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CHAPTER |

IN] O UCTION
1.1 Background and Rationa /

satisfy this recommendai step in: ! mgose delivery (dose calculation,

o .be peHermed with an accuracy

patient positiom

much better th % 3. BrobIBm 6, d0Selealculations in treatment

planning, the nece eV N f,' Be et 3 "o‘-.,;o medium and
increase up toy ol g n dse Salkulation algorithm is an
f N « psive testing before being
used clinically.

A long-sta g'I oblem '.*fi' E:f foftient doSimBily is how to account for the

\

effect on the dose of igite r. ater | ogemBities present in the body (e.g.

lungs, bones, air cavities). '.:’_,;.“ ativ ple to calculate the perturbation of the
primary dose, scatteL.et ﬂ” TWF mlMost methods of clinical dose
calculation@ 777777777777777777777777777777777 Qose is ignored or
approximatb : . geneity corrections
were proposeqTﬁ 1950’s vestige; 1) . Most inhomogeneity

correction algorith?s are semi-empirical and accurate for only a limited set of simplified

AUSINYNING IS

rad| n treatment plannlng system (RTPS) used CT-based patient data to perform the

AR TINTINEIAY

algorithms. At present, the superposition/convolution algorithm and Monte Carlo method

istribution

ally, the

were including inhomogeneous correction in the calculation of patient dose.



Advanced techniques in radiotherapy, like intensity modulated radiotherapy
(IMRT), increase the planning and delivery complexity. The high dose gradient is the

Y.

result of varying intensity of the i eams using a number of small beams,
§

ys to get the required modulation
heck the consistency between
e absolute point dose can
be measured Two-dimensional dose

distribution can hromic film or detector

verification poig >3 .ulati '-_-.‘ ¢ " )éthod for IMRT plan in
{ ,.,s,.rf ’ !

homogeneous medidh. Tie fes ,vf Mbafisn of Clarkson method and
L . .t,' L
treatment planning sys whieh Was withi 06 [1 l\ or inhomogeneity medium, the

N

best method of calculationd&*Mosite-Carlc on blt it is time consume and not

suitable to be served as @ fl::‘:?,‘ dent » ication tool. For the semi empirical

algonthms,@s : irf_t:ji. Most methods of
piiintiinbatiiine S~ b -

mhomogenit Jinite lateral extent of

the heterogenms , opﬂcated time-consuming
I |
computer alg ms. The 3D beam subtraction is dev ed for parallelepiped

inhomogeneities ‘ n a beam subtrac concept combined with a chosen

UHANHRINUING

according to the size and posm of the mhomog us volume. The co

ARIANN TR NN

method with 3D-BSM and Monte Carlo is within 1.5%. The method improves the basic

inhomogeneities correction by taking into account anywhere in the irradiating volume



and the shape of the field. This method of calculation is a new tool to serve as an
independent dosimetric verification in complex treatment plan.

In this study, the combinati

npodified Clarkson integration algorithm with

3D-BSM are developed fo d shoot dosimetric verification in

CT-based patient dat. ” LCs f P ed patient data from RTPS are
' tware manipulates the CT-

e independent software

rrection. The results of

based patient

converts CT nu

JindBpends r'ﬁ . oy and IMRT point dose

‘ r
Daticell . /,r i
AN f.'
v - f

q 222

mC
A
P T o h, *

LTRIIN

verification in CT-basg#

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
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CHAPTER I
REVIEW OF RELATED LITERATURES

2.1 Theory

2.1.1 Physic

f matcrialMare characterized by the
probability of photogfintegilctigh e ' afige Ce ear attenuation coefficient
(). This coeffigi , e/ incident photon\Bperdy, (E) in MeV, the tissue

o -1g 2o the tissue. The amount of

incident photon in m‘ lal is €he .’.m’E‘. ene l.“-. fluence (MeV Cm'z). The total
y i ﬁ.F.
energy released per Unit maSs T/“' I ed by the product of the total mass

|

attenuation coefficient (p/ ano and the v&ﬂ ) at the point of interaction.

: f ..... (2.1)

Qm? i parti'@ls per unit mass is the
KERMA that d@fined by the quotient of the dE. by dm, wheré'dE,, is the sum of the

initial kinetic ene o=l all the charqed oui part|c|es liberated by uncharged

p
dEr
KERMA = =
the kerma is proportlonal to the energy fluence (W) at the point of interaction and is

given by



KERMA = “T” & 2 (2.3)

losing energy with th&

0 msstrahlung interactions) that
A — e - I -

does not deposit t sorption coefficient (u,,) is

..(2.4)

%

s ,\-. SeBendary charged particles

which lost to

| WA oY . '
Howevegiithe kelREcanoe -..\-. 0 parts

; @ process of kerma,

N i

ﬂe interaction of photons within material by PHotoelectric, Compton or

pair production pgo“s, some of energy ruées to recoil charged particles. The

int iofls ©f rgediip fe b Igmig forge eefl traveling
| | J

partiﬂ and electric fields of orbital electrons and atomic nuclei of the material.

The collision proceJof the charged pgffigle with the orbital eluns

of local volume of interest. For the local energy deposition, the stopping power (S)




defined as the rate of kinetic energy loss per unit path length of the particle (dE/dl) and

the Sco1/p defined as the stopping power per density of medium (MeV cmz/g).

. “ / ..... (2.7)
wher rage ener@ally to the medium per unit
density and per u h tragrsedu - s collision stopping power
depends on the e afoe o c & fing.partic e and the atomic number

of the stoppi itinuous  slowing down
approximation ( ) igflsgt fofassums : ‘Patic'ByBse of energy in material.

The range of CSDA

: ‘ ..... (2.8)

2.1.2 The radj o fd f?! /

The dose | ivi g intesQrR 4,}'. econd \\. radiation components that are
individually affected o tis ’:::.‘J‘Fﬁ‘l’._ field boundaries. The primary and
scattered radiation COMPONPQEs are indef by, within the material irradiated. The
primary radiagion pi .  thie radia d o heferactions within the
head of tréatmentmachine.Most of prman radiations reach=inmaterial at point of

interest witho raé- € Compton scattering

rates secondary electrons 1o scattered p n. The pair production

process that g
process, the mcrvn&hoton energy greater 1.02 MeV, produce the electron-

AUEINY NINYINT

spec depth in phantom will depaad on distance from the source, head scatt r that

ARIaN NIUARTINYTAY

energy.



The scattered dose component reaches the interesting point by indirect routes
through multiple pathways within the patient. The scattered dose component is the

region of the dose that is impart

tgns resulting previously interacted at least
epends upon photon energy and

t|ent thickness. The calculation

dose obtained by ig _-__.._.f._a.-' Wlthme components is shown in

figure 2.1 [13]. .;""F/.‘

—

mjnents within irradiated
||

Figur1
iy

ﬁmﬂﬂ m}“ﬁ WYINT-

R ANNINUNIINE &Y

where Dy, and Dy are the primary and scattered dose respectively. The primary
dose component is the primary collision KERMA that is the dose deposited from

charged particles generated by the primary photons only. The scattered dose is the



contribution of all secondary radiation including Compton scattered photon, annihilation
photons and bremsstrahlung. The initial photons generate the scatter radiations energy

and spread in material. These scaite rediations are called dose spread functions or

scatter kemels. In the matefid

Figure 2.2 The primary di§ 3:' ity vary nitude of scatter in water of 5 MeV

=
|

man body will@gffect to the calculation of

Since, \‘}‘éJous inhomoge

dose distribution. ?us the accuracy of dose ca@atlon with inhomogeneities should be

Pm SINENINYNS

alter near the inhomogeneities t“en beneath it. In add|t|on the scattered radlatlon

ARSI AIANBINY

the conventional form which a relative dose distribution is calculated using assumption

of the patient consisting of homogeneous water-like density. The correction of



inhomogeneities obtains by using corrected factor to account for variations in tissue

density. The inhomogeneity correction factor (ICF) is defined by

egogeneous madia

ICF =

Secondly, the

Compton intera

attenuation of b

corrected tissue den ' 1 .atom 7.' N treatment planning system
e 9@'« .

requires advance |mage modality-th pa giSplay 3 dimensional patient data and

processing. The modern im .- ':E:;"W' / pt planning process are computed

tomograph@T ) @ S), single positron

} JPET. However, the
computed tomﬁﬁap ag@:ouroe which can be
calculated in a*matrix form. The matrix is comprised of 512x51 ach pixel presents the

atteniitlon coefﬂcﬁﬁhssue substitutes Cujmber The CT number is essential

UHINENINBINT

2 1.4 Dose calculation algorithms for mhomogenelty

RN ASNAVIANYIAY

predicted dose in tissue by various calculation algorithms. The accuracy of dose

calculation of RTPS depends on tissue composition and calculation times. Generally, the



10

more complex algorithms the fewer uncertainties however the calculation needs longer

times [13].

2.1.4.1 Correcti

The cor

03 ﬁlated the point dose using
particularly primary ‘ racti% Th ___Msuppose that the patient is

e —

consisting of semi-i metry per cateulation -.u and photon deposited all

integration of i i Sftered radia . itations of dose calculation

depend on t syl in JRhOkge Saldium, beam modifier

ectign is to adjust the point
o' th \--.ﬁﬁ "f in “\,hw{" eity medium by using a
(P [

percentage per centi n.- Br u_..‘...u..‘ egeneity correction is given by

dose by foundatig of |

ICF = ( percm) X inh geneities thickness(cm) ... (2.11)

‘f“i'Wr

i@ by the experiment
=
'jwod is not corrected

(+3.0% in 1§

for patient spew de ' met such as field size.
! 4 i

1 4.1.2 Effective atten coefficient

£ U INENINEINT

€cr = o'

N AINIUURIINYNAY

particular beam quality. d is the physical depth from the surface to the point of

QA

calculation and d’ is the radiological depth that is given by
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d = Zl(Adl) xpi (2.13)

where Ad; are_the thicknesses of tissues with different relative

- The-older corrf’ercial-mnning systems used this

ts often perform manual

electron densities (p;) lying

method for inho
point dose calcu Sedose shift method”. The

correction is defin

D& . given by equation 2.13, d

is the physical ~ Of interest. Therefore, the

primary compone ‘ applied for looking up a

revised tissue air rati AR) :_-‘; -------- ; ! tron equilibrium (CPE) occurs,

-,
I S

this method accords a certa
T #f:: 1S

rimary fluence. Notwithstanding, the

tissue maximum ratio (TLMR)=vél

formally idi &

anywise it’stw S

field size and jﬁctive "this H@hod is its compromised
‘ i
modeling of the ateral component of the scattered photon contribution which results in

21414 Povwr law (Batho) metho

q ma NIUARIINLIAE

at calculation point lying in a two layer slab [17, 18, 19, 20 and 21]. The inhomogeneity

ad of the TAR values as they are

_)al dose calculation;
o

:‘c}tter changes due to

correction of TAR depends on density of medium as given by
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[CF = TARW@yra)P17P2

TAR(dz,rq)' P2

Secondly, the effec Sl | ‘ ' neilies, © "‘--L.A‘_-_ is independent of the
thickness of tissue. ) g inhonog ) the electronic equilibrium is
“ . ed to equal at least
those of the beamg . ’ "‘.‘ tic g of exponential nature of
photon atten Btiony T & d éxtended to multilayer
geometries. ‘ | W .
y (CT) introduced the 1D

method in which ti suei‘- nsitiegweresave Afte "\,' d this method was modified by

Webb and Fox [22] thét they ':’:":':q he € ) inh@mogeneity correction as given
by ZETFIIN T
D gt %
- —CR=———— (2.16)

- o —  im=1 1AR(Oy; A) o S
U ELN
| | = differen nsities above the point
i i

|s layer number, d, is distance from point o "Mterest to the surface of

the my layer [V Aear attenuahon CoeffMt of the m layer, A is the field size,

of calculation,

|on coefﬂment of the |nhomogehe|ty layer N. The adjustment of this equa’uon

used TMR instead of TAR that the d%th of dax is addedle the depth d,,as deﬂruoy

f»]q W’] ANt A INE A Y
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2.1.4.1.5 3-D beam subtraction method [11, 23, 24, 25, 26]
Kappas and Rosenwald proposed 3-D beam subtraction method

developed for parallelepiped inRo

method. The original method s |

T eities and based on a beam subtraction
'l
that point dose at any off axis in

rectangular 2X*2Y irrad fverage dose contributions from

Y =V

Ch o ccc i tionof —ihic anoibhockaico - th ™ -~ CtrOﬂIC equ”lbnum

existed and U§ fose is altered by the

.’ i
il

|

inhomogeneities that lying on the central a ils

presence of i Secondly, the lateral

dimensions of ﬂ‘ omogeneities Iarger the field dimensions. Then the

ﬁmmwmwmm

Z (-1 1)/ |&f:(Cy;—1)DY (U, W
ICF—1+Z 1( )Z’ i )[l’)(w(;)“( e, 218

AN AINIINI P8

algebraic distances from point P to the inhomogeneities limits. DY’ (Uj, Wj) is the dose at

the center of the corresponding rectangular field in the absence of the inhomogeneity.

X;, Y; are the distances from the point of calculation to the rectangular field. The
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correction factor Cj; is the on-axis conventional correction factor for the field Ujand W,
such as power law Batho or ETAR methods. The scatter dose from the lateral

neighboring homogeneous medi e s ed that it is not modified by the presence of
the inhomogeneity. For thi '
is underestimated. \

2.1.4

actual radiati
interaction site. f ig Enefoy/ plotongea

is less important. Jifle ag " iorf of-eh C \ ,_3 hexisted by above are not
adequate to es#ate fosa 15 oti by photons directed to
higher dose changy log |!3'/' a7 \ |

.-vn[likl 'p thd ‘l. A

| ey

e madel*based ls havelbeen developed based on the
f!r'-r-rnr . .
transport of secondary elecHOnsEIr -f:_-;:;ﬂ__ ary photon interactions. The energy

deposited kernels were ma :;;‘i-,_i.:;& V"l p interaction in water by analytical

approxima@o t@ pattern of energy

deposited i‘ f Jhe point kernel. For

e B
i

H point monodirectional
ehergy fluence distribution
convolved with thé(@ spread kernel.

! ; |te Elrst soa]ler piotons |rans¥erreqdenergy de;pended on

the constltut|on of the medium betvvén the primary phoﬂnterac‘uon site and t

RN ANAINEAY

The developing algorithms which entirely account for

the pattern of ﬂ ay fro
beam is the 'Cil beam kernel. The dose obtained the

beam modulations and irregular fields but rely on broad beam scaling/correction
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methods to handle heterogeneities and patient outlines (Batho Method) are pencil kernel

methods. The pencil kernel is the energy deposited in a semi-infinite medium from a

point monodirectional beam.

n methods

Iat|on of convolution and

ncluding a convolution
equation which ‘ i e et SPOM Wbhotons and the scatter
photon and elec . ' fhesona h Rieraction. The analytical
anisotropic alg A A asedron, ' \ 0 - that the dose of each
. I 5 The pencil beam split to

beamlet involved the mle ‘ jy fluel Re dee energy fluence includes the
)

primary photons, eXr: |' Iphot 1-‘_ .i.' Si8cninan '-.\-‘ component creating from

oo
the flattening filter, g 1amber, _collin S d air. The model of dose

contribution from beamlet is_( lution o Liluence and energy deposition density
function with_scatters eattering in the phantom. Each
contributingfunction-including fluence, er I\ S nction, and scatter

kernel is de¥néd. s opMeshents. The analytical

—

§ —
method is the m ction demonstrated gy fluence Con@fnents and the primary

and scatter kerneI?The convolution integral throu h the beamlet dimensions are solved

AU gINGNINGINT.

total se deposited in |rrad|ated area is calculated as superposition of beamlet

QRTANNI MUNIINEAE

The process that changed beam intensity profiles of treatment plan is called

intensity modulation. Normally, conventional radiation therapy is delivered uniform
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intensity though tumor volume. The 3D-CRT is defined by irradiating target volume in a
three dimensional anatomic image with individual beam shaped to conform the target.

This technique required computed ‘,’ ‘

gy (CT) to reconstruct images for geometric

ormal tissues surrounding tumor

%uniform dose distributions that

achieved tumor dosgawhilesdose-a i ' imimized.

am directions as likely
3D-CRT. Howe . , i At ‘ (e be used wedges or
compensators cal gh: 3,:--' : ‘ B0 treatment machine, the
multileaf colliné LCy 3 useg W& MLC-based delivery.

For this method, t “ i .,7 ener I',- e for each incident beam

dynamic modes. The §ea hen “ is perpendicular to the leaf

ses in simple cases

is not adequatﬂr plaﬂ]jng obtains the optimal
beam parametérs by starting from a prescribed dose distbution. In this method,

computer ophmz‘o@orlthm determined tuptlmal beam parameters leads to a

‘spe |f| z}% Wﬁ} oI me |stograms
e tumor contro pro ability (T normal tissue complication

probability (NTCP).

A ANNINURIININY

The numerous algorithms have been developed for the optimization of a

multidimensional function in sciences and engineering over the years. The selection of
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an optimization technique depends on the specific form of the objective function. The

methods based on inverse planning are divided into two categories.

The iterative meth -’ i 1§ most available of technique in dose

optimization. The method 7, cllafes initi ximation solution and results to

optimal one. The proce | % s. Firstly, assume an initial set
of beam profiles.mpu@the dﬁxel. Thirdly, compare the
tair tors to the beamlets that

irradiate the voxeles - eop! e c@ aifibuting beamlets and then

repeat from step for A \ “rep ated until the requirement

: onte Carlo simulation
algorithm. The si [ ingk Sc I'.,I & of metals annealing. The

process involv _ y ‘cooli dpd to maintain thermal

equilibrium while rea@hingfth& Jrde stateyThis algbithlvas used to calculate dose
‘ _ 1
optimization to minimi dithe Q seral -uils: p un \- e desired goal is achieved in
f‘r‘r \ ;
which the difference etwe 1-the-Calculate distribution and the prescribed dose

is minimized. £ "_;;':'Wr
L i

i

t 1he perapy technique that
==t - e
employs non—uvlﬂfirm dose distribuHenstemeRmum dose at tqﬁft volume while dose to

organ at risk ( O? is reduced. In conventlonal radiation therapy, the computer-

FW?F’J NENINYIANT

2.1.5.4.1 Ste‘and shoot dehvery

ARIANNT BMANTINETRY

superposition of series of subfields that the number of subfields ranging from 20 to 100.
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The accelerator is turn-off when MLCs travel from one segment to another. The intensity

modulated beam was produced by dose integrated delivery to each subfield.

> w e leaves of dynamic delivery

move simultaneous|y=eukiRg.beal on.ﬂhen “is on, each leaf has different

maximum ratio at t il e ‘ Jfiel¢ sSue deficit above calculation
point is h cm at belo yfdce“conteur is d he"8prrection factor obtained

by the ratio of tissuegha . : , \.h - Ry given by

The Clarks 's method has been used to calculate the point dose for irregular

U Ananswying

|nte ion is developed to calculate any point dose inside MLC treatment field based

QRN

, the scatter maximum ratio SMR , the phantom scatter factor (Sp) and the
phantom scatter factor at zero field size Sp(O). The average scattered dose is added to

the primary beam, and then the dose is calculated.
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A set of MLC for irregular field is divided into various angular segments for

calculating dose. The scatter dose of each angular segment is calculated by the radius

\W’/e verage of scatter dose for irregular MLC

...(2.20)

of circular field in irregular MLC

shape was obtained by

radius k at depth d and

k is the radius o Etlop! ar T8lgat any point is calculated

by
..... (2.21)
% é-)f p's@a fo irregular field, Sp(0) is the
phantom scatt -’-ff' " \ ue maximum ratio of a

€ average scatter maximum

ratio of a circular f|eld A ae i=r—at=e Oal dose in water is obtained by

MRd,n)

) [34] Jﬂl

Multlplana‘eﬂs’crucnons (MPRs) af ages formed from reformatted CT

Hﬂ:@; NHNY NEAME

throu any arbitrary plane may be‘btalned Field shapj g is determined with r

q ﬂﬂ AN INANINYIRY

and outlined structures through the patient on to the corresponding virtual film plane,

2.1.8 H planar reconstructions (MPRs

and are frequently superimposed on (o the corresponding MPR, resulting in a synthetic

representation of a simulation radiograph.
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2.1.9 Quality assessment of computerized treatment planning systems [32, 33,

34, 35]

Normally, the quali tment planning systems is

referred to qualitatiy uracy of calculation dose

distribution depends_ ; and the dose calculation

algorithm. A ; 3116 Jeiyeen the calculations and

..... (2.23)
where 6| y JE€ OF dekiati Shis Whe calculated dose at a

¥ h - £ _..' 4 "l . .
particular point in t'h‘ topn., andeDz / easuréd dose at the same point in

— -l | .
A ¥ 1

the phantom. The#Cri eptability”e e pefc@ntage of deviation defined the
dose calculation algogithm ;:f; : -,f;_ in"sbme regions of the beam than

other as shown in figure 2§

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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Buildup

am dose calculations.

PRI
The ConS|d atio ftoler V' : »f"- REs on t a dose calculation algorithm

-" l

™ A :
Figure 2.4 ThgifegiQlifs 0 r|ter| ': |I|ty \oww\'

which can be used in taPle 25—

Table 2.1 The criteria 'ﬁ,,'g';ﬂ gose calculation algorithm by |IAEA

TRS. 430 @ i

Outer | Buildup

rhm) beam | region
\ (%) (%)

20
20
20
50
20

q Inhomogeneous phantoms
slab 3 3 5 7 5 )
inhomogeneities
3-D . 5 5 7 7 7 -
inhomogeneities

Note: Percentages are quoted as per cent of the central ray normalization dose.
2Absolute dose values at the normalization point are relative to a standard beam calibration point.
*Excluding regions of electronic disequilibrium.
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2.2 Related literatures

Prior studies have reported the evaluation of dose calculation algorithms of

RTPS with independent monitog, Ul llatigh softwares in homogeneous medium,

some work considered thesgomogehei //
-.,.-... fﬂ‘!@ monitor units as part of the

process of commissio , on beéam

atment planning system. The

Pinnacle) an &N dd wi We¥tated from point dose
calculations (TN : : 1 f > A Warying rectangular field

F | o) L % N b . ) )
sizes, secondary b i ‘ J-S Sywsed togGalculate monitor units. The

%

FT) convolution and

convolution/supergsitio Igori r’ t 2pih dosc data. The discrepancy

in monitor uni QRS ywas 4 %\ 2@pommended incorporating a
%

comprehensive v 7100 ‘* calculatio as part of any beam
!' r

commissioning proces;

‘t.-a'
e

Haslam et al [7] ---,-ua---z=-~; er dose calculated by an independent

monitor unit verificati e.using a modified Clarkson
integration quc Lalcu  n~adudic ) With a commercial

radiation t ning system). The

==t
CORVUS plarmjvg sys

measurements. Pr to measurement, the ion chamber was calibrated to a standard

AN WEINT

nd neck, prostate, female pelws rectum and abdomen for dose calculations

wwm AR T rE]

overestimate in tissue will result in an increase of the scatter contribution to the isocenter

'comp‘” with ion chamber

dose. In this analysis, however, heterogeneity corrections were not performed and the

contour patient’s skin was performed manually by operator.
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Lombardi et al [4] studied the accuracy of monitor unit (MU) calculation in
clinical shaped beams by applying different methods which normally used in clinical

practice. The method included empirl

l e@ weighted method, Area-to-perimeter ratio

chamber in an easured and expected

dose values were.a between calculated and

measured dose w ' ) ' ] St Maxim deviations range from

jon for IMRT/IMRS plan

which was develogc o The segmented MLC

he RT/
s alh "-:_{é :

t 5

weighting factor and med ‘.;.‘.a‘»’.'.s.;._ o1z dose

sequences creg converted into irregular

subfields for Clark o iC L Bubfield is weighted by its
The point dose of an inverse
plan is obtained by s mmi *f*{..:u(al Of fieldS. Point dose calculations were
done for the 29 IMRS cases a 7 mpared with that calculated by the

BrainLab "6371 softw: i am dose calculation

goritm. omAaNAG-the-osee-Calculate =

algorithm.

treatment plaﬂ aﬂ
11

difference wass l e

%, and the mean difference was 1.4% with

.t,at reported by the
064%, the maximum
dard deviation of 0.78.

The results showe‘tw was reliable, mtwhvﬁj accurate but did not correct for the

ver|f|cat|on calculation (MUVC) in ‘RT by modified C son integration (MCl)g T ey

q W’lﬁl\iﬂi mmmmm 14

groove. The only MLC head scatter effects used was the radiation field offset. The

computer code was written in MATHEMATICA 3.0 to implement the MCI technique. The



24

code used measured beam data for Sc, Sp, TPR, (D/MU) . and included effects from

ref

Multileaf collimator transmission. The doses calculated with the MCI algorithm agreed

which used a 1cm x 1cm pencil beam in the

dose calculation. The agreg ' etwee Jneasurement was not performed.
The skin contour variationgs Al ) ol Ot used.
integration to ta of the inhomogeneities
with respect to t ombined the 3D-BSM and
and 6MV ph ifregu s the adh| ogeneities of lower or
higher densities i / .Jlhe_results ) Cempared against Monte Carlo

calculations, with regll : r 4:', lycletron B.V., Veenendaalm

the Netherlands si ith res > '.""-.i . TH@ results did not take into
‘ ‘_ Az _ ‘\ \
account the field s , e d| Brence PN ETA *\= tho, and the 3D-BSM IRREG
lJV "
was about 2.5%. The gree c....'_i':“'ﬁ:-- predicted correction factors and the
Monte Carlo calculations w4 :...:.:_;:;;.e d that the BSM IRREG results were

in very good agreement

improves t@a ' eiti irﬁ-:ijto account that the
G A e A~

point of calt 31d the shape of the

Its. They concluded that method

i
i

field could be ﬁ , rﬂ
11
Che I al [6] stated the Clarkson summation algo1 to calculate the dose

to the isocenter o‘l\ﬂreatments The inded@aflent dose calculation was performed

FREANENINEANS

from a virtual simulation in a set ‘dlgltal reconstruc&radmgraphs DRRS

Nl RINTRUUMIANHIAY

that result was taken to be sufficient grounds to omit the ion chamber measurement for

dose verification in the IMRT QA process.
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Xing et al [10] informed the monitor unit calculation in IMRT as a summation of

the contributions from all the beamlets. The dose from each individual beamlet was

calculated using Clarkson’s met ompared with CORVUS treatment planning

Mse calculation, effect of tissue

gion were discussed. The

system. Some specific is
such as the effect of
density inhomoge
results showed o S calculation within 4%
except for the GV & \y ‘ -..__',1‘%‘“'*-.. an 7%.

Plessis ‘ oBrfobire: hel Monte Carlo calculation
methods in C v i odlels: ’_'.- Lelk gre Carculated with the Batho
and ETAR inho glicyl ¢ _algorith -o s, lung, and prostate
patient models. Th#' " / L are e, ‘ in terms of 2D isodose
distributions, pg > f- e and \11\~:,”'-,1~ arénce volume histograms
(DDVH’s). The resultgfsho : oh : "? ff qET \‘n ."l nds contained inaccuracies
of 20%-70% in the max [ iry € n-...'.; :'EE' cad \w,, el. Large lung inhomogeneities
absorbed dose dewa ions u‘_-:...:.r ﬁ&

materials with densities tha ff ,;, ,W'

these inho@& : : ilizt model longitudinal
jgeneltles correction
methods Werem
Shahi

function of depth;ﬁfmsults of this experinf@lf were compared to the calculations

Yol , and ETAR"met for ihhomMogeneltieS Correctiohs.” The” measured

S5
results were 10% lower than thre@reatment plannln stems. This is beca

RIANDT MANTINATE

smaller field sizes and air gaps approaching the field size in their lateral dimensions.

ant point in this study showed that

om water presented difficulties for

i
i

C

¥
' |
et al [14] investigated the dose at air/polyﬂene interface and as a
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The Batho method did not show any sensitivity to the position of air gap sidewalls. These

point needed proper inclusion of disequilibrium effects and shape of inhomogeneity.

ﬂummjmwmm
QW’]MN‘ENNWI’JVIH'\&H
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Standard datg#for 6 MV pifotg : k\ ‘ Viglilified Clarkson integration
AR\

beam measureddBy ioj

chamber in water g

data
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3.3 Key words

- Intensity modulated radiatjon therapy (IMRT)

Can the dg )ed onder _for dose calculation in

inhomogeneitio®of Iuflg ghalom frg m et pali f intensity modulated

What is the d" : ‘H" by independent software and

computerized radiation trea nent planning gompared with the measurement?
3.5 Scope o,gsse tati e i , | £
The‘h ﬁ'

uﬂun -camind IMRT plans. The
dete calculation of independent software is Clarkson integration

algorithm with 3D- *ue step and shoot IMMconsidered

AUYINUNINEING

3 6.1 Computed Tomograpf“SlmuIatlon

ARIRSNIH HMIANLIAY

3.1. This is a standard diagnostic CT scanner with an additional laser alignment system

eous phantom and
inhomogeneo

algorithm for
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and software that provides beam edge display, 3D image reconstruction and high-
quality digitally reconstructed radiographys (DRRs).

f-the-art CT simulator include:

fimag’ and usuakesimlation workstations. Virtual

"up the treatment. dvanced 3D geometric

The major complements o
§

iNgecapabilities with a full range

L

of volume segmen ' 0 30Ve | ieeessary for the design and

AR

Figure 3.1 Computed Tomography Simulation Light speed RT manufactured by General
Electric GE.
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3.6.2 Linear accelerator (LINAC)
The linear accelerator used for the experiment is Clinac 21EX manufactured by

Varian Associates, Palo Alto, USA ray energies, 6 MV and 10 MV which field

sizes range from 0.5x0.5 ci'je. 48 source-axis distance in symmetric

mode and five electron SRELS: ;:‘.‘ 9, 12% MGV which field size ranged from
4x4 cm’to 25x25 m figu@.z I@-oollimator system provides
motion of the ; I Set '-:"'"-;..4( i@ators both symmetric and

asymmetric mod cm width are mounted

Figure 3.2 Clinac 21EX Linear accel@ator manufactureddiiyarian Associates, Pal@lto,

ARIANNIUINTINETIRE
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3.6.3 Eclipse radiation treatment planning system

The treatment planning system for this experiment is Eclipse Version 6.5

manufactured by Varian Associat I
consists of multiple compao % t

the user to produce a

7 Reuslistion | Conlowing, Field Setup /Flan Evabuation |

Fitlds | Dose Prescrigion | Calculation Options | ‘
- = h vRin | ColR

Sesle

=
e |

3 ’ i | .- e [ b _.v | 2| .1
‘ Ly | ‘ 3 '- .._ A }i -
g

Figure 3.3 The radiation treatment planning system Eclipse Version 6.5 manufactured by

Varian Associates Palo Alto, USA.
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3.6.4 Electron density phantom

The accuracy of dose calculation in heterogeneous materials depends on

> 2lectron density phantom. In this
rization electron density
acluding any fluid or solid
lugs hold the position at
4. The physical density

hown in table 3.1.

EEEE]
Mo so_ wj

@ ®#e@ng

.
——
S
)
A

-
-

ﬂ o ; A H‘J 1
QI gures8?] E|&€trof denSitphentom @n Aew\iddleton JUSAY

ARIANTAUNNIINYAY
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Table 3.1 The physical density (g/cm3) and electron density relative to water of electron

density phantom GAMMEX 467.

Rod Matedal Physical D3ensity

, g/cm

Lung (LN-30 0.30
Lung (LN- 4‘5———' 0.45
Adipose (AP6) / 0.92
Breast I//I 0.99
CT So 1.02
Brain “ 1.05
Liver (La#¥) 1.08
1.12

1.15

1.34

Bone (CBZ—50_ néial 2t Y 156
Cortical Bone (SB3‘), , . 1.82
True\\ater " ELAVE » 1.00
Op 'H.’;;r..’;;;‘_._”____ - 4 .]}4_59

. |
3.6.5 I thor e ll'
i
The C Model 002LFC IMRT Thorax Phantom is” used to measure and

calculate_dose as figure 3.5. T is_elliptical_in shape properly
re u w 8 Sny I Smensmnal

struc“e The dimension is 30x30x20 cm’ [36]. The phantom is constructed of

propmetary tissue equivalent epog materials. Lineardi@fienuations of the smued

LRI RARINE TR

Tissue equivalent inter changeable rod inserted the ionization chambers

fro

allowing for point dose measurements in multiple planes within the phantom. The
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ionization chamber can be inserted for point dose verification of individual plans and
delivery. A half of the phantom is divided into 12 sections, each 1 cm thickness, to

support radiographic or GafChro

Figure 3.5 The:@IRS Model002LF ' ntom.f.,6.6 Film
measuremegr’ —— .l.)

The

-
very slow speﬁg fine grain

advantages of ED&Z film are extended dose ran e capability and improve exposure

Bl U INNINYINT.

rang from 25 to 400 cGy with sat ation dose approximated of 700 cGy [37, 38, 39].

q RIans Al nEIsY

The scanner is performed as an optical density (OD) output and the dose distribution

¥ The EDR2 film is a

(o

cubic micr%&b/stals. In addition, the

can be calculated if the sensitometric curve is undertaken.
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Figure 3.6 tas Reac oiaill N _;o" helose distribution.

i

3.6.7 Vidar g ar}" b

el g mer, i - : ~ 1 J ~ XR-16 | ™
The dig |nrg. ? |n !:j?:" ) z ¢ 16%DosimetryPRO ™, the 16
bits output represegie raysca -‘:;g ) UBoR@I 142 dots per inch (0.179

mm/pixel) as shown in8figure he f nnerl capable to meet the DICOM

community for exacting ap gsimetry. The film scanner represents

65,536 shades of gray withs -,-:-J ”~':’%7' ag from 0.00 to 3.65. The accuracy

of geometrE |

ﬂUEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
'

LI |
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volume and the sensmwty o; F
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Dosimetry Pro

panufa H_' red*by Scanditronix/ Wellhofer
Dosimetries, Schwarzehbr ,Z'__ ) btor 18 measure % depth dose data
from 1.5 to 30 cm depth_a 7 or small to large field as shown in
figure 3.8 The 8 hamber | e angrelative dosimetry of

photon and%e “Traon Deame in radiotherany anad measiiradin _eo W.I.l' hantoms or |n Water

|'»

Gy/C, respeciti ‘Jﬂ‘
-P_jonjzatio

ﬂ u ionizatiopyc agber —P aw EQaﬂonEWellhofer

Dosr“tnes Schwarzenbruck, Germany as shown in figure 3.8 (b) is used for point dose

phantoms. Tcm’ and 2.647x 10°

measurement The absolute dose‘f photon beam ideleasured in water pfuom

mltrts 32 a ? t%l
are 0.65 cm” and 4.8344x10 respectlvey
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Figure 3.8g#Nizgib

(a e_C'3 iaf naroer (b) E Qi chamber

3.6.9 E#€irom
The elec',tr e_' *' fa ix/ Wellhofer Dosimetrie,
Schwarzenbruck, Gegiia : cted i flmbers, semiconductors and

standard DOSE1 connects

diamond detectorsgfor C . THe

i
e
i

to either TNC or BNCJ€onnector #0es. e sU@ply is set at 300 V. Maximum
Fasrt ’

charge per pulse is approxirmate= : Se. The DOSE1 dosimeter is shown in

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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% -. .
VI '.v * b

Figure 3.9 SE1 e ‘» wa J urgél By ‘ ,o'f‘ bonix/ Wellhofer Dosimetrie,

Schy rf' Ck,G :

3.6.10 Threghtimgsion bgam analyaiag systen
AL AT

The 3D beam|g i<} : ap tomiimanufactured by Scanditronix/

Wellhofer Dosimetries, Schwen ( any is the phantom for beam data

s
a

measurements as showns

(perspex), having the scanning volume of @entage depth dose

and dose bb 7 m q, These data are put

nfom is made from acrylic plastic

into the treatmem planni i culaté '.' he isodose distribution.

The phantom is controlled by OmniPro Accept software version 6.4a manufactured by

Y EI ATl ra o

serv echamsm and perspex water tank. On the horizontal x-rail there is a sliding show

on which detector holders are in almwree dimensions asurlng both horlzonu

'ﬂWﬂﬁ!\‘lﬂ’iﬂJﬁMWﬂﬂﬂﬂﬂ
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Figure 3.10 Thre€ dimg@hsion b&at-analy yste anactured by Scanditronix/

WelthofefyBesimetrie, S brudk, Germany

-

ﬁ d by Scanditronix/
=

Wellhofer [k)s n.t}:m for point dose

e B
i

nd F@S—P ionization chamber

measurements@is sh
L]
can be connect&d to the phantom. The absolute dose is mea

AUETNER NS
RINNIUANINEAY

red according to TG-51
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Figure 3.11 OHE diméhsighalfivater ,’,;;-— om a3k il tUr8e bY*Scanditronix/ Wellhofer

DosimetrieSehi zenbriic

,‘ Y N el ot
Y | .rW ‘-
3.6.12 Ima, pro@ra -t

“ M

ImageJ progr' conyEHS=h *'&‘ ' % Communications in Medicine
(DICOM) image files from Eelpsestreatmer g to stacks, a series of images, for
calculation dose by indep NS
available s@e Lo 777777777 » nﬁ developed at the

_ -
National Ins&t , play, edit, analyze,
process, save,ﬁft d ] es;ﬂ/can read many image
L]
formats including TIFF, PNG, GIF, JPEG, BMP, DICOM, FITS, ds*Well as raw formats.

ImageJ Ca‘(ﬂlate area and pixel \u statistics of user—deflned selections

eJ is a public domain and it's free

as hr@sh . It can
cré’aWeh& y histograms and line profile plots It suppo S standar |mage processing
functions such as logical and ﬁhmencal operat| between images,

TRIRNNFNU UNTINEIDY

The program supports any number of images simultaneously, limited only by available

memory.
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E ImageJ M= ﬁﬁ

File Edit Image Process Analyze Plugins  Window Help
wofsijua) §| 4] |7| >

e

1.86 GHz processors,

DDR RAM 1028 M. TheOpgfaiing system is Nidroso i Version 2002,

The proﬂoure-‘ ' /ide finte ) including beam data
y development for modified
Clarkson integrati i Vit 3D S -\“\ veffications of MLC field in
homogeneous phant ‘ b“ RT and IMRT techniques in

inhomogeneous thorax phaniOme=Fhe—st \Wwas performed at the department of
f}ﬁ:‘Wr
radiology at)ﬂgc ) T Me
374 -

The C f al Sﬂi
MV photon beam with 300 MU/min dose rate and 80 leaveS¥®each 1 cm width were

ms, Palo Alto, USA) 6

emploied in this s‘me tissue maximum rauMRi data from 1.5 to 30 cm depth

ru |ng ! %ZEJ extrgc d froﬁ standard
meaguiemen W|th C13 ionization chamber in 3D beam analyzing water phantom

(Scanditronix Wellhofer Dosmetncéchwarzenbruck the scatter maX|mu

q ISR NYI82

measurements with CC13 ion chamber in WP1D water phantom at any field size. The

phantom scatter factor at zero field size Sp(O) and the phantom scatter factor Sp(r) could
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be calculated. Appendix A shows the table of beam data that were put into the

independent software.

3.7.2 Code develop rkson integration algorithm with 3D-
o ”\ /é'

TheMgrar‘/as mual Basic version 6.0 with
e

software in this study is

an Intel Celeron

called ISOFT.

WPlanning system and ISOFT
software was# fod .l nporting the . . The data transfers
L eJ program was used to

j N x
change DICOM CT ihages 'i‘ : at. The slice thickness of
1

imported CT imagé “fq Eclipse ‘: rem-is b m "\ e maximum number of image
capable transfer to I9OFT, S .uf-m'-m s. Mle program presented the CT

number at the location at pixel of 512x512 matrix size. The

information fQr inhon : “correct ifftering cemposition of human

tissues werewcalcutated-byreading the-CT number-and-converted o'clectron density.

L7 AJ

7 000 sﬁsmoo .31
ﬂUﬁHVIE}‘VﬁM}']ﬂﬁ s

where p® is the ele(?on density relative to the electron density of.w ter

ARIRNTTITUH MIINGINGY

commercials treatment planning systems, the users can automatically contour using the

M

segmentation algorithms such as Region-based approaches or Edge detection

algorithm. The Edge detection algorithm was used in ISOFT software for body
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contouring because this algorithm is more easily to calculate. The ISOFT software was

developed to search body outline automatically to the area that defined by the volume of

interest (VOI). So only the external e -’

s slice by slice.

& é planes of sagittal view were

t?ur not including the couch was drawn. The

' ch row of all axial images,
the same positi

reconstructed. T , f MR0sition, then the program

\
‘.’1\10 algorithm with  3D-BSM

methods were emplo y ~,~ ;,;' hstel &nd-shoot IMRT field and any
shape of inhomogeneous stry . i irement data included TMR ), TMR ),
SMR ., S,(r).and & s6{ofNILC for lwas. divided into various angular
segments. ;,, ********************************** ; Qhe scattered dose.

The genera" 8 \A8mbgeneities could be

]
‘Jﬂl
> D (wR)[CH(p

ﬂ' » where No. Radius is number of radius of circular field, D(w, R)ge i the

—
calculated by 3DBSM correctio

total dose from all sectors in water, ’:(w R;) is the dosediiany sector, R; is the rau of

Qf t mbér @' ibtdrs gﬁors li!h ilhy e

W | Q | § 5 | ‘. I gri S& U
number of Intersections betwe’eh the calculation point and boundary of t!e Irregu ér

field, i is the sector, j is the number of intersections from the calculation point to the field



44

boundary as shown in figure 3.13, R,y is used for the largest radius, C; is the internal

correction factor of standard method as the Batho method, ETAR or RTAR.

V‘.'

114\“" R

B ﬁ L} ”\\ W
Figure 348" Thegimple getup.geomtry sho ~ dlilis i and intersection |.

ke

TheFfinteg I G rrectl

of mo . algorithm was selected to

L S(Pg)m‘(P(é))m_l ...(3.4)

where N is | p of { MR is the tissue maximum ratio, m is

index for inhegnoge 8 thf-rid point and the m"

mhomogen ,gﬁmm_mu._m_; #re depth d_, FS and

(p“’) are 1 c 5} ati '\fb water, respectively.
®) s the r,} of the mass energy absorption coefficient 3 N |ayer to water. For
CHN | ay y

CIRS IMRT phant@&e calculation, the a ages are reconstructed to sagittal

ﬁﬁﬁﬁiﬁﬂniﬂ g1,

r the step-and-shoot IMRT.QeChnlque is conS|sted of many subflelds

q RIGIASUNNIINGINE

MU; = MUrqtq X W ...(3.5)
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where MU; is the monitor units for each subfield i, MUrqta @and w; are
the total amount of monitor unit and weighting factor for each subfield i calculated by

Eclipse treatment planning syste

? ively. The contour correction factor (CCF) is

tio (TMR) method from equation
j&:d by integrated all MU; and

multlplledGCFby.—_—.‘ C S-

calculated by ISOFT softwa
2.21. The total dose DB _’

Padlbn, algorithm with 3D-BSM
inhomogeneity corre bn i FYY ste duAiththe BOnstruction of the image in the
BEV. To calg ; VB Ol i @ A nteoretion Sthe radiation field was

superimposed to t ‘ fion'pixal as 34 4. The dimension of each

pixel equals to#25x28 mj ' ,,J_,-.,,;. e pn density for the dose
Yy B R
calculation. We as hat u-.-qo[w? an in \\, og€eReous media. The average
- (T \
electron density in ea p jrid wastead -and. or the Galculation.
From the o"-~-§-'- ----- ! IE ' L s (i) was drawn to the edge of the

beam that cut to the ed grﬁ, ,rm;

separated Eﬁ

nent was formed by each radius

e;é?:j of each grid were

=

'yample was point a,

b, c, d e andﬁs S . osﬂere calculated in each
‘ i

circle and then=#de subtraction for the actual irregular field an

was undertaken b‘eﬁon 3.3 and 3.4. Then“dose at any point was calculated by

H 2! h 8 ﬂ qwﬂlcuv tion were
e- xcel sheet to po ed proftile or depth dose in any interested plane in

term of absolute dose.

ammnmwwwmw

omogeneity correction
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Figure 3.14 Bhe saqitta ’.-".._.-1 , ; dius and intersection

)

3.7.3 Dose ver ','{_;{?- =‘*‘-‘l""2 hogeilous phantom
The ISOFT softwa ﬂ._l «mﬁ;

ljy.
central axis ey e measurement with 0.6 cc

b’ curacy of the dose calculation in

FC 65-P ion

.w.—_v..- ei-and-DOSEl-dosemelerin-waler-phaniom 3 .5’ 5, 10 and 15 cm

al,. i
ILin Y 1B
1 | |
yee gantry angle. The MLC test patterns dﬁ

isted of square fields,
rectangular fields ‘o block, circular field, u’ted Y field and irregular field. Table

Sﬁmﬂ“ﬁtfmﬁmﬂ"mﬂ p .

meas ement The results betweer‘dose calculations b ISOFT software, by I| se

q RABINIUUNIINIAY

depth as shé ribed dose at central

axis at zero d
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Figure 3.15 Schematic f6 C-bean metry of water phantom at 90 SSD and
e -"}

%

[
ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂWﬂﬁ
qmmmmum'mmaﬂ
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Table 3.2 Summarize the setting parameters for square fields.

Dose Field size Depth

Beam Fi
y) (Collimator) (cm)

/ 11.6x10.4cm’ 1.5

5

10
15

: s e e d ¥ :‘i'
Table 3.3 Summarize the setiifng.p ;;’f‘;’ 3

o3
Bet

Depth (cm)

Rectangular ﬂe Rectangular 6.6x30.4 cm”

ﬂuﬂ WEWI?WEJ'Iﬂﬁ o
Qmmnmmm'mmaﬂ

MLC

30x5 cm’ 10
15
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Table 3.4 Summarize the setting parameters for shaped fields.

Field size
Beam ‘ ose (cGy) Depth (cm)
a (Collimator)
Corner block 22x22 cm’ 1.5

10
15

1.5

10
15

Inverted Y field 13.6x15.4 cm’ 1.5

AN TUAMINYAE
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3.7.4 Dose verifications of 3D-CRT and IMRT fields in inhomogeneous phantom

The Eclipse treatment plannin

system is a tool to generate 3D-CRT and IMRT
plans. In this study, the dos '
two modes of calculation. te) a¥algorithm including modified Batho

inhomogeneity corrett 7 ion/st itiemsa5orithm (AAA). The treatment

density and om unique proprietary

materials that fai eatment planning was
el tives that include selected
energy, beamsihglegbead n 3, C oS/ Wand 88se objectives in target

ive method. The isodose

and critical volumg¥f Thefhe .'." ite

distribution and dos oI %& ’J' *- 0 | eet criteria. The last step is

the conversion ofl n3| Ievels 'P..‘ / sse cetfile.

§IRS thorax phantom for dose

Two lung tum g tO “

J"I"' ¥

LM

calculation of a 3D-CRT and_[Wi _f:":t:".: echniques as shown in figure 3.16 and
figure 3.17. The singie Femplanned and optimized so that
the unifor ‘: g ************************************ saisvere delivered from
Clinac21EX %80 ‘i. ere given 200 cGy
prescribed dosLH}t isocenter w umor-located. Thé grid:]jfe of 2.5x2.5 mm’ was

selected in this ¢ ulatlon The leaf sequencm ‘algorithm employed the number of

memwri WEEI.....

calc e the doses with modlﬂedélarkson mtegrahon algorithm with 3D-BSM usmg

amaﬁmmwwwmw
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Ii'lm :uum (1

Jﬂ-44t,:.

fl

Eollnsin. | Bt abion |, Dby | kel T (s by

q W“l” ANy
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The experiment was performed by using the 0.13 cc ionization chamber and

EDR2 film with the following steps:

3.7.4.1 The meag , ation chamber

The point, : § . - n with CC13 ion chamber and
DOSE1 dosimeter in asGiRSI0re phegtom' #5, mediastinum and right lung
as shown in figure 3.18.L ent 'nce_ : rom the left lateral lung to right lateral

calculations  fr S 1 clinsehs s inc ding modified Batho

inhomogeneity corggtio ' e Lpé ' ‘ a u hm (AAA) with the criteria
b ‘ ‘.\ -
ohantom by IAEA TRS

of acceptabiliy®or pioto

no.430 [32].

qut] 3- M Thdl calldraf iioc amri<|toha om
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3.7.4.2 Film and scanner calibration
The calibrated films were inserted in 30x30 cm” solid water phantom and

irradiated by 6MV linear accele cm source to surface distance (SSD)

technique. The EDR2 film_V ) I pth in solid water phantom and
supported with 10 pwater ) cait®r layers as shown in figure 3.19.
All eight uniform .3@,;_;_ & . G %200 cGy, 250 cGy, 300 cGy,
350 cGy and 4 - 7 - on the same film. The
period of time b hours for EDR2 film to
reach to the sta ' ; ; : ‘ . Sfii M. e e scanned by Vidar-16

Dosimetry Pre®*Scanngf wi 0 AMRTASof B, SerSttometric curves were

mC
;-,.f,‘;r:;@;p
P T o h, *

LTRIIN

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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e B
=

gﬂe om if i"arallel direction with the

4 L]

beam at the isd€enter slice. The set up of MU for CIRS thora¥X phantom was shown in

figure3.20. The bgnaranoe was from the IMeral lung to right lateral lung for both
\ i lﬁ

AULTNEATHEANT

direﬂh. The results of 2D dose measurement were compared with the calculations

from ISOFT software and Eclipse‘system including #f@glified Batho inhomouity

QRINRIUNITINEARE

o

acceptabllity for photon Ose " calculation

no.430 [32].
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--1\. 8B-C™ or IMRT plan in CIRS

Figure 3.20 TW0 dirgensi

3.8 Outcome

1. ata for 3D-CRT and IMRT step and

software, RTPS and

3.9 Measurement ‘

AUEINERINEINT -

, Monitor unit

: Dependent Varlab‘ Dose measurerg@hg, in a single field of

A AT ANIINENAY
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3.10 Data Collection

The doses calculated by ISOFT software, Eclipse treatment planning system and

measurements are collected. \\‘ ’ J
3.11 Data Analysis é
= 9

——
3.11.1 SW@@

the dose distritfition i e\icten CalactWBeh calculated by ISOFT

no i &iicd for the accuracy of

software, RTPS
[

ISOFT software.

3.12 Benefit’Sfthe
This} &
St' il.

AUINENINGINS
RIRINIUUNIINYAY



CHAPTER IV

ﬂ-r
U )ﬁ)ﬁlgonthm with 3D-BSM

The codem car‘be mthree screens including

homogeneous

4.1 Code development

pUs- phantom window and

inhomogeneous p C window as shown in

onstructed by ISOFT to
. The CT-based patient

teéd from CT scanner as shown

Y i _p d
in figure 4.2. The ifihor ': ntor pdow "’;,\‘ esented the CT number at the
location of selected PBint ‘;j;ﬂmé;@ F-‘ bean"display density of a particular

material in CT number for CL 7_~--«-~—=~-‘—-—, eis fall in the range of -1000 to +2000

(air = -1000 ;?i’ater e G Jrection of mbers, was verified with RTP.

The spot check show-mostly-agreement—fhe-efectron-density-yalues for inhomogeneity
correction Were:b3le ‘_ mber and converted
to electron der{Hiv by equation 3. 17and e surface conb rs of all slices and the

MLC field were cre‘ed by ISOFT software as s in figure 4.3.

Al %Ho%%uﬁﬂi NEINT

he homogeneous phantom and MLC window in figure 4.1 were employed to

oalculate dose usmg modified Cla‘son integration alﬂnm Appendlx B shouhe

cGy was undertaken at the selected point dose. Then the results were compared with
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the calculation from the treatment plan in percentage of deviation as shown also in

figure 4.1.

The MLC window was
combining the modified
Batho correction as she

software with MU .aackedi Copoaition ‘s Thms transferred from Eclipse

system to ISOFT_W" '

ISOFT as shown ing / C ‘ Vgl men s on the patient’s position

T. Appendix C showed
a planes is displayed by

where the ori cy Wele Bro | ed, Toeh 0sbf Ose treatment planning
%0alculation. The effect of

surface curvature ws ¢ : :_., aximum’ ethod from equation 3.4.

The programéan ; u”- he modified SOR intelyration by reading of a large

number of angular ra"‘ ple t jvale \‘u area of 100 cm’, the number of
A e

angular radius for sca Sttereddealeulati on- W or larger field size, the numbers of

angular radius were increa ,';'-:’.:-:f:"* was the same as small field. The

number of@i -7777 777777777 ' to %@ . The transmission

o
factor of I\/ILE not considered.

ﬂUﬂ’JVIEJVIﬁWEJ'm‘i
qmmmwmmmw
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Figure 4.1 ] reefshaff of ISQRT,

QW’] aNnTOl mm W%J'IMJ

Figure 4.2 Screenshot of ISOFT inhomogeneous phantom window.
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My sl
WLNT |l

V:k" o i
M oo
1 111 Exf

Figure 4.3 S@reens ( i Mhatsomtaiged CT images, patient
poiidcy

information and ML@' pos ic-‘i;a\ treatmer Aels Uf8ce contour was created by

Qs

Figure 4.4 The ISOFT software displays sagittal view of CIRS IMRT phantom that is

divided into calculation grid.
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4.2 Dose verifications of MLC fields in homogeneous phantom

The tests were performed at various depths of MLC square fields (5x5 Cm2,

, g,mz), corner block, circular field MLC,
racy of calculation point doses

ware were compared with

wn in figure 4.5(a-b) for
the measured and
0.42 to 0.56 % for all
as shown in table 4.1. The
. d ISOFT software was
& de “"f“"" /r S8t - ) ! observed for depth 10 cm

N \

‘,F

—
r-r:,j',,»&_'i{a
P T o h, LS

” 1"”97

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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— N

)
lll
r.l-.l

u

C

SOFT software. (a) A square field of
2 ] ﬁ
I I i

&/
UNTN
NURIINYIAY

Vi

LK)
AR18NNT

Figure 4.5 The M? of square field verificatio
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Table 4.1 The comparison of measured and calculated by ISOFT software and treatment
planning for 10x10 and 5x5 cm’ square fields at 1.5, 5, 10 and 15 cm depths for 6 MV
photon beams at 100 cm SAD. g § i .

%Deviation
Beam
TPS&Mea. ISOFT&Mea.
Square -0.34 -0.38
MLC 0.23 -0.34
10x10 cm” 0.69 0.56
0.81 -0.08
Square -0.23 -0.31
MLC 0.19 -0.26
5x5 cm’ 0.56 -0.42
0.38 0.36
422 Rectangularjp W |
The tang ields ¢ are s n in figure 4.6(a-b)
for 30x5, 5%30F LAl —Tespectval—The percent-deviation.bet @ the measured and
calculated po » 0 .; % for all studies which
are within 1.5 % riteria of IAEA TRS no. 430 [32] as shown if Ilble 4.2. The maximum

deviation found O'E&SG system was 1.36%, and ISOFT software was 0.32%. The

AUYINININEINT
RIAINTUNRIINYIAY
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Figure 4.6 The ML?f ectangular field verific byISOFT software. (a) A rectangular

queIneningins
AN TUAMINYAE
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Table 4.2 The comparison of measured and calculated by ISOFT software and

treatment planning for 30x5 and 5x30 cm’ rectangular fields at 1.5, 5, 10 and 15 cm

%Deviation

Beam MU
TPS&Mea. [ISOFT&Mea.

Rectangular 129 ght® 0.09 0.12

30x5 cm” 0.79 0.02
% 0.99 0.27

1.36 0.42

Rectangular 126 -0.95 -0.23

5x30 cm’ -0.21 -0.25
/ 0.01 0.32
pro e B R 0.13
4.2.3_Shapedii _
The (o- jular-MLC fields-constructed-by SHAWn in figure 4.7(a-b)
for 30x5, 5X8@.Cre s 'A'».n the measured and
calculated poirﬂoses by SO oftware was from -1.53 to @P % for all field studies

which are W|th|n o criteria of IAEA TRS no 430 [32] as shown in table 4.3. The

mm:m 'lmi NINYINT

of in ed Y MLC field.

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Table 4.3 The comparison of measured and calculated by ISOFT software and
treatment planning for corner block, circular field, inverted Y field and irregular field at

1.5,5, 10 and 15 cm depth for 6 M oto beams of 100 cm SAD.

: ‘ B:\  \ |

%Deviation

TPS&Mea. ISOFT&Mea.

Corner block 1134 -0.01 -0.15

MLC field 0.20 -0.33
0.51 -1.32

0.60 -0.47

"Circular" -0.03 0.08
MLC field 0.53 0.22
0.96 -0.53
0.66 0.78
"Inverted Y;Nz 7 0.11
MLC ﬂe|o|k : . -0.32
L i

- 153

m l
il 15 74.04 752  73.938 “Hh 57 -0.14

umwanmmmzz

98.5¢ ; 1.51
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4.3 Dose Verification of 3D-CRT and IMRT plans in inhomogeneous phantom

The verifications of two plans of 3D-CRT field and two plans of IMRT field were

performed in CIRS thorax ph‘ | am of each technique was set to 90°

gantry angle. For this alythe v /ms of Eclipse treatment planning
system considered wakegthe i D{MJorithm with modified Batho

(AAA).

-. by ion chamber
calculated by- , 'd ISQF T softwareyatit Nag; 1M mediastinum and right
~ ower dose than the

calculations by ty | ' \ o_o"‘--,lw W0f Eclipse system except
' i|">

"‘Hoselihanteasurement. The modified

Batho algorithm and ISQFT softwiakerwera over edic doses in the lung regions. The
tumor in plan 2 is mére irf ‘.,f rs “’II 1 1, So the deviations in lung dose

between measured and [l ;’:'323".'1;,53” 1- ; arger in plan 2 than plan 1. At right

lung which@w ' deviation between

measureme

dose deviationZof 8. goflihm. The percent dose
1 I
deviation betwegn measurement and ISOFT software c lation was 4.87. The

mediastinum whlo‘rmsented soft tissue si‘”d less percent point dose deviation

Qﬁﬂﬂm HATNEAN T

For IMRT fields, the results ‘measured and ca Iated by Eclipse syst

RIAN NINUNIINGINY

illustrated mostly lower dose than AAA, modified Batho and ISOFT calculation, except

maximum percent

right lung of AAA and mediastinum of ISOFT which showed slightly higher doses. Plan 1
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gave closer of calculated and measured lung dose, while plan 2 presented more

deviation dose. The point dose at left lung from ISOFT software showed higher dose

point dose at mediastinum, SEBWEION ‘ easured. However, the deviation

of left lung dose from tHesg Hsuied was Wi " 'for the two plans studied which

was 7.19%. The P ] ®8%ElLhe measured point dose

at right lung showge : ' fne - Llewer than modified Batho

%Deviation

mYmYm

Plan MU Region
atho&Mea. ISOFT&Mea.

5.41 428
: 277 0.62

Mediast 2.@ . .
Rightlaa§ 12588 1215 13123 129.76 -3 425 3.08
4.42
of.s @o 1.41

Right lung 122.4 117. 1 132.23  128. 36 -4.33 8.03 4 87

qmmn‘swmmmw
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Table 4.5 The comparison between point doses measured by ionization chamber and

calculated by AAA, Modified Batho and ISOFT software of IMRT at left lung,

mediastinum and right lung.

%Deviation

Plan MU Region

ISOFT&Mea.
1 333 Leftlung .= 2.63 3.41
Mediastif 2.50 -1.83
Right lung 5.11 3.70
2 309  Leftlur : 7.19 4.58
Mediastinum #1674 2.08 2.24
Right lung 5.09 3.68

4.3.2 Film and*scanfy : f': yratior

P} ;
432 | Eil bt At

(ADC) and optical
03 densitometer curve

between ADC 11 optic eqgressi In with the optical density
ranging from 0.2 to 3.6 and ADC ranging from 4,000 to 57,000. This experiment

UEANENTNEIN S
QRGN TN INEAE
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Table 4.6 The densitometer signal of standard step film for scanner calibration.

18 42192 2.62

AU INENTNENS

RIAINIUURIINYIAY

57669 3.65
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3.5

25 -

Optical density (OD)

05 -
0~ T T T 1
0 # 50004 00'0, 5000, 20008 25000 @000, 00 45600 50000 55000 60000
Figure 4.8 The cor enopt "‘, densi AkAD@1of dose response curve of

4.3.2.2 Films f,-’..
Ry
film is showt

showed the lin

een OD and dose

3 ﬁt\ ray (Gy) from step
)
W

ﬂuEJ’J‘VIEJVIﬁWEJ'Iﬂﬁ

AN TN INGA Y

.1.6;@.4 cGy and OD ranging
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Table 4.7 The densitometer signal of standard step film for film calibration.

Step

Dose (Gy)

usInENINeIng
RINNINURIINYINY

Figure 4.9 The correlation between optical density and dose of dose response curve of

Kodak EDR2 film.
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4.3.3 Film measurement

Figure 4.10 to 4.13 illustrate the EDR? film images obtained by digital camera for

The ED n gboif gbsf clies in\&h oS Iose for both 3D CRT
fields and IMRT fi fores plana8ndidd the R8Iy resuit as the point dose
measurement 4 i0s : yas CJoS ' M8 the other calculation
methods, except &4 L r 1-' ' o dose in ISOFT software
was close to fi Land " ‘4"-?-_ - I"\ ement for both 3D-CRT and
IMRT fields of bo | : ‘ W 4‘,‘ 'sider -. the effect from secondary
electron at the interfagl fop :J_r -,,n- oC andWBOFT software. The measured
point dose in the Ieft Iung d -!f-ﬁlr—"ﬂ_" OWest dose than the three methods of
calculation. The resu . Baluc to low density in left lung is
less consi e et in modified Batho, take AA a few for ISOFT
software. A . the measured point
doses tended tﬂj}gree wi hods. Tzﬁldoses become deviate

when passed thro h the right lung. The systematlc overprediction of point dose by

mﬁﬁfﬂﬁ VENIWG RS

ed by film was within 5% wh|ch met the criteria of acceptability accordlng to

Wﬁﬁémmwwwmw
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Figure 4.10 ThefEDRZFiIng mage ""~u |ta| \ \ o 3. CRT field technique at

central @is'i " "J' nl'

ma/.? \

~ patient plan 1.

{‘ "r": <

Figure 4.11 The EDR2 film image using digital camera of 3D-CRT field technique at

central axis in parallel setup of 6 MV beams of patient plan 2.



Figure 4.12 Th

76

%,
DRl . ‘,‘_ USI g di |ta \ 518, of IMR T el d technique at central

darallel set -*\ﬁ- s Vbe s Qffpatient plan 1.
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axis in parallel setup of 6 MV beams of patient plan 2.



77

Figure 4.14 StDfieldglbf glfingh dose ; om the Eclipse RTPS, 6 MV

w -A\

@u ﬂﬁel of Ia a -- o.. IMRT Bla » rom hnhijTPS

6 I\/Iveeam at 100 cm SA
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Figure 4.17 Central axis depth dose curve of 3D-CRT plan 2 with the beam irradiated

from left to right side of CIRS thorax phantom.
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Figure 4.19 Central axis depth dose curve of IMRT plan 2 with the beam irradiated from

left to right side of CIRS thorax phantom.



CHAPTER V

DISCUSSIQN,AND CONCLUSION

I K
LY |
Advanced techni adio / gintensity modulated radiotherapy
(IMRT), increase the p -n.;_:‘.:;‘ dehvery Mi he dose distribution could be

verified by measurementswith=ion cha*)er, filra=ane=eetedtor array. These techniques
——— i k .

are time consu . The independent dose

calculation soft ppropriate to verify dose
distribution for th ' ' 0f 30, ORE, M, MRIhe ISOFT software was
developed to“be a flate ‘the! point, dosen % of absolute dose in both

and IMRT fields. The

validation of the a offthis ,Fiﬁ, a EC 0S8 tréggnent planning system with

dose measuren i f oe-w;’éf;- ax p \ t@myareMundertaken to prove that
s dd | ¥ L}

this ISOFT softwar patient x', eCHig) QA.

5.1 Dose verifigh ion ,1 ALCfielo }1 -'-1 s phantom

The comparison bet -;’_". ..' [S_Dy ion chamber and calculations by
Eclipse system and S "’j" jare ater phantom for all field sizes
and depth s i ed are in the criteria of acceptability according QA TRS no. 430. For

the square - elds, Saieefnent within 1%. For
==t : : § —
5%. For sha@d fields which included

a series of corner| ck circular field MLC, mverted Y field MLC and irregular field MLC,

AU gingnsnegang.

es of irregular MLC fields in omogeneous phantom within few second and the

q Wﬁ\ﬁﬁﬁ- ' ilm 1ANgA Y

When the Clarkson method combined with 3D-BSM, the dose correction for both

rectangular fielﬂl the dose agre

irregular shaped field and the effect of inhomogeneity is achieved. The program is
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capable to import the CT base patient data with the correct CT number together with the

treatment plan and the MLC file. The external contour could be constructed in this

independent software and then th lation is undertaken with the correction of
§
the external contour. : \ /
As of 3D-CRT field overestimates

The lung dose

Iy better than the modified

from the point dosw Wlth‘5 O0
————

Batho from the stimated. The AAA shows

lower lung dose the, 3-D inhomogeneity, the
criterion of accept ‘ " [ en compared lung dose
between 1SO ith giffodi 3; 8, 0\ ™ the measured in the
» e Mg modified Batho. The

maximum differenc T and\ Mo fie 3.0%. But the maximum

difference betwg / . A algor is 92 ¥e they are different from

the measurement in fife o} posite Hire o, _
The lung dose, oula ..._'.fz'ff'_- b planstof IMRT overestimates from the

tly Better than the modified Batho

P

from the treatment planning } e » erestimate. The AAA shows both
. ‘, i

lower andc ' dﬁf\)ion is about 2.8%.
. e ——————————— = )
kjy overestimate from
.

is 2.6%. But the m‘in difference between IGRFT and AAA algorithm is 7.34%

UHINENTNYANSG -

not taken properly in ISOFT and I\/‘jlﬂed Batho. The ﬂlldup due to the se

ARIRNTUUNING 18

the measured dose to the measured than

( 0
1
modified Bathedsfhe maximum difference between ISOFT anﬂodifier Batho algorithm

increasing energy and decreasing field size. Normally, the effects of inhomogeneity

correction of IMRT were more complex than the conventional 3D-CRT due to the effect
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of many small fields and steep fluence gradients. The errors of iterative inverse

treatment planning of IMRT suggested inaccuracy dose calculation including systematic

error and random error. The

systematic and random e%\

53 leltatlo ware

9

algorithm were significant both of the

solute doses in any section

along the saglttal plan oddsesdisiruliorgeould not be constructed. Only
; ‘ . " '.-' . "-,..“-'-
single field of uldbg & reBygantryangle for both 3D-CRT

"y

and IMRT. The ' por RSBy | By one field can apply.

| A2 - L) \ihe dose near the build up
_ : edium could not be
calculated. The mg ficdfbal H't inhol h prrection are valid for high
energy photons as sQ#h as It ronic jlighiumiis'@8hieved, but IMRT uses small

beamlets, so the glctroffic equ' E:, lifficult to,@staBlish in the lung region. The

*

scatter dose in lung alg® coulgrnotsoe-det orréelly by modifier Batho, it is taken
A F )
into account only the scatter fromreEachIad 1"plane not for 3 dimensions.

The calculationgt S—dbout. B -
developmeh l'—‘ e algOHUT UuseU 1 e

.
However, the ¢Ha ulation

advantage is no tlr? consuming and labor |nten3|ve

ﬂﬁﬂ%ﬂﬁﬂﬁdﬂﬂm r

corre ion. Haslam et al [7] mplem‘lted mdependent itor unit verification s

I ANIUIMIAINGIAY

performed and the contour patient’s skin was manually obtained by operators. Georg et

is the first step, the further
the more accurate

I v-lhould be reduced.
'
time ta@ when using film. The

al [5] proposed independent dose calculation software that applied a pencil beam
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model based on a beam quality index. The dose of intensity modulated beam (IMB)
showed the deviation of 1.1% compared between independent software and RTPS, with

the maximum deviations up to 149 igh dose region. The dose calculation within

the patient is lack of ac ! inhomogeneities correction. The
AAPM no.85 [2] concl : ﬂwnstream beyond low density
media and decreasg [ @a Additionally, the severity
. . . —7_—_—-‘_- : -

increases with i J e

original Batho m ' ; i alculation in high dose

field size. Normally, the

: '_;fiw
Voyert

I——
T-:-'{-":lrw*
P T ot h, LS

ﬁwi'?%"'

AUINENINGINS
RIAINTUURIINYIAY
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Appendix A The table of beam data reqw§ IZ‘//
""'-I-.___,_ ._._J
— ‘ —
Table 1 Tissue maximum ratio TMR, , in a water. th field size . 2 40 cm’ and depth of 1.5 cm to 40 cm.
N
Depth\FS | 1x1 2x2 3x3 4x4 5x5 X 9x9 1 12 x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 | 20x20
L5 1.00 1.00 1.00 1.00 1.00 1.0 1.0 1. 1 0 i 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.0 099 | 099 1.00 1.00 1.00 .00 0 1 | 99 | 0.99 099 | 099 | 099 | 099 | 099 0.9
2.5 097 | 097 | 098 098 | 099 | 099 0.9 9 0 0.99 9 0. 0.98 0.98 099 | 099 | 099 | 099 | 099 0.9
3.0 094 | 095 096 | 097 | 097 /4 0 0 0.9 7 97 0.97 0.98 0.98 098 | 098 0.98 0.98
35 092 | 093 094 | 095 096 | 096 4F 0.9 foof ' 6 oWk O 096 | 096 096 | 097 097 | 097 | 097 0.97
4.0 090 | 091 0.92 094 | 094 | o 0,95 95 0.95 0.95 0.95 0.95 096 | 096 | 096 0.96
45 088 | 089 | 090 | 092 | 092 | 093 .93 - 0. 094 | 094 | 094 | 094 | 094 | 094 | 094 0.95
5.0 086 | 087 | 088 09 | 090 | 091 M 09 0.92 - 0.9 0. 0.92 0.92 0.93 0.93 0.93 0.93 0.93 0.93
5.3 0.85 086 | 087 089 | 090 | 09 | 0 91— 92 92 | 092 0.92 092 | 092 092 | 093 0.93 0.93
55 084 | 085 086 | 088 | 089 | 0.89 .90 90" | 1 091 0.91 091 091 0.92 092 | 092 | 092 0.92
5.8 082 | 084 | 085 087 | 088 0.88 0.89 ) = 090 | 090 | 090 | 0091 091 0.91 0.91 0.92 0.92
6.0 0.81 0.83 0.85 086 | 087 | 088 0 | 089 | 090 | 090 | 091 091 0.91 091 091
6.3 0.81 082 | 084 | 085 0.86 | .ﬂ.w ) 0.89 090 | 090 | 090 | 090 | 090 0.90
6.5 080 | 081 0.83 084 | 085 lsd | 0.8 089 | 089 | 089 | 090 | 090 0.90
6.8 079 | 081 0.82 0.83 0.84 ) = 058 0.88 0.88 089 | 089 | 089 | 089 0.89
7.0 078 | 080 | 081 0.83 0.84 d;z{; 0.85 0. 0.87 0.87 I" 87 | 087 0.88 0.88 088 | 0.88 0.88 0.89
7.3 077 | 079 | 080 0.87 087 | 0.88 0.88 0.88
7.5 076 | 077 | 079 0.87 087 | 087 | 087 0.87
7.8 075 | 076 | 078 086 | 086 | 086 | 087 0.87
8.0 0.73 0.75 0.77 0.85 086 | 086 | 086 0.86
8.3 0.73 074 | 076 0.85 0.85 0.85 0.86 0.86

qmmmniwﬁwmé’ 1
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Depth\FS 1x1 2x2 3x3 4x4 5x5 6x6 13x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 20x20
8.5 0.72 0.74 0.75 0.77 0.78 0.79 0.83 0.83 0.84 0.84 0.84 0.85 0.85 0.85
8.8 0.72 0.73 0.75 0.76 0.78 0.79 0.82 0.83 0.83 0.83 0.84 0.84 0.84 0.85
9.0 0.71 0.72 0.74 0.75 0.77 0. 0.81 0.82 0.82 0.83 0.83 0.84 0.84 0.84
9.3 0.70 0.72 0.73 0.75 0.76 0.77 0.81 0.81 0.82 0.82 0.83 0.83 0.83 0.83
9.5 0.69 0.71 0.72 0.74 0.75 0.76 0.798 0.80 0.81 0.81 0.81 0.82 0.82 0.82 0.83
9.8 0.68 0.70 0.71 0.73 0.74 0. 0.7 i/ 0. 0. 9 0. 0.80 0.80 0.80 0.81 0.81 0.81 0.82 0.82
10.0 0.67 0.69 0.71 0.72 0.73 0.75 .76 6 0. 0.79 0.79 0.80 0.80 0.80 0.81 0.81 0.81
10.3 0.66 0.68 0.70 0.71 0.73 0.7 0. ¥/ & 17 0.7 0.78 0.79 0.79 0.79 0.80 0.80 0.81 0.81
10.5 0.66 0.67 0.69 0.71 0.72 =13 .74 0 ? 0.7 V77 0.78 0.78 0.79 0.79 0.80 0.80 0.80
10.8 0.65 0.67 0.68 0.70 0.71 0.72 0.7 .74 : 76 6 0. 0.77 0.77 0.78 0.78 0.79 0.79 0.79 0.80
11.0 0.64 0.66 0.67 0.69 0.70 0 0,74 : 76 0.76 0.76 0.77 0.78 0.78 0.78 0.79 0.79
11.3 0.63 0.65 0.67 0.68 0.70 0.71 .72 F/3% 0. 0.75 0.76 0.76 0.77 0.77 0.78 0.78 0.78
11.5 0.63 0.64 0.66 0.68 0.69 0.70 0.7 0.72 - 0.74 0. 0.75 0.75 0.76 0.76 0.77 0.77 0.77 0.78
11.8 0.62 0.63 0.65 0.67 0.68 0.69 7 73 74 0.74 0.74 0.75 0.76 0.76 0.76 0.77 0.77
12.0 0.61 0.63 0.64 0.66 0.67 0.68 0.69 —9"7!1‘"' .13 0.73 0.73 0.74 0.74 0.75 0.75 0.76 0.76 0.76
12.3 0.60 0.62 0.64 0.65 0.67 0.68 0.69 14 0.73 0.73 0.73 0.74 0.74 0.75 0.75 0.75 0.76
12.5 0.60 0.61 0.63 0.64 0.66 4=0.67 (}H. 0.72 0.73 0.74 0.74 0.74 0.75 0.75
12.8 0.59 0.61 0.62 0.64 0.651 i M 0.72 0.72 0.73 0.74 0.74 0.74 0.74
13.0 0.58 0.60 0.61 0.63 0.64 : 1 0.71 0.72 0.72 0.73 0.73 0.74 0.74
13.3 0.58 0.59 0.61 0.62 0.64 :. .10 / 0.70 0.70 0.71 0.72 0.72 0.73 0.73 0.73
13.5 0.57 0.59 0.60 0.62 0.63 i"(lﬁ 0.65 0.66 .68 0.69 0.69 .69 0.70 0.70 0.71 0.72 0.72 0.72 0.73
13.8 0.57 0.58 0.60 0.69 0.69 0.70 0.70 0.71 0.72 0.72 0.72
14.0 0.56 0.58 0.59 0.68 0.68 0.69 0.70 0.71 0.71 0.71 0.72
14.3 0.56 0.57 0.58 0. 0.69 0.69 0.70 0.70 0.71 0.71
14.5 0.55 0.56 0.58 0.5¢ 0. 67 0.68 0.69 0.69 0.70 0.70 0.70

ARIANTAUNNIINYIAY
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Depth\FS 1x1 2x2 3x3 4x4 5x5 6x6 13x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 20x20
14.8 0.54 0.56 0.57 0.58 0.60 0.61 0.66 0.67 0.67 0.68 0.69 0.69 0.69 0.70
15.0 0.54 0.55 0.56 0.58 0.59 0.60 0.66 0.66 0.67 0.67 0.68 0.69 0.69 0.69
155 0.52 0.54 0.55 0.56 0.58 0. 0.64 0.65 0.65 0.66 0.67 0.67 0.68 0.68
16.0 0.51 0.52 0.54 0.55 0.56 0.57 0.63 0.63 0.64 0.65 0.65 0.66 0.66 0.67
16.5 0.50 0.51 0.52 0.54 0.55 70.56 0.598 0.62 0.62 0.63 0.63 0.64 0.65 0.65 0.65
17.0 0.49 0.50 0.51 0.53 0.54 0. 0.5 .3 0. 0. 0 0. 0.61 0.61 0.62 0.62 0.63 0.64 0.64 0.64
17.5 0.47 0.49 0.50 0.52 0.53 0.54 155, 6 0. 0.60 0.60 0.61 0.61 0.62 0.62 0.63 0.63
18.0 0.46 0.48 0.49 0.50 0.52 0.5 0. B & .57 0.5 0.59 0.59 0.59 0.60 0.61 0.61 0.62 0.62
18.5 0.45 0.47 0.48 0.49 0.50 02 53 -y 0 ? 0.5 158 0.58 0.58 0.59 0.60 0.60 0.61 0.61
19.0 0.45 0.46 0.47 0.48 0.49 0.50 0.5, .52 : 54 n] 0. 0.56 0.57 0.57 0.58 0.59 0.59 0.60 0.60
19.5 0.43 0.45 0.46 0.47 0.48 0 0,51 : 55 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59
20.0 0.42 0.44 0.45 0.46 0.47 0.48 .50 I50%, 0. 0.54 0.54 0.55 0.56 0.56 0.57 0.57 0.58
21.0 0.41 0.42 0.43 0.44 0.45 0.46 0.4 0.48 - 0.51 0.5 0.52 0.52 0.53 0.54 0.54 0.55 0.56 0.56
22.0 0.39 0.40 0.41 0.42 0.43 0.44 TF 49 0.50 0.50 0.51 0.51 0.52 0.52 0.53 0.53 0.54
23.0 0.37 0.38 0.39 0.40 0.41 0.43 0.44 —9"4'.5"" 47 0.48 0.48 0.49 0.49 0.50 0.50 0.51 0.52 0.52
24.0 0.35 0.36 0.37 0.38 0.39 0.41 0.42 y 0.45 0.46 0.46 0.47 0.47 0.48 0.49 0.49 0.50
25.0 0.34 0.35 0.36 0.45 0.45 0.46 0.46 0.47 0.47 0.48
26.0 0.33 0.33 0.34 0.43 0.43 0.44 0.45 0.45 0.46 0.46
27.0 0.31 0.32 0.33 0.41 0.42 0.42 0.43 0.43 0.44 0.44
28.0 0.30 0.31 0.32 0.40 0.40 0.41 0.41 0.42 0.42 0.43
29.0 0.28 0.29 0.30 0.38 0.39 0.39 0.40 0.40 0.41 0.41
30.0 0.27 0.28 0.29 0.37 0.37 0.37 0.38 0.39 0.39 0.40
31.0 0.26 0.26 0.27 0.35 0.35 0.36 0.37 0.37 0.38 0.38
32.0 0.24 0.25 0.26 0.34 0.34 0.35 0.36 0.36 0.37
33.0 0.23 0.24 0.25 32 0.33 0.33 0.34 0.34 0.35 0.35
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Depth\FS | 1x1 2x2 3x3 4x4 5x5 6x6 Y9 1 12x12 | 13x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 | 20x20
34.0 022 | 023 | 024 | 024 | 025 | 026 | 0® 028 5| 0.29%% ) | 031 031 031 032 | 032 | 033 | 033 0.34
35.0 021 022 | 023 023 | 024 | 025 : 027.= 0.28_:- %9 | 020 | 030 | 030 | 030 | 031 031 032 0.33
36.0 020 | 021 021 022 | 023 0. 25 : :#19.%6I ‘ : 028 | 020 | 020 | 0290 | 030 | 030 | 031 031
37.0 019 | 020 | 020 | 021 022 | 023:clg®s : 5 027 | 028 | 028 | 028 | 028 | 029 | 030 030
38.0 018 | 019 | 019 | 020 | 021 | 022 | . 0.24 026 | 026 | 027 | 027 | 027 | 028 | 028 029
39.0 017 | 018 | 019 | 019 | 020 | o 0. g 073 0. A 0. 25 | 025 026 | 026 | 026 | 027 | 027 0.28
40.0 016 | 017 | 018 | 018 | 019 | 020 20 1 o, . 024 | 024 | 025 | 025 | 025 | 026 | 026 027
K ,w' i
/
i j
: '

U aIneningInsg
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Table 1 Tissue maximum ratio TMR , , in a water g ield si to 40x40 cm” and depth of 1.5 cm to 40 cm. (Continue)
Depth\FS | 21x21 | 22x22 | 23x23 | 24x24 | 25x25 | 26x26 |w2dx2i | T8% 29x 30x Tx31|==3 33x33 | 34x34 | 35x35 | 36x36 | 37x37 | 38x38 | 39x39 | 40x40

1.5 1 1 1 1 1 1 - A 17 ls h 1 1 1 1 1 1 1 1

2.0 0.99 1.00 1.00 1.00 1.00 1.00 1.0 jf;fﬁo | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.5 099 | 099 | 099 | 099 | 099 | o. 0.99 99 0: 099 | 099 | 099 | 09 | 099 | 099 | 099 0.99
3.0 098 | 098 | 098 | 098 | 098 | 098 08 0.98 098 | 098 | 098 | 098 | 098 | 098 | 098 0.98
35 097 | 097 | 097 | 097 | 097 0 L 09 o 7 97 97 | 097 | 097 | 097 | 097 | 097 | 097 0.97
4.0 096 | 096 | 096 | 096 | 096 | 096 #7096 96 9 096 | 096 | 09 | 09 | 096 | 096 | 096 0.96
45 095 | 095 | 0095 095 | 095 | 0 95 95 95 | 0095 095 | 095 095 | 095 | 0095 0.95
5.0 094 | 094 | 094 | 094 | 094 | 094 94 40, 04 1o, 9 094 | 094 | 094 | 095 095 | 095 | 095 0.95
53 093 | 093 | 0093 093 | 093 0.93 0. 93 3 0.9 094 | 094 | 094 | 094 | 094 | 094 | 094 0.94
5.5 092 | 092 | 0093 093 | 093 093 3 “ S 0 3 (7093 0.93 093 | 093 093 | 093 | 093 0.93
5.8 092 | 092 | 092 | 092 | 092 | 092 @028 092" 0.9 0.93 0.93 093 | 0093 093 | 093 | 093 0.93
6.0 0.91 0.91 0.91 092 | 092 | 0927 0 = 092 WM0.92" | 092 | 092 | 092 | 092 | 092 | 092 | 092 0.92
63 0.91 0.91 0.91 0.91 0.91 0.91 { 2% 1 91 0.91 092 | 092 | 09 | 092 | 092 | 09 0.92
6.5 090 | 090 | 090 | 090 | 091 0.91 0.91 0r—t—0.91 0.91 0.91 091 0.91 0.91 091 0.91 091 091 091
6.8 080 | 080 | 09 | 09 | 090 | 090 | 0901w, - 090 | 090 | 091 0.91 0.91 0.91 0.91 0.91 0.91
7.0 089 | 089 | 089 | 089 | 089 T™9.90, 090 | 090 | 090 | 090 | 090 | 090 0.90
73 088 | 088 | 088 | 089 | 089 090 | 090 | 090 | 090 | 090 | 0.0 0.90
75 088 | 088 | 083 | 083 | 088 ). 089 | 089 | 089 | 089 | 089 | 089 0.89
7.8 087 | 087 | 087 | 087 | 088 5 0. 0.88 08 | 089 | 08 | 089 | 089 | 089 0.89
8.0 087 | 087 | 087 088 | 088 | 088 | 088 | 0.8 0.88
8.3 086 | 086 | 086 088 | 088 | 088 | 083 | 088 0.88
8.5 085 | 086 | 086 087 | 087 | 087 | 087 | 087 0.87
3.8 085 | 085 | 085 087 | 087 | 087 | 087 | 087 0.87
9.0 084 | 084 | 084 086 | 086 | 086 | 086 | 086 0.86
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Depth\FS 1x1 2x2 3x3 4x4 5x5 6x6 13x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 20x20
9.3 0.84 0.84 0.84 0.84 0.84 0.84 0.85 0.85 0.85 0.86 0.86 0.86 0.86 0.86
9.5 0.83 0.83 0.83 0.83 0.83 0.84 0.84 0.85 0.85 0.85 0.85 0.85 0.85 0.85
9.8 0.82 0.83 0.83 0.83 0.83 0. 0.84 0.84 0.84 0.84 0.84 0.84 0.85 0.85
10.0 0.82 0.82 0.82 0.82 0.82 0.82 0.83 0.83 0.84 0.84 0.84 0.84 0.84 0.84
10.3 0.81 0.81 0.81 0.81 0.82 0.82 0.82 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
10.5 0.80 0.81 0.81 0.81 0.81 0. 0.8 .8 0. 0. 2 0. 0.82 0.82 0.83 0.83 0.83 0.83 0.83 0.83
10.8 0.80 0.80 0.80 0.80 0.80 0.81 .81 1 0. 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82
11.0 0.79 0.79 0.79 0.80 0.80 0.8 0. & .81 0.8 0.81 0.82 0.82 0.82 0.82 0.82 0.82 0.82
11.3 0.78 0.79 0.79 0.79 0.79 .19 .80, 0 ? 0.8 181 0.81 0.81 0.81 0.81 0.81 0.81 0.81
11.5 0.78 0.78 0.78 0.78 0.78 0.79 0.7 .79 : 80 0 0. 0.80 0.80 0.81 0.81 0.81 0.81 0.81 0.81
11.8 0.77 0.77 0.77 0.78 0.78 0 0,78 l 79 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
12.0 0.76 0.77 0.77 0.77 0.77 0.77 .78 0. 0.79 0.79 0.79 0.79 0.80 0.80 0.80 0.80
12.3 0.76 0.76 0.76 0.76 0.77 0.77 0.7 0.77 - 0.78 0. 0.78 0.79 0.79 0.79 0.79 0.79 0.79 0.79
12.5 0.75 0.75 0.76 0.76 0.76 0.76 T 77 78 0.78 0.78 0.78 0.78 0.79 0.79 0.79 0.79
12.8 0.75 0.75 0.75 0.75 0.75 0.76 0.76 —9"‘)‘;" 17 0.77 0.77 0.78 0.78 0.78 0.78 0.78 0.78 0.78
13.0 0.74 0.74 0.75 0.75 0.75 0.75 0.76 y 0.77 0.77 0.77 0.77 0.77 0.78 0.78 0.78 0.78
13.3 0.74 0.74 0.74 0.74 0.74 4=40.75 (}ﬁ, 0.76 0.77 0.77 0.77 0.77 0.77 0.77
13.5 0.73 0.73 0.73 0.76 0.76 0.76 0.76 0.76 0.76 0.77
13.8 0.72 0.73 0.73 0.75 0.75 0.76 0.76 0.76 0.76 0.76
14.0 0.72 0.72 0.72 0.75 0.75 0.75 0.75 0.75 0.75 0.75
14.3 0.71 0.71 0.72 0.74 0.74 0.75 0.75 0.75 0.75 0.75
14.5 0.71 0.71 0.71 0.74 0.74 0.74 0.74 0.74 0.74 0.74
14.8 0.70 0.70 0.70 0.73 0.73 0.74 0.74 0.74 0.74 0.74
15.0 0.69 0.70 0.70 0.73 0.73 0.73 0.73 0.73 0.73
155 0.68 0.68 0.69 72 0.72 0.72 0.72 0.72 0.72 0.72
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Depth\FS 1x1 2x2 3x3 4x4 5x5 6x6 13x13 | 14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 20x20
16.0 0.67 0.67 0.67 0.68 0.68 0.68 0.70 0.70 0.71 0.71 0.71 0.71 0.71 0.71
16.5 0.66 0.66 0.66 0.67 0.67 0.67 0.69 0.69 0.70 0.70 0.70 0.70 0.70 0.70
17.0 0.65 0.65 0.65 0.66 0.66 0. 0.68 0.68 0.69 0.69 0.69 0.69 0.69 0.69
17.5 0.64 0.64 0.64 0.64 0.65 0.65 0.67 0.67 0.68 0.68 0.68 0.68 0.68 0.68
18.0 0.62 0.63 0.63 0.63 0.64 0.64 0.658 0.66 0.66 0.66 0.67 0.67 0.67 0.67 0.67
18.5 0.61 0.62 0.62 0.62 0.63 0. 0.6, .6 0. 0 4 0. 0.65 0.65 0.65 0.66 0.66 0.66 0.66 0.66
19.0 0.60 0.61 0.61 0.61 0.62 0.62 .62 3 0. 0.64 0.64 0.64 0.65 0.65 0.65 0.65 0.65
19.5 0.59 0.59 0.60 0.60 0.60 0.6 0. & .62 0.6 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64
20.0 0.58 0.58 0.59 0.59 0.59 .60 .60, 0 ? 0.6 L62 0.62 0.63 0.63 0.63 0.63 0.63 0.63
21.0 0.56 0.56 0.57 0.57 0.57 0.57 0.5 .58 : 59 9 0. 0.60 0.60 0.60 0.60 0.61 0.61 0.61 0.61
22.0 0.54 0.54 0.55 0.55 0.55 0 0,56 : 58 0.58 0.58 0.58 0.59 0.59 0.59 0.59 0.59
23.0 0.52 0.53 0.53 0.53 0.53 0.54 .54 0. 0.56 0.56 0.57 0.57 0.57 0.57 0.57 0.57
24.0 0.50 0.50 0.51 0.51 0.51 0.52 0.5 0.53 - 0.54 0.5 0.54 0.55 0.55 0.55 0.55 0.55 0.55 0.55
25.0 0.48 0.49 0.49 0.49 0.49 0.50 TF 2 0.52 0.52 0.52 0.52 0.53 0.53 0.53 0.53 0.53
26.0 0.46 0.47 0.47 0.47 0.48 0.48 0.48 —9"4.9"' .50 0.50 0.50 0.51 0.51 0.51 0.52 0.52 0.52 0.52
27.0 0.45 0.45 0.45 0.46 0.46 0.46 0.47 74| 0.49 0.49 0.49 0.49 0.49 0.50 0.50 0.50 0.50
28.0 0.43 0.43 0.44 0.44 0.44 =045 (}A-Z, 0.47 0.48 0.48 0.48 0.48 0.48 0.49
29.0 0.42 0.42 0.42 0.42 0.43 2 ﬁ’f) 0.45 0.46 0.46 0.46 0.46 0.46 0.47
30.0 0.40 0.40 0.41 0.41 0.41 “ 4 0.44 0.44 0.44 0.45 0.45 0.45 0.45
31.0 0.38 0.39 0.39 0.39 0.40 Q:_:H] A2 / 0.42 0.42 0.43 0.43 0.43 0.43 0.43 0.44
32.0 0.37 0.37 0.38 0.38 0.38 (}"3| 0.39 0.39 0 0.40 0.40 41 0.41 0.41 0.41 0.42 0.42 0.42 0.42
33.0 0.36 0.36 0.36 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.41
34.0 0.34 0.35 0.35 0.38 0.38 0.38 0.39 0.39 0.39 0.39 0.39
35.0 0.33 0.33 0.34 0. 0.37 0.37 0.37 0.38 0.38 0.38
36.0 0.32 0.32 0.32 0. 36 0.36 0.36 0.36 0.36 0.36 0.37
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Depth\FS 1x1 2x2 3x3 4x4 5x5
37.0 0.30 0.31 0.31 0.31 0.32
38.0 0.29 0.30 0.30 0.30 0.30
39.0 0.28 0.28 0.29 0.29 0.29
40.0 0.27 0.27 0.28 0.28 0.28

2
AN TUAMINYAE

14x14 | 15x15 | 16x16 | 17x17 | 18x18 | 19x19 20x20
0.34 0.34 0.35 0.35 0.35 0.35 0.35
0.33 0.33 0.33 0.34 0.34 0.34 0.34
0.32 0.32 0.32 0.32 0.33 0.33 0.33
0.31 0.31 0.31 0.31 0.31 0.32 0.32
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Table 2 Tissue maximum ratio TMR, ,, in a water

and depth of 1.5 cm to 40 cm.

adius(cm) ' adius(cm)

Depth 0x0 x0T h 0x0 Depth 0x0
1.5 1.00 9 0.52 32 0.23
2 099 9 68 33 0.22
25 0.97 9.5 0.67 50 34 021
3 0.94 75 0. | 35 0.20
35 0.92 0 48 36 0.19
4 0.90, 25 ) 37 0.18
45 0.8 o 0.45 38 0.17
5 085 75 I 39 0.16
525 0.84 4 uff 0. 40 0.15
5.5 0.83 p" 9 0.43
575 0.82 ¥ B 19.5 0.42
6 0.80 1.75 0.40
625 0.80 12 1 0.39
6.5 0.79 1243 0.37
6.75 . 35
7 W
7.25 WA -3
7.5 0.74‘;"'j 0
775 0730 135 0.55 27 dﬂ
8 0.72 0.29
8.25 0.2

8.75

~
s | |
]

0.25

qR189NT

¢

IRIINYI1A Y

97



| ,.' %8
Table 3 Scatter maximum ratio SMR, , in a water phdhn ' | Uit radiuv// A x40 cm’ and depth of 0.56 cm to 16.93 cm.

Radius — 4 : I —

Depth 056 | 113 | 1.69 | 2.26 | 2.82 | 3.39 m’ : 083 56416 733 | 7.90 | 846 | 9.03 | 9.59 | 10.16 | 10.72 | 11.28
15 1.00 1.00 1.00 1.00 1.00 1.00 . : 1,06 : 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.0 099 | 0.99 1.00 1.00 1.00 1. 1.00 L .00 ' ; ; 0.99 0.99 0.9 0.99 0.99 0.99 0.99 0.99
25 0.97 0.97 0.98 0.98 0.99 0.99 799 0 099 \ 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99
3.0 094 | 095 0.96 0.97 0.97 0 9, 098 o 97 97 0.97 0.98 0.98 0.98 0.98 0.98 0.98
35 0.92 0.93 0.94 0.95 0.96 0.96 96 6 b 9 0.96 0.96 0.96 0.97 0.97 0.97 0.97 0.97
4.0 090 | 091 0.92 0.94 0.94 0 0; o 95 95 95 0.95 0.95 0.95 0.96 0.96 0.96 0.96
45 0.88 0.89 0.90 0.92 0.92 0.93 93 3;*\ olg5~ I Ko. 9 0.94 0.94 0.94 0.94 094 | 094 0.94 0.95
5.0 086 | 0.87 0.88 0.90 0.90 0.9 0. 92 ; 2 0.9 0.92 0.92 0.93 0.93 0.93 0.93 0.93 0.93
53 085 | 086 | 087 | 089 | 095 | 090 1 g Ao 0 > 1092 | 092 | 092 | 092 | 092 | 093 | 093 | 093
55 084 | 085 0.86 0.88 0.89 0.89 | #0.90 0.90 |09 0.9 0.91 091 0.91 0.92 0.92 0.92 0.92 0.92
5.8 0.82 0.84 0.85 0.87 0.88 0.88 0. 0. = 0.90 {14 0.90 0.90 0.90 0.91 091 091 091 0.92 0.92
6.0 0.81 0.83 0.85 0.86 0.87 0.88 s |d .89 . 0 90 0.89 0.90 0.90 0.91 0.91 0.91 0.91 0.91
6.3 0.81 0.82 0.84 0.85 0.86 0.87 0.87 088—1—0.88 0.89 0.89 0.89 0.89 0.90 0.90 090 | 0.90 0.90 0.90
6.5 080 | 0.81 0.83 0.84 0.85 0.86 0.87. 4189 087 | 0.88 0.88 0.88 0.89 0.89 0.89 0.90 0.90 0.90
6.8 079 | 081 0.82 0.83 0.84 ‘-“ 85 B3, | 088 0.88 0.89 0.89 0.89 0.89 0.89
7.0 0.78 0.80 0.81 0.88 0.88 0.88 0.88 0.89
73 0.77 0.79 0.80 0.87 0.87 0.88 0.88 0.88
75 076 | 077 0.79 0.87 0.87 0.87 0.87 0.87
7.8 0.75 0.76 0.78 0.86 0.86 0.86 0.87 0.87
8.0 0.73 0.75 0.77 0.85 0.86 0.86 0.86 0.86
8.3 0.73 0.74 0.76 0.85 0.85 0.85 0.86 0.86
8.5 0.72 0.74 0.75 0.84 084 | 085 0.85 0.85
8.8 0.72 0.73 0.75 0.83 084 | 084 0.84 0.85
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Radius

Depth 0.56 1.13 1.69 2.26 2.82 3.39 7.33 7.90 8.46 9.03 9.59 10.16 | 10.72 | 11.28
9.0 0.71 0.72 0.74 0.75 0.77 0.78 0.81 0.82 0.82 0.83 0.83 0.84 0.84 0.84
9.3 0.70 0.72 0.73 0.75 0.76 0. 0.81 0.81 0.82 0.82 0.83 0.83 0.83 0.83
9.5 0.69 0.71 0.72 0.74 0.75 0.76 0.80 0.81 0.81 0.81 0.82 0.82 0.82 0.83
9.8 0.68 0.70 0.71 0.73 0.74 0.75 N/ 0.78 0.80 0.80 0.80 0.81 0.81 0.81 0.82 0.82
10.0 0.67 0.69 0.71 0.72 0.73 0. 0.7 y/ 0. 0. 9 0. 0.79 0.79 0.80 0.80 0.80 0.81 0.81 0.81
10.3 0.66 0.68 0.70 0.71 0.73 0.74 75 6 0. 0.78 0.79 0.79 0.79 0.80 0.80 0.81 0.81
10.5 0.66 0.67 0.69 0.71 0.72 0.7 0. ¥/ . .76 0.7 0.77 0.78 0.78 0.79 0.79 0.80 0.80 0.80
10.8 0.65 0.67 0.68 0.70 0.71 2 w3 3% 0 0.7 77 0.77 0.78 0.78 0.79 0.79 0.79 0.80
11.0 0.64 0.66 0.67 0.69 0.70 0.72 0.7, 74 75 5 0. 0.76 0.76 0.77 0.78 0.78 0.78 0.79 0.79
11.3 0.63 0.65 0.67 0.68 0.70 0 0,73 75 0.75 0.76 0.76 0.77 0.77 0.78 0.78 0.78
11.5 0.63 0.64 0.66 0.68 0.69 0.70 71 0. 0.75 0.75 0.76 0.76 0.77 0.77 0.77 0.78
11.8 0.62 0.63 0.65 0.67 0.68 0.69 0.7 0.71 n 0.73 0. 0.74 0.74 0.75 0.76 0.76 0.76 0.77 0.77
12.0 0.61 0.63 0.64 0.66 0.67 0.68 T 73 0.73 0.73 0.74 0.74 0.75 0.75 0.76 0.76 0.76
12.3 0.60 0.62 0.64 0.65 0.67 0.68 0.69 'J-.",'.{: 72 0.73 0.73 0.73 0.74 0.74 0.75 0.75 0.75 0.76
12.5 0.60 0.61 0.63 0.64 0.66 0.67 0.68 3 y 0.72 0.72 0.72 0.73 0.74 0.74 0.74 0.75 0.75
12.8 0.59 0.61 0.62 0.64 0.65 440.66 (}J-L, 0.72 0.72 0.73 0.74 0.74 0.74 0.74
13.0 0.58 0.60 0.61 0.63 0.64 éﬂ_\l) 0.71 0.72 0.72 0.73 0.73 0.74 0.74
13.3 0.58 0.59 0.61 0.62 0.64 4 i/ 0.70 0.71 0.72 0.72 0.73 0.73 0.73
13.5 0.57 0.59 0.60 0.62 0.63 Q_.Zd! 169 1}0.69 0.70 0.70 0.71 0.72 0.72 0.72 0.73
13.8 0.57 0.58 0.60 0.61 0.62 (*It{i} 0.65 0.66 .67 0.68 0.69 I .69 0.69 0.70 0.70 0.71 0.72 0.72 0.72
14.0 0.56 0.58 0.59 0.70 0.71 0.71 0.71 0.72
14.3 0.56 0.57 0.58 0.69 0.70 0.70 0.71 0.71
14.5 0.55 0.56 0.58 0.69 0.69 0.70 0.70 0.70
14.8 0.54 0.56 0.57 0.68 0.69 0.69 0.69 0.70
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Radius

Depth 0.56 1.13 1.69 2.26 2.82 3.39 7.33 7.90 8.46 9.03 9.59 10.16 | 10.72 | 11.28
15.0 0.54 0.55 0.56 0.58 0.59 0.60 0.66 0.66 0.67 0.67 0.68 0.69 0.69 0.69
15.5 0.52 0.54 0.55 0.56 0.58 0. 0.64 0.65 0.65 0.66 0.67 0.67 0.68 0.68
16.0 0.51 0.52 0.54 0.55 0.56 0.57 0.63 0.63 0.64 0.65 0.65 0.66 0.66 0.67
16.5 0.50 0.51 0.52 0.54 0.55 0.56 0.598 0.62 0.62 0.63 0.63 0.64 0.65 0.65 0.65
17.0 0.49 0.50 0.51 0.53 0.54 0. 0.5 -3 0. 0. 0 0. 0.61 0.61 0.62 0.62 0.63 0.64 0.64 0.64
17.5 0.47 0.49 0.50 0.52 0.53 0.54 .55 6 0. 0.60 0.60 0.61 0.61 0.62 0.62 0.63 0.63
18.0 0.46 0.48 0.49 0.50 0.52 0.5 0. I & .57 0.5 0.59 0.59 0.59 0.60 0.61 0.61 0.62 0.62
18.5 0.45 0.47 0.48 0.49 0.50 D2 153 ey 0 ? 0.5 58 0.58 0.58 0.59 0.60 0.60 0.61 0.61
19.0 0.45 0.46 0.47 0.48 0.49 0.50 0.5 .52 ; 54 5 0. 0.56 0.57 0.57 0.58 0.59 0.59 0.60 0.60
19.5 0.43 0.45 0.46 0.47 0.48 0 0,51 : 55 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59
20.0 0.42 0.44 0.45 0.46 0.47 0.48 .50 0. 0.54 0.54 0.55 0.56 0.56 0.57 0.57 0.58
21.0 0.41 0.42 0.43 0.44 0.45 0.46 0.4 0.48 . 0.51 0. 0.52 0.52 0.53 0.54 0.54 0.55 0.56 0.56
22.0 0.39 0.40 0.41 0.42 0.43 0.44 AT 49 0.50 0.50 0.51 0.51 0.52 0.52 0.53 0.53 0.54
23.0 0.37 0.38 0.39 0.40 0.41 0.43 0.44 % 'J:‘:: 47 0.48 0.48 0.49 0.49 0.50 0.50 0.51 0.52 0.52
24.0 0.35 0.36 0.37 0.38 0.39 0.41 0.42 3 0.45 0.46 0.46 0.47 0.47 0.48 0.49 0.49 0.50
25.0 0.34 0.35 0.36 0.37 0.38 A5 0.39 (}Ai. 0.45 0.45 0.46 0.46 0.47 0.47 0.48
26.0 0.33 0.33 0.34 0.35 0.36 2 M 0.43 0.43 0.44 0.45 0.45 0.46 0.46
27.0 0.31 0.32 0.33 0.34 0.35 “ 4 0.41 0.42 0.42 0.43 0.43 0.44 0.44
28.0 0.30 0.31 0.32 0.32 0.33 Q.__H! 39, ’ 0.39 0.40 0.40 0.41 0.41 0.42 0.42 0.43
29.0 0.28 0.29 0.30 0.39 0.40 0.40 0.41 0.41
30.0 0.27 0.28 0.29 0.37 0.38 0.39 0.39 0.40
31.0 0.26 0.26 0.27 0.36 0.37 0.37 0.38 0.38
32.0 0.24 0.25 0.26 0.34 0.35 0.36 0.36 0.37
33.0 0.23 0.24 0.25 0.33 0.34 0.34 0.35 0.35
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Radius

Depth 0.56 1.13 1.69 2.26 2.82 3.39 5.08 5.64=] - o 7.33 7.90 8.46 9.03 9.59 10.16 | 10.72 | 11.28
34.0 0.22 0.23 0.24 0.24 0.25 0.26 5 0.28.% 0.2;- .30 | 0.31 0.31 0.31 0.32 0.32 0.33 0.33 0.34
35.0 0.21 0.22 0.23 0.23 0.24 0. 26 . fﬁjﬂl - 0.29 0.30 0.30 0.30 0.31 0.31 0.32 0.33
36.0 0.20 0.21 0.21 0.22 0.23 0.24 g5 : { 6‘ 0.28 0.29 0.29 0.29 0.30 0.30 0.31 0.31
37.0 0.19 0.20 0.20 0.21 0.22 0.23 0.25 0.27 0.28 0.28 0.28 0.28 0.29 0.30 0.30
38.0 0.18 0.19 0.19 0.20 0.21 0. 2 0 0 5. 0 .26 0.26 0.27 0.27 0.27 0.28 0.28 0.29
39.0 0.17 0.18 0.19 0.19 0.20 0.21 21 )/ 0. 0.25 0.25 0.26 0.26 0.26 0.27 0.27 0.28
40.0 0.16 0.17 0.18 0.18 0.19 0.2 0. 22 0.2 0.24 0.24 0.25 0.25 0.25 0.26 0.26 0.27

AU ’JVIEI‘VI?WEHﬂﬁ
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Table 3 Scatter maximum ratio SMR ; , in a water

W

’//
|
radiu % %40 cm’ and depth of 0.56 cm to 16.93 cm. (Continue)

Radius — !
Depth 11.85 | 1241 | 1298 | 13.54 | 14.10 - :us.so 1636 16
15 0.069 | 0072 | 0074 | 0076 | 0078 | 0.07 0
2.0 0.088 | 0.090 | 0.091 | 0.093 | 0.0 1096 4 0. 97
25 0.106 | 0.108 | 0.109 | 0.110 | 0.111 9 g 114 |§ o.
3.0 0.116 | 0.117 | 0.118 [ 0120 | 0 0. 1 0.12 0.
35 0125 | 0.127 | 0.128 | 0.130 | 0.131 13240 odB3 3
4.0 0.136 | 0139 | 0140 | 0.142 | 0.1 0. 146 48
45 0.147 | 0.150 | 0.151 | 0.154 | 0.156 158 4 0 0 1
5.0 0.153 | 0.156 | 0157 | 0.160 | 0.1624F 0.1 165 7
53 0.158 | 0.161 | 0.163 | 0.166 | 0.169 1 ] -
55 0164 | 0.167 | 0.170 | 0172 | 0.175 178 4 0.179 0.18
5.8 0170 | 0173 | 0175 | 0179 | 0182 0. 0.1 0.188
6.0 0171 | 0.174 | 0.177 | 0.180 | 0.183 | 0486 - 9
6.3 0171 | 0175 | 0.178 | 0.181 | 0185 | 0.188 | 0. 191
6.5 0172 | 0176 | 0179 | 0182 | 0.186 | 0.189.4
6.8 0.173 | 0.176 | 0.180 | 0.184 ["Wy188
7.0 0.181 | 0.185 | 0.188 | 0.191
73 0.190 | 0.193 | 0.196 | 0.199 2
75 0.198 | 0201 | 0204 | 0207 o.m 0.
7.8 0206 | 0210 | 0212 | 0214 O.W 0219 | 0222 | 0223 | 0224 | 0226
8.0 0207 | 0210 0.225
8.3 0206 | 0210
8.5 0206 | 0210
8.8 0206 | 0210

ARIANTAUUNIINYIAY
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Radius
Depth 11.85 12.41 12.98 13.54 14.10 : 15.80 16.36=1 93
9.0 0.209 0.213 0.215 0.217 0.220 0.222 0. #0.226, 0.228:_
9.3 0.212 0.216 0.218 0.220 0.2 4 228 0,
9.5 0.215 0.219 0.221 0.223 0.225# 7/ 1
9.8 0.218 0.222 0.224 0.226 0.228 234 0
10.0 0.219 0.224 0.225 0.228 0.2 0.23 3 0.2 0.2 41
10.3 0.221 0.225 0.227 0230 | 0.232 35 0.288 2
10.5 0.222 0.226 0.228 0.232 0.23 0.2 12 0. 46
10.8 0.224 0.227 0.230 0.233 : 7 40 0 0. .24
11.0 0.224 0.228 0.231 0.234 0.237 0.24 44| ] 50 2
11.3 0.225 0.229 0.231 0.235 0. I 0 244 -
11.5 0.226 0.229 0.232 0.235 0.238 41 0 12
11.8 0.227 0.230 0.233 0.236 0.239 0.24 0.245 0.255
12.0 0.227 0.230 0.233 0.236 0.239 0 £ 5
12.3 0.227 0.231 0.233 0.237 0.240 0.243 - 256
12.5 0.227 0.231 0.234 0.237 0.241 0.244 14
12.8 0.227 0.231 0.234 0.238 241 :
13.0 0.226 0.230 0.233 0.236
13.3 0.225 0.229 0.232 0.235
13.5 0.223 0.227
13.8 0.222 0.226
14.0 0.222 0.226
14.3 0.223 0.227
14.5 0.223 0.227
14.8 0.224 0.227

ARIANTAUUNIINYIAY
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Radius
Depth 11.85 | 1241 | 1298 | 1354 | 14.10 . 15.80 o 1636116
15.0 0225 | 0229 | 0233 | 0236 | 0240 [0244 | 02484 0.252 0.257-._
15.5 0227 | 0231 | 0235 | 0239 | 02 46 2544 o
16.0 051 | 052 | 054 | 055 | 056 9
16.5 050 | 051 | 052 | 054 | 055 57 s A o)
17.0 049 | 050 | 051 053 | 05 0.55 of | fos 0.5
17.5 047 | 049 | 050 | 052 | 053 4 o St 0
18.0 046 | 048 | 049 | 050 | 0524 0.5 Isalf | o 6 10!
185 045 | 047 | 048 | 049 ' 2 o “ 0.5 55
19.0 045 | 046 | 047 | 048 | o049 Wosof o> 3
19.5 043 | 045 | 046 | 047 | 049®| o0,
20.0 042 | 044 | 045 | 046 | 047 s o ' 5
21.0 041 | 042 | 043 | 044 | 045 Fo4s6 M 047 0.50
22,0 039 | 040 | 041 042 | 043 | 0 ]
23.0 037 | 038 | 039 | 040 | 041 | 043 A6
24.0 035 | 036 | 037 | 038 | 039 | 041
25.0 034 | 035 | 036 | 037 38
26.0 033 | 033 | 034 | 035 ‘L\
27.0 031 | 032 | 033 | 034
28.0 030 | 031 032 | 032 | 033
29.0 028 | 029
30.0 027 | 028
31.0 026 | 026
32.0 024 | 025 ﬂ ﬁ
33.0 023 | 024 :

IR TUAMINGA Y
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Radius

Depth 1185 | 1241 | 1298 | 1354 | 1410 1580 4 16.3
340 | 022 | 023 | 024 | o024 | 025 028 2 0.28 =g
350 | 021 | 022 | 023 | 023 | 02 v 026 | o
360 | 020 | 021 | 021 | 022 | 023 |ag® 5
370 | 019 | 020 | 020 | o021 | 022 W g o
380 | 018 | 019 | 019 | 020 | 021" 022 2 | o238 02
390 | 017 | o1s | o1 | o019 | 020 | @1 Foof Fee 48480
200 | 016 | 017 | 018 | 018 | 0.194F 02 of | o 2

AUEINENINEINS
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W/

Table 4 Phantom scatter factor Sp(r) in a water pb IUS O o) cm and depth of 1.5 cm to 17.39 cm.
adius(cm) | mm—— ad*cm) —— adius(cm) adius(cm)

Radius(cm Sp(r) Depth pth = . Sp(r) Depth Sp(r)
0.00 0.9600 6.43 12 2 | 11.28 1.0228 14.10 1.0310
2.26 0.9790 6.56 1. .03 1.0230 14.38 1.0314
2.52 0.9810 6.68 .00 9.10 ] 56 1.0234 14.67 1.0316
2.82 0.9820 6.77 06 9. 1.0240 14.93 1.0318
3.09 0.9830 6.91 1.0066 0 85 1.0244 15.23 1.0320
3.39 0.9860 7.02, 1007 1 1.0248 15.45 1.0322
3.57 0.9870 7.14 1.0976 10170 2.10 1.0252 15.71 1.0325
3.78 0.9880 725 | 030, 1.0 3 1.0256 15.80 1.0328
3.95 0.9895 7.33 008 ;"' & 12. 1.0260 15.96 1.0330
4.18 0.9910 7.46 i ' 1.017 241 1.0265 16.21 1.0333
437 0.9920 7.57 96 0178 12.49 1.0268 16.36 1.0338
451 0.9935 7.78 010 12.62 1.0270 16.45 1.0341
4.72 0.9942 7.90 1.0110 0184 12.74 1.0272 16.69 1.0346
4.89 0.9955 7.98 1.011 ﬁ’ 12.87 1.0276 16.93 1.0350
5.08 0.9965 B 984 1.0278 17.39 1.0355
5.20 0.9972 e : 1.0280
5.35 0.9980 ' 4 2 J 1.0284
5.64 1.0000 8.37 m‘" 151 | 1.0290
5.78 1.0010 8 464 1.0130 10.56 1.0204 13 1.0294
5.92
6.05
6.21
631

=

AR1AINTUUN
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Appendix B An example of .mlc file of square MLC fields for dose verification

Field = MLC

Index = 0.00
Carriage Group =1

Operator = Physicist

Collimator =
Leaf 1A=
Leaf 2A =
Leaf 3A=
Leaf 4A =
Leaf 5A =
Leaf 6A =
Leaf 7TA=
Leaf 8A =
Leaf 9A =
Leaf 10A =
Leaf 11A =
Leaf 12A =
Leaf 13A =
Leaf 14A =
Leaf 15A =

Leaf 16A =

Leaf 17A =
Leaf 18A =
Leaf 19A =
Le

10x10.0

0.00
0.00
0.00
0.00
0.00

0.00

eaf 18B =

Leaf 39A = 0.00

Leaf 19B = 5.00

Leaf 40A= 0.00

Leaf 21B = 5.00
Leaf 22B = 5.00
Leaf 23B = 5.00
Leaf 24B = 5.00
Leaf 256B = 5.00
Leaf 26B = 0.00
Leaf 27B = 0.00
Leaf 28B = 0.00
Leaf 29B = 0.00
Leaf 30B = 0.00
Leaf 31B = 0.00
Leaf 32B = 0.00
Leaf 33B = 0.00
Leaf 34B = 0.00
Leaf 35B = 0.00
Leaf 36B = 0.00
Leaf 37B = 0.00
Leaf 38B = 0.00
Leaf 39B = 0.00

eaf = 0.00
Note =

“Shape =0

Magnificatiorwoo
™ ‘.‘ o

D
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Appendix C An example of .mic file of static 3D-CRT field

Field = Lt. Lat 3D-CRT
Index = 90.00

Carriage Group =1
Operator = Physicist
Collimator = 0.00

Leaf 1A= 0.00 Leaf21B = 3.95

Leaf 2A= 0.00 Leaf 22B = 4.19

Leaf 3A= 0.00 Leaf 23B = 4.29

Leaf 4A= 0.00 keaf 24B = 4.20

Leaf 5A= 0.00 eaf 26B = 3.64

Leaf 6A= 0.00 eaf 26B = 0.05
Leaf 7A= 0.00 bl caf 27B = 0.05
Leaf 8A= 0.00 Leaf 28B = 0.05
Leaf 9A = 0.00 Leaf 29B = 0.05
Leaf 10A= 0.00 Leaf 30B = 0.05
Leaf 11A= 0.00 Leaf 31B = 0.05
Leaf 12A = 0.00 Leaf 32B = 0.05
Leaf 13A = 0.00 Leaf 33B = 0.05
Leaf 14A = 0.00 Leaf 34B = 0.05

o.ook' 3 Pt ' @355: 0.05

Leaf 16A = 3.04 j i gaj 36B = 0.05
W)

Leaf 15A =

Leaf 17A = 3.37 =

— -
Leaf18A= 3.17 ||}
¢/ | Leaf 38A =

Leaf 19A = 3.44

ﬂﬂ . ﬂ

€af 37B = 0.05
0.05

0.00

Leaf 19B = 3.80 0.05

9A = 0.00

nen
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Appendix D The user manual of ISOFT software

1. Introduction
This manual provides information on the background knowledge necessary for

using the application that this man ant for, and the notation used throughout this

9gramsiould run under the same

operating systfm ofghe Mics 9‘{ 4@ v ofEtdtindksystem sthce the problems with
4 J . \ "l.l n
different versionsgf cogfbile w':' twarolin L ndegilicrosoft Windows 32 bit
. Y ‘N vf%'; ' \ '{ : .
operating systems |n 8 '7*.‘,.;,1‘:3;. o Wab, Microsoft Window XP

Version 2002 is u ed z

the Qp@rating-g Th software packages allow

installation to any pers nal computer: The: roviles a short overview of the use

and the workflow foIIowed i -,-;;':""-'- ac hesporocedures included in the workflow
Z A ITINTL
are then desgribeg D Z\Q instructions to get

2.2, elrd A

cl =

requirement O

. | —
A minim squibped is at |eas@4 MB of RAM and a

processor of at Ieft 120 MHz clock freque y js recommended for the use of the

AUY INENINYINT

data Il be generate. The presen zversion also requires a sufficiently large d|splay

chie AN NEaY

16 bit colour depth (65,536 colours); in the 8-bit display mode the graphics in the
program will be of poor quality due to the small number of available colors. The VGA

cards should be compatible with the Microsoft Window OS.
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3. Using the program
To start ISOFT, double-click its icon on the desktop, or choose ISOFT from the
programs folder after pressing the “Start’-button on the task bar. The main window of

program will be pop up.

The ISOFT software i
conversion, patient conto |
the image viewing,
image data for

use o) (0 i
3.1. Ho eou Tapt

window, double-click
saggital bottom. The

PP ropriate directory.

ge of LC as shown in figure 3. In the

2D view, the MLCs are.displayge at e loser to the treatment unit. The

— » aﬁtline.

i

HI in T@our Depth in cm
L]
' - Entering the value of source to surface™istance in SSD in cm.

‘Antermg the value of muor unit in /nput MU in MU.

AUBINEATNE

magﬂthe cursor point then becomes the calculation point.

e field size of

8. Click None co' Inhomogeneity SBRCRT bottom to stdftdt

ARIAINIUARTINYTIR ¢
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Foe gy |LL_ZOCR1T_CIRS anks
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Sagpesl dita
| rs«wm

¥ Sag Cioas IMAT

T

iiiii

Figure 3 The hogiogegeo

3.2. Inhomoggnheo, 9'-‘.

To start Inhlomo, neoqﬁa@ pw, dot Ie— lick Inhomophan icon, the

window will be pop u as sr@ e 4.
The proced ﬂ—ymﬁ i’p | p.menu bar

1. & i agﬁr- The empty patient

explorer n? 2
EJ
4, @I n image file using th

AU Y WEJ NINYMNT
awwmmmumwmaﬂ

'\

S
Select the data to be imported from the appﬁinate directory.
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“
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21X
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‘ 4 stack07e.bmp

T 3 stackd?7.bmp

My Recent * stack52) * stackn7a.brmp
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Figure 6 The Igifomq@engous phante indo OF e phantom image is
. %o

at \ left of the form) shows the
first name, last nam€, e I atl per of field, collimator angle,
gantry angle and desg@ibtio 'H-"’—“ ',-: x beeMispecified there is no text. The
radio button of machine, oy---'--m"-'j— are for specifying patient data. The SSD

(Source to surface dis obtained either by entering

their propegyajues=(in-cm)-or-thi e-value-0.0-in-th e fields-of thi a. X position and Y

ge. The Point X and

=]

Point Y, TumOLEJDepth an

and prescription d?e in cGy for point dose Calculat|on after clicking on the CT image as

AUEANENINNT
ARIAIN TN INEIAY

. ol
ow the pﬂi‘rl}ts tumour depth in cm
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Sican view 2D contouring of
patient images# nenting methods. The
Contouring providesfitool Jefinig "' ke L€ ata Ok cach patient to achieve precise

patient dosimetry. Thiss . e tru e from CT images. The radio

bottom of Contour is createt :f:; ient sk éur by drag mouse cover the patient

outline on axial image a _,.v'_.' ser can save the contour file by

clicking thiﬁ L i;&:jan show the patient

skin contouLi ?}'tical score bar. The

mage o patieﬁkm : =
ﬂUEl'WIEWﬁWEI’Iﬂ'ﬁ
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was created by ISOFT software.
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The procedure of calculate an inhomogeneity correction:
1. From the inhomogeneous phantom window, click Calculation button.
2. Give a new name for the inhomogeneity correction files.

3. Save the changes.

W/

Shown in figure 10 ~— !

Ly DCe

3.3. MLC window
To start MLC

1 pPigRyiate directory.

PR image for sagittal view
by clicking in the axia " age, =

7. Do all of {11e]
0 surface distance in SSD in cm.

q@m MU.

jrwmdow appears.

-
-

'
‘ 'i III
Select the data to be imported from the appropriate directory.

an MLC position file the mouse.
A3 mmk g FNEHAIR G-

are“splayed at the field end closer to the treatment unit. The intersection of the field
and the plane show the MLC shap&s an outline as shgiifyin figure 11.

U BN R RLLELE

14. Do one of the following:
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- Click 3D-BSM (3D-CRT) bottom to start the calculation of dose
inhomogeneous correction by 3D-CRT technique.
- Click 3D-BSM (IMRT) bottom to start the calculation of dose

inhomogeneous correction by IMRT technique.

ﬂﬂ&l’mﬁmﬁmﬂﬂﬁ
RIAINTU UM INYIAY
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