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Abstract The phase measurement methods for label-free cells, as non-invasive methods, are applied to realizing the
quantitative reconstruction for spatial morphologies of static and dynamic biological samples. It can provide
implementable conditions for visualizing complex biophysical information in the process of cell dynamic detection.
The novel phase detection technologies for dynamic cells are mainly described, such as the synchronous phase shift
methods, the digital holographic methods, and the methods for focused fluid. The traditional phase detection
technologies for static cells are reviewed briefly. Then the key parameters of these technologies are compared, such
as sampling rate, imaging resolution, and detection accuracy. Furthermore, we illustrate their application fields
considering their various biological information detections. Finally, the basic principles, technical characteristics and
recent developments for various phase retrieval technologies are analyzed and summarized.
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Fig. 1 Experimental setup of simultaneous phase shift shear interference
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(b) multi-wavelength lens-free video microscopy

workstation using holographic optical stretching and quantitative phase imaging of RBCs"
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[48] .,

; (¢) schematic of the combined DHM and HOT
[50]
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Table 1 Phase measurement methods for dynamic biological cells
Phase Digital . o Status of sample
Technology Year Sample . . Characteristic o
shift holographic andapplication
Polarizing coupled Acetate sheet;
. g P 2015 N/ Dynamic
interferometers red cells
Spatial light interference )
) 2017 Neuronal cells N 3D dynamic
microscopy
Simultaneous phase-shift Resolution: )
) ) 2015 N/ Dynamic
interference microscopy 0.4868 pm
Imaging speed:
Quantitative phase )
: 1000/13 min'; .
cytometryline-focused 2017 Hela cells N . Dynamic
) o classification
beam illumination
accuracy: 96.5%
Holographic Human . )
) ) 2017 N/ Duration: 2 d Dynamic
imaging cytometry osteosarcoma cells
Low-coherence o
o Melanoma cells; Classification )
off-axis interference 2017 J 3D dynamic
) normal cells accuracy: 81%-99%
phase microscopy
Digital holographic . .
] 2017 Hela cells N/ Duration: 2-3 d 4D dynamic
microscopy
Michelson interference- Imaging speed: )
) . Dynamic; cell
based self-interference 2017 Pancreatic N 1000/15 h™'; )
) ) culture quality
phase microscopy duration: 1.5 h
Digital holographic Jimt-1 cells; Dynamic; cell
g . grap 2017 N/ Duration: 36 h . )
microscopy SK-MEL-5cells proliferation assays
Optical diffraction Dynamic; diagnosis for
2017 Sh-SY5Y cells NG . fq
tomography parkinson's disease
o ) Osteoblasts and bone
Digital holographic .
. cells, paramecia, . .
microscopy apparatus 2012 N/ Duration: 8 h Dynamic
) S red cells,
with pre-magnification )
cervical cancer cells
- Imaging speed:
Laser scanning . .
1999 Cells J several hundreds of Dynamic
cytometer
cells per second
) L Dynamic; diagnosis
Parallel microfluidic . ) . )
2011 Cells N/ for protein-misfolding
flow cytometer )
diseases
Microfabricated multiple Red blood cells., . Dynamic; cells
field of view imagi 2012 loid J Imaging speed: hology and
ield of view imaging acute myeloi morphology an
‘ 2000-20000 s~ :
flow cytometer leukemia cells characterized
Imaging speed: Dynamic; earl
o White blood gme o ! . !
Serial time encoded 100000 s~ ' detection and
o ] 2012 t-cells; colon N . . .
amplified microscopy classification diagnosis for
cancer cells )
accuracy: 95.5% blood diseases
Imaging speed: . .
o Dynamic; therapeutic
Optofluidic time 100000 s~ '3 o
2017 Blood cells N monitoring for

stretch microscopy

classification

accuracy: 96.6%

thrombotic
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Technology Year Sample

Phase Digital

. o Status of sample
Characteristic

holographic andapplication

Machine-learning optofluidic

1

Imaging speed: 10000 s

time-stretch quantitative 2017 Microalgae cells o Dynamic
) classification accuracy: 97 %
phase microscopy
Common-path without
micro-objective 2015 Blood cells Resolution: <4 pm Dynamic
phase microscopy
) Mesenchymal, ) .
Multiwavelength lens-free . Duration: Dynamic;
) ) 2017 endothelial, N/
video microscopy ) _ several days dense cells
epithelial cells
. . Dynamic; early detection
Digital holographic . .
] 2017 Red cells N/ and diagnosis for blood
microscopy )
diseases
SRy I A SRR 3 s B R 22 Y 6k L Bhaduri (AR 57 45 2R AT 7R
SEDU PR E R T AR BUM A . R TR AT R 1]

SR B T P I RE T SRR 1) — D 5 1 B O 5 56 T
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IR ZAH
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Fo X D) 2R ) — B

d ) d 0 "y d "
dx dx dx
cosLop(x,y) +hx]+7v(x,y) X
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Xof a7 AR 1 T 5 5 R SR — B O < R A
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A o A 2

o(xsy) =arctan[1(;)}—kxo (5

5 1% L A% 8 Ao L A $5 R A J A R AR O3 2
15 A Ak P PR, LR A T 2 R ARGl R AR 25, T
FH T s S R Al B DU, VI R 2 A AR A
BAT 2013 4F 42t — Fbofr B9 0% 5L 43 A 0 R 2B
TR O R AR I T U TRURE 50 2 v 3 i D A T R Y
s A B W 1 =ycos[ o (x,y) +ha |, 88
Jo X FL T SRR ) — B TV R e S T, 15 )

(p(x’y):{arctan{ [ 1o . I(O):| }*
I:I(l):IZ 1/2

b (I« I 201}0 (6)

ALK S T5 vk R P Bk T T AR sh A
FEIFFE

TEAR LR B T5 35 v o di Bk i 1 315 2 s 1]
15 v s 5 1% 200 UK A 0 80 G B 240 i DAL T R
S B A B R A R S PR T 0 28 DX AR 37 A B
TR ], R 7 2 A A N R 2 B Alanazi %50 F
2017 AF4 th — i G 35 M 09 A0 7 1K 52 7R e R
OREIITE o T SR G A AR AL B R A A G
5 B AR O WA AL AR DA R v L DGR
B0 T R R BRAR T A BREESK , 4 TR M L, A7 1)
T BN M O AR o B R A B . 2R IR A A
240 TR S BRI S 07 1 B9 2 IR R s 98 0 A b
2 XFH T A AP LKA 7 i A

3 AL GRS A W A0 AH L A I e AR

3.1 EBESEWAEmEATEME

3.1.1 # 5P & T e B aomh
e 8 0 i AR 00 ik B AR T B AT i S R MR
PEAT R B A ALAGIN L H O 7 i O 2R T A R US4
A I B D5 vk, LA T 9 B O B AR A I T ik
AR I ' A (8] AT S i 2 [ Al 9 A A6 8
JEAGR R A B T AR AL B RORUR . TRl T R 4
YL S e e M R ) fe B8 05 1) LR AR T R T

x [IV « 1% < 0] arctan{{—

0207009-8



th i

i ot

# 2 ARBLYR S 5 vk B A

Table 2 Characteristics of phase retrieval methods

Technology Phase shift steps One shot Status of sample

Coaxial interference phase shift =3 X Static

Phase extraction in wavelength tuning interferometry =3 X Static

Off-axis interference phase shift 2 N Static

Fourier transform 1 N Static

Hilbert transform 1 N/ Static

Gram-Schmidt orthonormalization and improved
2 N Dynamic
Gram-Schmidt orthonormalization

Interference fringe differentiation 1 N Dynamic
New image segmentation =1 N/ Dynamic

Ivi) il 0 1) % 0 A 00 400 o AR A7 S Bl R KR 4
S R TV B SO B ARy % T S R b 1 R i £ B
FAR A5 BB A1 43 HE R B IR A0 OK B G, SRR R T
IR RFRD BT L, O L A B R © S B 40 i 1) 4 3
=Y
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X L U8 I 25 1 B8 U 43 A 5 I ek A A 25
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Table 3 Characteristics of phase measurement methods for static biological cells
Steps of Digital 1 i
Technology Year Coaxial Off-axis eps OA et . Characteristic -magn.lg
phase shift holographic dimension
Fouri has S li ate:
0L.1r1er phase 2004 J . ampling r'q j oD
microscopy 4 frame*min
Lateral resolution:
Fast-Fourier phase diffraction limit;
. 2007 NG 4 . . 2D
microscopy vertical resolution: 2 nm
sampling rate==10 framees™'
) ) Resolution: the same as
Space light interference . .
. 2011 N 4 atomic force microscope; 2D
microsco
croseopy sampling rate==10 framess '
White light-Fourier
¢ g' Hre 2013 N 4 Sampling rate: 12.5 framess ' 2D
phase microscopy
Parallel two-st has
\ra ‘e w-o step phase J ) oD
shift microscopy
Full-field optical
ull-field optica 2010 J . 3D
tomography technology
Fresnel diffraction Vertical resolution:
_ , 2005 N/ N/ 2D
numerical representation sub-wavelength
Diffraction phas
F?Cl n phase 2006 J J 2D
microscopy
White light-diffracti
e e . Hiraction 2013 N N Sampling rate: ms 2D
phase microscopy
Nonfdiffract-ion 2006 J J Vertical résolution; 5 nm; 2D
reconstruction sampllng rate: ms
Digital holographic Lateral It
_ateral res ion:
microscopy based on 2011 N N Herat resotutio 2D
. . sub-cellular
Michelson interference
Off-axis interference
asynchronous 2007 N/ 2 N/ Sampling rate: ms 2D
digital holography
Dual ch 1
) uat e ar'mc 2009 N 2 N Sampling rate: ms 3D
interference microscopy
32 BEEYHRMECRE AFASE it 38 A 38 8 1 ] T A% 48 2 1 AR AL & L BE

2 A ) A0 MR 2 2 0 0% B A I ek e gt
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