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An open-source toolbox for imaging-based ultrasound simulations
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Assessment of TUS safety and efficacy increasingly depend on the realistic simulation of acoustic energy deposition and
tissue heating in individual participants. Physics engines are available, but the community also requires end-to-end workflows
that allow to flexibly setup and run simulations through heterogeneous 3D head anatomy.
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Features:
⟥MRI segmentation (SimNIBS 4 charm) & preprocessing.
⟥ 2D / 3D grid specification.
⟥Multi-layer medium property mapping.
⟥ pseudo-CT for continuous skull mapping.
⟥Virtual multi-element transducer emulation.
⟥ Estimation of entry-target coordinates.
⟥ Flexible temporal protocol specification (e.g., breaks).
⟥ Support for high-performance (HPC) and GPU computing.
⟥ 3D NifTI maps for reporting (subject- & MNI-space).
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pseudo-CT creation & property mapping

Goal: Reproducibly plan, 
validate, and report 

estimated bioeffects of 
stimulation protocols.
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Water 994 1500 0.0022 1 0.6 4178 0 100
Brain 1046 1546 0.59 1.2 0.51 3630 559 100
Skin 1090 1610 0.4 1 0.37 3391 106 100

Bone (trab.) 1700 2300 13.3 1 0.32 2274 30 28

Bone (cortical) 1850 2800 13.3 1 0.3 1313 10 28
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virtual transducers active developmentrapid computingoutput metrics

coordinates: 
transducer | focus | max. intensity

focal distance
intensity at target

intensity around target 

tissue-specific (skin, skull, 
brain) values + 3D NifTI:

pressure/intensity/MI
temperature [℃]

temperature rise [℃]
thermal dose [CEM43]

thermal dose [CEM43-iso]

planning & reporting

⟥ documentation
⟥ benchmarking
⟥ accessibility (e.g., GUI)
⟥multi-transducer setups
⟥ custom transducer designs
⟥ alternative backends

roadmap

emulation of free-water 
reference profile 

medium property benchmarks
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UTE pseudo-HU e.g., density

Distribution-informed pHU mapping
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PREprocessing & Simulations for TranscranialUltrasound Stimulation

Setup: 
60W/cm2, 500kHz

5 Hz
10% DC

80 s

github.com/Donders-Institute/PRESTUS

pseudoCT
[optional]
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