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Abstract. The article presents the prototype of the SmartEIT measuring device construction based on the Raspberry Pi platform using electric 
impedance tomography. The measurement with the device consists in placing electrodes on the tested object, two electrodes are connected to 
alternating current, and the voltage drop is measured on the other. SmartEIT enables measurements on 16 electrodes. The electrodes can be made 
of copper without a shield or covered with conductive rubber, depending on the tested object. In each cycle, SmartEIT forces AC flow with a 
sinusoidal waveform with a constant amplitude and a frequency of 1 kHz between the two farthest electrodes. The current is relatively low, selected 
during measurements so that the capacity of the power source is not exceeded.  
 
Streszczenie. W artykule przedstawiono prototyp konstrukcji urządzenia pomiarowego SmartEIT oparty na platformie Raspberry Pi z 
wykorzystaniem elektrycznej tomografii impedancyjnej. Pomiar za pomocą urządzenia polega na umieszczeniu elektrod na badanym obiekcie, dwie 
elektrody są podłączone do prądu przemiennego, a spadek napięcia jest mierzony na pozostałych. SmartEIT umożliwia wykonywanie pomiarów  na 
16 elektrodach. Elektrody mogą być wykonane z miedzi bez osłony lub pokryte gumą przewodzącą, w zależności od badanego obiektu. W każdym 
cyklu SmartEIT wymusza przepływ prądu przemiennego sinusoidalnym przebiegiem o stałej amplitudzie i częstotliwości 1 kHz między dwiema 
najdalszymi elektrodami. Natężenie prądu jest stosunkowo niskie, wybrane podczas pomiarów, tak aby wydajność źródła prądu nie została 
przekroczona. (Budowa tomografu SmartEIT w oparciu o platformę Raspberry Pi). 
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Introduction 
Electrical  tomography provides a non-invasive 

technique and non-destructive technique, in contrast to 
many others (like chemical methods) for measuring different 
kinds of objects and problems. In this method, a power or 
voltage source is connected to the object, and then a 
current distribution or voltage distribution on the edge of the 
object is observed. The collected information is processed 
by an algorithm that reconstructs the image [1-15].  

SmartEIT is a prototype of a miniature tomograph 
cooperating with the Raspberry Pi platform. The device in 
the form of a plug directly attached to Raspberry does not 
require an additional power supply [1]. Many different 
methods are used to solve optimization problems [16-29]. 
The solution was based on electrical impedance 
tomography [30-37]. 
 
Measurements 
 A set of electric currents are sent through the examined 
object through these electrodes, and the obtained voltages 
are measured using the same electrodes. Figure 1 shows 
the opposite method of acquiring boundary potential data 
illustrated for a cylindrical volumetric guide and 16 equally 
spaced electrodes: (a) first projection-1, (b) second 
projection-2. Due to the unknown value of the voltage drops 
between the tested object and the electrodes to which the 
electric current source (I) is connected, these electrodes are 
not taken into account during the measurements. For each 
projection angle 12 independent voltage measurements (V) 
may be obtained between individual pairs of adjacent 
electrodes. For a system with 16 electrodes (we labelled 
them as variable n), there are 16 possibilities to connect the 
power source, but because of the symmetry of the system, 
only half of them (n / 2 = 8) are accepted. Input data for the 
image construction algorithm are voltage measurements 
made between adjacent electrodes. Measurements made 
using electrodes with an attached excitation source are 
omitted due to the unknown voltage drop between these 
electrodes and the tested area. For a system of n = 16 
electrodes and any projection angle, n - 3 = 12 independent 
measurements may be obtained. Thus, the full number of 
voltages measurable between neighbouring voltage 

electrodes at n / 2 = 8 angles is: (n - 3) (n / 2) = 12 · 8 = 96. 
The method used to measure the inter-electrode voltages 
corresponds to the first and the second projection angle. 
For subsequent angles, the sequential switching of the 
power supply and measurement circuit to the neighbouring 
electrodes takes place. 
 

a)  b) 

 
Fig. 1. Opposite measurement method in a system of 16 
electrodes: a) first measuring cycle, b) next measurement cycle. 
a)  b) 

 
 

Fig.. 2. Neighbouring measurement method in a system of 16 
electrodes: a) first measuring cycle, b) next measurement cycle. 

Figure 2 presents the neighbouring (adjacent current 
method) of boundary potential data collection illustrated for 
a cylindrical volume conductor and 16 equally spaced 
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electrodes: (a) first projection-1, (b) second projection-2.The 
boundary potential data collection for collecting data from 
potential measurements at the edge of an object using 16 
electrodes was shown in Fig. 3. In the opposite current 
injection method, the current is injected through two 
diametrically opposed electrodes in each current projection 
and the potentials are measured on all the electrodes with 
respect to the ground point of the analog electronics. In the 
other method, the current is applied through neighbouring 
electrodes the potentials are measured on all the electrodes 
with respect to the ground point of the analog electronics. 
 

a) b) 

 
Fig. 3.Boundary potential data collection - measurement model in 
electrical impedance tomography: a) opposite, b) neighbouring 
method. 

SmartEIT device 
SmartEIT enables visual measurements on 16 

electrodes. A compact device the size of a credit card due 
to the use of a highly efficient converter increasing the DC / 
DC voltage has a voltage of 30 Vpp necessary for forcing 
the flow of current in high impedance facilities, even though 
it is powered directly from the Raspberry (5 V) Platform. A 
set of passive electrodes is needed to perform the 
measurements.  
 

 
Fig. 4. Block diagram of the set. 

The electrodes can be made of copper without a shield 
or covered with conductive rubber, depending on the tested 
object. The measurements are carried out with the help of 
sixteen electrodes applied to the tested object. One 
complete measurement is made in sixteen cycles. In each 
cycle, 

 
Fig. 5. Diagram of the measuring block. 

 

Fig. 6. Test version of the device. 

 

 
Fig. 7. The Smart EIT device. 

SmartEIT forces AC flow with a sinusoidal waveform 
with a constant amplitude and a frequency of 1 kHz 
between the two farthest electrodes. The current is 
relatively low, e.g. 100uA, selected during measurements 
so that the capacity of the power source is not exceeded. 
During the current flow, the voltages occurring on the 
remaining electrodes occur sequentially. The measurement 
is always carried out in relation to one of the force 
electrodes with which the mass is connected. In subsequent 
cycles, the current forcing is transferred to the following 
pairs of electrodes. The result of the full measurement is a 
matrix consisting of 244 voltage values that are sent via the 
SPI interface to the Raspberry Pi. The Raspberry 
development board does not take active part in 
measurements, it is only used to process ready data. After 
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connecting the LCD display it will be possible to obtain 
simple reconstructions without using a computer. 
Measuring block 

After passing through the multiplexer, the received 
signals are sent to a measuring block consisting of an 
active high-pass filter cutting off frequencies below 1 kHz, 
an INA826 measuring amplifier with adjustable gain and a 
protective circuit of the analog-to-digital converter. Gain 
adjustment is done using an 8-bit digital MCP41HV5 
potentiometer connected to an amplifier controlled by the 
SPI interface via a microcontroller. The last element of the 
block is the sigma-delta analog-to-digital converter. There is 
a 16-bit converter with a conversion rate of up to 50ksps. 
This system has 7 gain levels. 
 
Methods and Models 
 The so-called Generalized Tikhonov regularization is 
very often used in electrical impedance tomography for 
image reconstruction. In the literature on the subject, this 
method is also known as the Gauss-Newton algorithm (GN) 
in the generalized form. In order to carry out quantitative 
considerations, it may be assumed that the tested object is 
polarized with low-frequency current. Then, the electrical 
material properties can be described by a function with real 
values. In this case, in the generalized Laplace equation, 
the term proportional to the frequency is neglected, and this 
function can be identified with the real isotropic admittivity 
case. The measurement objects and the image 
reconstructions were shown in Fig. 8-9. 
 

 
Fig. 8. Measuring object. 

The reconstruction of the interior image of the object under 
investigation is connected with the determination of the 
global minimum of the objective function, which in the case 
under consideration is defined as follows: 
 

(1) 	 	
	‖ 	

∗ ‖ 	  
 

where:  – conductivity vector,  * - conductivity vector 
adopted a priori - it represents known properties of the 
interior of the object, Um - voltages obtained as a result of 
the measurements, Us( ) - voltages received by numerical 
calculations (FEM), L1 - square matrix, L2 - regularization 
matrix, it is usually a unit matrix. It can also provide a 
discreet approximation of the selected differential operator. 
λ - regularization parameter - positive real number. 

Using appropriate approximations, it can be 
demonstrated that the conductivity proper in the iteration 
denoted by k + 1 is given by the following formula: 

 

(2)  	 	 	 	 	 	 	 	 	 	
	

	
∗ (2) 

 
 

where: ; 	 ; 	 ; Jk - 

Jacobian matrix calculated in the k-th step, W1 - weighting 
matrix - it is usually a unit matrix, αk - step length. 
 
 

 
Fig. 9. Image reconstruction - Gauss-Newton method 

Conclusion 
The paper presents the construction of the SmartEIT 

measuring device based on electric impedance tomography. 
The presented solution works with the Raspberry Pi 
platform. The measurement by the device consists in placing 
electrodes on the tested object and measuring on the 
remaining ones. SmartEIT enables visual measurements on 
16 electrodes. In each cycle, the device forces AC flow with 
a sinusoidal waveform with a constant amplitude and a 
frequency of 1 kHz between the two farthest electrodes. The 
current is relatively low, selected during measurements so 
that the capacity of the power source is not exceeded. The 
effectiveness of the measurements was verified by the 
Gauss-Newton method, which was used to solve the inverse 
problem. 
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