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Aucranuinka po6oTa cTana Hesla' EMHOK HACTUHOK CY4aCHOM PHHKY Npaul,

TpaHchopmy i A0 opranisauil TpyaoBux npouecia. Naxaemis

COVID-19, sika amycuna MInbAOHK NPaUIBHUKIB NepeRTy Ha Blananenui opmar, crana
karanisaropom undpoeol pesamouil y Gianeci. Lieid dopmar Hanae nepesar sk
KOMNAHIAM (IHWKEHHA BUTPAT, NIABULUEHHA MHYYKOCTI), TaK | npauisHukam

(noxpaienHn GanaHcy Mk poBoTolo T3 0COBUCTUM XHTTAM). OaHAK BOAHONAC BIH
CTBOPIOE HU3KY . 3pOCTaHHA i8 BUrOpaKHA, CTpecy Ta isonauil, wo
CYTTEBO BNNMBAE Ha NPOAYKTUBHICTL | Gnarononyy4s npauisHmkis.

CyuacHi TexHonorii, Taki AK aHania TexcToanx Aaxux, komn'iotepre BaverHn Ta

dislonoriuHmi asania, np YIOTh HOBI MC | ANS MOHITOPHHIY EMOLIRHOID
craxy. BoaHouac BOHK CT cA 3 P AK BUCOKI BUTPATH, ETHYHI
NUTAHHA T3 CxnagHouwli iHTerpauil.

MeToK UbOro QOCNIPKEHHN € aHaNI3 icHy 0Ai8 OUiHKM iAHOM

CTaMy NPauiBHKKia Ta po3pobxa IMTErpoBaHOl CUCTEMU, RKA NOEAHYE HakedexTHaHIwWI 3
HUX ANA HANAKHA PEXOMeHAAUIR i3 NOKPaLLEHHs emouinHoro crany. Ocofinuea ysara
bCA yxy pi A ByayTe AOCTYNHAMM AN PIAHUX TUNIB KOMMNEHIA,

P THX, WO P YIOTb AUCTaHUIAHKA abo riGpuanmui hopmar poboTu.
3asnanHAMK poBoTy €:

P

Pucynok A.2 — Jlpyra cTopiHKka 3BiTy Ha YHIKaJIbHICTh TEKCTY
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Crnaiinu npe3eHTarii

JlocnipKeHHs METO/IIB aHaJII3y JIMCTaHIIIHOT poOOTH
NpalliBHUKIB. PekoMeHnaallii /J1s MOKpalleHHs! eMOLIIMHOIOo
CTaHy

cT. rp. ITI3Mm-23-4 KimaHos A. O.
HaykoBHil KepiBauk: gon. Kad. IIT Jemnucekuii B. O.

JOCJIJ>KEHHA

© MacoBHIi mepexi/l Ha JUCTaHINHHY poOOTY i Yac MaHIeMil
CIIPHYHHHB 3POCTAHHA PIBHS CTPECY Ta YACTOTH €MOIITHOTO
BHTOPAHHS cepell IMPAIBHUKIB.

° MeTo0 IOCHI/KEHHS CTallo CTBOPEHHS iHHoBaritHoro IT-
LIIEHHS /U1 PaHHBOI'O BUABJICHHS 03HAK CTPECY, BULOPAHHS Ta
SLPEeCUBHHX CTAHIB.

© 3aIpOIIOHOBaHA CHCTEMA MA€ 1HTEIPYBATH KUIbKA KaHAJIB

aHAI3y, OLEPATHBHO BUSIBIISITH O3HAKH JIeNpecii Ta HaJl[aBaTH
peKOMeH 1Al KOpHCTyBadaMm.




AKTYAJIbHICTb JOCII/PKEHHA

o EMoTiifHe BUTOpaHHS Ta CTPEC CTAIH OJJHUMH 3
HafNOIMHPEHINTHX MpodIeM MPAIliBHUKIB B YMOBaX
OHCTAHIIHHOL Ta TIOPHIHOI poOOTH.

© BUIBIIICTE ICHYIOUUX PIIIEHE € 200 HAITO IOBEPXHEBHME
(omuryBanHg), 200 TOPOTHMHE Ta IHBAZHBHIMI (MOHITOPIHT
aKTHBHOCTI, BIIEOCIIOCTEPEIKEHH).

¢ 3pocrae norpeba y KOMIUIEKCHOMY, JOCTYIIHOMY il €THIHO

0OIPYHTOBAHOMY ITIJIXOIIL /TO OINIHKH eMOIIHHOTO CTaHy
HIePCOHATY.

© Mos poborta cripsaMoBaHa Ha po3poOKY TaKoi CHCTeMH 3
BHKOPHCTAHHAM CYYaCHHX TEXHOJIOTIH OararoKaHaJIbHOTO

aHa3y.
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MMOCTAHOBKA 3AJIAUI

Merta: cTBOPHTH IHTEIPOBAHY CHCTeMY 0araToKaHaJIbHOIO
MOHITOPHHTY Ta aHaTi3y eMOIIHHOIO CTaHY.

3aBIaHud Ha JOCJIULKCHHA:

o [IpoaHaTi3yBaTH iCHYIOYI METOIH
o [TopiBuATH iX edeKTHBHICTE

o BuOparn 2—-3 HaHKpanx MeTOIH
° Po3poOHTH MPOTOTHIT CHCTEMH

o HQOTeCLyﬁaTI/I CHCTEMY



TUTAH JIOCJIDKEHH S

AHaJi3 NTepaTypHUX JiKepell

Buznauenns ta oOTpyHTYBaHHSA BHOOPY METOIIR
Br3HaueHHS KpUTePIiB IS OIIIHKH METOIIR
301p Ta HOpMaJIi3algd KpHTepiiB

Po3paxyHOK eeKTHBHOCTI METOIIIB

IlaHyBaHHS apXITEKTYPH CHCTEMH
Po3pobka MVP cuctemn

i A T

Or11iHKa pe3yIbTaTIB

METOIU AHAJII3Y

NLP-ananituka
Voice Emotion Recognition
Komn'torepHe OaueHHs

OnurypaHHA
Behavioral Biometrics

Di310T0TITHAN aHAIIIS

~N N D R W N =

MOHITOPHHT aKTHBHOCTI
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NLP-AHAJIITUKA

36ip TEKCTOBHX [18HUX

Preprocessing
(Toxewizauin, pinkTpauiA,
nematuaauia)

° ABTOMaTHYHHH aHAII3 TEKCTOBUX IIOBIJIOMJIEHb
(1aru, 3BITH)

o Bukopucranug mozen GoEmotions
(knacudikarris 27 eMorriif)

o Bucoka Tounicts — 10 90%

Knacudikavyin emouiiHoro
sabapeneHHA 3a LONOMOToI0 Mogeni
BERT gotpexceanoi Ha gataceri
GoEmotions

IIpobaemu:
© 3aTIEKHICTh BIJT KOHTEKCTY Ta MOXHOKH

OPMYVIIFOBAHHSA

36epexeHHn peayneTatia Ana
arperauyil, 0bpobku Ta HapaHHA
pexoMeHJaUin

XAPRIBCHRMA
HAUIGHANBHHA
YMIBEPCHTET
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NURE | PamioEnekTrommm

PO3III3BHABAHHS EMOLIII ¥V TOJIOCI

© AHalIl3 TOHATRHOCTI, TeMOpY, May3, BHIKOCTI
MOBJICHHS

Happy  Angry  Surprise > HelipoHHI MepexXi B OCHOBI (HAIIPHKIIAI,
. o8 ﬂ n H».-;, wav2vec)

-

I % .
I k i ‘ k ‘ l ‘ IIpodaemn:
pasch Signals A“"V‘" Emotions ° BHCOKA YYTIHBICTE JI0 IyMYy
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PARICENEKTPONIKM

KOMITIOTEPHE bAHEHH A

° AHaJi3 MIMIKH Ha BiZIeo / BIICO3B’I3KY

o Buxopucranng Mediapipe, CNN
o BugBlIeHHS eMoIIlil y pealbHOMY Yacl

Happy

Sad
Neutral
e
IIpobnemu: Confused
o SIKICTL BlIEO (o e

Preprocessing Classification

Detection Extraction

o BHCOKa 1HBa3UBHICTD

z
c
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PAICENEKTPONIKM

OIIMTYBAHHA

R o Ankern Ty PANAS a0o Bracui hopmu
Daily checkin —— 5 .
S J ° Cy0’eKTHBHA OIIIHKA CAMOIIOIYTTS

° MoskHa mepcoHaTi3VBaTH PEKOMEHIAINIT

How are you feeling today? *

Yoyt

() IIpodaemn:
. > YeCHICTh KOPHCTYBAYiB
o Jronpchka moxmbka
- o [ToBepxHEBICTH
@ o Cy0’€KTHBHICTh




[TOBEJIIHKOBI bBIOMETPUYHI JAHI

o [laTepHn HATHCKAHB KJIABIMI, pYyX MHIIII

o HH3pKa IHBA3UBHICTE, HEIIOMITHHIH
301p

o MoykHa BUSIBHTH 3MIHY HACTPOIO Yepes
3MIHY HOBEIIHKA

IIpobaemu:
o QOMesKeHa TOYHICTE

ss NURE E"‘m—n
OI3IOJIOITHHUI AHAJIIS
o Hani: YCC, muxaHHs, MIKPOPYXH HRV
o MOKIHBICTE 3MEHIIEHHS PU3HKY 200

OXHOKH Hgepes3 aJITOPHTMH

75
o BHcoka ToIHICTE — 10 92%

50

. |1 Average:24

IIpodaemn:

o |[HBa3HMBHICTH 0 1 2 3 A 5 6

o llOglaTKOBe OﬁﬂaQ!HEHHSI

Time(min)
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MOHITPUHI" AKTUBHOCTI

° BUMIproBaHHS [IPOAYKIUBHOCTI,

Time use on an average work day for employed TpHBaHOCTi IIEpEPB 3MIHH B z;[I/IHaMiHi
persons ages 25 to 54 with children ?
poborn

— ° Bukopuctannsg: RescueTime, aHam3
s rpadikiB aKTHBHOCTL

° HQOCTI/Iﬁ Ta aBTOMAaTH30BaHIIIH METOO

other
Caringlor others. (1.5 hours)
(1.2 hours)

Eatinganddrinking _
(1.0 hours) S

Household activities
1.1 nours) /

Leisureandsports
(2.6 hours)

Ty Working and H OG.HEMH:

related activities
(88 hours) . .
b2t Ry vt et > He gae posyMiHHS caMe 10 eMOIiii
trawel foreach :f.;x‘ =20 and are annual averages. for 2016, Data include related i :

BIADHOIIIEHHI 1O EMOLIiﬁ
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KPUTEPII OLIIHK

Ta6mma 4.1 — T Ta oliHKA KAl KpHTepiiB (Tadmms BIKOHaHA caMOCTiifHO)

Kputepiit T mKamt OmiHKa

TouHicTs IHTEepBaTBHA 0—100%

ExoHoMmiuHAa Ta TexHiuHa| IHTepBagsHA 0 — 10 (ominka)
JIOILIBHICTD

IHBa3NBHICTE HomMmizaneHa BrcoKa, cepeiIHs, HII3bKa
MacmraboBaHICTE InTepBansHA 0—100%

Hagiiinicts / CrifikicTs 10 | IHTepBagsHa 0—100%

oIyMy

OmnepaTHBHICTE  BIUABIEHHA | IHTepBaasHA N gacy

3MIH
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#.  3bIP JAHUX

A0 wymy

10

NLP-aHanitTMKa

Komn'lotepHe 6ayeHHA

®izionoriyHMin aHanis
Behavioral Biometrics

Voice Emotion
Recognition

OnuTyBaHHA

CucTeMy MOHITOPUHIY
AKTUBHOCTI

NLP-aHanituKa
Komn'iorepHe 6ayeHHA
dizionoriyHMii aHanis
Behavioral Biometrics

Voice Emotion
Recognition

OnuTyBaHHA

CUCTEMM MOHITOPUHIY
AKTUBHOCTI
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0,78

0,63

0,16
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cepemHs
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cepenHs

cepeaHa
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0.75

0,75

025

0,5

85

70

920

65

60
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75

A0 wymy
0,83

0.33

0.5

0.5xB
12 xB

10 xB

2xB

60 xB

0,98
0,84
0,97

0,99

097
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OLIHKA KOPUCHOCTI

Tabmmsa 4.5 - Koedimientn edexTinBHOCTI MeTouiB (Tadmmsg BHKOHAHA
caMocTiitHo)
Mertoxn KoedinieHT KoprcHOCTL
n
U=y w+X, ‘NLP-aHaTiTIKA 0.722
i il
=1 ®izionorigHmt aHamiz 0.614
, zte U — xoedinieHT eeKTHBHOCTI,
Komm'rotepre OageHHA 0.548
W, - Barosilii KoedinicHT KprTepiio i, i
X, - HOpMATi30BAHE 3HATEHHA KPHTePilo i /18 MeToxy j. CricTeMI MOHITOPHETY aKTIBHOCTI 0.522
OnuTyBaHHA 0.496
Behavioral Biometrics 0.440
Yaira Ematinn Darnanitinn n AR

== &/=  PE3YJITATU TEOPETMYHOI'O
NOCJILJDKEHHS

o [Tpoanalii3oBaHo 7 Cy4acHHX MeTOAIB 0OpOoOKH Ta BU3HAYEHHS €MOIIHHOIO CTaHy
TFOINHE

o IIpoBeieHO KUIBKICHE TIOPIBHSHHS METOMIB 3a 6 KPUTEPISIMU

° 3acTOCOBAHO AIIHTHBHY 3TOPTKY i 00pano 3 MeTonH 3 HAHKpaIIIMH IOKA3HUKAMI

e(eKTHBHOCTIL:

o NLP-anamituka (0.722)
= @isionoriuami agams (0.614)
> Kommr’rorepre 6adennst (0.548)

o IlinTBepmKeHO NOIUIBHICTH OaraTo-KaHAIBHOTO aJlTOPHTMY BH3HAYEHHS CTpecy,
neripecii Ta BHTOpaHHS
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APXITEKTYPA CUCTEMH

| [ == | =) (—)
— ] ]

rosigowen

BMOI'N 10 CUCTEMUA

DyHKITIOHATBHI: HedyHKITioHaTBHI:
° 30ip JaHUX ° HPOIYKTHBHICTE i ONepaTHBHICTE
> 00poOKa JaHHX ° MacmraboBaHiCTh
° aHAaJli3 JaHHX ° Oe3leKa Ta KOH(ITeHIIHHICTE
° arperamis pesylsTary aHalIi3y ° HaJIHHICTB
° aHali3 eMOIIHHOTO cTany ° 3PYYHICTh BHKOPHCTaHHS
° IeHepalid peKoMeHIawii ° IATPHMYBAHICTH

° Bizvasizalig JaHHnx
° ayIeHTHDIKAIS Ta aBTOpH3aLIs
° pealbHHUII 9ac Ta iHTEpaKTHBHICTh



XAPKIBCEKMA
HAWIOHANbHMR
YMIBEPCHTET

PARIOENEKTPOHIKM

MVP-BEPCIA CUCTEMHA

Homymienns:

= 36ip peanbHHX JaHHX 3aMiHEHO Ha

reHepario

° BincyTaa peamnizariig aganrepis
o BuximroueHo MOOLIBHHUIT JOJATOK

> Crpomtenuii inTepdeiic

o

o

PeanizoBano:

Cepgicn 300py 1aHuX (3 TeHepaIie)

AHami3 JaHHX Ta BHOKPEMIIEHHS eMOITiil
Ta IHIIMX MOKA3HUKIB

Arperartisg 1aHux Ta o0UHCIeHHST
TPEHIIIB

BusHaueHHs IHICKCIB cIpecy
‘Web-tofatok juis Bizjo6paskeHHS TaHHX
IO KOPHCTYBadaM

‘Web-po3nmperHs ULt HOBIIOMIICHHS
KOPUCTYBaTy
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UDC 0048:159.9
MONITORING EMOTIONAL WELL-BEING IN REMOTE WORKERS: A
MULTI-CRITERIA EVALUATION OF AFFECTIVE
COMPUTING MODALITIES

Leshehynskyi Volodymyr,
Candidaic of Techaical Sciences, Associaie Professor

Kidanev Artem,

Stadeat

Kharkiv National University of Radio Electranics

Kharkiv, Ukraine

Abstract, We propose a multi-crterin famework 1o evaluaie five
emtion. manisoring modalties - self-report surveys, physiological sensars, NLP,
computer vision, and behavioeal isencerics - fo remote workers. Balancing clinical
validiy, rea-tinee responsiveasss, scalabiliy, cost, invashveness, and robusticss, our
resulis rank NLP, facial-cxpression €V, and physiological scnsors highest. We
and fsure validation

considerations.
Keywords: remote work, emotion mosilosing, affective comping, natursl

language proccssing, facial-cxpression. rocognition, physiclogical sensors, heart e

variahility. electmdermal activity, bebaviaral biometrics, ot deicction

Introductios have
since the COVID-19 pandemis. In the Europesn Union, the share of cmployed
persons usually working from bome rose from 14 % in 2019 10 22 % in 2023, and
roughly osc-ihird of all working days wes remote by mid-2023 [1) [2). While
remote work offers fexibilify and redeced commuting. 0 also comelates with
elevaiod siress, ansiety, and busmoul, Fos instance, Wang ef al. found that amoag 459
firsttime remote workers, 196 % experienced muderaie--sovere ansiety and
19.6% repomed moderate-to-severe stress [3]. Despite these concerns, mast corporate

Y
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BUCHOBKHU

Iposenero rMOOKKH aHali3 7 METOIIB OLIHKH eMOLIHHOIO cTaHy IPALIBHUKIB,

o

o

BusHaueHO KI0Y0BI KpuTepil eDeKIMBHOCTL: TOUHICTR, IHBA3HBHICTE, MACIITAOOBAHICTE TOLIO.

o

POBE!&XOB&HO KOB!!!i!!iCHTIfI I(O[!HCHOCTi JUIA KOKHOTO METOY 3 BHKODHCTAaHHAM BHOL 3TOPTKH.

o

O6pano 3 HaifeexTuBHINI MeTonu: NLP, dizionorivnmii aHami3, kKoMI'l0TepHe OadeHH.

o

Po3pobieHo apxirte CHCTEMH MOHITOPHHLY eMOIIIHOIO cTaHy 3 araroKaHaIbHEM 300DPOM JaHMX.

o

Peanizosano MVP-pOTOTHII {3 TECTOBHMI JaHHMI Ta 0a30BHM 10HAIOM.

° HNMaHi pe3VIETaTH IiITBE b JOIIIBHICTE 0araTOKaHAIBHOTO IIX0IY 0 MOHITODHHTY
eMOULIIHOIO CTaHY.
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JliarpamMu apXiTeKTypu MporpamMmu
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[r—— TrndeSanice KoMNNeKkcHMi aHanis Ta rpadikv
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Web Application

Pucynok B.1 — UML-ngiarpama KoMIOHEHTIB (PUCYHOK BUKOHAHUN CAMOCTIHHO)

Docker Containar
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Poatgresal i

Pucynok B.2 — UML-niarpama po3roptanHs (pucyHOK BUKOHaHUN CaMOCTIHHO)
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Anpo0aiiist pe3yibTaTiB poOoTH

UDC 004.8:159.9
MONITORING EMOTIONAL WELL-BEING IN REMOTE WORKERS: A
MULTI-CRITERIA EVALUATION OF AFFECTIVE
COMPUTING MODALITIES

Leshchynskyi Volodymyr,

Candidate of Technical Sciences, Associate Professor
Kidanov Artem,

Student

Kharkiv National University of Radio Electronics
Kharkiv, Ukraine

Abstract. We propose a multi-criteria framework to evaluate five
emotion-monitoring modalities — self-report surveys, physiological sensors, NLP,
computer vision, and behavioral biometrics — for remote workers. Balancing clinical
validity, real-time responsiveness, scalability, cost, invasiveness, and robustness, our
results rank NLP, facial-expression CV, and physiological sensors highest. We
outline a hybrid system architecture and discuss ethical, privacy, and future validation
considerations.

Keywords: remote work, emotion monitoring, affective computing, natural
language processing, facial-expression recognition, physiological sensors, heart-rate

variability, electrodermal activity, behavioral biometrics, burnout detection.

Introduction. Remote and hybrid work arrangements have become widespread
since the COVID-19 pandemic. In the European Union, the share of employed
persons usually working from home rose from 14 % in 2019 to 22 % in 2023, and
roughly one-third of all working days were remote by mid-2023 [1] [2]. While
remote work offers flexibility and reduced commuting, it also correlates with
elevated stress, anxiety, and burnout. For instance, Wang et al. found that among 459
first-time remote workers, 19.6 % experienced moderate-to-severe anxiety and

19.6 % reported moderate-to-severe stress [3]. Despite these concerns, most corporate
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import asyncio

import random

import numpy as np

from datetime import datetime, timezone
from typing import Dict, Any

import json

import math

from influx.influx writer import InfluxWriter

class PhysioMockGenerator:

def init(self, user_ ids: list, influx writer: InfluxWriter,
generation_interval: float = 1.0):

self.user ids = user_ids

self.influx writer = influx writer
self.generation_interval = generation_interval
self.running = False

# Enhanced base values for each user with individual characteristics
self.user profiles = {}

for user id in user_ids:

self.user profiles[user id] = self. create user profile()

# Activity state tracking
self.activity states = {}

for user id in user_ids:
self.activity states[user_id] = {
'current_activity': 'resting',
'activity start time': datetime.now(timezone.utc),
'activity duration': O,
'stress_episode': False,
'stress_start time': None,
'daily step count': 0

}

def create user profile(self) -> Dict[str, Any]:

"""Create individual user profile with realistic characteristics"""
fitness_level = random.choice(['low', 'medium', 'high'])
stress_tendency = random.choice(['low', 'medium', 'high'])

# Base physiological values based on fitness and stress tendency
if fitness level == 'high':

base_hr = random.randint (55, 70)

hrv_baseline = random.uniform(35, 55)

elif fitness level == 'medium':

base hr = random.randint (65, 80)

hrv _baseline = random.uniform(25, 40)

else:

base hr = random.randint (75, 90)

hrv_baseline = random.uniform(15, 30)
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return {

'fitness_level': fitness level,

'stress_tendency': stress_tendency,

'base_heart rate': base hr,

'hrv_baseline': hrv_baseline,

'base_eda': random.uniform(0.2, 0.5),

'circadian phase': random.uniform(0, 2 * math.pi), # Individual circadian
rhythm

'activity preference': random.choice(['morning', 'afternoon', 'evening']),
'step counter': 0

}

def generate heart rate(self, user_id: str) -> int:
profile = self.user profiles[user_ id]

state = self.activity_ states[user_id]

current time = datetime.now(timezone.utc)

base hr = profile['base heart rate']

# Circadian rhythm effect (5-10 bpm variation)

hour of day = current time.hour

circadian_effect = 5 * math.sin(2 * math.pi * (hour_of day - 6) / 24 +
profile['circadian_phase'])

# Activity effect

activity boost = 0

if state['current_activity'] == 'walking':
activity boost = random.randint (15, 25)

elif state['current activity'] == 'running':
activity boost = random.randint (40, 60)

elif state['current activity'] == 'exercising':
activity boost = random.randint (30, 50)

# Stress episode effect

stress_boost = 0

if state['stress_episode']:

stress_duration = (current_time -

state['stress_start time']).total seconds() / 60

if stress_duration < 10: # Stress episode lasts up to 10 minutes
stress_boost = random.randint (10, 20)

else:

state['stress_episode'] = False

# Random noise
noise = random.gauss (0, 3)

# Calculate final HR
hr = base_hr + circadian_effect + activity boost + stress boost + noise

return max (45, min(180, int(hr)))

def generate eda(self, user id: str) -> float:
profile = self.user profiles[user id]

state = self.activity states[user_id]

base eda = profile['base eda']

# Slow drift for baseline EDA
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drift = random.gauss(0, 0.02) > Artem: profile['base eda'] = max(0.1,
min (0.8, base_eda + drift))

# Activity effect on EDA

activity boost = 0

if state['current activity'] in ['walking', 'running', 'exercising']:
activity boost = random.uniform(0.05, 0.15)

# Stress episode effect

stress boost = 0

if state['stress episode']:

stress boost = random.uniform(0.1, 0.3)

# Occasional EDA spikes (emotional responses)

spike = 0

if random.random() < 0.05: # 5% chance of EDA spike
spike = random.uniform(0.1, 0.4)

eda = profile['base eda'] + activity boost + stress boost + spike
return round(max (0.1, min(1.0, eda)), 3)

def generate_steps(self, user_id: str) -> int:
profile = self.user profiles[user_ id]

state = self.activity_ states[user_id]

current time = datetime.now(timezone.utc)

# Update activity state
self. update activity_ state(user_id, current time)

steps = 0

if state['current_activity'] == 'walking':
steps = random.randint (8, 15) # Walking pace
elif state['current activity'] == 'running':
steps = random.randint (20, 35) # Running pace
elif state['current activity'] == 'exercising':

steps = random.randint (5, 12) # Exercise movements
elif random.random() < 0.1: # Occasional movement while resting
steps = random.randint(1l, 3)

# Update daily step counter
state['daily step count'] += steps
profile['step counter'] += steps

return steps

def update_activity state(self, user_id: str, current_time: datetime):
"""Update user's activity state based on realistic patterns"""

state = self.activity_ states[user_id]

profile = self.user profiles[user_ id]

# Calculate activity duration
activity duration = (current time -

state['activity start time']).total seconds() / 60

# Determine if activity should change
should change activity = False

if state['current_activity'] == 'resting':
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# Probability of starting activity based on time of day and preference
hour = current_ time.hour

activity prob = self. get activity probability (hour,

profile['activity preference'])

if random.random() < activity prob and activity duration > 5: # At least 5
min rest

should change activity = True

else:

# Active state - check if should return to rest

max duration = {

'walking': random.randint (5, 15),

'running': random.randint(3, 8),

'exercising': random.randint (10, 25)

}

if activity duration > max duration.get(state['current activity'], 10):
should change activity = True

# Change activity if needed
if should change activity:

if state['current_activity'] == 'resting':

# Start new activity

activities = ['walking', 'running', 'exercising']

weights = [0.6, 0.2, 0.2] # Walking most common

state['current activity'] = random.choices(activities, weights=weights) [0]
else:

# Return to rest

state['current activity'] = 'resting'

state['activity start time'] = current time

# Randomly trigger stress episodes
if not state['stress_episode'] and random.random() < 0.002: # 0.2% chance
per second

if profile['stress_tendency'] == 'high':
stress_chance = 0.005

elif profile['stress tendency'] == 'medium’:
stress_chance = 0.003

else:

stress_chance = 0.001

if random.random() < stress_chance:
state['stress_episode'] = True > Artem: state['stress_start time'] =
current time

def get_activity probability(self, hour: int, preference: str) -> float:
"""Get probability of starting activity based on time and preference"""
base prob = 0.001 # Base probability per second

# Time-based modifiers

if 6 <= hour <= 9: # Morning

time modifier = 1.5 if preference == 'morning' else 1.0
elif 12 <= hour <= 14: # Lunch time

time modifier = 1.2

elif 17 <= hour <= 19: # Evening

time modifier = 1.5 if preference == 'evening' else 1.0
elif 9 <= hour <= 17: # Work hours



time modifier = 0.3
else: # Night/early morning
time modifier = 0.1

return base prob * time modifier

def generate_sensor quality(self) -> str:

# More realistic sensor quality distribution
rand = random.random ()

if rand < 0.92:

return "good"

elif rand < 0.97:

return "fair"

else:

return "poor"

def generate data point(self, user_id: str) -> Dict[str, Any]:
timestamp = datetime.now(timezone.utc)

return {

"user_id": user_id,

"timestamp": timestamp.isoformat(),
"heart_rate": self.generate heart rate(user_id),
"eda": self.generate_eda(user_id),

"steps": self.generate_steps (user_id),

"sensor quality": self.generate_sensor quality()

}

async def generate for user(self, user_ id: str):
while self.running:

try:

data point = self.generate_data_point (user_id)

await self.influx writer.write data point(data_point)

# Enhanced logging with activity state

state = self.activity states[user_id]

activity info = f"[{state['current activity']}]"
if state['stress_episode']:

activity info += " [STRESS]"

print (f"Generated data for {user_id} {activity info}:
HR={data point['heart rate']}, EDA={data point['eda']},
Steps={data_point['steps']}")

await asyncio.sleep(self.generation interval)

except Exception as e:

print (f"Error generating data for {user_id}: {e}")
await asyncio.sleep (1)

async def start(self):

self.running = True

print (f"Starting enhanced physio data generation for users:
{self.user ids}")

# Print user profiles

for user id, profile in self.user profiles.items():
print (f"{user_id}: {profile['fitness level']} fitness,
{profile['stress_ tendency']} stress tendency, prefers
{profile['activity preference']} activity")

23
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tasks = []

for user_id in self.user ids:

task = asyncio.create_task(self.generate for user (user_id))
tasks.append (task)

await asyncio.gather (*tasks)

def stop(self):
print ("Stopping enhanced physio data generation")
self.running = False

IaTepnperaTop crpecy 3a (Pi310J0TTYHUMU JAHUMH:

from typing import Dict, Any
from datetime import datetime

class StressInterpreter:
def init(self):

# Baseline thresholds for stress assessment
self.hr baseline = 75.0
self.hrv_low_threshold = 30.0
self.eda_spike threshold = 3
self.movement low_threshold = 0.05
self.stress_index_high = 300

# Historical stress tracking for burnout detection
self.stress_history = {}

def interpret features(self, user_id: str, features: Dict[str, float],
window start: str, window _end: str) -> Dict[str, Any]:
# Calculate stress score
stress_score = self. calculate_stress_score(features)

# Determine stress level
stress_level = self. determine_stress_level (stress_score)

# Generate explanation
explanation = self. generate explanation (features)

# Check for anomalies
anomaly detected = self. detect anomalies(features)

# Update stress history and check burnout
possible burnout flag = self. check burnout risk(user_ id,
stress_score)

return {
"user_id": user_id,
"window_start": window_start,
"window_end": window_end,
"stress level": stress level,
"stress score": round(stress_score, 3),
"possible burnout flag": possible burnout flag,
"anomaly detected": anomaly detected,



"source": "physiology",
"explanation": explanation,
"features": features

}
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def calculate_stress_score(self, features: Dict[str, float]) -> float:

if features.get('data quality') == 'poor':
return 0.0

score_components = []
# Heart rate component (0-0.3)

hr = features.get('avg_heart rate', 0)
if hr > O:

hr score = min(0.3, max(0, (hr - self.hr baseline) / 50.0 *

0.3))
score_components.append (hr_score)

# HRV component (0-0.25) - lower HRV = higher stress
hrv = features.get('hrv_rmssd', 0)
if hrv > 0:

hrv_score = min(0.25, max (0, (self.hrv_low_threshold - hrv) /

self.hrv_low_threshold * 0.25))
score_components.append (hrv_score)

# EDA spikes component (0-0.2)

eda peaks = features.get('eda peak count',6 0)
eda_score = min(0.2, (eda_peaks / 10.0) * 0.2)
score_components.append (eda_score)

# Movement component (0-0.15) - low movement = higher stress
movement = features.get('movement mean', 0)

movement score = min(0.15, max (0, (self.movement low_threshold -

movement) / selffhovement_low_threshold * 0.15))
score_components.append (movement_score)

# Stress index component (0-0.1)
stress_index = features.get('stress_index',6 0)

si_score = min(0.1, (stress_index / self.stress_index high) * 0.1)

score_components.append(si_score)

# Combine components
total score = sum(score_components)

# Normalize to 0-1 range
return min(1.0, max (0.0, total_score))

def _determine_stress level(self, stress_score: float) -> str:
if stress_score < 0.3:
return "low"
elif stress score < 0.6:
return "moderate"
elif stress score < 0.8:
return "high"
else:
return "critical"
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def generate_explanation(self, features: Dict[str, float]) ->
Dict[str, bool]:
explanation = {}

# Heart rate above baseline
hr = features.get('avg_heart rate', 0)
explanation['heart rate above baseline'] = hr > self.hr baseline

# EDA spikes detected

eda peaks = features.get('eda peak count', 0)

explanation['eda spikes detected'] = eda peaks >=
self.eda spike threshold

# Low movement
movement = features.get('movement mean', 0)

> Artem:
explanation['movement low'] = movement < self.movement low_threshold

# Low HRV
hrv = features.get('hrv_rmssd', 0)
explanation['hrv_low'] = hrv < self.hrv_low_threshold and hrv > 0

# High stress index

stress_index = features.get('stress_index',6 0)

explanation['stress_index elevated'] = stress_index >
self.stress_index high

# Data quality issues
data quality = features.get('data_quality', 'poor')
explanation['data quality poor'] = data quality == 'poor'

return explanation

def _detect_anomalies(self, features: Dict[str, float]) -> bool:
# Check for wildly inconsistent values
hr = features.get('avg_heart rate', 0)
eda = features.get('eda mean', 0)

# Extreme heart rate
if hr > 150 or (hr > 0 and hr < 40):
return True

# EDA flatline (exactly 0 for extended period)
if eda == 0.0 and features.get('eda peak_count',6 0) ==
return True

# Impossible stress index values
stress_index = features.get('stress_index',6 0)
if stress_index > 1000:

return True

return False

def check burnout risk(self, user id: str, stress_score: float) ->
bool:
# Initialize user history if not exists
if user_id not in self.stress history:
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self.stress_history[user_id] = []

# Add current stress score to history
self.stress_history[user_ id].append(stress_score)

# Keep only last 10 measurements for burnout assessment

if len(self.stress history[user id]) > 10:
self.stress _history[user id] = self.stress history[user id][-

# Check if last 3 measurements are high stress (>0.8)
recent scores = self.stress history[user id][-3:]

if len(recent_scores) >= 3:
high stress count = sum(l for score in recent scores if score >

return high stress count >= 3
return False

def get user stress_history(self, user_id: str) -> list:
return self.stress_history.get(user_id, [])



