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ABSTRACT: Designing of electronic circuitry and developmehtnecessary software has been
performed in the present work for a microcontrollesised 4-electrode Focused Impedance
measurement system. This needs a complex sequeantiddg switching of constant current ac
signal generator and a potential measuring unid telectrodes on the object under study. The
performances of the designed system and the deagtlmyicrocontroller software have been studied
using a commercially available simulation softwafByoteus-7’, and the results are very
satisfactory.
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1. INTRODUCTION

Focused Impedance Method (FIM) for Bio-electric m@aments has been conceived and developed in
the Biomedical Physics Laboratory of the UniversifyfDhaka (Rabbani etl 1998, 1999, Rabbani and
Karal 2008). Three different methods for FIM hagraleveloped, namely, i) 8-electrode FIM, ii) 6-
electrode FIM and iii) 4-electrode FIM. The basimcept of the 8-electrode FIM involves two tetrapol
measurements taken orthogonally over a centralstzone. The

number of required electrodes has been reducedepl&cing the 4 S \\\\g .
potential electrodes by 2 placed at suitable commoimts of , \\
appropriate equipotential lines. In the 4-electrodiM, four \ _
electrodes (shown as 1,2,3,4 in Fig.1) are platédeacorners of a~ \ /
square region which is considered to be the focusee. Current /

is first driven through an adjacent electrode pedry 1 & 2, while
the potential is measured between the opposité¢retiecpair, 3 & g,
4. This impedance measurement has the sensitive EdqH G,
shown shaded, between equipotentials passing thritnegpotential
measuring electrodes 3 and 4. Now taking anotheasorement
rotating the electrode configuration by°9@urrent drive: 2&3, G, E,

potential: 4 & 1), the impedance measurement hasstnsitive ) _ o

region EF.H,G, shown shaded, between equipotentials passing? Fig.1: Equipotentials in a 4
through the potential measuring electrodes 4 arutming and ©'ectrode FIM showing the focused
averaging the two impedance values thus obtaine@rdranced zone at the centre
sensitivity over the central zone ‘O’ (dark shadiesddbtained. The sensitivity of the outer zonek beé
much less compared to that in the central regiofoatfis. This is the basis of the four-electrode FIM
Another two sets of readings are possible by mogatihe current drive and potential measuring ebeletr
combination through further 9Gach and the average of all the four readings edhtribute to a
reduction of noise and a little improvement in theusing effect.

The instrumentation for this 4 electrode system méled a constant current source with ac, typicatly
frequencies between 10 kHz and 100 kHz, and a patemeasuring circuitry both connected to
appropriate pairs of electrodes. From the aboverigi®n it may be visualized that to implement
measurements from all four sides, a complex switghof electrodes to the current source and the
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potential measuring circuitry will be needed, afidteese switches should be able to transfer an&og
voltage values. The stages of work involved in dfapiag this instrumentation using analogue switches
operated by a microcontroller. The first stageuohsa development work is the designing of thedadi

the electronic circuitry and of the software foe tmicrocontroller based system, keeping in viewessv
factors such as user friendliness, availabilitg@hponents, complexity and cost. In the seconcestag
designed system needs to be simulated using aaionlsoftware package so that the operation can be
studied well, whether it can deliver the requiregtfgrmance. In the third stage one goes for real
fabrication of the system using hardware electmind other components. The present work involves
the first two stages, that of designing the cirtugfic of the 4-electrode FIM system and the demelent

of necessary software. Finally the circuit perfonceawould be studied using a simulation software.

Constant current Switching ["~"7 - 77~ | Switching Potential 9(
generator (ac) [ device |--L.--.-. T | device :> measuring ::) =
L= ss unit =
[ | |
b k)
b E
I 58
I b S5
_______ 0 T R Latch \o—o o ¢
! i o c
- =] - — . —. - | ___________ z 8
<
N~
N~
1 A 7-seg displ i
Body -seg display ©
a 3‘ L_)
o

Fig. 2: Block diagram foia microcontroller based 4 electrode FIM sys

2.METHODS
2.1 Instrumentation

A block diagram of the designed system is showkig 1. Here, four electrodes 1- 4 attached to the
body under test are shown at the bottom. A sinasaid constant current generator (with constant
amplitude) drives current through two electrodeslevthe other two electrodes are connected to the
inputs of the potential measuring unit. It needdbéomentioned that the potential measurement ig don
differentially, requiring a common electrode fixatla suitable location in the body. Since the aurig
constant, the potential is proportional to the idgrece to be measured vali@EV/1, and with | constant,

Z [7V). Two analog switch ICs (switching device), undesgsam control of the microcontroller, are
employed to switch both the leads of the curreivedand the input leads of the potential-measuuinidy
individually to appropriate electrodes attachedhte ‘body’, indicated by the dotted lines. Thusoime
sequence the current generator is connected toadeqair 1 & 2 while electrode pair 3 & 4 aredako

the input of the potential measuring circuitry. thie next sequence, the current generator would be
connected to electrode pair 2 & 3 while pair 4 &auld be connected to the potential measurement
circuitry. Further two sequences will be perfornsédilarly, with current going to electrode pair&3

and 4 & 1 respectively while electrode pairs 1 &rd 2 & 3 respectively will be connected to the
potential measuring circuitry. The measured po#nt an ac signal which is amplified, filtered,
converted to an equivalent dc, and given necessagvel shift to make the data suitable for thgtne
stage. All this is done by the potential measugirguitry shown. The analogue dc output is fed to a
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microcontroller having an Analogue to Digital (A/Dynverter at the input which converts the signal t
the corresponding binary digital value. For therfmeasurement sets needed for focusing, the apatepr
switching is performed by the microcontroller amg tcorresponding output digital values, which are
essentially the impedance values, are stored imésiory. At the end of the sequence, the four dtore
values are summed, which is proportional to thdre@ssalue of focused impedance, and the result is
displayed through a 7-segment Display.

Considering availability, cost, and performancejiarocontroller IC with the identification PIC16FBX
was chosen for the FIM system. It has a built-iraldgue to Digital (A/D) converter that can be used
advantage. It also has a reduced instruction sgt,35, and as such can be programmed relativedijyea
The Analogue switch IC chosen was ADG333A havingr fSPDT switches. Two of these SPDT
switches worked for the current switching while titber two for the potential input switching. Thas
single ADG333A analogue switch IC was adequatd@bh the switching functions.

C P

current Potential
generator measuring
(ac) it

Fig. 3: Details of the switching using ADG333A

Logic signals from the microcontroller select tiespective control inputs, RDO to RD3, of the anaéog
switch IC to connect the current generator andpthtential measurement units to appropriate eleesod
on the object (body) under study. After a sequesfcur data acquisition steps, corresponding ® th
four measurement directions at’20 each other, all the four data values are sumameldthe final result

is displayed through a 4-digit 7-segment Displapéxadecimal number system. The whole method can
be summarized as:

Fig.3 shows the connections of the ADG333A IC tplement the above functions.

Performing the required complex switching autonadiycin sequence,

i) Program controlled acquisition of four sequentillies of analogue data for each measurement set
by first converting these to binary digital data,

i) Performing the required summing of the four setdaif, and

iiiy Displaying the result (summed value) in hexadetforan through a 4-digit seven segment display.

In order to achieve the sequence of appropriateeking a truth table for the analogue switch was
developed and is shown in Table 1.
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Table 1: Truth table for switching of the analogue swit¢h |

sequenc | RDC | RD1 | RD2 | RD3 | S1A | S1E | S2A | S2E | S3A | S3E | S4A | S4E
1 1 1 0 0 C O C O O C O C
2 0 1 1 0 O C C 0 C O O C
3 0 0 1 1 O C O C C O C O
4 1 0 0 1 C O O C O C C O
Note:  C: Closec O: opet

2.2. Data acquisition and numerical display of result

The microcontroller PIC16F877A has a built-in 84chal Analog to Digital Converter. We used only
channel 0 for data acquisition. Figure 4 showsbsc circuitry for data acquisition and for digfhey of
numerical result in hexadecimal using a set of fbgegment display. This display, available locaigs

a built-in binary to hexadecimal converter whichkesmthe system design simple.

The 8-bit PORTB of the microcontroller provides thaput binary data. However, the microcontroller
provides 10 bit binary data internally while the ®TB can deliver 8 bits only at a time. So we used a
multiplexing scheme where we delivered the leagtiicant 8 bits first through PORTB, stored them i
an octal latch, and then obtained the higher twe &hd stored them in another octal latch. The two
latches combined provided a 16 bit output whichtfezl 16 inputs of the 4-digit hexadecimal 7-segment
LED display (with built-in decoder as mentioneddre). Of course only the lower 10 bits have beedus
here. Enable pulses for the operation of the twtalotches in sequence were provided by the
microcontroller.
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Fig.4: The output latches and display circuitry
2.3 Software

A complete program was written in ‘Assembly’ langadgor PIC16F877A microcontroller to perform all
the above mentioned operations of the FIM properly.
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3.RESULTS & OBSERVATIONS

The performance of the designed system in conjoigatith the software developed was tested using a
commercially available simulation software packagemed ‘Proteus 7'. A simulated dc input was
provided from a dc source with a variable outpube Tsequences of switching, acquisition of four
analogue dc data, summation of these values in meraod displaying the summed value in the display
unit were subjected to this test. The result ofuseition matched exactly with the desired results.

4. DISCUSSION

The previous work on 4 electrode FIM establishes ifethod using circuitry previously developed for
standard electrical impedance measurements andsehaential switching to electrodes was done
manually. This present work is the first effortat automatic implementation of this technique. The
switching, as described before, is rather compbmg would be very difficult using conventional
electronic circuitry. Programmed control, eithemgsa PC or a microcontroller, gives a much simpler
hardware solution, though the challenge is thensfeared to programming. The present work has
covered two major steps of the three step prografomdgevelopment of the full system. The basic glesi
has been made for which choice of devices (micrmober, analogue switch, etc.) was very important.
Data sheets of various models of these devicestddd studied in order to come to a decision. The
switching of the current source and the potentiahsuring unit to electrodes on the object undatystu
was another major challenge which was solved thrdbg development of a truth table. The second step
involved development of the appropriate softwarhictv has also been done. The simulation study has
demonstrated the success of the circuit designofiide software. So the next step of fabricating th
device using hardware components may come up witkhess without much hitch, it may be hoped.
When complete, this microcontroller based 4-eletdr&IM would be used for real life physiological
study on human subjects and the pave the way éawadimension of research for the benefit of hunyanit
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