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PEDEPAT

Humnnomnuass pabora 70 crpanunsi, 13 pucynkoB, 4 Ttabnuma, 40
UCIIOJIb30BAaHHBIX UCTOYHUKOB, 3 TPUIIOKEHUSI.

HUD®POBAA OBPABOTKA CHUI'HAJIOB, CIIMPOMETPHUA, ARDUINO,
JATUMKU JABJIEHUS, AKCEJIEPOMETP, IIOJCYET IIAIOB,
KAJIMBPOBKA, AJAIITUBHBIE AJII'OPUTMBI, JAbIXATEJIBHBIE
ITAPAMETPLI, METPOJIOTMYECKAS TOYHOCTD

Lens paboThl — uccaen0BaHKNE U OlleHKa 3P(HEKTUBHOCTU PA3IIUYHBIX METOJIOB
1M (poBOit 00pPaOOTKM CUTHAJIOB B MPUKIIAHBIX 3a/1a4ax.

OOBEKTOM HUCCIIEeIOBaHUS SBISIOTCS METOJbI ITUGPOBOM 00pabOTKH CUTHAJIOB
(1OC), ucnonb3yembie s aHaidu3a, GUIBTpAIMU U TPEoOpa30BaHUs CUTHAJIOB B
Pa3IMYHBIX TPUKJIAIHBIX 3aa9ax.

[Ipeamer wuccrnenoBanus — 3PEGHEKTUBHOCTh paziuyHbiX MetonoB [IOC mpu
pelIeHUN KOHKPETHBIX MPAKTUYECKUX 3a]ad, BKIIOYAs WX BBIUMCIUTEIBHYIO
CJIO)HOCTh, YCTOMUMBOCTD K IIIyMaM U IPUMEHUMOCTh B pEaJbHBIX YCIOBUSX.

[Ipoananu3upoBaHbl METO bl ITU(DPOBOIT 0OPAOOTKHM CUTHAJIOB JJIsI TOBBIIIICHUS
TOYHOCTH  COHpOMETpUYecKux  u3Mmepenuil. [lokazana  1emecooOpa3HOCTh
WCIIOJIb30BAHUSL JUISI PEHICHUS 3TOW 3a/ladyd BBICOKOTOYHBIX JATYUKOB JIABJICHUS
Honeywell HSCDRRNOO1IND2A3 u mukpokoHTposmepHoi miargopmsl Arduino Pro
Mini. HccnenoBanbl XapaKTEpUCTUKU  JBIXATEIbHBIX CUTHAJIOB U CO3JIaH
71a00paTOpPHBIM MakeT MOPTATHUBHOTO crupomMerpa. [IpoBelneH YUCICHHBIA aHaIu3
METOJ0OB 00paOOTKM CHUTHAJIOB, TOCTYMAIOIMMX C JaT4ydka JaBJICHUS, W
HKCIIEPUMEHTAJIbHO MCCJIEIOBAHbBI OCHOBHBIE METPOJIOTHYECKUE XapaKTEPUCTHUKU
pazpaboTtaHHOro ycrpoiictBa. I[loka3aHo, 4YTO WCIONB30BAHUE AaJIAITUBHOTO
aNropuT™Ma omnpenenacHuss Ko3gdUIMeHTa pacxoja MOBHIIIAET TOYHOCTh U3MEPEHUN
IIPYU PA3IMYHBIX PEKUMAX JIBIXaHUS U KOMIICHCUPYET HETMHEHHOCTh XapaKTePUCTUK
natyrka fasieHus. [lorpemHocTh m3MepeHus: oobeMa cocrabisger meHee 3%, 49To
COOTBETCTBYET TPEOOBAHUAM MEKIYHAPOAHBIX CTAHIAAPTOB JIJISi CIIUPOMETPUUECKHUX
CUCTEM.

B Tpetbeil Ti1aBe paccMOTpEeHBI METOBI ITUGPOBOI 00PabOTKH CUTHAJIOB IS
JAHHBIX, IOTYYaeMbIX OT aKCEIEPOMETPa, C IEIbI0 peaTu3alliy AITOPUTMOB TOICYETA
maroB. [IpoaHanu3upoBaHbl XapaKTEPUCTUKH CUTHAJIOB MPU XOJbOE, MCCIICIOBAHBI
MOAXOAbl K TIPEIBAPUTEIHLHON (GUIBTpAlMKA, BKJIIOYAs YCTPAHCHHE IIIYMOB U
oObeMHEHUE JAHHBIX MO OCsAM. Peann3oBaHbl alropuTMbl OOHAPYKEHUS IIAroB Ha
OCHOBE aHalM3a THMKOB, BEUBIET-MPEOOpPa3OBaHUS W CHEKTPAIbHBIX METOOB.
[IpoBenena peanuzanusa B cpege MATLAB, cpaBHeHHE TOYHOCTH Pa3IMYHBIX
MOIXO/I0OB M ONTUMH3AIUSA TT0 KPUTEPUSIM 3(HPEKTUBHOCTH, YTO TIO3BOJIHIIO OIICHUTH
MPUMEHUMOCTH KaXXI0T0 METOa IJIs 3a/1a4 MOHUTOPUHTA (PU3NIECKON aKTUBHOCTH.



PODEPAT

Heimmomuas padora 70 crap., 13 main., 4 tabu., 40 xp., 3 gan.

JIIYEOBAS AIIPAIIOYKA CITHAJIAY, CHIPAMETPBISI, ARDUINO,
JIATYBIKI LICKY, AKCEJIEPAMETP, ITAIJTIK KPOKAY, KAJIIBPOVKA,
AJIATITBIVHBIS ~ AJITAPBITMbBI,  IBIXAJIBHBIS  TTAPAMETPHI,
JbIXIMETPDBI

MbTa mpanbl — JacienaBaHHE 1 anPHKa 3(EKThIVHACI PO3HBIX MeTanay
aiy0aBail anpaloyki cirHanay y NpbIKJIaaHbIX 3a7a4ax.

AG'ektam pacnenaBaHHs 3'SYIAIONUA METaabl JyOaBail ampanoyki cirHaigay
(IOC), sixist BeIKapbICTOYBAtOLLA U1l aHAJI3Y, (DUIBTpallbll 1 IepayTBap3HHI CIrHaNIay
y PO3HBIX NMPBIKJIAAHBIX 3aa4ax.

[IpaameT nacnenaBanHs — 3QeKTbIyHAcHb po3HbIX MeTanay LIOC npsl pamsHH1
IOYHBIX TPAKTBIUYHBIX 337a4, YKIIOYal4bl 1X BbUIYAJBHYIO CKJIaJaHACIb,
yCTOMIIBACIIb /1a IIIYMOY 1 JacTacaBaJIbHACI[h Y PIaJIbHBIX YMOBAaX.

[IpaananizaBanbl MeTaipl J140aBail ampanoykl CirHauay Jid MaBbIIIDHHS
JMAKJagHacll  CHOIpaMeTpbIYHBIX  BbIMApAHHAY.  [lakazaHa ~ M3Ta3roaHacub
BBIKAPBICTAHHS [JIsl pPAldHHS TATail 3aJaybl BBICOKAJAKIAAHBIX JaTybIKay MICKY
Honeywell HSCDRRNOOIND2A3 1 mikpakanTpoaepHaii miatdopmsl Arduino Pro
Mini. J[acnenaBaHbl XapaKkTapbICThIKI IBIXAJIbHBIX CITHAJAY 1 CTBOPAHBI JIabapaTOpHbI
MakKeT MapTaTelyHara cripameTpbls. [IpaBea3eHsl JiKaBbl aHal3 METaay anpamoyki
CirHaJIay, fAKis MacTyMarolb 3 JaTyblKa LICKY, 1 3KCHEpbIMEHTalIbHA JacieIaBaHbl
ACHOYHBIS METpajariuyHblsl XapaKTapbICThIKI pacrpanaBaHail npbsuiaabl. [lakazana,
IITO BBIKAPBICTAHHE aJaNThblyHara ajrapbITMy BbI3HAUYPHHS Kad(IIbIEHTa BBIAATKY
NaBsUIIYBAE IAKJIAIHACLD BBIMSPIHHSIY MPbI PO3HBIX PHKbIMAX JbIXaHHS 1 KAMIICHCYE
HEeJIIHEHHACUb XapaKTapbICTaK JaTyblka IicKy. [laxiOHacup BBIMSpIHHS ab'émy
ckJ1asiae MeHii 3a 3%, To ajnaBsaac naTpadbaBaHHIM MIXHAPOIHBIX CTaHAApTAY IS
CIIpaMETPBIYHBIX CICTIM.

VY TpamiM paspazene pasrieakaHbl MeTaAbl JiubaBail anpaioyki cirHanay s
JAJ3€HbIX, KIS aTphIMITIBAIOLILIA a/] aKCEJIEPOMETPA, 3 MITAM paalti3allbli aJropuT-MOB
najuiiky Kpokay. IlpaanamizaBaHbl XapaKTapbICTBIKI CirHajgay Tmpbl  XaJ3e,
JacieaBaHbl MaAbIXOAbl J1a MamspdAHAN (UIbTpallbli, YKIIOYAKOUbl JIKBIIAIBIIO
myMmoy 1 ab'sjaHaHHe JaA3€HbIX Ma BOCAX. PramizaBaHbl anrapbiTMbl BBISYJICHHS
KpOKay Ha acHOBE aHaJlI3y IIKay, BEUBIIET-TIEpayTBAPIHHI 1 CIIEKTPAIBbHBIX METAay.
[IpaBem3ena poamizaipis ¥ acapoan3zi MATLAB 1 mapayHanHe makiagHacii poO3HBIX
najbIxoJay 1 anThIMi3alblsl Ma KPbITIpax 3(EeKThIVHACIN, IITO Ja3BOJija alaHIlb
JacTacaBajbHACIh KOKHAra METaay i 3a7a4 MaHITOPBIHTY (i3idHal aKThIYHACIII.



ABSTRACT
Thesis 70 pages, 13 figures, 4 tables, 40 references, 3 appendices.

DIGITAL SIGNAL PROCESSING, SPIROMETRY, ARDUINO, PRESSURE
SENSORS, ACCELEROMETER, STEP COUNTING, CALIBRATION,
ADAPTIVE ALGORITHMS, RESPIRATORY PARAMETERS,
METROLOGICAL ACCURACY

The purpose of this work is to study and evaluate the effectiveness of various
methods of digital signal processing in applied tasks.

The object of the study is digital signal processing (DSP) methods used for
analyzing, filtering, and converting signals in various applied tasks.

The subject of the study is the effectiveness of various DSP methods in solving
specific practical tasks, including their computational complexity, noise immunity, and
applicability in real-world conditions.

Digital signal processing methods for improving the accuracy of spirometric
measurements are analyzed. The feasibility of using high-precision Honeywell
HSCDRRNOOLIND2A3 pressure sensors and the Arduino Pro Mini microcontroller
platform to solve this problem is demonstrated. The characteristics of respiratory
signals are investigated and a laboratory model of a portable spirometer is created. A
numerical analysis of methods for processing signals from the pressure sensor is
performed, and the main metrological characteristics of the developed device are
experimentally investigated. It was shown that the use of an adaptive algorithm for
determining the flow coefficient increases the accuracy of measurements in various
breathing modes and compensates for the nonlinearity of the pressure sensor
characteristics. The volume measurement error is less than 3%, which meets the
requirements of international standards for spirometric systems.

The third chapter discusses digital signal processing methods for data received
from the accelerometer in order to implement algorithms for counting steps. The
characteristics of walking signals are analyzed, and approaches to pre-filtering are
investigated, including noise reduction and data integration along axes. Algorithms for
step detection based on peak analysis, wavelet transform, and spectral methods are
implemented. The implementation in the MATLAB environment, the comparison of
the accuracy of various approaches and optimization according to the criteria of
effectiveness were carried out, which made it possible to evaluate the applicability of
each method to the tasks of monitoring physical activity.



