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Transcranial electrical stimulation (TES)



Workflow of image-guided TES modeling (from 2010)

Huang et al., 2013



Workflow of image-guided TES modeling (from 2010)

1~2 weeks

Huang et al., 2013



ROAST (from Nov. 11, 2017)

10~20 minutes

Huang et al., 2019

MATLAB

ROAST

https://github.com/andypotatohy/roast
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Adoptions of ROAST



How to use ROAST?

● Documentation: 

https://github.com/andypotatohy/roast 

● Tutorial video: 

https://www.youtube.com/watch?v=-Yr53o4Sw2Y

● Tutorial slides: https://neuromodec.org/nyc-

neuromodulation-online-

2020/Neuromod2020_ROASTtutorial.pdf

● Mailing list: roast-users@googlegroups.com



● roast('example/subject1.nii',{'F1',1,'C5',-1})

● Electrode layout, shape, size, resampling, padding, tag

● roast([],'leadField','simulationTag','MNI152leadField')

● roast_target([],'MNI152leadField',[-48 -8 50])

How to use ROAST?



Why ROAST?

ROAST

Realistic vOlumetric Approach to Simulate TES



ROAST
2017

SimNIBS
by Axel Thielscher
2011

Why vOlumetric?



Why Realistic?



(1) ROAST (2) ROAST-sg (5) SimNIBS-hr(3) ROAST-sa (4) ROAST-gg (6) SimNIBS-hrE (7) SimNIBS-mm

Huang et al., 2019

Difference from two 

approaches



Can we trust all these models?



Huang, Liu, et al, eLife, 2017

Model validation

• 10 patients under iEEG

• ~130 recording electrodes per patient

Anli Liu Daniel Friedman



https://www.youtube.com/watch?v=jg9HVpaROoI



Relative distribution patterns well 
predicted (correlation “r”);

Absolute magnitudes roughly 
estimated by model (slope “s”)

Huang, Liu, et al, eLife, 2017

Validation results 

First-time 

validation of TES 

models!



Huang, Liu, et al, eLife, 2017



Huang et al., 2019

ROAST vs. SimNIBS



Further validation 

● Opitz et al., 2018: on 2 patients, ECoG / sEEG electrodes vs. SimNIBS, 

similar results



Further validation 

● Wang et al., 2022:

on 21 patients, sEEG 

electrodes vs. ROAST, similar 

results



Further validation 

● Piastra et al., 2024:

on 3 patients, sEEG electrodes vs. 

DUNEuro, ~10% relative difference
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Beyond ROAST: smarter segmentation

MultiPriors
ROAST

https://github.com/andypotatohy/roast

/releases/tag/v3.5

V3.5

Lukas Hirsch

roast('example/subject1.nii',[],'multipriors','on')

Andrew Birnbaum



Beyond ROAST: more electrodes

contact@soterixmedical.com394 electrodes 336 electrodes



How do we use these models?



Targeted stimulation

Targeting 
algorithm

Dmochowski, et al, 2011



Dmochowski et al, 2013

Application of modeling in a clinical trial



HD-TES can go to the deep brain

Huang & Parra, 2019



Interferential stimulation (IFS), 

Grossman et al., 2017

HD-TES, 

Dmochowski et al., 2011

in terms of modulation 

depth; Huang & Parra 2019

<

IFS Background 

in terms of focality, if 

optimized; Huang et al., 2020

>



Huang et al., 2020

Some physics:

IFS

HD-TES

<



MD: 0.02 V/m

Focality: 5.46 cm

MD: 0.02 V/m

Focality: 3.27 cm

HD-TESIFS

Optimizing Interferential Stimulation (focality)

Huang et al., 2020



Huang 2023



Huang 2023https://www.youtube.com/watch?v=k6BFu28OmLs



Brahma, et al.,

manuscript in preparation 

Original target

Target shifted 

1mm

Target shifted 

1.7mm

Target shifted 

1.4mm

IFS sensitivity (Saturday poster B74)
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