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Abstract 

Sensitivity issue becomes a common problem on Electrical Impedance Tomography. One effort to overcome this 

issue is through inducing a magnetic field. It needs proper inducer coil configuration in order to produce a good 

reconstruction result. In this study, inducer coil configuration is obtained to 10 configurations of a rectangular 

object. Reconstruction results showed that the better results achieved through increasing of induction numbers and 

in 50 percent of shifting between each induction. 

Keywords : Sensitivity, Induced current, coil configuration,  rectangular object 

1. Introduction 

ICEIT method is one of the imaging methods that is 

semi contactless 
1,2,3

. Providing currents accomplished 

by inducing a magnetic field that is not touching the 

object. With such a system, the use of dual function 

electrodes and the magnitude of the applied current 

limitations, as well as on the applied-current electrical 

impedance tomography (ACEIT), is avoided 
4
. 

Moreover, the technique of current injection also 

determines current density formed on objects and can 

affect the imaging results 
5
. In ACEIT, current injecting 

on the surface of the object boundary still leaves the 

problem of insensitivity of changes in object 

conductivity away from the boundary. While the 

induction of magnetic field on ICEIT is made across the 

surface of the object through a certain coil configuration 
6,7

. 

So the ability to detect the change of conductivity 

(distinguishability) is enhanced through the giving of 

appropriate flow pattern 
8,9

. So that one of the important 

issue is how to get the better coil configuration that 

improve the distinguishability.  Improved induction 

system configuration has been done through the 

addition of induction 
4
, the use of coil-shaped 

orthogonal 
10

, the rectangular shaped coil 
11

 as well as 

coil segments 
8
. Increasing the number of induction 

increase the amount of measurement data 
4
 but the 

optimal position of each induction has not been 

determined yet. 

In this study, simulation ICEIT on imaging with 

two-dimensional rectangular object is performed 
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through a variety of number and position of induction. 

Thus, this paper is organized as follows. Section II 

explains the various configurations induction system to 

be simulated. Section III explains the relationship of 

physical parameters in the object model through 

forward and inverse models determination. Section IV 

describes the results of simulation models developed 

and reconstructed by inverse models obtained. And 

finally, all the simulation results are concluded in 

Section V. 

 

2. Induction System Configuration 

Parameters induction system are coil shape and its 

dimension, the number of coil windings, distance of 

induction, magnitude and frequency of current 

excitation. While the configuration of induction system 

regarding the number and arrangement of the coils 

which is attached on the surface of the object. The shape 

and dimensions of the coils determine a fill factor ratio 

which is defined as equation (1). 

 

𝑓𝑖𝑙𝑙𝑓𝑎𝑐𝑡𝑜𝑟 =
(𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝑐𝑜𝑖𝑙)

2

(𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟𝑜𝑏𝑗𝑒𝑐𝑡)
2    … .… (1) 

In this study, the shape and dimension of the coils 

are the same with object, so fill factor equal to 1. Fill 

factor value as it is the minimum value which the coil is 

still quite representative induces object surface.  

In addition to the fill factor, the distribution of magnetic 

potential induced also determines the induction results. 

Magnetic field induction depends on the magnitude of 

current given and the distance to the object surface. The 

magnitude of the potential magnetic field is defined by 

equation (2). 

𝐴 = ∫
𝜇𝑜𝑖

4𝜋

𝑑𝑙⃗⃗⃗⃗  ×  �̂� 

𝑟
  ………………(2) 

where  

𝐴  = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 

𝜇0 = 𝑣𝑎𝑐𝑢𝑢𝑚 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 

𝑖 = 𝑒𝑥𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

𝑑𝑙 ⃗⃗ ⃗⃗ ⃗ = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑐𝑜𝑖𝑙 𝑙𝑒𝑛𝑔ℎ𝑡 𝑒𝑙𝑒𝑚𝑒𝑛 

r  = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑒𝑙𝑒𝑚𝑒𝑛 

 

For rectangular shaped coil, the calculation of 

magnetic field is done by summing the potential of 4 

rectangular sides .So that the magnitude of the magnetic 

potential is formulated as a numerically equation (3). 

𝐴 =∑
𝜇𝑜𝑖

4𝜋
∫ [(

𝑧 𝑑𝑥 − 𝑦 𝑑𝑧

𝑟
) 𝑖̂ + (

𝑥 𝑑𝑧 − 𝑧 𝑑𝑥

𝑟
) 𝑗̂

4

𝑖=1

+ (
𝑦 𝑑𝑥 − 𝑥 𝑑𝑦

𝑟
) �̂�]…… . . … (3) 

Configuration is obtained by putting the center of 

induction coil into a number of specific coordinates on 

the surface of the object. Surface of the coil is made 

parallel to the surface of the object so that the induced 

current is on the surface surrounded by electrodes. 

Inducing is performed by sliding along the surface of 

the coil within the same hypothetical to the surface of 

the object, as Figure 1. 

 

Fig. 1. Rectangular coil arrangement (red) on the top of object 

(blue) 

Each configuration induction is distinguished by the 

number and coordinates of each induction. In this study, 

simulations of induction are conducted on ten kinds of 

configurations with any number of coordinate 

inductions as Figure 2.  

 

Fig. 2. 10 configuration of center point position of each coil 

(red) on the top of object (blue) are called  (a)  1K  (b) 3K  (c) 
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5KHV_25 (d) 5KDG_25 (e) 5KHV_50  (f) 5KDG_50  (g) 

8K_50   (h) 9K_50   (i) 13KHV  (j) 13KDG 

3. Forward and Inverse Model 

In ICEIT, the magnetic field is induced on the object 

through a current-carrying coil. Induced currents are 

formed in the object and generate potential distribution 

on the surface of the object .The physical relationship 

between the distribution of potential and magnetic 

potential based on Maxwell's equations. The 

formulation of relationship between conductivity, 

electrical potential, and induced magnetic field is 

generated as in equation (4). 

𝛻 ∙  𝜎𝛻𝑉 = −
𝑑𝐴

𝑑𝑡
 𝛻𝜎 = −𝜔𝐴 𝛻𝜎 ……(4) 

This equation is known as Poisson's equation. 

ICEIT forward model is the Poisson equation 

solution which states the electric potential V, on  

domain, as a function F of the electrical conductivity  

and magnetic potential A. The magnitude of magnetic 

potential depends on parameters such as the geometry of 

the magnetic induction coil (C ), excitation current (I) 

and frequency of the excitation current ().   

𝐹 ( 𝜎⏟
𝑜𝑏𝑗𝑒𝑐𝑡 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

, 𝐶, 𝐼, 𝜔⏟  
𝑒𝑥𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑖𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

) → 𝑉| 

To make it easier to get the solution of the Poisson 

equation, a numerical approach is done using current 

conservation concept. This method is used through 

applying 2D integral formulation of the Poisson 

equation, in order to obtain equation (5). 

∬𝛻 ×  [𝜎𝛻𝑉] 

𝑠

𝑑𝑆 = −∬(𝜔𝐴 𝛻𝜎)

𝑠

 𝑑𝑆 …… . (5) 

If the divergence theorem is applied to equation (5) then 

equation (6) is obtained. 

∮ 𝜎 𝛻𝑉 ∙  𝑑𝑙 = −∬(𝜔𝐴 𝛻𝜎)𝑑𝑆 ………(6)

𝑠𝑠

 

Numerical solution of the equation (7) produces 

equation (8). 

∑ 𝜎𝛻𝑉  𝑙 = − 𝜔𝐴   ∆𝑆 ………(7)

𝑙  𝑠𝑒𝑙

 

The inverse model is generated by mapping the 

potential distribution to the conductivity distribution. 

𝐹−1 [ 𝑉|𝜕𝑙⏟  
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡

 ,  𝐶, 𝐼, 𝜔⏟  
𝑒𝑥𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑖𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

]  →  𝜎| 

 

Through the use of linearization method then changes 

the conductivity becomes comparable to the potential 

boundary changes, according to equation (9). 

∆�̅� = 𝑆 ∆𝜎 ………………………… . (8) 

S is the sensitivity matrix. Through the calculation of 

the inverse of sensitivity matrix, the change of 

conductivity distribution is obtained through a one-step 

solution, according to equation (9). 

∆𝜎 =  𝑆−1∆�̅� ……………… .…… . (9) 

So that absolute conductivity is 

𝜎𝑎𝑛𝑜𝑚𝑎𝑙𝑦 = 𝜎ℎ𝑜𝑚𝑜𝑔𝑒𝑛 + ∆𝜎……… . . (10) 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. Magnetic field distribution , in XY plane, 

from highest (red) 10-7 Tesla to lowest value (blue) 

10-8 Tesla with the distances between coil and object 

z are (a) z = 10 cm ,  (b)  z = 

67



 

 

 

4. Simulation Results 

The first simulation is the determination of the 

distribution of the magnetic field using equation (3). 

Simulationis performed usingthe induction system 

parameters as follows:  

The number of observation points = 144 

The number of coil windings = 40  

Diameter wire coil = 0.0001 m  

Maximum flow = 0.02 A with f = 10 kHz  

Simulation results are shown in Figure 3. 

Figure 3 shows the distribution of magnetic field 

induction occured at 3 points in the object, namely a 

shift 50% to the right, 50% to the right and upward, and 

50% to the upward. The simulation results show that the 

closer the distance of induction the better homogeneous 

of magnetic field distribution. 

 The distribution of the magnetic field that is given 

as a function of time  induce current in the object. Thus, 

the potential distribution on the surface of the object is 

calculated using equation (7). The simulation result of 

determining the potential distribution is shown in Figure 

4. 

 

Fig. 4. The distribution of electric potential, in XY plane, from 

highest (red) to lowest value (blue) with 3 inductions. 

Furthermore, the simulation is done to obtain the 

results of reconstruction with some configurations 

induction system. Simulations performed using the 

inverse model of the 3 anomalous resistivity 

distributions, such as Figure 5, where homogen 

resistivity is 1000 Ohm/m
2
 (blue) and anomalous 

resistivity is 2000 Ohm/m
2 

(red). This anomalous 

configuration can be realized experimentally such as a 

beam in the soil. 

 

 
(a)  (b)  (c) 

Fig. 5.  Anomalous resistivity distribution types , in XY plane, 

(a) side (b) center (c) twin 

 
(a)                                    (b) 

 
(c)                        (d) 

 
      (e)      (f) 

 
      (g)          (h) 

 
(i)         (j) 

 

Fig. 6. Reconstruction results of side anomaly , in XY plane, 

for (a) model 1K  (b) model 3K  (c) model 5KHV_25 (d) 

model 5KDG_25   (e) model 5KHV_50 (f) model 5KDG_50  

(g) model 8K_50   (h) model 9K_50   (i) model 13KHV (j) 

model 13KDG 

X axis 

Y axis 

X axis 

Y axis 
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To get resistivity distribution from the boundary 

potential distribution observed is called reconstruction 

process. Reconstruction is conducted by induction 

distance of 10 cm, the maximum induced current of 20 

mA, and 10 KHz of excitation current frequency. 

Simulations were performed for three types of 

anomalous   in 9 inductions. The reconstruction results 

are such as Figures 6, 7, and 8, where anomalous in red 

and homogen resistivity in blue. 

 
(a)                                (b) 

 
(c)          (d) 

 
(e)                (f)                      

 
(g)          (h) 

 
(i) (j) 

 

Figure 7. Reconstruction results of center anomaly, in XY 

plane, for  (a) model 1K  (b) model 3K  (c) model 5KHV_25   

(d) model 5KDG_25 (e) model 5KHV_50  (f) model 

5KDG_50  (g) model 8K_50   (h) model 9K_50   (i) model 

13KHV  (j) model 13KDG 

 
(a)                                 (b) 

 
(c)                                 (d) 

 
(e)                              (f) 

 
(g)          (h) 

 
(i)                               (j)                               

 

Fig. 8. Reconstruction results of twin anomaly, in XY plane, 

for  (a) model 1K (b) model 3K  (c) model 5KHV_25 (d) 

model 5KDG_25   (e) model 5KHV_50  (f) model 5KDG_50  

(g) model 8K_50 (h) model 9K_50 (i) model 13KHV (j) 

model 13KDG 

Simulation results, as shown in Figure 6-8, visually 

demonstrate that the detection of the anomaly on the 

edge (side and twin) generally do not show a significant 

difference in the results if the number of induction is 

increased. As for the anomalous in the middle (center), 

the result of reconstruction is getting better as the 

increase of the induction number. The reconstruction 

results are evaluated numerically using the parameter of 

X axis 

Y axis 

X axis 

Y axis 
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root mean square (rms) of the difference in the test 

resistivity distribution with the distribution of resistivity 

reconstruction results, such as equation (11). 

 

𝐸𝑟𝑟𝑜𝑟 =
1

𝑁
√(𝜌𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 − 𝜌𝑡𝑒𝑠𝑡)

2…… . . (11) 

 

Summary of simulation results with error values of 

each are shown in Table 1. 

The results of error calculations showed that an 

increasing number of inductions give the average error 

of the third anomaly becomes smaller. On the other 

hand, an addition of induction number increase the 

computational complexity of the measurement and the 

longer. 
Table 1. Summary of simulation results error. 

Model 
Error 

Side 

Error 

Center 

Error 

Twin 

Average 

Error 

1K 0,0106 0,01389 0,01665 0,01370 

3K_25 0,0077 0,01307 0,01183 0,01087 

5KHV_25 0,0070 0,01220 0,01021 0,00979 

5KDG_25 0,0073 0,01185 0,01058 0,00990 

5KHV_50 0,0073 0,01192 0,00987 0,00968 

5KDG_50 0,0072 0,01073 0,01031 0,00940 

8K_50 0,0070 0,00980 0,00942 0,00870 

9K_50 0,0069 0,00949 0,00932 0,00858 

13KHV 0,0070 0,00932 0,00999 0,00876 

13KDG 0,0072 0,00912 0,00996 0,00878 

 

 

 

Fig. 9. Error with shifting on 5 times induction 

 

Fig. 10. Error with shifting on 9 times induction 

 

Variation of induction positions are performed to 

know an influence of induction position shifts. Shifting 

of induction position is addressed through the change of 

distance between each induction point. The magnitude 

of shifting is expressed in percentage form toward the 

wide of the object side. Error of reconstruction for some 

shift values on 5 and 9 times inductions are summarized 

in Figure 9 and 10. 

The results of simulation show that the smallest 

average error of the third anomalyis achieved on some 

particular value. The shift which is made smaller or 

larger than half the length of the coil side made the error 

to be bigger. The simulation results indicate that the 

position of induction affects the reconstruction results 

and there is a shift in the optimal value. 

The next simulation is conducted to determine the 

effect of induction distance on the result of the 

reconstruction. Simulations are performed with 

induction distance of z = 50 cm, z = 40 cm, z = 30 cm, z 

= 20 cm, z = 10 cm, and z = 1 cm. Reconstruction 

results are shown in Table 2. 

Table 2. Error for any distance 

Distance 

(cm) 

Error 

Anomaly 

Side 

Anomaly 

Center 

Anomaly 

Twin 

1 0.00887 0.01166 
0.01296 

10 
0,00949 

0,01298 
0,01383 

20 0,00975 0,01315 
0,01398 
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30 0,00988 0,01331 
0,01398 

40 0,00994 0,01342 
0,01397 

50 0,00995 0,01348 
0,01398 

 

Simulation results showed that generally the greater 

the distance the greater the error of reconstruction.  It 

shows that the reconstruction should be better if is 

performed as close as possible to the surface of the 

object. These results are associated with the magnetic 

potential distribution, as Figure 6. The closer the further 

induction produces a homogeneous distribution of 

magnetic potential. 

 

5. CONCLUSIONS 

Configuration induction produces better reconstruction 

results if the number of induction increased. But an 

increasing of induction number is coupled with the 

increasing complexity of the measurement and the 

longer computational time. 

Shifting between each induction coil affect the 

reconstruction result obtained. Detection of an anomaly 

on the object produced good results through specific 

configuration of induction system with particular 

induction position. 

Distance of induction determines the distribution of 

the magnetic field that induces the object. The closer the 

induction made more homogeneous distribution of the 

magnetic field induced in the region. Homogeneity of 

the magnetic field distribution determines the outcome 

of reconstruction performed. 
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