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Supplementary Data Table 1: Comparison of real-time BMI technologies (typical values) 

 
Method Example real-time 

performance 

Invasiveness Temporal 

resolution 

Spatial resolution Recording 

depth 

Spatial 

coverage 

Device 

durability 

Across-

session 

stability 

Portability Refs. 

fMRI 1 char/min (82% accuracy) Non-invasive 0.5-1 Hz 1.5-4 mm isotropic 

voxels 

Whole brain Whole-brain 

3D 

No data Stable across 

years 

Non-

portable 

1–11 

EEG 50 char/min (91% accuracy) 

2-dimensional cursor control 

(70-90% accuracy) 

Non-invasive 250-1000 

Hz 

1 – 10 cm Surface cortex 

Some ability to 

source localize 

subcortical 

structures 

Whole-brain 

2D 

No data No data Portable 12–19 

fNIRS 3 classes (84% accuracy) Non-invasive 7-10 Hz 2-3 cm 2 cm Whole-brain 

2D 

No data No data Portable 20–26 

2D fUS 2 classes (80% accuracy) 

8 classes (36% accuracy) 

Epidural 2-100 Hz 50 -500 μm 

 

2 - 5 cm 12.8-25.6 

mm x 400-

800 μm 

No data Stable Semi-

portable 

27–31 

ECoG 29 char/min; 

15 words/min 

8 degrees of freedom (64-99% 

accuracy) 

Epidural 

subdural 

20-40 kHz 0.5-4 mm pitch Surface cortex ~5-10 cm x 

3-5 cm 

Years Stable Semi-

portable 

32–36 

Calcium 

imaging 

2 class (87% accuracy) 

4 class (70% accuracy) 

Subdural 30 Hz 0.2-1 μm 150-350 μm ~600 x 600 

μm 

No data No data Semi-

portable 

37 

Utah 

Array 

90 char/min; 

62 words/min 

10 degrees of freedom (70-

78% success rate) 

Intracortical 20-40 kHz Single cell 

isolation, 

electrodes spaced 

400 μm apart 

1-1.5 mm 4.4 x 4.2 

mm 

Years Needs new 

training data 

Semi-

portable 

38–44 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 1 – Combining offline 1 Hz fUS trials into new 100 Hz fUS trials 

(A) Acquisition pipeline of offline 1 Hz fUS data. Ultrafast plane wave ultrasound images are acquired at 5 angles with 3 

accumulations for a total of 2 ms. These plane-wave images are coherently compounded into a single image. These 

compounded images are generated at 500 Hz. A series of compounded images are formed into a single Power Doppler image. 

The final images are 1 Hz due to hardware and software limitations requiring ~500 ms of downtime to transfer and save the 

compounded images. 

(B) We recorded 1 Hz fUS data while our monkeys performed the 8-direction memory-guided saccade task. Multiple 1 Hz 

fUS trials for the same movement directions were combined to form new 100 Hz fUS trials. To form the 100 Hz fUS trials, 

we beamformed 100 compound images (200 ms of data) in a 10 ms sliding window. This generated discrete chunks of 100 

Hz fUS data. We then aligned these discrete chunks of 100 Hz fUS data to the behavior and combined the chunks of 100 Hz 

fUS across trials to generate new trials with complete time coverage. 

(C) Lag correlation for seed voxel within LIP cortex. Time of peak correlation is displayed. Only peak correlations > 0.2 are 

displayed. 
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