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The investigation of mechanical properties of cultured cancer cells by using optical

method
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Research Title : The investigation of mechanical properties of cultured cancer cells
by using optical method

Researcher : Asst. Prof. Dr. Prathan Buranasiri

Department of Applied Physics, Faculty of Science,

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

In this research, the phase images of the colorectal cancer cells are calculated
and constructed from the digital holography technique, which record the intensity
and phase information of the image, and the mathematical method called Transport
of Intensity Equation (TIE), which uses Fourier transform and the boundary condition.
The traditional TIE in vary range of defocus is used to optimize the over- and under
focus distance in order to retrieve precisely phase images of the cells. The 2 and 3
micrometer of defocus distances show the good phase image while the others result
in poor condition. The modify TIE with 4 and 6 images of defocus is applied and they
present the improvement of the phase comparing with the traditional one. The
results of modify TIE show the precisely shape of the cells and also the clearly plane

separation of the cells.

Keywords: phase image, digital holography, transport of intensity equation
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2.3.3 fYnaalalannsy
o/ -y & 1] 1 « CJ L = v »” a
nannisaginioudulslaunsuunazaranulaefiisnastudinlneldndasnduninunin
uwruskuidsFasunifdnealalaunsy

2.3.4 nanmsainanmlalaunsulaeds Angular spectrum

Huasnsildnisfuramiendinmansidne s Ure UM IEITee TELAUATSUN ST A
savsssldlunsadreamiulmilufinealelaunsy 3nsiiasld Fourier transform way inverse
Fourier transformation \iiea1shamealalaunsuituiesfuis Huygens convolution usveiidef
AoEnitAesrasnvaIn1sai iy 38013 Angular  Spectrum  anansaadisawiulvale
sgagniteslussavmaiiingeglnd iWleifioufu3snisues Huygens convolution

auudinfissunuz = 0 ﬁaw"'izmui’mq (&,1) Uavszuruvesauringhe OE,n) wasld
Fourier transform wuu 2 §if a1

O'(fe: £,30) = F{O(,1,00} (2.3)

= [ Jog,n0yexpl-j2n(f £ + fypldzdn  (2.9)

—00—e0)

wazasailen inverse Fourier transform ¥es angular spectrum (691

O'(f;,.£,3:0) = F{O'(f,, £,,00} (2.5)
- T To'(fé,f,l,O) exp[—2n(fE+f,mIdf,df,  (26)

loedl f,uaz £, Wudmusenauvesmuiilanud (spatial frequency) Tnsfinsanidussunuiiedy

v oa N ' da & A8
uws lushefiruuulaled (cosines) duusznavvesmuidsiuimiune

a=Af,B=y=J1-Gf,) - () 2.7



Weou (2.6) ndu
0,20 - I O nO)expl-izn(2t + Emideen 28)

U A - ;3
yaRnnunsUseerne z Weu 2.8) Tedy

o Ly =] O nOexpl- 25+

iz Mexp-iyzkdn (29

=F{O(§,n,0)eXP(—J2—;[vz)} (2.10)

WraumsRleiuLY s inverse ve4 Fourier transform

o'(x,y,2)= T ]3 O(m,E 0)exp[—12n(—§+P-n)]exp( -j— yz)d zdi (2.11)

~F{0 '(%,%mexpc—jz—;‘vz)} (2.12)

A 1 A ar o v a C‘.’f
Wiasnnsunsvasriunnssutvrasingldessunulelaunsudoszes z Auiuaununuasuy
seuulslaunsuaylaan

h(x’ y,z)= O(X, Y.Z)

_ffove B (% B _i2m % B

—iio&,l,mexp[ J2n(-E +mexp(-j—=yz)d =d = (2.13)

=F"{0'(%,£,0)exp(—j%’3yz>} (2.14)
-1 27

= FHF(O'(x,y, O)bexp(=j == y2)} (2.15)

TwiesafirfuauiuvesuasuusswIvesInIsad el R(&', pYyawnsadieulalugy
inverse Fourier transform nauiulalawnsy

R(E,1'2) = F{F{h(x, y,O)}eXP(—jz—;vz}} (2.16)



2.4 gun1snisdeeituarnudungs (Transport of intensity equation)

anudiuaazaduassdniiddglunumanasieigg wu nluns i (Tomography),
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inInafiafidudouiivaudldmsudmnismendamans Insaunsiduiteldte aun MSAEY
Arandiuuas Tues fsaunsdasduduanaunisaduuasdiien anud w, MedeulUluiia +z 3
Wl

U(r, z) = U(r, z)ekeooo 2.17)

o i a a ¥ - a - P 27t ol P
Wo U A9 usuwagaltageu, T Ao sywiuvaenisiedoun (x,y) uae k0=7 nsf A Ao

o J-lu
AINEIRAUNLY
winldnsyssinmuuunsudea (Paraxial approximation), ssifsuusuwdgadedou U 16y

U, 2) = i z)e 160 (2.18)

- -~ 1Y o o P '3 v -
Wo [ uay ¢ A9AMUITNLAILAZING ANEIRY Waunduns (2.17) uas (2.18) s1usuaunisasuse
Wavaunisnisasiunuunas Tendu

k, %1(?, 2) =17, 2)V9(F, 2))

(2.19)
V=243
ie %" oy . Ao wagULUUADY
Faimatwasmameyiusiieunu z luaums (2.19) Jeuldidy
il(iz)z I{r.z, + Az)-I{r,z, — Az)
o Az (2.20)
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