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We have reported that viewing area of computer generated holograms (CGH) can be expanded
with lensless Fourier hologram configuration. Since the CGH has full parallax, computational is
time consuming and chromatic aberration causes blur in the reconstructed images. In this report,
we apply the rainbow hologram approach to reduce computational time and chromatic aberration
of the enlarged viewing area CGH. In the experimental result, computational time becomes 20

times faster than the previous CGH, and reconstructed image becomes sharper and brighter.
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Fig. 1. Side view of optical setup for recording hologram
with point reference souce. »: Distance between hologram
and center of object. R: Distance between center of object
and virtual slit. D: Radius of an object area.
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Fig. 2. Top view of optical setup for recording hologram
with point reference souce. r: Distance between hologram
and center of object. R: Distance between center of object
and virtual slit. D: Radius of an object area.

07 7 A ETOESENERD S ONOFFEHEFZ, KA Y
v @Y 20 ACHRET S TH DL, ThiC K
D, AV vy MZEBEHFUSIEERLV A v R—Fa s 5
LEBFICHET 2 2 L8 TE 5, [, SHEEHH
R s-dFtHREZEM T2 b b, 20k
X, WHEO2EELVA > R—Far I L0N¥ERTIE, <
A —FkaZ I L EICAY)y bEEE, Ry MIEHIE
BEEL D570, HROELD bIAnEar 7 AR NE
£95, 2 LT Fig. 1 OXFEREAVSE E, YR ¥
—RB I LONELLTTE, ARV Y AVAT7 =Y T
BT, Yk ~v Ry —ku s 7 AOEMSITVIEER
BOESZ L wIFE e s,

B, FEAY Y FOIBREAETE 2 L BNGESRE
L, NETE2LEHTICL BIZTIDBRET Z2DT, WED
RN 2 5 mm IRE L.

4. KFHEEOFHE

KX (2)BLUFig lrobbhrsd s, HIEM201Z
Rty NS WIZELL kD, 2Dk, SRR SEIR
EL, RuZ I NGEDAMEND o, THERTS
7 AFERRICIE, BEEE 7 ONIE W SLRO Y 2 FHE L
LT Rerwn, Lhrl, EBECRu 7 7 05HET 3
Gt, TR TIHRETE 2135 BEANTHS, 22T,
HREAEZBRE LT3 CGRE 2~y —Fhu s F AL
L, BFHEICL->T, SRAEEFHATHET LT R 7
7—hROZ I ABEWELT, ZHIC K DT CHEAREE
B DN KR T 75 A RBIEL T,

"0 7T ADEEEDNESRE Fig. 3 1R, EBEBERANT
BATZ7T7 73 ARO T I AERS>TVWBEDT, 0 RNGEE
BROSIES Th 2., I TCERMBEIC KT V5 LE
WEEE, ROLHTLIVBEEELTCE2IETII VA



Object beam

Reference beam

-~
D -
N //”(\ Primary image
L e
CORH master "N~ Direct beam
hologram Lens

Fig. 3. Optical setup for recoding an optical hologram of
the reconstructed image from the computer generated
rainbow hologram (CGRH).

7y —kul o AREETS. BV XDOE SRR,
CGRH S EEOEBE~A Y —hu 7 F A L O L
[& CEREf I U7z,

5. #& R

% 47 8] 3% % 4800 pixel X 3300 pixel ® CGRH % v — #°
=7y =L, mECHERLII=aE—7 4
Wb (BL7ANVAHE) 137 v—RA7 — )V TOFLERNT]
BETHD., Lnrl, V-l 2ETHISING D,
6ROV —A 7 —VTRES LTV S THRT —2
ERISPOTET2HET 20BN H 5, % 2 TN
HFIC L BEFERAERE 21T o 72, 2Dk &, 100 dpi D 256
B TRESN T2 FBRET -7 D 1lEL6X6 F v
N TEBL, 600dpi D2 fEICERL CHALE, KB, &
FELRCE O REINE, EEHLLEY 7 b (Adobe Photoshop)
WZHBTNTY XLDHRT, Ko s T AFHERICEXET
GrRbMZoNE bDOERALZ, ZDlky, $=aFE
— 7 4 Vv ACERE S W T ET — 2 13, JCOREFICE:
bOTHDLEFZOHNDS, 256 B TR SN TW BT
fa L mENEBOTHEE Fig. 4 R Lz, 72, HHL
Jev—Y =7V oy -3 ASHRE THITE LM, £
Iy F23100dpi D & &, A3 B TIXEZERS 1600
pixel X 1100 pixel F TLHATE Vv, 2D, SA
T A3 MR A 9 BB 2 & & CHEIFESE 4800 pixel X 3300
pixel F TN, COHEN I —ar—7 4 VA
BEHEHMENL, ThESAY—RarZ I 6L, TOTA
Y —HRa 77 ADKEZIZZ2mmX20mm THo72. X
WCZDRAY —Ra 7 7 AEROTHEEEICLD T >
A7 7—HkuaZ T (cube @ SGIEHE 185) A BIVEL /-,
b YA 7 —RHERICIE AGFA SR 0 7 T AR
(BE75HD) #fEA Lz, Tk S{RIEAY v b idWkduls

28 % 6% (1999)

(b)

Fig. 4. Part of a calculated hologram. (a) 256 gray levels.
(b) Binarized with error diffusion method.
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Fig. 5. Reconstructed images (cube) from the proposed
rainbow hologram. (a) View form left side. (b) View from

right side.
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Fig. 7. Reconstructed
raibow hologram.
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Fig. 6. Comparison fo reconstructed images (cube). (a)
Made from CGH master. (b) Made from CGRH master.
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Fig. 8. Comparison of computational speed between full
parallax CGH and CGRH.

NizrzdeFEzonsd», EEMEFHIEZ £ 21T Tw
T,

Rk < T 3K %L 3200 pixel X 2200 pixel O S EIEELD % >
ML ESAY —KO T LELT, NIURT 7 —
w077 . (UFO @ fS6IES1,526) 28E L7z, o2
7 L% Fig. 5 LRI CER» SBE L b D% Fig. 7
R,

Fig. 8170855 v 7 2D CGH L KHL TEREL 72
CGRH ({RAEA Y v MES5mm) o EEEEIC L 2 52k
MOENERT, ZOLEDOEEFLLTIE, Y55 0RL
Pentium-II 400 MHz ®a>Fa—%—%2FH\», fsus 5
LDH A X% 1600 pixel X 1100 pixel £ L7z & D H DT
H5. CGRH OFFEHE X, AHAORELZBMEIC L2
kD, RO CGHY OFFEHE L D #7 20 {553 & 7
-7z, BRI E LT, Fig. 7 ® UFO 25HE 3+ 2 0w fitkn
CGH® Tix 6,300 Bapdr > Tz & @538, 4 a0 CGRH

28%& 65 (1999)

TIEAY Y MERSMM D & X 36WTHET LI L
T&7z.

6. £ ¢ U

CGH #v A vR—Kua /7 LET BT E THREZE
HURWAROFTERFESZ sh, 5 TEIET 200
W#TH > 72 FOBER O L WEM s E VWi Ra 7 5
LDBWEREG 5Tz, £z, 1ZTOD VIS RS
Honi:,

X [

1) M. Yamaguchi, N. Ohyama and T. Honda: “Holographic
three-dimensional printer: New method,” Appl. Opt., 31
(1992) 217-222.

2) J. P. Waters: “Holographic image synthesis utilizing theo-
retical method,” Appl. Phys. Lett., 9 (1966) 405-407.

3) EEPEME, HI % CETRNEIC X 2 3 RITWE O
BEKRO 7T LOER”, L EYa vEEEE 50 (1996)
1607-1611.

4) gk, HI W EHERAR S O 7 T A DR, S
%, 27 (1998) 535-538.

5) G. W. Stroke: “Lensless Fourier-transform method for
optical holography,” Appl. Phys. Lett., 6 (1965) 201-203.

6) S. A. Benton: “Hologram reconstruction with extended
incoherent sources,” J. Opt. Soc. Am., 59 (1969) 1545A.

7) WEEER, HI O HERERV A YR Re 7 T ADIE
L, Optics Japan '98 B FRaE (1998) pp. 127-128.

8) S. Wentzel, A. Jendral, R. Brauer and O. Bryngdahl:
“Increase of the space-bandwidth product of computer-
generated near-field holograms by optical means,” Opt.
Lett., 19 (1994) 1352-1354.

9) T. Hamano and H. Yoshikawa: “Image-type CGH by
means of e-beam printing,” SPIE Proc. Pract. Hologr. XII,
3293 (1998) 2-14.

341 (45)





