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is illuminated by the unit amplitude plane wave. The Fresnel diffraction integral can be calculated by only one fast
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In the study of off-axis digital holography. digital hologram may be considered as a light wave field which
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Fourier transform (FFT). It is the most popular method of wavefront reconstruction (called 1-FFT). However,

— .

applying the spherical wave as the reconstruction wave, there is another method of wavefront reconstruction using
090.1970; 090.1995; 090.2880; 090.5694

the angular spectral diffraction theory and image plane filtering. This method requires four fast Fourier transforms

Two methods are researched based on the fast Fourier transform theory. The result
detail in the reconstruction of color digital holograms and micro deformation detection.
1 5

demonstrates that the FIMG4FFT method needs four FFTs. but it can use less computation resource to reconstruct
the equivalent quality object wave field. Finally. the application examples of the FIMGAFFT method are shown in
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Table 1

Comparison of calculation amount of one-dimensional FFT for different N

FFT algorithm

Number of real number multiplication

Number of real number addition

Base 2 N=2"(y=0,1,2,++) (2y—4)N-+4 (3y—2)N-+2
Base 4 N=(2")""(v/2=0,1,2,+) (1.5y—4)N-+4 (2.75y—2)N+2
Base 8 N=(2)"*(y/3=0,1,2,) (1.333y—4)N-+4 (2.75y—2)N+2
Base 16 N=@2)"" (y/4=0,1,2,+) (1.3125y—4)N-+4 (2.71875y—2)N+2
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Fig. 1 Comparison of calculation amount between 1-FFT and 4-FFT for N=27.

(a) Comparison of multiplication; (b) comparison of addition
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record color digital hologram

T Xt B ANF Y 1-FET 503k R FRHh &
L-FFTH0 ;e FIMGAFET 83k, JRU0) 1 3 fi 8 ¢
—RoFm ik B @R, R 7EH 2 GB
AL LA FH Matlab g 2 3H50 7 B BL L o fiE
10241024 1 BORE Bl 8 3 R 4R AN F 1-FFTIE

B E A AR K (AN XAN=4096 X 4096) NRgiE1T. H
{5 76 R 48 A5 40 5 % Al it 58 9k AR L ds s N SE 3R
A5 4 B E P e B U 512 X512 g4 B A, 4
S AN % 1-FFT 3k J FIMGAFFET 3 i 47 5 2
H5E.
4.2 #FE1-FFT&EZE

X 512X 512 54 B B JE I #hE I E L0k i = Fh
6 BB i Ni X Ny = 2048 X 2048, Ng X N =
16381638 & Ny X Ny =1394 X 1394 b & 4 &,
BVl T AN RO B =R G B 2
A EER R R YA — ., BT
FAGERNITE™ ML EERBREYHR T
B AT AL E IR RN 2. SO0 ML E
B8 3 1) 05 O 23 45 1 T ELAT K 7 5 TR 1R P iy
FE S zo6 zon » RILEERO0 Sl B A I 25 6 12

ArZ0 _ AG o6 _ ABZoB

N N Ny

E =R A6 1-FFT & g% FHGH 512X
512 sim AR . ¥ =R a0 F AR R B o
UG i = JE 0 43 o R T F S AL BY e AR 15 1
B KA.

PLLLSGE A R0, 18 3Ca) 25 13 3k % Z 5 TR K
[ 2048 pixel X 2048 pixel 14> B K, 1-FFT & #1%
i~ F B 3(b), 7EE 3 (b) ik 512 pixel X
512 pixel# 7R (1 H HEAR , H 9 BE R /I AT F o & gt
AR LEANER ==

(10)

K3 #hZFmaote 8K &k LFFT & & & F |
(2048 pixel X 2048 pixeD), (a) #hE ML 2 B
K (b) 1-FFT # # {%F ifi
Fig. 3 Hologram of red light after zero-padding and 1-
FFT reconstructed image plane (2048 pixel X
2048 pixel). (a) Hologram of red light after zero-
padding; (b) 1-FFT reconstructed image plane
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Fig. 4 1-FFT reconstructed image by zero-padding (512 pixel X512 pixel). (a) Red component;

(b) green component; (c¢) blue component; (d) color image
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Fig. 5 Image tricolor components reconstructed by FIMG4FFT algorithm (512 pixel X512 pixel). (a) 1-FFT reconstructed

image plane of red light; (b) red component of reconstructed image; (¢) 1-FFT reconstructed image plane of green

light; (d) green component of reconstructed image; (e) 1-FFT reconstructed image plane of blue light; (f) blue

component of reconstructed image
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Fig. 6 Comparison between color images by FIMG4FFT
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(512 pixel X 512 pixel ). (a) FIMGAFFT
algorithm; (b) 1-FFT algorithm after zero-
padding
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Fig. 8 Digital holographic recording system illuminated with two lasers
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Fig. 9 Digital holographic detection images using double-exposure by FIMG4FFT (1024 pixel X 1024 pixel). (a) 1-FFT

reconstructed image plane of red light; (b) reconstructed local image of red light; (¢) interference image of red light;

(d) 1-FFT reconstructed image plane of green light; (e) reconstructed local image of green light; (f) interference

image of green light
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Fig. 10 Reconstruction with filters of different widths by FIMG4FFT algorithm (1024 pixel X 1024 pixel).
(a) 256 pixel X 256 pixel filter; (b) 128 pixel X 128 pixel filter; (¢) 64 pixel X 64 pixel filter
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(a) 1-FFT reconstructed plane; (b) reconstructed local image; (c) interference image
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Fig. 12 Detection image of green light with image plane filter of 100 pixel X 100 pixel (1024 pixel X 1024 pixel).

(a) 1-FFT reconstructed plane; (b) reconstructed local image; (c) interference image
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