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Laboratorium Neurokognitywne,
Interdyscyplinarne Centrum Nowoczesnych Technologii,
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1995: European Summer School on Computing Techniques in Physics, Skals
Dvur.Paper in the special issue of Computer Physics Communication

Duch W (1996 omputational physics of the minGPC97: 136153

X bSgG2y> al@SNE |1 221S> | St YK2t 1 |
research ompsychophysicstrying to relate psychological sensations to
Intensities of physical stimuli. Computational physics allows to simulate comp
neural processes giving a chance to answer not only the original psychophys
jdzSadA2ya odzi Fftaz2z G2 ONBIFGS Y2RSH
The path from the brain, or computational neurosciences, to the mind, or
cognitive sciences, is sketched, with emphasis on higher cognitive functions
such as memory and consciousness.

1 A Note from the Editor of the CPC special issue, Frederick James:

X O2yFSNByOSa |yR aoOKzz2ta 2F0Sy 27F
considerable interest which would not normally be submitted to a research
journal, and this school is no exception. We hope our readers will find

inspiration in these more unusual contributions, such as that of Duch on
a/ 2YLMzaF A2yt tKearaoa 2F UKS aAyR



https://fizyka.umk.pl/publications/kmk/96compmind.html
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bSdzZNPReylIYATLFY |{1Gésy216 Ysl IdOTYAS
PET, fMRI lub innych technik.

{ G yoafsd Ao ! Y - st
hOSYyl OSOK R2 g%
na poziomie mentalnym.

1. hR &aéydzZ  O2A (12YLWziSNRgeOK R2 ai
2. hR YySd2NB2ONI T 26+ YAl R2 &ldlysg YS:
Metafora:dzYe a O u2 OASZ YSdzNPReyl YAl AOD
11 0egoy 21 60 eftmpkidBeM ptzgsirzeniach psychologicznych.
Problemy A S YI Y& R20NX2 FSy2YSy2f23AA

R.T. Hurlburt & E. Schwitzgabel, Describing Inner Experience? MIT Press 20
E. Schwitzgabel, Perplexities of consciousness MIT Press 2011.
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Neurodynanmcs
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Neurodynamika => zdarzenie
mentalne, zdefiniowany w
przestrzeni psychologicznej jako
1T AadGlroAtye ai
dynamicznego.

{OGFy dzyeaodz I gA
trajektorii w przestrzeniach
psychologicznych.

Psychological
space




Physics of mind

t 22t OAS o FAl 81 dzYéaodz Lkel

[ S2ZYAR tSNIz2@galez NBRI1G2N y'!
VILAALIO 6ASES 1aANROS]T A | Physics

[ St MakingpsychologyeK I NRé & OASYy OS®
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2l 1 gxyéiﬁé)/ll’j GASRI €3 105 NE
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Reaz2ylIyasS LRYAtRI & NyxoyeYA
Kurt Lewin (18861947F a¢ KS O2 Yy OS LJi dzI €

Kurt Lewm

UKS YSIFadaNBYSyu 27F LlJaéeOK2f 2 Inriees
ldea: cognitive dynamic movement pmenomenological
(hodological) spaceDiscrete Process Model (DPM) Force ~  RERy e

transition probability between states in valence fields. in Social Science

Selected Theoretical Papen

WD:Lewin, psychological constructs, brain cognitive activiOi 7


https://arxiv.org/abs/1711.01767

[ ADé Llaeé DWigaf 2 3 A C

Fig. 5. “Positive central force field corresponding to a positive valence (Va>0)" (Lewin, fig. 33)

Field Theory in

Social Science:
Selected

Theoretical Papers

“G, region of a positive valence (Va(G)>0), located in C; P, person; the forces fac, fuc, or
fLc correspond to Va(G) in case P is located at A, H, or L, respectively; fxy = fxc .”

YdzNII [ S6AY LINk3026F0 | YyITtANBPRRZ® AAI
062NI DO LIAE@OK2f 23At 61 2NRGLFYND yI
t NI S21 OAl LI YAt RI é=aaoey ILYaR .OK=2[f 2 dKA
Atraktory=obszary o pozytywnej walencji (charakterze emocji)

o | alevdra: Piinciples of Topological Psychold$936) The

Conceptual Representatiofa Measurement of Psychologidabrces (1938)
Field Theory in Social Scie(t@51).



Brain like a distorting mirror

So, your brain is
expected to be the most
complex object in the
universe?

Spenger Series in Cognitive and Newaal Systems 11
|
|

| loan Opris
1 Manuel F. Casanova Editors

The Physics of
the Mind and
Brain Disorders

Integrated Neural Circuits Supporting
the Emergence of Mind

) Springer




azZRSt S dzyYea Od:
1994: Towards Atrtificial Minds. Pierwsza Konf. Pol. Tow. Sieci Neuronowy

1996: Computational physics of the mind. Computer Phys.Comm. 971536

1997: Platonic model of mind as an approximation to neurodynamics. In:
Brainlike computing and intelligent information systems, Springer,-492

2001: Facing the hard question. Commentary on J.A. Gray, BBS 24 (2001

2005: Rules, Similarity, and Threshold Logic. Com. on E.Pothos, The Rule
versus Similarity distinction), Behavioral and Brain Sciences, 28 (1): 23

2005: BraiAnspired conscious computing architecture. Journal of Mind an
Behavior 26(2), 1-22.

2013: Duch W, Brains and Education: Towards Neurocognitive Phenomics
Book chapter, in: Learning while we are connected, pg23.2

2017: Finc K, Bonna K, Lewandowska M, Wolak T, Nikadon J, Dreszer J, |
23y YNKY {® ¢NryaArAadAzy 2F GKS Fdzy O
cognitive demands. Human Brain Mapping 38(7), 88594.

2019: Duch, W. Mind as a shadow of neurodynanibgsics of Life Reviews
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Fenomika neuropsychiatryczna

2008:TheConsortium for
Neuropsychiatric Phenomics
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Neurodynamika, sieci neuronow
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neuroobrazowania jak
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structure
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http://www.phenomics.ucla.edu/
https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/index.shtml
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Teoria: FEP Fristona
The freeenergy principle (FEF): d R& al Y22 NHIF y Al dz2nRO

GFYyAS Nsogy26F3IA 1S a62AY I NPR2GAA&
FliesyAS LINI SgAResl 6 LINBGFRINDO gy
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Ograniczenia narzuca ewolucja,
YAYAYFEAT I O2F yASalL
przez wnioskowanie i dostosowanie swoje
I NP R 2 gvoldtipnarpSystems Theory |
EST(Badcock, 2012).
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Spatial Resolution

. Invasiveness

Neuroobrazowanie N -
99DY R2 pmH SESTUNRRS Yl
Y21 NB fdzo adzOKS SfS‘IGNJ§
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Obrazowanie mikrofalowesuraxa Berkeley

Potencjalnie rewolucyjne tanie, bezprzewodowe
gedaz21l NRBIRIASEOI 2156 OII-

Ultra Wide Band (UWB) pulser/antenna/sampler ICs /A
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http://www.furaxa.com/
http://www.furaxa.com/
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Population dynamics TVB model
THEVIRTUALBRAIN

Modification of local
connectivity and
external input
I modifies local input

DSI + Tractography

Adjacent nodes
Coupling |  Fiber
strengths | lengths

Suchual Local input
connectivity

External input

Local input

External input

Adjacerit nodes T

Modification of

Local input structural

connectivity due to | Modification of
plasticity & global input via
| alteration of long

Local input range connectivity

Global input
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Neurodynamika Psychodynamika
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Zdarzenia mentalneNJzO K &Y #alelttakie
W przestrzeniach psychologicznych




Przestrzenie psychologiczne

Psychologiczne przestrzenie, topologiczna psychologia i inne idee z fizyki:

Kurt Lewin The conceptual representation and the measurement of
psychological forces (1938). Idea: dynamika kognitywna to ruch w
fenomenologiczne{hodologiczne)) przestrzeni

¢S2NAI 5)\aONJSq§ tNEOSLaJP@J ARRISE RDBA S
LINI S21 8 LRYAtRI @ adlylFYA ¢ LRfdz ¢

George Kelly(1955), teorigoersonal construct psychology 2 LJA S NJ é
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RogerShepard(195%+2001), Pspaces
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(multi-dimensional normetric scaling).
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GNWT

Global Neuronal Workspace Theory (Dehaene et al. 1998)

hierarchy of modular high-level processors
processors with strong
t./ long-distance
interconnectivity

automatically —"O/"—" processors

activated ‘ mobilized
processors ' 4 into the

CONSCIouS
workspace




Neurakognitywne podstawy kontroli

attor :on * Flexible

hubs

Cole M\W. et al. (2013Multi-taskconnectivity reveals flexible hubs for adaptive
taskcontrol. Nature Neuroscien¢2013



http://www.colelab.org/pubs/2013_Cole_NatNeurosci.pdf
http://www.colelab.org/pubs/2013_Cole_NatNeurosci.pdf
http://www.colelab.org/pubs/2013_Cole_NatNeurosci.pdf




BrainComputer Interfaces (BClI)
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Supervised
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(LDA, SVM)
/0O Models for
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Generative

Models
Rate Coding
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Learning
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State
Machines




Original spectrogram
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Pasleyet al. Reconstructing Speech from Human Auditory Co(2€4.2)
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‘2% Speech synthesisfromnieurakdecoding-of activity © ~»
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.

Synthesize

"Ship building is a most fascinating process."
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Pasleyet al. Reconstructing Speech from Human Auditory Co(2€4.2)
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https://www.nature.com/articles/s41586-019-1119-1
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dyskretne reprezentacje fonologiczreenie akustyczne
{3yl U I=pfdeéniy&>@Ii02& koncepcje semantyczne
11086l 0258 &S Y|l YlinstifoyfadgiofiycN200LH&Rs))

F. Pulvermuller (2003) The Neuroscience of Language. On Brain Circuits of Wc
and Serial Order. Cambridge University Press.
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stimulus
word
“celery”

predicted _
activity for Predykcja
“celery”

Obserwacja

Intermediate Mapping learned
semantic features from fMRI
extracted from training data
trillion-word text

corpus

Predicting Human Brain Activity Associd
of Nouns," T. M. Mitchell et al, Science, .

{0262 IT'H Hp OSOK &aSYlyueolyeaoks 110
2 S1 02 NXe aMagieszZkBOLD). Klasyfikator trenowany Rr2 dkanach.
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Semantyka oparta na
naturalnych wymiarach.

J.R. Binder et al
Toward a BrawBased
Componential Semantic
Representation, 2016
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emocjami, neuronalnymi
funkcjami.
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http://gallantlab.org/huth2016/

voxel [22,32,57] left
[ 71 |I|I

model prerf_ormai"iée:r 0.278 (p=0.000) =
T Not bad, pretty reliable
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Murder
aunt woman

family moth

parentschild mothe
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http://gallantlab.org/huth2016/
http://gallantlab.org/huth2016/

Aktywacja kory

2 At 1al216 ¢21aStA 0ASNI S dzZRT AT ¢
silne preferencje, jak w tym przypadku.

voxel [24,51,68] left ol

model performance: 0.207 (p=0.000) =
Not bad, pretty reli

murder
murderer



http://gallantlab.org/huth2016/
file:///D:/Archiwum-WD/A-Referaty/PowerPoint%20PL/The%20brain%20dictionary-16.lnk
file:///D:/Archiwum-WD/A-Referaty/PowerPoint%20PL/The%20brain%20dictionary-16.lnk




Category traffic light: Passive Viewing




Segmentacja doSw
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file:///D:/Archiwum-WD/A-Referaty/PowerPoint%20PL/Vision%20Reconstruction-3min.lnk
file:///D:/Archiwum-WD/A-Referaty/PowerPoint%20PL/Vision%20Reconstruction-3min.lnk

W analizie obrazu stosuj
aAt 0eLR2gS
GIST, gradienty
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neuronowe CNN, np.
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min parameNs, R | 2
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wektor CNNX, upraszcze
obliczenia.

Bashivan, P et aNeural
populationcontrolvia
deepimagesynthesis
Sciencd.05. 2019
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Dekodowanie generyczne
{11 yé FawL Y20yl ai12NBt26l06 yAS I
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20NF:ESBY T B IHomkdwa, MKanshiGdaefic decoding of seen
and imagined objects using hierarchical visual features. Nature Cao.

Category-average patterns
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fMRIe CNN

Generic decoding: recognizing also images that did not appear in training
Data from dreams, imagery, visual activity.

1.

Use CNN to analyze >15.000 ima@efrom ImagNet database
classifying them into 1000 categories; for each image generate 13
types of featuresCNNL8, HMAXE3, GIST and SIFBoH coded as
template feature vectord/(O) for images.

AnalyzeMRIdataHO) for 150 image categories (8 examples in each)
select 500 voxels foricVv4, LOC, FFA and RBgponding strongly to
Images vs scrambled images; decode feature vel{i@3 using
regression analysigHO)] =V(O).

For a new imag@, (test, imagery, dream) use regression to calculate
feature vectorRIHO,)] =V(O,).

Find in the database vectM(O) for category of images most similar to
the predictedV(O,), representing mental image, or recreate using
activation maximization method an image frof0,) vector.



fMRIe CNN

Skany dla 150 kategorii iy TS T
15.000 w ImageNet. Yo 2T |
4 neurony wybrane T \ |
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Decoded
fMRI DNN

Sl category
actnvuty features t

Correlation e a ¥ False
coefficient ' SR category

Decoding DreamsATR Kyoto, Kamitani Lab.

SkanyfMRIzbierane w fazie snREMi przy zapadaniu w sen, po obudzeniu
ol RFYA 2LAaeégls2] 00 Fogir dkatkgori),] Yy A O 2
ge20N) oR2pf2XK2 3t DRI ye@OK dmxk: opn 1F 0
Horikawa, Kamitani (2017). Hierarchical Neural Representation of Dreamed
Objects Revealed by Brain Decoding with Deep Neural Network Features.



file:///D:/Archiwum-WD/A-Referaty/PowerPoint%20PL/Japanese%20Dream%20Recording%20Machine.lnk

Neuronalne obrazy

1. We recorded responses to parameterized faces from macaque face

5T At 1A Fawl [EIEE
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Wystarczy jednak 205
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F10eégy21 OA |
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w kilku obszarach | : .
2. We found that single cells are tuned to single face axes, and are blind
wzrokowych. to changes orthogonal to this axis

GEERE
L. Chang and D.Y. Tsao,
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identity in the primate

0 NJ &eff d0d:10.1016/
j.cell.2017.05.011, 2017
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3. We found that an axis model allows precise encoding and decoding of
neural responses
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DARPA (2016Neural Engineering System Design (NESD)
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https://www.neuralink.com/
https://www.darpa.mil/program/electrical-prescriptions
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Biomarkery z neuroobrazowania

Image Preprocessing

Data Acquisition
(three sites in Japan)
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Functional connectivity-based
classifiers for mental disorders

Recasting current nosology in more
biologically meaningful dimensions

‘i‘

MDD

|

Normal e
(typically-developed)

Each axis represents proneness to
a specific disorder derived from the
corresponding FC-based classifier.

MDD,3 Ot 6 2 | | , SRB¢HiXdéni@a ®CDzaburzenie kompulsyjro
obsesyjne ASDautyzm Biomarkery z danyctMRIpozwalajana obiektywne
oceny N. Yahataet al, Psychiatry& Clinical Neuroscienc@917;71. 215237
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Rekonstrukcja/Lokalizacja N» REGO Fylu fMRI

w2l {EBG/R & 1 OPCRIEH EMDanalizatensorowa i analiza
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symulacje, npThe Virtual Brain.



EEGsymulacja wprost

Amplifier EEG
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EEG lokalizacja 1 rekonstrukcja

MN (£;) family

Dipole model Distributed model
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He et al. Rev. Biomed Eng (2018)

Sparse and Beamforming and Nonlinear post hoc
Bayesian framework scanning algorithms normalization
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SupFunSim

QupFunSimnasza biblioteka/tollbox Matlaba, modele wprost HEGVEG

Liczneiiltry LIN] Sa 0 NJ Sy y S R 2 EBGifearly éconstit®dO2 A
minimumvariance (LCMV), eigenspace LCMV, nulhiig, minimurvariance
pseudaunbiased reducedank (MMPUREX

Sourcelevel directed connectivity analysisartial directed coherence (PDQC)
directed transfer functiorfDTF) measures.

Oparta na pakleC|E|eIdTr|p EEGMEG Y 2 Rdz | Ny 2 1 ezdnenﬂma)haSl (
[ d2de@OASY y20Sasg WdzLIRRGSNI 61 2YSy il N

A:=Hg p =R '"H
B:=Hg,.y :=N""H

$8file calculate H Src.m
function model = calculate H Src(MODEL)
model = MODEL;

model.H Src R = pinv(sgrtm(model.R)) * model.H Src;
model.H Src N = pinv(sgrtm(model.N)) * model.H Src;
end

Rykaczewski, K., Nikadon, J., Duch, W., & Piotrowski, T. (BtdRX)ly 618694




Spectral fingerprintsdynamika

Scatter Plot and Fitted Gaussian Mixture Contours

Single
subject

|
d e ROI
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Precentral Gyrus (left)

* Pictures from Keitel & Gross 2016 and Fieldtrip Group model
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Spectral fingerprints
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Simultaneous EEG/fMRI
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Raw EEG Data

Functional MRI ][ Anatomical MRI
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Artifact-free EEG

' Global Field Power
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Co-registered and
normalized fMRI

Temporally downsampled EEG
(microstates)

4 Sourceimaging

EEG Cortical Sources

& Alignment
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Spatial Comparison & Temporal Correlation
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(A) DMN, (B,C) FRdntoparietal)-left/right, (D)sensorimotor,(E)executive
control, (F)auditory, (G)visual (medial), (Hjyisual (lateral)Ok. 150GB danych.




Symulacje wybranych funkcji

Emergenteural simulatorAisa, B., Mingus, B., and O'Reilly, R. The emergen
neural modeling system. Neural Network&], 10451212, 2008.
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Viser toolbox

VISER Toolbox HOME FEATURES EXAMPLES DOWNLOAD DOC TEAM CONTACT
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Respiratory Rythm Generator Lorenz Attractor Orbits swap in Lorenz Dow Jones Stock Index
I Attractor

Cyclic Movements Model Long simulation of Dyslexia Model of Word Reading and Lorenz Attractor
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http://fizyka.umk.pl/~kdobosz/visertoolbox/
http://fizyka.umk.pl/~kdobosz/visertoolbox/

Trajectory visualization
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Activation in Semantics layer [dyslex. proj] Activation in Semantics layer [dyslex. praj]
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Norma- ADHD

Activation in Semantics layer [dyslex. proj]

Activation in Semantics layer [dyslex. praoj]
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sieci funkcjonalnych na konektomach strukturalnych, biologicznie poprawn
modele sieci neuronowych i fenomika neurokognitywna na wielu poziomac
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