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Abstract. With the continuous development of wearable health monitoring technology, new types of Electrocardiogram (ECG) 
electrodes become the focus of attention, such as textile electrode, non-contact electrode, and micro-needle electrode. However, 
there are not yet unified performance testing methods for different types of electrodes. A testing platform for quantitatively 
evaluating the electrode performance was designed, which was composed of three parts: an active simulating skin model, a pressure 
controlling device and a measuring device. In this platform, Millipore films were used to stimulating the skin of human body, and a 
signal generator were used to stimulating the heart, and the electrolyte was used to stimulating the tissue, and the electrode-skin 
interface was established. The signal from the signal generator was through the electrolyte, Millipore films, and the electrodes. This 
situation was equivalent to the one that ECG generated form the heart was through the tissue, the skin, and the electrode. Some 
quantitatively parameters, obtained with this platform, were impedance spectrum of electrode-skin contact interface, static open 
circuit voltage, dynamic open circuit voltage, and signal to noise ratio, which was very important for ECG electrode performance 
analysis. 
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INTRODUCTION 

Electrocardiogram (ECG) signals are widely used in patient monitoring, health examination, and family care, which 
provide an important basis for human heart health examination. ECG signals are usually collected by the wet electrodes, 
which are used by the conductive paste to ensure a good contact between the skin and electrode, and this way has been widely 
recognized in the stability and fidelity for ECG signal measurement. With the continuous improvement of people's living 
standard, health monitoring will not only useful in the hospital but also in the family. As wearable health monitoring has 
become more and more important, the need of low immunity has become one of the important targets for the development of 
ECG signal acquisition technology. ECG acquisition by the traditional wet paste electrode (Ag/AgCl) presents a lot of 
problems [1], such as inconvenience, allergies. 

In recent years, dry electrodes have entered the sight of people, with whom the extraction of biological signals from 
human body is without skin pretreatment and the conductive paste. Several types of dry electrodes are produced, such as 
textile electrode, non-contact electrode, and micro needle electrode [2]. And their performance testing has become a key 
technology, and the national pharmaceutical industry standard YY/T 0196-2005 (disposable ECG electrodes) is usually used 
by many scholars. However, this standard is no longer suitable for dry electrode performance evaluation, and an effective 
method for ECG electrode performance testing was presented in this paper. In this platform, Millipore films were used to 
stimulating the skin of human body, and a signal generator were used to stimulating the heart, and the electrolyte was used to 
stimulating the tissue, and the electrode-skin interface was established. This platform provided a basis for performance 
evaluation of a variety of ECG electrodes on the market (wet and dry electrodes). 
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YY/T 0196-2005 DISPOSABLE ECG ELECTRODE 

 

The range 

The people's Republic of China standard YY/T pharmaceutical industry 0196-2005 (disposable ECG electrode) says the 
mark, the safety, and the performance requirements of the disposable ECG electrode used in ECG diagnosis and monitoring. 
It says: Any disposable ECG electrode system consisting of sensor elements and electrolytes is included in this standard. 
While, active electrodes, needle electrodes, reusable electrodes, and electrodes for energy transferring are not included in the 
standard range. 

Indicator definition 

▪ DC offset voltage 
  The voltage which is formed between the adhesive and the adhesive electrode pair due to the difference of half-cell 
potential. 

▪ Impedance 
  In response to sinusoidal current, the charge storage capacity (capacitance) of preventing current flowing through the 
electrode interface (resistance) and electrode interface. 

Indicator requirements 

▪ AC impedance 
The impedance average should not exceed 2kΩ among 12 pairs of adhesive electrodes at 10Hz and no more than 100uA 

(peak-peak) current. The impedance for each pair of adhesive electrodes should not exceed 3kΩ. 
Skin resistance varies from hundreds of ohms to hundreds of thousands of ohms.  

▪ DC offset voltage 
The DC offset voltage of a pair of adhesive electrodes after the stability period should not exceed 100mV. 
As can be seen from the standard, the performance of the disposable electrode is often tested through the pair of electrodes. 

However, this way is no longer applicable for the new type of ECG dry electrodes. The dry electrode is the one that does not 
require pretreatment of the body skin and using a conductive paste when extracting the body surface bioelectrical signal. This 
particularity determines the difference of impedance and the offset voltage between the wet and dry electrodes. At the same 
time, the character between the electrode-skin interfaces for dry electrodes reflects the exchange information in extracting 
bioelectric signals from the human body surface. 

Based on industry standards, the open circuit voltage and AC impedance of the electrode-skin contact interfaces were 
proposed in this paper. For the variety of ECG electrodes, accurately measuring the skin-contact impedance is very 
significant. 

A testing platform for quantitatively evaluating the electrode performance was designed, which was composed of three 
parts: an active simulating skin model, a pressure controlling device and a measuring device. In this platform, Millipore films 
were used to stimulating the skin of human body, and a signal generator were used to stimulating the heart, and the electrolyte 
was used to stimulating the tissue, and the electrode-skin interface was established. The signal from the signal generator was 
through the electrolyte, Millipore films, and the electrodes. This situation was equivalent to the one that ECG generated form 
the heart was through the tissue, the skin, and the electrode. Some quantitatively parameters, obtained with this platform, were 
impedance spectrum of electrode-skin contact interface, static open circuit voltage, dynamic open circuit voltage, and signal 
to noise ratio. 
 

 A PERFORMANCE TESTING PLATFORM BASED ON AN ACTIVE SKIN-STIMULATION 

 

A performance testing platform was designed in this paper, which could simulate the properties of human skin and adjust 
the pressure between the electrode and the skin, the relative movement speed, and the trajectory. What’s more, relative motion 
and contact pressure could be changed through the pressure sensor and the two-dimensional motion platform, some 
quantitatively parameters, extracted by this platform, were impedance spectrum of electrode-skin contact interface, static open 
circuit voltage, dynamic open circuit voltage and signal to noise ratio. 
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 The design principle 

 
FIGURE 1. the design principle of the platform 

 
The design principle of the platform is shown in Figure 1, and this platform is composed of an active skin-stimulation 

model, a pressure controlling device, and measuring device. The colloidal electrolyte or a liquid electrolyte is used to simulate 
human skin tissue, then put it into a bucket, and seal the opening in one side with the Millipore film, which is used as 
simulated skin membrane. And a reference electrode is inserted in another side of the bucket, and the signal from the signal 
generator is introduced into the electrolyte. And measuring electrodes are put on the skin surface with the pressure control 
device, and the relevant parameters are obtained by measuring device, including impedance spectroscopy, static voltage, 
dynamic open circuit voltage, and signal to noise ratio. What’s more, some parameters can adjusted with the platform, which 
including the concentration of electrolyte, the skin membrane pore size, membrane electrode skin pressure, barrel length, 
relative speed of electrode the skin membrane, the relative movement trajectory between the electrode and skin. 

The design of the active skin-stimulation model 

The skin-stimulation model is the most critical in the platform, whose principle is shown in Figure 2, the upper and lower 
microporous membrane with a certain concentration of liquid electrolyte or solid electrolyte are used to simulate two different 
parts of the human body skin, which is the core component. Confirming the flatness and a certain tension of the film, and 
preventing liquid leakage are the key part of the design. 

The skin-stimulation model is mainly composed by the barrel, the simulating film, the ABS disc, and the reference 
electrode, as shown in Figure 2. In the vertical side of the barrel, there are two threaded holes, which is used to connect the 
pagoda joints, and then attached to the silicone hose, respectively, correspond to the electrolyte inlet and outlet. Flowing rate 
of the electrolyte can be displayed in the flow meter in real time. The film is selected from Millipore's hydrophilic film with 
an effective pore size of 0.1 μm, a thickness of 0.135 mm and a diameter of 143 mm. Two pieces of ABS board 
(thickness:5mm, external diameter:100mm, internal diameter:73mm) are used to simulate the skin clamping, and in the 
following piece of ABS board there is groove with a diameter of 78mm for the placement of seals, and two ABS boards are 
fixed with nylon screws. 

The two barrels of the active simulating skin have two sides. One reference electrode is inserted into the hole (4mm) of the 
one side of barrel, through which ECG signal can transform from signal generator to the electrolyte. There are two reference 
electrodes for the two barrels, for which the one is the positive side, and the other is the negative side. 

 
FIGURE 2. skin-stimulation model 

 Pressure controlling device 

On the platform there are two pressure controlling devices, which can adjust pressure value between the electrode and the 
skin-stimulation, and the direction is controlled by the rotary knob (clockwise for rising, counterclockwise for decreasing). 
The pressure value between the electrode and the skin can be measured using a pressure sensor (model:CD17-600g, the 
measurement range:0-600cN, accuracy: 0.1cN). 
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Measuring device 

Measuring device in this platform is mainly the electrochemical workstation, which can effectively measure some 
parameters such as the impedance spectrum, open circuit voltage static and open circuit voltage. 

Electrochemical workstation is an instrument composed of constant current meter, constant potential rectifier and 
electrochemical impedance analyzer, which can not only do the three basic functions of routine test, but also detect the battery 
voltage, current, capacity and other basic parameters, and it reflects the electrochemical reaction mechanism of AC impedance 
parameters. 

The Platform object 

The 3-D image and physical image of the performance testing platform for ECG electrodes are shown in figure 3.  
 

  
(A)                                            (B) 

FIGURE 3. physical image of the platform in this paper 

(a) the whole picture, (b) the partial picture 
 

 DISCUSSION AND CONCLUSION 

With the continuous development of wearable health monitoring technology, new types of Electrocardiogram (ECG) 
electrodes become the focus of attention, such as textile electrode, non-contact electrode, and micro-needle electrode. 
However, there are not yet unified performance testing methods for different types of ECG electrodes. 

A testing platform for quantitatively evaluating the electrode performance was designed, which was composed of three 
parts: an active simulating skin model, a pressure controlling device and a measuring device. In this platform, Millipore films 
were used to stimulating the skin of human body, and a signal generator were used to stimulating the heart, and the electrolyte 
was used to stimulating the tissue, and the electrode-skin interface was established. The signal from the signal generator was 
through the electrolyte, Millipore films, and the electrodes. This situation was equivalent to the one that ECG generated form 
the heart was through the tissue, the skin, and the electrode. Some quantitatively parameters, obtained with this platform, were 
impedance spectrum of electrode-skin contact interface, static open circuit voltage, dynamic open circuit voltage, and signal 
to noise ratio, which was very important for ECG electrode performance analysis. 

The platform in this paper can reflect different electrochemical characteristics of the skin and has a wide adaptability, 
which can provided a vivid instrument analyzing the correlation among the concentration of electrolytes in the barrel, barrel 
length, stimulating film size, ECG signal quality and so on. What’s more, the platform in this paper can be used to analyzing 
the correlation between ECG quality and other parameters, such as the pressure of electrode-skin interface, the movement 
characters of electrodes on the human body surface. 

Two evaluating indicators proposed in the national pharmaceutical industry standard YY/T 196-2005 (disposable ECG 
electrodes) are DC offset voltage and AC impedance, and the two of electrode-skin contact interface are more accurately 
obtained by this platform, which is a big step forward. 
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