLSI &

M

1A A4

Fd(xaj, Z].):mod[lji,1+l“1 +(d*1)A} (14)

where A(z,) = mod P
j Az

. Mokt sl=0 T&

H Aofx]=

g

so] e Shedle] TEE

$4% CGH ¥E|Es vlEes
= Aok,

3.1 ¢itke] #4
stedlolz pdsb] flEiA] A (100 AR
ek A (10)E oA AR’ A (13)ellA A5l
b 5 5l gk fRske st wsbEe
e Rtk A 2719, ) flelE
iy pare) O 12F 2L A (14)2} (15)2 A2
A (14 (15)=E AA el shte] 3
ol o3k F2F F=ad Wie] 3 A =)e A
(16)3} 2t

N
)

s

ﬂ

N
=Y Aj0s (270, +0y,_ o+ 1) (13)
J

N

= ZA]COS (2“(92"'0)()/,4:0 +1
J
+I,_,+(d—1)4))

Yinit =0 +9X)’,d:()+11 (14)
7’updale :I—Zlfl (dil)A (15)
[phase :Ajms (27T(imit +iupd,af,e)) (16)
A (14), (15), 1‘“/]-1— (160 T3F7] Sl AlH-A

A EREE g e R e

=2 DRI, DR2, ¥ DR39) zﬂz]/ﬂ—ﬂoﬂ AL
ok alateld AlLHom ARkl FE 164 step
L& odake] A7k4Ql 42412 2w|glt)

By (o

3.2 CGH Ae| =

2 el 9 AWE $4E CGH el
3} LUT 52 o143l shesle] 728 Aok
WA B =Re] Wle] sgeks CGH Ae] FxE
Aokl E2ke BARIC) Aokt CGH Ae E2
Sale) sl SR b S ole Wl 4
AmA Eate] SR4e nAgele] shwt o
el QA5 Wk FhIA & gl
=3 AAE sl zeelstslel 10259 o)X
A OVERERE B 2%l el g e,

12t
= o}

‘«'5
=2

;2

ﬂﬂN'

1. A4 24
Table 1. Arithmetic steps

Classification Steps Arithmetic REG
i Stepl Oxv.a-0, Oz DR1
init
Calculati Step2 Oxy.d-0+Oz DR2
alculation Step3 I, DR3
fupdate Step4 ¥ DR4
Calculation StepS ny,d:0+ez+l“d
iphase Step6 €cos2mOy
Calculation Step7 Ajcos2mOy
Xar Vg —
hxncaills:;':z:reter [ Update Calculator —  Phase Calculator  —w 7
Ap Yp 2y

J2! 1. AjKE CGH Ae] 72
Fig. 1. The proposed architecture of CGH cell

= 100% Iol=Zzlel 3

= SRRl '] i) 7=
» Qaly|o] Al wlel Ao vlHERo R 27}

A¥gl CGH e Al (14), (15), 133 (16)9]
Al AR %W Aot 2 2= 27] geble] ik
7], ddle|E qdilr], =la 914 A4l wwst
o} olfdt F2E I 1ol etk 2] g
H il S 22089 & 39 s AL
912](d=0)ell At F2REIch o] F2] 9]x|(d>0)eilA]
= Sule|E dabrel 14k izt ERkRih
2 Fe]zeljle qJdle]E dibr]e} S A4l
of| vk A-g-¥Ict.

I3 2+ 33 19 7 £2& AsH Yed
740]4 x 19 T3 SR 3 5 ole
FE25 FAEIck 28 20 ZF B Q4 2AE
j_x]zs}oq CGH dvz2]Zo] slugolz ARt=E= vt
Hes I = S S8

A ®)3 (10)& Arw d¥ Z=S LUT
(look-up table)Z w|2] ThEolA] dilape 7Heks)
T g e ® o ¢ olrk A ®)EYE A |

= il
A o g e AL AR el dlgk ake
LUTE w"t=X 7ol o] odubdow A5z

F

Fololl ] ALgabE whgelth wa zjo} AS LUTE
W g 9SS & 5 glh zjE 05904 1.5 Ao

9] 7 7= Zo] ArER HY 256742 7}

°1—'

n

543

www.dbpia.co.kr



At olF 32 256709 F4E 7= LUTE v
2] whE ¥ ok ] W Ade EHE v

dell zj7F v W FHe| ghe sMlo LUTR
Rk o] oS slEsle] ARl Hgel gleiA
L 7 Aok,

3.3 mo|=efold
s LHQI 23| Re] AdAzkE arefshar
WA =S EA8e] & 29} o] CGH Aol Wi+
5 °dé_i welskalek & 709 WA o
e s & 4 ek
3E 20l4] A3 CGH Ae] - =he] dabA|zt
& vEeR a9 33 3o] CGH A& vjolzzlsl
| gefglet. 7 A selzel]l wAE TR

g

B IRNCAS. ol 1 7 2% AR olFel T 2% 2 ool
L T el 4 aleh e Rl steleska

- Aol Skl @ AR st ol

T8 2. CGH M) Al 72 @) 2] Tl il 0) MR FRade AUT Agel Tz 37

Aelo|E i) (c) YAt 4]
| Ak o A o] M 5o oAl 9k KN
Fig. 2. Detail architecture of CGH cell (a) initial parameter A 7 Zﬂ'J 7 ] LA 9 (P, +¢j)“ A]»%_

calculator (b) update calculator (c) phase calculator 312] ok=r) o) =Elele A8sl=d] ol A

e =

A}
.- |
i
& 278,
B LY Ty R}—r Loa
. H cosind,
i
1
i :
Stage 1 ! Stage 2 i Stage 3 Stage 4 i Htage 5 : Stage d : Stage 7
O3l 3. do|zejels #43 CGH A +x
Fig. 3. Pipelined architecture of CGH cell
T 2. _,]_ ]ja},o] 1:]—7;]] A;—”EEI
Table 2. Pipeline stage schedulng
Cvele Step4 Step5 Step6 Step7
4 Stagel Stage2 Stage3 Stage4 StageS Stage6 Stage7
1 0A
2 1A I;+0A
3 2A I+1A I
4 3A I +24 I, Orra-1
5 4A I +34 I 1o 0 pq—1
6 54 I +4A I Ora-3 T pq=2 OOS(QWGH,dzl)
7 6A I +54 I Ora=1 04— cos (276, ) cos (276, 1)
8 7A I +6A I 045 T pq=4 OOS(QTFGH,d:ii) OOS(QTF()H,d::i)
(N—-1)A I+ NA Iy Onma— w1 | Tga— o | 5@l 3) | cos@rby,_ 5 ;)

544

www.dbpia.co.kr



=2 AFE A EZaAS 98 VLSI 32

slflel} dlelelE wAsle Eate] sjolxzelel 7
2ol olalx] =R Qg felsle} .

V. 7oz

Alokgt sl=sle] F2E VHDLE o|g3te] A7
slglct. el o8 AY 3 2 WeEe] e
X 30 vellch o)d AFEFe] w|wE $lsiA]
EPJlo g 3 FPGA #2 Xilinx®] XC2VP70°.%
7007 Aol Bl gt F 471°] FPGA F&
ol g3l Falslda 7 FPGA A W 320719
CGH 7de] W= <F 60%2] CLBE A3k}
Z} FPGA % 3li}2] SDRAMe| ZH23}3. On-Chip
DP SRAM- ¢F 500 KbyteS A&3lc},

3% 3°l4] Hologram Size, Pixel Pitch, Z2]%
Wavelength 5-9] 32 1e|2 A3 Zlo] ol &

B3 43 3 2 Hs
Table 3. Experimental environment and variables

Item Specification
Object Point 40,000
Hologram Size 1,280%1,024
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able 4. Implementation results and comparison with the previous results

Implementation Results
Item
[4] [51 [6] [7] Ours
Object Point 10,000 400 70 1,000 40,000 10,000 10,000
Hologram Size 1,408%1,050 800x600 800x600 960%600 1,280x1,024 1,408x1,050 1,408%1,050
4 FPGA 1 FPGA nVIDIA’s nVIDIA’s
Target H/'W 4 FPGA (XC2VP70)
(XC2VP70) (EP20K300E) | GeForce 6600 | GeForce 7800
Frequency
166MHz 35MHz - - 200MHz 166MHz 166MHz
(MHz)
Time(sec)/CGH |0.0679|0.0232 0.15 0.0067 0.1 0.205 0.0633 0.0159
Hologram/Time
14.73 | 43.10 6.667 149.254 10 4.88 15.80 62.90
(sec)
Parallel Unit .
Cells 27 Parallel Unit| Commercial Commercial Parallel Unit Cells
Hardware Feature . .
Cells Graphic Board| Graphic Board
1,408 | 5,632 1,280 1,408 5,632
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