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A technique of quantitative imaging for phase object based on
in-line interfermetry

WU Shuzhe, TANG Jia, XIONG Liang, HUANG Zuohua
( Laboratory of Quantum Engineering and Quantum Materials, School of Physics and Tele-communication Engineering, South Chi-

na Normal University, Guangzhou 510006, China)

Abstract: In order to implement rapid quantitative phase measurement and imaging for transparent biological tissues, phase
grating and other phase objects, based on the principle of in-line interferometry and phase contrast interferometry, an
experimental system for fast quantitative measurement and imaging of phase objects was established. The principle of quantitative
imaging was analyzed and the corresponding phase extraction and recovery procedures were designed. By shooting one or two
phase contrast interferograms, the quantitative phase imagings for phase grating, water microdroplet and other phase objects with
small phase variation were realized by the proposed method. A corresponding partition differential phase unwrapping algorithm
was designed and the quantitative phase measurement and imaging of micro lens with phase value over m was achieved. The
results show that the relationship between phase distribution of the obtained holographic phase grating measured by the system and
phase amplitude variation of weak ultrasonic standing wave grating under different ultrasonic driving voltages is basically
consistent with the results obtained from other methods. The experimental measurement of micro lens is compared with the
theoretical value, and the absolute error is about 0. 03pm. This system has certain feasibility, adaptability and potential
applications on fast measurement and imaging of transparent phase objects such as biological cells and tissues.

Key words: imaging systems; quantitative phase imaging; interference; phase objects; one or two phase contrast images

MIBFTE R Z — o B E

il

ML AT AT g

LA D2 R BORTEROIN Ll & AR
PR 3T A U, JU R AR ) R A UG 2 T
RN M 7 I A R R A R A R AR
( quantitative phase imaging, QPI) & 24 /i 4= ¥ 6% A%

FEGIUH T M RA RIS L It By 5 H (2014J4100130)

YEH I R EFH (1991-) , 5, W5 A, EENFAM
57 W 1A AR 54 R A5 A

M IREE R N, E-mail : zuohuah@ scnu. edu. cn

Wik H #:2016-01-04 ; i B & i H #:2016-03- 14

P i 20 R ) E SO AR RS £ 15, 38 o 1 9 S B A
MRR o XA PR B AT f 5k B A% Y R ) |
WS LA —E R BRYE . 4237 B AR AL R B R]
EILRE7 P o Sl N W B 1 2 4 = SN ST B e e
Y) ZRGU IS TR RS 8147 08 o He e g A (071 15 b
AT A B RAR T B RO IO AR
FIRTSHHIOL AR | AT DA 0 T 5 [l v 37
AL R LA AL P BB N i 5 L, T R S B 1A
1818 e Hegh 2 A I i, (ER LS 0 AR S ANAH A
WA R BN Ao ANt T HER B a4



276 o

S S

2017 4£ 3 J

AREFEIHIA CCD 23 6] 73 HE A o [ Al 2 A 37 18
1RBA RS 78 43 R CCD 175 ] 3 936, bk
LI AR A AR | B A . AR A R il
HF W BHA T, XKW HEARZHE T
TR, — e B LRI 3 5 AR D B
SEBLSEI I i . GAO % AP0 R T R AR T
WRORARSR T ABER] I R EEARL T B B I, (H 2
IR BRI R T3 MR LA S A5 225 SR e
SR FUAELA REREA TRE A ARG EE A

RSO TF I 2 L T — B R R
E A LRI 5 BRI R G M Ttk ARG
i A1 L0 I A S T3 RS, RIDAT S B0 /AR A7
AP AR E USSR SER PSR 2 B A0
M K 0 T RAR SR A A AR L 50 P AN [ P
R 2l R 5 30 P M P AR A AR 1 S 3R Bl R
AR o D dh REAR (LI IR, B XA 26 2 R A
ARSI A, it TR B BE K A2 A A
(EEDR I am 1900 DX 22 23 RH L A L B 305, I3l i X AR
25 5 P 70 30 A RS 0 A Bk 2 e B 2R Rk | L A
Peo ARG S EAEE W LY AN S E
I RGP A ) S B FH 3R

1 HWF I EERMAGIERE

B PTG E A T — Sl AR A A -, H
SRR AR AT R
fx,y) = A (1)
X, A NAGERIIRER, o (2, ) PR BIAR AL A o
i ZBEFTO0E R G A IRALAR I 2, L405 AH +
T EEL 22 RGO EHR A 1T FR A
I(x,y) = A1 +2A4°{1 - cosp(x,y) —
teosg, + teos[ @y — @(x,y) ]| (2)
K, 0 5 g 530 R AR T bR A ) I 1 375 ok 238 A
Bat, (2)XWarefh .
I(x,y) = A*{1 + B = 2Bcos[ p(x,y) - B]} (3)

. tsing,
B=/1+¢ -2 = arct
=, cos@, ,3 = arctan Po—

PR TWARLARIE B 27 A BURAAL, HOR/ MU R
AR SR ¢ M@y Ak LAl W, ARG 1,y )
SARBEIRRIRIOL @ () BOSURTZ R R o

w1 (3) AT, ARG 3 o3 A 52 5 2 Y AAH
T T4

A AFEEIANN, ELAR A TR il LR il A 5 1)
PR B DX Ead i ey , et AR T SO B R 2R
N

o HH,B

I, = A°F (4)

AR 1Coe,y) AT, AT 3H545 B0 BIAE & 0 AR A7 3=
(ERAZITVSE
(1+B )éOB;OI(x,y)t ] 8 (5)

1 (5) AT ARE—Hf 2 0 ~ ar Y[ N A AL (E,
I, MR P AR AR LS AN, BEHARAL 43 A5 2846
FITE 7 A, o (x,y) 1B RE B4 S B ) AR 1) LS AR
BiorAii o B TARZ 3 WA V) 240 B 55 L 40 b R AR 67 A8
PG INT R FR AR SR OC AR, 3 3 1145 P i A
KRR REGSAT 20 B AH LW AR A AL 23 A . B4l
AABL AR AR A ER 23 H o 4 i R AR /N — 3 43
I, PDRERH A B P R 25 PR LA AP ) XS A 50
DI, W TG 2 1o PRI H 2R 4R B AH Ao I gl mT SR
SR AR AR , A5 R 35 Fsf W 000 A 0 4 i s ] R ) A K |
B AALAE A 3 A

2 ZRRERSH

2.1 RWRE

T ek b AR LI 5 Ty ik R T AT I S T
KRR S B DGR R SR AR oL a8
(PN 635nm, Jp= Ny SmW) 5 fiidi i P T 75 52
B AR OCaR BE , i CCD I FER I # TAF7EIE
LRMEROCIE B A 5 WOCHE AL AT ET LU iy A
HiBH L (FREY 180mm) J5 T i F- TG AR IR i 5
A ASSE IR (ELAR AT LA 3mm ~22mm) HFHE 6
Gy RNLA S BRAHR 73 2 BOC 40 e R B B L, (f&
B2 180mm ) 14 Jim A5 T b R AT dh (14 43 5 2% 1f0 L
JBCE RE RS Z 2 o3 i EAT ARl AR AR o 2 A AR
e B RS AR B, JH 2R FH O 5 8 0 5 41

o(x,y) = arccos[

CCD

phase plate

aperture stop %

. i beam
semlclssnedructor p {expander
mirror

Fig. 1 Experimental setup
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Fig.2 Quantitative phase imaging of holographic phase grating
a—image of phase contrast b—3-D image of reconstructed phase distribu-
tion c—profile of the reconstructed phase distribution by the proposed
method d—phase distribution obtained by interference scanning quantita-

tive phase imaging technique
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Fig.3 Relation between the average value of phase amplitude of standing

ultrasonic grating and ultrasonic driving voltage
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Fig.4 Quantitative phase imaging of corn root tip cells (10 )
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Fig. 6 Imaging results of microlens array

a—phase contrast image of microlens array ( the triangle on the bottom is a

symbol of the lens) b—3-D reconstructed phase distribution of microlen
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