
Electroadhesion Minimizes Motion Artifacts in EEG (or “for 
minimizing”)

Christopher Balcells  Galina Schwartz  Shankar Sastry
UC Berkeley

Abstract

New alternatives to wet electrodes have introduced affordable, portable EEG systems. These 
systems can accommodate previously unrealizable applications, such as ambulatory monitoring. 
However, artifacts, particularly those produced by motion between the electrode and the skin, limit the 
accuracy of these systems in the everyday environment. At this point, signal processing solutions are 
not robust enough for high noise environments with high accuracy demands. Electroadhesion may offer 
a mechanical solution to this problem. It uses electrodes with a large potential difference to create a 
holding force between the sensor and the skin. In order to determine if electroadhesion is a feasible 
solution, accelerations were measured during daily activities and compared to forces produced by an 
electroadhesive device. Leakage currents were also measured to evaluate the safety of this device. The 
results presented demonstrate that an electroadhesive device is (or “not”) capable of resisting forces 
from daily activities.
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Introduction

Electroencephalography recordings provide a wealth of information about a person's mental 
state. These recordings measure small changes in potential on the surface of the skin created by 
coordinated firing of neurons within the brain. Previously confined to a hospital setting, EEG 
equipment is becoming publicly available, with companies such as Neurosky and Emotiv offering 
headsets costing only hundreds of dollars. Because of their mobility, these headsets have the potential 
to monitor safe operation of potentially dangerous machinery. Truck, train, plane, or car drivers and 
other industrial operators are expected to maintain consistent vigilance and control over their 
equipment. By observing EEG signals, it would be possible to safely transfer control or alert the 
operator in case of a shift in mental state. Unfortunately, the precision of these instruments is not yet 
capable of sufficiently accurate measurement in the industrial environment.

Current work published in the literature typically focuses on designing at the system level or the 
sensor level. At the sensor level, the types of electrodes can be grouped into three categories: wet, 
dry[cite dry], and capacitive[cite capacitive] (or non-contact). Wet electrodes account for nearly all of 
the electrodes used in clinical settings. They require gel and skin preparation. The Ag/AgCl electrode 
remains a standard to which other electrodes are compared. Dry electrodes are typically “active,” 
meaning that amplifiers are used to increase the input impedance relative to the skin impedance to 
prevent loading effects. These electrodes are excellent for long-term measurement, since wet electrodes 
may irritate the skin and over time will have increased input impedance [cite the fabric paper].  Lastly, 
capacitive sensors offer similar benefits to dry sensors while also not needing to maintain direct contact 
with the skin. Although proximity is important for capacitive coupling, loss of contact with the skin 
will not cause the capacitive sensor to lose signal entirely, as a dry sensor would. Many examples exist 
of systems which have incorporated these sensor technologies into their design.[cite all of the systems]



Multiple reviews covering current biopotential sensor technologies have acknowledged that 
motion artifacts are one of the major impediments keeping dry and capacitive electrodes from 
widespread use. [cite the two reviews] Even the increased comfort and ease of use can not justify the 
large loss in accuracy which comes as a result of motion artifacts. A study conducted by Searle et. 
al[cite study] compared wet, dry, and non-contact sensors while under different operating conditions. 
The electrodes were placed on the forearm, and motion artifacts were created by an oscillator. 
Measurements were taken at the beginning and end of a fifteen-minute period. The rms voltage of the 
dry and capacitive sensor decreased to slightly below that of the wet sensor by the end of the trials, 
suggesting that with long enough settling times motion artifacts can be eliminated with active 
electrodes. However, it should be noted that motion in real environments is not as consistent and the 
settling times will not be so long.

Electrostatic forces have been used for many years to handle delicate materials such as silicon 
wafers during the manufacturing process. These devices are called electrostatic chucks and operate at 
voltages of several thousands of volts. Recently, electroadhesion was applied to wall-climbing robots.
[cite SRI] 

The objective of this paper is to determine whether electroadhesion can produce sufficient force 
to minimize motion artifacts at voltages low enough to meet medical standards.

In order to determine if the forces produced are sufficient, data was collected using an 
accelerometer to measure forces present on the forehead during daily activities. Then, the device was 
designed to 
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we conclude in section.

Methodology

Pretest
The pretest used a mobile headband 

communicating via Xbee radio to send 
accelerometer data to a nearby computer (See Fig. 
1 right). The data was collected on a single 
subject, one of the authors.  The subject was led 
by another observer who began and ended the 
trials on the computer. Each trial was graphed in 
real-time and output to a CSV file. The data was 
collected indoors and the data from individual 
trials was compiled into one set. The charts and 
maximum values were determined 
using OpenOffice Calc software.

Design

The device under test is an 
electrode which adheres to the 
surface of the skin by electrostatic 
forces(see right fig. 2). In order to 



create these forces, a high DC voltage is applied. The arrangement of the electrodes causes lateral 
forces which keep the device in place. A layer of insulation sits between the electrodes and the skin for 
protection against possible leakage current. A protective layer of insulation (not pictured) sits on top of 
the electrodes as well. By the definition of the IEC 60601-1 standard this device is a BF-applied part. It 
will be configured for testing with a Category I circuit drawing power from AC mains at 120V with 
60Hz frequency. 

Designing the device under test required careful selection of materials. The device needed to 
adhere to the skin. Materials which are flexible, or compliant (the opposite of stiff) can better match the 
irregular surface of the skin. Measurements of stiffness are identified by the flexural, tensile, or elastic 
modulus (the names are usually equivalent). Therefore, the material needed to be of very low elastic 
modulus. In addition, the insulating properties needed to be superb in order to avoid possible safety 
issues. The dielectric strength of a material determines it's ability to withstand high voltages. Therefore, 
a high dielectric strength was desired. Teflon FEP tape with silicon adhesive was chosen for its 
satisfaction of these requirements, as well as for being a relatively common, affordable material. It also 
has a low dielectric constant, which ensures that the field present will not be diminished by dipoles 
forming within the material. A high CTI translates to a low PLC, consequent of the materials excellent 
insulating properties. The table below summarizes the electrical properties of Teflon FEP.

(taken from 
Dupont)http://plastics.dupont.com/plastics/pdflit/europe/markets/TestTM_e.pdf 

Dielectric 
Strength
(kV/mm)*

Dielectric 
Constant

Dissipation 
Factor- 100Hz

Arc Resistance** PLC**

>80 2,09 0,00005 240 and up to 300 0

*Measured according to standard IEC 60243-1

**Measured according to standard UL 746 A 

Testing

In order to test the device, the device was 
placed on a test surface of expanded polystyrene as 
recommended by the medical standard IEC 60601-1 
and tested for leakage current by applying a high 
potential to the electrodes, and also to multiple 
locations along the outside insulation. 

After, the high potential was applied across the 
electrode leads at varying voltages. At each voltage, 
the electrode was pulled sideways by a tension gauge 
until it began to move. Then the device was placed 
again on the surface and the process was repeated.

http://plastics.dupont.com/plastics/pdflit/europe/markets/TestTM_e.pdf


Results and Discussion

The pretesting, which was intended to identify the forces present in daily life, is summarized in 
figure 4. Each activity has acceleration in the Y and X directions. Y direction is positive towards the 
head of the subject, and negative towards the feet. X is positive towards the right side of the subject, 
and negative towards the left. Therefore, if the subject were to shake his head sideways, the X direction 
would accelerate. Whereas if she were to shake her head up and down, the Y direction would 
accelerate. The figures demonstrate that there is a much larger acceleration in the Y direction than in 
the X direction. This is due partially from the acceleration due to gravity, but also because the activities 
surveyed do not require any sideways movement of the head. While the actions chosen may not cover 
all movement patterns of daily life, they do offer a benchmark for the amount of acceleration under 
which the device should be expected to perform.

The device testing results I am still processing, coming soon.

This electrode can provide a stable platform for collecting EEG data. The current state of the art 
typically uses a large structure surrounding the entire head. Often resembling a headband, though not 
always flexible. These results demonstrate that by reducing the mass of the device, and using the skin 
itself as a support structure, the movement between the skin and the device can be reduced.

These observations were not without limitations however. The author was unable to locate any 
measurements for the dielectric constant of human skin at 0 Hz (DC) frequency. Therefore, paper, 
which has a slightly higher dielectric constant than expanded polystyrene, was used as a substrate 
instead. In addition, more controlled collection of data for determining accelerations present in daily 
life would better inform the conclusions of this research.

Conclusion
From the results presented we conclude that an electroadhesive device can successfully 

minimize motion at the electrode skin surface. Further testing on human subjects will need to validate 
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whether this translates into eliminating motion artifacts in EEG signal. Also, further investigation 
should identify whether or not the application of electrostatic charge disturbs the signal quality in some 
way.


