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ARTICLE INFORMATION ABSTRACT

In-this paper, the diffusion coefficient in a normal tissue and tumor are to be estimated by the method

of inverse problems. At the beginning, distribution of drug (with the assumption of uniform and
isentropic diffusion coefficient) in the tissue is considered as the direct problem. In the direct problem,
the governing equation is the convection—diffusion, which is the generalized form of Fick’s law. Here, a
source and a sink are defined; the source as the rate of solute transport per unit volume from blood
Inverse problems vessels into the interstitial space and the sink as the rate of solute transport per unit volume from the
Levenberg-Marquardt interstitial space into lymph vessels are added to this equation. To solve the direct problem, the finite
Tumor difference method has been considered. Additionally, the diffusion coefficient of a normal tissue and
Normal tissue tumor will be approximated by parameter estimation method of Levenberg-Marquardt. This method is
Parameter estimation based on minimizing the sum of squared errors which, in the present study considered error is the
difference of the estimated concentration and the concentration measured by medical images (simulated
numerically). Finally, the results obtained by Levenberg-Marquardt method have provided an
acceptable estimation of diffusion coefficient in normal tissue and tumor.

Original Research Paper
Received 09 January 2017
Accepted 20 February 2017
Available Online 03 April 2017

Keywords:

bl Dl g oad Ll Slaslme slagts, 4 60550 9, b llo
saoyd (ooby e 6T @ b Glalxe oty Sl 038
Sledbl g o syl 5l ooliiwl b gm0l odegs @l ool 8k
0510 (S5 Bladizd ol pas Sl § SG5u8 ¢ p2b ) pole aiius (o)
sy wiz ng Glbs, G 4 ez oy ol Gl g ol
Sl 03985 (gl (310 9 (Sh (i «(Silgmr Slomlone 5 (2L

12l

Sl oads plowl jgagi Ay Slujgyls diey 0 (gl sloieg

Please cite this article using:

doio -1
ple drwgi g G iy el g G i il 3l sl Jlo o
5iS 152008 52007 Lo o o piitie gloh 3 ool ond S
1205 Jsl 45, Lol jo by o5 amo e olis Sy,e] saxte YU
o Sz (1] ojls boludl jo s Spe o 1) pg0 a5, Jods I 4l
o Sile j3085 (29500 Hloys (gl pore Lo, oS 0ad Euely j50g8
gl a3e 5 Sseyd Sloyd

o)lyd Slidios (aBaleil slagby, lait 5 Slbs Jlsa

s lod oalilw! J2d yle 5l Al (pl 4 gl gl gshy

P. Mirchi, M. Ziabasharhagh, M. Soltani, Calculation of diffusion coefficients in a normal tissue and tumor using the Levenberg-Marquardt method, Modares Mechanical Engineering,

Vol. 17, No. 4, pp. 1-8, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-1992-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:00 IRDT on Sunday May 13th 2018

Ol 9 e ey

SlgS lo—F yuig) gy Hl oSkl b yge95 9 eIl 8L iy sl 316 dnlxe

prleie by (29 plsied (Sdp polal bawys bl 5l solass
Sl 5ol sl ugSias Al (5399 slaosls Glyeay lale ()l
6,55 Lalg; 5l odel cansay lalsm a1 0,8 oo 1,8 colaiul 050
cutls aialss i lyr b oy b s

S Glyie Cod Baa @l (53,5 aneS Bus esSas Pl o
@ Olgion & 31 92y (Alite sla g jslate (nl sln ol oo e e
13 slaghs,y 9 SlsSilemS g 9 z9o3e bl asile SIS (sla b,
ged o)Ll T3 alos 2 95l g i e oSl wile (s 15

Sl S8l 5 305 i 30 ol o ookl diin ol i 4
Wl Koz (ol s aliee p oSl Aslee Grizmen Sl
(2lule - iy aolae) SC8 pgo g5l Bl puosd dolro 5 (o Aloles
A3l e 59,5 w0

IR i Sy9e S dlies g s Aliene S 93 dolol )
d> ey S dgame JlE (b 5l edites aliee Jo (sl 005 (0
@39 9 S odlitul (Jowilyins Volae (08 > ln goue
@ azs b s mrslior Sty ype98 5 ol il gl o 1, 5 s il
2 b Geegs g pllo C3b Aoy o pd) Jpteme sla ey olaas
P ol gln 1) oo ooy Jsb 5o cdile ajer 5 bl anase
oo 5 pSejail glochils o] @ lazdl Jlael b 5 el e dsloe
S oo (5l |y ((Sbyy palas 5l el caws 4 slacdale)

S le Syigh gy 5l eolinul b jse5 g ol <l iyl
Oldsdisn 03) (eSS iBlie woSae Bluwe SIS By, SG &S
0355 4eS ol Ban 65wl o (5,185 s slapm sl Jols Aoy
il e Wollas Slas o ggamo

SIS oS yis) g, 45 ablyso Capaily ol 51 Sl o 1) gl
[ Fod JB slagewly 9 o0g0i Joo 095 Dlape (n S alies o 0
a3 oo &) a9 g plle b iSu ol S sl

(ot Al -2
o 55 o e |y Bllen L8 58 Il e Alie
o plne ol 59 5 08,51 a1y BlEm s o e, 3k
polod oo dulme oloulam idy dolas jl eoliiwl b 1) clalé o565 by
ey g plle S8l JSATlonls Giss 9s Jelt alies anain
3.6cm o cdl glad 5 1.2 CM j0g glads ol "1 JS2" & g0a
CHlESe (S rge aSed 5l alies anais o ol S8 w4 Y adl e
o8 S 1 0 S e 1) Bl aals ples gle 4y by 20,5 colatul
Jodse oole o Jlow ey a5 Sl lis gwjle g Slaslis
oS &y Uidss oole 3 Jloas S yos g el LS lol,S b canslie
098 o0 Ol (1) doles
v; = —kVP, (1)
9529 b (Kiwgy dlolas aibioo (8Ll (Sgpop (il oo koS
131 Wl oo y0 @) alaly IS5 @ ol g deuir
Vv =0, -0 2
Blobe glad @ 93 G jl e 92ly 5 Jlw byx 5 Oy
(olz) s9lad oS,y a4y 8Ll om0y b (b2 2501 9 (doix)

csmolol Slealadl oS 5405 0Ll [5-3] ), Ka g oz (sloidgh 4 g3 o
& bgsyo clilhe aie) 5 SVl SlSe Syl 5 eolizal U 1, slals 5
Blobe Lad g o) p (Blole bz ol s wilesls plaxil 9095
bl gy 51 oolisial b byl el o azgs 38,0306 ole oSy lgieas
G5 5 am |y sagt 53 asSse s g Sl JUSH 5 Jaa cagame
s Jo olaped bt 1 5ls JUl 5 Jlo ol ool Jas aisls o)
28 sonly Srge gojlss 5l ol e g Bl o g)ls S >

sshted 1) (Blbole by (o2b, Jos [76] (Koo 5 Sllals
lapl sl axwgs (55,5 (slajgagi ;5 pitege 5 (Swgy Uoles (53l e
0dp0 28l Jlad 2 Ghow 5095 yhaS 1 :ia)S (Brme |y waz bl g0
w50y §) e laawain 5, 2 |y Glade Grizmen ol (Sl
DA 5 g Jleel gyl il 2 gags 5l g U5 sl dalllas slite
(HBhole bz 2 1) e ol @Bl Snge b 0G93 bz
VAU S| W KV

5 ko Obr Olyes (owbile Wz o LSes 5 S aian
9,3 Rley g3 iledse ey BBl (S pge a8 33 55 L
Loy [8] wlosls' alonil 1, (ligios «Snliss (5y3055 (o5 ppp0 & o
s3e55 3| Sl (Ssa as S j905 Cunabga 5 SIS 5l prizan
191 wiols J18 pusymayze |y Sl 8L 4 (55 by Gl e

Dglite (60,5 y2 )3 45wl S8b (ple 4 b (LSb) ile e o
S A Sgdico oliinl (astive slael (g nSS 5l haad ol > o g el
s ominn Sl ool il ga 2L, (53l e sl hnd
3 S5 a5 |y sl o s il slo ol 5 o |y U o]
&S o 4y dily 5 Gl jeegi g plle SOl sy s Lols ol
O i b 85 53 o imly e oo & Wl S ) IS5
s Ol (B9, St Sl 9 JyS ) o)l (le) (e el o0

DesSae 3UT 3 eolitul b oliime 428 e Lo )b
o Al |y Clad oy aiile Syl JED 5 Jado (gla el
ol 00l ool 95 g il de) j0 eS g, ol Ll aiip

Slipdod 4 g oo oud plol (G o) )3 &5 (2la)S diges
Card 3 Sl etz HredS 4 o5 oga o)Ll [10] o Sen 5 (D
lin U y35 oS sy 3 il b Camgy s 3 ), JU
szl Sl

Aile paiins Bl 10 09250 Sledbl 5l golows wsSan Jluw o
Nlan 53 s (sla s i gl Bl e Bl ks
o) (g sleesls SIS 4 o] aess Bua g 0oy pelaal WS>
bl o (g il

el @l (a5 g Yl (eSS A 93 ) ugSae Jlass Loges
Sed Jiies yoll i SVsme yll red Sl 5o Ned s
ol 3055 5 s Sl iy gl yd ypeds ladas 45 ol allis aiile
@ oz L wile Joime mll S (e Bun w1l (0035 file o Ll
tlos OB 9 Gloj 5l (ol ©j90

O S8l e )3 (weSae Plaws 5l o3litul (sblse o ytetes 5 (S
4 ailige )55 @l 5 alisle)l Sliizs Gl S5 jl )0
Slr 'l oboy Jsb o gl clale e aliulel Slivios jo Sl Glyie

ZParticle swarm optimization

4 oploits 17 0995 1396 Hu5 (o rowe Suilfo wdise

! Macromulecoles


http://journals.modares.ac.ir/article-15-1992-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:00 IRDT on Sunday May 13th 2018

Ol 9 e ey

g o= i) b9 Jl 0 Skl Ly 995 9 @l wsdly Hiicky eyl pud Asuwlxe

Transvascular flow Ql

Fig. 2 Flow through the capillary [7]
[7] S 50 51 e 0l 2 SISl

Golwad )0 ou oolaiwl jaegi g s L Slge ple> 1 Jgus
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numerical simulations
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Table 4 The results of estimated diffusion coefficient of normal tissue
and tumor at the same time
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Table 3 The initial guess and the actual value of unknown parameters
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Fig. 6 The Chart of sensitivity coefficients - time in normal tissue and
tumor
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