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Synopsis

The STIMnet is a net-based electrode-adapting headgear that can accommodate all hair types
for customized, quick-apply, low- to medium-density sensing (e.g., EEG and fNIRS) and
stimulation (e.g., transcranial electrical stimulation - TES) in humans. This solution has the
potential to perform at the level of a research-grade cap system, with the flexibility and
customization of individually placed electrodes, while still maintaining comfort on the scalp.

Background

Wearable EEG and tES systems still struggle with the balance of quick application,
accommodating all hair types, and maintaining high signal quality (Etienne et al., 2020; Kwasa
et al., 2024). Cap-based systems are fast to install, but restrictive to thick or voluminous hair. On
the other hand, placing individual electrodes with paste can help with navigating different hair
types, but are more time consuming to apply (Ricard et al., 2023; Louis et al., 2022; Penner et
al., 2023; Adams et al., 2024). This net-based system is quick-apply, avoids the use of pastes,
and is usable with all hair types. Additionally, it is customizable to different head shapes and
electrode layouts, making it useful for novel transcranial electrical stimulation schema like those
used in our group to target motor cortex for chronic pain therapy.

Materials and Methods

The STIMnet system consists of two parts: several electrode adapters (Fig 1A-E), inspired by
the Sevo system for EEG (Etienne et al., 2020; Kwasa et al., 2024) and a hair net that anchors
the electrodes onto the scalp (Fig 1F & G). For the hair net, a commercially available silicone
tubing net for clinical EEG (Tenocom, Qingdao, China) was used and an additional 3 millimeter
diameter silicone tubing (Uxcell, Hong Kong, China) was purchased to create a custom version.
The commercially available net was used as is in a cartesian layout of electrodes and the
custom net was held together by 3D printed construction “hubs” (Fig. 1F) that created a radial
layout of electrodes. The construction hubs were created using a Form 3+ Resin printer, Clear
V4 resin, and Tough 1500 resin (all from FormLabs, Boston, MA):

Head Size Hub adjusts and tightens the the net around the head’s circumference

Central Hub connects all tubing at the Cz location, radiating from the center

Perpendicular Hubs connect radial tubing to circumferential tubing

4. Angular Hubs connect all other electrodes not in the original 10-20 layout montage (Fig. 1D)
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Electrode adapters were also 3D printed as seen in Fig 1A. They comprise four plastic feet that
latch onto gold cup-type electrodes, an extruded cut-out that attaches to the tubing to the full
net, and a hole with which gel can be easily inserted into the gold cup to connect to the scalp via
syringe (Fig 1B).
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Figure 1. Construction of STIMnet. (A) Design of

electrode adapter, (B) Syringe full of gel pushing
into electrode adapter and gold cup electrode, (C)
Placement of electrode and adapter onto
mannequin head via a traditional silicone net, (D &
E Close ups of adapter interfacing with electrodes,
(F) All four hub types (L to R): head size hub,
perpendicular hub, central hub, angular hub, (G)
Example of a higher density STIMnet construction
showcasing perpendicular hubs and two angular
hubs.

Results

The two versions of STIMnet — one made from commercially available netting and another
made with custom silicone tubing — were able to accommodate several different hair types and
styles, as demonstrated in Figure 2, to successfully carry out EEG (Figure 2 - top row) and
pulsed transcranial electrical stimulation (pTES; Figure 2 - bottom row). The radial layout was
easy to use with all hair types. The standard layout allowed for custom placement of TES
electrodes that cap systems do not accommodate, and which are time consuming to measure
out for each patient. Both solutions were quick to install and low-mess, as electrodes were
pre-attached and gel was easily syringed through the adapters and under the gold cups. This so

Figure 2. (A & E) Radial and
cartesian STIMnet layouts,
respectively. Dark blue lines
represent the net and blue
dots represent electrodes
(B-D) Mannequin head, loc’'d /
dreadlocked participant, and
coarse, straight haired
participant setups,

Standard 10-20 setup for EEG

% respectively, on radial layouts
é (F-H) mannequin head, coily
5 haired, and thick straight
"‘é haired participant setups,
£ respectively, on cartesian
3 layouts.

Discussion

This inexpensive electrode net is customizable to different head sizes and electrode montages,
making it ideal for quick setups for EEG or TES on people with varying hair types. While several



solutions are emerging in the EEG and fNIRS space to accommodate coarse and curly hair
types (Crawford et al., 2024 and personal correspondences), none so far leverage a cap-like
form factor to achieve a faster installation process. And unlike more sophisticated quick-apply,
active-sensing, and hair-accommodating systems like Zeto (Nadasdy et al., 2025), this is a
light-weight and fully customizable solution. This solution can tolerate EEG electrodes of several
types, including Biosemi and BrainVision’s pin-type active electrodes, simply by swapping out
the electrode adapter piece (Etienne et al., 2020). One limitation of the solution is the net’s
material properties: some participants complained that the silicone tubing can rub against the
hair, snagging them.

Our radial net solution works best at lower density EEG (e.g. 20 channels), since hair would
only need to be pulled through 8 net openings in large chunks, while higher density systems
require the hair to clear at least double the amount of net openings. However, as an alternative
to a cap, our net can accommodate braids, locs / dreadlocks, and other styles that typically do
not work at all with cap-based systems. Additionally, the net can reach the scalp in people with
short afro styles, which usually can’t be laid flat and thus keeps electrodes hovering above the
scalp and requiring lots of hard-to-remove paste or gel.

In the future, the STIMnet system needs to be compared to traditional electrodes in terms of
impedance, time saved, patient comfort, and other measures of usability.
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