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CTABMWJIOMETPUUYECKHWI CIIOCOB OLIEHKH IPP®EKTUBHOCTHU
YEJIOBEKO-MAIINHHOI'O B3BAUMOJIEUCTBUA

A.B. JIroTe1u
bpectcknii rocynapcTBEHHBIM TEXHUYECKUN YHUBEpCUTET, bpect, benapych

This article is devoted to evaluating the effectiveness of human-machine interac-
tion. It is proposed to use the stability platform as a tool for measuring the physiolog-
ical state of the user before and after his work with a specific device.

W3mepenne GpU3MOIOTHIECKOTO COCTOSIHUS MOJB30BATENS MEPCOHATBHOTO KOMITBIO-
Tepa MO3BOJISIET IOCTATOYHO OBICTPO OIMPEAETHUTH cladble CTOPOHBI pa3pabaThIBAEMOTO
NPOAYKTA. bUOMETpUYECKUE NAHHBIE, [0 CPABHEHUIO C MOJIXO0JaMH, MPEAYCMaTPUBAO-
IIMMU y4acTHE DKCIepTa MO SProHOMHUKE MHTepdeiica, onpoc Moyib3oBaTeNel u T.1.,
0oJiee MPUTOIHBI JUII aBTOMATUYECKON MHTEPIPETALIMH U MOCIEAYIONIEH OUEHKH (hU3H-
YEeCKOM M KOTHUTUBHOW HArpy3KH IOJIb30BaTeNs B mpoliecce padoTsl [1].

N3BecTHO, YTO KOTHUTHUBHBIE PACCTPONCTBA B LIEJIOM U COCTOSIHUE c(pepbl BHUMA-
HUS B YACTHOCTH OKa3bIBAIOT BIUsHKME Ha (yHKIUIO paBHOBecus. [loaTomy K uuciy
MH()OPMATUBHBIX MMApaMETPOB OpPraHU3Ma, MOMUMO CEPJIEYHOTO PUTMA, KPOBSHOTO
JABJIEHUS, SJIEKTPONPOBOAHOCTH KOXH, AKTUBHOCTH MBI M TOJOBHOTO MO3ra,
MO>KHO OTHECTH YCTOMYMBOCTh BEPTHKAIBHOM O3Bl YEJIOBEKA, €r0 CIIOCOOHOCTH CO-
XPaHATh PABHOBECUE C OTKPBITBIMHU U 3aKPBITHIMU IJ1a3aMHU.

Pa3zpabotannas Ha 6a3e natunka BWT901CL crabunomerpudeckas miatdopma ¢
MOOUJILHBIM JIOCTYIIOM [2] UCIIOb30BaHa JIJIsi U3MEPEHUS (PU3UOTIOTUUECKOTO COCTO-
SHHSI TIOJIB30BATEISI IEPCOHATBHOTO KOMITBIOTEPA JI0 U MOCJE €ro paboThl C KOHKPET-
HBIM IPOTPaMMHBIM OOECIEUEHUEM WM YCTPOHCTBOM C LENbIO OLEHKU 3(h(EeKTUB-
HOCTH Y€JIOBEKO-MAIIMHHOTO B3aUMOJCHCTBUS.

Tak, B paMKax J1ab0OpaTOpHBIX 3aHATUN Mo aucuuminae «llcuxonorus yeaoBeko-
MAIlIMHHOTO B3aWMOJICUCTBUS» TPOBOJUTCA OIEHKA (DU3NYECKOM U MEHTaJIbHOM
Harpy3Ku 4eJoBeKa-orepaTopa mpu padoTe ¢ HECTaHAAPTHBIMHU yCTPOMCTBAMHU BBO-
na. B uyacTHOCTHM, NPOBOAWINCH HCCIEIOBAHUS ASPrOHOMUYHOCTH KJIaBUATYPHI,
BHEIIIHUN BUJI KOTOPOU TIPE/ICTaBIICH Ha pUCYHKe 1.

B oTnnuure oT 0OBIUHBIX KIaBUATYP, T.H. «JIOMaHbIE» KIaBUATYPhI C MPUITOAHATOM
LIEHTpaJIbHOM YacThio (KiaaBHaTyphl kinacca Healthier) cmocoOG¢cTByIOT G0Jiee ynoOHO-
My PACTOJIOKEHUIO KUCTEH NIJsl meyaTH. JTO CHOCOOCTBYET MHUHUMH3ALMU PUCKA
BO3HUKHOBEHUSI «TYHHEJIBHOTO CUHApoMay. [Ipobiema 3akitoyaercs B TOM, UTO ye-
JIOBEK-OMEPATOP, paHee He pabOTaBIIMI C JAHHBIM BUIOM KJIABUATYP, MOXKET HCIIbI-
TBIBaTh HEKOTOPBIC 3T

Pucynok 1 — Buewinuit 6uo 3p2oHOMUUHOU K1ABUANLYDbL

136



CyTb 3KCIIEpUMEHTA 3aKI04allach B HAOOpE YeI0BEKOM-OIIEpaTOpPOM 3apaHee 3a-
JAHHOTO TEKCTa CHayvaja MOCPEJCTBOM OOBIUHOM, a 3aTeéM 3PTrOHOMHYHOI KJIaBHUATY-
pbl. TekcT npeacTaiisiia coOOM ABa YETBEPOCTHUIIbSI HA AHTJIMHCKOM SI3bIKE.

W3mepenns s KaXA0T0 UCIIBITYEMOT0 ITPOBOAWIINCH B TPH dTana:

- B HaydaJie DKCIIEPUMEHTA — JTaI 1;

- T0CJ€e B3aUMOJICHCTBUS C OOBIYHON KJIaBUATYpOU — ATar 2;

— IIOCJIE B3aUMOJECHCTBHS C )PrOHOMUYHOM KJIAaBUATypoOM — 3Tan 3.

B xone skcniepumenTta GpukcupoBaniock Bpemsi Habopa TeKCTa U KOJIMYECTBO OIIH-
0ok (Tabsmumma 1).

Tabnuna 1 — Pe3ynbTarhl BRIIOIHEHUS 33JaHUI B IEPBOM CEPUU IKCIIEPUMEHTOB

Hcneityemsiii | WcnpiTyemslii 2
JnmiTensHOCTD, KonuuectBo JITUTEILHOCTD, KonuuectBo
MUH. (01115 (03 MUH. OImMOO0K
Oram 2 65+109 5 76+75 5
Oran 3 177+144 5 188+135 10

N3mepennst cTaOUIOMETPUYECKUX MMapaMEeTPOB HAa KaXIOM ATare MpPOBOAWIHCH
no metoqy PomOepra — ¢ OTKpBITBIMHM M 3aKpbIThIMU I1a3amu. Ha pucynkax 2 u 3
IIPEACTABIICHbl CTATOKUHE3UOIPAMMBI, IIOJYyYEHHBIE HAa TPEX OdTalax, JJIg UCIbITye-
Moro | u ucnsiTyemoro 2 cooTBeTcTBeHHO. Ha rpadukax npsaMoyroibHUKOM Bblje-
JICHBI [IOPOTOBBIE 3HAYECHUS JOIIYCTUMOIO OTKJIOHEHUS LIEHTPA AABIEHHUS 110 OCsIM X
1 Y, OpH 3TOM I COCTOSIHUS «TJIa3a OTKPBITBD 3TH 3HaYCHHUs yCTaHOBJIEHHI B 0,5, a
JUISL COCTOSIHUSA «TJ1a3a 3akpeITh» - B 0,9.
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Pe3ynbrarhl SKCIIEPUMEHTOB MOKA3aJIM, YTO AJI HCHbITyeMoro | HabOmrogaeTcs
MO3TANHOE YXY/IIeHHE QYHKIUN €r0 BepTUKAIbHOW YCTOMYUBOCTH, KaK C OTKPBITHI-
MU, TaK U C 3aKPBITBIMU IJa3aMu. JlaHHBIM UCIIBITYEMbIH W3HAYaIbHO MMEI XYALINHE
[IOKA3aTeJd, 110 CPAaBHEHUIO C UCHBITYEeMBIM 2. J[JI1 UCIBITYEMOro 2 CyHIECTBEHHBIX
M3MEHEHUH, CBI3aHHBIX ¢ pabOTOM HA HECTAaHAAPTHOU KJIaBHATYpe, B CTATOKWHE3UO-
rpaMMax He HaOJIF01aeTcs.
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bblna npoBefeHa BTOpast cepusl TAKUX K€ IKCIIEPUMEHTOB, HO YK€ HaJ JIPyTrUMU
UCIbITyeMbIMU (Tabnuua 2). B Ttabnuuax 3-4 mpeacTaBuM YKCIIOBbIE 3HAYEHUS CTa-
OMJIOMETPUUECKUX IMapaMeTPOB.

Tabnuua 2 — Pe3ynbTaThl BBINOJHEHUS 33JaHUN BO BTOPOM CEPUM IKCIIEPUMEHTOB

HcnpiTyemsrii 3

Hcnsrryemsrii 4

JITUTeIbHOCTS, KomnunuectBo JIIUTEeIbHOCTD, KomauuecrBo
MUH. OIInOOK MUH. OIINO0K
OTam 2 79+75 0 57+46 0
Oran 3 252+217 0 189+136 0
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Tabnuna 3 — CrabunomeTpuyeckue napaMeTpbl UCIBITYEMOro 3

. Cpenne- CrarokuHe3norpamma
= § 9 Cpennee KBAZIPATHUHOG - Kosq)(bgmnem
5 S B 3HAUYCHUE OTKIIOHCHIE JlnuHa JIOIIA b oMOepra
© ~X ~Y oX oY L S QR
1 ro | -0,12 | 0,01 0,06 0,11 11,01 0,1448 35 40
3 | 007 | 0,69 0,08 0,35 18,01 0,4091 ’
9 ro| 0,11 | -0,20 0,03 0,06 11,02 0,0637 3830
r3 | 007 | -0,37 0,05 0,17 15,32 0,1669 ’
3 o | 0,00 [ 0,05 0,04 0,07 8,03 0,0617 59 87
3 | 003 | -0,12 0,04 0,11 10,95 0,1166 ’
Tabnuna 4 — CrabusiomeTpuyeckue nmapaMeTpbl UCTIbITyemMoro 4
. Cpenne- CrarokuHe3uorpamma
= § o Cpennee KBAZIPATHIHOG Ko;(b(bgmneHT
S 8 E 3HA4YEHUE OTKITOHCHIE JlnHa [Lnomans oMOepra
© ~X ~Y oX oY L S OR
1 ro | -011 | -0,09 0,07 0,09 10,87 0,1391 144 16
s | 001 | -0,13 0,03 0,12 13,83 0,0965 ’
9 ro | -0,05 | -0,07 0,03 0,10 8,34 0,0580 5359
3 | -002 | 0,10 0,04 0,14 12,22 0,1083 '
3 ro | -0,07 | 0,05 0,02 0,07 8,79 0,0415 53.49
3 | -0,05 | 0,01 0,03 0,11 9,73 0,0775 ’

JleTalibHBIN aHAIN3 PE3YJIbTATOB BTOPOW CEPUM IKCIEPHUMEHTOB IMOKa3al yJyd-
IIEHUE MOoKa3aTesaeil BEpTUKAIBHOM YCTOMYMBOCTHU /11 000UX UCTIBITYEMbIX: YMEHb-
IICHWE 3HAYEHUI JIJIMHBI U IUIOMIAJN CTATOKMHE3UOTPAMMBI, a TaKXKE CPETHEKBAIpa-
TUYHOTO OTKJIOHEHUS, B OOJbIIEH CTENIEHU B COCTOSIHUU «TJla3a 3aKphIThy. Beposr-
HO, 9TO CBSI3aHO C TOBBIIICHUEM KOHIICHTPAIIMM U BHUMAaHUS, CBSI3aHHBIM C OTBET-
CTBEHHBIM BBINIOJIHEHUEM IOCTABJICHHOMN 3a/1aud: UCHBITYEMbIE€ HE JOMYCTHIIH MHPH
Ha0ope TeKcTa HU OJHOW omuoOku. TakuMm oOpa3oM, MOXHO HaAOIIOJATh JBa BUIA
CIIEHapUeB pabOThl UCIIBITYEMBIX: C MOTHUBAIIMEH Ha Oojiee OBICTPOE U ¢ MOTHBALIUECH
Ha MaKCUMAaJIbHO 0€301IMO0YHOE BHITIOJTHEHHUE 33 TaHHH.

Jlnst manpHewero u3ydeHus: (pakTopoB, UMEIOMIUX OTPAXKEHUE B 3HAUCHUSX TIO0-
Ka3aresiel BEPTUKAIbHOM YCTOWUYMBOCTH, HEOOXOAUMO YBEIUYUTH KOJIMYECTBO HC-
MBITYEMbIX, 3a(UKCUPOBAB UX HHAMBUAYaJbHbIE OCOOEHHOCTHU (AHTPOIOMETpHUYE-
CKH€ TIOKAa3aTelu, OCTPOTa 3PEHUSI U JIP.), & JIJIsl TIOBBIIIICHUS] TOCTOBEPHOCTH OIEHKU
L[EJIECOO0PA3HBIM SIBJIIETCS OJHOBPEMEHHOE HM3MEPEHHE HECKOJbKHX OHOMETpuye-
ckux napamerpoB (UCC, kpoBsiHOE 1aBJIeHHE, AKTUBHOCTH T'OJIOBHOT'O MO3ra U T.1.) C
MOCJEAYIOIIUM OTCIEKUBAHUEM UX KOPPEIIALINH.

Takum oOpaszom, cTabmiomeTpudeckas iatgopmMa MOKET SBISATHCS UHCTPYMEH-
TOM JJIsl OLIEHKH OCOOEHHOCTEH BO3ACHCTBUSI MPOTPAMMHBIX U alllapaTHBIX MPOIYK-
TOB Ha COCTOSIHME YeJIoBeKa-omnepaTopa u Ha 3(PGEeKTUBHOCTH €10 pabOTHI.
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APPLYING KALMAN FILTER FOR THE TASK OF THE BIOMETRIC
DATA TIME SERIES UNIFICATION

A.A. Shulgan
Brest State Technical University, Brest, Belarus, shulgan.antip@gmail.com

The use of the recursive Kalman filter for restoring missed values and time series
frequency unification is discussed for the use case of biometric data collected from
the user-grade devices to monitor the mental and physical load on the user while
working with some software or hardware product. Specifics of applying filter to the
biometric data is considered, as well as simplifying the implementation with the high-
level pykalman software library.

Working with a computer, whether it is interacting with a specific application or
simply with a graphical shell, involves cognitive, visual and motor processes. Catego-
ries of the same name can be distinguished for the loads experienced by the operator
in the course of work.

A promising approach to determining the effectiveness of the user's work is to
measure the user's body parameters associated with physical and cognitive load (for
example, heart rate, blood pressure, skin electrical conductivity, B-rhythms of the
brain, etc.) during work. Until recently, the use of this approach was limited by the
low prevalence and high cost of the required equipment, but recently a significant
number of devices with biometric sensors have appeared in the area of fitness and en-
tertainment (photoplethysmographic heart rate sensors in fitness trackers and smart
watches, consumer devices that register gaze direction or brain electric activity, etc.).

All these devices have the following advantages from the researcher’s point of
view [1, 2]:

e they are capable of continuous monitoring,

e they allow transmitting data to a personal computer,

e they widely available on the market due to mass production.

However, given that biometric measurements are indirect and are affected by ex-
traneous external and internal factors [2], at least paired measurements are appropri-
ate (for example, galvanic skin response measured in pair with heart rate). Therefore,
the use of a heterogeneous set of biometric data obtained from several unrelated
sources, aimed at building a model from the most complete set, creates additional
problems, since it usually turns out that some time series have a higher sampling rate
than others do.

Diftferent-frequency time series of data require preliminary transformation. In this
case, either the data of lower frequencies are interpolated to the upper frequency [3],
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