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Abstract

Backscattering is very sensitive to structure and refraction index
variation of cell. Hence, if | can build a simulation tool to find
relationship between backscattering and structure and refraction index
variation of cell, and then, it would be potential to achieve non-invasive
epithelium cancer diagnosis.

In this thesis, | use finite difference time domain (FDTD) method to
build simulation tool, and use Gaussian pulsed for achieving simulation
light scattering over broad wavelength ranges. FDTD is a flexible and
powerful method to solve Maxwell’s equation. FDTD is suitable for
dielectric objects of arbitrary shape. By change the simulation parameter
of cell to observe backscattering, and investigate the relationship between
backscattering and structure and refraction index variation of cell.

To verify FDTD simulation result of uniform sphere by Mie theory,
and discuss the influence of special sampling on accuracy, elapsed time
and memory size. At last, | simulate several different nuclei, and observe
the influence of structure and refraction index variation of cell on
backscattering. The backscattering is certainly influenced by structure and
refraction index variation of cell.

Keyword : Finite Difference Time Domain, Backscattering, Cell

Structure, Refraction Index Variation, Mie theory.
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1-1 ~ 7 5 5

1 3F 5 dp Sk HTet sk F (Light scattering spectroscopy
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2-1 ~ The Yee Algorithm
Finite-Difference Time-Domain (FDTD ) &_Yee 7 1966 & 3% 1) &h
[10] 7 38 2 3 & LAefcn 4200 £ 4 % &AL (Eq2-1)» 1l &

Tt @

p(x) _ ylx+Ax)—y(x) (2-1)
ox Ax

+ Bt F¢ 253 (homogeneous) f % w e |+ (isotropic) #14

i > 2 Maxwell’s equation e 7 5% 40T
VxE=—u—o, VxH:gEr. (2-2)

2%y L HE i fic(permeability )0 £ 5 4 T ¥ #ic( permittivity ) o
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B 2-1 €41 * Yee algorithm #- Maxwell’s equation (Eq.2-3) %%
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=[10] :

(i, . k) = (i, jAy, kAz)
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U’ (i, j,k)=U (iAx, jAy, kAz, nAt)

F#* > 2 - Maxwell’s equation Zrdg it » H 2 % 40T

1R k)= 5 V) k)
{ Af J{E;@ﬁymy) Bl Yk /)}

(i,j+%,k) —E’ (1]+1k)+E (i,j.k)

(2-6a)



H(/(Z-FA]/C) /(l+éjk)

suli+ 1. j.k) (2-6b)
E:(i-l—l,j,k)—E:(i,j,k)
[t i ]

+9°

((/]+/k+/) (l+é]+/k+/)

t
5y(i+%,j+%,k+%)]x
>3
| Ej(i+%,j+1,k+%)—Ej(i+%,j,k+%)
k_—E;’(i+1,j+%,k+%)+Ej(i,j+%,k+%) j

(2-6c)
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At
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E;’“(i,j+%,k+%)=E;(i,j+%,k+%)
( At o
Seli, j+ 1 k+ 1))

H:%(i,j+%,k+1)—H§+%(i,j+%,k)
\_—H:+%(i+%,j+%,k+%)+H:%(i—%,j+%,k+%

(2-6e)

E"™(i, j,k)=E(i, }.k)

+{( A j[H;’%(H%,J‘,k)H;’%(i%,j,k)]}

Sei, j.k) )| - H" (i, oo %,k>+ H (i, i- Y. k)

(2-6f)
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2—2 ~ Total Field/Scattered Field Formulation

Y
A

sentored fiod |

region - Total field region

Scattering object PML backed by
perfect conductor

........................................ %
Z

B]2-3 Total field¥? Scattered fielde % 3 4 # o

Total field {#F] » BFE-Ae 47543 o-m Scattered field 32 (% H & e X
FATEE > B A 4ol 2-3 S5 o AR 2 A 4 = Total field region
#7 Scattered field region 7 f enE_#F F o B ikt PF iE fj}‘b;tia ~ b -2
oSS 3 ko U 1S B BT HAT S S R IR TR -

~ St 387 5084 35t Total field % & e R h4eT

E =F

total inc scattered

H =H +H

total inc scattered *

(2-1)

(2-8)
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2—-3 ~ Light Source

1

% #79% T @ ;& (Gaussian pulse plane wave ) A#f F ks § - B
BEAT G- BEALFF S S AR FEFGEY
B EREEFRE R R ARIT 0 F 0 FILERE B ETREET 6 L 1T

N Y REARSS TV ST ¥ E U

E, (1)=E,exp (j s ) (2-9)
w

He oo f n¢ it B BER o WERE 0 f R EARAR
g+ B (4 ifa‘i’ e B4 ) e SR 0 p e d G T
PSR S ot Wi R AR et K e [l ek 5g R ks 0 A B H B
AEF R FI A s de r Szl iseankih > HE NG A BREAT

IE 0B BB ETA F Y S T B AN

[
3
B
g
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=
gy
=
9
i

H
7\:5

4 Al s ded S 4R 18 F FIEQ2-10 0 Eq2-115 H I 1t chik & o

expl- j2af oty ~ 7w ([ + o}
—exp[]Z b, — W (f_fmax)z

(2-10)
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FENT gl o,
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FE, (0)f)

[FiE, (¢ )}(fmax)
expl= 2w (f + [ ) |+ expl= 22w (f = /. )
~ 2cos(4f,,. 1, expl- 22w (1 + £2.)]

1/2

(2-11)

B 2-4 2 » SR epFR Bl 0 B 2-5 5~ Bk S E Nk

—_\

—
—\
G
3\

WA TR E R R R (B9 f =C/A

max

C % % > 1=400nm~800nm s w=80*At » t,=4*w E,=1)

Light Source ! . . F.T. Light Source
! ‘ ' /I ‘ ' ‘ i Pul\se+5m‘u5md = ““ I ‘ ‘ o} E)\screte r‘esult
08f / \ — — Pulse 08 Continuous result
0B nef
04t 07r
02 06|
i o5t
02+ 04r
-04r 03f
06+ 0.2
-08F 01p
-1 : . . : . : . . : 0 . . = : - : -
o 100 200 300 400 500 BOO 700 800 900 1000 400 450 500 550 600 B50 700 750 800
Time Step Larmbda (nr)
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2—4 ~ PML Boundary Condition

Perfectly matched layer (PML ) #_Berenger % 1994 # 3% ) e1[12] >
- fAsjc@ g Hp i 5 /ﬂ"ff A S L -
o enz g "L 0 DRGLAE T T LR DG R i g 2
FSR G R & AFHRETILG  REAR U g NE AL AT
APERTEA T e TRFERERF € R T % AP hT B EHAx
RAZIE > B 50 ROE A SR ST S g AR & - Bt
PR e E S o] 44 o 123 4 i R PML 4
# B & PML «h¢t k& £_perfectly electric conductor (PEC) > #7F il i
PEC chT it » H T 530 g ¥+ % o

Berenger e 2 £ 8- BRAR TR B L S W ios 0 oS Exy .
E -E,~E -E ~E ~HH -H,-H_-H_-H34

Lo B T EEEE TR A (S d T

* o\E.+E,) oH,6 . o\E.+E.)
ﬂ Xz +0 H — V: X , lLl—xy + 0 H = — i 4 R
t T Oz Ot S oy
any * a(EZX + Ezy ) aI{yz * a(l;ny + Exz )
H O = , MU +0 =— ;
ot o ox ot - 0z
GO oy oE, + Exz), LA oE. +E,)
t y zy ay t X zx 8)(,'
(2-12a~f)
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LB, =a(sz+Hzx)’ JOE. o =_8(ny+Hyz),
at y Ty ay al‘ 27 xz Oz
OE,. o\H,+H.) 0E, oH, +H,)
& - +GZE)’Z = . 2 & - +0xny - - 9
t 1074 ot ox
g%+aE :a(ny+HyZ), eaEzy+JE :_O(sz+ny)
t o Ox Ot o Oy
(2-12g~1)

He E chydfhy v x e x vl oo
AR R HRBEET o 02 o el (4o Eq.2-13 FF > F 1%

#c (reflection coefficient [ I )) ®38F » 5 K 5458 2 [12] -
f

— = (2-13)

*

WY ROoB O T E A A FIER TR e B

F_*

44 Bq.2-14 > B 2-6 5 27 A B -

G(p):aog% (2-14)
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Scattered
field PML PEC

B 2-6 2 PML p 0£ peinhf (2§ »

HY > p LA TREY PML 4 & ) PML P e05EEE > O 4ok 5
e ey 5 FDTD 7 P8 o] » g WL b alice &7 F 2 BT e

F 5435 % (reflection error) R(@)Léi’ O, R (4o [11] -

R(0)= exp{_ 2775r0'05(gL - 1)cos 0

| s
Ing

‘.\m\ \
=
-
QD
47
ﬂ
m
=
b
\LA
?“
A=
il
>
G
(ﬂ}
Q
"
ia}
A
o
=

__ In[R(O)ng
olp 2ne olg” —l)g

(2-16)
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Hoe ’L\g.ﬁ?R(O)Qii&;%;ﬁ;oﬂ@r Eq2-13 7 M@ 5 o -
# EqQ2-147 o (o )EBR3 %3 M a3 k> bhoBo

& PML &4 * 4o @) 2-7 P57

5 * 5
0x:0x,0y,0,,0,,0;

Z , \
l6,0,,0,0,0..0;]

A ) )

* 0.0.0,.00.0..07)
,,,,,,
(0, 0,0,.0,,0, 0)
x’o-:»o'y»o';>0>0)
> Y
X
%]2771}‘5’%ra~m0"'}’ PMLmAa\'#EI

¥ G T FF 08 o % Maxwell’s equation 144 i 38 A g i

Yoo

[nzaz(k+A)AtJ

1—exp _
ﬂ(iJ + %k) E! (i,j + %,k + %)— E" (i,j + %,k - %)
ryzaz(k+%)5 _+E;’x(i,j+%,k+%)—E;x(i,j+%,k—%) ’

(2-17a)
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Yoo I )

- 7720'y(j + %)At
I —exp
) wlij + 15 k) { EL (i) +1,k>—E:x<z;j,k>}

Uzay(j+%)5 +E" (ij + Lk)-E! (ijk )|’

(2-1Tb)

+ <

V
»

Ezrlx(l+13]9k)_Ezrlx(l’-]7k)
ME

P+ jk)-E" (i, 7.k)

(2-17Tc)

Hjj%(wyz,j,k):ex{Z(Z(k%té)fr}%%(ﬂ%,j,k)

. 5 {—77 o (k+/)At]
#(H% J k) Efy(i+%,j,k+y2)+E;’y(i+y2,j,k— 12)
n Uz(kerz)g _+Efz(i+%,j,k+%)+E§Z(i+}é,j»k—%) ’

(2-17d)
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H;+%(i+%,j+%,k+%)

(2-17e)

—nza),(j+%)At

1—exp{lu(i+%’j+%,k+%ﬂ

X

nio, i+ 1, P

>]

+%,j,k+%)
_+Ejz(i+%,j+1,k+%)—E:z(i+%,j,k+%

)- 52 (

+%,j+1,k+%

e

_n'o (j+y)At vy .

H:X+%(i+%,j+%,k+%)

_7720'x(i+%)At A | . 1
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=
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Al
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. L
— e .
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— nW.,MEu,
~
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= ALP 2y
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A +
sy + Fei) + o
Gx ], + k., -
o] 2/.Il\ 24
< |~ Gx yl
b+ |w + L
~—~ | < ~ -
SE _
-~ +
o, +/.Il\
= 2
_ 3
— . +
L |

/)}< ke )

- | +
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2-5 ~ Near-to-Far-Field Transform
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He ok =ksinfOcosg - k, =ksinOsing - k. =kcost -

~ ~

k=2n/i=ofc T, =(7,7,.7 ) i1, = (i1, 01 1) - 5502

x?d
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3-1 » Comparisons with Mie Theory
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3-2 » BroadBand Result
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3-3 ~ Analysis of different grid spacing
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