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Magnetic Induction Tomography: A Review of Process and
Medical Tomography Systems

Mohammad Reza Yousefi
Assistant Professor - Electrical Engineering Department, Najafabad Branch, Islamic Azad University, Isfahan, Iran
mr.yousefi@ieee.org

Abstract

Being a non-contact safe imaging technique, MIT has been an appropriate method for non-invasive and non-
destructive industrial and medical imaging. In this imaging method, a primary magnetic field is applied by one
or more excitation coils to induce eddy currents in the material to be studied, and then the secondary magnetic
field from these eddy currents is detected in sensing coils. Image reconstruction is obtained from estimated
electric conductivity coefficients by using measurement data and solutions of forward and inverse problems.
MIT is a promising modality for noninvasive medical imaging due to its contactless and nonionizing
technology. On the other hand, one of the needs of experts in oil/gas industry is to get information about
process inside pipelines and tanks containing oil and gas, which is usually not accessible without
disconnecting the process. For this reason, tremendous efforts have been made on measurements and
nondestructive tests without physical disconnecting the process. In recent years, applications of process
tomography as an imaging non-invasive tool for imaging from inside of pipelines, monitoring and measuring
flows have increased. In this paper, the properties of process and medical tomography systems is reviewed.

Index Terms: Magnetic induction tomography, magnetic induction imaging, Oil-gas pipe monitoring, Non-
destructive oil, gas and petrochemical pipelines imaging.
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Fig. (1): Photograph of the electromagnetic inductance tomography system and the arrangement of used sensor array [10].
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Fig. (1): The dual modality 16-coil magnetic induction tomography (A) and 12-electrode electrical capacitance tomography system (B)

[44].
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Fig. (3): Schematic of the multi-frequency magnetic induction tomography system[46].
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Fig. (4): Photograph of the multi-frequency magnetic induction tomography system using 16 excitation coil and 16 gradiometer [47].
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Fig. (5): 16 channel phase-sensitive magnetic induction tomography system [7].
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Fig. (6): Planar-array magnetic induction tomography system [49].
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Fig. (7): Photograph of the magnetic induction tomography system using Hall sensors [51].
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Fig. (8): Photograph of the 8-coil magnetic induction tomography system for (A) industrial and (B) medical application [52].
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Fig. (9): (A) Photograph of the magnetic induction tomography system for imaging in a human brain, (B) A sensor unit
components [53].
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Fig. (10): Photograph of the 8-coil rotational magnetic induction tomography system [54].
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Fig. (11): Photograph of the Single-coil rotational magnetic induction tomography system [12].
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Fig. (12): The magnetic induction tomography system and its imaging object scanner [55].

Silwdime 5 Jlod aey po 1) (SLados VWAV Jlo jo (2Yse
3 edll )5 ahaie slapitanns ;5 438, )5 4 glaog 2Slse
LT sl plol (cawgh ] joai axlys  imio olKiisls olSiole;]
oKiws S el 4y 3890 4L ,L0 olKisls len 1o 9 Jlo pler o
99 4z ool > s ol 9102 39 ISIIYY L (Seglie (5 Kighatie
5 el (5 S oslasl baog xSI Koo 5l el g oauls Jlos! 59,25
ooliiul pgisls G 5l adly slvosls cdl,s (glp piaamw (ol ialesl
Ol 08 e bl 1) So5elem L b sl oo a5 ol 00l
o= lvoem slasl g Vo om gl L g JS5 slaslgnl paisls

Y

Ol 5o cudled 5T —A

Lug WYY Jlo jo seglie o ) Kakaie di) 0 Oliass ol 5o
Silwosln &y Jg i el iy i aio olSils yo ol oo
s S |58l gl LoA] oz s (5,38l
o iils o ;o VYYA JLo jo Slede lawg cloglin |Kialate
Jlu 5o o Ld Slidios aalsl o 5 olKasls flen jo [0a] wi asls
G Sehie )3 ngal g3lil slapi Sl 59, R SABLNTVA
I8 1 sls plonil 1, Siliios wilosl



2 53 i Ol 50 020 g0 lid ol aS b (60 xSUN YV 0 gil8
by loog 2SIl plo 5 00,5 By 1) Ol 09 28Ul Cdr Sy alad
L2E0] w)ls oage 1, 5ty s Sl

o el g 2k apladl o oBuils Hles jo 5L g YWWAA JLu 4o
Ly s ¢l 9,5 (BCT) (S0 55 (5 Sl i
Laals) e gl (35, Slse (oS50 (650058 (slon y5 (e
Loadsl 5 )lne 5l (orbaio o nslai s3lojl 4 pladl (55lxe L 5
(Sl Ly S S 6 g (sl o (a5 o
Spdn e O)ge weSas dlas Jo 5 e w59, slagil-
o oad witle (Gl 6, ahie piarw 0ad s3lusl pslad b
[22] el oo sols las (V) JSs 5o solitul 0,90 pgislé of yo
e bl Sl o Siadaie Sl Ly die) o Colla
s axlgt Saio ol8iils olfiule;] ;0 VWAA Jlo 5l hwgs lawgs
Lee] o sl cwsh !

VAP 5l — S0 g o o)leds — piidid Jloo — 3 Cario 50 alalign (slods,

@l Y s it S T Jsdore 55l 45 005 P.V.C
Gl 99,28l g0 a8 wls oolainl 09 5S35l pguild 5l ools il o
Ol 3l ol 5y (5 Seslail (gl 525,500 255801 50 5 by Jloe!
0s0s AYALC] i 5l sus sslicil slosg iUl o azd § IS,
Lo, 5V gues (6,510 b olKasls low o (om lidss o [#Y]
5503l Ll udlagal cagmge 5 i (sloailie b 4 ulu
bl 6 ) Rghate pins & (Slaglie 6, ehilis i 5 Wl

Loyl ws o
L s VWA Jlw jo o iyl o Olados ol aslsl jo
Gl lodl S 5 g baog Sl slasd ialil b K0 wies 3 cL
GILahie pis (623 SSE 8 (Ao ez g ol an
ol arin ol ;o )58l se s Sgupa ol Sgups | (dlal
s Sl 503§ laly S b 5 o5l oSl e
ohod an | gl (I OF) S0 0390 (oilasl (6, ighate oo

L8] oo sl 609, SINE 055 ol jad 4y cwsb il oal axles s oKl olf.ﬁ&.an)'] 59 oad asle il (6, akatie i (1Y) IS5
Fig. (13): The K. N. Toosi university electrical impedance tomography system and its 16-electrode phantom [64].
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Fig. (14): (A) The used phantom for electrical capacitance tomography and (B) the reconstructed image [66].

Sl 5 o s auglio -4
5 Slaplyzr @l 5 dels plase Sl 5 ejlail (sl
9o )l s‘fw.o.]at.bc 6L&” Lg)liaé!a:bc 6[@W BN RV ;LS”’ 090
Slgme an V-] jag 0l 8 5 [FASA] s v 6,005,500 g,
Sl pimcns ;ST 50 0,5 ool ! (g5 oo (650 jlos] g
A e Sl esliul a5l s 4 penblion @l 6, Kalaie
g po 00 S jgaiow (ylgie Ay g o 1 oolaiul o)l Jlos 4
Olgie dn Ko ,50 sloge pu 3l ool b K8 som 51 VY] ol
(9N ["\] 0)5 Ls:s)ds)_wwd)_.a.o 5 L)‘?"gs“ o&ﬁ.f T o



He-YY e ol as-le g».Jl) 9 (g2 6[&W » SH9e sMLM sw‘ ks)LichaM GLDW

VY] rdas oguol 5 :(V0) S
Fig. (15): Planar gradiometer [73]
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Fig. (16): Axial gradiometer: (A) measuring circuit, (B) shielding with star type, and (C) shielding with circle type [74].
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Table (1): Systems for industrial application, voltage measurement by coil.
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Table (2): Systems for medical application, voltage measurement by coil.
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Table (3): Systems for medical application, voltage measurement by gradiometer.
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Table (4): Medical systems using specific methods.
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19. Magnetic resonance imaging (MRI) 1. Finite element method (FEM)
20. Long term 2. Boundary element method (BEM)
21. Monitoring 3. Ill-posed
22. Microwave tomography 4. Electrical impedance tomography (EIT)
23. Polarized 5. Electrical capacitance tomography (ECT)
24. Magnetic resonance electrical impedance tomography 6. Magnetic induction tomography (MIT)
25. Forward 7. Electrical resistance tomography (ERT)
26. Electromagnetic inductance tomography (EMT) 8. Mutual inductance tomography (also MIT)
27. Commercial data acquisition board 9. Electromagnetic tomography (EMT)
28. Gradiometer 10. Magnetic Electrical Impedance Tomography (Magnetic
29. Direct-phase measurement EIT)
30. Digital lock-in amplifier 11. Apnea
31. Scan 12. Oedema
32. Hall sensors 13. Haemorrhagic Cerebral Stroke
33. Optical atomic magnetometers 14. Cerebral Haemorrhage
34. Planar gradiometer 15. Functional activity
35. Axial gradiometer 16. Soft field tomography
36. Shielding with star type 17. Hard field tomography
37. Shielding with circle type 18. Computed tomography (CT)
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