Tournal of Engineering and Applied Sciences 14 (19): 7105-7109, 2019

ISSN: 1816-949%
© Medwell Journals, 2019

Determination of the Output Impedance of the Injecting Current Source for

Flectrical Impedance Tomography

G K. Aleksanyan, I D. Shcherbakov, A 1. Kucher and N.I. Gorbatenko
Department of Information and Measurement Systems and Technologies,
Platov South Russia State Polytechnic University (NPI), Novocherkassk, Russia

Abstract: The output impedance 1s one of the most important parameters of the current source in the

composition of the information-measuring system of electrical mmpedance tomography on which the
metrological characteristics of the entire system depend. In this study, a setup was developed for conducting

studies of the output impedance of the current source in a given amplitude range and frequency of the output

current. Studies of the output impedance of the current source were carried out as a result, a characteristic was
obtained, the use of which will further help to umprove the design of the device for electrical impedance

tomography.
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INTRODUCTION

The study describes the studies output
parameters of the current source Electrical Tmpedance
Tomography (EIT) device component (Aleksanyan ef al.,
2016). The cwrent source is the most important
component of the equipment for EIT which determines
the metrological characteristics of the entire measuring
path (Aleksanyan et ai., 2017a, b; Bertemes-Filho et al.,
2000).

MATERIALS AND METHODS

The current source being developed should meet the
following requirements:

*  Voltage management

¢ Current amplitude through the load: 5 mA (Kulilkov,
2010)

¢ Current amplitude error-no more than 1.5%

*  Maximum current frequency -100 kHz

e ({rounded load resistance Ry;-30 Q-2 kQ
(Aleksanyan et al., 2017a, b)

The use of an inverting or electromechanical
amplifiers with a load in the feedback circuit is impossible
due to the fact that a constant potential camnot be
applied to either end of the load, since in this case, one
output or the inverting mput of the op-amp will be shorted
(Titze and Schenk, 1982). These requirements are satisfied
by the CS scheme with automatic measurement and

regulation of the current in the load (Brazovskiy, 2015).
The functional diagram of the developed CS as part of a
data collection and transmission device for EIT 1s
presented in Fig,. 1.

The output current is measured by the voltage
drop Uw on the resistor R,. For this, a differential
amplifier at the op-amp 2 18 used. If the gam factor is
Ky=R/R, (R,=R, =R, R, =R, =R,) differential amplifier
{Chizhma, 2012) on OP2 1s equal to 1, then, the output
voltage of the operational amplifier OP1 is set such that
the voltage drop U, on the resistor R,, 1s equal to the
input voltage U, Increasing the gain K, allows
proportionately reduce the nominal resistance of the
resistor Ry, Voltage repeaters at OP3 and OP4 increase the
input impedance of the differential amplifier at OP2. The
circuit diagram of the developed injecting current source
CS 18 presented inFig. 2.

Form and frequency f; current T at the OUT pin of the
current source correspond to the shape and frequency £,
of the control signal 1, at the TN terminal of the current
source. Amplitude I, of at the CS output 1s proportional
to the amplitude 1], control voltage at terminal TN and CS
15 set Resistor R,. The current source starts operation
immediately after the appearance of power on the
connector 3. Pin CS IN 15 comnected to the common point
via. a Resistor R, to prevent the appearance of T on pin
OUT CS due to the mmpact of the mduced voltage on
the output TN CS. Used instrumental amplifier AD 8429
ARYZ produced by analog devices with a disconnected
resistor that sets the gain which allows for the gain of the
instrumentation amplifier equal to 1.
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Fig. 2: Circuit diagram of current source of data acquisition and transmission EIT device

The CS PCB was developed in CAD system. The size of
the board is 33.3%23.3 mm. The printed circuit board,
assembly drawing and the appearance of the assembled
source of the ijecting current CS are shown in Fig. 3.
One of the most important parameters of the current
source which determines its main characteristics is its
output impedance R, (Chizhma, 2012). As you know, the
ideal current source has an infinitely large output
impedance R,,. The real current source has a finite
resistance R, connected in parallel to the load resistance
R, (Fig. 4). Due to the fact that R, 1s finite, current
I, will flow through it. Thus, the total current L, through

the load R, will be less then output current T of current

source on the amount of current I_. It’s obvious that:

H out

Thus, mn order to mnfluence the output impedance R,
on the current I through the load R, did not exceed
1%, the value of R, must satisfy the condition R,>100
Rinw The value of R, for the developed circuit is
determined by the value of the current-setting resistance
Ry and the meximum resistance which output OP1 can be
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Fig. 3: a) Upper; b) Lower; ¢) Layers of a printed circuit board, assembly drawing and d) Appearance of current source

for a data acquisition and transmission device for EIT

> Ly
> >

ROUT

.

Fig. 4: The equivalent current source circuit with the
output resistance

loaded by. For op amp AD 8510ARYZ with supply voltage
U = +15 V maximum output voltage 1s not <+14 V
(Brazovsky et al., 2015). In order to provide the output
current of op-amp at least I, = + 5 mA when the output
voltage of +14 V resistance value Ry, applied to the
op-amp output should not exceed 2,600 Q. Since, Ry, =
Ry+R, R, (where, Ry is the resistance of the current
injection channel which is determined by the resistance of
the multiplexers). For the DG 406 multiplexers used, the
open charmmel impedance does not exceed 100 £ and the
typical value is 50 Q. Thus, R, = 2180 Q which satisfies
the requirements.

It 13 impossible to measure the output Resistance R,
mn a straightforward way. But there are indirect ways to
measure R, Knowing the specified level of current T as
well as the value of current T, through the load resistance
R, for the maximum and mimmum value of the load
resistance R, you can calculate the value of the output
resistance CS R, using the equation:

= Ly Ryp Ty Ry (1

out
IHz 'IH1

Table 1: Main alternating current measurement characteristics of the
AKIP-2101 voltmeter

Parameters Values

AC current limits 20 mA/200 mA/2 A/10 A
Resolution 100nAM pAAO AN 00 pA
Frequent range 20 Hz, ..., 100 kHz

Measurement error + (0.5, ..., 2.5%)

where, Iy, the amplitude of the current through R,
when R, = R, T;;; the amplitude of the current through R,
when R, =R,,.

For the expenimental evaluation of the output
resistance R, of CS, we measure the amplitude of the
current I, through s load resistance R, at maximum and
minmimum value of load resistance R, As the load R,
resistance is used with a nominal value of R, =52 Q
and R, = 2155 Q. The experiment is performed for
control voltage frequencies f., (10-100 kHz) and
amplitude I, = 5 mA. The number of repeated experiments
11. To measure the amplitude of current I, a universal
AKIP-2101 voltmeter 1s used (Anonymous, 2014). The
main characteristics of AC voltage measurement by the
AKIP-2101 voltmeter are summarized in Table 1.

The AKIP-2101 voltmeter allows you to measure the
current Ty, value (Anonymous, 2014) of the current,
taking into account the waveform and distortion
{(True RMS). The calculation of the amplitude [, value 1s
made according to the equation:

L, = Laus \/5

where, I, the amplitude of the alternating current T, is
the effective value of alternating current. To generate
the control signal U, a special form generator AKIP-
3409/5 is wed (Anonymous, 2014). The
characteristics of the generator are summarized m Table 2.
The scheme of the experimental stand is shown in
Fig. Sand 6.

main
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Fig. 5: The block diagram of the experimental stand for
the study of current source
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Fig. 6: Output resistance evaluation results

Table 2: The main characteristics of the generator AKIP-3409/5

Parameters Values
Frequency range (sine) 1 pHz-50 MHz
Frequency resolution 1 nHz

Bit depth of DAC 14 bits

DAC sampling rate 125 MHz

Level setting error at 1 kHz +(0.01xA+2 mV) with A<1 V
£(0.01xA+H O mV) with A =1V

Output level 2 mVp-p-10 Vp-p

RESULTS AND DISCUSSION

The results of experimental studies of the current
source are shown in Fig. 6. As can be seen from Fig. 6 in
the frequency range f; = 10, ..., 100 kHz with current
amplitude L, = 5 mA, the output impedance R, of CS 1s in
the range from 615-186 k{). The maximum error for
determining the output resistance R, CS iz 8% at a
frequency of 20 kHz the minimum -1% at a frequency of
100 kHz Thus, the developed CS allows to provide a
current I with amplitude I, = 5 mA and
frequency f; =10, ..., 100 kHz through the load R, in the
range from 50 Q-2 kQ with an error of not more than
1.5%.

CONCLUSION

The output impedance 15 one of the most important

parameters of the current source wused 1n  the

information-measuring system of electrical impedance
tomography on which the metrological characteristics of
the entire system depend. In this study, a setup was
developed for conducting of the output
impedance of the current source in a given amplitude
range and frequency of the output current. Studies of

studies

the output mpedance of the current source were
carried out as a result, a characteristic was
obtained, the use of which will further help to
improve the design of the device for electrical impedance
tomography.
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