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Contributions of this paper

» ®

Review Taxonomy Design Framework
Physiologically Categorization for Aspects that must
adaptive systems biocybernetic be considered when
and their systems and designing
computational intelligent physiologically
techniques adaptation adaptive

applications



Problem

List of Physiological & Biometric Data

Eve Tracking and Pupil Response
Facial Srans

Electrodermal Activity (EDA)
Galvanic Skin Response (GSR)
Skin Cenductance Response (3CR)
Skin Conductance (SC)

Skin Temperature (SKT)

Body Temperature
Electromyagraphy (EMG)
Mechamomyogram (MMG)
Strain-Based Sensor (5BS)
Electrocardiography (ECG f EKG)
Heart-Rate Yariability (HRY)
Respiratory (RSF)

Respiratory Rate Variahilicy (RRY)
Photoplethysmogram (PPG)
Impedance Plethysmography (IPG)
Blaod Volume Pulse (BYF)
Electro-Crculogram (EQOG)
Impedance Cardiography (1CG)
Gyrocardiography (GCG)
Balliscocardiography (BCG)
Magnetocardiography (MCG)

Seismocardiography (3CG)
Phonocardiogram (PCG)

Continuous Glucose Moniter (CGM)
Acoustic Respiratery Signals (ARS)

Blood Pressure (BF)

Pulse Arrival Time (PAT)

Pulse Transit Time (FTT)

Electroretinogram (ERG)
Electrogastrogram (EGG)
Magnetogastrography (MGG)
Electroencephalography (EEG)
Mear-Infrared Spectroscopy-Based Cerebral
Oxiometry (MIRSCO)

Optically-Pumped Magnetoencephalography
(OP-MEG)

Optically-Purmped Magnetometers
Magnetoencephalography (OPM-MEG)
Time Dromain Functional MearInfrared
Spectroscopy (TO-MMIRS)

Functional Mear-Infrared Spectroscopy (fMIRS)

High-Drensity Diffuse Optical Tomography
{(HD-DOT)

Intracranial Pressure (ICP)
Electrocorticography (ECoG)
Intracranial electroencephalography (IEEG)
Deep Brain Stimulation {DBS)

Local Field Potential {LFF)

Transcranial Doppler (TCDY)
Somatosensory Evoked Potential (35EF)
Brainstem Auditory Evoked Potential
(BAEF)

Functignal Magnetic Resonance Imaging
(FMRI}

Magnetic Resanance Imaging (MRI)
Positron Emission Tomaography (PET)
Magnetoencephalography (MEG)
Muclear Magnetic Resonance Spectroscopy
(MMPR or MRS)

Subdural EEG (sdEEG)

Intracranial EEG (icEEG)

Diffuse Correlation Spectroscapy (DC5S)
Subdermal EEG Meedle
Superconducting QUantum Interface
Device (QUIDY)
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Adaptive
techniques?

Biocybernetic Loop






Results: Review

19

applications
and research
projects that
have
successfully
implemented
biocybernetic
loops
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Results: Taxonomy

(ontrol Theoretic

Closed - loop systems
managing system inputs
to drive the system to

a desired target state

Machine Learning

Systems driven by
responses of trained
models using pattern
recognition techniques

Classical

—— Well - established and
grounded (e.g., On - Off, PID)

Modern

Adaptive controllers with
more robust and stable
techniques (e.g., dynamic
threshold adaptation)

Supervised

Regression, classification

e— Unsupervised
Clustering, association

Reinforcement Learning

Interactive RL



Is Qanceable

Importance of the Taxonomy

Most of the
adaptive
systems have
used classical

controllers and

machine
learning is
still scarce

|ldentifies Gaps Point out Needs

Proportional
controllers are
popular and
ECG, EDA and
EDA are the
most used
signals

Reinforcement
learning has
not been used
and data
simulation can
help

Has Examples

19 papers have

been published

demonstrating
the use of

physiologically

adaptive
systems




Results: Design Framework MAPA

Medium

Means of communication where
the adaptation will take place

Application area

Context scenario or target
application

Psychophysiological State

Human mental/physical state to
infer and adapt the system

Adaptation Technique

Type of computational
technique used for adapting

* Phys=ical
* Virtual

* Hybrid

* Dne-to-one

* One-to-many
* Many-lo-one

* Many-lo-many
* Null relation

Medium 8

PPsycho
P]'I}-'ﬁiﬂ] nginsﬂ

Application
Area

Adaptation
Technique

= Healtheare
* llducation

* Training

~. * Entertainment

/'« Control Theoretie

* Vachine Learning




Conclusion and Future Work

Create applications
using the design
framework

Explore more adaptive
techniques and
applications

Bring more uses cases
of ML and make the
models available

We need more tools to

extend the use of

physiologically
adaptive systems




Thanks!

Do you have any questions?

john.munoz.hci@uwaterloo.ca
johnhci.com
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