YIK 004.5
DOI: 10.18523/2617-3808.2024.7.112-119

Bonuneys €. A., Xueno C. M., Ileuxyposa O. M.

BI3VYAJII3AIISA KOT'HITUBHUX CTAHIB
HA OCHOBI RASPBERRY PI JIUIAA BIOJOI'TYHOI'O
3BOPOTHOTI'O 3B’A3KY B PEAJIBHOMY YACI
3A IOMMOMOTI'OX0 HEMPO-KOMIT’'IOTEPHOT O IHTEP®ENUCY

Hetipoxomn’tomepuuii inmepgeiic na ocnosi EEL (Electroencephalography, enexmpoenyeganozpa-
Qia) — ye mexuonoecis, AKa 0a€ 3M02y BCMAHOBIIOBAMU 83AEMOOTIO MIHC MOIKOM JIOOUHU | 3068HIUHIMU
NPUCIPOSMU, MAKUMU SIK KOMR Tomepu yu pobomomexnixa. OCHOBHI NpUHYURU mako2o inmepgeticy:

1. 3uumysanus enexmpuyHoi aKmueHOCmi MO3KY 3a 00NOMO2010 eleKmMpPo0i6, POIMIWEHUX HA NOBEPXHI

cxanvna. Li cuenanu EET 6ioobpasicaroms Konueanus NOmMeHyianie HellpoHis.

2. Obpobnenna ma ananiz EEI-cuenanié 3a 00nomo2010 aneopummis MauuHHo20 HA84UAHHS, W00 6u-
BHAUUMU NeBHI NAMEPHU, N0 SA3aHI 3 KOHKDEMHUMU PO3YMOGUMU CIMAHAMU YU HAMIDAMU
Kopucmyeaua.

3. Ilepeknao yux po3nizHanux namepuis y KOManou 01 ynpasiinHa 306HIUHIMU NPUCIMPOSMU, MAKUMU
AK KoMn tomep, npome3u yu inmepgeicu 8ipmyanibHoi pearbHOCH.

Knrouosi nepesacu netipoxomn romepnux inmepeiticie na ocnogi EEI" — ye mooiciugicms be3nocepeo-
Hb020 KepYBaHHS NPUCMPOIMU 3a OONOMO2010 OYMOK MdA HAMIPIB, He 80al0YUCL 00 MPAOUYIIHUX MemOodi8
66€0€HHsl, HaNpuKIao0 Kiasiamypu yu muwi. Ile gioxkpusae Ho8I nepcnekmueu 0s 100etl 3 0OMeNCeHUMU
MOJICTUBOCHAMU, A MAKONC OISl IHHOBAYIUHUX 3ACTNOCY8AHb ) chepax Helpopeabinimayii, i2op, 8ipmyaib-
HOi peanvHOCmI MOWO.

Y emammi onucano oocniosicennsi moscnusocmeti suxopucmannsi EEI” npucmpoio ons 360py ma 6izya-
aizayii inghopmayii npo KoeHiMueHUU cman KOpUCmyeaya npucmporo. JocnioxceHus npogoouu Ha elex-
mpoenyepanoepagiuvnomy npuradi Emotiv INSIGHT (5-xkananvna cucmema enexmpoenyegpanoepaii
(EEG) i3 manigcyxumu nonimepHumu oamuuxamu), ma Raspberry Pi 4B. B pamkax 0ocnidscenus 6y10
PO3pOONIEHO NPOMOMUN, WO 0AE MONCIUBICIND I3VALI308Y8aMU NOKASHUKY NPO eMOYIUHUL | MeHMAanbHUll
cman kopucmysaua 3a 0onomozoro LED, wo nio ednani 0o Raspberry Pi.

Kurouosi ciioBa: Helipokomi torepHi inTepdeticu, BCI, Raspberry Pi 4B.

Beryn

VY cy4acHOMY CBiTi CTPIMKOTO TEXHOJIOTIYHOTO PO3BUTKY CIIOCTEPITa€ThCS TEHACHIIISA IO BCE TICHIIIOTO
MO€THAHHA TakuXx cdep, sK mTydHui inTenekt (Al), intepdeiicn mozok-komm’'totep (BCI) ta amapartae
3abe3neueHHs. [[i TeXHONOTIT MarOTh BETMYE3HUN TIOTEHITial, KO BUKOPUCTOBYIOTHCS Y B3a€EMOIOTIOBHIO-
BaJIbHHUI CTIOCi0, BIIKPUBAIOYM HOBI TOPU3OHTH JIJISl iIHHOBAIIIH Ta BUPINICHHS CKJIaTHUX TPOOIeM.

3aBHaHHAM Mi€l CTATTi € MPOxeMOHCTpyBaTu mpukiaj interpanii BCI Ta amapatHux pimieHs Ha 6asi
omHOIIIaTHOTO KoM toTepa Raspberry Pi. V cTarTi po3missHyTO MOXXIMBOCTI BUKOPHUCTOBYBATH HaHi PO
KOTHITHBHI CTaHH JIoAWHHU, oTpuMani 3 BCI-ipuctpoto, A AuHaMidHoro kepyBanusa LED. Takwuid migxin
Moe OyTH 3aCTOCOBAaHHMH y IIHPOKOMY CIEKTpP1 CIICHApIiB, 30KpeMa y CHCTEMaX «PO3yMHOTO OyIMHKY»,
OCBITHIX 1 TPEHYBaJIbHUX 3aCTOCYHKAX.

Po3po0JieHHs1 apXiTeKTypH cHcTeMH BisyaJi3anii KOTHITHBHUX CTaHIB

Cucrema Mae KiJlbka KOMIIOHEHTIB, SIKi MPAIIOIOTh pa3oM, o0 3a0e3neunTy 30ip, 00poOIeHHS 1 BiJ0-
OpakeHHs JIaHuX, 310panux 3 EEG-npuctporo (puc. 1).

Komnonenmu cucmemu: Emotiv INSIGHT, Raspberry Pi 4B, 7 LED, 7 pesucrtopis 10 kQ, npotn mis
3’ € THaHHA.
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Puc. 1. 3aranpHe apxiTeKTypHe pillleHHs

3acobu xomynixayii: EEG npunan 3’ennyetbest 3 RaspberryPi 3a qomomororo BlueTooth, curnanu na
Cortex API mepenarotbes 3a qomomororo WebSocket.
Bizyaumizamist curnanis BinOyBaeThcs 3a gonomoroto LED, mo npuennani no GPIO nopris RaspberryPi.

Peanizanist npororuny

Jiis 300py nanux Oymno BUKOpUCTaHO 0i0mioTeKy A podotu 3 mpuctpoeM Cortex, 1m0 Hagae BUPOOHUK
MIPUCTPOIO.

s pobotu 3 mpucTpoeM Mae OyTH BcTaHoBIeHO Launcher (mporpamue 3a0e3nedeHHs A1 IpUeTHAHHS
MIPHUCTPOIO), MO TAKOXK HaJla€ BUPOOHHK mpucTporo. [ peanizamii nmporotumy Oyiao BuOpano Emotiv
INSIGHT, ockinbku BupoOHUK Emotiv Hamae mporpamHe 3a0e3nedeHHs Ui IpHEIHAHHS IPUCTPOIO 10
Raspberry Pi (OS — Debian version 116 32-bit).

INonepeaHb010 YMOBOIO JJIsl peatizaliil NPoeKTy € MpUAOaHHS JILEH3ii, sIKa Ja€ 3MOTY OTPUMATU AOCTYI
1o enekrpoernedanorpadiuaux (EEG) nanux i Performance Metrics — moka3HHKIB KOTHITUBHOT AiSTTBHOCTI.

Performance Metrics — ue nokasnuku nponyktuBHocti EMOTIV, sik-oT yBara, cTpec, 3aiikaBleHICTb,
XBUJIIOBaHHS, pO3POOIICHI 32 JIOTIOMOTOO BIIACHHUX aJITOPUTMIB KOMIIaHii-BUPOOHHKA, MAITUHHOTO HaBYaH-
Hs, I ta Habopy aHoHiMHUX naHuX EEI. Po3poOneHi BIacHOIO KOMAaHIOIO HEBPOJIOTiB i ICHUXONOTiB
EMOTIV, nokaszauku edpextuBHocTi EMOTIV moOymoBaHi Ha OCHOBI JaHWX, 310paHUX 3a JTOTIOMOTOIO
BCTAHOBJICHUX apaJUIM HEHPOHAYKH, SKi BUKIMKAIOTh Oa)KaHUH KOTHITUBHUI CTaH, HAIIPUKIIaJ yBary Ha
ocHOBI HaOopiB ganuX EEI" Bix y4acHUKIB KOHTPOJIbOBAaHMX HEHPO HAYKOBUX EKCIICPUMEHTIB 3a JOITOMO-
roto rapHityp EMOTIV EPOC, Insight i MN8 [3].

Jiis B3aemoii 3 TapHITYporo BUKOpHUCTOBYIOTE Cortex API [1]. JInst po3po0iieHHs MPOEKTY TOTIEPEIHBO
ctBopeHo client id Ta client secret Ha pecypci ans po3pobnukisB EMOTIV, 110 € He06xiJHOI0 YMOBOIO.

PeaizoBano po6oumii mporiec API [2] (puc. 2), cTBOpEHO MiANMKUCKY Ha OTPUMAaHHS JTaHUX.

Jnst BinoOpaxkeHHs1 OTpUMaHMX JIaHUX 3a jgornomoroto LED cTBopeHO cxeMy JIaHIIora Ta i’ € JHAHHS
(puc. 3).

Bzaemonis 3 LED BinOyBaeThest mumsixoM nepefasaHus aaHux Ha GPIO moptu Raspberry Pi. GPIO
(General-Purpose Input/Output) o3Hauae BBeIeHHS / BUBEACHHS 3arajlbHOTO MpH3HA4YeHHs. [Ii KoHTaKTH
JIA0Th 3MOTY M1/’ €IHYBATH EIEKTPUUHI KOMIIOHEHTH 110 Raspberry Pi 1 B3aeMoiTH 3 HUMH 32 JOTIOMOTOIO
MPOrpaMHOTO 3a0e3MeYCHHS.

Bukopucrano Taki mopTH:

GPIO 17 (Physical Pin 11)

GPIO 27 (Physical Pin 13)

GPIO 22 (Physical Pin 15)

GPIO 23 (Physical Pin 16)

GPIO 24 (Physical Pin 18)

GPIO 25 (Physical Pin 22)

GPIO 6 (Physical Pin 31)
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Puc. 2. Cxema npornecis Cortex API

[HTEHCHBHICTh CHTHAITY 3MIHIOETHCS 32 JJOTTOMOTOX0 BUKOpUCTaHHs MeTony led change duty cycle.
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Puc. 3. Cxema min’eqHanHs nanmiora 1o Raspberry Pi

import RPi.GPIO as GPIO
import time
from cortex import Cortex
class Subcribe():
def __init__ (self, app_client_id, app_client_secret, **kwargs):
«UN»N
Constructs cortex client and bind a function to handle subscribed data streams
If you do not want to log request and response message , set debug mode =
False. The default is True
«NN
print(“Subscribe _ init_ *)
self.c = Cortex(app_client_id, app_client_secret, debug_mode=True, **kwargs)
self.c.bind(create_session_done=self.on_create_session_done)
self.c.bind(new_data_labels=self.on new data labels)
self.c.bind(new_met_data=self.on_new_met_data)
self.c.bind(inform_error=self.on_inform_error)
# Set the GPIO mode to BCM
GPIO.setmode(GPIO.BCM)
# Set up the LED pins
self.led pins = [17, 27, 22, 23, 24, 25, 6]
self.led_pwm = []
# Set up each pin as a PWM output
for pin in self.led_pins:
GPIO.setup(pin, GPIO.OUT)
globals()[f”’pwm_{pin}”] = GPIO.PWM(pin, 100) # 100 Hz PWM
globals()[f’pwm_{pin}”].start(0) # Start the PWM at 0% duty cycle
def start(self, streams, headsetId="’):
self.streams = streams
if headsetId != ¢’:
self.c.set_wanted_headset(headsetId)
self.c.open()
def sub(self, streams):
self.c.sub_request(streams)
def on_new data_labels(self, *args, **kwargs):
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data = kwargs.get(‘data’)
stream_name = data[ ‘streamName’ ]
stream_labels = data[ ‘labels’]
print(“{} labels are : {}’.format(stream_name, stream_labels))
def led_change duty cycle(self, pin, value):
pwm = globals()[f’pwm_{pin}”]
pwm.ChangeDutyCycle(value)
def on_new_met_data(self, *args, **kwargs):
«UNN
To handle performance metrics data emitted from Cortex and control LED brightness.
«NN
data = kwargs.get(‘data’)
met = data[ ‘met’]
print(“MET data:”, met)
print(“MET engagement:”, met[1])
print (“MET lex:”, met[4])
print(“MET ex:”, met[3])
print(“MET str:”, met[6])
print (“MET relax:”, met[8])
print(“MET interest:”, met[10])
print(“MET foc:”’, met[12])

engagement = 0
excitement = ©
lex = ©
stress = 0
relax = @
interest = 0
focus = @
try:
engagement = met[1]
except ValueError:
print(“’eng’ not found in met data. Using default value.”)
try:
excitement = met[3]
except ValueError:
print(“’exc.isActive’ not found in met data. Using default value.”)
try:
lex = met[4]
except ValueError:
print(‘“’lex’ not found in met data. Using default value.”)
try:
stress = met[6]
except ValueError:
print(“’str.isActive’ not found in met data. Using default value.”)
try:
relax = met[8]
except ValueError:
print(‘“’relax’ not found in met data. Using default value.”)

try:
interest = met[10]
except ValueError:
print(‘“’foc.isActive’ not found in met data. Using default value.”)
try:
focus = met[12]
except ValueError:
print(‘’foc.isActive’ not found in met data. Using default value.”)
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# Control LED brightness based on performance metrics
self.set_led brightness(engagement, excitement, lex, stress, relax, inter-
est, focus)
def set_led_brightness(self, engagement, excitement, lex, stress, relax,
interest, focus):
«NN
Set the brightness of the LEDs based on the performance metrics.
«NN
# engagement
if isinstance(engagement, (int, float)):
self.led_change_duty cycle(self.led_pins[@], engagement)
# excitement
if isinstance(excitement, (int, float)):
self.led_change_duty cycle(self.led_pins[1], excitement)
# lex
if isinstance(lex, (int, float)):
self.led_change_duty cycle(self.led pins[2], lex)
# stress
if isinstance(stress, (int, float)):
self.led_change_duty cycle(self.led _pins[3], stress)
# relax
if isinstance(relax, (int, float)):
self.led_change_duty cycle(self.led pins[4], 100)
# interest
if isinstance(interest, (int, float)):
self.led_change_duty cycle(self.led pins[5], 100)
# focus
if isinstance(focus, (int, float)):
self.led_change_duty cycle(self.led pins[6], 100)
def on_create_session_done(self, *args, **kwargs):
print(‘on_create_session_done’)
# subribe data
self.sub(self.streams)
def on_inform_error(self, *args, **kwargs):
error_data = kwargs.get(‘error_data’)
print(error_data)
def main():
your_app_client_id = ‘YOUR_CLIENT_ID’
your_app_client_secret = “YOUR_CLIENT_SECRET’
s = Subcribe(your_app_client_id, your_app_client_secret)
streams = [ “met’]
s.start(streams)
try:
while True:
time.sleep(1)
except KeyboardInterrupt:
pass
finally:
for pin in led_pins:
pwm = globals()[f”pwm_{pin}”]

pwm.stop()
GPIO.cleanup() # Ensure GPIO cleanup occurs
if _name__ == ¢__main__’:
main()

requirements.txt:
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certifi==2024.8.30
charset-normalizer==3.4.0
idna==3.10
python-dispatch==0.2.2
requests==2.32.3
RPi.GPI0==0.7.1
urllib3==2.2.3
websocket-client==1.8.0

[Ipukitay 310paHux TaHUX:

met labels are : [‘eng.isActive’, ‘eng’, ‘exc.isActive’, f‘exc’, ‘lex’, ‘str.
isActive’, ‘str’, ‘rel.isActive’, ‘rel’, ‘int.isActive’, ‘int’, ‘foc.isActive’,
‘foc’ ]

MET data: [True, 0.070344, True, 0.633367, 0.0, True, 0.224075, True, 0.052446,
True, ©.252325, True, 0.094797]

BucHoBkn

VY wiit po6oTi O6yno MPOAEMOHCTPOBAHO MPOTOTUI CUCTEMH, 1110 iHTErpye HEHPOKOMIT IOTEPHUH iHTEep-
¢etic Ha ocHoBi EEI-nipucTporo, Ta anapatHy miatgopmy Raspberry Pi ans auHaMigHOT Bisyanizallii Kor-
HITUBHUX CTaHiB KopucTyBaua. L{e#f miaxix Mae HU3Ky BaXXJIMBUX IIE€peBar:

1. MoxJMBICTB 0€3MOCepPEeTHHOr0 KOHTPOJFO 30BHIIIHIX MTPUCTPOIB, TAKHX SK CBITIIONION, 38 IOTIOMOTOFO

MO3KOBHX CUTHAJIB, 1[0 AA€ 3MOTy CTBOPIOBAaTU CUCTEMH 0i0JOTIYHOTO 3BOPOTHOTO 3B’ SI3KY.

2. TI'HyukicTh 1 MacIITabOBaHICTH pilieHHs Ha 0a3i Raspberry Pi, 1o poOuTh HOTO NMPUIATHUM IS IIIUPO-

KOT'O KOJIa 3aCTOCYBaHb, BiJl pO3yMHUX OyIMHKIB 10 HEHPOOCBITHIX TPEHAXKEPIB.

3. MOXJIHBICTh iHTETpaIlii 3 IHIIMMH TEXHOJOTISIMH, SK-OT IITYYHHH 1HTEIEKT, JUIS ITHOIIOro aHallizy Ta
kiacudikaiii KOTHITUBHUX CTaHiB.

PesynbraTu mpoBeeHOro A0CIIIKSHHS JEMOHCTPYIOTh, 10 oeaHanHs BCI-TexHoMorii Ta anmapaTHiux
pimens Ha 6a3i Raspberry Pi BinkpuBae nepcrieKTHBH I CTBOPEHHS IHTEJIEKTYaJIbHUX CUCTEM, OPi€HTO-
BaHMWX Ha MOTpeOm iropuHu. [loganpmmmii po3BUTOK IIHOTO HANIPSIMY MOXKE CYTTEBO BIUTMHYTH Ha SIKICTh
KHTTS, IPOAYKTUBHICTP Tpalli Ta PO3LINPEHHS] MOXKIIMBOCTEH JIIOMHU.

Cepen HETOJIKIB BUSBIICHO TaKi: CUTHA CIa0KHH 1 MBUAKO BTPAYAETHCS Y Mipy BUCHXAHHS CEHCOPIB.
Hocartu 100 % 3’eaHaHHs BIAETHCA PiIKO, MAKCUMAJIbHE OTPUMaHe 3HaYeHHs Oys10 mpuoau3Ho 60 %.

J1s po3po0iIeHHsI Ta KOPUCTYBaHHS MPOTOTUIIOM MOTPiOHO TonepeaHe oTpruManHs clientld.

Has orpumanns EEG Performance metric motpiOna mineH3ist. s ycyHEeHHs HEIOMIKiB MOTPiOHO 3aMi-
HUTH TIPIIIAL.

3arasioM npeacTaBIeHUH IPOTOTHII AEMOHCTPY€E NMEPCHEeKTUBHICT MoegHanHs BCI-TexHomOri Ta ana-
patHuX pimeHb Ha 6a3i Raspberry Pi sik 0CHOBY JIsT CTBOPEHHS CHCTEM JIIOMUHO-KOMIIT FOTEPHOT B3aEMOJI].
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Y Volynets, S. Khmel, O. Pyechkurova

VISUALIZING COGNITIVE STATES ON A RASPBERRY PI PLATFORM FOR
REAL-TIME BIOFEEDBACK USING A BRAIN-COMPUTER INTERFACE

This research article presents a prototype system that integrates an EEG-based brain-computer inter-
face (BCI) and the Raspberry Pi hardware platform for the real-time visualization of a user’s cognitive
states. The key advantages of this approach include:

1. The ability to directly control external devices, such as LEDs, using brain signals, which enables the

creation of biofeedback systems.

2. The flexibility and scalability of the Raspberry Pi-based solution, making it suitable for various ap-

plications, from smart home systems to educational training.

The study utilized the Emotiv INSIGHT EEG system, which is a 5-channel EEG devices with semi-dry
polymer sensors, alongside a Raspberry Pi 4B microcontroller. As part of the research, a prototype was
developed to visualize the user’s emotional and mental state indicators through LEDs connected to the
Raspberry Pi.

The results of this work demonstrate the potential of combining BCI technologies and Raspberry Pi-
based hardware solutions as a foundation for developing human-centered intelligent systems. Further de-
velopment in this area can significantly impact the quality of life, productivity, and human capability
expansion.

One identified limitation in the study is the quality of the EEG signal, which is relatively weak and dete-
riorates over time as the sensors dry out. Achieving a stable and reliable connection was challenging, with
the maximum observed value reaching approximately 60%. Additionally, developing and using the proto-
type requires prior acquisition of a client ID, and access to EEG data and “Performance Metrics” depends
on obtaining a license. Overcoming these limitations may require replacing the EEG device with a more
reliable alternative.

Overall, the prototype showcases the potential of integrating BCI technologies and Raspberry Pi-based
hardware as a foundation for developing human-computer interaction systems. Future research and en-
hancements in this field could lead to significant progress in several domains, including neurorehabilita-
tion, smart home applications, and educational training scenarios.

Keywords: neuro-computer interfaces, BCI, Raspberry Pi.
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