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Abstract A novel technique of one-shot in-line digital holography based on double wavelength

llumination was
proposed. Two wavelength beams in color of red. green or blue (RGB) are simultaneously used to illuminate the

object and produce the in-line digital hologram (DH). After recording the hologram by a color CCD, two in-line DHs
recorded with different wavelengths can be obtained by separating the color image into RGB channe

i
spectrum theory of diffraction was applied in the analysis of the proposed technique. On weakening the object wave in

comparison to the reference wave, the summation of the diffraction object wave and its conjugation can be
approximately obtained by logarithmizing the in-line DH. The approximating error lies on the object and reference

Is.
wave ratio. Then the object image can be reconstructed from the two in-line DHs of different wavelengths by applying

The angular
the transfer function. The reconstruction method was presented. Computer simulations and simple experiment were
given to demonstrate the technique. The peak signal noise ratio (PSNR) of the reconstructed image is about 14.2 dB
Which shows this method could erase the interference of twin diffraction image. Finally, the noise sources of the
reconstructed images were simply analyzed. This technique can be used for real time imaging and dynamic measuring
based in-line digital holography.
Key words digital holography; in-line holography; one-shot; double wavelength
I 5
B A B B O I 5 AR A B R T 3R
Wy e i A AR B

JRAR S B
N
R = AR 4R

0 g
Wi B 2009-04-09; WEETE HHEI: 2009-05-12
BEEME: #iLai
M
E-mail

o BT AR R ERIEFRAZE
Tﬁ%iﬂ%ﬁ%ﬂ’]ﬂé{f,,j;ﬁﬁﬁ%%iTﬁjﬁﬁzki
P ARSI F L S HOU I |
FEH(0202108833) ¥F Bl i 15t
WL (1976—) W it BB, FENFAE
pan_weiqing@163. com

P A2 ik gl ) B A B

o2 A I A T Y



2 3 WL AF T RO IR B b [ Al Ko 2 B AR 353

I G GCA &Iz

H AP 206 e £ /Nl 40507 4 843 Dy Bl 4
SRR 4 B . B A A B AR T DK AR AR R T B
5 HIYOEA I A 3 AT G 43 1 A5 8K ) s B
EFIMIT P LT CCOBRENA SR AR, [
B4 BB TSR A 7 AR 78 CCD EJE A
(1T ¥ AR LR R ALK L 25 5 1 /2 Nyquist RFES A
T R A4 i S R L R e IR oy B H LR
SR IR 2 2 BT SO AR AR T, BT
W R AR AL A K i e R BUAR 1 43 B e, B
B4y B0 SR 2 8 AN [ % A 6 0 42 8 18 i T i —
FEASRE F TS i AR R sh A8 . RSk E A T
NGO T WP IE AT B A ) Bl 4 5 O 58 . LA S
MIEF R B sh A, 5 —Foy Z5Y 2R
Mz R R 78 2 % 6 B 4l A — SR
FHESPF A 225 60 B AR Z AR R
FLE AT E Z AR A & T AR s g
Jeid s JE il a CE A L 4 i SRR F R — RS A i
AR 2 P20 37 (e Ak P 45 3 22 W A AS [ A% 4 i
1 ) il 4 R T o SR T B AR TR Sy i B R Bk 1) 8 A
PR G HE A% R AR PR & i LG He B S 1)
A PR B R R 22 53 A % B R AR SRR, SR
B AR E BT SRR S CCD g
AP, BB R RN SR A PR S R
1E5: 2% i PR A/ A TR 7 A PR 25 Ry e/ 2
(4 1 22 M 4 O » [RIB 5 9006 T8 S8 05— SR R A
B CCD feid 5% 42 B A, TR 4 ad B0 b 21, 42 BUAH [R]
TIRAE IR 2 A3 2 W e SR 2 B E . AR
SRR IR 1 CCD, RS2l ok 1 IR ME. 55 4h,
FRUES S 6o 7 vk T DL 58 22 AR 0 T A
N B HEAT T e AT R B R T E A
AT B RN RS AR Y. Zhang 451
R LEM SR T — @ E LT . 8 1 ™A
CCD, [7 B} 7% 195 e A [i) 3 5 ) ] e 4 8L P ) AR
52 H e R P AR

AR SO T — A T A S RS R
MR RO 810 s 1Y SRR R 2 B R . T T
AR B BEIE A3 AT B 0 R S A B vk 9 X i
RIEAT T 5 BN SL I8 50 00F - 5 5 HEAT T 1HE .

2 Bl sk 5k

S AR SCHE AR I BRI O [l 4 B0 SO B A 8]
LR Avsde K s ML, M2, M3 2y )2 5 45 ; BST,
BS2,BS3 N4y A s NF gt . B A 1)

TG AN AT S o3 O  — R Rk
(NF) 23l f5 B G E s i 8 ot w, (o,
¥ su, FARYAR AT E R EOCTE (2. ) AR R IE
AL Yo &0t = BE B 14 1% 335 CCD il ¢
I JE AT YIE Y w(a, v, 205 53— R & 1 /Y
62 W U S G Bk CCD e ki . 1 W & % 6.
PEA R M3, 2 2 S i A8 07 5 A
— PG R AE CCD 3R T W8 i) il 4> 5K

I(x,y, ) = [r+ulx,y, D) ][ r+ulzx,y, )],
(L

b« "ROR L WL RN PSS E L.

e 3
A bz M3

NF object

color

\ I] E l |: CCD
M2 BS3

1 XK [l il 4 B0 ot %
Fig. 1 Recording scheme of the double wavelength

in-line holography
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Fig. 2 (a) Original object for imaging; (b) double wavelength in-line DH; (c¢) DH recorded with red light;
(d) DH recorded with green light
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Fig. 3 Reconstructed image of one-shot double wavelength in-line DH (a) and reconstructed image of simple in-line

DH after filtering the direct term (b)
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Fig. 4 Square error figures: of the reconstructed image of double wavelength DH (a) and of the

recorded image of simple in-line DH (b)
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Fig. 5 Original object for recording (a) and single-shot double wavelength in-line DH (b)
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Fig. 6 Red light in-line DH (a) recorded by the red channel, green light in-line DH (b) recorded by

the green channel and double wavelength in-line DH (c¢) recorded by the blue channel
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Fig. 7 Reconstructed image of one-shot double wavelength in-line DH (a), reconstructed image of phase

shifting in-line DH (b) and square error figure (¢) of the two reconstructed images
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