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Abstract– Electrical Impedance Tomography (EIT), is one of the safest medical imaging 
technologies and can be used in industrial process monitoring. In this method, image of electrical 
conductivity (or electrical impedance) distribution of the inner part of a conductive subject can be 
reconstructed. The image reconstruction process is done by injecting an accurate current into the 
boundary of a volume conductor (Ω), measuring voltages around the boundary (∂Ω) and 
transmitting them to a computer, and processing on acquired data with software (e.g. MATLAB). 
The image would be reconstructed from the measured peripheral data by using an iterative 
algorithm. A precise instrumentation (EIT hardware) plays a very important and vital role in the 
quality of reconstructed images. In this paper, we have proposed a practical design of a low-cost 
precise EIT hardware including, a high output impedance VCCS (Voltage-Controlled Current 
Source) with pulse generation part, precise voltage demodulator and measuring parts, a high 
performance multiplexer module, and a control unit. All the parts have been practically and 
accurately tested with successful results, and finally the proposed design was assembled on PCB. 
The quality of experimental results at the end of this paper, (reconstructed images by using the 
implemented system), confirms the accuracy of the proposed EIT hardware.           
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1. INTRODUCTION 
 

Electrical Impedance Tomography (EIT) is a relatively new imaging technique. In this method, an image 

of the inner part of a conductive domain (Ω) can be made with an array of external electrodes which are 

located on the boundary of domain (∂Ω). In this imaging method, the image of electrical conductivity (or 

impedance) distribution of the internal part of a typical conductive subject can be reconstructed [1]. EIT 

procedure includes injecting an accurate current into the boundary of domain (∂Ω) via a pair of electrodes, 

measuring the boundary voltages by means of other electrodes around the boundary and transmitting them 

to a computer, and at the end, processing the acquired data with software (e.g. MATLAB) to reconstruct 

the image. Human body tissues contain a wide range of conductivities, and hence the potential exists to 

use EIT to carry out medical imaging using the conductivity as the parameter to be mapped [2].  
As a matter of fact, EIT is a challenging problem. This technique has some advantages compared to 

other methods, including: simplicity of application, no hazard to the patient (such as X-ray), low cost and 
portable, and the high speed of data collection and image reconstruction [3]. Although EIT systems suffer 
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implemented EIT hardware. Future research includes improvement of the current EIT hardware in terms 
of accuracy and precision to become appropriate for clinical applications and development of EIT 
application in industrial and medical fields.   
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Figure A1 shows different schematic circuits of the VCCS which have been used in practical tests. As it can be 

seen in Table A1, the results of several experiments are shown briefly. These tests were done on the breadboard with 

different resistance values in condition of 20KHz frequency and 1mA load current. It can be concluded (from Table 

A1) that the VCCS based on TOA1 (fourth row) is the best choice to have an efficient voltage-controlled current 

source. It can support a load in range of 10Ω to 10KΩ linearly and also has more than 5MΩ output impedance which 

calculated with (4). 
 

Table A1. The results of VCCS primary physical tests [33] 
 

VCCS 
Type 

R1 
(KΩ) 

R2 
(KΩ) 

R3 
(KΩ) 

R4 
(KΩ) 

R5  
(KΩ) 

Allowable 
Load (Ω) 

Measured 
 (Ω)  ࢚࢛࢕ࢆ

PSPICE 
 (Ω)  ࢚࢛࢕ࢆ

AH 1  2 1 1 1 10 ~ 1K 100K 420K 
DOA 1 1 1 1 5 10 ~ 5K 3 M 5.3M 
TOA1 1 1 1 1 5 10 ~ 10K >5 M 7.8M 
TOA1 2 2 2 2 5 10 ~ 10K 1 M 3.9M 
TOA1 5 5 5 5 5 10 ~ 10K 500K 1.6M 
TOA1 10 10 10 10 5 10 ~ 10K 500K 770K 
TOA1 22 22 22 22 5 10 ~ 10K 150K 340K 
TOA1 27 27 27 27 5 10 ~ 10K 100K 280K 
TOA2 1 1 1 1 5 10 ~ 10K 600K 2.5M 
 

  


