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ABSTRACT 
The process of generating an initial prototype for a new 
dry electrode wearable EEG headset system design can be 
time and resource intensive. The ability to predict the 
mechanical and electrical characteristics of this recording 
device could lead to major cost savings in this process. 
Since the skin surface roughness has a deep impact on the 
decrease of brain electric contact conductance (or the 
increase of the contact impedance) when electrode with 
bristles contact scalp skin, the estimation of electric 
conductance across rough dry and wet boundaries is a 
challenging task in the designing optimization of the 
wearable EEG headset system. In this contribution, the 
contact mechanism to predict the electrical impedance of 
scalp skin pressed against the electrode is considered as 
the electrical connection by the mechanical contact. With 
this, we have extended the Pohrt and Popov model by 
including the effects of conductive gel. An experiment is 
developed and carried-out to validate the interfacial 
contact impedance model. 
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1. INTRODUCTION 
 
When an electrode’s bristles and scalp skin are squeezed 
into contact, brain electrical activities of a few microvolts 
(5 to 100 V ), called EEG signals, are passed from the 

skin to the electrode [1, 2]. As the electrode’s bristles and 
scalp skin surfaces are pressed together, the skin’s soft 
surface is squashed flat elastically by the contact pressure, 
so that perfect or full smooth contact is observed by the 
naked eye through the nominal contact area 0A . In reality, 

the perfect contact never exists, skin micro-scale surfaces, 
no matter how carefully prepared, always contain surface 
roughness (hills and valleys) or deviations which are 
largely compared to an atomic-size and are often called 
surface asperities [3, 4]. The roughness on the skin 
surface causes the contact to be restricted to a set of 
micro-contact spots, randomly distributed on the apparent 
contact area. The sum of all these areas constitutes the 
real (true) area of contact, rA , which is a small fraction of 

apparent or nominal area 0A  [5, 6].  

If we now conduct the brain electrical transfer as 
function of applied pressure from the scalp skin to the 
electrode’s headset, the ion current from the brain is 

restricted to flow through the micro-contact spots. 
Constriction of the electrical current by spots reduces the 
volume of material used for electrical conduction, 
significantly decreasing the expected contact conductance 
or increasing the contact impedance beyond the case of a 
fully conducting contact area [5]. In the case of this study, 
the contact conductance between electrode and skin must 
be increased (or decreased the contact impedance) as 
much as possible in order to avoid artifacts and record 
better quality brain signals.  

The importance of the prediction of the electrical 
contact conductance as function of applied pressure has 
been clearly recognised since the earliest studies on 
contact mechanics [7, 8]. Contact mechanics modelling of 
this kind has focused on lightly loaded rigid solid contact 
interface. However, for a soft solid having a randomly 
rough surface (like skin) pressed against a flat rigid solid, 
the mechanical analysis for self-affine using the finite 
element method (FEM) has contributed to identifying the 
real contact area [9, 10] and stiffness change of the 
contact [11, 12], which can be interpreted in terms of 
contact conductance as a function of the applied load NF  

[13, 14]. 
In this contribution, the prediction of electrode-scalp 
electrical contact conductance (or contact impedance) is 
examined. For simplification, the contact mechanism of 
scalp skin pressed against the electrode is considered as 
the electrical connection by the mechanical contact. Thus, 
in order to predict contact conductance, the interfacial 
contact is separated into two parts: mechanical contact 
and electrical connection. For mechanical contact 
analysis, a new normal force-displacement approach 
based on the micro-mechanical studies is developed for 
analyse of the non-linear electrode-skin contact interface 
problem with “high contact precision”. Finite element 
method (FEM) was well used to account for the geometry 
of the device and for predicting the interfacial non-
uniform pressure distribution when the headset-electrodes 
block is pressed on the skin scalp under a constant loading 
pressure.  

For the electrical contact conductance modelling, this 
work adopts the models presented in [15] to predict the 
interfacial normal contact stiffness and contact 
conductance when the dry electrode is pressed on the 
scalp skin. After the dry contact calculation, conductive 
gel (paste) with a given thickness is introduced to cover 
the deformed rough surface and improve the conductance. 
In this paper, we have extended the Pohrt and Popov 
model [15] by including the effects of conductive gel.  
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Abstract

The process of generating an initial prototype for a new dry electrode wearable EEG headset system design can be time and resource
intensive. The ability to predict the mechanical and electrical characteristics of this recording device could lead to major cost savings in this
process. Since the skin surface roughness has a deep impact on the decrease of brain electric contact conductance (or the increase of the
contact  impedance)  when electrode  with  bristles  contact  scalp skin,  the  estimation of  electric  conductance  across  rough  dry  and  wet
boundaries  is  a  challenging task  in  the designing  optimization of  the  wearable  EEG headset  system.  In  this  contribution,  the  contact
mechanism to predict the electrical conductance of scalp skin pressed against the electrode is considered as the electrical connection by the
mechanical contact. For mechanical contact analysis, a new normal force-displacement approach based on the micro-mechanical studies is
developed for analyse of the non-linear electrode-skin contact interface problem with “high contact precision”.  For the electrical  contact
conductance modelling, in this paper, we have extended the Pohrt and Popov model by including the effects of conductive gel. An experiment
is developed and carried-out to validate the interfacial contact impedance model.
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Reviewing
All papers  submitted to this conference  will be double-blind peer 
reviewed  by at  least  two  members  of the  International Program 
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based primarily on originality, significance, technical soundness, 
presentation, and references. The conference chair makes the final 
decision on the acceptance or rejection of the paper.

Acceptance and Registration
Notification of acceptance will be sent via email by November 
1, 2012. Final manuscripts are due by November 15, 2012. 
Registration and final payment are due by December 3, 2012. 
Late registration fees or paper submissions will result in the papers 
being excluded from the conference proceedings. Only one 
paper of up to eight pages is included in the regular registration 
fee. There will be an added charge for extra pages and additional 
papers.

Special Session Paper 
Submissions
Authors   can   also   submit a paper to the following special sessions 
by September 17, 2012:

“Rapid Prototyping and Cell Printing for Regenerative Medicine” 
http://www.iasted.org/conferences/session1-791.html

“Biomedical Coatings” 
http://www.iasted.org/conferences/session2-791.html

“Spectral Imaging (imaging spectroscopy) for Medical Diagnosis 
and Pharmaceutical Applications”
http://www.iasted.org/conferences/session3-791.html

“Cardiac Regeneration Approaches”
http://www.iasted.org/conferences/session4-791.html
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The International Association of Science and Technology for
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TECHNICAL CO-SPONSOR
IEEE Engineering in Medicine and Biology Society 

CONFERENCE CHAIR
Prof. Aldo R. Boccaccini – University of Erlangen-Nuremberg, Germany

keynote speaker
Prof. C. James Kirkpatrick – Johannes Gutenberg University, Germany

Invited Speaker
Prof. Sian E. Harding – Imperial College London, UK

Special Session organizers
Dr. Rainer Detsch – University of Erlangen-Nuremberg, Germany
Prof. Enrica Verne – Politecnico di Torino, Italy
Prof. Issa Ibraheem – Damascus University, Syria
Dr. Marie-Noëlle Giraud – University of Fribourg, Switzerland

Tutorial presenter
Prof. Christian Hellmich – Vienna University of Technology, Austria

Purpose
With the aid of engineering and information technology, biomedical 
engineering has emerged as a high-tech field, generating innovation 
in such areas as medical imaging, bioinformatics, MEMS, sensors 
and nanotechnology, new biomaterials, regenerative medicine and 
tissue engineering scaffolds, medical robotics, and neurobiology. 
Scientists and engineers in this field work towards such advances as 
developing artificial organs that mimic natural human organs, cell 
based therapies, optimising bioresponsive materials and implants 
with enhanced biological activity and drug delivery ability, conducting 
telemedicine, performing surgeries with robots, creating laboratory-
on-a-chip approaches, and controlling robots through natural animal 
brain matter.

IASTED’s 10th International Conference on Biomedical Engineering 
will bring together leading experts in the key interdisciplinary fields of 
biomedical engineering. 

Location
Innsbruck has always been valued as a European treasure by monarchs 
and civilians alike, and today remains a tourist favourite for its charm, 
history, and natural beauty. Scenically positioned between impressive 
mountain ranges and the Inn River, and several lakes nearby as well, the 
town is ideal for winter sports: skiing and snowboarding hills are right 
outside the door. Come and visit Innsbruck, where you can explore or 
just relax in a charming mountain village.
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