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SUMMARY

But s.i. yMRdel i ng and Methods for Effec
i n NeurointedfagaoahdicQuaydifeernsng sci ent
rights of .the manuscriopt

Thesis for the degree of Doctor of
Ma heimagl"nsti tute of Telecommunications
Nati onal Academy of Sciences of Ukrain

AbstractTrh@Gonthersti s i s dedicated to t
mat hemati cal model s and met hods for pr

el ectroencephal ographaplNEEGECEGiIdgreigfeiac

attention is given to the i mprovemen:
bi omedi cal signals, which enhances t he
for pr ocessisggmagl n Ed€i@argdnioost i ¢ systems, b
systems, and procesavagi EEGnsugnahserhf

One of the main results of the thes

mo d e | of wvector HmHMHEGntsiroefc omr@paatuend eme rcto
by a neurointerface operator, i n the f
random processes. Thi s mo d e | surpass:¢
compared to known E&tGtosi ifma&l cypacdelcal il

of synchronously registered biosignal

rhythm, providing new possibilities fo
statistical digitali mreoxcee-sma/mgi met hedes
Ssystems. The significance of t his mo
enhancementadaptirhgt Bmati sti cal Pproces:¢

Il dentification (detectifolnueesmdodgot htehme u
system operator, significantly | mprovi

A substanti al part of the thesis r
met hods faodraprthwtehnmrocessi ng abafghtoGG i i

bi ometric authentication systems based
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cyclic random process. The developed
and | ow computational compl exi thyi carhieda |
aut hentication by ECG signal s.
The thesis also includes the devel
I mpl ement s the aforementioned mat he ma
aut omation of processing, anasygmnal s an
|l n the introduction, the relevance

the work with the scientific research

the research are defined, t hé noebdj,e catn de
of research methods applied to achieve
novelty, practi cal significance of t h

contribution of the candi diange talre \aaltii
publication of the research results is

|l n t he f, i rasnt asnemadtyisams of mesdegnalt aaol
which are <critically important for un
organssonsdudt ed. Speci al atsti gmtail ®an siugc I

and EEG, which play a key role in medi

noinnvasive neurointerface systems. Dir
data makrkecobnei dered, including wearab
technol ogies, which enhance comwnahi emg

The use of these signals for biometric
al so eahphasi z

Known mat hemati cal model s an&gi matah
I ncluding EEG and ECG, are examined.
adequacy and accuracy of these mat hema
bi omet r i ¢i oanu,t haenndt idceat ect i on of ment al (
system operator. Both stochastic and
bi omedi cal signals are discussed, as \
pur poses c aMi tfhocausspoeen t he devel opment

model s.
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Theectailesm conduct s a comparative ¢
model s of ECG and EEG. The main focus
of models andcof hsetatisttcakenpsocessing
systems for medi cal di agnostic-snvagiov
neurointerface systems.

|l n theseaseticiomhle defining properties

vector EEGedar dheomeiedlef or mul ticycl e s
systems with the aim of effectively
i nvol vement of statistical met hods f or
established.

A det aarmiedata on of the process of
rhyt hmically connected random proces s
conditions of repeated ment al control
conducted. The metnpodE&IGogywhi cilmdhpé @drg
capabilities and ensures accurate repr
i's described. This is crucial for acco
signals in their efRheyctthtrapt pvecsestatngt
assessing the probabilistic characteri
accurate study of t he probalbn dciosmpiud e
n

t esy atcems .

|l n theedtiiomhe thesihe, pkegxessagegsoff
neurointerface systems are examined, \
using the OpenBClI platform, their prel

the new maodelmadf caé c moirc aEEGd,n.and <c¢cl| as

Il n the preliminary processing stage
remove noise and external artifacts, w
analysis stages. | t ssatsih®twinc &lh atnd thkhee
all ows for a highly accurate esti mat.i
signal s, which is critically 1 mportant

i nfluence of a neurointerface operator
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Theet idemscri bes tohfea whewe |lboapseedd son Py

such as Pandas, Numpy, Scipy, Skl ear n,
tool s for aut omat ed processing, anal
experi ment al sepaarrcth, ofwhtiltéh etdenwvleuddés c at
devel oped mat hemati cal mo d e | and anal
Ssystems depending on t he presence or
neurointerface system operators, i's de

Theectcioomr | udesswug i ean don cl assific
various methodol ogies and approaches
emphasis on their spectral anal ysi s,
Il denti Ayahgcommmands .e Kpeoyt einde aasl anod tfhu
ar ea ar e hi ghlighted, paving i me a swviav
neurointerface systems.

The fourtekameneson he met hodadamft i ¢
processliemgt rodencephal ographic (EEG) an
i n theft mekscal di agnostics and bi ome
section, the main attention is focused
SCGignals on t ha&dadmtsiiwse odt athigsttimochael h te
func.tHgohnsef fectiveness of pleirsmodtarsied a&u
ECG signal s using the devel oped met h
hi ghlighting the connection betweegeae br
security sygpeaemefl [@Fghecesdssing ECG signa
segmentation, nor mali zati onTheandecatlias
di sceesmearative analysis of diff esrsenitn

bi ometric aa ft pheer igst bi ncoant i Ghofmmeb | n e d Measur

Eltecocargli dgreamhi ng, andatSaebasmecat tdi o0g
how statistical characteristics and th
classifiers, considering the neecdcansf.or

The effect ipvpernoeascsh otfo tthhee apr ocessi ng

I n t he di ssertation wa s demonstrated
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aut omated diagnosis of arrhythmia in p

ti memputati onal ocadmphlnesx iftoyr otfr aalng ng &

systems of medical diagnosis of arrhyt
Key wmatdlsemati cal model ing, statist]
el ectroencephal ogr am, el ecstriocaydi dgn

aut henticati on, neurointerface.
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3ATBEPIDKVYIO
ITpopexTop 3a;§n§;;y mm OCBITH 3
HayKOBOI po6o§m0Te ECHKOTO

HAIIOHAIBHOTO Mejt H(YI;\G iBepcuTeTY
im. LS. I‘?Qp6aqe1305‘

AKT BITPOBA/IKEHHS
pesyromamie oucepmauitnoi pooomu byuyia Pomana Anopiiiosuua

Jlanuit akT ckiajeHuit mpo Te, 10 B HAyKOBO-IOCHiAHIA pobori «IHdopmaniiiui
texHounorii Data Science Ta Big Data B xibepdizudHux cucremax MeIuKo-0i0NOriMHUX

npoueciey (Ne gepxkpeectpauii 0122U000030), sika mpoBoANUTHCS Ha Kadeapi MeIuuHol

iHpopMatku B TepHOMINBCEKOMY HAI[lOHAJIBHOMY MEIHYHOMY YHIBEPCHTETI iM.
[.51. Top6ayeBchKOro, BUKOPHCTAHO HACTYTIHI PE3yNbTaTH AUCEPTALiHOTO JI0CIiIKEHHS
P.A. Byuis “MonentoBaHHs Ta METOJH €(heKTUBHOTO OIPALFOBAHHS LIUKJIIYHUX CUTHAJIB B
HelpoiHTephelicHUX Ta KapAioAiarHOCTHUHHUX CHCTeMax’”:

- HoBy marematuuny momens BektopHoi EEIT y Bumisai Bektopa NMKITIYHHX
PUTMIYHO TOB’S3aHUX BHIIAAKOBHX IPOLECIB, sIKa T03BOJIsE €(PEKTUBHO aAHAJi3yBaTH
LUMK/TIYHI O10OMEeIUYHI CUTHANH 3 ypaxXyBaHHSM X CTOXaCTHYHOCTI Ta [UKIIYHOCTI.

- Meronqu puTMOamanTUBHOIO CTaTUCTH4YHOTro aHamizy EEIT curhamis, 110
N03BOJIAIOTE 3 BHMCOKOIO TOUHICTIO aHalli3yBaTH CTAaTHCTHUHI Xapakrepuctuku EET
CHTHAaJIIB JUIs pO3po0KM epeKTHBHUX HEHPOiHTEpHEHCHUX CUCTEM.

- PutMoagantuBHmii MeTos 6ioMeTpruHOI ayTeHTH ]Ikl 0cOOU 3a OHUM LIUKIIOM
EKT, sixuit eMoHCTpye BUCOKY TOYHICTB i HaJiiHICTh B ineHTU]IKaLiT 0COOH.

- CucreMy KOMIT'FOTEpHHX Nporpam Ajsi aBromaruzoBaHoro ananizy EEI™ ta EKT
CHT'HAJIB, 5IKa BKJIIOYA€ iHCTPYMEHTH Ul PUTMOAIANTHBHOIO CTATUCTUYHOIO aHaji3y Ta
OiomerpuyHol ayTeHTH]IKaLil, sKi 3a6e3MedyroTh iIHCTpyMeHTH /ISt e()EKTHBHOTO aHai3zy
LUKIIYHUX O10MEUYHHX CUTHAIIB.

IlpuiiHATO 10 BHPOBAIKEHHS Ta [OAANBIION0 CYMICHOIO BHKOPUCTAHHS i
NPaKTUYHOI peanizalii 3a3HaYeHMX MO3MLIA € MiACTaBOK MAJs INBHINEHHS pPiBHS
iH(OPMATUBHOCTI aBTOMATM30BaHOIO aHaji3y LMKIIYHUX OIOMEIMYHMX CHTHANIB B
Cy4acHHX KOMII IOTepU30BaHUX CUCTEMAaX Ul MEIULIHHH.

3aBifyBad 3aKiIay BUILOI OCBITH

kadespu MeqUIHOT iH(bopMaTHKH

TepHOHlJ'ILCLKOI‘O HalliOHAJIBHOTO MEIHMYHOTO ymsepcmeTy

im. I.51. TopGaueBcrKoro, 1.6.H., mpodecop 0{/ ]5(2/// Jmutpo Bakynenko

140



AKT

PO BIIPOBA/KEHHS Pe3yJIbTaTIB AucepTauiiHoi poboTu “MoentoBaHHs Ta METOIU
e(eKTUBHOIO ONPALOBaHHS [IMKIIIYHUX CUTHAJIB B HEHPOiHTepheicCHUX Ta
KapIioiarHOCTUYHUX cucTeMax’ acmipaHTa byuis Pomana AnapilioBuua,
MIpeJICTaBICHOI Ha 37100y TTSI HAYKOBOTO CTYIeHs JokTopa diocodii 3a
crieianpHicTiO 113 “Tlpuknaana maremarrka’, B HABYaJIbHOMY ITPOIIECi
THTY im. L. [Tymtos.

[lum aKTOM MiATBEpPIXKYEThCS, IO pe3ylnbTaTH auceprauiiinol podotu Byuis
Pomana AHzpifioBHYa BUKOPHUCTAHO INPU MPOBEAEHHI JIEKIUIHHUX Ta J1abopaToOpHUX
3aHATH 13 JUCLUILTIHM “MareMatiyHe 3a0e3reyeHHsi KOMIT IOTEPHUX CHCTEM Ta
Mepexx” U CTYHeHTIB cneuianbHocTi 123 “Komn’rorepHa iHkeHepis” apyroro
(MaricTepchkoro) piBHsI BUILOI OCBITH.

Ha ocnoBi pospoGnenoi maremaTuuHoi moneii BekropHoi EEIT y Bumisiai
BEKTOpa LMKJIIYHUX PUTMIYHO IOB’SI3aHUX BHIAJIKOBHX IPOLIECIB Ta METOMIB iX
PUTMOA/IaIITUBHOTO CTATUCTUYHOIO aHaNi3y, a TaKOX PHUTMOAJANTHBHOIO METOLY
OiomerpuyHoi ayTenTudikanii ocobu 3a oguum uukiaom EKI, Gyno BmpoBakeHO
IHHOBANiMHMI ITiIXi 1 10 aHai3y Ta ONpalffOBaHHs LMKIIYHUX Gi0MeIMUHUX CUTHAJIB.

BukopucTanHs BKa3aHMX pe3y/lbTaTiB y HaBYaJbHOMY [POLECi CIIpHsie
MIMOLIOMY PO3YMIiHHIO CTYZEHTaMH Ta (axiBUAMH MOXKJIMBOCTEH 3acTOCYBaHHS
iHhOPMAaLIHUX TEXHOJOrM Ui TepeloBUX METOMiB B aHali3i Ta MOIeIIOBaHHI
OloMeIMYHUX CHIHANIB, BiIKpUBAIOYM X HOBI MEPCTEKTHBH, 30KpeMa y po3polii
HeWpoinTepdeHCHUX CHCTEM Ta METOIB GioMeTPHYHOT i1eHTH(iKALLii.

3aBimgyBau Kagenpu
KOMIT'FOTePHHUX CHCTEM Ta MEPEK, .
K.T.H., JIOLEHT / ['M. OcyxiBcbka
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from diff.diff_confusion_matrics import DiffConfusionMatrix
from get_config.eeg_config import EEGConfig

from loguru import logger

import argparse

from my_helpers.classifiers import Classifiers

from my_helpers.classifiers_int import Classifiersint

from my_helpers.data_preparation import D ataPreparation
from my_helpers.mathematical_statistics import MathematicalStatistics
from my_helpers.plot_classifiers i mport PlotClassifiers
from my_helpers.plot_statistics import PlotStatistics

from my_helpers.rhythm_function import RhythmFunction
from n o_classifires.no_classifires import NoClassidire
from no_classifires.no_classifires_all_chanels import NoClassidireAllIC hanels
from no_classifires.no_classifires_fourier import NoClassidireFourier
from no_classifires.no_classifires_fourier_all_chanels impor t NoClassidireFourierAllChanels
from statistics_distance.statistics_distance import StatisticsDistance
from statistics_ distance.statistics_distance_fourier import StatisticsDistanceFourier
if _name__=='_main__"
logger.info('START of execution’)
parser = argparse.ArgumentParser()
parser.add_argument(‘action’, choices=(‘avg - diff - confusion - matrix', 'diff - get - max’,
'diff - all', 'train - classifier -int', 'plot - diff - fourier - time', 'diff - fourier - time', 'diff - variance',

'diff - confusion - matrix', 'stat istics - distance - f', 'statistics - distance’, 'no -all -test -fd', 'no -all -

sigma - fd', 'no -all -test -d, 'no -all -sigma-d, 'no -all -test -f, 'no -all -sigma-f, 'no -all -mean-f,
'no -all -test, 'no -all -sigma’, 'plot - fr', 'plot - eeg’, 'plot - statistics', 'plot - fourier - st atistics',
‘train - classifier', 'plot - classifier"))
parser.add_argument(' - C', type=str, required=True)
parser.ad d_argument(' -d', type=str)
parser.add_argument(' - s', type=str)
a = parser.parse_args()
config_block = a.c
logger.debug("R  ead config file")
eeg_config = EEGConfig(config_block)
logger.debug(eeg_config)
if a.action == "plot - fr
RhythmFunction(eeg_config).plotFr()
if a.action == "plot - eeg"
RhythmFunction(eeg_config).plotEEG()
if a.action == "plot - statistics™:
data = DataPreparation(eeg_config)
statistics_passiv ity, statistics_activity =[], []
for passivity, activity in zip(*data.getPreparedData()):
statistics_passivity.append(MathematicalStatistics(passiv ity))

statistics_activity.append(MathematicalStatistics(activity))



PlotStatistics(statistics_passivity, data.getModSamplingRate(), eeg_config,

"passivity").plotAllStatistics()

PlotStatistics(statistics_activity, data.getModSampl ingRate(),

"activity").plotAllStatistics()

"passivity"

if a.action == "plot - fourier - statistics™:

data = DataPreparation(eeg_config)

statistics_passivity, statistics_activity =[], []

for passivity, activity in zip(*data.getPrep aredData()):
statistics_passivity.append(MathematicalStatistics(passivity))
statistics_activity.append(MathematicalStatistics(activity))

PlotStatistics(statistics_passivity, data.getModSamplingRate(), eeg_config,

).plotAllFourierStatistics()
PlotStatistics(statistics_activity, data.getModSamp lingRate(),

"activity").plotAllFourierStatistics()

if a.action == "train - classifier":
data = DataPreparation(eeg_config)
for cccin [1, 2,3
for power in [1, 2, 3, 4]:
for fourier_type in ["an”, "bn", "an_bn"]:

Classifiers(eeg_config, data, fourier_type, power, ccc)

if a.action == "train - classifier -int™
data = DataPreparation (eeg_config)
for power in [1, 2, 3, 4]:
for fourier_type in [*an", "bn", "an_bn"]:
Classifiersint(eeg_config, data, fourier_type, power)
if a.action == "plot - classifier":
for fourier_type in ["an_bn"]:
PlotClassifiers(eeg_config, None, fourier _type, 1)
if a.action == "no -all - test™
data = DataPreparation(eeg_config)

NoClassidire(eeg_config, data).NoTest()

if a.action == "no -all -sigma"
data = DataPreparation(eeg_conf ig)
NoClassidire(eeg_config, data).NoAl ISigma()
if a.action == "no -all -test -f"

data = DataPreparation(eeg_config)
for fourier_type in ["an”, "bn", "an_bn"]:
NoClassidireFourier(eeg_config, data, fourier_type).NoTest 0

if a.action == "no -all -sigma - f"

data = DataPreparation(eeg_config)

NoClassidireFourier(eeg_config, data).NoAllSigma()
if a.action == "no -all -test -d™

data = DataPreparation(eeg_config)

for powerin [1, 2, 3, 4]:

NoClassidireAllChanels(eeg_config, data, power).NoTest()

if a.action == "no -all -sigma-d"
data = DataPreparation(eeg_config)
NoClassidireAllChanels(eeg_config, data).NoAllSigmay()

eeg_config,

eeg_config,
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if a.action == "no -all -test -fd™
data = DataPreparation(eeg_config)
for power in [1]:
for fourier_type in ["an_bn"]:
for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100]:
NoClassi direFo urierAliChanels(eeg_config, data, fourier_type, terms,
power).NoTest()
if a.action == "no -all - sigma - fd":
data = DataPreparation(eeg_config)
NoClassidireFourierAliChanels(eeg_config, data).NoAllSigma()

if a.action == "statisti cs-dis tance"
data = DataPreparation(eeg_config)
StatisticsDistance(eeg_config, data).Calculate()
if a.action == "statistics - distance - f"
data = DataPreparation(eeg_config)
for power in [1]:
for fourier_type in['a n_bn":
for terms in [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100]:
StatisticsDistanceFourier(eeg_config, data, fourier_type, terms,
power).Calculate()
if a.action == "di ff - confusion - matrix":
for channel_type in ["1"]:
for power in [1]:
for fourier_type in ["an_bn"]:
fortermsin [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100]:
DiffConfusionMatrix(eeg_config, None, fourier_type, terms, power,
channel_type).DiffConfusionMatrix()
if a.action == "avg - diff - confusion - matrix":
for channel_type in ["1", "2", "3", "int"]:
for power in [1, 2 , 3, 4]
for fourier_type in ["an_bn"]:
for termsiin [3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100]:

[

DiffConfusionMatrix(eeg_config, None, fourier_type, term , power

channel_type).AVGDiffConfusionMatrix()

if a.action == "diff - variance":
for channel_type in ['1", "2", "3", "int"]:
for powerin [1, 2, 3, 4]:
for fourier_type in ["an”, "bn", "an_bn"]:
for terms in [40, 999]:
DiffConfusionMatrix(eeg_config, None, fourier_type, terms, power,
channel_type).DiffVariance()

if a.action == "diff -all™
DiffConfusionMatrix(eeg_config, None, None, None, None, None).DiffAll 0
i fa.action == "plot - diff - fourier -time™

DiffConfusionMatrix(eeg_config, None, None, None, None, None).PlotDiffFourierTime()

if a.action == "diff - get - max":
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DiffConfusionMatrix(eeg_config, None, None, None, None, None).DiffGetMax( )

ANO2fg. comtic®g d3j dzls

[DEFAULT]
data_path = DATA_EEG
img_path = img

[OPERATOR11]

file_name = Operator 11/OBCI_BO0.TXT
multiplier = 1

data_type = openbci

sigma=1.8,0.9

[WITH_TRAINING]

file_name = NULLY NULLTXT
multiplier = 1

data _type = openbci
sigma=0,0

[WITHOUT_TRAINING]
file_name = NULL NULLTXT
multiplier = 1

data_type = openbci

sigma=0, 0

[OPERATOR1]
fle_name =30 - 09- 2022/0OBCI_39.TXT
multiplier = 1

data_type = openbci

sigma=1.9, 0.5

[OPERATOR?2]
file_name = 06 -11-2022/0BCI_3E.TXT
multiplier = 1

data_type = openbci

sigma = 1.8, 0.9

[OPERATOR3]
file_name = Operator 3/OBCI_5A.TXT
multiplier = 1

data_type = openbci

sigma=2.2,2.0

[OPERATORA4]
file_name = Operator 4/OBCI_5E.TXT
multiplier =1

data_type = openbci

si gma=2.0,1.0

[OPERATORS5]
file_name = Operator 5/OBCI_62.TXT

CodaV ' Oy 2 dsets
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multiplier =1
data_type = openbci
sigma=1.8,2.4

[OPERATOR 6]

file_name = Operator 6/OBCI_7C.TXT
multiplier = 1

data_type = openbci

sigma =1.7,2.3

[ OPERATORY]

file_name = Operator 7/0B CI_87.TXT
multiplier = 1

data_type = openbci

sigma=1.7,2.3

[OPERATORS8]

file_name = Operator 8/OBCI_95.TXT
multiplier = 1

data_type = openbci

sigma = 2.3, 0.9

[OPERATOR9]

file_name = Operator 9/OBCI_AO0.TXT
multiplier = 1

data_type = openbci

sigma=2 .3,1.0

[OPERATOR 10]

file_name = Operator 10/OBCI_AB.TXT
multiplier = 1

data_type = openbci

sigma =1.9, 0.9

[H_P001_B001_1_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Pe
multiplier = 0.072

pathology = 1

data_type = mat

[H_P0O01_B001_2_S2]
sig_name =1

rson_001/b001_1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/b001_2

multiplier = 0.072
pathology = 1
data_type = mat

[H_P001_MO001_1_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m00

multiplier = 0.072

11

146



pathology = 1
data_type = mat

[H_P001_M001_2_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_2
multiplier = 0.072

pathology = 1

dat a_type = mat

[H_P001_MO001_3_S2]

sig_name =1

file_name = /home/M yFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_3
multiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_4 S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_4
multiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_5_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_5
multiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_6_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_6
multiplie r=0.072

pathology = 1

data_type = mat

[H_P001_MO001_7_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_7
mdtiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_8 S2]

sig_name =1

file_name = /home/MyFiles2/ECG/c ebsdb_2minutes/mat/Person_001/m001_8
multiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_9_S2]

147



148

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_9
multiplier = 0.072

pathology = 1

data_type = mat

[H_P001_MO001_10 S2 ]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_001/m001_10
multiplier = 0.072

pathology = 1

data_type=m at

[H_P002_B002_1_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/b002_1
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_B002_2_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/b002_2
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_M002_1_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minu tes/mat/Person_002/m002_1
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_M002_2_S2]

sig_name =1

file_name = /home/MyFil es2/ECG/cebsdb_2minutes/mat/Person_002/m002_2
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_M002_3 S2]

sig_name= 1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_3
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_MO002_4 S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_4
multiplier = 0.072

pathology = 1



data_type = mat

[H_P002_M002_5_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_5
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_M002_6_S2]
sig_name =1
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file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Perso n_002/m002_6

multiplier = 0.072
pathology = 1
data_type = mat

[H_P002_M002_7_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_7
multiplier = 0.072

pathology = 1

data_type = mat

[H_P002_MO002_8_S2]

sig_name =1

file_name  =/home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_8
mutiplier = 0.072

pathology = 1

data_type = mat

[H_P002_M002_9_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_9
multiplier = 0.072

pathology = 1

data_type=m at

[H_P002_M002_10_S2]

sig_name =1

file_name = /home/MyFiles2/ECG/cebsdb_2minutes/mat/Person_002/m002_10
multiplier = 0.072

pathology = 1

data_type = mat

ANO2edeg_configlOoazl HOgt @

from configparser import ConfigParser
from pat hlib import Path

class EEGConfigException(Except ion):

pass

 PBd cktOy' )



class EEGConfigConfig(ConfigParser):
def __init__(self, config_file, config_block):
super(EEGConfigConfig, self).__init_ ()

if not Path(config_file).is_file():
raise EEGConfigException(
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‘The config file %s does not exist' % config_file)

self.read(config_file)
self.validate_config(config_block)

def validate_config(self, config_block):

required _values = {
'DEFAULT": {
‘data_path' : None,
'img_path' : None
h

'%s' % (config_block): {
‘file_name": None,
‘multiplier': None,
'data_type ': (‘'openbci'),

'sigma’: None

for section, keys in required_values.items():
if section not in self:
raise EEGConfigException(
'Missing section "%s" i n the conf

for key, values in keys.items():

if key not in self[section] or self[section][key] =="

raise EEGConfigException((
'Missing value for "%s" under sectio
‘the config file') % (key, section))

if values:
if self[section][key] not in values:
raise EEGConfigException((

‘Invalid value for "%s" und

‘the config file') % (key, section))

A O2ede g _ C O (wfdalsg .tefys s Oy " W

from loguru i mport logger

import sys

ig file' % section)

n"%s" in 4

er section "%s" in ' +

from get_config.eeg_config_validate import EEGConfigConfig, EEGConfigException

class EEGConfig:

CONFIG_FILE_PATH = "src/config/ecg.config"

Csdaf ' cktcOy’
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def __init__(self, config_block, config_file_path=None):
if config_file_p ath is not None:
self. CONFIG_FILE_PATH = config_file_path

logger.info("Read config fil e: {}", self. CONFIG_FILE_PATH)

logger.debug("Config: {}", config_block)

config = {}
try:

config = EEGConfigConfig (self. CONFIG_FILE_PATH, config_block)

except EEGConfigException as e:
logger.error("In valid config file: {}", €)
sys.exit(1)

self.file_name = config[config_block]["file_name"].strip()
self.multiplier = float(config[config_block]["multiplier].strip())
self.data_type = config[config_block]["data_type"

self.sigma = [float(x) for x in config [config_block]["sigma"].strip().split(’,")]

self.config_block = config_block
self.data_path = config["DEFAULT"]["data_path"].strip()
self.img_path = config["DEFAULT"]["img_path ".strip()

def getDataType(self):
return se  If.data_type

def getFileName(self):
return self.file_name

def getMultiplier(self):
return self.multiplier

def getConfigBlock(self):
return self.confi g_block

def getDataPath(self):
return s elf.data_path

def getimgPath(self):

return self.img_path

def getSigma(self):

return self.sigma

def __str_ (self):
logger.debug("toString {}", self.config _block)
return ((
"\ nConfig block: {0} \n"+
"File mame: {1} \n"+
"Multiplier: {2} \n"+
"Default data path {3} \n"+
"Defau It images path {4} \n"

).format(  self.config_block, self.fle_name, self.multiplier, self.data_path,

self.img_path))
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from loguru import logger

import pandas as pd

from pathlib import Path

from my_helpers.read_data.read_openbci_file import Rea dOpenBClFile

class ReadDataFile:

def __init__(self, eeg_config):
self.eeg_config = eeg_config
data_type = eeg_config.getDataType()
if data_type == "openbci'":
self.instance = ReadOpenBCIFile(eeg_config)
else :
raise ValueError(f"Invalid data type: {data_type}")

def __getattr__(self, name):
return self.instance.__getattribute__(name)

def getData(self):
fr_path =
f{self.eeg_config.getimgPath()}/{self.eeg_config.getC onfigBlock()}/function_rhythm.csv'
if not Path(fr_path).is_file():
e = 'The rhythm funct ion file %s does not exist' % fr_path

logger.error(e)
raise FileNotFoundError(e)

eeg_fr = pd.read_csv(fr_pa th)
self.D_c = eeg_fr["D_c"]
self.D_z = eeg_fr["D_z"]

self.matrix_passivity = [[] f or _in range(len(self.signals))]

self.matrix_activity = [[] for _ in range(len(self.signals))]

D_c_scaled = [(dc - 1) * self.sampl ing_rate for dc in self.D_c]

D_z_scaled = [(dz - 1) * self.sampling_rate for dz in self.D_z]
for channel_number, signal in enumerate(self.signals):
for i in range(len(self.D_z) - 1)
passivity_start = int(D_c_sc aled[i])
passivity_end = int(D_z_scaled[i])

self.matrix_passivity[channel_nu mber].append(signal[passivity_start:passivity_end])

activity_start = int(D_z_scaled[i])
activity_end = int(D_c_scal ed[i + 1])

self.matrix_activity[channel_number].append(signal[activity_start:activity_end])
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from loguru import logger
import csv

from scipy import signal
import numpy as np

class ReadOpenBC IFile:

def __init__(self, ecg_config):
data_path = f'{ecg_config.getDataPath()}/{ecg_config.getFileName()}'
logger.info("Read OpenBCl file")
logger.info(data_path)

input_sample_rate = 250 # !!! 250 !!!
band=( 1,17)

ADS1299 Vref = 4.5 #reference voltage for ADC in ADS1299. set by its hardware

ADS1299 gain = 24. #assumed gain setting for ADS1299

scale_fac_uVolts_per_count = ADS1299_Vref / ((float)(pow(2, 23) -1)) / ADS1299_gain *
100000 0.

input_headers =
[lid','chl','ch2','ch3','ch4','ch5','ch6','ch7','ch8','accell’,'accel2','accel3’]

output_data =]

output_time_data =]

output_val_data =]

time_counter = 1

time_increment = float(1) / fl oat(input_s  ample_rate)
with open(data_path, 'r') as csvfile:

csv_input = csv.DictReader((line.replace( \0,") for line in csvfile),
fieldnames=input_headers, dialect="excel’)
row_count=0

for row in Csv_input:
row_count = row_count + 1
if(row_cou nt>2):
output = {}
val_data =[0.] *3
time_counter = time_counter + time_increment
output['tim e'] = time_counter

output_time_data.append(round(time_count er, 3))

foriin range(1, 4):
channel_key = 'ch'+str(i)
output[channel_key] = self.parselnt24Hex(row[channel _key]) *
scale_fac_uVolts_per_count
val_datali - 1] = s elf.parselnt24Hex(row[channel_key]) *
scale_fac_uVolts_per_count
output_val_data.append(val_data)

output_data.append(output)



log ger.debug('End read data from file")

y_T = np.transpose(output_val_dat a)

self.sampling_rate = input_sample_rate

notch_channels =[]
for i in range(len(y_T)):
notch_channels.append(self.notch(50, y_T[i], fs = se If.sampling_rate))

bandpass_notch_channels =[]
for i in range(len(notch_channels)):
bandpass_notch_channels.append(self.bandpass(band[0],band[1],notch_channels]i],
fs = self.sampling_rate))

self.signals = band pass_notch_channels

logger.info(f'Sampling rate: {self.sampling_rate}')

def parselnt24Hex(self, hex):
if hex is None:
return 0.
if (hex[:1] >'7"):
hex = "FF" + hex
else:
hex = "00" + hex
n=i nt(hex, 16) & Oxffffffff
return n | ( - (n & 0x80000000))

def bandpass(self, start, stop, data, fs):
bp_Hz = np.array([start, stop])
b, a = signal.butter(5, bp_Hz / (fs / 2.0), btype='bandpass')
return signal.Ifil ter(b, a, data, axis=0)

def notch(self, val, data, fs):
notch_freq_Hz = np.array([float(val)])
for freq_Hz in np.nditer(notch_freq_Hz):
bp_stop_Hz =freq_Hz + 3.0 * np.array([ -1,1)
b,a=s ignal.butter(3, bp_stop_Hz / (fs / 2.0), 'bandstop’)
fin = data = signal.[filter(b, a, data)
return fin

ANO2raead_physi(bthefy ¥ i gs@égty

from loguru import logger
import numpy as np

import wfdb
class ReadPhysionetF ile:

def __init__(self, ecg_config):
# data_path = f'{ecg_config.getDataPath()}/{ecg_config.getFileName()}'
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data_path = f'{ecg_config.getFileName()}'
logger.info("Read physionet file")
logger.info(da ta_path)

si gnals, self.fileds = wfdb.rdsamp(data_path)

self.sampling_rate = self.fileds['fs']
self.signals = signals.transpose()

bandpass_notch_channels =[]
for i in self.signals:
bandpass_notch_chann els.append(self.band pass(i, fs = self.sampling_rate))
self.signals = bandpass_notch_channels
logger.info(f'Fileds: {self.fileds["sig_name"]})

logger.info(f'Sampling rate: {self.sampling_rate}')

def bandpass(self, data, fs):

m =np.mean (data)

data = (data - m)

t=1

if np.max(data) > 1000:
t=1000.0

return data/t

AO2de ad_fmial(fet iy % SMAGQ B

from loguru import logger
import scipy.io

class ReadMatFile:
def __init__ (self , ecg_config):

data_path = f'{ecg_config.getFileName()}.{ecg_config.getDataType()}'

logger.info("Read Mat file")

logg er.info(data_path)

data = scipy.io.loadmat(data_path)

if "signal" in data:
self.sign  als = data["signal"].transpose()
result = [arr.item().strip() for arr in data["siginfo"]["Description"][0]]
self.sampling_rate = int((data["Fs"])[0][0])
logger.info(f'Fileds: {result}’)

logger.info(f'Sampli ng rate: {self.sampling_rate}')

elif "OUTPUT" in data:
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output = self.get_nested(data, "OUTPUT", "ECGanalysis", 0, 0, "x", 0, 0)

self.FourierSeries_FourierCoefficients = self.get_nested(output, "FourierSeries",
0, 0, "Fourie rCoefficients", 0, 0, 0) # Fourier coefficients

self.FourierSeries_Harmonics = self.get_nested(output, "FourierSeries", 0, O,
"Harmonics", 0, 0, 0) # Harmonics

self.cycRSCP1_Ryxa = self.get_nested(output, "cycRSCP1", 0, 0, "Ryxa", 0

# cyclic autocorrelation of x(t)

self.cycRSCP1_Cyxa = self.get_nested(output, "cycRSCP1", 0, 0, "Cyxa", 0, 0, 0)
# cyclic autocovaraince of x(t)

self.cycRSCP1_Taul = self.get_nested(output, "cycRSCP1", 0, 0, "Taul", 0, O,
# tau axis for cyclic autocorr elation and autocovariance

self.cycRSCP1_Syxa = self.get_nested(output, "cycRSCP1", 0, 0, "Syxa", 0, 0, 0)
# cyclic spectrum

self.cycRSCP1_Pyxa = self.get_nested(output, "cycRSCP1", 0, 0, "Pyxa", 0

# 2nd - order cyclic polysp ectrum

self.cycRSCP1_F1 = self.get_nested(output, "cycRSCP1", 0, 0, "F1",0,0,0) #
frequency axis for cyclic spectrum and 2nd - order cyclic polyspectrum

self.stationary_cycRSCP1_Ryxa = self.ge t_nested(output, “stationary", O,

"cycRSCP1", 0, 0, "Ryxa", 0, 0, 0) # autocorrelation of x(t)

self.stationary_cycRSCP1_Cyxa = self.get_nested(output, “stationary", 0, O,
"cycRSCP1", 0, 0, "Cyxa", 0, 0, 0) # autocovariance of x(t)

self.stationary_cycRSCP1_Taul = self.get_nested(output, “stationary", 0, O,
"cycRSCP1", 0, 0, "Taul", 0, 0, 0) # tau axis for autocorrelation and autocovariance

self.stationary_cycRSCP1_Syxa = self.get_nested(output, "stationary", 0, O,

"c ycRSCP1", 0, 0, "Syxa", 0, 0, 0) # power spectral density

self.stationary_cycRSCP1_Pyxa = self.get_nested(output, "stationary", 0, O,
"cycRSCP1", 0, 0, "Pyxa", 0, 0, 0) # 2nd - order polyspectrum

self.stationary_cycRSCP1_F1 = self.g et_nested(output, "stationary", O,

"cycRSCP1", 0, 0, "F1", 0, 0, 0) # frequency axis for power spectral density and 2nd
polyspectrum
else:

self.RD_Ryxa = self.get_nested(data, "OUTPUT_RD", 0, 0, "Ryxa", 0) # cyclic
autocorre lation of x(t)

self.RD _Taul = self.get_nested(data, "OUTPUT_RD", 0, 0, "Taul", 0) # tau axis for
cyclic autocorrelation

self.RD_Pyxa = self.get_nested(data, "OUTPUT_RD", 0, 0, "Pyxa", 0) # 2nd

cyclic polyspectrum

self.RD_F1 = self.get_nested(data, "OUTPUT_RD", 0, 0, "F1", 0) # frequency axis
for 2nd - order cyclic polyspectrum
self.RD_FourierCoefficients =  self.get_nested(data, "OUTPUT_RD", 0, O,

"FourierCoefficients", 0) # Fourier coefficients
self.RD_Harmonics = self.get_nested(data, "OUTPUT_RD", 0, 0, "Harmonics", 0) #
Harmonics

def get_nested(se If, data, *path):
for key in path:
try:
data = data[key]
except (KeyError, IndexError):
return None

return data
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from loguru import logger

from my_helpers.read_data.read_data_file import ReadDataFile

import pandas as pd

import neurokit2 as nk

import numpy as np

from pathlib import Path

import matplotlib.pyplot as plt

class GenerateRhythmFunction(ReadDataFile):

def _ _init__(self, ecg_config):
super().__init__(ecg_config)

def genFr(self):
logger.info("Get ECG Peaks")
path = f{self.ec g_config.getimgPath()}/{self.ecg_config.getConfigBlock()}'
path_all = f{path}/FR - {self.ecg_config.getConfigBlock()}.csv'
Path(path).mkdir(parents=True, exist_ok=True)
if Path(path_all).is_file():

dend 1§ o3z

logger.warning(f'File { path_all} is exist. Create a backup and continue’)

return

i = self.ecg_config.getSigName()

_, rpeaks = nk.ecg_peaks(self.signals[i], sampling_rate=self.sampling_rate)

. waves = nk.ecg_delineate (self.signalsi], rpeaks,
sampling_rate=self.sampling_rate)

ECG_P_Peaks = list(np.round(np.array(waves['ECG_P_Peaks"]) / self.sampling_rate, 4))

ECG_Q_Peaks = list(np.round(np.array(waves['ECG_Q_Peaks"]) / self.sampling_rate, 4))

EQG_R_Peaks = list(np.round (np.array(rpeaks['ECG_R_Peaks"]) / self.sampling_rate, 4))

ECG_S_Peaks = list(np.round(np.array(waves['ECG_S_Peaks"]) / self.sampling_rate, 4))

ECG_T_Peaks = list(np.round(np.array(waves['ECG_T_Peaks"]) / self.sampl ing_rate, 4))

ecg_fr = pd.DataFrame({"ECG_P_Peaks" : ECG_P_Peaks, "ECG_Q_ Peaks" : ECG_Q_Peaks,

"ECG_R_Peaks": ECG_R_Peaks, "ECG_S_Peaks": ECG_S_Peaks, "ECG_T_Peaks": ECG_T_Peaks})

nk.write_csv(ecg_fr, path_all)

def geninter vals(self):

logge r.info("Gen All ECG Intervals")
path = f{self.ecg_config.getimgPath()}/{self.ecg_config.getConfigBlock()}/Intervals’
Path(path).mkdir(parents=True, exist_ok=True)
path_all = f{path}/All.csv'
if Pat  h(path_all).is_file():
logger.warning(f'File {path_all} is exist. Create a backup and continue")
return

i = self.ecg_config.getSigName()

_, rpeaks = nk.ecg_peaks(self.signals[i], sampling_rate=self.sampling_rate)
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, waves = nk.ecg_delineate(self.signals]i], rpeaks,

sampling_rate=self.sampling_rate)

ECG_P_Onsets = list(np.array(waves['ECG_P_Onsets"]) / self.s ampling_rate)
ECG_P_Peaks = list(np.array(waves["ECG_P_Peaks"]) / self.sampling_rate)

ECG_P_Offsets = list(np.array(waves['ECG_P_Offsets"]) / self.sampling_rate)

# ECG_R_Onsets = list(np.array(waves["ECG_R_Onsets"]) / self.sampling_ rate)
ECG_Q_Peaks = list(np.array(waves["ECG_Q_Peaks"]) / self.sampling_rate)

ECG_R_Paks = list(np.array(rpeaks['ECG_R_Peaks"]) / self.sampling_rate)

ECG_S_Peaks = list(np.array(waves["ECG_S_Peaks"]) / self.sampling_rate)

# ECG_R_Offsets = list(np.array(waves['ECG_R_Offsets"]) / self.sampling_rate)

ECG_T Onsets =1li  st(np.array(waves['ECG_T_Onsets"]) / self.sampling_rate)
ECG_T_Peaks = list(np.array(waves['ECG_T_Peaks"]) / self.sampling_rate)

ECG_T_Offsets = list(np.array(waves['ECG_T_Offsets"]) / self.sampling_rate)

# ecg_fr = pd.DataFrame({" ECG_P_Onsets" : ECG_P_Onsets, "ECG_P_Peaks" : ECG_P_Peaks,
"ECG_P_Offsets" : ECG_P_Offsets,

# "ECG_Q_Peaks": ECG_Q_Peaks,

# "ECG_R_Peaks": ECG_R_Peaks,

# "ECG_S _Peaks": ECG_S_Peaks,

# "ECG_T_Onsets": ECG_T_Onsets, "ECG_T_Peaks": ECG_T_Peaks,

"ECG_T_Offsets" : ECG_T_Offsets})
ecg_fr = pd.DataFrame({"ECG_P_Peaks" : ECG_P_Peaks,
"ECG_Q_Peaks" :ECG_Q_Peaks,
"ECG_R_Peaks": ECG_R_Peaks,
"ECG_S_Peaks": ECG_S_Peaks,
"ECG_T_Peaks": ECG_T_Peaks,})

nk.write_csv(ecg_fr, path_all)

def pl otECG(self):
logger.info("Plot ECG")
path = f{self.ecg_config.getimgPath()}/{self.ecg_config.getConfigBlock()}/Intervals'
Path(path).mkdir(parents=True, exist_ok=True)

start =0

end = 5000

ECG_data = np.rou  nd(self.signals[self.ecg_config.getSigName()] ,4)
time = np.arange(0, len(ECG_data), 1) / self.sampling_rate

# data = pd.DataFrame({"ECG_data" : ECG_data})
# data.index = time

# data.index.name = "Time"

# nk.write_c sv(data, f{path}/ECG_data.csv')

plt .clf()
plt.rcParams.update({'font.size": 15})

f, axis = plt.subplots(1)

f.tight_layout()

f.set_size_inches(19, 6)

axis.grid(True)

axis.plot(time, ECG_data, linewid th=3, label=r"$ \xi_{{ \omega}} (t), mV$")
axis.set_xlabel("$t, s$", loc = 'right")



axis.legend(loc="upper right’)

# axis.axis(ymin = - 6, ymax = 6)

axis.axis(xmin = 0.3, xmax = 9.5)
plt.savefig(f{path}yECG_data.png’, dpi=300)

def plotFr(self, debug = False):
logger.info("Plot a rhythm function™)

self.getData()

plot_path = f{self.ecg_config.getFrimgPath()}/{self.ecg_config.getConfigBlock()}'
Path(plot_path).mkdir(parents=True, exi st_ok=True )

T1 _ECG_T_Peaks =[]
T1 _ECG_P_Peaks =]
T1 ECG_R_Peaks =]
T1 _ECG_S_Peaks =]
T1 ECG_Q_Peaks =]

Tl X=]]
TLY=]
for i in range(len(self. ECG_T_Peaks) -1):
T1_ECG_T_Peaks. append(round(self.ECG_T_Peaks[i+1] - self.ECG_T_Peaks]i], 2))
for i in range(len(self. ECG_P_Peaks) -1):
T1_ECG_P_Peaks.append(round(self. ECG_P_Peaks[i+1] - self.ECG_P_Peaks]i], 2))
for i in range(len(self. ECG_R_Peaks) -1):
T1l_ECG_R_Peaks.append(round(self.ECG_R_Peaks[i+1] - self.ECG_R_Peaks]i], 2))
for i in range(len(self. ECG_P_Peaks) - 1)

T1_X.append(self.ECG_P_Peaks]i])
T1_X.append(self.ECG_R_PeaksJi])
T1_X.app end(self.ECG_T_Peaks]i])

foriin range(len(T1_ECG_P_Peaks)):
T1_Y.append(T1_ECG_P_Peaks]i])
T1_Y.append(T1_ECG_R_PeaksJi])
T1_Y.append(T1_ECG_T_Peaks[i])

#TL1_Y = list(map(lambda x: X - 0.81413, T1_Y))

plt.clf()
plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(1)
f.tight_layout()
f.set_size_inches(19, 6)
axis.grid(True)

axis.plot(T1_X, T1_Y, linewidth=3)

axis.set_xlabel("$t, s $", loc = 'right)
axis.legend(['$T(t, 1), s$7)
axis.axis(ymin = - 0.2, ymax = 1.2)

axis.axis(xmin = T1_X[0], xmax = T1_X] - 1))
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plt.savefig(f{plot_path}/FR - {self.ecg_config.getConfigBlock()}.png', dpi=300 )

AO2rdhyt hm ofnianeylz¢ vy v tedBdsz Hdzw [ 1 |
from loguru import logger

from my_helpers.read_data.read_data_file import ReadDataFile

from pathlib import Path

import matplotlib.pyplot as plt

import numpy as np

class RhythmFunction(ReadDataFile):
def __init__(self, e cg_config):

super().__init__(ecg_config)
self.plot_path = f'{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}'

Path(self.plot_path).mkdir(parents=True, exist_ok= True)
def plotFr(self):
logger.info("Plot a rhythm function")

self.getData()

T1. D c=]]

T1. D z=]]

T1 X =]

T Y =]]

for i in range(len(self.D_c) - 1)
T1_D_c.append(round(self .D_c[i+1] - self.D_cJi], 2))

foriin range(le n(self.D_z) - 1)
T1_D_z.append(round(self.D_z[i+1] - self.D_z]i], 2))

for i in range(len(self.D_c) - 1)

T1_X.append(self.D_c[i])
T1_X.append(self.D_z][i])

foriin range(len(T1_D_c)):
T1_Y. append(T1_D_cli])
T1_Y.append(T1_D_z[i])

plt.clf()
plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(1)

f.tight_layout()

f.set_size_inches(10, 6)

axis.grid(True)

axis.plot(T1_ X, T1_Y, linewidth=2)
axis.set_xlabel("$t, s$", loc = 'right')

axis.legend(['$T(t, 1), s$7)

axis.axis(ymin = 0, ymax = round(np.max(T1_Y)) + 0.5)
axis.axis(xmin = T1_X[0], xmax = T1_X] - 1))



plt.savefig(f*{self.plot_p ath}/function_rhythm.png", dpi=300)

def plotEEG(self):
logger.info("Plot a EEG")

self.getData()
f, axis = plt.subplots(len(self.signals))

f .tight_layout()
f.set_size_inches(17, 9)

time = np.arange(O0, len(self.signals[0]), 1) / 250
xtext = "$t, s$"
ytext=r"$ \xi_{{ \omega {}}} (1), \ mu v$"

for i in range(len(self.signals)):
axis[i].grid(True)
axis[i].plot(time, self.signals][i])
axisli].set_xlab el(xtext, loc = 'right’)
axis[i].set_title(ytext.format(i+1), loc = ‘left', fontsize=10, posit

0))

for i in range(len(self.signals)):
axis[i].axis(xmin = 7.2, xmax = 20)

axis|i].axis(ymin = -10,ymax =10)

plt.savefig(f"{self.plot_path}/ jJtOW" ¢.

png”
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from loguru import logger
from my_helpers.read_data.read_data_file import ReadDataFile
import numpy as np

import scipy.interpolate as interp
class DataPreparation(ReadDataFile):
def __init__(self, eeg_config):

super().__init__(eeg_c onfig)
self.getData()

self.mod_sampling_rate = int(self.sampling_rate * self.eeg_config.getMultiplier())

matrix_activity_siz e = matrix_passivity_size = self.mod_sampling_rate

self.interp_matrix_passivity = [[] for _inra nge(len(self.signals))]

self.interp_matrix_activity = [[] for _ in range(len(self.signals))]

self.interp_matrix_passivity = self.inte

matrix_passivity_size)

self.interp_matrix_activity = self.interp_matrix(self.matrix_activity,

matrix_activity_size)
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def interp_matrix(self, matrix, size):
interpolated_matrix =[]
for channel in matrix:
interp_channel =[]
for segment in channel:
arr = np.array(segment)
arr_interp = interp.interpld(np.arange(arr.size), arr)
arr_ stretch = arr_interp(np.linspace(0, arr.size - 1, size))
interp_channel.append(arr_stretch)
interpolated_matrix.append(interp_channel)
return interpolated_matrix

def getNewMatrixSize(self, matrix):
n=0
for i in range(len(matrix)):
n =n + len(matrix]i])
n = int((n / len(matrix)) * self.eeg_config.getMultiplier())

return n

def getModSamplingRate(self):

return self.mod_sampling_rate

def getPrepared Data(self):

return self.interp_matrix_pa ssivity, self.interp_matrix_activity

AO2dat a_ pr eflarrd o Sp& H Odzd -

from loguru import logger

from my_helpers.read_data.read_data_file import ReadDataFile
import numpy as np

import  scipy.interpolate as interp

from pathlib import Path

impo rt matplotlib.pyplot as plt

class DataPreparation(ReadDataFile):

def __init__(self, ecg_config):
super().__init__(ecg_config)
self.getData()

self.mod_sampling_rate = in t(self.sampling_rate * self.ecg_config.getMultiplier())

matrix_T_P_size = self.getNewMatrixSize(self.matrix_T_P)
matrix_P_R_size = self.getNewMatrixSize(self.matrix_P_R)
matrix_R_T_size = self.getNewMatrixSize(self.matrix_R_T)

interp_matrix_T_P =]
interp_matrix_P_R = ]
interp_matrix_R_T =]
self.interp_matrix_all =[]

for i in range(len(self.matrix_T_P)):

162

[ 1)



163

arr = np.array(self.matrix_T_P[i])
arr_interp = interp.interpld(np.arange(arr.size), arr)
arr_stretch = arr_interp(np.linspace(0, arr.size - 1, matrix_T_P_size))

interp_matrix_T_P.append(arr_stretch)

for i in range(len(self.matrix_P_R)):
arr = np.array(self.matrix_P_R{[i])
arr_interp = interp.interpld(np.arange(arr .size), arr)
arr_stretch = arr_interp(np.linspace(0, arr.size - 1, matrix_P_R_size))
interp_matrix_P_R.append(arr_stretch)

forii n range(len(self.matrix_R_T)):
arr = np.array(self.matrix_R_TI[i])
arr _interp = interp.interpld(np.arange(arr.size), arr)

arr_stretch = arr_interp(np.linspace(0, arr.size - 1, matrix_R_T_size))
interp_matrix_R _T.append(arr_stretch)
interp_matrix_all = np.concatenate((interp_matrix_P_R, interp _matrix_R_T,

interp_matrix_T_P), axis=1)

for i in range(len(interp_matrix_all)):
arr = np.array(interp_matrix_all[i])
arr_interp = interp.interpld(np.arange(arr.size), arr)
arr_stretch = arr_interp(np.linspace(0 , arr.size - 1, self.mod_sampling_rate))

self.interp_matrix_all.append(arr_stretch)

def plotAllCycles(self):

plot_path = f'{self.ecg_confi g.getimgPath()}/{self.getSigNameDir()}'
Path(plot_path).mkdir(parents=True, exist_ok =True)
plt.clf()

plt.rcParams.update({'font.size": 14})
f, axis = plt.subplots(1)
f.tight_layout()
f.set_size_inches(19, 6)
axis.grid(True)
axis.set_xlabel("$t, s$", loc = 'right’)
time =np.a range(0, len(self.interp_matrix_all[0]), 1) / self.mod_sampling_rate
for i in self.interp_matrix_all:
axis.plot  (time, i, linewidth=2)
plt.savefig(f{plot_path}/__All_Cycles.png', dpi=300)

def getNewMatrixSize(self, matrix)
n=0
for i in range(len(matrix)):
n = n + len(matrix[i])
n = int((n / len(matrix)) * self.ec g_config.getMultiplier())
# n = int(len(matrix[0]) * self.ecg_config.getMultiplier())

return n

def g etModSamplingRate(self):

return self.mod_sampling_rate



def getPreparedData(self):

return self.interp_matri x_all
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from sklearn.metrics import confusion_matrix

from sklea  rn.metrics import matthews_corrcoef
from sklearn.metrics import class_likelihood_ratios
import numpy as np

class ConfusionMatrix():

def __init__(self, y_true, y_pred, ltime, ttime):

CM = confusion_matrix(y_true, y_pred)
TN, FP, F N, TP = CM.ravel()

# True Positive Rate
TPR=TP /(TP +FN)

# True Negative Rate
TNR=TN/(TN + FP)

# Positive Predictive Value
PPV =TP /(TP + FP)

# Negative Predictive Value
NPV =TN /(TN + FN)

# False Negative Rate
FNR=FN/(FN + TP)

# False Positive Rate
FPR=FP/(FP + TN)

# False Discovery Rate
FDR=FP/(FP + TP)

# False Omission Rate
FOR =FN/ (FN + TN)

# Positive Likelihood Ratio
LR_P_=TPR/FPR

# Negative Likelihood Ratio
LR_N_=FNR/TNR

# Prevalence Threshold
PT = np.sgrt(FPR) / (np.sqrt(TPR) + np.sqrt(FPR))

# Threat Score

GOltedy'
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FN))

TS=TP/ (TP +FN+FP)

# Accuracy
ACC = (TP +TN)/( TP+ TN + FP + FN)

# Balanced Accuracy
BA = (TPR + TNR) / 2.0

# F1 score
F1=2*((PPV * TPR) / (PPV + TPR))

# Matthews Correlation Coefficient
#MCC = (TP * TN) - (FP *FN)) / (np.sqrt((TP + FP) * (TP +

MCC = matthews_corrcoef(y_true, y_pred)

# Fowlkes - Mallows index
FM = np.sqrt(PPV * TPR)

# Bookmaker Informedness
BM=TPR +TNR - 1

# Markedness
MK =PPV+NPV - 1

# print(class_likelihood_ratios(y_true, y_pred))

# Diagnostic Odds Ratio
DPR=LR_P_/LR_N_

self.CM = CM
self TN =TN
self.FP = FP
self. FN=FN
self. TP = TP
self. TPR = TPR
self. TNR = TNR
self.PPV = PPV
self.NPV = NPV
self.FNR = FNR
self.FPR = FPR
self.FDR = FDR
self.FOR = FOR
selfLR_ P_=LR P_
selfLR_ N_=LR N_
self.PT = PT
self TS =TS
self.ACC = ACC
self.BA = BA
self.F1=F1
self.MCC = MCC
self.FM = FM
self.BM = BM

FN) * (TN + FP) * (TN +
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self. MK = MK
self.DPR = DPR

self. Itime = Itime

self.ttime = ttime

def getCM(self):
return self.CM

def getTN(self):
return self. TN

def getFP(self):
return self.FP

def getFN(self):
return self.FN

def getTP(self):
retur nself.TP

def getTPR(self):
return self. TPR

def getTNR(self):
return self. TNR

def getPPV(self):
return self.PPV

def getNPV(self):
return self. NPV

def getFNR(self):
return self.FNR

def getFPR(self):
return self.FPR

def getFDR(self):
return self.FDR

def getFOR(self):
return self.FOR

def getLR_P_(self):

return self.LR_P_

def getLR_N_(self):

return self.LR_N_

def getPT(self):

return sel f.PT
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def getTS(self):
return self. TS

def getACC(self):
return self. ACC

def getBA(self):
return self.BA

def getF1(self):
return self.F1

def getMCC(self):
return self. MCC

def getFM(self):
return self.FM

def getBM(self):

return self.BM

def getMK(self):

return self. MK

def getDPR(self):
return self. DPR

def getAllVariables(self):

return [
self. TPR, self. TNR, self.PPV, s elf.NPV,
self. FNR, self.FPR, self.FDR, self.FOR, self.LR_P_, self.LR_N_, self.PT, self.TS,
self.ACC, self.BA, self.F1, selfMCC, self.FM, sel f.BM, self.MK, self.DPR,

np.round(self.ltime, 3), np.round(self.ttime, 3)

]
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from my_helpers.mathematical_statistics_data i mport MathematicalStatisticsData
import numpy as np

from scipy.integrate import simps

clas s MathematicalStatistics(MathematicalStatisticsData):
def __init__(self, data):
data = np.transpose(data)
#Mathematical expectation
self. m_ =[np.mean(i) for i in data]
#lInitial moments of the second order
self.m _2_=[np.sum(np.array(i)**2) / len(i) for i in data]
#nitial moments of the third order

self.m_3_ = [np.sum(np.array(i)**3) / len(i) for i in data]



#Initial moments of the fourth order

self.m_4_ = [np.sum(np.array(i)**4) /

#Variance
self.m_2 = [sum((datali]
range(len(self.m_))]

len(i) for i in data]

- self.m_[i])**2) / len(datali])

#Central moment functions of the fourth order

selfm_4 = [sum((data[i]
range(len(self.m_))]

def getMathematicalStatistics(self):

- self.m_[i)**4) / len(data[i

return MathematicalStatisticsData(self.m_, self.m_2_, S

self.m__2, self.m__4)

def setSamplingRate(self, sampling_rate):

self.sampling_ra te = sampling_rate

class MathematicalStatisticsData():

def __init_ (self, m_,m_2_,m_3 ,m_4 ,m_2 m_ 4):

selfm_=m_

selffm_2_=m_2_
selfm_3_=m_3_
selffm_4_=m_4_
selffm_2=m_2

selfm__ 4=m_14

def getMathematicalExpectation(self):

r eturn self.m_

def getlnitialMomentsSecondOrder(self):

return self.m_2_

def getlnitialMomentsThirdOrder(self):
return self.m_3_

def getlnitiaIMomentsFourthOr der(self):

return self.m_4_

def getVariance(self):

return self.m__2

def getCentralMomentFunctionsFourthOrder(self):

return self.m__4

elfm_3_,
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from my_helpers.mathe matical_statistics_data import MathematicalStatisticsData

import numpy as np
import matplotlib.pyplot as plt
from pathlib import Path
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from loguru import logger
import neurokit2 as nk

import pandas as pd

class PlotS  tatistics():
def __init__(self, stati stics, sampling_rate, ecg_config, zone_type):
self.sampling_rate = sampling_rate
self.ecg_config = ecg_config
self.statistics = statistics
self.zone_type = zone_type
self.plot _path =f{self.ecg_config.getimgPath()}/ {self.ecg_config.getConfigBlock()}'

def plotAllStatistics(self):
logger.info("Plot Mathematical Statistics")
mathematical_statistics = [statistic.getMathematicalStatistics() for statistic in
sel f.statistics]

xtext = "$t, s$"

self.plot_to_png([statistic.getMathematicalExpectation() for statistic in
mathematical_statistics], f'1 Mathematical Expectation {self.zone_type}", xtext=xtext,
ytext=r"$m_{{ \ xi {}}} (t), \ mu V$", ylim=( -4.5, 4)5))

self.plot_to_png([statistic.getlInitiaIMomentsSecondOrder() for statistic in
mathematical_statistics], f'2 Initial Moments Second Order {self.zone_typ e}", xtext=xtext,
ytext=r"$d_{{ \ xi {31} (1), \ mu V/A2$")

self.plot_to_png([statistic.g etlnitialMomentsThirdOrder() for statistic in
mathematical_statistics], '3 Initial Moments Third Order {self.zone_type}', xtext=xtext,
ytext=r"$d_{{ \ xi {}}} (0), \ mu VA3$")

self.plot_to_png([statistic.getInitiaIMomentsFourthOrder() for statistic i n

mathematical_statistics], f'4 Initial Moments Fourth Order {self.zone_type}", xtext=xtext,

ytext=r"$d_{{ \ xi {11} (t), \ mu V48"
self.plot_to_png([statis tic.getVariance() for statistic in mathematical_statistics],
f'5 Variance {self.zone_type}", xtext=xtext, ytext=r"$d_{{ \ xi {33} (1), \ mu VA23$")
self.plot_to_png([statistic.getCentralMomentFunctionsFourthOrder() for statistic in
mathematical_statist ics], f'6 Central Moment Functions Fourth Order {self.zone_type}", xtext=xtext,
ytext=r"$d_{  {\xi {}} (V), \ mu V48"
self.plot_to_csv([statistic.getMathematicalExpectation() for statistic in
mathematical_statistics], f'1 Mathematical Expectatio n {self.zone_type}")
self.plot_to_csv([statistic.getlInitialMomentsSecondOrder() for S tatistic in

mathematical_statistics], f“2 Initial Moments Second Order {self.zone_type}")
self.plot_to_csv([statistic.getInitialMomentsThirdOrder() for sta tistic in

mathematical_statistics], f'3 Initial Moments Third Order {self.zone_type}")
self.plot_to_csv([statistic.getInitialMomentsFourthOrder() for statistic in

mathematical_statistics], f'4 Initial Moments Fourth Order {self.zone_type}")
self.plot_to_csv(mathematical_statistics.getVariance(), "5 Variance")
self.plot_to_c sv(mathematical_statistics.getCentralMomentFunctionsFourthOrder(), "6

Central Moment Functions Fourth Order")

def plotAllFourierStatistics(self):
logg er.info("Plot Mathematical Statistics Fourier")
self.statistics = [statistic.setSampl ingRate(self.sampling_rate) or statistic for
statistic in self.statistics]
mathematical_statistics = [statistic.getMathematicalStatisticsFourierSeries() fo r

statistic in self.statistics]
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xtext = "$n$"

self.fs_plot_to_png([s tatistic.getMathematicalExpectation() for statistic in
mathematical_statistics], "1 Mathematical Expectation {self.zone_type}", xtext=xtext, ytext=(r"$a_n,
\'mu V$", r'$b_n, \ mu V$"))

self.fs_plot_to_png([statistic.getlnitialMomentsSecondOrder()  fo r statistic in
mathematical_statistics], "2 Initial Moments Second Order ({self.zone_type}", xtext=xtext,
ytext=(r"$a_n, \ mu VA28$", r"$b_n, \ mu VA2$"))

sel f.fs_plot_to_png([statistic.getlnitialIMomentsThirdOrder() for  statistic in

mathematical_stati stics], f'3 Initial Moments Third Order {self.zone_type}", xtext=xtext,
ytext=(r"$a_n, \ mu VA3$", r"$b_n, \ mu VA33%"))

self.fs_plot_to_png([statistic.getIni tialMomentsFourthOrder()  for  statistic  in
mathematical_statistics], f'4 Initial Moments Fourt h Order {self.zone_type}’, xtext=xtext,
ytext=(r"$a_n, \ mu VAM$", r'$b_n, \ mu V/M$Y)

self.fs_plot_to_png([statistic.getVariance() for statistic in
mathematical_statistics], f'5 Variance {self.zone_type}", xtext=xtext, ytext=(r"$a_n, \mu V728",

r'$ b_n, \ muVr2$Y)
self.fs_plot_to_png([statistic.getCentralMomentFunctionsFourthOrder() for statistic

in mathematical_statistics], ‘6 Central Moment Functi ons Fourth Order {self.zone_type}",
xtext=xtext, ytext=(r"$a_n, \ mu V/AM$", r"$b_n, \ mu V48" )
self.fs_plot_to_csv(mathematical_statistics.getMathematicalExpectation(), "1

Mathematical Expectation”)
self.fs_plot_to_csv(mathematical_statistics.getlnitialIMomentsSecondOrder(), "2

Initial Moments Second Order")

self.fs_plot_ to_cs v(mathematical_statistics.getInitialMomentsThirdOrder(), "3 Initial
Moments Third Order")
self.fs_plot_to_csv(mathematical_statistics.getlnitialIMomentsFourthOrder(), "4

Initial Moments Fourth Order")
self.fs_plot_to_csv(mathematical_st atist ics.getVariance(), "5 Variance")
self.fs_plot_to_csv(mathematical_statistics.getCentralMomentFunctionsFourthOrder(),

"6 Central Moment Functions Fourth Order")

def fs_plot_to_png(self, plot2, name, xlim = None, ylim = None, ytext=(r"$a_n, \'mu V$",
r"$b_n, \ muV$"), xtext="", size=(9, 9)):
path = f{self.plot_path}/Mathematical Statistics Fourier'
Path(path).mkdir(parents=True, exist_ok=True)
logger.info(f"Plot {name} an.png")
plt.clf()
plt.rcParams.u pdate ({'font.size": 14})
f, axis = plt.subplots(len(plot2))
f.tight_layout()
f.set_size_inches(size)
for i in range(len(plot2)):
an, _ = plot2[i]
axis[i].set_xlabel(xtext, loc = 'right’)
axis[i ].set_title(ytext[0], loc = 'left', fontsize=15, position=( - 0.05, 0))
axis[i].grid(True)
_, stemlines, _ = axis][i].stem([0, *an[1:]])
plt.setp(stemlines, 'linewidth’, 2)
plt.savefig(f{path}/{name} an.png’, dpi=3 00)

logger.info(f"Plot {name} bn.png")



plt.clf()
plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(len(plot2))
f.tight_layout()
f.set_size_inches(size)
for i in range(len(plot2)):
_, bn = plot2[i]
axis[i].set_xlabel(xtext, loc = 'right’)
axis[i].set_title(ytext[1], loc = 'left’, fontsize=15, position=(
axis[i].grid(True)
_, stem lines, _ = axis[i].stem([0, *bn])
plt.setp(stemlines, 'linewidth’, 2)
plt.savefig(f{path}/{name} bn.png', dpi=300)

def plot_to_png(self, plot, name, xlim = None, ylim = None, ytext="", xtext="", size=(7,
9)):
logger.info(f

path = {s

"Plot {name}.png")
elf.plot_path}/Mathematical Statistics'
Path(path).mkdir(parents=True, exist_ok=True)
plt.clf()

# plt.rcParams.update({'font.size": 14})
f, axis = plt.subplots(len(plot))
f.tight _layout()
f.set_size_inches(si ze[0], size[1])
time = np.arange(0, len(plot[0]), 1) / self.sampling_rate
for i in range(len(plot)):
axis[i].grid(True)
axis[i].plot(time, plot[i], linewidth=2)
axis[ i].set_xlabel(xtext, loc = 'right’)
axis[i].set_title(ytext.format(i+1), loc = 'left', fontsize=10, position=(
0)
if xlim is not None:
axis[i].axis(xmin = xlim[0], xmax = xlim[1])
if ylim is not No ne:
axis[i].axis(ymin = ylim[0], ymax = ylim[1])
plt.savefig(f{path}/{name}.png’, dpi=300)

def plot_to_csv(self, plot, name):
logger.info(f"Save {name}.csv")
path = f{self.plot_path}/Mathematical Statistics/CSV'
Path(path).mkdir(parents=Tr ue, exist_ok=True)
plot = np.transpose(plot)
time = np.arange(0, len(plot), 1) / self.sampling_rate
data = pd.DataFrame({'Time": time, *{f'Data_{i}: plot[:, i] for
range(plot.shape[1])}})

nk.write_csv(data, f'{path}/{ name}.csv')

ANQ2dt assi(fiz@nNg?Y pYyOy' wv)
import numpy as np
import time

from scipy.integrate import simps
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from sklearn.model_selection import train_tes t_split
from sklearn.neighbors import KNeighborsClassifier

from sklearn.pipeline import make_pipel ine

from sklearn.preprocessing import StandardScaler

from sklearn.neural_network import MLPClassifier

from sklearn.neighbors import KNeighborsClassifier

from sklearn.svm import SVC

from sklearn.tree import DecisionTreeClassifier

from sklearn.ensemble impor t RandomForestClassifier, AdaBoostClassifier
from sklearn.naive_bayes import GaussianNB

import pandas as pd

from pathlib import Path

from classification_metrics.confusion_matrix import ConfusionMatrix
class Classifiers():

def __init__(self, eeg_config, data, fourier_type, power, ccc):
print("Train Classifiers")

names = [
"Nearest Neighbors",
"Linear SVM",
"Decision Tree",
"Random Forest",
"Neural Net (MLP)",
"AdaBoost",

"Naive Bayes"

confusion_matrix_names = [
"True Positive Rate",
"True Negative Rate", "Positive Predictive Value", "Negative Predictive Value",
"False Negative Rate",
"False  Positive Rate", "False Discovery Rate", "False Omission Rate", "Positive
Likelihood Ratio",

"Negative Likelihood Ratio", "Preva lence Threshold", "Threat Score", "Accuracy",
"Balanced Accuracy",

"F1 score", "Matthews Correlation Coef ficient", "Fowlkes - Mallows index",
"Bookmaker Informedness”,

"Markedness", "Diagnostic Odds Ratio", "Learning_time", "Testing_ time"

classifiers = [
KNeighborsClassifier(3),
SVC(kernel="linear", C=0.02 5),
DecisionTreeClassifier(max_depth=5),
RandomForestClassifier(max_depth=5, n_estimators=10, max_features=1),
MLPClassifier(alpha=1, max_iter=1000),
AdaBoostClassifier(),
GaussianNB()



self.sampling_rate = data.getModSamplingRate( )

channel = ccc

data_matrix_passivity, data_matrix_activity = data.getPreparedData()
data_matrix_passivity_1 = np.power(data_matrix_passivity[channel - 1], power)
data_mat rix_activity_1 = np.power(data_matrix_activity[channe | - 1], power)

# for i in [40, 999]:

foriin[3, 4, 5,7, 10, 15, 20, 25, 30, 35, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 100]:

fa_target_matrix = [0] * len(data_matrix_ passivity_1)
fa_target_matrix_2 =[1] * | en(data_matrix_activity 1)
fstart = time.time()
if i ==999:
matrix = [*data_matrix_passivity_1, *data_matrix_activity 1]
else:
fa_ matrix = [self.getFourierSeries(m, fourier_type, term s=i) for m in
data_matrix_passivity_1]
fa_matrix_2 = [self.getFourierSeries(m, fourier_type, terms=i) for m in
data_matrix_activity_1]
matrix = [*fa_matrix, *fa_matrix_2]
fend = time.time()
ftime = (fend - fstart)*10**3

target_matrix = [*fa_target_matrix, *fa_target_matrix_2]

data_train, data_test, target_values_train, target_values_test =
train_test_split(matrix, target_ matrix, test_size=0.3, random_state=42)
_em={]

for name, clf in zip(names, classifiers):
clf = make_pipeline(StandardScaler(), clf)
Istart = time.time()
clf.fit(data_train, target_ values_train)
lend = tstart = time.time()
y_true = np.array(target_values_test)
y_pred = clf.predict(data_test)
tend = time.time()
Itime = (lend - Istart)*10**3 + ftime

ttime = (tend - tstart)*10**3 + ftime

confusion_matrix = ConfusionMatrix(y_true, y_pred, Itime, ttime)

res = confusion_matrix.getAllVariables()

_cm.append(res)

print(("%s: %.2f" % (name, confusion_matrix.getACC() * 100)))

173



174

path = f'{eeg_config.getimgPath()}/{eeg_config.getConfigBlock()}/Confusion

matrix/c_{channel}/{fourier_type}/{power}'

columns=names)

Path(path).mkdir(parents=True, exist_ok=True)

df = pd.DataFrame(np.transpose(np.round(_cm, 2)), index=confusion_matrix_names,

df.to_csv(f'{path}/n - {i}.csv')
def getFourierSeries (self, y, fourier_type, terms=40, L=1):
x = np.linspace(0, L, self.samplin g_rate, endpoint=False)

a0 = 2./L*simps(y, x)

n_values = np.arange(1, terms + 1)

cos_vals = np.cos(2. * np.pi * n_values[:, None] * x[None, :] / L)
sin_vals = np.sin(2. * np.pi * n_values[:, None] * x[None, :] / L)

list_a=2.0/L*np.abs(np.array([simps(y * cos_n, x) for cos_n in cos_vals]))
list_b =2.0/L * np.abs(np.array([simps(y * sin_n, x) for sin_n in sin_vals]))

if fourier_type == "an":
return [a0, *list_a]

if fourier_ type == "bn":
return [0, *list_b]

return [0, *list_a, *list_b]

AO2sdz ati stics _digtOaal a e yf ovu rSIEROM.diy

from loguru import logg er

import pandas as pd

import numpy as np

import neurokit2 as nk

from pathlib impo rt Path

import matplotlib.pyplot as plt

from scipy.integrate import simps

import re

import sys

import time

from classification_metrics.confusion_matrix import ConfusionMatrix

from my_helpers.mathematical_statistics import MathematicalStatistics

class Sta

tisticsDistanceFourier():

def __init__(self, eeg_config, data, fourier_type, terms, power):

self.pow er = power

self.eeg_config = eeg_config

self.terms = terms

self.fourier_type = fourier_type
logger.debug("Stat istics Distance")

self.channel_type ="1"
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self.sampling_rate = data.getModSamplingRate()
data_matrix_passivity , data_matrix_activity_ = data.getPreparedData()
data_matrix_activity = np.power(data_matrix_activity_, power)
data_matrix_passivity = np.power(data_matrix_passivity_, power)

fstart = time.time()

sel f.all_matrix_passivity = [[self.getFourierSeries(m, fourier_type,
terms=self.terms) for m in data_matrix_passivity[0]]]

self.all_matrix _activity = [[self.getFourierSeries(m, fourier_type, terms=self.terms)
for m in data_matrix_activity[O]]]

fend = time.time()

self.ftime = (fend - fstart)*10**3

self.confusion_matrix_names = [
"True Positive Rate",
"True Negative Rate", "Positive Predictive Value", "Negative Predictive Value",
"False Negative Rate",
"False Positive Rate", "False Discovery Rate", "False Omission Rate", "Positive
Likelihood Ratio",

"N egative Likelihood Rati 0", "Prevalence Threshold", "Threat Score", "Accuracy",
"Balanced Accuracy",
"F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows index",
"Bookmaker Informedness",
"Markedness", "Diagnostic Odds R atio", "Learning_time", "Testing_time"
]
self.GetStatistic()

def Calculate(self):
logger.debug("Calculate")
num_channels = len(self.all_matrix_passivity)
path =
f{self.eeg_config.getimgPath()}/{self.ee g_config.getConfigBlock (O}YMathematical Statistics
Fourier/{self.fourier_type}/CSV'

matrix =[]
target_matrix =[]

channels_range = range(num_channels) if ‘channels_range' not in locals() and
‘channels_range' not in globals() else channels_range

for channel in range(num_channels):
passivity_data = self.all_matrix_passivity[channel]

activity_data = self.all_matrix_activity[channel]

channel_matrix = [*passivity_data, *activity_data]
channel_target. m atrix =  [*[False] * len(passivity_data), *[True] *
len(activity_data)]

matrix.append(channel_matrix)
target_matrix.append(channel_target_mat rix)



res_col = ["Average"]
res_cm =]

statistic_p, statistic_a = self.read_channel_data(path, "Mathematical Expectation”,
num_channels)

rmsestart = time.time()

rmse_p = self.rmse(statistic_p, matrix, num_channels)

rmse_a = self.rmse(statistic_a, matrix, num_channels)

compare_rmse =rmse_ p >rmse_a

rmseend = time.time()

y_true_all = np.concatenate([target_matrix[i] for i in channels_range])

y_pred_all = np.concatenate([compare _rmse[i] for i in channels_range])

allend = time.time()

allttime = (allend - rmsestart)*10**3 + self.ftime

confusion_matrix = ConfusionMatrix(y_true_all, y_pred_all, self.ftime, allttime)

print(("%s: %.2f" % ("Accuracy Average ", confusion_matrix.getACC() * 100)))

res_cm.append(confusion_matrix.getAllVariabl es())

path = f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion

matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}

df = pd.read_csv(f{path}/n - {self.terms}.csv')
df["SPC"] = np.transpose(np.ro und(res_cm, 2)) #SPC
df.to_csv(f'{path}/n - {self.terms}.csv', index=False)

def rmse(self, statistic, all_matrix, num_channels):

rmse_results =[]

for channel_idx in range(num_channels):
channel_expectat ion = statistic[channel_idx]
channel_signals = all_matrix[channel_idx]
channel_rmse = [np.sgrt(np.mean((signal - channel_expectation) ** 2)) for signal

in channel_signals]

rmse_results.append(channel_rmse)

return  np.array(rmse_results)

def read_channel_data(self, base_path, file_pattern, num_channels)
passivity_file = pd.read_csv(f'{base_path}/{file_pattern} passivity.csv’)
activity_file = pd.read_csv(f'{base_path}/{file_pattern} activity.c sv')

passivity_channel_data = [passivity_file[fData_{channel}] for channel in
range(nu m_channels)]
activity_channel_data = [activity_file[f'Data_{channel}'] for  channel in

range(num_channels)]

return np.array(passivity_channel_d ata), np.array(activity_channel_data)

def GetStatistic(self):
logger.debug("Mean Fou rier")

176



177

path =
f'{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Mathematical Statistics
Fourier/{self.fourier_type}/CSV'

sel f.process_matrix(self.all_matrix_passivity, "passivity", path)

self.process_matrix(self.a II_matrix_activity, "activity", path)

def process_matrix(self, matrices, matrix_type, path):
statistics_matrix = []

for matrix in zip(matr ices):

statistics_matrix.append(MathematicalStatistics(matrix).getMathematicalStatistics())
self.plot_to_csv(path, [statistic.getMathematicalExpectation() for statistic in
statistics_matrix], f"Mathematical Expectation {matrix_type}")

AO2ndpcl assi fires fdiurodr. @Uy'lw cShtBGfipd Ws
from loguru import logger

import pandas as pd

import numpy as np

import neurokit2 as nk

from pathlib import Path

import matplotlib.pyplot as plt

from scipy.integrate import simps

importtim e

from classification_metrics.confusion_matrix import ConfusionMatrix
class NoClassidireFourierAllChanels():
def __init__(self, eeg_config, data, fourier_type, terms, power):

self.power = power
self.terms = terms

self.channel_type = "1"

self.eeg_config = eeg_config

logger.debug("No Classifires Fourier")

self.sampling_rate = data.getModSamplingRate()
data_matrix_passivity_, data_matrix_activity_ = data.getPreparedData()
data_matrix_activity = np.power(data_matrix_activity_, power)
data_matrix_passivity = np.power(data_matrix_passivity_, power)
self.n_sigma = eeg_config.g etSigma()[1]

fstart = time.time()

self.all_matrix_passivity = [[self.g etFourierSeries(m, fourier_type,
terms=self.terms) for m in data_matrix_passivity[0]]]

self.all_matrix_activity = [[self.getFourierSeries(m, fourier_type, terms= self.terms)
for m in data_matrix_activity[O]]]

fend = time.time()
self. ftime = (fend - fstart)*10**3
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self.confusion_matrix_names = [
"True Positive Rate",
"True Negative Rate", "Positive Predictive Value", "Ne gative Predictive Value",
"False Negative Rate",
"False Positive Rate", "Fa Ise Discovery Rate", "False Omission Rate", "Positive
Likelihood Ratio",
"Negative Likelihood Ratio", "Prevalence Threshold", "Threat Score", "Accuracy",
"Ba lanced Accuracy",
"F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows index",
"Bookmaker Informedness",
"Markedness", "Diagnostic Odds Ratio", "Learning_time", "Testing_time"
]
self.fourier_type = fouri er_type
self.ltime =[]
self.NoAllSigma()

def NoTest(self):
logger.debug("No Test Sigma")

num_channels = len(self.all_matrix_passivity)
path = f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/All Mean
Fourier/{self.fourier_type}/CSV'

p_sigmas = self.read_channel_data(p ath, "Passivity Sigma", num_channels)

a_sigmas = self.read_channel_data(path, " Activity Sigma", num_channels)

p_means = selfread_channel_data(path, "Passivity Mathematical Expectation”,
num_channels)

a_means = self.read_channel_dat a(path, "Activity Mathematical Expectation",
num_channels)

# channels_range = [0, 1]

res_all =]

matrix =[]

cm_all =]

cm_col =]

target_matrix =[]

average_relative_overlaps =[]

channe Is_range = range(num_channels) if ‘channels_range' not in locals() and
‘channels_range' not in globals() else channels_range

for channel in range(num_channels):
passivity_data = self.all_matrix_passivity[channel]

activity_d ata = self.all_matrix_activity[channel]

channel_matrix = [*passivity_data, *activity_data]
channel_target_matrix =  [*[False] * len(passivity_data), *[True] *
len(activity_data)]

matrix.append(channel_matrix)
target_matrix.append(channel_target_matrix)
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n_sigma = self.n_sigma

Istart = time.time()

p_upper_bounds = p_means + (n_sigma * p_sigmas)

p_lower_bounds = p_means - (n_sigma * p_sigmas)
a_upper_bounds = a_means + ( n_sigma * a_sigmas)
a_lower_bounds = a_means - (n_sigma * a_sigmas)

p_lower_bounds[p_lower_bounds < 0] =0

a_lower_bounds[a_lower_bounds < 0] =0

lend = time.time()

Itime = np.sum(np.array(self.ltime)) + ((lend -Ista rt)*10**3) + self.ftime

p_res_by channel_all =]
a_res_by cha nnel_all =]

tstart = time.time()

for channel in range(num_channels):
p_res_by channel =]
a_res_by channel =]
res_by ch annel =]

for mean in matrix[channel]:

p_within_b ounds = (mean >= p_lower_bounds[channel]) & (mean <=
p_upper_bounds[channel])

a_within_bounds = (mean >= a_lower_bounds[channel]) & (mean <=
a_upper_bounds[chann el])

res_by_channel.append(not(np.sum(p_within_bounds) > np.su m(a_within_bounds)))

p_res_by_channel.append(np.sum(p_within_bounds))
a_res_by_channel.append(np.sum(a_within_bounds))

p_res_by _chan nel_all.append(p_res_by channel)
a_res_by_channel_all.append(a_res_by_channel)
res_all.append(res_by_channel)

tend = time.time()

p_res_sum_all = np.sum([p_res_by_channel_all[i] for i in channels_range], axis=0)
a_res_sum_all = np.sum([a_res _by_channel_all[i] for i in channels_range], axis=0)

y_pred_all = np.logical_not(p_res_sum_all > a_res_sum_all)
as_tend = time.time()
ttime = ((as_tend - tstart)*10**3) + self.ftime

confusion _matrix = ConfusionMatrix(target_ matrix[0], y_pred_all, ltime, ttime)
cm_all.append(confusion_matrix.getAllVariables())

cm_col.append('Accuracy Sum’)

print(("%s: %.2f" % ("Accuracy Sum", confusion_matrix.getACC() * 100)))

path = f{self.eeg_config.getimgP ath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}

df = pd.read_csv(f{path}/n - {self.terms}.csv')

df["SIC"] = np.transpose(np.round(cm_all, 2)) #SPC



df.to_csv(f'{path} /n - {self.terms}.csv', index=False)

def NoAllSigma(self):

logger.debug("No All Mean Fourier")
xtext = "$n$"
path = f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/All Mea

Fourier/{self.fourier_type}'

self.process_matrix(self.all_matrix_passivity, "Passivity", path, xtext)
self.process_matrix(self.all_matrix_activity, "Activity", path, xtext)

def process_matrix(self, matrices, matrix_type, path, xtext ):

for index, matrix in enumerate(matrices):
Istart = time.time()
data_matrix = np.transpose(matrix)
all_mean_data = np.mean(data_matrix, axis=1)
lend = time.time()
self.ltime.append((lend - Istart)*10**3)
title = f"{matrix_type} Mathematical Expectation {index}"

# self.plot_to_png(path, all_mean_data, title, xtext=xtext,

ytext=self.fourier_type)

ytext=self.fourier_t

self.plot_to_csv(path, all_mean_data, title)

all_ sigma_data = np.std(data_matrix, axis=1, ddof=1)

title = f'{matrix_type} Sigma {index}"

# self.plot_to_png(path, all_sigma_data, title, xtext=xtext,
ype)

self.plot_to_csv(path, all_sigma_data, title)

def read_channel_data(self, base_path, file_pattern, num_channels):

def plot_to_png(self, path, plot, name, xlim = None, ylim = None, ytext=

size=( 12, 6)):

channel_data =]

for channel in range(num_channels):
file_name = f{file_pattern} {channel} .csv'
full_path = f{base_path}/{file_name}'
channel_data.append(pd.read_csv(full_path)['Data"])

return np.array(channel_data)

........

logger.info(f"Plot {name}.png")

Path(p ath).mkdir(parents=True, exist_ok=True)
plt.clf()

plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(1)

f.tight_layout()

f.set_size_inches(size[0], size[1])

axis.grid(True)

time = np.arange (0, len(plot), 1)

# axis.plot(time, plot, 'o - ', markersize=10)
_, stemlines, _ = axis.stem(time, plot)
axis.set_xlabel(xtext, loc = 'right)

axis.set_title(ytext, loc = 'left', fontsize=14, position=( - 0.06, 0))

if xI  imis not None:
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axis.axis(xmin = xlim[0], xmax = xlim[1])
if ylim is not None:

axis.axis(ymin = ylim[0], ymax = ylim[1])
plt .savefig(f'{path}/{name}.png’, dpi=300)

def plot_to_csv(self, path, plot, name):
logger.info(f"Save {name}.csv")
path = f{path}/CSV"
Path(path).mkdir(parents=True, exist_ok=True)
time = np.arange(0, len(plot), 1) / sel f.sampling_rate
data = pd.DataFrame({"Time" : time, "Data" : plot})
nk.write  _csv(data, f'{path}/{name}.csv’)

ANO2dei ff _confusi(opeLm@iteaz'sdzgtpy Mj toj H dz'
CtedMmiszo Oy &9 Jtkzf O 1 IO Jtezf O 2)

from loguru import logger

impor t pandas as pd

import numpy as np

from pathlib import Path

import diff.operators as used_ope rators
import matplotlib.pyplot as plt

import time as sys_time

from itertools import combinations
class DiffConfusionMatrix():

def __init__(self, eeg_config, data, fourier_type, terms, power, channel_type):
self.eeg_config = eeg_config
self.power = power
self.terms = terms
self.fourier_type = fourier_type
self.channel_type = channel_type
logger.debug("Diff Confusion Matrix")

self.names = [
"Nearest Neighbors",
"Linear SVM ",
"Decision Tree",
"Random Forest",
"Neural Net (MLP)",
"AdaBoost",
"Gaussian Naive Bayes",
"SIC",
"SPC"

self.Onames = [
"Unnamed: 0",
"k - Nearest Neighbors",
"Linear SVM",



"Decision Tree",
"Random Forest",
"Multilayer Perceptron”,
"Adaptive Boosting",
"Naive Bayes",

"SIC",

"SPC"

self.names2 = [
"Nearest Neighbors",
"Linear SVM",
"Decision Tree",
"Random Forest",
"Neural Net (MLP)",
"AdaBoost",
"Gaussian Naive Bayes",
"sIc",
"SPC"

self.confusion_matrix_names = [
"True Positive Rate",

"True Negative Rate", "Positive Predictive Value", "Negative Predictive Value",

"False Negative Rate",

Likelihood Ratio",

"False Positive Rate", "Fal se Discovery Rate", "False Omission Rate", "Positive

" Negative Likelihood Ratio", "Prevalence Threshold", "Threat Score", "Accuracy",

"Balanced Accuracy",

"F1 score", "Matthews Correlation Coefficient", "Fowlkes - Mallows

"Bookmaker Informedness",

"Markedness", "Diagnostic Odds Ratio", "Learning time", "Testing time"

self.selected_rows = [

"Accur acy", "Balanced Accuracy", "F1 score", "Learning time", "Testing time"

self.selected_rows_accuracy = [

"Accuracy", "Balanced Accuracy", "F1 score”

self.selected_rows_time = [
"Learning time", "Testing time"

self.selected_rows2 = [

"Accuracy", "Balanced Accuracy", "F1 score", "Learning time", "Testing time"

self.selected_array = used_operators.arrays.get(self.eeg_config.getConfigBlock(), [])

def DiffGetMax(self):

182

index",



= f"{power}", term = f'n

logger.debug("DiffGetMax")

file _paths =]

channel_types =["1", "2", "3", "int"]

powers =[1, 2, 3, 4]

fourier_types = ["an_bn"]

term_counts = [40, 999]

file_paths = [

dict(channel_type = f'c_{channel_type}", fourier_type = f"{fourier
- {terms}")

for channel_type in channel_types

for power in powers

for fourier_typ e in fourier_types

for terms in term_counts

max_accuracy = 99999999999 999
max_accuracy_file ="

# test = "Accuracy"

# test = "Balanced Accuracy"
# test = "F1 score”

# test = "Learning_ time"

test = "Testing_time"

for i, file_path in enumerate(file_paths):
pathl

f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion

matrix/{file_path["channel_type"|}/{file_path["fourier_type"]}/{file_p

"T}.csv'

df = pd.read_csv(pathl)
df[df['Unnamed: 0] == test]

if not accuracy_row.empty:

accuracy_row =
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_type}", power

ath["power"T}{file_path["term

# current_max_accuracy = accuracy_row.iloc[:, 1:].max().max()

current_max_accuracy = accuracy_row.iloc[:, 1:].min().min()
if current_max_ac curacy < max_accuracy:
max_accuracy = current_max_accuracy
max_accuracy_file = file_path
print(max_accuracy )

print(max_accuracy_file)

def PlotDiffFourierTime(self):

logger.debug("PlotDi
logger.debug("DiffAll")
file_paths =[]

ffFourierTime")

channel_types = ["1"]
powers = [1]

# channel_types = ["int"]
# powers = [1]
fourier_types = ["an_bn"]
term_counts = [40, 999]
fi le_paths =[



dict(channel_type = f'c_{channel_type}", fourier_type = f*{fourier_type}", power
= f"{power}", ter m=fn -{terms}")

for channel_type in channel_types

for power in powers

for fourier_type in fouri er_types

for terms in term_counts
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#if (fourier_type !="an_bn" orterms!=999) and (fourier_type I="bn"orterms =

999)

for i, file_pathl in enumerate(file_paths):

for file_path2 in file_paths[i+1: I:

pathl
f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/{file_path1 ["channel_type"T}{file_path1["fourier_type"]}/{file_pathl['power"]}/variancen_2
{file_path1["term"]}.csv'

path2
f' {self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/{file_path2["channel_type"]}/{file_path2 [*fourier_type"]}/{file_path2['power"]}/variancen_2
{file_path2["term"]}.csv'

res_path
f{self.eeg_config.getimgPat h()}{self.eeg_config.getConfigBlock()}/Diff/{file_path1["channel_type"]
} - {file_path2["channel_type"|}/{file_path1["fourier _type"l} -
{file_path2["fourier_type"[}{file_pathl['power"]} - {file_path2["power"]}/{file_path1['term"]}

{file_path2["term"]}'
diff = pd.read_csv(f'{res_path}/diff.csv’)
v_dfl = pd.read_csv(pathl)
v_df2 = pd.re ad_csv(path2)
if '"AVG' in diff.columns:
diff = diff.drop('AVG', axis=1)
if 'AVG' in v_dfl.columns:
v_dfl =v_dfl.drop('AVG', axis=1)
if 'AVG' in v_df2.columns:
v_df2 = v_df2.drop('AVG', axis=1)

v_dfl_index = "Time" if file_pathl["term"] =="n - 999" else "Fourier"
v_df 2_index = "Time" if file_path2["term"] =="n - 999" else "Fourier"
print(diff)

diff.columns = self.Onames
v_dfl.columns = self.Onames

v_df2.columns = self.Onames

# v_dfl_index = "Time 1" if (file_pathl['term"] == "n -999") and
(file_path2["term"] == "n - 999") else "Fourier 1"

# v_df2_index = "Time 2" if (file_pathl['term"] == "n -999") and
(file_path2["term"] == "n - 999") else "Fourier 2"

accuracy = di ff.loc[diffUnnamed: 0'.isin(self.selected_rows_accuracy)]

time = diff.loc[diffUnnamed: 0'.isin(self.selected_rows_time)]

v_dfl_accuracy = v_dfl.loc[v_df1l['Unnamed:
07.isin(self.selected_rows_accuracy )

v_dfl_time = v_dfl.loc[v_dfl['Unnamed: 0'].isin(self.selected_rows_time)]

v_df2_accuracy = v_df2.loc[v_df2['Unnamed:
0.isin(self.selected_rows_accuracy)]

v_df2_time = v_df2.loc[v_df2['Unnamed: 0'].isin(s elf.selected_rows_ time)]



{row['Unnamed: 0  "}"

oy

{row['Unnamed: 0}"

oy

value_name="Diff')

value_name="Diff")

for idx, row in v_dfl_accuracy.iterrows():
if row['Unnamed: 0] in self.selected_rows_accuracy:

v_dfl_accuracy.locfidx, ‘'Unnamed: 07 = fY{v_dfl_index} SD

for idx, row in v_dfl_time.iterrows():
if row['Unnamed: 0] in self.selected_rows_time:
v_dfl_time.loc[idx, 'Unnamed: 0'] = f*{v_df1_index} SD {row['Unnamed:

for idx, ro w in v_df2_accurac y.iterrows():
if row['Unnamed: 0] in self.selected_rows_accuracy:
v_df2_accuracy.locfidx, 'Unnamed: 07 = f{v_df2_index} SD

for idx, row in v_df2_time.iter rows():
if row['Unnamed: 0] in self.selected_rows_time:
v_df 2_time.loc[idx, 'Unnamed: 0'] = f*{v_df2_index} SD {row['Unnamed:

result_accuracy = pd.concat([accuracy, v_dfl_accuracy, v_df2_ac curacy])
result_time = pd.concat([time, v_dfl_time, v_df2_time])

df_melt ed = result_accuracy.melt(id_vars='"Unnamed: 0', var_name='Method’,
plt.clf()
plt.rcParams.update({'f ont.size": 14})

f, axis = plt.subplots(1)

f.set_size_inches(19, 6)

axis.grid(True)

for metric in result_accuracy['Unnamed: 0':
subset = df_melted[df_melted['Unnamed: 0'] = = metric]
plt.plot(subset['Method'], subset['Diff'], marker='0", label=metric)

plt.xticks(rotation=45)

plt.legend(loc="upper right’)

current_ymax = plt.gca().get_ylim()[1]

plt.ylim(top=current_ymax + 0.5)

plt.tight_layout()

plt.savefig(f{res_pa th}/diff_accuracy.png', dpi=300)

plt.close(f)

df_melted = result_time.melt(id_vars='Unnamed: 0, var_name='Method’,
plt.clf()

plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(1)

f.set_size_inches(19, 6)

axis.grid(True)

for metric in result_time[' Unnamed: 01:
subset = df_melted[df_melted['Unnamed: 0'] == metric]
plt.plot(subset['Method'], subset['Diff], marker='0", label=metric)

plt.xticks(rotation=45)

plt.legend(loc="right")

plt.tight_layout()

plt.savefig(f{res_path}/diff_time.png', dpi=300)

plt.close(f)
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def DiffConfusionMatrix(self):
logger.debug("DiffConfusionMatrix") # Mean

all_data =]
for oper ator in self.s elected_array:
read_path = f{self.eeg_config.getimgPath()}/{operator}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}’
df = pd.read_csv(f{read_path}/n - {self.terms}.csv')
if 'Unname d: 0'in df.co lumns:

df = df.drop('Unnamed: 0', axis=1)
all_data.append(df)

res = np.round(np.mean(all_data, axis=0), 4)

df = pd.DataFrame(res, index=self.confusion_matrix_names, columns=[*self.names,
"AVG"])

path = f {self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}

Path(path).mkdir(parents=True, exist_ok=True)

df.to_csv(f'{path}/n - {self.terms}.csv')

def AVGDIf fConfusionMatrix(self):
logger.debug("AVGDiffConfusionMatrix")

for operator in self.selected_array:

read_path = f{self.eeg_config.getimgPath()}/{operator}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type} Hself.power}’
df = df2 = pd.read_csv(f'{read_path}/n - {self.terms}.csv')

if 'Unnamed: 0' in df.columns:
df = df.drop('Unnamed: 0', axis=1)
if '"AVG' in df.columns:

df = df.drop('AVG', axis= 1)
df2['AVG'] = np.round(np.mean(df, axis=1), 4)
df2.to_csv(f{read_path}/n - {self.terms}.csV', index=False)

def DiffAll(self):
logger.debug("DiffAll")
file_paths =]
channel_types =["1"]
powers =[1]
# channel_types = ["1"]
# powers = [1]
fourier_types = ["an_bn"]
term_counts = [999, 40]

file_paths = [
dict(channel_type = f'c_{channel_type}", fourier _type = f*{fourier_type}", power
=f{pow er}, term=f'n - {terms}")

for channel_type in channel_types

for power in powers

for fourier_type in fourier_types

for terms in term_counts

#if (fourier_t ype !="an_bn" orterms!=999) and (four ier_type!="bn"orterms!=
999)

# file_path1 = file_paths[0]
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# pathl =
f'{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/{file_path1['channel_type"]}/{ file_path1["fourier_type"|}/{file_path1[" power")}/{file_path1["
term"]}.csv'

# res_path =

f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path1['channel_type"]
} - {file_path1["channel_type"[}/{file_path1["fourier_type"]} -
{file_path1["fourier_type"T}/{file_pathl ['power"]} - {file_path1['power"]}/{file_pathl["term"]} -
{file_path1["term"]}'
for i, file_pathl in enumerate(file_paths):
for file_path2 in file_paths[i+1:]:

pathl =
f{self.eeg_config.getimgPath()}/{self.eeg_config.getCon figBlock()}/Confusion
matrix/{file_path1["channel_type"|}/{file_path1["fourier_type"]}/{file_pathl['power"]}/{file_pathl["
term"] }.csv'

path2 =
f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/{file_path2[ "channel_type")}/{file_path2["fourier_type"|}/{file_path2["'power")}/{file_path2["
term"]}.csv'

# res_path =
f{se If.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_pathl["channel_type"]
} - {file_path2["channel_type"1}/{f ile_path1["fourier_type"]} -
{file_path2["fourier_type"[}{file_pathl['power"]} - {file_path2["power"]}/{file_path1["term"]} -
{file_p  ath2['term"]}’

res_path =
f{self.eeg_config.getimgPath()}/{self.eeg_config.getConfigBlock()}/Diff/{file_path2[" channel_type"]
} - {file_path1["channel_type"|}/{file_path2["fourier_type"]} -
{file_path1[*fourier_type"T}{file_path2["power"]} -{fi le_pathl["power"}/{file_path2["term"]} -
{file_path1["term"]}'

Path(res_path).mkdir(parents=True, exist_ok=True)

dfl = pd.read_csv(pathl)

df2 = pd.read_csv(path2)

dfl = dfl.loc[df1['Unnamed: 0 ].isin(self.selected_rows)]

df2 = df2.loc[df2['Unnamed: 0'].isin(self.selected_rows)]

dfl = dfl. drop(‘Unnamed: 0', axis=1)

df2 = df2.drop('Unnamed: 0', axis=1)

# df = dfl - df2

df = df2 - dfl

df = df.round(3)

df.index = self.selected_rows2

df.to_csv(f'{res _path}/diff.csv')

def DiffVariance(self):

logger.debug("DiffVariance")

read_path_m =
f{self.eeg_config.get ImgPath()}/{self.eeg_config.getConfigBlock()}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}

df_m = pd.read_csv(f'{read_path_m}/n - {self.terms}.csv')

df_m = df_m.loc[df_m['Unnamed: 07.isin(self.selected_rows)]

if 'Unnamed: 0' in df_m.columns:

df_m = df_m.drop('Unnamed: 0', axis=1)
res_m__2=]]

resm__= ]
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for operator in self.selected_array:

read_path = f{self.eeg_config.getimgPath()}/{operator}/Confusion
matrix/c_{self.channel_type}/{self.fourier_type}/{self.power}

df = pd.read_csv(f{read_path}/n - {self.terms}.csv')

df = df.loc[df[' Unnamed: 0'].isin(self. selected_rows)]

if 'Unnamed: 0' in df.columns:

df = df.drop('Unnamed: 0', axis=1)
df.columns = [*self.names, "AVG"]
m__2 = np.power(df - df_m, 2)
res_m__2.append(m__2)

resl = np.round (np.mean(res_m__ 2, axis=0), 3)
res2 = np.round(np.sqrt(np.mean(res_m__2, axis=0)), 3)

df_resl = pd.DataFrame(resl, index=self.selected_rows, columns=[*self.names, "AVG"])

df res2=pd .DataFrame(res2, index=self.selected_rows, colum ns=[*self.names, "AVG"])
df_resl.to_csv(f'{read_path_m}/variancen - {self.terms}.csv')
df_res2.to_csv(f'{read_path_m}/variancen_2 - n- {self.terms}.csv')
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from loguru import logger

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from pathlib import Path

class PlotClassifiers():

def __init__ (self, ecg_config, data, fourier_type, power):
logge r.info("Plot Classifiers")

path = f{ecg_config.getimgPath()}/{ecg_config.getConfigBlock()}/Confusion
matrix/c_1/fourier_type}/{power}'

confusion_matrix_names = [

"Accuracy", "Balanced Accuracy", "F1 score"

names = [
"k - Nearest Neighbors",
"Linear SVM",
"Decision Tree",
"Random Forest",
"Multilayer Perceptron",
"Adaptive Boosting",
"Naive Bayes",
"sIc",
"SPC"
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arr=1[3, 4,5, 7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 100]

for cm_name in confusion_matrix_names:
read_data =]
foriin arr:
df = pd.read_csv (f{path}/n - {i}.csv')
accuracy_row = df.loc[df['Unnamed: 0'] == cm_name]
if '"AVG' in df.columns:
df = df.drop('AVG', axis=1)
accuracy_array = accuracy_row.values.flatten()[1:]
read_data.append(accuracy_array)

t2 = np.transpose(np.array(read_data))

plt.clf()

plt.rcParams.update({'font.size": 14})

f, axis = plt.subplots(1)

f.tight_layout()

f. set_size_inc  hes(19, 6)

f.tight_layout()

axis.grid(True)

axis.set_xlabel("Number of coefficients", loc = right')

# axis.set_title("$t, ms$", loc = 'left’, fontsize=14, position=( - 0.06, 0))

for i, name in zip(  t2[:: - 1], names[: -1)):
axis.plot(arr, i, linewidth=2, label=name)

axis.legend(loc="best',prop={'size":10})

max_value = np.nanmax(t2) if not np.isnan(np.nanmax(t2)) else 0
min_value = np.nanm in(t2) if no t np.isnan(np.nanmax(t2)) else 0
ymin =0

ymax = 1.1

if ymin > min_value:

ymin = min_value

if ymax < max_value and not np.isinf(max_value):

ymax = max_value
axis .axis(ymin = ymin, ymax = ymax)

axis.axis(xmin = 3, xmax = 100)
Path(f'{path}/img’).mkdir(parents=True, exist_ok=True)
plt.savefig(f{path}/img/{cm_name}.png’, dpi=300)
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import random

from authentication.confusion_matrix import ConfusionMatrix

from get_config.ecg_config import ECGConfig

fro m loguru import logger

from my_helpers.data_preparation import DataPreparation



from my_helpers.read_data.read_da ta_file import ReadDataFile
import numpy as np

import time

from sklearn.model_selection import train_test_split

from sklearn.neighbors import KN eighborsClassifier

from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler

f rom sklearn.neural_network import MLPClassifier

from sklearn.neighbors import KNeighborsClassifier

from sklearn.svm import SVC

from sklearn.gaus sian_process import GaussianProcessClassifier
from sklearn.gaussian_process.kernels import RBF

from sklearn.tree import DecisionTreeClassifier

from sklearn.ensemble import RandomForestClassifier, AdaBoostClassifier
from sklearn.naive_bayes import GaussianN B

import pandas as pd

from pathlib import Path

import matplotlib.pyplot as plt

import neurokit2 as nk

import aut  hentication.authentication_data as used_authentication

class Authentication():

def __init__(self, ecg_config):

logger.debug("Authentication Init")

self.ecg_config = ecg_config

self.ltime =0
self.a_path = f{self.ecg_ config.getimgPath()}/{self.ecg_config.getConfigBlock()}'
Path(self.a_path ).mkdir(parents=True, exist_ok=True)

self.names = [
"Nearest Neighbors",
"Linear SVM",
"Decision Tree",
"Random Forest ",
"Neural Net (MLP)",
"AdaBoost",

"Naive Bay es"

self.classifiers = [
KNeighborsClassifier(3),
SVC(kernel="linear", C=0.025),
GaussianProcessClassifier(1.0 * RBF(1.0 ),
DecisionTreeClassifier(max_depth=5),
RandomForestClassifier(max_depth=5, n_estimators=10, max_features=1),
MLPClassifier(alpha=1, max_iter=1000),
AdaBoostClassifier(),
GaussianNB(),
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self.confusion_matrix_names = [
"True Positive Rate",
"True Negative Rate", "False Negative Rate", "False Positive Rate", "Accuracy",
"Balanced Accuracy",

"F1 score", "Learning_time", "Testing_time"

def Diff(self):
logger.debug("Diff")
# tmp_path = "Confusion matrix 0"
# tmp_path = "Confusion matrix line 0"
# tmp_path = "Confusion matrix line SCG"
tmp_path = "Confusion matrix SCG"
for average_element s in np.arange(1, 20 + 1):

all_data =
[pd .read_csv(f'{self.ecg_config.getimgPath()}/{operator}/{tmp_path}/Authentication n -
{average_elements}.csv').drop(‘Unnamed: 0, axis=1, errors='ignore") for operator in
used_authentication.diff]

df = pd.DataFrame(np.round(np.mean(all_data, axis=0 ), 3),

index=self.confusion_matrix_names, columns=[*self.names, "SIC"])
Path(f'{self.a_path}/{tmp_path}').mkdir(parents=True, exist_ok=True)
df.to_csv(f'{self.a_path}/{tmp_path}/A uthentication n - {average_elements}.csv')

# a ll_data =
[pd.read_csv(f{self.ecg_config.getimgPath()}/{operator}/{tmp_path}/Sigma mean.csv').drop('Unnamed:
0', axis=1, errors='ignore") for operator in used_authentication.diff]

#df =pd.Da taFrame(np.round(np.mean(all_data, axis=0), 4), colum ns=["N", "Data"])

# df.to_csv(f'{self.a_path}/{tmp_path}/Sigma mean.csv’)

def Classifiers(self):
logger.debug("Classifiers")
selected_array = used_authentication.arrays .get(self.ecg_config.getConfigBlock(), [])
# other_array = used_authentication.arrays.get("OTHER1", [])
other_array = self.form_res_array(used_authentication.arrays,
self.ecg_config.getConf igBlock())

all_data_in =]
other_ data_in =]

DataPreparation(ECGConfig(selected_array[0])).getPreparedData()

all_data_in.extend([item for conf in selected_array for item in

DataPreparation(ECGConfig(conf)).getPreparedDa ta()])

for conf in other_array:

other_data_in.append(DataPreparation(ECGConfig(conf)).getPreparedData()[:int(len(all_data_in) /

10))

sigma_mean =[]

for average_elements in np.arange(1, 20 + 1):
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self. Iltime=0
other_data =]
all_data = self.average_elements_np(all_data_in, average_elements)

for item in other_data_in:
other_data.extend(self.average_elements_np(item, average_elements))

target_data = [1] * len(all_data)
other _target_data = [2] * len(other_data)

all_data_ = [*all_data, *other_data]
target_data_ = [*target_data, *other_target_data]

data_train, data_test, target_v alues_train, target_values_test =

train_test_split(all_data_, t arget_data_, test_size=0.3, random_state=42)
y_true = np.array(target_values_test)

# filtered_data = [data for data, target in zip(data_train, target_values_train)
if target==1]

# filtered_other_data = |[data for data , target in zip(data_train,
target_values_train) if target == 2]

self.NoAllSigma(self.a_path, all_data)

a_sigmas = self.read_channel_data(self.a_path, "All Sigma")

a_means = self.read_channel_data(self.a_path, "All Math ematical Expectation™)
sigma_mean.append(np.mean(a_sigmas))
n_sigma = 2.6 #2.6

Istart = time.time()
a_upper_bounds = np.power(a_means + (n_si gma * a_sigmas), 1)
a_lower_bounds = np.power(a_mea ns - (n_sigma*a_sigmas), 1)

# # mean = all_data[10]

# mean = other_data[10]

# plt.clf()

# plt.rcParams.update({'font.size": 15})

# f, axis = plt.subplots(1)

# f.set_size_inches(12 , 6)

# f.tight_layout()

# axis.grid(True)

# m_time = np.arange(0, len(mean), 1) / 360

# axis.plot(m_time, mean, linewidth=3, label=r"$ \xi_{{ \omega}} (t), mV$")
#axis.plot(m_time, a_upper_bounds, linewidth=3, label=r"$Upper_{{ \ xi}} (t), mV$")
# axis.plot(m_time, a_lower_bounds, linewidth=3, label=r"$Lower_{{ \ xi} }(t), mV$")

# axis.set_xlabel("$t, s$", loc = right’)

# axis.axis(xmin = 0, xmax = 1)
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# a xis.legend(loc="upper right’)
# plt.savefig(f'{self.a_path}/Other - Authentication.png', dpi=300)
# # plt.s avefig(f{self.a_path}/Authentication.png’, dpi=300)

lend = time.time()
Itime = self.ltime + (lend - Is tart)*10**3

y_pred =]

tstart = time.time()

y_pred = [1 if (np.mean((mean >= a_lower_bound s) & (mean <= a_upper_bounds)) *
100) >= 93.0 else 2 for mean in data_test] #82 --- 86

tend = time.time()

ttime = (tend - tstart)*10**3

confusion_matrix = ConfusionMatrix(y_true, y_pred, Itime, ttime)
sic_res = confusion_matrix.getAllVariables()
print(("%s: %.2f" % ("SIC", confusion_matrix.getACC() * 100)))

_cm =]
for name, clf in zip(self.names, self.classifiers):
clf = make_pipeline(StandardScaler(), clf)
Istart = time.time()
clf.fit(data_train, target_values_train)
lend = tstart = ti me.ti me()
y_true = np.array(target_values_test)
y_pred = clf.predict(data_test)
tend = time.time()
Itime = (lend - Istart)*10**3
ttime = (tend - tstart)*10**3
confu sion_ matrix = ConfusionMatrix(y_true, y_pred, Itime, ttime)
res = confusion_matrix.getAllVariables()
print(("%s: %.2f" % (name, confusion_matrix.getACC() * 100)))

_cm.append(res)

_cm.append(sic_r  es)

path = f{self.a_path}/Confusion matrix'

# path = f{self.a_path}/Confusion matrix line 0

# path = f{self.a_path}/Confusion matrix line SCG'
# path = f{self.a_path}/Confusion matrix SCG'
Path(p ath).mkdir(parents=True, exist_ok=True)

df = pd.DataFrame(np.transpose(np.round(_cm, 4)),
index=self.confusion_matrix_names, columns=[*self.names, "SIC"])
df.to_csv(f'{path}/Authentication n - {average_elements}.csv')

data = pd.DataFrame({"N" : np.arange(1, average_elements + 1), "Data" : sigma_mean})

nk.write_csv(data, f{path}/Sigma mean.csv')

def Plot_n(self):
logger.debug("Plot_n")



confusion_matrix_names = [
#"Accura cy",
"Accuracy", "Balanced Accuracy",
"F1 score", "Learning_time", "Testing_time"
]
names = [*self.names, "SIC"]
# path = f{self.a_path}/Confusion matrix'
# path = f{self.a_path}/Confusion matrix li ne'
# path = f{self.a_path}/Confusion matrix line SCG'
path = f'{self.a_path}/Confusion matrix SCG'
arr = np.arange(1, 20 + 1)
for cm_name in confusion_matrix_names:
read_data =]
foriin arr:
df = pd.read_csv(f{path}/Authentication n - {i}.csv')
accuracy_row = df.loc[df['Unnamed: 0'] == cm_name]
accuracy_array = accuracy_row.values.flatten()[1:]
read_data.append(accuracy_array)
t2 = np.transpose(np.array(read_data))
plt.clf()
plt.rcParams.update({'font.size": 14})
f, axis = plt.subplots(1)
f.set_size_inches(19, 6)
f.tight_layout()
axis.grid(True)
axis. set_xlabel("N", loc = 'right’)
if "time" in cm_name:
t2 =t2/1000.0
axis.set_title("t, s", loc = 'left, fontsize=14, position=(
for i, name in Zip(t2[: - 1], names[:: -1):
axis.plot(arr, i, linewidth=2, label=name, marker='0")

axis.legend(loc="best',prop={'size":10})

max_value = np.nanmax(t2) if not np.isnan(np.nanmax(t2)) else 0

min_value =np  .nanmin(t2) if not np.isnan(np.nanmax(t2)) el se0
ymin =0

ymax = 1.1

if "time" in cm_name:

ymax = 0.1

if ymin > min_value:

ymin = min_value

if ymax < max_value a nd not np.isinf(max_value):

ymax = max_value + (max_value / 11.0)

axis.axis(ymin = ymin, ymax = ymax)
axis.axis(xmin = 1, xmax = 20)
plt.savefig(f{path}/{cm_name}.png', dpi=300)

# df = pd.read_ csv(f{path}/Sigma mean.csv')
##df2 = pd.read_csv(f'{path} line/Sigma mean.csv')
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# # df['Data'] /= df2['Data’]

# plt.clf()

# plt.rcParams.update({'font.size": 14})

# f, axis = plt.subplots(1)

# f.tight_layout()

# f.set_size_inches(12, 6)

# axis.grid(True)

# axis.plot(df['N'], df['Data’], marker='0")

# axis.set_xlabel("N", loc = 'right’)

# axis.axis(xmin = 0.9, x max = 20.1)
# # axis.legend(loc="upper right’)

# plt.savefig(f'{path}/Sigma mean.png' , dpi=300)

def average_elements_np(self, arr, i):
ifi==1:
return arr
arr = np.array(arr)
n_segments = arr. shape[0] // i
averaged = np.mean(arr[:n_segments*i].reshape( -1, i, arr.shape[1]), axis=1)

return averaged

def read_channel_data(self, base_path, file_pattern):
file_name = f{file_pattern}.csv'
full_path = f{base_path} /All Mean/CSV/{file_name}'
data = pd.read_csv(full_path)["Data"]

return np.array(data )

def NoAllSigma(self, a_path, all_matrix):
logger.debug("No All Sigma")
path = f{a_path}/All Mean'
self.process_matrix(all_matrix, "All", path)

def form_res_array(self, arrays, t):
res =]
i=0
for key, value in arrays.items():
ifi ==11:
break
if key I=t:
res.append(value[0])
i=i+1l

return res

def process_matrix(self, matrix, matrix_type, path):
Is tart = time.time()
data_matrix = np.transpose(matrix)
all_mean_data = np.mean(data_matrix, axis=1)
all_sigma_data = np.std(data_matrix, axis=1, ddof=1)
lend = time.time()
self.ltime = (lend - Istart)*10**3

titl e = f'{matrix_type} Mathematical Expectation"






