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Abstract: Magnetic Induction Tomography (MIT) is a non-invasive and non-intrusive imaging technique which 
interested in passive electrical properties of a material that are permittivity, permeability and conductivity. MIT 
applies sinusoidal electromagnetic field generated by excitation coil. The electromagnetic signal propagates and 
then penetrates the material located in the region of interest (ROI). The eddy currents are induced within the 
material itself due to its conductivity property. These eddy currents generate secondary fields and then are 
measured at the receiver by the sensors. Secondary magnetic field carries the information of the electrical 
properties inside the material, thus it is very important in reconstructing the image of the material through the 
use of image reconstruction algorithm. This paper is intended to discuss the modeling of Magnetic Induction 
tomography (MIT) in biological tissue imaging using two-port network technique hence developed the 
sensitivity maps which is vital in image reconstruction algorithm. Copyright © 2013 IFSA. 
 
Keywords: Magnetic induction tomography, Passive electrical properties, Biological tissue, Sensitivity maps, 
Two-port network. 
 

 
 
1. Introduction 
 

Magnetic Induction Tomography (MIT) is a non-
invasive and non-intrusive technique. It is 
categorized as passive imaging modality. Besides 

MIT, are Electrical Impedance Tomography (EIT), 
Electrical Capacitance Tomography (ECT) and 
Magnetostatic Permeability Tomography (MPT) [1] 
are in the same passive imaging family. EIT and ECT 
modalities use electrodes in their applications, the 
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electrodes have to be contacted with the body; while 
MIT and MPT are electrode less, thus provide 
opportunity to avoid ill-defined electrode-skin 
interface problems [2, 3, 4].  

MIT is interested in all passive three electrical 
properties of materials, which are conductivity ( ), 
permittivity (ε) and permeability (). In biomedical 
imaging, MIT is famously reported as focused to 
image the changes k  of complex electrical 
conductivity  jk   distribution [5], since 

conductivity is always dominant in biological tissue 
compared to permittivity and permeability [6, 7] 
especially in  dispersion range (10 kHz – 10 MHz) 
[8]. However, different to metallic object, the value 
of conductivity in biological tissue is relatively very 
small [9].  

Reconstruction of complex conductivity 
distribution cannot be done without an image 
reconstruction algorithm which needs sensitivity 
maps in producing images[10], hence clear and 
accurate image needs a practical image 
reconstruction algorithm [11]. Most of tomographic 
images were derived from back projection algorithm 
and in order to derive this algorithm which results in 
the solution to the inverse problem, the forward 
problem must be solved first. The forward problem 
determines the theoretical output of each of the 
sensors when the sensing area is considered to be 
two-dimensional. The forward problem can be solved 
by using the analytical solution of sensitivity maps 
which produces the sensitivity matrices [12]. 
Sensitivity calculation can be done through several 
techniques that are based on finite element method 
(FEM) [8, 13, 14], analytically [8, 15] and 
experimentally [16]. Simulation on the forward 
model is initially done to ensure that correct 
fundamentals of process tomography technique have 
been implemented specifically in image 
reconstruction [17]. 

This paper discusses the modeling of MIT system 
using two-port network technique which involves 
reciprocity theorem, sensitivity maps and image 
reconstruction algorithm. 

 
 

2. Fundamentals of Physics in MIT 
 
MIT involve the application of electromagnetic 

field (primary field), B0 generated at the excitation 
coil. This primary field interacts with the tissue 
located in the ROI, and this tissue, depends on its 
conductivity value produces its own field known as 
secondary field, B  or eddy current field [18] as 
shown in Fig. 1. Secondary field which has the 
characteristic information of the tissue is detected by 
the measurement sensors at the receiving side [19, 
20]. These measured data undergoes signal 
conditioning circuit for noise removal before being 
used as the input to the image reconstruction 
algorithm for image reconstruction process. 
 

 
 

Fig. 1. Fundamental principal of MIT modality. 
 
 

All interactions between electromagnetic fields 
and biological tissues follow the Maxwell’s rules [10, 
21, 22]. Equation (1) is Faraday’s law which stated 
that, electric field, E [V m-1] is induced in a medium 
when time varying magnetic field density; B [Wb m-

2] with frequency, ω [rad s-1] is applied.  
 

BjE   (1) 
 

In scalar potential and vector potential terms, 
electric field, E can be presented as 
 

AjE    (2) 
 
where   [V] and A [Wb m-1] are scalar potential and 

vector potential respectively [23]. Vector potential A 
can be represented as vector potential due to primary 
field, A0 and vector potential due to secondary field, 

A [24, 25]. 
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where dl [m] is the element of the coil, r is the 
distance between the coil length element and the 

point oA is calculated, I [A] is the sinusoidal current 

amplitude in the excitation coil, cJ [A m-2] and 

dV [m3] are the volume element of the material. 
Ampere’s law as in equation (5) explained on the 

relation between the induced conduction current 

density, cJ and displacement current, D [C m-2] 

with the magnetic field, H [A m-1] in the existing of 
electric field, E. 
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In biological tissue (where )  , 

displacement current is normally neglected due to 
very small value compared to conduction current [25, 

26]. The induced current, cJ in the material, in turn, 

produced secondary magnetic field, B  and is given 
by:  
 

AB   (6) 
 
At the measurement side of the MIT system, the 

receivers detect both primary field, B0 and secondary 
field, B . However since this system had 
implemented receiver positioning arrangement 
technique in such that, it is insensitive to the primary 
field, thus it is assumed that the signal measured at 
the receivers are only due to the secondary field, B  
[23]. The induced voltage, ][Vv in the receiver due 

to this secondary field, B can be calculated through 
Lenz’s law [27] by integrating magnetic field over 
the receiver coil surfaces, dS [m2]. 
 

  dSBjv   (7) 

 
 
3. Hardware Model 
 

In this experiment, a novel TRI-COIL sensor jig 
design as in Fig. 2 had been used.  
 
 

 
         

(a) (b) 
 

 
 

(c) 
 

Fig. 2. A novel TRI-COIL sensor jig design: a) Isotropic 
view; b) Top view and c) Single panel view. 

 
 

This design which consists of 8 panels of 
transmitters and 8 panels of receivers, arranged 
alternately in equidistance between each in circular 
manner. These panels are made of aluminum and 

consist of three slots of 4cm  4cm  4cm in size. 
There are three layers of slots in the jig design where 
each slot is located with transmitter in transmitter 
panels whereas sensors are located in the receiver 
panels. The purpose of these slots are for minimizing 
the interference from the other coils in the jig system 
which may affected the measurements through 
introduction of errors in the measured signals. In this 
paper the modeling and image reconstruction 
algorithm are only focused on the single layer 
measurement basis for the sake of simplicity in the 
modeling itself. 
 
 
4. Two-Port Network Modeling 

 
In MIT modeling based on the application in 

biological tissue, several assumptions are made. The 
assumptions are neglecting of wave propagation 
delay effect at low frequency [1, 7, 24], skin depth of 
the electromagnetic field in the material is larger than 
the dimensions of the sample [8, 24, 28], 
homogeneous and isotropic model of tissue 
conductivity [6, 14, 29] and the tissue is not 
magnetizable, where relative permeability, 

1r [7, 30].  

Linear two-port network model as in Fig. 3 is 
among the technique used in MIT modeling. The 
reciprocity theorem [8, 29, 31] is applied in its 
implementation. There are several parameter models 
can be used in describing two-port network; 
Impedance (Z), Admittance (Y), Transmission (a), 
Hybrid (h) and Inverse Hybrid (g). However this 
paper only focused on Impedance (Z) model, which a 
general expression can be derived with ports 1 and 2 

are fed by a current 1I  and 2I  respectively. It is 

assumed that port 1 represents excitation coil while 
port 2 is the receiving coil of an MIT system. 

 
 

 
 

Fig. 3. Two-port network model. 
 
 
The general equation of Z model is 
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Both Z11 and   Z22 are local impedance of the port 

1 and port 2 respectively, while Z12 and Z21 are 
transfer impedance; Z between the two ports (port 
1 and port 2) is the interest in this modeling 
technique. Based on the reciprocity theorem, Z12 and 
Z21 are same since both of them representing the 
same portion of biological tissue under investigation 
as explained in Fig. 4.  
 
 

 
 
Fig. 4. Interaction of primary field excited from excitation 

coil #7 (Ex7) on the small portion of object and the 
received secondary field by receiver coil #5 (R5). 

 
 

Primary field excited at coil#7 with ( 77 , exEx Iv ) 

interacts with biological tissue with impedance, Z  
and secondary field generated by this tissue then is 
measured at detected at receiver coil#5 with the value 

( 55 , RxRx Iv ). Based on reciprocity theorem, if Rx5 

( 55 , RxRx Iv ), excited a field on the same tissue, then 

the received signal at Ex7 will be ( 77 , exEx Iv ). This 

can be represented as 
 

),(),( 5577 rxRx
Z

exEx IvIv   (13) 
 

Through this theorem, it is assumed that the 
transfer impedance change, Z of the two-port 
network system is due to a small change k of 
complex conductivity )(   jk and 

permeability,  of the passive electrical properties 

(PEP) in the space filled with the electromagnetic 
field [30].  

The transfer impedance change, Z of a two-port 
network system is due to changes of complex 
conductivity and/or permeability and is given as 

 

  dVHHj
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dVEkE
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1E and 1H are electric field and magnetic field 

respectively when 1I  is fed to port 1, while 2E and 

2H  are electric field and magnetic field respectively 

when 2I  is fed to port 2. If permeability is constant, 

the second term is vanished and Z changes for a 
small voxel will be proportional to only the complex 
conductivity change and the scalar products of the 
electric field 
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In MIT system, by definition the transfer 
impedance, Z [8, 9] is given by  
 

,
excI

v
Z


  (16) 

 

where v [V] is the secondary signal measured at 
the receiver coil. In relation to that, the sensitivity, S 
in bio-impedance is usually defined based on 
Geselowitz theorem [6, 8, 30] which is 
 

k

Z
S




  (17) 

 

Insert (15) into (17) 
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For a conductive spherical voxel inside a 
homogeneous magnetic field B, eddy currents (J) 
and, consequently the electric field (E = J/κ) will be 
parallel to the sphere surface [8], therefore: 
 

2121 BBEE   (19) 
 

Hence 
 

,21 BkBS   (20)
 
k depends only on the perturbation characteristics. 
Hence sensitivity maps normalization [29] is given 
by 
 

i

ii
norm w

yxS
yxS

),(
),(   (21) 

 

where  wi is the area or volume of the ith element.  
In this small scale system, 64 sensitivity maps 

have been generated due to 64 possible interactions 
between 8 excitation coils and 8 receiver coils. 
Examples of sensitivity maps for excitation coil #2 
(Ex2) are shown in Fig. 5 and sensitivity maps 
normalization is in Fig. 6. 
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(a) 
 

(b) 

  
  

(c) 
 

(d) 

  
  

(e) (f) 
  

  
  

(g) (h) 
 

Fig. 5. Sensitivity maps of excitation coil 1 (Ex1) with receivers (Rx). a) Ex2 – Rx1, b) Ex2 – Rx2,  
c) Ex2 – Rx3, d) Ex2 – Rx4, e) Ex2 – Rx5, f) Ex2 – Rx6, g) Ex2 – Rx7 and h) Ex2 – Rx8. 
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Fig. 6. Sensitivity maps normalization pattern. 
 
 
5. Image Reconstruction Algorithm 
 

Image reconstruction algorithm is the heart in any 
tomography modality since it converts the captured 
data at the sensor into an image. There are several 
types of tomographic image reconstruction algorithm; 
however it depends on the types of tomography and 
the application itself. In this paper, Linear Back 
Projection (LBP) had been implemented in the image 
reconstructions process due to its simplicity and its 
fast in processing [6]. In mathematical term LBP can 
be represented as 

 

 


8

0
,,

8

0
),(),(

Rx
RxTxRxTxTxLBP yxMXSyxV (22)  

 

where, ),( yxVLBP is the voltage distribution 

obtained using LBP algorithm in n  n matrix, where 

n equals to dimension of sensitivity maps; RxTxS ,  is 

the signal loss amplitude of receiver Rx-th for 

projection Tx-th in unit of volt and ),(, yxM RxTx  is 

the normalized sensitivity matrices for the view  
of Tx-Rx. 
 
 
6. Results and Discussion 
 

Based on this algorithm, reconstructed images of 
three simulated samples are shown in Fig. 7. This 
forward problem is solved through the use of  
64 generated sensitivity maps. 

The reconstructed images in Fig. 7 show that the 
system is sensitive to the location of the 
perturbations; however in term of size and shape, it is 
out of accuracy. This may due to inadequate linear 
algorithm in reconstructing the nonlinear behavior of 
the magnetic interaction in the ROI. Upgrading on 
the algorithm is crucial in enhancing the accuracy in 
both location and size of the perturbation. The pixel 
threshold value related algorithm may provide the 
solution to this problem. 
      

     SIMULATED                    RECONSTRUCTED 
         SAMPLE                                 IMAGES 
 

 
 

(a) Sample 1. 
 

 
 

(b) Sample 2. 
 

 
 

(c) Sample 3. 
 

Fig. 7. Three simulated samples and its reconstructed 
images using Linear Back Projection Technique (LBP) 

algorithm. 
 
 
7. Conclusions 
 

Two-port network modeling technique of MIT 
system has been presented and through this technique 
64 sensitivity maps of this MIT system have been 
generated. Based on the reconstructed images, it is 
found that two-port network is capable in solving the 
forward problem of an MIT system. However further 
investigations are needed in increasing the quality of 
the images through implementation of more 
promising image reconstruction algorithm in solving 
nonlinear phenomena within the ROI.  
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