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Adaptive BCI | | . P3oo—speller
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Adapfive BCI P3oo—speller

BCl methods:

- Adaptive

AssisT in learning,
foster motivation,
favor ergonomy,

minimize fafigue...

| Adjust to signal

Short term user factors:

1. Attention, mood (Nijboer 2006,

' ioment and __ e Jeunet 20%) muscle tension
. The equip . nt: | —
' im | environme
- experimenta

(Schumacher 2015)

== 2. User’s mental command, e.q.
| i t sensifivity ov | : ' e
. 1, Equipment s e B for MI - Linesthetic or visual

ic field presen e e i

mag\ne)ﬂc v\: T o ==~ moTor Imagery (Neuper 2005)

I~ cnvivonme e : '

- | ong term user factors:
silva, 2005, Maby 20%) e J

-

| & 3. User’s learning capacity
5. Quality of fhe '\)Yv\s)(:cuc“)ﬂzﬂs - depending on e.q. memory span
: o eitio) : -
- given To The user

_ = infrinsic motivation, imagination
“ fhrough the task (Neuper 2005) and skills (Teunet 20%)




Long period

Adaptive BCI

P3oo—speller

Uer E | e Task model

Stable characteristics
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Adapfive BCI

—>» (Top-down) control flow

When? ---» (Bottom-up) information flow
How? =

- A generic framework for e S “—" Conductor
adaptive EEG-based edose. s RS What

User model — Task model

- BCI training and operation

Stable characteristics Purpose

( Gender j( Age )(Handedness)
0 ~

= 73 u» <x Profi .
Explicit model of user [E58 & [C";:i;jej[personalityj

abilities

and Task; Q
_ = Context dependent components

[Mladenovic et al. 2017]
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[ Workload j( Attention )[ Mood )
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What about a (generic) computational tramework?




A computational neuroscience approach on how an adapfive system
like the bvam should imp\emevﬁ perception, learning and action.

Impovfamﬂ%, suoh 3 squem
— Implements a model of its environment
— Optimizes ifs inferactions through both making inference
(about the environment) and acting (upon the environment)
— Inference and Action both rest on opfimizing a single
cost function called Free energy

T

We propose to endow the BCI system with Active Inference in
order o optimize cooperation with BCI user,

B o e e T A A T it T G g mrm e e el g e T e e e e e i R e -"7'7"‘ il ﬂ"hcr ﬂr‘t CRERCAL TSR, B Taly Jot TS o =
T e, > gy ] SR PG, LT e = S ety = ._,%_-.___. = i L A
i et e _.._. AR GAS ::_ _‘ : 'f___'_" 5 . 55._? S _;a m.‘b T L= ? .....“'.P'""’-v.-, wie ey -...[Mattout 2012]

re—— s

7/18



State fransition
(depends on action)




Motivation Application Framework

: To minimize the surprise

of the outcome:

Minimizing cullback—Leibler

B ivergence!
D (PIQ) = D P(E) 18
ResisTing The nafural

tendency of disorder!
Mm\m\zmq ve\ahve evﬁvow'

P()
Q)

= e
e

—F

F\ZEE ENE\ZGY MiNIMI’LATION

Active }hfevenge

_To favor a certain outcome:

Encoded in the prioy belaefs

~ Or utility function:

[Friston et al. 2010]




. Basic:vow/co\umwf

protocol, spell
2fter n flashes
optimal stopping,
i,e. spell when
enough evidence
has been
accumulated




~ Task model

e

P300 OX
ERROR POTENTIALS

PERCEPTION/ACTION

FLASHING OR SPELLING

What can be the choice ot rows/columns To tlash fo reveal the Tavqef?m/



P3oo—speller

_ State fransition
:\"(olepenols on action)

Midden stafes
(36 possible items)

log likelihood ratio: state mapping onto outcome

LLR: - log [p(4tT)/p(4INT) ] (reflects classifier accuracy)

[Mladenovic et al. 2017] 11/18



opt|mal stopping
‘= Should 1 go on f\as\nmq
or spell?

optimal flashing
— Which items shou\ol

Possible actions
(flash or spell)

h‘HiololeV\ | states

(36 possible items)

Which action minimizes

[Mattout et al. 2015] [Mladenovic et al. 2017] FY@@ E VleVg%? 12/18
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| stopping ) & flashi ing showed mcréased churd“cfy
) reguced fime

« Optimal stopping: 20.1x9 flashes 7 80.6% accuracy
« Optimal stop & flashing:

[Mladenovic et al. 2017]




Adaptive BCI AcTive waevemc_e P300—speller

COmPaveol
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Adaptive BCI AcTive waevemc_e P300—speller
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'*Q;Ltim\l'ze parameters between and within subjects

_xtend the modei to mcorporate new ac ctions:




Adaptive BCI Active Inference P300—speller

ACTIVE INFERENCE

User (hidden) states Task (control) set

Prior beliefs

Traits

Exercise

Action
Feedback / Instructions:
Modality, Difficulty

Observations
(neuro)physiological
measures (e.g.EEG)

True states (user intentions) are inferred through observations by the machine
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