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Technical note

Amplification of biosignals by body potential driving

Keywords—Biomedical amplifier, Electrocardiography, Electroencephalography, Interference reduction,

Multichannel system, Surface mapping

1 Introduction

Tue amplification of biosignals with a differential amplifier is
4 current practice in medical electronic equipment. This
method effectively rejects 30 Hz electrical interference due to
the imperfect connection to the earth of the subject’s body by
an eclectrode. These problems are extensively discussed
elsewhere (e.g. HunTA and WEBSTER, 1973),

The diflerential amplifier has also some inconveniences
which may become 1mportant, especially when a large
number of channels are needed as with surface mapping in
electrocardiography. The necessity of trimming the common-
mode rejection ratio (c.m.rr) of 48 or 120 differential
amplifiers, together with the need for careful balancing of the
input stages may be shown as example. The number of
operational amplifiers used (at least three per channel,
according to the so called instrumentation amplifier circuit)
may also be of some importance.

Facing these problems, we have tried to develop a simpler
circuit having similar or better performances, compared to
the classical differential amplifier.

2 Description of the method

Fig. | shows the circuit proposed. It is a combination ol the
well known driven right-leg configuration and the non-
differential amplifier, The driven right-leg circuit effectively
removes the potential difference between the body and the
carth. and the 50 Hz noise is eliminated from the amplifier
input. Two electrodes are used (Bl and B2) 1o drive the
potential of the body. They can be placed very close to each
other and can be considered as a single electrode B. The
output voltage from the amplifier is proportional to the

output

op.amp.

Amplification of biopotentials by non-differential
amplifier. The potential difference herween the bady

Fig. |

and the earth is effectively eliminared hy the action of

the operational amplifier
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potential difference between electrode A and equivalent
electrode B.

An estimate of this method can be made by analysing the
possible interferences. A comparison is made with the noise
immunity of a differential amplifier, taking into account the
skin-electrode impedances, electrode offset potentials and
capacitive couplings to the a.c. line.

3 Analysis of 50 Hz interference

A simple model will be described to simplity the analysis.
The model is a good approximation to the real process and it
is based on the following assumptions:

output

j
k

Fig. 2 Eguivalent circuit where capactive couplings and
electrode-skin impedances are considered. The body is

assumed to be an equipotential surface
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(¢1) The eleetric and magnetic component ol the a.c, field are
independent. Only the eleetric component will be taken
into account. The equivalent circuit is with lumped
parameters.

(b) The body of the subject is an equipotential surface for a.c.
currents:

The equivalent circuit of the system is shown in Fig, 2a. All
essential capacitances and electrode-skin impedances dre
taken into consideration. Another equivalent circuit is shown
in Fig. 2h, but this time all capacitive couplings are replaced
by equivalent current sources: The capacitive impedances are
always greater than 100 M. and it is YEry convenient (o
represent the a.c. interference as a current source. The analysis
becomes much easier and it is thus possible to obtain
quantitative results without solving complicated equations.
The equipotential body surface is represented by the point €.
V. is the voltage between the body and the earth. The non-
differential amplifier is denoted as AMPL in the figure.
Further 1t will be referred to simply as ‘the amphfier’.

The circuit is linear and the superposition principle can beé
applied.

Fig. 3 shows the sequence of steps needed to solve the
problem involved. Imually. the input impedance of the
amplifier is assumed to be very high and consequently it can
be neglected. The eurrent source Iy, can also he neglected
since it is coupled to the operational amplifier output where
the resistance is very low.

The current caused by the capacitance between the body
and the ac. source (Fig. 3a) is lully compensated by the
operational amplifier and V; is equal to zero. There is no a.c,
voltage at the amplifier input.

The current caused by the capacitance between the
clectrade B2 and the ac. source, is fed directly to the
operational amplifier summing point. The potential of the
summing point is approximately zero and the current flows
through the feedback impedance Zg, + Z,... The potential of
the body 17 will be 1 = Iy 2. The potential at the
amplifier input will be the same. (Fig. 3b.)

The last step is shown in Fig. 3¢. The body potential Voowill
be kept to zero by the operational amplifier. The valtage drop
across the electrode impedance Z, caused by the capacitive
current [, will be the amplifier a.c. input voltage.

the electrodes 4 and B2. The total a.c. voltage at the input of
the amplifier is given by the equation

I""=f'4.'/;',—f”1,£m. 1

4 Analysis of the electrode offset potential variations

Itis a well known [aet that some of the noise when
recording biopotentials is due to the variations ol electrode
offset potential of the electrodes involved, These variations
are known to be the main reason for the low-lrequency noise
(drift) (STroONG, 1970). It is therefore important 10 assess the
system's sensilivity to such variations.

Fig. 4 shows the equivalent circuit where the electrode
offset potentials (F . By Egs) are considered. The total noise
voltage at the input of the amplifier is given by the equation

Vo=E,—Es. (2)
Therefore the patential variations of the electrode B1 do not
alfect the input voltage 1,

5 Biopotential difference between the driving electrode B1 and
the sense electrode B2

At the beginning of the article it was mentioned that (he
electrodes Bl and B2

must be placed close 1o each other.

output

It can be seen [rom this analysis; that the n.c, voltage at the Fig. 4 Equivalent cireuit where elecrrode uffset potential
mput of the amplifier is produced by the capacitive currents of variations are considered
: C
IC Za Cc Zy
Ve o AMPLI—s AMPL—s
c Vy VC w iy
Vs
7 -
Zgt
Vo=V =0
a b o
Fig. 3 Influence of the capactive currents can be analvsed separately. The total a.c. noise voltage at the input of the amplifier is:

byody—lgy - Fys
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Again, we can analyse how the biopotential difference
between B and B2 alfects the inpu voltage ol the amplifier.
The result is very easy to obtain and it shows that the vollage
between Bl and B2 does not in the least allect the input
voltage of the amplifier. This input voltage is equal to the
biopotential difference between electrodes A and B2, The
electrodes B1 and B2 must be pliaced close 1o cach other for
two reasons:

() Tt is easier 1o work with one electrode rather than two, so
Bl and B2 can be mounted mechanically as one electrode.

(h) Parasitic pseillations can at times oceur il Bl and B2 are
plaved apart due t¢ the unknown impedance of the
feedback loop of the operational amplifier.

6 Comparison  between circuit and  the
differential amplifier.
0.1 e interference

Eqn. 1 gives the total noise a.c, voltage at the input of the
amplifier. Hunta and Wessrer (1973 present an equation
for the total ac: voltage at the input of the difterential
amplifier. Aller comparison it can be seen that the proposed
cireuit is equivalent to the differential amplifier with nfinite
c.m.rroand infinite impedance between differential inputs and

the proposed

carth. In our case the a.c. noise voltage will not be increased il

the input impedance of the non-differential
reduced

It is obvious that a.c. interlerence is due 10 the capacitive
couplings of the electrodes 4 and B2 with ac. line. The
capacitance of the electrode B does not affect the syslem.

amplifier is

6.2 Variations of the electrode offset porentinl

Eqn. 2 shows that the electrode Bl does not affect the
amplifier input. The input voltage is equal to the difference
between Lhe electrode offset potentiuls of the electrodes A and
B2 just as when the dilterential amplifier is used. where tlie
input noise voltage is the diflerence between (he electrode
olfser potentials of the two active electrodes,

7 Experimental study

Ta verily the method an experimental circuit shown inFig
5 was set up, Several experiments by recording the e.cig. of a
man in the presence of strong ac. field were conducted.
Simultaneously @ recording with high-quality differential

Fig. 5 Practical cirewir. The connecting cable 1o Bl s

unshielded

250

Medical & Biological Engineering & Computing

amplifier was made. The comparison shows that in all cases
the a.e noise level was approximately the same.

Thereisno need to conmect theelectrode Bl with a shielded
cable. Every electrode is connected (o the cireuit via salety
resistors of 47 k€. An additional analysis was made showing
that these salety resistors do not impair the noise immunity of
the circuit,

8 Floating amplifier

When analysing the a.c. interlerence, we assuried that the
system was connectled to the earth, The analysis is much more
complicated if the system is Noating. i.e. insulated rom the
earth, The a.c. interference voltage strongly depends on the
capacitive balances of all points exposed 1o the a.c. electric
field. The values of the capacitance are unpredictable and a
small change ol one of them can provoke significant changes
of the input noise voltage. Nevertheless, good results are
obtained with this eircuit in floating mode too; due to the fact
that the potential difference between he body and the
common point ol the amplifier is eliminated.

9 Application of the circuit

The proposed cireuit can replace the dilfereqtial amplifier
in all cases where a good a.c. noise immunity is needed. But
the mos| attractive applications are those where a large
number of elecirodes are used. for example in ee.g. or ec.g
surface mapping. 1l a 120 electrode system is to be built. 360
operational amplifiers will be needed for 120 instrumentation
amplifiers. With the new method only 120 operational
amplifiers will be needed plus one for driving the body
potential.
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