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• Electrodes on scalp

• ≤ 2 mA for 10-30 min

• Applications:
• Rehabilitation
• Depression
• Working memory   

Transcranial direct current 
stimulation (tDCS)

Electrocorticography (ECoG) 
stimulation

• Electrodes on cortex

• 1-10 mA pulses

• Applications:
• Clinical mapping of cortical regions
• Approved therapy for epilepsy
• Brain-computer interfaces



tDCS vs ECoG stimulation

tDCS ECoG

Noninvasive Invasive

Easy, cheap, minor side effects Risks due to surgery

Precise targeting difficult Precise targeting difficult for deep regions

Various positive effects on brain activity

Variable effects

Mechanisms not fully known

Simulation and optimization can improve understanding and targeting



Improving stimulation through simulation



Uncertainties in simulations of brain stimulation

• Geometry
• Cortical shape
• CSF depth

• Tissue conductivities
• Temperature
• Frequency
• Individual
• Local

• Electrode locations
• Imaging resolution
• Brain shift

Hastreiter et al. 2004, Dalal et al. 2008, Hill et al. 2000.  



Quantifying effects of uncertainties in tDCS simulations

• Simulate |E| for tDCS with 2 electrodes at 1 mA in SCIRun

• Model tissue conductivities in UncertainSCI:

• Beta distribution with ⍺ = β = 3

Tissue Conductivity (S/m)

White matter 0.09 – 0.29

Gray matter 0.22 – 0.67

CSF 1.7696 – 1.8104 

Skull 0.0016 – 0.33 

Skin 0.28 – 0.87
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Vorwerk et al., Frontiers in Neuroscience, 2019



• Simulate |E| for tDCS with 2 electrodes at 1 mA in SCIRun

• Model tissue conductivities in UncertainSCI:

• Beta distribution with ⍺ = β = 3

Quantifying effects of uncertainties in tDCS simulations

Tissue Conductivity (S/m)

White matter 0.09 – 0.29

Gray matter 0.22 – 0.67

CSF 1.7696 – 1.8104 

Skull 0.0016 – 0.33 

Skin 0.28 – 0.87



pce.samples = #iterations x dimension

#iterations x #elements











Standard deviationMean
tDCS: Electric field strength
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tDCS: Total sensitivity WM GM
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Quantifying effects of uncertainties in ECoG stimulation simulations

• Simulate V for ECoG with 2 electrodes at 0.75 mA in SCIRun

• Tissue conductivities

• Beta distribution with ⍺ = β = 3

• Electrode locations
• Cathode location
• Anode location
• Uniform distribution of point source nodes

Tissue Conductivity (S/m)

CSF 1.7696 – 1.8104 

Gray matter 0.22 – 0.67

White matter 0.09 – 0.29

electrodes
CSF

gray 
matter

white 
matter

Chantel Charlebois, U of Utah



ECoG: Potential Standard deviationMean
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ECoG: Total sensitivity WM
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Comparison to other software

Uncertainpy

• Free python-based software

• Polynomial chaos

• Collocation / spectral

• Connects to other software

• Limited model size

• Full model: 4.2M elements

• Reduced model: 48k elements

https://uncertainpy.readthedocs.io



Conclusions

• UncertainSCI accurately and efficiently quantifies uncertainties in simulations of brain 
stimulation.

• Simulations of tDCS are mainly affected by scalp and GM conductivity.

• Simulations of ECoG stimulation are strongly affected by anode and cathode location, with 
many interactions with conductivities.

• Future work will investigate the effects of cortical and CSF geometry, white matter anisotropy, 
and electrode location for these and other stimulation modalities.


