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     In partnership with USAISR (and a NASA
Phase II SBIR), we built a multimodal wearable
sensor package sized for the field, streamed
from a body-worn Android device to a resilient,
offline-capable backend. It captures the signals
needed to estimate a medic's cognitive and
physiological state in real time. 

Fig. 3 shows how each biosensor datatype travels from the
wearable to the dashboard under a preservative, non-
destructive contract.

Every stream is recorded in full for future analysis and re-
tooling. Three layers cascade, each passing its input through
unchanged and adding its own:

RawStream: Captures all data straight from the worn
sensor package (EEG, cardiac, motion, impedance,
packet metadata), at source rate, on a monotonic dual
clock.

AnnotatedStream: Adds time-synced signal-quality
labels without altering the raw. i.e. dead-channel and
motion detection, packet-loss and impedance
monitoring.

InferenceStream: captures every model verdict on the
annotated stream, from deep models (REVE cognitive
load) to lightweight heart-rate/eye-movement heads.

Here the held-out-day condition matches how the system would be
deployed. Accuracy separating the easy and difficult extremes is 91%.
The same head evaluated leave-one-subject-out reaches 0.644 BA /
0.856 AUROC, with all 15 subjects above three-class chance.

We are presently testing with USAISR in simulated trauma-response
scenarios. We have exercised the full data pipeline end-to-end in these
live scenarios: multi-sensor capture (EEG, audio, GPS, compass, IMU,
cardiac), streaming ingest to the datalake, and on-line cognitive-load
inference all ran in the field, producing 2,106 inference records across
the 15 July collection window.

A psychological digital twin is a dynamic, continuously updated virtual model of the medic's cognitive and perceptual
state, built via Active Inference over multimodal biometrics.  A digital twin allows hidden cognitive state analysis that
would otherwise be time-counsuming, and untennable in a battlefield environment. The impacts of realtime, hidden
state knowledge are a force multiplyer; for command, and proactive assistance systems for the soldier. 

Cognitive load is the critical hidden state: it bottlenecks every task a medic performs, yet is invisible in any single signal
(under acute stress, paramedic accuracy has been shown to fall 58%→43% , independent of experience). We recover it
with a three-stage pipeline:
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Multimodal data: No single sensor sees cognitive
load; fuse EEG + cardiac + motion + audio +
location.

Unsupervised State Discovery: With states
unknown & unlabeled, discover how many latent
states exist and softly assign windows.

Hidden Markov modeling: Model the dynamics,
how the medic transitions between cognitive
states over time.

Wearable biosensors being used:
Polar h10 heartrate monitor
OpenBCI Cyton wireless EEG
Head accelerometer 
GPS location
Ambient sound microphones
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Modern medicine, in adverse or extreme environments, is bottlenecked by the cognitive load of the medical
personel.  For the future of combat medicine, human machine teams will need to be aware of internal

cognitive states. The first step is being able to measure cognitive load, in real time.
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On the benchtop, with our EEG equiptment and models, we achieve 0.693 balanced accuracy / 0.806 AUROC
discriminating cognitively engaged from resting states during a Mental Arithmetic Task (MAT). On the NASA MATB-II
operational workload battery (Neuroergonomics-2021 corpus, Z) our graded three class load head reaches 0.633 balanced
accuracy / 0.793 AUROC under cross-session validation. 
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