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Decoupling Method based on Refractive Index and Thickness of Multiple Interfering Cells
under Phase Imaging

Xinyun Wang

Jiangsu University Zhenjiang Jiangsu Zhenjiang 212013
Abstract: Refractive index and thickness are important data in the process of cell analysis, but due to the coupling effect of cell
refractive index and thickness in the phase map. The decoupling of cellular refractive index and thickness has become a hot spot in the
study of optical phase imaging. Chemical agents are generally used to isolate nuclei to decouple refractive indexes, but this process
affects the internal composition and activity of the cells. In this paper, based on the ideal cell model and the lossless three-dimensional
phase imaging information, the multi-interference phase shift equation is established to obtain a mathematical solution for the
decoupling of refractive index and thickness of the ideal cell model. Three cell models are established using the MATLAB numerical
simulation platform to verify the feasibility of decoupling cell refractive index and thickness.
Keywords: Phase imaging decoupling; Cells; Refractive index; Thickness
1 55 MYBENA IR O EAE 5 RS T (B NE AT I R R N et 3y
HESRORUB Y r =40 O R {EnlsiE 7Y SRUBGERFIS fESSRIRTRE! 1) SRR BIEBEC r 1E5RIA
T EIER T Rias] B2 fv EEERKIBr ZENGE EIEMIEEE R WEIET QLT HBREER| FikxE
T IS I T IER (S IR BN T BEmRL 2 T 5515 SRR R s ASR IR ot BN 5 EE R

) fHIMAL L BB TN SR R A 2 2 SRTFHMERBE

B EEEARIBEGEE! Mk ABE OBy 2.1 sl e

18 CT 5MEFISRURMY > S MEnA L L BBSRIATRE i S FREE CCD 78 ¥ AERHE] Wty Bkftn 18
BUET % URBRESTIR] EUERIBE AR

I spigshR7FISIMA 5 ERERSKIR r = ENf BEREnAREd I OPL. =

1

Iy
[, (k-4 (D)
0
SEIRIE G {187 (n -, jh,- +n,D
it IESRIBR =18 S EAERE N EE AT PIER
BOBKED B Sk BEE REm ) 15 =
RN O <fRER O B BRSO (Uit (S iE ik e B - . A
SIS 20 SR RIG AL R ) 13 .18 n,,(x)T REREBEER T Ba
RENEST 525 RIE R <R 8 cnARERE e BB "
1 SRIBMSER ST 2 EHE] @az D " ourpgel w02 T B
Bl 514> RUIE S SRR EES 77 3 AR EN (3 B it

(13
)
%

]

205



-3) lg_m_vcrsch_

Scientific Publishing

ERESZE: 2022 £ 4% 7 HA
ISSN: 2705-0939(Print); 2705-0475 (Online)

rIwEe Y EREREEN D ¢, 8
O = 277[ (n;z -n, Jht 82288

WomEHEY@IT> BUNOMBREWND @, &

Py = 277[(”;,1_ (nm + 5n)jhi B2 38R

DR T R EN R ERE

ho = i((ol,i _(/72,1')
' 2r on
_ i D, BED 4R
2z ( - ]
nc,i - nm
- ono, .
n, = 4L +n, B%) SRR
L 2%

TR IR 2 Cardenas 18 ¥ 2013 FER B HIZE
hidll

2.2 GHERVE)E Y %I

HIBERE N > kA

2

7 =7ﬂ(n"" (x’y )_”m,l(va’))h(X,y) B2 603
2

®, = 77[(’10,2()6, y)—nm)2 (x,y))h(x’y) 50 71

n

e i g iy BT R b S
B R A S B AT Ty

=n

c m m,l - nm,Z ﬂ

An,=n,, —n,, - An

LIt BN RS EEy REE

An, —An,
n,=n,, +———= E52 8H%
’ ’ ¢
2
?

RIS Boss tEm 4 2013 f8 6 EH1ZE1Z1Fy FnAS
#In
3 a3 i 4R BRI ST R AEAR

206

#he FEEITETN ¢ RERMIZ(Ty B FIEZ
KRIBENRIEET DR T
YRERTHINGET R I8
2

A(DZT(VZC—I’Zm)h E&lﬂ%‘-ﬁ
# e RE matlab @ AN~ IR B pA B T8 E R i

Ag(x, y)1

v RO WET @R U uE b ey IR 244
T BE

85, )= 250 (5. (5. (5=, + 8,5 )

B30
IS ERLA BN EERE
n,=n, +ALC}b EE3.305
27h,

By #e WIREEETOR A, HoAy BHRE™

o £ {5t BE )

32 RTIERIB M (BT B SR R

B | R R BRI B SRIB I EN (5 B FED #he 38 T1E
4 MATLAB EAN RBARS | | 185wk itn RERG 1
RIBEE] SRIBEEAT 0N 2umBFH WACISELSE
DIEMERT A= 632nm] REECIHIAMHIE] MALME#e
s 8] —#49 24dB HIBLEBALMY

51 RERIEERIEEZT



IGRE SRR 2022 &£ 4 %5 7 H5
ISSN: 2705-0939(Print); 2705-0475 (Online)

3 Universe

Scientific Publishing

BE HORAUBRETOR A H1E 27

B2 BEQE
BB B RIAMEN R R BRI
ZRIBH® < His Rt 2R RRIAR® T ERIBLENA
1 RERIBT 1B MATLAB BN SRIBEUARBIA 1

2
SRIBRZFESRIBMRMONET 4umB I 0 BHgkeq 1

2/

i
—
gy

83 RIERKIRMEF

BE HORAUBRETOR h HE 41

28
- ]
B e
v ¥oE
2105 29
L
L]
¥ |
n
e 1l 200 W 50 [Cps xi) A0

B4 EEDE

B 3 HXRS I BRI SR IR M B (2 BE 1B 1EY MATLAB
BIAN IRFEUAR I Mk IS8 5 SR UBES 1t 38 2SR U T SRUB(EH
EAT OB S0um, I8 SACNE S ik 100pum T~ 50pumE

Fo 21keq 1

- 4 i . e ) 8
0 (X,2) =5 4

b S >0
J 4 -4/
“'k 8 8 s

85 REHEIRIAES thid 515k IA

o(v.z)

e HORAUBETOSR h H1E 47

5

*10
%10 2
3
15
2
1 1
0 | 05
)
0
2
600 05
400 L
400 1
200 o
00

o 100 200 300 400 500 GO0

56 REFODR

4 #ig
IBENEIEE L O 8 MR 102 o 18 S SRIBNS (TR BN 5 EE T

DL MBI EEHEIEE MATLAB BIAN ShEGAR S
BESRUBRSATIZF A S A

207



Scientific Publishing

-‘\) Universe

ERESZE: 2022 £ 4% 7 HA
ISSN: 2705-0939(Print); 2705-0475 (Online)

Sk

[1] B ReEE! BEssEERERY
BRIERIWR(D], EBMI1E2020,2.

(2] FzHgmE. (2)EEIRIE(EMRIT (B 2 B)[(M].u\
(HE T 22%5,2008.

[3] NIEMINEN T, PILE D, HECKENBERG N, et al.
Multiple-scattering modelling of scatteringby biological
cells[C].7th Conf ELSNP: Theory measurement and
Applications. University ofBremen: 259-262.

[4] 1ZrR RAENE 1. | MED Mo R SERRIAT
BENSTHEREHBMEA 1,20190966220.2[P].2019-1
0-12.

[5] {RESHE i 88 IEIRSRIA r 4850 B it
W TAR AR & 05 LN BEfHIE (D] [ MI1E,2019,
2,25.55-77

[6] Polliack A, Fu S M, Douglas S D, et al. Scanning
electron lymphocyte-sheep
erythrocyte rosettes.[J]. Journal of Experimental Medicine,
1974,140(1):146-158.

[7] Henderson E, Haydon P G, Sakaguchi D S. Actin
Filament Dynamics in LivingGlial Cells Imaged by Atomic

microscopy of  human

208

Force Microscopy[J]. Science, 1992, 257(5078):1944-1946.

[8] ROHERERM > RIS BRE Bl ek
ENfRIEE U@ IR AR (D] MR EMI{EE. 2020,6.2-8.

[9] Pietro Ferraro.,et al.Perspectives on liquid biopsy
for label-free detection of “circulating tumor cells” through
intelligent lab-on-chips[J]. VIEW.

[10] [fR] WE~ R0 RIR EFEMBREM > B
[M]. SR SEENIE T 2248, 2017.11.

[11] Mingwei Tang, et al. Far-Field Superresolution
Imaging via Spatial Frequency Modulation [J]. laser &
photonics Reviews,DOI: 10.1002 / Ipor. 201900011

[12] Rioux-Pellerin,E;Belanger, E
P.Measuring Absolute Cell

and Marquet,
Volume Using Digital
Holographic Microscopy [C]. Photonics North Conference ,
MAY 26-28, 2020.

x Rl o

| sl 2001 78 6 MBS SBERMKg B
g MIEIEE R S ERE@EL |1

{ERR¥EENE

IRt ZZNE RN (8 20 B (EEIEGE I AR HE PR LC 45
EEEEEnFIE20A2357



	相位成像下的多次干涉细胞折射率与厚度解耦
	王馨云 
	江苏大学 江苏 镇江 212013
	摘  要：折射率和厚度是细胞分析过程中的重要数据，但由于细胞折射率和厚度在相位图中存在耦合效应，细胞
	关键词：相位成像解耦；细胞；折射率；厚度
	1 前言
	2 多次干涉测量解耦法


	2.1灌注介质法
	2.2双波长数字全息法
	3 典型血细胞折射率解耦

	3.1类球模型近似法
	3.2 三种典型血细胞的多次干涉测量解耦
	4 结论
	参考文献：



