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Color Difference of Computer Generated Rainbow Hologram
Based on Numerical Reconstruction

YANG Xin, LI Yong, WANG Hui, WU Qiong
(Institute of Information Optics,Zhejiang Normal University, Jinhua,Zhejiang 321004, China)

Abstract: In order to obtain color fidelity of reconstructed image before the computer generated
rainbow hologram printed and reconstructed optically, a color difference test method based on
numerical reconstruction is proposed. Firstly, the computer generated rainbow hologram is
analyzed in special frequency domain. The relationships between reconstruction parameters and
special frequency distribution are concluded. Then, the spectrum distributions of reconstructed
images are obtained through simulated reconstruction of computer generated rainbow hologram by
filtering in frequency domain. Moreover, the color difference of reconstructed image is calculated
in CIE1976UCS uniform color space. Seven color cards are designed and with its computer
generated rainbow holograms. The color differences are tested with the proposed method. The
optical experiments are designed with the illumination of halogen light source. The results and
analysis are presented and show that the proposed method is effective and fast way for the
analysis of spectral distribution and color difference of computer generated rainbow hologram.
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Fig. 1 The spectral distribution of color rainbow
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Fig. 2 The frequency-selection characteristic

of ob serving slit
LT 2= 0 TN 58 R w,  EBEPREEN T ==
2 TN T8 ER w,» WLEEBREE PO A B (g s )
e MG B 9 5 B AE v I 1) b b 4 BB A T A
Ml B Y. g A F 2= = F- 1 W, i BT A
FEPBE N B G IR B 5 U A — s A Y FEL XS
R BE X T A AT SO A b RE 8 E AU
SRR HE T 301 XS R AT 5 AR B 0, AT PSR MU

Bk 1 W 2% 21 19 A5 S FE A B85 [
=~ 9111;@ + Yo
) (4)
. sin (0,
S A /Iz

H B 6T = Blix i, 9 B SR AR

WK 1
1 KRIRZ 153

Vo d
R
B
2

% T

(q



34 Y. & A MBEF AR I 2 8 62T 333

__sin ((9)<f <sm ()
(5)
sin ()~
ﬁqﬂ [9:_(91 9(9:02
FR A UL 2 1 11467 5 00 3 A7 1 1R O R T LA

S B AR R O SN ES I B KB B2 )i L E R L N G T
e B4 T4 BOm L% . 26O FEBLRE ARG B
PG B RO IR A S
1.3 HU£EEBESH

CIE1976UCS KM & CIE 78 1976 £ &2, 2

— P B R BOM 7] 5% 4 R — Bl Sy 2 50 1 B €8 7S
], (A ARAR u o E LR
_ 41X _ Az
“TXF15Y+3Z —2x+12y+3 .
_ 9Y _ 9y
YT XF15Y+3Z —2x+12y+3
® XY Z & CIE1931XYZ Hita 2 45 = 8 { . «

My R by, 78 CIE1976 UCS 4 Ak & i,
B0 22 I B 05 e CTE1976 UCS 3 B & AP Y Bk
FCHE B e, Rl

Au'v =/ (uy —u)>F (v, —v,)? (7

HAR 22 AR ATE .

D w] UL G [ AL g6 b, e AT DO s
[E o4 400 nm &) 780 nm, K EIFEN 1 nm;

2) MR e UL 7 11 A 3 0 A A e A1 S 0 0 7 11

3) X 3 AT UL Y B PR U G, e IR iR SR B
S S Ok, RS 4 B R A R, i A
WE AR 4 B A G B R LR
B AE M2 05 K P B0 BT X5 7 ) 5 B 28 1B L A
245 B TR o A 5

4) KRR A ADLIT A5 19 ) 3335 43 A, 2R T AR AR
CIE1931XYZ Bita 2 40 T 0 B Ak A o 2R H £ 13 AR A

SRR, h RGB #ih X Y. Z =
HE M (RGB %533 XYZ = il S f 1 % 4 56 2201
= (&) Fr ) SR G oK I 7E 1976 UCS (1) 4 i Ak A

Uy Do 3

6)K A% Au'v
X7 [0.412453 0.357580 0.1804237 [R
{Y =10.212671 0.715160 0.072169] {G] (8)
Z 0.019334 0.119193 0.950227] |B

2 ZXHRER

2.1 EMXBER
AR AS 52 56 2 4 i o AR G O L T B AL R

BRI BT ARSI A E R 14,57, 8k
HEVEFE T E M 3 mm, B4k B 4 BT 1 0 I Rk
300 mm. F AT 4 B TTHE R, O T RE 65 i
AR5 E B AR AR PAL Bita R4 —30, B
’é 2T 4 5L TR ) = Bk 0 I BB ) €8 B X8, I i A

& PAL =3 fafE CIE1931XYZ Hifa 2 45 vh 41 i
Eﬁjﬁ/ﬂzhﬁ E R 2R = A B WK 5N 632,
547 .464 nm.

R BRI E S8 &IE T 7T A AR
WEHREORED2EBR. B ORNEESN
200X 200, P FR ~F K 5 X5 mm?®. 4 B bR FEE)
B R 0.57 pm AR ZEEH 9 043 X8 974,

BB WA s AR BR S (0,0,300) 7 1H R/
R 32X 3 mm® . AR 4 AR X35 A B L AR R R T
U, % 9 Bl G AE 400 nm F| 780 nm, i K 8] [ N
1 nm, SR 0 PR IR #E R 1, 530 51 5 4 5 R A 3
3R Ao T S O SR P AR L o 9 L 45 B 467 T 4 BT
TR R T IR 0O B 5 B AR S 2O e R
) 5 3 A die 8 AR AT T AR 9 A X T 3 o A
SN

Kl 3 25t 7 Fh He i AR 03T AL R I 4
SRR A5 20 1 D) F8 3% 43 A, 4y AT T H —
AR AL B, K8 A B Ry A, B nm,

X1 HHTHEKRITSE B ®RE
CIE1976 UCS {5 i A A5 F B BE(E wo A1 v, » LS KK
1B T IR B0 € B A B w0y - (822 Auv
1.0

R O T
Sosl |\ [\ [ % 7 Yellow]
5 I U i —Blue
= i \

2 06} \

.-5 r i

E

5 04+ \

202}

ks / /A {3 \

E ) AR N

o 0 BV Sy i

£ 400 450 500 550 600 650 700 750 800

Wavelength/nm

10 (a) Red yellow and blue spectra

08} j
0.6 ]

0.2

L i \ ]
{F

L/ ,vm\‘/‘x‘ i\ J
- 3, A X\

0 Mt Ml LT “

400 450 500 550 600 650 700 750
Wavelength/nm

The relative spectral distribution/(a.u.)

(b) Cyan, purple and orange spectra
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Table 1 The parameters of color cards and color differences
Red Green Blue Orange Cyan Purple Yellow
R 255 0 0 247 0 255 255
G 0 255 255 148 255 0 255
B 0 0 0 28 255 255 0
uy 0.450 7 0.125 0.175 4 0.2357 0.1383 0. 305 0.203 9
v 0.522 9 0.562 5 0.157 9 0.532 1 0.455 5 0.329 8 0.552 9
uy 0.458 7 0.150 8 0.140 3 0. 266 0.148 2 0.308 2 0.232
v, 0.525 8 0.572 0.2257 0.542 4 0.481 8 0.379 5 0.548 4
Au'v 0.085 0.027 5 0.076 3 0.032 0.028 1 0.049 8 0.028 5
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Fig.4 The spectrum distribution measuring system of
computer generated rainbow color hologram
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