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Abstract. Skin-electrode impedance measurement can provide valuable information prior,
during and post electrocardiographic (ECG) or electroencephalographic (EEG) acquisitions. In
this work we validate a method for skin-electrode impedance measurement using test circuits
with known resistance and capacitor values, at different frequencies for injected excitation
current. Finally the method is successfully used for impedance measurement during ECG
acquisition on a subject using 125 Hz and 6 nA square wave excitation signal at
instrumentation amplifier input. The method can be used for many electrodes configuration.

1. Introduction
For bioelectric recordings such as electrocardiography (ECG) and electroencephalography (EEG),
measurement of skin-electrode impedance can provide valuable information:
1- a mismatch in electrode-skin impedance reduces the common mode rejection ratio (CMRR)
of the amplifier and leads to excessive power line interference [1];
2- impedance measurement allows determining if skin-electrode interface is good enough,
avoiding skin abrasion prior to a recording [2];
3- continuous electrode impedance monitoring can be used for motion artefact estimation [3];
4- high impedance can lead to signal attenuation and distortion [4].

Because of the capacitive components corresponding to skin-electrode interface, alternate current
(AC) measurement is needed to estimate the skin-electrode impedance. In particular, for dry contact
electrodes, which capacitance is considerably high than wet electrodes [1-4].

The aim of this work is to validate a method capable of measuring skin-electrode impedance during
ECG acquisition. The paper is organized as follows. We first describe the hardware used for signal
acquisition and the implemented algorithm for measuring voltage drop due to injected current. Then
we describe the electrical circuits used for method’s validation based on known resistance R and
capacitor C. We show results for measured impedances at 7.8 Hz, 31.2 Hz and 125 Hz and compare to
model impedances. Finally, the method was successfully used for impedance measurement during an
ECG acquisition on a subject.

2. Methods

2.1. Hardware description
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We implemented a biopotential measurement system based on Texas Instruments ADS1299 integrated
circuit (IC) [5-6]. The IC provides an option for lead-off detection: it injects a square wave current at
chosen instrumentation amplifier input with selectable amplitude and a frequency fixed at 7.8 Hz, 31.2
Hz or 125 Hz. We used 6 nA current peak amplitude (the smallest possible) in order to not disturb
ECG signal in future recordings. The 7.8 Hz, 31.2 Hz and 125 Hz frequencies were used for method’s
validation, but only the 125 Hz frequency can be used for simultaneous ECG recording and electrode’s
impedance measurement. If necessary the 125 Hz frequency can be increased in multiples of 2. The
voltage on instrumentation amplifier measures both ECG and excitation signal simultaneously. The
data was sampled at 500 sps during 10 seconds for each frequency. When enabling lead off detection,
the IC input impedance at direct current (DC) reduces from 1000 Mohm to 500 Mohm, based on its
datasheet [5]. The instrumentation amplifier includes a patient protection resistor and an anti aliasing
capacitor, as shown in figure 1.
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Figure 1. Implemented device’s instrumentation amplifier with patient protection resistor, anti
aliasing capacitor and square current source for skin-electrode impedance measurement.

2.2. Algorithm description
In order to measure skin-electrode impedance, we apply Ohm’s law to injected current and measured
voltage at instrumentation amplifier:

VBPRMS'\/E'ﬂ'/4
1

7 =

peak

where VP s is the root mean square (RMS) of the band-passed measured voltage and Ipeax 1s the peak
amplitude of the excitation current signal, i.e. 6 nA. Next we explain in detail this equation.

The first step is to separate the excitation signal from the ECG and 50 Hz power line noise using a
bandpass filter, figure 2. We implemented a finite impulse response (FIR) filter, 300 order, Hamming
window with centre frequency at corresponding excitation frequency. In this way we obtain the first
harmonic of the square wave excitation signal, V",
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Figure 2. Signal processing of measured voltage due to injected current.

Next, we calculate RMS amplitude of the filtered signal, V*pys and multiply it by V2 to obtain
first harmonic peak amplitude. Then we multiply by the scale factor w/4 to get the corresponding
voltage square peak amplitude, according to Fourier Series Coefficients when n = 1:

sqruare(l)zi Z lsin[MJ

n=1,3,5.. 1 T

(1

As we sampled at 500 sps, the 125 Hz square signal was subsampled and the measured first
harmonic peak is 90.21 % of its corresponding amplitude, so we must correct for this factor. This
value was obtained running a simulation of a square signal and measuring peak value of the first
harmonic sampled at 500 sps. For a 125 Hz square signal we measured a 9.79 % peak reduction
compared to expected value.

For 7.8 Hz and 31.2 Hz excitation, we subtracted ECG energy at 7.8 Hz and 31.2 Hz (measured
without current injection) from band passed voltage, although this value was almost negligible
compared to square signal energy.

2.3. Skin-electrode interface model

The skin-electrode interface can be modelled as a non-linear second order filter, described by a 6 time-
varying parameters [4]. In our case we assumed only the predominant parameters: the skin-electrode
interface was described by a parallel RC circuit, as shown in figure 3.

2.4. Method’s validation: R and C known values

In order to validate the method, we measured the impedance of different load circuits, using 5 %
tolerance R and C components. Configuration nl consists of one resistor. Configuration n2 consists of
two RC circuits to simulate the electrodes. These configurations, the measurement circuit and
equivalent circuit are shown in figure 3 together with its corresponding impedance equations. The
comparison between impedance model equation (using known R and C values) and measured
impedance values allowed us to validate the method and determine the inputs stray capacitance due to
cables, PCB and circuit implementation.
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Figure 3. Configurations used to measure impedance and validate the method.

2.5. Method’s application: simultaneous ECG acquisition

The method was applied to measure electrode impedance during ECG acquisition at different circuits,
shown in figure 4. Configuration n3 includes an ECG patient simulator using the proposed RC model
as electrodes. Configuration n4 consist of a real ECG measured on a subject using wet electrodes and
right leg drive.
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Figure 4. Configurations used to measure impedance during ECG acquisition.

3. Results and Discussion

3.1. Method’s validation
Figure 5 shows measured impedance module at 7.8 Hz, 31.2 Hz and 125 Hz for different

configurations nl and n2 (with 20 % input current error bar according to IC datasheet) and
corresponding impedance model including input stray capacitance. The total stray capacitance was

estimated with a value of 10 nF.
configuration n1: R test circuit
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Figure 5. Measured and model impedance magnitude at 7.8 Hz, 31.2 Hz and 125 Hz for different
configurations.

3.2. Method’s application
Figure 6 shows time and frequency measured signals for configuration n3 (ECG simulator and

electrodes simulator) for 125 Hz frequency excitation. We can see the corresponding peak at 125 Hz.
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Figure 6. Time and frequency signals for configuration n3 (ECG simulator and electrodes simulator)
for 125 Hz frequency excitation.

Figure 7 shows time and frequency signals for configuration n4 (ECG measured on a subject using
wet electrodes) for 125 Hz frequency excitation. The 125 Hz excitation signal was easily filtered from
the ECG signal using a low pass FIR filter, 45 Hz cut-off frequency, order 100.
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Figure 7. Time and frequency signals for configuration n4 (ECG measured on a subject using wet
electrodes) for 125 Hz frequency excitation.

The electrode model parameters for configuration n4 (ECG measured on subject) are R = 56 KOhm
and C = 42 nF for each electrode. This measurement can be repeated over time to evaluate impedance
evolution during ECG acquisition. If more electrodes are used, excitation current can be injected on
each channel to determine each electrode R and C value. The ECG signal shows low Signal to Noise
Ratio (SNR) possibly due to elevated high electrode impedance.

4. Conclusions
A method for skin-electrode interface impedance measurement during ECG was proposed and
validated using test circuits at different excitation frequencies. The chosen parameters for the
excitation signal allowed us to use a simple pass band filter to separate ECG and excitation signal. The
measured impedance showed good agreement with corresponding test circuit, thus validating the
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method. The implemented device’s input stray capacitance was estimated to 10 nF. Finally, the
method was successfully used during an ECG acquisition on a subject.

For future work we propose to estimate R and C values impedance at 125 Hz sample by sample by
an adaptive algorithm. Besides, the method should be tested on many electrodes configuration to
determine each electrode R and C value. For special applications that need higher ECG frequencies,
excitation and sampling frequencies must be increased and method’s validation should be repeated.
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