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Fig. 1. (color online) Depth of field and depth of focus

of an imaging system.
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Fig. 2. (color online) Process procedure for holograms based on extending the depth of field: (a) recorded

hologram; (2) multiple reconstructed planes; (3) high- and low-frequency sub-images; (d) reconstructed

hologram by extending the depth of field; (e) images of the information of the object.
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Fig. 3. Experimental setup sketch of micro holography.
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Fig. 4. (color online) Recorded holograms, reconstructed holograms and image intensity curve of the corresponding

cross-sections of a tilted carbon fiber: (a) recorded hologram; (b) reconstructed hologram plane by wavelet; (c)

reconstructed hologram with the depth of field extended.
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Fig. 5. (color online) Three-dimensional reconstruc-
tion of the tilted carbon fiber.
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MEARZEAE I E PSR, W 6 hIr k&l @it
R E AN RN 11.84 pm, Ar#EZ80.917 pm,
SR AR 2 N 7.66%.  ELAR DN AR 25 DL B
BSAE 623—648 um I fie/h, H/MRZEME N 0.17 pm,
/NI R 7209 1.60%:; e KN R 7205 1.86 pm,
AL A BN 722747 um &b, O KMIRHRZE AN
16.93%. A WLEE T /N AR 4 1) SRS R B A ARk
e A 20 5 @ AR E LR YR ) B4 B, IF
HERN SRR

3.1.3 BEBALG RIS

PATRBRG 35 0919, %ok B8 HURIDRE 2 ) - . 1 4
ST SORY . SR P U AL A AR R AR
SATE2—4 um W 2B TIKM. 2h5E, BMeE
RGO HON 35.4 %, idxk 4 BB S NE
3 90.209 pm, JEXIHN Y338 pm x 255 pm.
H1 T LI 2 IR 20 26 it I 7 S e s, (7
4 B EE M LUEUIC. P32 skiIE SR 30 1 42 B R
R, s BT R R AL, R4
BEIMEBRESENAEEE, WE 7 (a) iR, 58
FLAS ) T KR MH . Gt /)N il A7 J o I o 7 8
z =945 um 2 BT, i 7 (b) Pros, R0
HOBURE/E A AT P R AR B SRRy R E )
FENE 7 (c) I E K, A 1 FB0R 2445 DL S 2.
A 2 AT RORL R R B, SREL T Rk

z/pm
1000 ® ®
900 oo 190
800 Q °
©
700 e 1008
© <
600 o 1150”7
500 (5 ]
4004] ¢ ¢ 200
300 © )
200 1 . 1
100 200 300
T /pm

K7 (MTIEG) BB RLmas R (o) ZBRESRRAGEBE; (b) MEERE; (o) SUAT RELE; (d) Bk(s 5 &

Fig. 7. (color online) Experimental results of micro holography for micro droplets: (a) hologram subtracted from

background noise; (b) reconstructed hologram by wavelet; (c) reconstructed hologram by extending the depth of

field; (d) particle information image.
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Fig. 8. (color online) Simulated holograms and three-
dimensional reconstruction of opaque particle field with
d=2-3 um.
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Abstract

Digital micro holography offers an in-situ, non-contact and three-dimensional way to explore the microscopic world.
However, as it is difficult to focalize the whole object in one single reconstructed image, the application of digital micro
holography to cases with a large longitudinal object volume is limited by the microscope’s depth of field. By extending
the depth of field in reconstructed micro holograms in the wavelet domain, this paper fully takes advantage of numerical
reconstruction algorithms to solve this problem. First, a recorded hologram is rebuilt using the wavelet transform
approach by setting up an appropriate longitudinal interval to obtain a series of reconstructed hologram planes. Then
each plane is decomposed with wavelet into its sub-images of both high and low frequencies. Furthermore, the local
variance of the maximum intensity gradients of the high- and low-frequency coefficients is calculated and utilized as the
focus criterion. Finally, the image planes are fused into a single one with the depth of field extended to a large extent.
The feasibility and robustness of this reconstruction procedure for both continuum and particle fields are investigated.
One of the demonstrations is made in an experiment of a tilted continuum: carbon fiber. It is different from most of the
previous applications where the interrogated is the particles and where the area involved is parallel to the CCD. The
carbon fiber gets successfully reconstructed in three dimensions, and the measurement errors of its diameter are presented
together with the reconstruction distances. Another is an experiment of a dispersed particle field: micro transparent
particles are generated by an ultrasonic atomizer, for which the reconstruction procedure achieves an extended depth
of field. In addition, a numerical model based on generalized Lorenz-Mie theory is used to simulate the holograms of
both opaque and transparent particles of 1-—15 um in diameter. Variations of the longitudinal location errors with the
Fraunhofer number are analyzed, and comparisons are made between the results of opaque and transparent particles.
Both the experimental and simulation outcomes show that this reconstruction procedure is a reliable one to acquire
an extended-depth-of-field hologram for both the continuum and the dispersed particle fields, and then to accurately

measure the objects.

Keywords: digital micro holography, reconstructed image, extend the depth of field, tilted carbon fiber
PACS: 42.30.Wb, 42.40.—, 42.40.Jv, 87.64.M— DOI: 10.7498/aps.64.114209
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