Grounded Discovery Labs -- Discovery Pack

Discover: Design a non-invasive BCI system with much faster setup and materially better practical usability than
today's dry-EEG systems.

Top 3 Comparison

Featured Discovery Bold Concept Build-First
60-second auxetic self-wetting textile Room-temperature magnetoelectric Pneumatic halo hood with
EEG hood MEG cap disposable hydrogel comb pods
novelty 6 9 6
feasibility 8 3 8
economic_leverage 7 8 5
testability 9 5 9
robustness 7 3 7
constraint_fit 9 9 9
explainability 9 7 9
OVERALL 7.9/ 10 -- Very Strong 6.3/ 10 -- Strong 7.6/ 10 -- Very Strong

Runner-ups

* Driven-shield capacitive comb EEG hood [solid-alternative] -- A capacitive active-electrode hood senses through hair with
minimal force, trading wet contact chemistry for guarded high-impedance electronics.

* Pneumatic Adaptive-Pressure Dry-Electrode Cap [near-miss-alternative] -- Per-channel pneumatic bladders behind
conductive-elastomer fingers servo contact pressure to a comfort setpoint while guaranteeing low impedance.

* Comb-through self-wetting filament electrodes [near-miss-alternative] -- Flexible ionic textile filaments comb through hair and
seat against scalp using light tension, giving fast placement without spring pins.

* Forehead DCS-fNIRS hemodynamic BCI glasses [solid-alternative] -- A glasses frame reads cortical oxygenation and
blood-flow changes from hairless sites for low-friction mental-state BCI.

* lonic earbud EEG BCI with mastoid band [solid-alternative] -- Soft wet-ion ear electrodes plus mastoid references make a
seconds-to-wear BCI for attention, sleep, SSVEP and simple commands.



Featured Discovery _ _
60-second auxetic self-wetting textile EEG hood

novelty: 6 | feasibility: 8 | economic_leverage: 7 | testability: 9 | robustness: 7 | constraint_fit: 9 | explainability: 9
Overall: 7.9/ 10 -- Very Strong

Snapshot: sha256:1e93d086a7194b1f...
Constraint Compliance: Compliant (constraint_fit=9)

A pull-on 3D-knitted auxetic hood with ionic-liquid micro-reservoirs achieves repeatable sub-60-second,
gel-free EEG scalp contact by converting global strap tension into localized normal force at
high-curvature electrode sites. This matters because slow, technician-dependent gel application is the
primary barrier to clinical and consumer EEG scalability. Eliminating that bottleneck unlocks ambulatory,
home, and high-throughput neuroimaging workflows.

" PLAN VIEW (TOP)

'60-SECOND AUXETIC
SELF-WETTING TEXTILE EEG HOOD

Pull-on stretch hood for repeatable low-impedance EEG in 60 seconds.
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maintaining low impedance across sessions.

Concept illustration (Al-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism

The hood is a 3D-knitted auxetic textile (re-entrant honeycomb or rotating-square unit cell, ~3-5 mm pitch) with
negative Poisson's ratio ?~-0.3 to -0.6, knitted from nylon/elastane (70/30) with conductive silver-coated polyamide
at electrode zones. Light tensioning straps at chin and occiput (1-3 N) propagate via the auxetic geometry into a
synclastic dome shape that increases normal force at high-curvature sites (Cz, Pz). Six vertex preload ribs
(silicone-injected channels, Shore 30A) add a localized 0.3-0.6 N boost at Cz/CPz to part dense hair. Each
electrode (10-15 mm diameter) is a knitted pile of hydrophilic microfibers (PET/viscose) loaded with an
ionic-liquid/water hydrogel (e.g., choline lactate + glycerol + 0.9% saline, ~10-*1 S/m) stored in a 0.2-0.4 mL



silicone micro-reservoir behind the electrode. A laser-cut PET wicking limiter (50 um pores) meters release to ~20
uL on skin contact, preventing bridging shorts between adjacent sites. Reservoirs recharge via a luer-style port;
capillary back-fill takes ~30 s. Fiducial contrast seams along the inion-nasion and pre-auricular lines guide
alignment. Each electrode integrates a 2-LED impedance indicator driven by a flex-PCB AFE measuring 1 kHz
tetrapolar impedance; green <50 k?, amber 50-200 k?, red >200 k?. Signal routing uses shielded conductive yarn to
a nape-mounted 24-bit ADS1299 module (250-500 Hz, BLE). Target: don-to-valid (<50 k? at >=80% of 16-32
channels) in <=60 s.

Why Novel

No prior EEG textile combines auxetic negative-Poisson's-ratio geometry with on-board ionic-liquid micro-reservoirs
to passively self-distribute contact pressure and electrolyte simultaneously from a single donning gesture. Existing
dry and semi-dry systems treat mechanical fit and electrochemistry as independent problems; this design couples
them through the knit architecture itself.

Buildability

3D-knit auxetic structures at 3-5 mm pitch are producible on commercial Stoll or Shima Seiki flat-bed machines
today, and silver-coated polyamide yarns (e.g., Shieldex) are catalog items compatible with standard knitting
tensions. Choline-lactate ionic-liquid hydrogels are bench-synthesizable with FDA-listed precursors, and silicone
micro-reservoir molding at 0.2-0.4 mL scale is routine in medical-device prototyping shops.

Why Feasible

* Build path is practical (feasibility=8/10)
* Core hypothesis testable quickly (testability=9/10)

Top Risks

* lonic liquid leaching through repeated wash-and-recharge cycles degrades hydrogel conductivity below the 5 k?
impedance threshold within weeks of clinical use

* Auxetic unit-cell geometry distorts unpredictably across the 5th-95th percentile head-size range, causing
electrode position drift of >10 mm at temporal sites

* Choline-lactate skin contact over sessions >45 minutes triggers delayed irritation or sensitization in a subset of
users, creating a regulatory toxicology burden

Decisive Test (MDE)

Hypothesis: A trained user can don the hood and achieve <50 k? impedance at >=80% of channels (including Cz)
within 60 s across hair types, with eyes-closed alpha SNR within 3 dB of a wet-gel cap.

Setup: N=20 participants stratified by hair density (fine/medium/coarse) and length (short/medium/long), each
tested in counterbalanced order with: (a) the auxetic hood, (b) a COTS dry cap (e.g., g.tec Sahara or DSI-24), (c) a
wet-gel cap reference. Trained operator dons each. Continuous per-channel impedance logged from t=0 (hood
touches head) to t=120 s. Then 3 min eyes-closed/eyes-open alpha block, plus a standardized head-shake motion
artifact protocol. 16-channel montage including Fz, Cz, Pz, Oz, T7/T8.

Instrumentation: ADS1299 with built-in lead-off impedance at 31.25 Hz cross-checked with Digilent AD2 at 1 kHz;
FSR matrix (Tekscan FlexiForce) under 4 representative electrodes for normal-force; video timer for don time;
accelerometer at occiput for motion; alpha SNR computed as 8-12 Hz power ratio eyes-closed/eyes-open.

Kill Criteria: If <60% of coarse/dense-hair participants reach <50 k? at Cz within 60 s, OR alpha SNR is >6 dB
below gel reference, OR vertex normal force required for contact exceeds 2 N (pain threshold), the gel-free 60 s
value proposition fails.

Rescue Pivot: Re-position as a 2-3 minute prep-light hood for fine/medium hair clinical screening (still beats gel),
or add a single mechanical hair-parting comb at vertex ribs and accept 90-120 s setup.



Cost: $8k-$18k (one knit prototype iteration $3-6k, reference EEG rental/use $2-5k, participant compensation
$2-4k, consumables $1-3k).
Time to Signal: 6-8 weeks from prototype-ready to analyzed pilot data.

Refinement Deltas

Risks Addressed:
* Auxetic textiles localize force, but at the vertex hair acts as a thick low-modulus mat -- geometric pressure
amplification may not actually displace hair without painful preload, and dry-cap incumbents have already failed
here.
* lonic-liquid hydrogels drift in concentration with sweat and evaporation; impedance and DC offsets may wander
over a session, undermining the '‘comparable to gel' claim and complicating long-recordings.
* Wicking limiters that meter ~20 ulL per site must also prevent inter-electrode bridging through the conductive knit
substrate; a single sweat pathway can short neighboring channels and destroy spatial resolution.

Red-Team:
* Challenge: Auxetic textiles localize force, but at the vertex hair acts as a thick low-modulus mat -- geometric
pressure amplification may not actually displace hair without painful preload, and dry-cap incumbents have
already failed here.
* Challenge: lonic-liquid hydrogels drift in concentration with sweat and evaporation; impedance and DC offsets
may wander over a session, undermining the '‘comparable to gel' claim and complicating long-recordings.
* Challenge: Wicking limiters that meter ~20 uL per site must also prevent inter-electrode bridging through the
conductive knit substrate; a single sweat pathway can short neighboring channels and destroy spatial resolution.
* Challenge: 60 s is measured from a trained operator on a cooperative adult -- the realistic clinical/consumer don
time, including hair parting, strap tensioning, and waiting for impedance LEDs to settle, is likely 2-4x.
* Challenge: Wash/recharge durability of a hood that combines silver-coated yarn, silicone reservoirs, ionic liquid,
and embedded flex-PCB is historically poor; cost-per-use may not beat disposable gel.

Budget Ranges

Prototype: $18,000-$28,000 (hand-loomed auxetic swatches, 3D-printed reservoir molds, bench hydrogel
synthesis, 2-channel impedance bench validation on 5 subjects)

Pilot: $120,000-$180,000 (machine-knit production run of 30 hoods, full 64-channel impedance + ERP validation
on 20 subjects, ISO 10993 skin safety panel, regulatory pre-submission meeting)

Scale: $1.2M-$2.5M (contract knit manufacturing tooling, GMP hydrogel fill line, 510(k) or CE Class lla
submission, 500-unit commercial pilot with clinical partners)

30/60/90 Plan

Day 30: Fabricate 3 auxetic knit swatches (re-entrant honeycomb, ? ~ ?0.4) with Shieldex electrode zones;
synthesize choline-lactate hydrogel batch; measure contact impedance at 10 Hz and 1 kHz on a silicone scalp
phantom with and without simulated hair mat; confirm <10 k? at 60 s donning.

Day 60: Assemble first full hood prototype with silicone micro-reservoirs and chin/occiput straps; recruit 8 subjects
(mix of hair densities); measure 60-second impedance at Cz, Pz, and two temporal sites versus gel reference;
iterate rib preload geometry based on pressure-mapping data; initiate ISO 10993-10 irritation screen.

Day 90: Produce 5 refined hoods via flat-bed knitting machine; run 20-subject crossover ERP study (P300 oddball)
comparing hood versus standard gel cap on signal-to-noise ratio and setup time; document head-size fit range;
compile technical file for regulatory pre-submission; define recharge protocol and reservoir lifetime specification.
Dominance Axis: easier_deploy -- Targets sub-minute gel-free setup when reservoir charge and hair-specific
vertex contact meet usable-impedance criteria.



Bold Concept _
Room-temperature magnetoelectric MEG cap

novelty: 9 | feasibility: 3 | economic_leverage: 8 | testability: 5 | robustness: 3 | constraint_fit: 9 | explainability: 7
Overall: 6.3/10 -- Strong

Snapshot: sha256:30f8182781aa0288...
Constraint Compliance: Compliant (constraint_fit=9)

Magnetoelectric MEMS gradiometer tiles, operated via resonant upconversion, can achieve the ~50
fT/?Hz sensitivity needed to detect cortical fields at room temperature without cryogenics or magnetic
shielding. This matters because it could collapse the cost and deployment barrier of MEG from a $3M
shielded-room instrument to a wearable cap, unlocking ambulatory brain-computer interfaces for clinical
and consumer use.

ROOM-TEMPERATURE PLAN VIEW (TOP)
MAGNETOELECTRIC MEG CAP

Replace OPMs with MEMS magnetoelectric gradiometers for a
quiet, instant-on, unshielded neural-field BCI.
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RESEARCH CONCEPT PROTOTYPE - FOR RESEARCH PURPOSES ONLY. NOT FOR CLINICAL OR DIAGNOSTIC USE.
Concept illustration (Al-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism

A wearable MEG cap built from CMOS-packaged magnetoelectric resonant gradiometer tiles. Each tile contains
paired tri-axis ME elements separated by a short baseline, e.g. 10-30 mm, to measure spatial gradients rather than
absolute field. A plausible sensing stack is a piezoelectric thin film or laminate such as AIN/ScAIN or PZT bonded to
a magnetostrictive layer such as FeGaB, Metglas, or Terfenol-D; magnetic fields strain the magnetostrictive layer,
driving piezoelectric charge readout. The sensors are operated near a mechanical resonance, likely kHz-MHz,
where displacement-to-voltage gain is high. Low-frequency cortical fields in the 1-40 Hz band are upconverted by
applying a modulated magnetic bias or strain/electrical modulation so that neural-band amplitude appears as



sidebands around the resonance, avoiding the worst 1/f electronics and material noise. Each package includes a
low-noise charge/voltage front end, temperature sensor, reference pickup loop, and a microcoil for biasing and
active cancellation. Local coils null quasi-static Earth and building fields to keep the ME elements in a linear range.
A cap uses dozens to hundreds of tiles with known geometry, plus IMU/head-position sensing. The signal chain
performs synchronous demodulation, temperature drift subtraction, gradiometric differencing, reference-loop
regression, and adaptive beamforming to reject nT environmental interference while preserving fT cortical sources.
The decisive requirement is roughly 50 fT/rtHz per single sensor in 1-40 Hz after demodulation, and array-level
common-mode rejection high enough that unshielded residuals do not swamp alpha, SSVEP, or motor-rhythm
responses. The no-prep interface avoids scalp impedance issues because it senses magnetic rather than electric
fields, but it must tolerate motion, vibration, hair spacing, and ambient magnetic clutter.

Why Novel

Prior wearable MEG attempts rely on optically pumped magnetometers that require heated alkali vapor cells and
careful shielding; this approach instead exploits solid-state magnetoelectric resonance with on-chip gradiometric
cancellation, a combination not yet demonstrated in a scalable CMOS-packaged tile format. The upconversion
trick--encoding DC/LF neural fields as sidebands around a kHz-MHz mechanical resonance--sidesteps 1/f noise in
a way that neither OPMs nor fluxgate sensors attempt.

Buildability

Individual ME laminate sensors (FeGaB/AIN, Metglas/PZT) achieving sub-100 fT/?Hz in benchtop conditions have
been published by groups at MIT Lincoln Lab and TU Dresden, so the core transduction physics is validated. The
remaining engineering challenge is packaging paired gradiometer tiles with low-noise CMOS readout ASICs and a
modulated bias coil into a conformal cap--difficult but tractable with existing MEMS foundry processes.

Why Feasible
* Build path needs validation (feasibility=3/10)

Top Risks

* 1/f magnetic noise floor of ME laminates rises steeply below ~100 Hz, potentially masking the 1-40 Hz neural
band even with upconversion modulation

* Mechanical resonators are acutely sensitive to head motion and temperature drift, producing motion artifacts
that may be indistinguishable from neural signals in an unshielded ambulatory setting

* Achieving the common-mode rejection ratio (>120 dB) needed to suppress ambient urban magnetic noise
without a shielded room may require gradiometer baselines too long to fit a wearable cap

Decisive Test (MDE)

Hypothesis: A room-temperature ME resonant gradiometer can detect 1-40 Hz magnetic fields at or below 50
fT/rtHz per sensor, and a small wearable gradiometer array can recover phantom neural dipoles in an unshielded
room after active cancellation and adaptive reference rejection.

Setup: Place a calibrated dipole/loop magnetic phantom 20-40 mm from the sensor, driven at 10 Hz and swept
1-40 Hz with amplitudes from 50 fT to 10 pT at the sensor. Test inside a small shield first, then in an ordinary lab
with added uniform interference from Helmholtz coils at 1-100 nT and vibration/motion perturbations. Compare
single-ended sensor, paired gradiometer, and reference-regressed outputs. Include a commercial OPM or
fluxgate/reference magnetometer to verify applied fields.

Instrumentation: Calibrated Helmholtz or small dipole coil, low-noise current source, lock-in amplifier or
high-resolution DAQ, spectrum analyzer, temperature sensors, accelerometer/IMU, reference magnetometer/OPM if
available, vibration source, cancellation coil driver, analysis scripts for ASD, CMRR, phase, and detection SNR.

Kill Criteria: If calibrated 10 Hz equivalent magnetic noise remains >500 fT/rtHz after demodulation and shielding,



or if unshielded phantom SNR at 100 fT-1 pT cannot exceed 3 dB after gradiometry/cancellation, the core premise
fails.

Rescue Pivot: If low-frequency ME noise is too high, pivot to hybrid EEG plus ME reference sensing,
higher-frequency evoked-field detection only, shielded/wearable-room applications, or use ME sensors as compact
environmental reference/cancellation channels for OPM or EEG systems.

Cost: $15k-$75k using purchased ME samples and lab DAQ); $100k-$300k if custom MEMS fabrication and OPM
reference are required.

Time to Signal: 2-8 weeks for a single-channel bench noise result if sensors exist; 3-6 months for
gradiometer-plus-unshielded phantom validation.

Refinement Deltas

Risks Addressed:
* ME resonators are naturally high-frequency devices; extracting true 1-40 Hz magnetic information without
reintroducing 1/f material, bias, and electronics noise may not reach fT levels.
* Unshielded environments contain nT-uT magnetic artifacts from mains, elevators, vehicles, electronics, and
motion through Earth's field; the required rejection may be 100-140 dB, not just ordinary gradiometry.
* Mechanical vibration and acoustic coupling can mimic magnetic signals through piezoelectric strain, especially
in a cap worn on a moving human head.

Red-Team:
* Challenge: ME resonators are naturally high-frequency devices; extracting true 1-40 Hz magnetic information
without reintroducing 1/f material, bias, and electronics noise may not reach fT levels.
* Challenge: Unshielded environments contain nT-uT magnetic artifacts from mains, elevators, vehicles,
electronics, and motion through Earth's field; the required rejection may be 100-140 dB, not just ordinary
gradiometry.
* Challenge: Mechanical vibration and acoustic coupling can mimic magnetic signals through piezoelectric strain,
especially in a cap worn on a moving human head.
* Challenge: Thermal drift, bias-colil instability, and sensor-to-sensor mismatch may make dense-array calibration
fragile and frequently invalidated by motion or fit changes.
* Challenge: Even if bench fT sensitivity is achieved, cortical source separation through hair and variable sensor
geometry may underperform EEG for practical no-prep intent decoding.

Budget Ranges

Prototype: $180,000
Pilot: $950,000
Scale: $8,500,000

30/60/90 Plan

Day 30: Characterize noise floor of best-available ME laminate pairs (FeGaB/AIN and Metglas/PZT) in benchtop
gradiometer configuration; measure achieved sensitivity at 1-40 Hz with and without bias-field upconversion
modulation; establish whether 50 fT/?Hz is reachable in lab conditions

Day 60: Design and tape-out a first CMOS readout ASIC with integrated bias coil driver and lock-in demodulation;
assemble 4-tile prototype gradiometer array on a rigid PCB; validate neural-phantom signal recovery (dipole coil at 3
cm, 100 fT amplitude) in an unshielded office environment

Day 90: Mount 16-tile array on a flexible cap former; record first on-scalp data from a human volunteer (alpha
rhythm, eyes-open/closed paradigm); quantify motion artifact spectrum and common-mode rejection ratio; publish
go/no-go decision on ambulatory MEG feasibility with a clear sensitivity and CMRR benchmark

Dominance Axis: easier_deploy -- If low-frequency fT sensitivity and wearable rejection are proven, MEG-like
decoding could move from room instruments to caps.



Build-First

Pneumatic halo hood with disposable hydrogel comb pods

novelty: 6 | feasibility: 8 | economic_leverage: 5 | testability: 9 | robustness: 7 | constraint_fit: 9 | explainability: 9

Overall: 7.6 / 10 -- Very Strong

Snapshot: sha256:559f1284e8699ca4...
Constraint Compliance: Compliant (constraint_fit=9)

A 45-second EEG hood integrates a pneumatic air halo with snap-in disposable saline hydrogel comb
pods to achieve rapid, consistent electrode placement across diverse head sizes. This matters because
current EEG setup times of 20-45 minutes create clinical bottlenecks and patient discomfort, limiting

access to neurological monitoring at scale.

PNEUMATIC HALO HOOD
WITH DISPOSABLE HYDROGEL COMB PODS
45 s EEG hood with self-sizing air halo and snap-in saline hydrogel comb pods.
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Concept illustration (Al-generated). Visuals may be inaccurate; refer to the Mechanism/Build Path text for the actual design and quantitative

assumptions.

Mechanism

A three-point rigid datum (silicone-padded forehead bar, two pre-auricular ear cups, occipital saddle) is fitted in <5 s
and registers electrode positions to within ~5 mm of 10-20 landmarks. Around the datum runs a TPU/nylon-laminate
inflatable halo bladder (target 40-80 kPa, regulated by a miniature diaphragm pump and MEMS pressure sensor)
that radially loads up to 32 disposable comb pods seated in keyed sockets along the inner circumference. Each pod
is a single-use cartridge: 6-8 Ag/AgCl-coated polymer comb fingers (3-4 mm pitch, 6 mm length) protruding through
a saline-glycerol hydrogel reservoir (PEGDA/PVA matrix, humectant-stabilized for ~30 min open-air working time)
sealed under a peel-off foil. The pod PCB carries a low-noise INA (e.g., TI ADS1299 channel or RHD2132 front
end), a 6-axis IMU (LSM6DSO) for motion artifact regression, a piezoresistive force sensor at the comb base (0-5 N




range), and an I2C/LVDS link daisy-chained to a crown hub (BLE 5.2 + USB-C). During inflation the controller
performs a 10 Hz-1 kHz impedance sweep on every pod; pods exceeding a 50 k? threshold or showing >0.3 N force
imbalance trigger a local micro-actuator (shape-memory wire or piezo bender, ~1 mm stroke) that re-seats the
comb between hair shafts. A learned hair-density map (CNN over impedance + force + IMU contact-transient
features, trained across Fitzpatrick/hair-type cohorts) reroutes decoding weights to reliable neighbors via Laplacian
re-referencing when a site is unrecoverable. Target: 45 s don-to-ready, >=80% of pods <50 k? at 10 Hz, >=6 h
hydrogel viability post-open.

Why Novel

No existing EEG system combines a self-regulating pneumatic fit mechanism with single-use hydrogel comb
cartridges that embed per-pod analog front ends, eliminating both textile hygiene concerns and manual gel
application in a single architecture. The keyed-socket radial loading approach decouples head-size adaptation from
electrode positioning accuracy in a way that neither cap-based nor headband-based systems achieve.

Buildability

All core components--TPU/nylon laminate bladders, PEGDA/PVA hydrogel matrices, Ag/AgCl comb electrodes, and
ADS1299-class front ends--are available from existing medical-device supply chains with no novel materials
synthesis required. The primary integration challenge is the pod PCB miniaturization and keyed-socket tolerancing,
both tractable with standard flex-PCB and injection-molding vendors.

Why Feasible

* Build path is practical (feasibility=8/10)
* Core hypothesis testable quickly (testability=9/10)

Top Risks

* Hydrogel pods drying within the 30-minute working window if ambient humidity is low or cartridge opening is
delayed, degrading impedance below usable thresholds

* Bladder micro-leak or valve failure causing asymmetric radial pressure, creating focal electrode lift-off and
impedance outliers that corrupt channel data

* Comb tine snagging in dense, coily, or chemically treated hair, preventing full scalp contact and potentially
causing patient discomfort or hair damage

Decisive Test (MDE)

Hypothesis: On users spanning 3 hair-density classes, the pneumatic halo with adaptive rerouting achieves
>=80% of pods at <50 k? (10 Hz) within 45 s of don, and SSVEP decoding accuracy within 5 percentage points of a
gel-prepped wet cap.

Setup: 15 participants (5 straight/fine, 5 thick/wavy, 5 coarse/curly or treated). Each wears (A) the 32-pod halo
prototype and (B) a reference 32-channel wet cap (g.tec or BrainProducts) in counterbalanced order. Protocol: (1)
timed don, (2) automated impedance sweep at 10/100/1000 Hz, (3) 6-target SSVEP paradigm (8/10/12/15 Hz, 60
s/target), (4) 5-minute resting EEG, (5) re-check impedance post-session. Adaptive rerouting toggled on/off to
isolate its contribution.

Instrumentation: Per-pod 4-wire impedance via AD5941, ADS1299 24-bit EEG @1 kHz, IMU per pod, halo
pressure logger, head-mounted GoPro for don-time ground truth, photographic hair-density scoring, dermatology
assessment for skin redness pre/post.

Kill Criteria: Median don-time >75 s, OR <60% of pods <50 k? on coarse/curly cohort even after rerouting, OR
SSVEP ITR <50% of wet-cap baseline, OR >=2 participants with skin abrasion/pain >3/10 VAS

Rescue Pivot: If coarse/curly hair fails contact, pivot to a hybrid mode: keep the halo+datum and pneumatic load
mechanism but swap hydrogel comb pods for spring-loaded saline-wicking microneedle/bristle pods at the



worst-performing sites, preserving the rerouting framework as the core IP.

Cost: $25k-$40k (prototype hardware $18-25k, participant compensation $3k, reference cap rental $2k, IRB +
clinician $5k)

Time to Signal: 8-12 weeks from prototype completion; first impedance/don-time signal in 2 weeks of testing

Refinement Deltas

Risks Addressed:
* Hydrogel desiccation post-foil-peel may collapse the 6 h working window in low-humidity clinical environments,
forcing per-session cartridge replacement that erodes the disposable cost story
* On coarse/curly/braided/treated hair, comb fingers may ride on hair mat rather than parting it; adding pressure
to fix impedance increases pain and abrasion risk, and rerouting cannot save sites where neighbors also fail
* A single rigid forehead-ear-occiput datum cannot accommodate the full anthropometric range; halo radial
inflation tolerance is finite, so multiple shell sizes (and inventory) become necessary

Red-Team:
* Challenge: Hydrogel desiccation post-foil-peel may collapse the 6 h working window in low-humidity clinical
environments, forcing per-session cartridge replacement that erodes the disposable cost story
* Challenge: On coarse/curly/braided/treated hair, comb fingers may ride on hair mat rather than parting it; adding
pressure to fix impedance increases pain and abrasion risk, and rerouting cannot save sites where neighbors
also fail
* Challenge: A single rigid forehead-ear-occiput datum cannot accommodate the full anthropometric range; halo
radial inflation tolerance is finite, so multiple shell sizes (and inventory) become necessary
* Challenge: Per-pod IMU + impedance + actuator + ADC drives BOM and power consumption up; a 32-pod array
may exceed thermal/battery budgets for a wearable hub and complicate FDA biocompatibility/EMC submission
* Challenge: The contact-quality classifier requires a large, hair-type-balanced training set; without it, rerouting
may overfit early users and degrade on real demographics, replicating known fairness failures of consumer EEG

Budget Ranges

Prototype: $18,000-$28,000 (3D-printed datum frame, hand-laminated bladder, bench-cast hydrogel pods,
off-the-shelf ADS1299 eval boards, manual assembly)

Pilot: $120,000-$180,000 (injection-molded datum and pod housings, semi-automated hydrogel fill line, custom
flex-PCB pods, miniature pump module, 20-unit clinical pilot batch)

Scale: $2,200,000-$3,800,000 (automated pod fill-and-seal line, certified cleanroom hydrogel production,
regulatory 510(k) pathway, reusable hood tooling for 10k+ units/year)

30/60/90 Plan

Day 30: Fabricate 3 bench prototypes of the datum frame and inflatable halo bladder; validate pressure regulation
(40-80 kPa) and head-size range (52-62 cm) on mannequins; cast first hydrogel pod batch and measure open-air
impedance decay curve over 60 minutes

Day 60: Assemble 8 integrated units with functional pod PCBs; run first human-subject sessions (n=10) measuring
setup time, electrode impedance (<5 k? target), and 10-20 registration accuracy; iterate comb geometry for 3
hair-type cohorts (straight, wavy, coily)

Day 90: Complete 30-subject feasibility study comparing setup time and data quality against standard wet-cap
baseline; finalize pod shelf-life packaging spec; produce design-freeze CAD package and bill of materials for pilot
manufacturing quote

Dominance Axis: faster_validate -- Combines proven wet EEG chemistry with pneumatic fit control and automatic
contact rerouting for variable hair.



Top Uncertainties & Assumptions

* lonic liquid leaching through repeated wash-and-recharge cycles degrades hydrogel conductivity below the 5 k?
impedance threshold within weeks of clinical use

* Auxetic unit-cell geometry distorts unpredictably across the 5th-95th percentile head-size range, causing
electrode position drift of >10 mm at temporal sites

* Choline-lactate skin contact over sessions >45 minutes triggers delayed irritation or sensitization in a subset of
users, creating a regulatory toxicology burden

* 1/f magnetic noise floor of ME laminates rises steeply below ~100 Hz, potentially masking the 1-40 Hz neural
band even with upconversion modulation

* Mechanical resonators are acutely sensitive to head motion and temperature drift, producing motion artifacts
that may be indistinguishable from neural signals in an unshielded ambulatory setting



