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Problem Statement and Introduction

● Electrodes are very important in bioimpedance and is commonly used for 
measurements of biopotentials

● EMGs are generally measured by either invasive or noninvasive methods. 
○ Invasive methods involve inserting an electrode needle inside or near the muscle of interest

■ Provides much more precise measurements and can provide information of individual muscle 
activity without “crosstalk”

■ Not suitable for long term use, preventing it from being used in everyday use devices
○ Noninvasive EMGs are measured on the surface of the skin (sEMG)
○ Many types of sEMGs exist: Wet gel-based, dry-contact and metal plate, thin-film metal plate, and 

noncontact metal plate through hair/clothing
○ In this project, we will be focusing on comparing Wet gel-based electrodes and dry-contact 

electrodes



Wet-Contact 
● A conductive gel is placed between the electrode and the skin

○ Typically the conductive gels contain chloride ions 
● Most commonly used is Ag/AgCl electrode

○ Taken as the gold standard given its reliability and high signal to noise ratio
● Limitations

○ Many papers have cited wet-contact electrodes as being tedious and time consuming to prepare an 
inconvenient. 

○ Gels may cause skin irritation or allergic reactions

Diagram of Wet Electrode



Dry-Contact
● Transfer bioelectrical signal between the electrode and 

skin without any added electrolytes
● Advantages:

○ Much more comfortable for the patient
○ Longer lasting
○ Metal embedded with elastomer for increased flexibility

● Limitations:
○ Higher likelihood of motion artifacts
○ Currently limited to niche applications, such as 

monitoring fitness

EMG Disk Electrode



Assumptions

● Polarizable and Nonpolarizable materials 
share the same model

● Resistance from sweat and hair follicles (R_s) 
and capacitance from stratum corneum (C_s) 
are the same for silver and platinum 
electrodes

● Electrodes are same size
● Steady state at electrode-electrolyte interface



Method

● At electrode-electrolyte interface the wet/semi-dry electrode differs from the dry electrode
● In wet/semi-dry electrode we use Res to represent the resistance of gel/saline solution
● In dry electrode we use a parallel combination of a capacitor and a resistor because the 

presence of air bubbles and sweat behave like a capacitor. 



Equations



Circuit Schematic: AgCl

Dry-Contact: Wet-Contact:



Circuit Schematic: Platinum

Dry-Contact: Wet-Contact:



Conclusion

Dry-Contact: 
Impedance

Wet-Contact:
Impedance

AgCl Z_tot = 1.85e5 Ω Z_tot = 3.193e3 Ω

Platinum Z_tot = 1.83e5 Ω Z_tot = 1.27e3 Ω



Future Directions
● Can look into more electrode materials: Au, 

Nickel, Carbon-based electrodes, etc…
● Can explore “semi-wet electrodes” 

○ Saline solution is used instead of a conductive gel
○ Acts as a design in between wet and dry electrodes

● Can research effectiveness of dry elastomer 
electrodes embedded metal

○ Thin film metal embedded in elastomer
○ Provides great electrical conductivity and more flexibility 

than the standard metal disks used in dry electrodes
Diagram of Semi Wet Electrode
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