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Motivation

* Physiological sensing = probing a living system

« Tons of information (intrinsic coherence)

* We need to know what we are dealing with

* Reduce the distance between human and computer
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Why should we use physiological sensing
... for HCI?

“Interpreter”

Programming Machine

Compiler

language language
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Why should we use physiological sensing

... for HCI?
* Pros * Cons
* Intuitive / Trainable * Prone to errors:

* Volunta - Measurement

- Applicable with non- - Misclassification

cooperative subjects - Misinterpretation

» Subject-tailored « Computational burden
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What do we need
...for a happy physiological sensing?

Decision

Classification
Signal
processing

Data
Acquisition

Physiological
variable

User needs
Emotion
Ph. State
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Behaviour and Physiological variables

Behaviour to
model

Physiological
variable
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Brain Nervous System

Peripheral

Skeletal
muscles

Endocrine System

Pituitary
gland

Thyroid
gland

Pancreas

Adrenal
glands

Ovaries

Cardiovascular System

Blood
vessels
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Excitable cells
Anatomy of a neuron

Dendrite

Axon Terminal

Node of
Ranvier

Cell body

AXON Schwann cell

Myelin sheath
Nucleus
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Excitable cells
Kyudo = Archer + Bow ... +target

Inagaki Genshiro

Provides trigger Stores energy

Provides energy

Ready to shoot!
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Excitable cells
Kyudo and Neurons

Release
Inagaki Genshiro

potential
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Excitable cells
Resting potential

Provides trigger
(other neurons*)

Provides energy
ATP
(sodium-potassium pump)

University of Stuttgart

Inagaki Genshiro

Stores energy
(The cell membrane)

Resting potential # 0
(faster)

Moving ions = fun!
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Excitable cells

Rate-coded

Maintaining potential
(Cheaper and faster)

w q
No news, good news! eak stimulus

Action | L e |
potentials | T T T |
On Off
Stimulus | |
Do you see your nose? Strong stimulus
Can you feel your clothes? 9
Actien TERTINInN k
potentials CETTTTTTT I
On Off
Stimulus — l
& MindGreators.Gom M€ >

Now you do.
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Excitable cells
“Integrate and fire”

Inhibitory

Dindal 2000

s
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Presynaptic Neuron

Postsynaptic Neuron

Postsynaptic
Recording

Threshold

Presynaptic
Recording

Summation at axon hillock
30
A EPSPs
T ® = |PSPs
—
h
-70

Time
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Target: The Nervous System

Central Peripheral
Nervous Nervous
System

Spinal cord

Sensory
System

External Autonomic
stimuli NS

Physiological /oluntary Autonomous
Sensing
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Autonomic Nervous System
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Motor Nervous system (AKA: Neuromuscular system)
From an idea to a movement

Movement Planning
(intention)

Descending Command

+
~ Sensory integration
~ Peripheral
integration
ﬂ
)

Muscles activation
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Neuromuscular system
From an idea to a movement Supplementary motor area

Language
processing

somatomotor cortex somatosensory cortex

frontal lobe

parietal lobe

occipital lobe

Premotor
cortex

=7

Audio
processing

temporal lobe cerebellum

medulla °b|°ngata“"""'”

* spinal cord

Video
processing
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Neuromuscular system
From an idea to a movement

University of Stuttgart

Sensory Cortical Map
(Penfield and Boldfrey 1937)
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Neuromuscular system
From an idea to a movement

surface EMG motor modules acjivation primity

TAW

SO s

M2
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three step cycles
Holobar and Farina 2014
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Neuromuscular system
From an idea to a movement

§ Stroke
/‘_[1' Nointts

— Toddler — Monkey
— Cat — Rat

— Guineafowl

SCI patients
comp 1

TRD vs OVG

Oliveira 2016 Gizzi 2011 Ivanenko 2003 Dominici 2012
University of Stuttgart Match 9t 2017 22



Neuromuscular system
From an idea to a movement Do st G st Cord

Dorsal horn
Gray matter
Sensory neuron N White matter cem:;l
can
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Inhibitory (Golgi bottle
! H interneuron neuron)
o — Ventral horn

——————— alpha motor neuron to

Quadriceps femoris Quadriceps femoris

mmuscle (agonist muscle) Patella

Tendon hammer alpha motor

/‘—Il
neuron supplying
the Hamstrings

Fatellar tendon

Hamstring muscles

(antagonist muscle)
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Neuromuscular system
From an idea to a movement

¥ 0 e s - G ~
e .

Epimysium & I‘“Q . ) )
‘ ' g 2 Se%s . —Perimysium
'ﬁ'v %8588 ¢
- A 'b’; o S

Endomysium

Muscle fiber

) 2’3‘ in middle of

a fascicle
Blood vessel
Fascicle
(wrapped by perimysium)
Endomysium
(between individual
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Muscle fiber
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Neuromuscular system
From an idea to a movement

Spinal cord

KEY
- Motor unit 1

Moving ions = fun! [] motor unit 2

D Motor unit 3

http://faculty.pasadena.edu/dkwon/chapt_11/textmostly/slide47.html
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Neuromuscular system
From an idea to a movement

MU # 1

D e —
i =

MU # 2 interference signal

“ﬂ — Surface EMG

oL motoneurons Contributions of v HM VJ Hv v_

from spinal cord individual motor units +

Central control strategies:
rate and recruitment

o

MU # N

Merletti and Parker 2004
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Probing the Human Body

 Electrophysiology
EMG (s)
ECG (a)
EEG (s)
Skin impedance(a)
Arc Reflex (s)

* Movement analysis
Motion capture (S)
IMU (S)
Actigraphy (s)
Pupillary reflex (a)

* Metabolism
« Gas analysis (a)
* NIRS (a)
« Temperature (a)
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Example: myoelectric prosthesis control

* Human hand: 27DOF

* Robotic hand: 27DOF*

* Myoelectric control: 3DOF
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Example: prosthesis control
The task at hand...
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Example: prosthesis control
Why is it so complicated?

Biceps brachii

Pronator teres

Flexor carpi
radialis

Palmaris longus

Flexor carpi ulnaris

Flexor digitorum superficialis

o o eSO STILLZD Wil It Mo th._Fream Ao S, Fles_Sinog

« EMG detection
* Flexible control

* Multiple solutions

University of Stuttgart

Brachioradialis Brachioradialis

Triceps brachii

Extensor carpi radialis longus

Extensor carpi radialis brevis

Lateral
L epicondyle
Abductor pO||'lC‘IS Iong'us of humerus
Extensor pollicis brevis
Extensor pollicis Anconeus

longus Extensor carpi

ulnaris
Extensor digitorum

Extensor digiti
minimi

D Brachioradialis

. Extensor carpi radialis longus and brevis
] extensor digitorum

- Extensor digiti minimi

. Extensor carpi ulnaris

[ Abductor pollicis longus

. Extensor pollicis longus
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Example: prosthesis control

Mitigation

* EMG detection (bipolar, high density, multimodal)

* Classification algorithms

* Get ‘creative’ — Qulity of life first!

University of Stuttgart

Aszmann 2015

A\ J

A\ J
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Example: myoelectric prosthesis control
Put things in perspective: neural plasticity and learning

www.goettinger-tageblatt.de/

http://www.nagehu.org/content/Projekte.html

http://www.goettinger-tageblatt.de/Goettingen/Uebersicht/Alimatou-Bamba-
zu-Forschungsuntersuchungen-in-Goettingen

&NGH

Nachhaltig gegen Hunger
http://www.nagehu.org/content/Projekte.html
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Example: myoelectric prosthesis control
Put things in perspective: machine intelligence

Prosthesis awareness

Manual control

COMPUTER VISION
SENSOR
Contextual information

RGB and depth
data

Commands

PROCESSING UNIT
Reactive control of
preshape and rotation

MYOELECTRIC Triggering
INTERFACE

PRROSTHESIS
Sensors with an active wrist

3D orientation
INERTIAL SENSOR

Markovic 2015
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Probing the Human Body
Summary

There is a lot of measurements that we can use

We need to keep in mind the user’s needs

Signal quality is crucial
- Physiology = ally
- Noise = enemy
- Multimodal rocks!

We must get creative
- Neural plasticity
- Machine intelligence
- Teamwork
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Thank you!

Leonardo Gizzi

e-mail leonardo.gizzi@mechbau.uni-stuttgart.de
phone +49 (0) 711 685-60044
fax +49 (0) 711 685-66347

University of Stuttgart
Continuum Biomechanics and Mechanobiology (CBM) research group
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