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Cochlear Implant 
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Advances in Vision (Retinal 
Stimulation) 
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    Mini Gastric Imaging 
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Aspects of Measurement 

• General Instrumentation 
• Transducers (Electrodes) 
• General Recording Situation 
• Sources of Noise and Solutions 
• Effects of electrode size, spacing and 

orientation 
• Digitization of Signals 
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Characteristics of Biopotential 
Signals 

• Determined by size of bioelectric generator 
• Determined by distance and orientation of 

bioelectric generator to recording 
electrode(s) 

• Determined by size and properties of 
electrode(s) 
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Half Cell Potentials for common Metals 
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Electrochemical Cell 
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Electrochemical Cell (cont’d) 
• Ignoring liquid junction potential (several mv’s) EC = 

1.1 V 
• Measuring an electrophysiological event requires 2 

electrodes 
• These form an electrochemical cell with a DC 

potential the difference of the two half-cell potentials 
• When a small current flows equilibrium potentials 

changed, called polarization 
• Cell potential, even for same electrodes can be as 

high as 600 μV. 
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Electrode Impedance 

• Can also be in a series configuration 
 
 

• R is from electrolyte resistance in vicinity 
of electrode surface 

• C is from space charge region 
• Rfaradic added to allow conduction at DC 
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Electrode Impedance 
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Electrode Impedance (cont’d) 
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Ag-AgCl Electrode in Solution 
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Typical Impedance vs Frequency for 
Ag-AgCl 
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Space Charge Region 
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Needle Electrode Connections 
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Electrical Safety 

• Power is a constant voltage source (e.g. 110 V) 
• Danger of electricity is determined by: 
• Current path in the body 
• Frequency of current (DC and >40 kHz can’t stimulate but 

can burn) 
•  Do not have to make contact for current to flow if AC 
• Current determined by impedance of body (total 500 Ω), 

and contact/skin impedance 
• Impedance of capacitor I = CdV/dt 
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Effect of Current (60 Hz) 
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Equivalent Path 
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Shock Hazards 
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Macroshock Scenario 
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Microshock Hazards 
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Microshock Scenario 
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Conditions of Measurement 

• Biopotential signals are low amplitude 
(<1μv – 25 mv) 

• Biopotential signals are low bandwidth (d.c. 
– 15 kHz) 

• Body is volume conductor (specificity of 
signal source) 

• Noise is high in bandwidth of biopotential 
signal (60 Hz: 30 mv on skin) 
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Ideal Filter Characteristics 
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Real Filter Characteristics 
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Sources of 60 Hz 
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Effects of Electrode Impedance Mismatch 
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Mismatch Cont’d and Motion Artifact 
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Effects of Electrode Size 
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Effects of Electrode Spacing 

de Bruin BME 701 2014 



46 

Common Mode Electrophysio;logical Signals 
(cont’d) 

Effect of Electrode Orientation to Generator  
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Process of Measurement 

• Understand the event (variable) you are 
measuring 

• Is variable directly related to event? 
• Is variable indirectly related to event? 
• Is variable statistically related to event? 
• Is event itself random? 
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Measurement Specifications 

• What is amplitude range of selected 
variable 

• What is bandwidth of variable (does 
variable change rapidly or slowly)? 

• What is required resolution (smallest 
change you need to measure)? 

• What is required accuracy? 
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Process of Measurement (cont’d) 

• Is measurement biased (will final result 
have an offset, e.g. does it always read 
high)? 

• What are unavoidable sources of noise? 
• How much does this contaminate your 

measurement? 
• Maximize your signal-to-noise ration SNR 
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Treatment of Measurements 
M-waves for 8 subjects means and s.d. 
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Representation of Data 

• Are variables related? 
• What is your confidence interval for each 

measurement? 
• What does significance mean (e.g. p<.05) 
• What is significance based on? 
• How can you improve your measurement? 
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Treatment of Results (2) 
Motor Unit Counts mean plus s.e.m. 
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Computer Data Acquisition 
(Amplitude Resolution) 

• Determines number of bits required 
• Amplitude input range of ADC: 0→10V,  0→5V, ± 10V, ±5V 

or power supply of micro, etc. 
• If assume ±5V with 12-bit ADC, amplitude resolution = 10/212 

= 10,000/4096 = 2.5 mV/bit  ----- (1) 
• Most physiological (transducer output) signals are ≤ mV 
• Need to amplify and filter signals prior to data acquisition 
• Can increase number of required bits of ADC 
• Amplify source signal in analog stage with gain G 
• Amplitude range referred to source in (1) =  (10/212 )/G 
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Computer Data Acquisition 
(Amplitude Resolution)  
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Computer Data Acquisition 
(Sampling Rate)  
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Computer Data Acquisition 
(Sampling Rate)  
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Computer Data Acquisition 
(Sampling Rate)  
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Computer Data Acquisition 
(Sampling Rate)  
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Computer Data Acquisition 
(Sampling Rate)  

• If sampling rate is fs the fs/2 is also called the folding 
frequency 

• A frequency component (fs/2+Δf) will be aliased into (fs/2-
Δf) 

• ADC maximum sampling rates are high (>200 kHz) and 
memory is relatively plentiful so instrumentation signals 
are usually severely oversampled 

• However the higher the number of samples, the longer 
digital signal processing takes, and the greater the number 
of bits required to be transmitted for each recording in 
wireless applications 

• There are always tradeoffs 
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Noisy Signals 
Improving the Signal-to-Noise Ratio (SNR) 

• Select the right transducer (consider 
transducer noise or sensitivity to variable of 
interest) 

• Consider connecting cables or wiring 
• How soon do you amplify? 
• Where do you place your filters? 
• What are advantages of analog or digital 

filters? 
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Noisy Signals 
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Other Transducers 
• Position (e.g. linear or circular resistors, 

ultrasound echoing) 
• Temperature (thermistor, thermocouple, 

semiconductor) 
• Force/Pressure (strain gauge, piezoelectric) 
• Concentrations (pH, pO2, pCO2, other ions) 
• Light Absorption (photodiode) 
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Noninvasive Blood Pressure 
Measurement 
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NIBP Monitor 
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