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Experimental Study on the Quantitative Phase-Contrast Imaging of
Zhao Jie

the Biological Samples by Digital Holographic Microscopy

Wang Dayong Li Yan Wang Yunxin Zhang Yizhuo
(College of Applied Sciences, Beijing University of Technology, Beijing 100124, China)
phase-contrast images of the biological samples.

Abstract A setup of the lensless Fourier transform digital holography is built to get the quantitative high-fidelity

1

reconstruction is directly applying only once fast Fourier transform to the intensity distribution of the hologram.

The basic advantage of such system is that the numerical
However, the aberration appears in the phase image obtained by this kind of reconstruction algorithm and degrades

=

the quality of the phase image seriously. Then, two-step subtraction method is applied to correct the phase

aberration. In the experiments, at first two biological sample-plates for teaching are used as the objects, which are
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the mouse of the skeeter and the epidermal cells of the onion respectively. Then the living free-of-marker cervical

carvinoma cells are presented as the object. Not only the clear morphologies of the static biological samples, but also

the dynamic variations of the living cells are observed. The experimental results verify the validity of the digital

holographic microscopy for the quantitative phase-contrast imaging of the biological samples.
correction; two-step subtraction method
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Fig. 1 Schematic of the recording configuration for the lensless Fourier transform holography
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Fig. 2 Schematic of experimental configuration for
lensless Fourier transform digital holography

3.1 EYHSRBERRREK

T 56 T AR W 28 1 A W R AR S BUR
K0S N 12. 1 em, CCD it 58 £ B K., 4
BB & 8 R IE 7B, K/NH 2672 pixel X
2672 pixel, WK 3(a) frs . ARG - EIH AL HE4T
BRI, 4 BT e 4 — PR o A L v A 46 £ )
f14 4= W0 375 4% s B0 45 an 18] 3 () i o TR BAR 1% &
KNG 2B EBRERERNZHFIEARKER A" =
M/ (MAx) s Ay = ad/(NAy) (Ax Fl Ay 2 CCD By
BER/ANMFIN H4 BB SRRSO . hitn] 13



114 BN BT AR R ROR T T A AR AR R AR B SRR BT Y 2909

HIBHBR KRN 2. 67 pm, XA ZAE L H
TREC 2 9 AU RO bR L [ e /Y, AR 5E 4
2 WA DR R 5 bt T A B R A 4R . U
A B ARG B 3Co) , HouF R ) £ 288 FE A 43 A
UntEl 3Cd) AT 48 37 B i B TR PR 4% 80 X
(O A R AL T 4 7R 5256 O 2
YA 1 B N R 42 8L P L A L 3 IR R AR UL

(@)

B3 KO RRECEMER SR E R .

QN L B, B AR AL AR A 18] 3 Ce) ~ (h) Bizs . AR
F 1 A AR 2 AR 9 L T 3 (D i R 25 1 3 (ho
(18 P A7 75 381 450 288 1) 4 7 TR n 1] 3 () T 10
e/ T A B L I A A5 B A 4 B 1 A A PR A
WE 3O PR, 0] 0L, 15 3] T 3 A % A W AE 1 55 I
SRR ACEC NS S = S S g R U

W AR A S 0 24 pm FEA

500 um

() ~ (D) Py A7 1 I 1Y 4 5 L 4 0 37 4 R 75 BAR L U BR 1R L B B AR L R (o) ~

L7k e N RS SN N VR 77E I TR SR C NS AN IR I VALINC SN LR 2 B 7PN L R SRR (R EVALINE
G ff 0 2 1) B2 W 722 4 A 37 T 1R

Fig. 3 Experimental results of the mouse of the skeeter sample-plate. (a) ~ (d) with the existence of the object, the

hologram, the reconstructed amplitude image of the whole field, the real image and the wrapped phase image, (e)~

(h) with the absence of the object, the hologram, the reconstructed amplitude image of the whole field, the real

image and the wrapped phase image, (i) the wrapped phase image after using the two-step subtraction method,

(j) the unwrapped free-of-aberration phase image
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Fig. 4 Experimental results of the epidermal cells of the

. (@PRMR

onion sample-plate. (a) the reconstructed
amplitude image, (b) the reconstructed free-of-

aberration phase image
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Fig. 5 Schematic of the fabrication for the sample-plate

of the static living cells
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Fig. 6 Comparison for the morphologies of the static
living cervical carcinoma cells. (a) phase
distribution obtained by the digital holographic
microscopy, (b) morphologies of the cells

traditional

obtained by the phase-contrast

microscope
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Fig. 7 Schematic of the fabrication for sample-plate to

observe the morphology variations of the cells
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Fig. 8 Dynamic morphology variations of the living cervical carcinoma cells. (a) 0, (b) 2 min, (¢) 7 min,

(d) 16 min, (e) 60 min
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