£1-0A Lo/ VE+Y Lunb/AT 8 )lou [TE A/ (55,9LS ¢y gmetl 5 5 Watilobaw i

https://www.amsr.areeo.ac.ir ke Colw
AERI

g —olks Al
omebolidng S S (91,7 9053 ol 18 31505 15331 Lo 3551 3 ko dugli

i‘g)b Wik g Y‘@:’:} bl c*reél}@}o > J ol ool & Sl

OB s iils (55,0liS slayile swdige 09,5 (6,350 g toliwl ¢ Lails s g ST a4 VY )
Olnl ol olrs osils (rmb alie 5 (555L05
AR VAPA VIR O TN S0 VA RVA VAR IR

ol

Sile (2l Sy s dm g Sl (55l gl e Sl g I (S (b lideg pSUT LN (31,5 5095
Loyl ados 514 3,051, molimo 51 55k 3 i Uiy €33 gm0 gt yose § (63 gl gl ¢ ottt g
it ilao 9 (65)9ltS imed 9 (S 5y 9=l (5B Lol 2 ((Sojeden @l 4 ol o0
03 5 5 Dkis y (51 ySmins S0l mamb g iSUN gL 31,5 gmogi dilolns ol gbChomindd .3, 8,151
P B o sy 3350 St 5l Lt bl 55U S (31,5 5n lolns 3 pi9ms 51l
i 80T 18 6y L 00w B B JSws (g A (LSl (gafa 39 ,ST! due g 51 455 dilolu
ol (il 3 Sdhos w )y yotiie dmy i 18 o0 415D (g3l prguad b 49305 593 oS Cuwl J1o5 das TTEA Jols
ya9ad (6 415=SG Jn (LBP gLy o1 51 02limiil Lo pgmicd (g5l 3U g 03liw] Bud —d S y5 835190 5
P9 G () 1 y9—tilo Ay ad el (g g ()] J 9 Byt (5wt
shuil colood 33 a5 31> i g S i 3liw] pygmiad o (gLhad g 03lu] glhad gl ol b 51 auud g3l
Sl Lo o) wlw 1 a8 (g — (oS (531,50 J i 91 d bgpo pg—ci o sl p3le0 (o
S i3l £y (5wjl okl yLa p2 3 48 35 L o)l glbad yiel, Ly b, j Jols gl
o o951 48 3,8 (L (g (o0 (S (55 At (ylgi Ay 39 o0 01l (LIS a3l e ge B sl

215 W 551 ol b cumglle 3 5 Fiosllan 3,Slat (g0 (51,55

s 45 oalax

Sl sl il

el Sl ojlasl anjei 9 ez e hale (o>
odali Thae L Tpguls base 4 p) 2 3590 Laome
Wl adie Lol sl (S 5 0l oo 0B o0
(Marefatallah et al., 2021) ol L5 L 5 ol
Sl (it Glaacgozme ) shls (BS o—sgs
Sl g {CT SCan) 25 el S 1,55 os5
Gy B Sy (MRI) 7 bl uil3s,

doddo
&3l niga Ghgy S ()L SKighie)' 315 5oy
oole Sy plae o 5eb Sl o o 45 el
P9 Oygo dn Slogas (ol g oy Lo b
Ry U‘—" éj_wsao osls u»JL_AJ (GOmdw l_g‘ LT
Sz gl ;5 5 3l sl S Tl S5 oss
CBle ol JUSa o sle ola S5y 00 i ol

http://doi: 10.22092/amsr.2024.364897.1476
1- Tomography

3- Phantom
5- Computerized Tomography

Email: hmousazadeh@ut.ac.ir
2- Tomogram

4- Media

6- Magnetic Resonance Imaging

Js:.mm c._\j)l.iiv‘l:-

Agricultural Mechanization & Systems Research
24(86), 2023

\a|


https://doi.org/10.22092/amsr.2024.364240.1470

£Y-0A Lo/ V&Y HLaal/AT o lowi [YE Wa/ (5559UiS ¢ygaw! 551500 ¢ Ldilolw oliudad

s(Zhao et al., 2017) ;8 CigS CtsS Cpuss

;1 (Babu & Amamcharla, 2021) ,_& o Ll

A—AMJLM 5o o 00 ool A)‘Sj‘ (59‘;949)
53 Joasliy MIT 3,55 Lo i, o L
S = ool b o slaail 3 o sola il (gl o
Gl ppe—ai jlosla wl Lo ool oy Sla S o)l
e G5 oSl Al Ly 5 (e bline uilis),

(Wei etal., 2016) ceus olows LB

/3‘ 6[&;"‘1\ 5

S5 5—sgs allol— S
- ol

0,95 g 00ls (55T aen wilolw 0,5 g ook B
(Wang, 2022) (\ JS—&) el pg—ai g3l
Ll gl e MIT alelw LS Jool
oSl a S gy ba ol ol L3
Ol slzml Jds a5 G5 oaiiw b S 4
Sl Sz o (S0 Sl il ca gl bl
VTSNV | B | EPSURN. T 1| PR
CHNEIUPS PRI S5 [N DYUE JC ST IRINIC S SEES
(gl —ebline o) bl o
Ol 0gbge Bl )0 005, S g 5
=59 3l mls a1 o Sy oLl 5Ly
i 9290 Sy (omrbliie (6 pdd9i | (UL,
(Wei et al., cwlonsnd goaiiw,d b, S >
S A asuine Ly cowlite o) &l i 4 2016)
Jom S5 g bt aile (o 0590 barone

LgL:%i "IALL.:LA”.’;S” (_gLE.H

Sl s—egi 5 T Dg—old HT5ngs (DOT) 5,5
e Sy (GBS 5egi (slon gy ol T (S0 S
S5 g 159 oo el Alwd w4 (S 55 b
ol (5555 (ECT) 7 3555 25!
Gl al Ss e g (EIT) S S, Sl
(MIT) * eaboliiog I
IS by 58Ul Ll Sl Sg—ogs
SN (B Segi Loty joebss slrosn
9 —lei e atle ola Shy J—ds 4 g3y
ol g5 A 1) efiote Az gl ()39 (SO ;S
oy MIT .l o0, S

s 5o oolai il L

Sk
ol 4o olssee Lapl ader slas o)l ], mlo
2011; Sl >
2018)

(Yin et al, Ma &
o=y Sl 5 65 o3lal Soleimani,
(Liu et al., 2012; Ma et al., (g;L8 0> Jl—uw
93— 2017; Taghizadeh-Tameh et al., 2023)
Syl ppe—ai o (Yin & Peyton, 2006) o, 5w,
s odle o, S o L sl (Tan et al, 2018) &
S s 5y0ld B glaJluw ;0 0al 1550l
5 Sl oal ole mlio g (55,5t 055> )4
Sl S S GBS g (5985 s
S5 DY g—ame (b SdS (o)
s S 0 ol o, 344 (Porzuczek, 2019)
oz g (Mary et al., 2020) o5 2oa_iy,
3,9—o (Humplik et al., 2016) - l=z,0 So—wgy

Gt 5 2l mlio o ol 4B F 18 asli |

1- Diffuse Optical Tomography

3- Electrical Tomography

5- Electrical Impedance Tomography
7- Ultrafast X-ray

2- Ultrasonic Tomography
4- Electrical Capacitance Tomography
6- Magnetic Induction Tomography

Agricultural Mechanization & Systems Research
24(86), 2023

Y



o) Ko g aolb 2315, A5

wyd poaas (553l ek 61 3 Slos dwy lio

(OISR |

Sensor array

Hea gilwib

o 9 (51 K> e Image reconstruction
Fxcitation sensors i ——— Pl=IC.C C M
iiis i 1= [M1121. - Ly 1
P2 125422 = M2 M2
JUSiw (550300 &l y 4 o35 JUist ) 13C23. . Cys| [ Ms
Signal measurement g e data to computer * . =
Pl ICinCan. - Cunl| -
My

b lang wSII W1 81,5 9047 dilobw ol (sldCiownd - IS
Fig. 1- Main components of magnetic induction tomography system

ol ea 5,8 goani )b sl X 4 cgame
polan blitog 2SI oly 5 5 iy 58,5
9 099 e Alis (oS 1y (og-Sire alis Lo
sla X s eiliS gasl 6 S0 slass] alawlg a )]
adoles S wgSre alis .Cwl 005 15 g o0 ,8

Oygo d J e bl g ol P Lsa g )
2019) sl

Q

] ‘) o= =

S a5 s an (g
bz e | Gl gazme b K ¢ dolineg oS
by e j90l 5,90 Sloy,mls oL a S s o

B8 Gl &g 10 0SS (o J13 sl g
8 il Bl o) 5l g Lo s
WS Hgme Jle e 3l (295 4 WlE e (orbline
Dol 05t 8l ;0 00 S sla K bagi

GIURWEIPY S BVRUPVCS S SYUE S =t I ¥ U BRI VY

e (Liu et al,
od—se blsd 5l Layl g,lombl Lud o ool
ped By 1o Sim Ol s (OYolse il jo g ol
adoleo Jol By bo o asa s Ol otd g0 adolso
&l =B sl oSl (Wang, 2022) s4i o
alolws )3 po—ai (3Ll g g dbis J>
245 38 052 (mblineg iSUl LAl (SIS oss
05,5 53 4 |y L] (lysioe (IS st S
TS > 7 ) St > slap Sl
Jold )5 58 o slopin jo81 0 15 (g

sbsy(Han et al,  2016)°LBP ou,, I

3 93—k el S '(SNR) 53— 4 JUS—u
Ol s s id a0l 8 alelw o,lg 0 4 5e8 0l
Jio ml ) sl it Lo Lo )0 Sz
Ao oS Sl psal e ;LS L slaailblu o
Sl S (e 4 e Slosli ) sl =
lolow yml g 09— oo oolaiwl 09, =S 51 coni )8
Ilasl ol s e bliiag 2501 L 31,55 e
_ca sduali T(AC-MIT)
AC-MIT bl Lol sl i ) e
o J Jolds a8 035 pgal (3Ll o oS!

als

obey 9 (Wu et al., 2021) Gy Seses (o 5lwplite
(Wei et al., 2012) (SVD)"" s, 4o polie 4o

o als

Q

- ¥ . Yoo
PO o ] k)"’?‘iu al. 59 el

4 by ye sloa LS oo 5l el O)le

) A

1- Signal to Noise ratio

3- Forward Problem

5- 1ll-Posed

7- Iterative Algorithms

9- Tikhonov Regularization Method

2- Applied Current-Magnetic Induction Tomography
4- Inverse Problem

6- Non-Iterative Algorithms

8- Linear Back Projection

10- Singular Value Decomposition

Agricultural Mechanization & Systems Research
24(86), 2023

Y



£Y-0A Lo/ V&Y HLaal/AT o lowi [YE Wa/ (5559UiS ¢ygaw! 551500 ¢ Ldilolw oliudad

)|)_9 LA_A Lrl?b o)b_;.o SS9y S Cul J—o-ﬁ.»l&.ﬁ
Lgudsjaﬂ‘ )‘ oolax__wl e e Y Ji_w) Q)_».?GA
L e gl 04) (3l gl baroee Loy slosjlab
L oo (5950 5l yome bl nbline [ (i
00— S o K o 8l 0 Gl JLSK—w g 0)las
e—wabliseg 5SIl plg & S Ol wi A co s
6Lm)§_m> ..A_SJLXJ |) ﬁ)’Y Sl Los 090 0‘9_4
ailo a0 4 el JsS soe FFA el 0i S
8 65l g Lan e Gl bl g S (gl

=

ity

S el S50 o AC-MIT sl LS 055
L eliadin Vo 03l 50 (S S0l gl Tzl o
S Py LS D S e Yo
~Og OB Sl o 0edoe Jloasl oniiu B
(Theraja, 2008)\ a_lal, 3l oolic sl Ly o Vel
Jel> ola 51 36 dH oS uobliae 59,
L el P abais o 1 ol >

Idlsin6
H=———1H

42

M

(Y S Padass o —oblon Lo JLS>
Vall, b wy oo, 85 v atlaie x|
{(Theraja, 2008) 84 o duslno

M

D)

iyl Jolis baae (6,1 S0 slapiy oSl .ol
(Taghizadeh-Tameh et ' 5o - weS 5,15 J>
(Liu et al., ¥ ,mgod )| S5 J> iy, @l., 2023)
(Wang et al, s udl-54 5 by, <2012)

. s(Liu & Wang, 2022)'CG oy ,5 S 2007)
5 Lilie oo oy ;538 claeiy 8l 5 Sy o e
5 oS ali s J > 6l Lo s, ol 5 S0
ool ‘59‘;9_&9.: alal—w )0 Re—al 6)l_w)b
S5l oS ez (ogi— ol )3 9B o
bS8 sl S5 AC-MIT wlols 45 jygas
Gilnlai o g, LBP ny,e SN Ll
w5l g pead 6,15 Jo o5l By g3
bl pstiie e el (igim eeS 5,5 =
poleal Clw o oo ;53 slapl el Slos
sl ol 5l AC-MIT il

;o Bo_ 2 ;l" W

A eolawl ;o)'bj‘ 6Ua:'>

gy g 3lgo
ol sla iy o o Ls M3 aS 5 bilan
5o b o S > ol AC-MIT sl
Gol—w3b o, Sl g o0l Jas dilel s 00,5
Silbwtnd g (>l igu ol 3 ol g
S in B oyt S y3me AC-MIT wilols 5, Slae
Gl 35 es claailel syl s
st b sl S 3 S (i bliios S
Bl 55 e (el S i m S g5
o= 3l ge—al> 5, =SUlgo Jul & aill

o

1- Iterative Gauss-Newton Algorithm
3- Newton-Raphson Method

5- Relative Image Error

7- Biot-Savart Law

2- Landweber Iterative Solution Method
4- Conjugate Gradient
6- Size Error

Agricultural Mechanization & Systems Research
24(86), 2023

FF



o) Ko g aolb 2315, A5 wyd poaas (553l ek 61 3 Slos dwy lio

JUKw g o318 wild 9 Juaw dloly Jz s Oga¥9dg0d .
Signal Generation Data acquisition and |:> Digital E> ol
processing system demodulation I

PZZ L L LA AN
AV v W W W W

o 5 Sl K>

Receiver sensors

Ol d sl

o 5 S K>

Control circuit of

receiver sensors

LCR meter

(AC-MIT) Jlosl (3l b (qmbliing ySU SWI 51,5 9055 ailols =¥ S5
Fig. 2- Applied Current Magnetic Induction Tomography (AC-MIT) system

é‘l.m)f_m})o |)3l_';.]5 69—“’ GLQQBJJSJ‘A_go..\_& T2 oo da—e YA JALMJ o.\_':).:f‘_sl.:b)f_m}
S oo Wl os 5 jeola g0 ¢ S Gloymld aal>a i pa S a e

dB Jlael oSS oL F adkad, b )l 8 Lo
V=-nd— 4»)

Agricultural Mechanization & Systems Research
24(86), 2023

fo



£-0A (ol VE+Y Lunwb/AT 0 lond /T sla/(5555USS ¢ygmwl 591500 9 ailolus colidions

Slss ol 63 51 (Ko oS Job i1 0 P abail 13 65 sdgd omabliio yliwe Selowd Y JSU5

(©,lgw-cgm 938 5L, )
Fig. 3- Schematic diagram of generated magnetic field produced at point P by small length of a conductor
(Mathematical expression of Biot-Savart law)

(Jgl by 99) Sdg Voalal) &j50 4

Ji
I/A,0 Entrance electrode )
=<I1/A_o Exitelectrode
1/Apeaia Between electrode
LQ] )J 45
as Lm09]'25” C‘d ; el o *).) 4 =A. 9 As

59530 b5 Ol 3l s o)y of e (SepsIl pl 2
O a_ol B L’.A_.o z'_la.o.n G‘a_..; Colo :AMedia
ISz s k], cles o o] AC-MIT sl
s eSS il S S gl

wgsn Ol A alal, ol

J =—aVV Q)

il 35 ey ailol s,y oS> 4 Joles
e g Jols Joel 5l o Ly (onbolisieg 2SI
e ol ot le 4 S el

4 g o o als

Pj)j)édjlﬁu)_gp.fbd_JéLboPstj_&A

9o Q‘—" J.__> ui’ﬁ) a_slol 5o USRI 1Y CEE 99 u_a‘

o (g9 ,8

AC-MIT ailols 1o 0 0,Lal S8 aS 5 bilon
A e il S )8 50 gl 6 Sl L >
LU, 5o Jho L a5 (Q) (55 g5l slaog xSl
JoSle adolas 3l oolaiwl Ly 09t oo Jloosl caiiwn
ol 65U Y aslas coal 555 eimon 5
Wl oo Cows 4 0 abayl) 5l ailole

V-oVV =0 inQ )

ol Lz e 65— Ll b Jlasl Ly

*)

‘Q‘ )é LY

=59 s s sl S5 any =V g0
S =01 94 Sh Jloy Jlo =N 4Q o> j0 0a

Sire Ok
o S aiile Laog xSl sl adass ;2 a S el 5804

Olesse )y g 6 bl S o L8, (b >

1- Neumann Boundary Condition

Agricultural Mechanization & Systems Research
24(86), 2023

s



Ol )R g dolb o315 &5

25— &b pgs ad> o 0 (V—B) 052 oo
plal (cmabline )LS JUSa 3ok 5l gl > JBS
2545 §3lsl Jolods po ad> o 5 (B—J) 953 o0
(1=0) el b S8 @j5 obol 2 UL,
b gl S neal bl sl
JS8) Al el Sy PFA s g g Lo
S FYA 1 Soa S8 sl X ola i «(F
—eblise L JL S slas cl pls 5 035
1 el Sy oloss Lyl 00 (6 puFo o
UKl 51 Joe 45 &gl ~ogns adas], ms 4l 10
i b sl S 4 el 'yl g5 ol 3
Of gl = Sl Gl 5 (Ve akal) 0s

HIWW) C‘P:.’J.w‘

FJ )

‘U‘ )é 45
O ) B bl Lt JLSs b 5 d o>
.MOGA

S AC-MIT wilels s 5S> g San dli e
)l_’lé)—d_.v Jij.n J_’> 6‘)_t .Q)‘A_; ‘) p.._a.»_...m
ML@ A s FELY b)‘é Sg—>9 ‘5.19L..n~o <5L°‘bu:’5)
U—" 3o 69_4..:640 oolaz_wl Lﬂuus) U‘“" )‘ 65; )‘ o
Sibmwpliie (b9, LBP oo ,0 S Lz 5l eg5—
=Nl 5 pead (6,0 o o ys Sl (B9 Sges
5 g i Jo sl o095 SIS
Golwdd la o 10 00l 53 sl 65Ul o Sles
Sy9—0 30 Slovogi alsl o83 18 )0 e

239500 @] pgal (5ilujl slapi oSl

e yd 295 (S5l ek o1 3 ySlos dm Lo

Dgbige (o) p JoUS sk 4 alie
o850 9 i filuo Jo

& )lse AC-MIT wlolws ;5 muii s aliane >
53 ooy S5 Vs e abore 5ol
ool = bos 1o B bl Lo SIS izen
ol ol S Sl Sgmn 5L8 5 (550 e alis
S Zola a8 (09 et dm d g Ly
AC S iSIl L,z Jlasl U ol o asil o Uil
5 55 a9 (ol losg xSl 55k 5l has 4y
S Sdh ol aoje b sl ol r JB
oAt dm d>g L am ad> e 0 T e 0e 2y
eblioe )LS IS bae o > JS (05
9 39S e dmilne Ojlglar S (L8 Wbl
slo > o oo L)l slasldy ad> o o 51 50
alal) ol o tws an Fatal) bl ;00,8
= eblioe )L IS 5 ol S5 e
Sg— g0 b (W adal)) & jlglw —gn eil3 Wl
{(Hao et al., 2013)

Q)

‘Q.‘— )$ 45
e Aol er =1’ = (ry — 1y, 1y — 1y, T, — 1)
Sz saSeihal sl Sz 5 () Ol > ae

o ublise
el 5l IS ol o boce UL, dcla
Gt 3 ilie L S g oo
Al o..\_i)..: GLQJL‘“’ O 60D Ll slaslly

1- Fredholm Integral Equation of the First Kind

Agricultural Mechanization & Systems Research
24(86), 2023

v



£1-0M Lo/ VE+Y Uanal/AT 0,leds [YE o/ 5355UiS gl 3510 o Beilobio Coliios

08

0.6

04

02

A

02
04
-0.6

|

038

» X

-1 08 06 -04 -02

0

02 04 06 038 1

R e U I3 e ol R I S
Fig. 4- Discretization of the imaging region (media)

J=(F"F +ul)'F'B Ov)
‘QT 0 as
oAl =l g gl wpbine oy o =(n =3 x107°)
Sled
290 (6,1,55 Jo s ys
ad> o ez ol pgod 6,155 o o5l

ol as aslsl jo a5 (Jinchuang et al., 2002) <.l

g g0 A
90 (6,155 Jo o ys S Sl ads e e dgl yo -
VWb, sl oolawl Ly (9 aJgl ol > LS

Dl Cews

J© = FTR QD!

)ujfam‘wmpbmbﬁ)o—\’

05..»‘59 4.,...;[.7:.@ o..\.i).:f Lgl.lb).iw 3O 03l )

LBP o550
&_A-C)—MJ)J 9 ool—w W"")ﬁ—i” sS_a LBP M)g_i”

o=l an b e adolas V) alaly 0,5 o )38 colasal

e oo Gl 1 e 555!

j=F"B X))
‘QT )é as
)‘b)_g =B 9 ‘(u.»._..uLm} L)M.’)JLA) F OQLQ.‘)‘)S =FT
smblise Lo JB&

Soigd (5 ilwpine (9

Pl = sl Lo s s 5l
5 Sl BeSg3eS (il—wpliie (b w—Sae
S9—sse ol s Spgme 4 (O adal) o adolas
:(Yang & Peng, 2002)

Agricultural Mechanization & Systems Research
24(86), 2023

.



Ol )R g dolb o315 &5

l/.s‘ A/::/i

Q

¢ lb—e L =R ¢l

ey,

dis
&3l 5Lds =Vsimulated Z=Vsimulated—Vforward
5 05— oo Ldll 00 5.5 sl X o d S oa
o0 o slad> e ;o 0 a5 (55Ldg =Viorward
elise Ced & gt e85 )5
Slde glayr S8 Sl e lore 5l oy ¥
o0 gz Ol (ml b B o e b2 J&s
alal)) 05d oo Ao any ad> o L > (S
(V¢

Jewr =T +4] (V%)

IS5l e @adyr Jols wilgs oo byl () 09 oo
a5l Loacd gilwan s 5lly polie fyn OS]
(Vauhkonen et al., o3& , =S aliwl o> S5
.(8 > Vsimulated — Vforward) 1998)
4\_1})4) 0)‘5 ‘-g...))5_i” ‘<\_AL§).3 ;..9_99.: po—< Q)s_@)a—;’
Aol Ay Gty Glooy Lo L)l S5 Sl goa i Y
90 pldl gl

A Jeb olo > LS AC-MIT sl o
Oyle an el oy Ly IS ) e Gl
I b alis o (o0 oy S s
Lol olstie— olplr s cssl 52 o b ol >
9 Lt 5] )0 e (85 susob
Syl colis pyai alie Job ol JSx
re—a Ole—e an |y oz JLSz el g5l
o=l 0,8 il SO S colas oud (g5l

e yd 295 (S5l ek o1 3 ySlos dm Lo

o= sl S5 o o > IS s sl - Y
»)5»»‘5& oolarwl V¥ d.]a)‘) )‘ JJBA.J f""")?ﬁ‘

](k+1) =](k) + (XFT(B _ F]k)

(k=0,1,2,3, .....) aH

‘UT )Q FLY
oo @ =1000 cls g &k ST o > IS =JW
oolar__wl gr")i“'b C)_a J)_...S 6‘)_35 o 0 y—p2
g s
a8 byd oo a8y gl ad> o ol o -F
slased 5l o Gadgy wilys o byd ol a S 05 0
Wby @ Bgy pae Ojgo 0 adl e e | ST
Aomel A ey U 5 09-Soe Vb o 015 o 555l
S-S Gl Jo e

Sz shlo (e e S )55 o 9!
3,60 aulol ;5 a5 (Graham, 2007) cwla 1> o
25 (50 )18 o
ovgSre Alin adolre a Sl a a g L laol jo )
Jacie S5 el o FIEB alal) &0 4 colys jo
03 w0 ol > LSz sl eyl (B
(gl oaz) 05 0
(\‘ 5‘\ Ja)‘s)W5fL:
S5 Ol e i > 3l ey Y

A] = (FTF + ARTR)"'FTZ QI

‘U‘ )b 45

Agricultural Mechanization & Systems Research
24(86), 2023

F4



£Y-0A Lo/ V&Y HLaal/AT o lowi [YE Wa/ (5559UiS ¢ygaw! 551500 ¢ Ldilolw oliudad

Sl g i Jo 5l ey el 50 (0 )
bl 5 (SE) ojlarl gltas sls el )y ¢ sl
Sae Lal G lize slagy )l )3 (IE) o (oo
dwloe 0550 5 4 VA 5 VY el o aule
Sl o Sl 3z g ojladil sl sl sl

ips oo i 1) Uas

DSO — RSO
SE = |7| ayv)
Acp
IE = llor — opll OA)
llogll
‘LQ)] )é 45

L g Ba e b oa b awlxe o5la I =DSO’
(B s o adly o3la] -RSO" AAC-MIT wlel—s
)|.\_&a =0R ‘(_;)l_w)aya.: C'_lau JJ ol ww =AcD

Colaa Jla 8 =0p g ¢ S0 Sl Coloo  dly
AC-MIT wlolss Lawgi ouls awlxe S 2SI

g Laools yislo 0 ooy aS 090 o0 g0yl
Sl 5993 0osS po—al 3l Gloe e—izre
(Li et o,.5 ;1,8 oolaiwl 590 2T slo yosls

al., 2012)
b0 )0 AC-MIT silbol—w o Sl L3l

&5 Lwdais
P AC-MIT alolws o Sl olos)l jotaie ay
aslp 3l pg—al 5l Glym g ot a8 S L o
oolazl Microsoft C#H.net |, sle 3, oo ai_igs
b oSl culas (glawans ol o0l
= oS Vo Lo ol (g5l pgeal o e o
VoSl colae Ly g calides cmwain J 5
Sl 0l (o8 e il j o ien j9 S
5 = Baa 5 ga 03lgs SIAC-MIT aslel—w
b ool wl Gl aie  —wain JS Gl L a s o

1- Detected Size Object

2- Real Size Object

Agricultural Mechanization & Systems Research
24(86), 2023

Ao



ol )R g dolb 315 5 e yd 295 (653l ek oI 3 Slos s lio

AC-MIT dilbolw (5jlwpgai bamo pd dilfiis 5 (S5 Bad Luil -0 S5
Fig. 5- Single and multiple target objects in imaging region of the AC-MIT system

S5 > slapi oS 5l oolit ol Ly aJoles Coxs g ol
)_IéJ o \)‘)_i? B+ olo_ss ‘u-’B—*-’_u"B—f 9 ﬁgu\—d )‘ oola_wl l_' AC-MIT alblw 5o ).3‘5_4:.» G)Lw)l.t

s e i e sl gt ol 5 ad plosl (g e S

1- Iteration
Agricultural Mechanization & Systems Research
24(86), 2023

o)



£1-0A o/ VE+Y lasli/AT o )lasd /TE A/ (55,5L88 (ygmmol 5l50 g rilolus coligios

5 29!

Sua Ll s
- e

LBP n% 5991

&
¥
fv
N

29 s 5981

O

0600000

95 632950 (6,1,55 U (LBP gl o o5 aluwg 4 AC-MIT ailobw 3 s sbudl 51 od (3Ll pagbias —1 JSUS

G- S5 U g Seigies (g 5lwpliie
Fig. 6- Reconstructed images of target objects in the AC-MIT system using LBP algorithm, Landweber iterative
algorithm, Tikhonov regularization method and iterative Gauss-Newton algorithm

SRACIVIOKY;
S0000C00

3 aglae psl—al (5lwsl yo 9o o )9Sl
pol—al caS o 5l Ll oWl LBP o )5 X
5 e ol 5 3l
§ Soe Lol ' glanY Bae Lol 5l pelar 5Ll
S, 5 oy—wlio 5, Sloe 51 (0 S 0l 5k

L oo

lead s3lwsl palaal w3l ol mlss
L oad g5l poloar a5 olo lis Buw il
Gl g glo,mls ue Lil o alis 0] g e

Ulg .l gogein (O JSi 00 La Bus L)

1- Stratified

Agricultural Mechanization & Systems Research
24(86), 2023

oy



ol )R g dolb 315 5

‘5:._4.4.0. 6Lja> 03 Lg)L.w)lJ )JBLA) GAL_AJ 5o as OS¢
d—= 9y 3 S 6,15 J sl ;o8 o
(Tong etal., 2019) <l 5,55 8
slopi, e oloi o a S ol i ml s
o,lemo ay Bae Ldl ocs SSop b cpaal (olwl
L oas ol sl Guas sLdl slasy 0550 ;0 b oLl
/S.: o'
(Olmos et al., I )lSen g (wo—adl 0ol o yiol5-8l
oolaiwl S 5 sl 651 5l S5l (Bl,S g oss
Oiali8 L as ols s Lol pagis sl ass S

5 S oldas (oo sl sla s ol

po—ai gllaz el bao ;o BGua il sloss

R R W P I PUR RN I

e yd 295 (653l ek oI 3 Slos s lio

Sleolaiwl L oo (63wl polay Jolie jo .ol
—o0S IS o el s Sesgns Jo )
ol 10,55 5 6 VL ColeST 5l g
2 00b (g3lawil pglal ChS () 1 Sl
5 p9—a o gLl Ly g0 STAC-MIT wlelos
olo lis ambes o solawl ojlal gllas o ioran
P9 (o gl polae cBue il oles jo aS
Sl eS eSS o el a4 g e
- PCTPPNL ¢ | e e
30 aS Cwl LBP 1 o S asy by e ous sllas

i 5 WS e oo Bas sl bl elad 050

)“J_‘L° U"J S

PS5 Aol polai 53ljb sl— el
9 (LBP o) c_g)‘)—i".)-s-é J— duui’ﬁ) )" cs’)L>
—od 6,5 o o, aile) (6,15 > s,

3 )5 po—al (65l slapis o=l g ol oolaiwl (129

s oo =l S g (ml mls e S 18 b))
11 Bibp s B pg-aid wiapefl O ofga- ot s O igisgtd 8l pliia (235

0.9 -

0.8 -

0.7
o RPN © ® ®
®

O }
a b c d e f g h | i k |
Gua Ll

Jo (LBP gy yoS1 31 a3lisu! U AC-MIT ailobus 15 s Wil 1 0 (g 3Uojl srobad comnns glad ol by yualie - JSCi5

Fani=wss S Jo g Sgigtad (gilwppliie () pr9ad (5,150
Fig. 7- The Image Error of reconstructed image in AC-MIT system using LBP algorithm, Landweber iterative
algorithm, Tikhonov regularization method and iterative Gauss-Newton algorithm

Agricultural Mechanization & Systems Research
24(86), 2023

oy



£1-0M Lo/ VE+ Y Unal/AT 0,loas [YE o/ 5355UiS gl 35150 5 Beilobio Coliios

aal_.u u_a‘ wl_w‘ = J_Asb_.o L.)._.u wbl_s o)‘d_a‘
f“':"’)ﬁ_ﬂ‘ 4o Jaj_aj.o o)‘d._:‘ 6L.Ia> )L)_B.c u;)_,.J
9039 (55 Bad (b g (g weS peal il
Jacie oo pitden ol 0o VIYYE L ol o] Jlade
4_3 Joj_»fo 9 oéj_g A_.a)«) YA/‘\&& l_t )_$‘)J o}L.\.;‘ LgL]a?
Sk Bas (8 5 By e gilwpliie )
,o (Tarabi et al,, 2022) |l Sen g —,b .l
alol—s S o loassl il i —iaghy
=3 i s ) (S Sl ilael (S5 9055
oled o a S ol s Lol 3 bss mlas assls
A Bae O Had Soop Lo o la sl

b oo alS ol glas el )l s o)lgso

ojlal gl sl 5l J—ol> G Y Jgoo

Ja_.wy AC-MIT aslel—w o0& (_g)L__w)La )JQL_AJ
0895 5 s v S5 = X!
S dn piY e e i |y Betgd (g5lwplais
il 3l mdly polas JSis pae Jdo agy oS el
J—= poye-S g0 o o a S ob Ll mls e85
wBysse Silmpliie g) 5 (oS OS5
ol il i3l ez ge o sl bl ola s ol 8l
lin Baa Lol o ioren 0g-d o ojlail gl

sl Los ojlgns an Bae & Hod S L

AC-MIT &ilolw > s (g3l 3b polad o3ll glhasd gl )b 51 bols mils —Y Jous
Table 1- Results of Size Error (SE) parameter of reconstructed images in AC-MIT system.

(Size Error %) ojlail slhs wmolio

(Size Error %) o)luil glbas wolio

skl sl
B .. . . _ ’L«N . -
Bad G155 U oy 55! &bl b9, Gud &I S e 59! il )
.. e . e Sgigia
Target RNt Sgigin Target RIS - :;1 il
Obiects Iterative Gauss- Tikhonov Obiects Iterative Gauss- re l:Iar(i);:t\i/on
J Newton algorithm regularization method 1 Newton algorithm g
method
1.2369 3.0437 2.9467
12.377 10.945 24.201 28.452
14.429 14.681 14.119 10.794
. 10.564 11.612 71.7157 7.9815
21.767 21.597 14.664 15.713
28.263 28.955 19.684 19.693
P P N PR N B B Y B NCOUNC S X 4 & 5 A

9 oals J....a.?u bl wd_ipfj ox;'..w).é LgLa:]fdo
13 4 (rbliiog 2SI Ll 315 g5 clawilol

il ez 9 Shee ol regim ol
il B5 s —egs Alsl—w 0 ns—ai 53L—wjl
B e 0y90 (Jlosl Gz b (nblisieg 1Sl

Agricultural Mechanization & Systems Research
24(86), 2023

I\ g



Ol )R g dolb o315 &5

Boa Lal slass il 8l iy 95 o 5lwelai s
g ge o3Il gllas yral)ly [l o ge
45 0,5 Gl OlgSoe (S RS Az lye 4
S—Sbos (o oeS 6,5 = i,
ol as ol Lapi )5 Kl a4y Cons (6 mgllae
il ot oSl > oS5 olaes ) b Wil o
L pobal 0y cemge 4z ;5T Lo 1S5 slass )38l
Slakee Gl il gl Ll w095 o0 SYL ol
e () g ad0 e Gl 53 1) gl (g5l
g (T Lo )5 )0 JSie §55my g

5 Rl (e —oren

o9y b o35
G =S5 e o e Sl S A S g gt (o 5lwplais
9N lasgs sa g 5luwil palal a ol cl
—099S 6 S o e ysS) 90 e A lie o]
A e Hldd Byigid (5lpliie ) 9
Soersd silwpliie s 5l Sosdhe (s sS
po—ai (§ilawib Sldas ol awlbre Lo Ll il
po—a g3l Sldee sl o3 ey 500
Slealie g9 an azgi L g ols plodl asdlas sl

5,5 oolaiwl cuslio gl (55l oSl

e yd 295 (S5l ek o1 3 ySlos dm Lo

dlolw s J55 95 5l oot ,b slo S )]
B yo ggal> 0, sSloae g0 L& AC-MIT
S Oy an hisSoae PFA g o w)d S
Sabls ol o, Sles )y g jedaie ao Csl 005 5
55 s Ll ol Gas b S 5 g5 e
A oolaiwl Cglate s gla i L ailfais o
LBP o S gzl elii ol Ly gt (g5l 5
Gilmplais (hs; cead (6,15 o o5 Sl
ool 53t S 655 o i35 5 By
3l o0 jlsil pg—al CheS s Sl 0
R o b g ojlail Ll la il
il sl )0 a8 ol Lt gl o ool
4 by ye pg—al (i sLbaS ol de B o
s 5 i o35 555 > g5
ol 58 eizmen Sl LBP o o Sl ey Lo e
sl ot S0 b gl (s3lwl slaps ;5N
oolS peai s gllas Lo s ojlgus 4 Baa
sbdl olass 0550 y0 Lo oo, gulos oS o loy
e sl olaias Lily 8l Ly alS sls plii oa
3 dolo ol ol e Gl iy (o sl
90 2 0 a4 S ol i o ojladl sllas sl )l
049y 9 P S &5 J—> o)

Q‘G)JS

YOYA 1LY+ ojlas amy (69 2)5— (g% b JB 50 5 69,50 )0 5 ol plajlw (5,le ay gy (o
Sl yad g S il 6 )LSed 5l Ay po aS aal o [l an ol a5 o8 iils Sy 5l o8 iulejl jo

Bl oy

‘)L;.é) B ‘¢5—‘°‘ MS)_»JW)‘ ‘)_w.: ‘_9){_9‘ £ g )‘ J_ALf)j_Jod_;oJ_w U‘)‘ aJlso uaj_.a} )d ulfd.*-wdj.:

D, 092 g Liwly cpl jo (g low a8lie g Wilodged b il g SLiiil g Lol b g Wools x>

Agricultural Mechanization & Systems Research
24(86), 2023



£Y-0A Lo/ V&Y HLaal/AT o lowi [YE Wa/ (5559UiS ¢ygaw! 551500 ¢ Ldilolw oliudad

&I»

Babu, K. S., & Amamcharla, J. K. (2021). Rehydration characteristics of milk protein concentrate powders
monitored by electrical resistance tomography. JDS Communications, 2(6), 313-318.
https://doi.org/10.3168/jdsc.2021-0125.

Graham, B. M. (2007). Enhancements in electrical impedance tomography (EIT) image reconstruction for
3D lung imaging (Ph. D. Thesis), University of Ottawa, Ottawa, Canada.

Han, M., Cheng, X., & Xue, Y. (2016). Comparison with reconstruction algorithms in magnetic induction
tomography. Physiological Measurement, 37(5), 683-697. https://doi.org/10.1088/0967-3334/37/5/683

Hao, L., Li, G., & Lin, L. (2013). Optimization of measurement arrangements for magnetic detection
electrical impedance tomography. IEEE Transactions on Biomedical Engineering, 61(2), 444-452.
https://doi.org/10.1109/TBME.2013.2280632.

Humplik, P., Cermak, P., & Zid, T. (2016). Electrical impedance tomography for decay diagnostics of
Norway spruce (Picea abies): possibilities and opportunities. Silva Fennica, 50(1), 1341.
https://doi.org/10.14214/sf.1341.

Jinchuang, Z., Wenli, F., Taoshen, L., & Shi, W. (2002). An image reconstruction algorithm based on a
revised regularization method for electrical capacitance tomography. Measurement Science and
Technology, 13(4), 638-640. http://dx.doi.org/10.1088/0957-0233/13/4/329.

Li, G., Hao, L., Chen, R., & Lin, L. (2012). A new electrode mode for magnetic detection electrical impeda
Once tomography: Computer simulation study. IEEE Transactions on Magnetics, 48(10), 2543-2550.
https://doi.org/10.1109/TMAG.2012.2200692.

Liu, X.,, & Wang, Y. (2022). An improved conjugate gradient image reconstruction algorithm for
electromagnetic tomography. Sensing and Imaging, 23(1), https://doi.org/10.1007/s11220-021-00374-y.

Liu, X., Liu, Z., & Yue, Y. (2019). Simulation research of impact of number of coils in EMT sensors on
reconstructed images quality. Sensingand Imaging, 20, 1-13. https://doi.org/10.1007/s11220-019-0250-2.

Liu, Z., Yang, G., He, N., & Tan, X. (2012). Landweber iterative algorithm based on regularization in
electromagnetic tomography for multiphase flow measurement. Flow Measurement and
Instrumentation, 27, 53-58. https://doi.org/10.1016/j.flowmeasinst.2012.04.011.

Ma, L., & Soleimani, M. (2018). Magnetic induction spectroscopy for permeability imaging. Scientific
Reports, 8(1), 7025. https://doi.org/10.1038/s41598-018-25507-4.

Ma, L., McCann, D., & Hunt, A. (2017). Combining magnetic induction tomography and electromagnetic
velocity tomography for water continuous multiphase flows. IEEE Sensors Journal, 17(24), 8271-8281.
https://doi.org/10.1109/JSEN.2017.2758601.

Marefatallah, M., Breakey, D., & Sanders, R. S. (2021). Experimental study of local solid volume fraction
fluctuations in a liquid fluidized bed: Particles with a wide range of stokes numbers. International
Journal of Multiphase Flow, 135, 103348. https://doi.org/10.1016/j.ijmultiphaseflow.2020.103348.

Mary, B., Peruzzo, L., Boaga, J., Cenni, N., Schmutz, M., Wu, Y., & Cassiani, G. (2020). Time-lapse
monitoring of root water uptake using electrical resistivity tomography and mise-a-la-masse: a vineyard
infiltration experiment. Soil, 6(1), 95-114. https://doi.org/10.5194/s0il-6-95-2020.

Olmos, A. M., Botella, G., Castillo, E., Morales, D. P., Banqueri, J., & Garcia, A. (2012). A reconstruction
method for electrical capacitance tomography based on image fusion techniques. Digital Signal
Processing, 22(6), 885-893. https://doi.org/10.1016/j.dsp.2012.07.002.

Porzuczek, J. (2019). Assessment of the spatial distribution of moisture content in granular material using
electrical impedance tomography. Sensors, 19(12), 2807. https://doi.org/10.3390/s19122807.

Agricultural Mechanization & Systems Research
24(86), 2023

bf


http://dx.doi.org/10.1088/0967-3334/37/5/683
http://dx.doi.org/10.1109/TBME.2013.2280632
https://doi.org/10.1109/TMAG.2012.2200692
https://doi.org/10.1109/TMAG.2012.2200692
https://link.springer.com/article/10.1007%2Fs11220-021-00374-y
https://link.springer.com/article/10.1007%2Fs11220-021-00374-y
https://ui.adsabs.harvard.edu/link_gateway/2019SenIm..20...27L/doi:10.1007/s11220-019-0250-2
https://ui.adsabs.harvard.edu/link_gateway/2019SenIm..20...27L/doi:10.1007/s11220-019-0250-2
https://doi.org/10.1109/JSEN.2017.2758601
https://doi.org/10.1016/j.ijmultiphaseflow.2020.103348
https://ui.adsabs.harvard.edu/link_gateway/2020SOIL....6...95M/doi:10.5194/soil-6-95-2020

Ol )R g dolb o315 &5 e yd 295 (S5l ek o1 3 ySlos dm Lo

Taghizadeh-Tameh, J., Mousazadeh, H., Rafiee, S., & Tarabi, N. (2023). Development and evaluation of a
slurry density measurement system based on Applied Current-Magnetic Induction Tomography
(AC-MIT). Flow Measurement and Instrumentation, 93, 102427.
https://doi.org/10.1016/j.flowmeasinst.2023.102427.

Tan, C., Wu, Y., Xiao, Z., & Dong, F. (2018). Optimization of dual frequency-difference MIT sensor array
based on sensitivity and resolution analysis. IEEE  Access, 6, 34911-34920.
https://doi.org/10.1109/ACCESS.2018.2849412.

Tarabi, N., Mousazadeh, H., Jafari, A., Taghizadeh-Tameh, J., & Kiapey, A. (2022). Experimental evaluation
of some current injection-voltage reading patterns in electrical impedance tomography (EIT) and
comparison to simulation results-case study: large scales. Flow Measurement and Instrumentation, 83,
102087. https://doi.org/10.1016/j.flowmeasinst.2021.102087.

Theraja, B. (2008). A textbook of electrical technology. Chand (S.) & Co Ltd, India.

Tong, G, Liu, S., & Liu, S. (2019). Computationally efficient image reconstruction algorithm for electrical
capacitance tomography. Transactions of the Institute of Measurement and Control, 41(3), 631-646.
http://dx.doi.org/10.1177/0142331218763013.

Vauhkonen, M., Vadasz, D., Karjalainen, P. A., Somersalo, E., & Kaipio, J. P. (1998). Tikhonov
regularization and prior information in electrical impedance tomography. IEEE transactions on medical
imaging, 17(2), 285-293.

Wang, C., Liu, R., Fu, F,, You, F., Shi, X., & Dong, X. (2007). Image reconstruction for magnetic induction
tomography and preliminary simulations on a simple head model. IEEE Engineering in Medicine and
Biology Society, 4406-44009.

Wang, M. (2022). Industrial tomography: systems and applications. 2" Ed. Elsevier.

Wei, H. Y., Ma, L., & Soleimani, M. (2012). Volumetric magnetic induction tomography. Measurement
Science and Technology, 23(5), 055401. http://doi.org/10.1088/0957-0233/23/5/055401.

Wei, K., Qiu, C. H., & Primrose, K. (2016). Super-sensing technology: Industrial applications and future
challenges of electrical tomography. Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 374, 20150328. http://doi.org/10.1098/rsta.2015.0328.

Wu, X. J., Xu, M. D,, Li, C. D., Ju, C., Zhao, Q., & Liu, S. X. (2021). Research on image reconstruction
algorithms based on autoencoder neural network of Restricted Boltzmann Machine (RBM). Flow
Measurement and Instrumentation, 80, 102009. https://doi.org/10.1016/j.flowmeasinst.2021.102009.

Yang, W. Q., & Peng, L. (2002). Image reconstruction algorithms for electrical capacitance tomography.
Measurement science and technology, 14(1), 1-13. https://doi.org/10.1088/0957-0233/14/1/201.

Yin, W., & Peyton, A. J. (2006). A planar EMT system for the detection of faults on thin metallic plates.
Measurement Science and Technology, 17(8), 2130. https://doi.org/10.1088/0957-0233/17/8/011.

Yin, W., Chen, G., Chen, L., & Wang, B. (2011). The design of a digital magnetic induction tomography
(MIT) system for metallic object imaging based on half cycle demodulation. IEEE Sensors Journal,
11(10), 2233-2240. https://doi.org/10.1109/JSEN.2011.2128866.

Zhao, X., Zhuang, H., Yoon, S. C., Dong, Y., Wang, W., & Zhao, W. (2017). Electrical impedance
spectroscopy for quality assessment of meat and fish: A review on basic principles, measurement
methods, and recent advances. Journal of Food Quality, 2017, 6370739.
https://doi.org/10.1155/2017/6370739.

Agricultural Mechanization & Systems Research
24(86), 2023

N


https://doi.org/10.1016/j.flowmeasinst.2023.102427
https://doi.org/10.1109/ACCESS.2018.2849412
https://doi.org/10.1016/j.flowmeasinst.2021.102087
http://dx.doi.org/10.1098/rsta.2015.0328
https://doi.org/10.1016/j.flowmeasinst.2021.102009
https://doi.org/10.1109/JSEN.2011.2128866

Agricultural Mechanization and Systems Research/\ol.24/No.86/summer 2023/P:41-58 { Z E

— Journal Home Page: https://amsr.areeo.ac.ir T

Research Paper

Performance Comparison of Image Reconstruction Algorithms in Magnetic

Induction Tomography System

J. Taghizadeh-Tameh, H. Mousazadeh*, Sh. Rafiee and N. Tarabi

*Corresponding Author: Associate Professor, Agricultural Machinery Engineering, Department of Agricultural Machinery
Engineering, Faculty of Agriculture, University of Tehran, Tehran, Iran. Email: hmousazadeh@ut.ac.ir

Received: 5 February 2024, Accepted: 23 April 2024

http://doi: 10.22092/amsr.2024.364897.1476

Abstract

Magnetic induction tomography (MIT) is one of the new imaging techniques, and due to its characteristic
such as non-intrusive and non-destructive, it has potential for use in many industries, including biological
industries, multiphase flows, medical imaging, agriculture and food industries. Main parts of the MIT system
are transmitter and receiver sensors, data acquisition system and image reconstruction algorithm. In this research,
performance comparison of four image reconstruction algorithms in applied current magnetic induction
tomography (AC-MIT) system was investigated. This system has two innovative annular electrodes as
transmitter sensors and 648 coils as a receiver sensor. In order to evaluate the system performance, 12
combinations of target objects were used and image reconstruction was performed using linear back
projection algorithm, Landweber iterative algorithm, Tikhonov regularization method and iterative Gauss-
Newton algorithm. Size error (SE) and Relative image error (IE) parameters were used to evaluate the quality
of the reconstructed images. The results showed that in all combinations of target objects, the IE values of
iterative Gauss-Newton algorithm are lower than other algorithms. The results of size error parameter showed
that in all four image reconstruction algorithms; increasing number of target objects increases SE parameter.
As a general conclusion, it can be stated that iterative Gauss-Newton algorithm has a better performance
compared to other algorithms.
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