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Ilpeocmaenena cucmema MOHUMOPUH2A ABMOMOOUILHOU 0e30NACHOCHU ¢ YUPPOBoil
06pabomroii cucnanos Ha baze muxpoxoumpoiuiepa ESP32-WROOM-32. Cucmema obecnevusaem
O0emMeKmuposane  OOPOHCHO-MPAHCNOPMHBIX ~ NPOUCULECHBUTI  C  GbICOKOU  MOYHOCHBbIO U
MUHUMATILHOT  300ePAHCKOTE  pearyuu, CoOmeemcmeyoueti  mpebosanuim MeHCOYHAPOOHbIX
cmandapmos. B xode ucciedosanus 0Ovinu paspabomauvl ancopummvl 00pabomxu OAHHBIX C
UCNONIBL30GAHUEM AOANMUBHO20 MEOUAHHO20 (QUILMPA U MeXAHUIMA NePeKpecmHOl NpogepKiL
CEeHCOpOs, YUMo NO360UNI0 OOCUYL 6PEMEeHI Pearyull He bonee 5 MC U CHU3UMb YACOMY JOHCHBIX
cpabampieanuti 0o 0,8 pasa 6 uac. Honyuenuvie pe3yibmamol noomeepicoarom 3gpexmusHocmn
PaspabomanHo2o peuteHus O NOGbIULEHUS YPOBHS Be30NACHOCHIU O0OPOHCHOL0 OBUNCEHU.

KuroueBbie ¢jioBa: cucteMa MOHUTOPHUHTA, ABTOMOOWIbHAS OS30MacHOCTh, HudpoBas oOpa-
6otka curHanos, ESP32, IMU, agantusnblil PUIbTp, NOKHBIE CpaOaThIBAHU.
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SYSTEM OF AUTOMOBILE SAFETY MONITORING WITH DIGITAL
SIGNAL PROCESSING BASED ON ESP32

T. N. Dvornikova, V. A. Yurevich
Belarusian State University of Informatics and Radioelectronics, Minsk

This report presents a system for monitoring automotive safety with digital signal processing
based on the ESP32-WROOM-32 microcontroller. The system provides detection of road traffic
accidents with high accuracy and minimal response time, meeting international safety standards.
During the research, data processing algorithms using an adaptive median filter and a sensor
cross-checking mechanism were developed, which allowed achieving a response time of no more
than 5 ms and reducing the frequency of false alarms to 0.8 per hour. The obtained results confirm
the effectiveness of the developed solution for improving road traffic safety.

Keywords: monitoring system, automotive safety, digital signal processing, ESP32, IMU,
adaptive filter, false alarms.

CoBpeMeHHBIE CHCTEMbI MOHUTOPHHTA aBTOMOOMIIbHON 0€30MacHOCTH CTaJIKHBAIOTCS
C psitoM TpodIIeM, Cper KOTOPBIX BBIAEISIFOTCS BBICOKOE BpeMst peakuuu (o1 100 go 500 mc),
HHU3Kasl TOYHOCTh pacno3Hasanust [ITII, Beicokast yacToTa JIOXKHBIX cpabarbBanmii (ot 0,5
1o 1,2 pasza B 4ac) U OrpaHUYEHHOE BpeMsi aBTOHOMHOH paboTel (0T 4 10 72 4acoB). D1u
HEOCTATKN KPUTUYECKH BJIUSIOT Ha 3((EKTUBHOCTD CHCTEM M CHIKAIOT JJOBEPHE IOJIBb30-
BaTeJIel K HUM.

Lenpto paboThl siBHsieTcst pa3paboTKa CUCTEMbI MOHUTOPUHTA aBTOMOOMIBHON Oe30-
nacHoCTH ¢ nupoBoii 00paboTkoii curHanoB Ha Oaze ESP32, obecneunBarolieii neTeKTH-
pOBaHHUE TOPOKHO-TPAHCIIOPTHBIX MPOHCLIECTBUN C BBICOKOW TOYHOCTBEO M MHHUMAJIBHOM
3alIePIKKOH peaKky, COOTBETCTBYIOLIEH TpeOOBAHUAM MEKIY HAPOIHBIX CTAHIAPTOB.

PaszpaboTanHas cucTeMa MOHUTOPUHIa aBTOMOOMIIBHOHN 0€30IacHOCTH MOCTPOEHA Ha
OCHOBE JIByXbsiiepHOro Mukpokontpojuiepa ESP32-WROOM-32 (puc. 1), 4To mo3BosieT
pacnpeneinTh BbIUUCIUTENbHBIE 3a0aun Mexay siapamu. Core O oTBeuaeT 3a 00pabOTKy
IaHHBIX ceHCcopoB, a Core 1 ympasisieT CBsA3bIO U 3HEeproMeHeKkMeHToM. CencopHas 6asa
BKIrO4aeT 6-ocesoii IMU MPU-6050 (nnanmason +16g, paspemenue 14 0ur), uudposoi
mukpodon INMP441 (nnanazon 20l u—20k1 1) u GPS-monyns NEO-6M (TodnHOCTb 2,5 M).

Oco0eHHOCTBIO Pa3pabOTKH SIBJISIETCS peau3aus aJanTHBHOTO METUAHHOTO (PUIIBT-
pa U MexaHH3Ma MEePEeKPECTHON MPOBEPKH CEHCOPOB. AMANTHUBHBIA MeIUaHHBIN (QUIBTP
MO3BOJISIET YCTPAHUTD IIyMBl M aHOMAJIMHM B TAaHHBIX, MOJNy4eHHbIX oT IMU, npu 3TOM co-
XpaHssl BBICOKYIO TOYHOCTh Paclio3HaBaHUs. MeXaHU3M MEPEeKPECTHON MPOBEPKU CEHCO-
poB (yckopenue + ayauo + GPS) obecnieunBaeT CHHXPOHU3ALMIO JAHHBIX ¢ TOYHOCTBIO 1 MC,
YTO KPUTUYECKU BAKHO JUJIs COOTBETCTBUSA TpeboBanmsm [SO 26262 ASIL-B.

JIis OonTUMM3aUMU BBIMHUCICHUH ObLT Mcnoib30oBaH noaxoxn ¢ fixed-point apudmern-
kot (Q15), urto mo3Bommino cHu3uTh Harpy3ky Ha CPU Ha 40 % u yckoputb obpaboTky
cUrHayioB. J{OMONHUTENBPHO pa3padoTaHa CHUCTEMa KOPPEKLWH TeMIIepaTypHOro napeida
(Aoffset = k(T — Tp)’, k = 0,002 mg/C’), KoTOpast CHUKAET MOrPELIHOCTb Ha 65 Y% B Auarna-
30He Temneparyp ot —40 go +85 °C.



230 Cexnus I1. DneKTpoHHBbIE CHCTEMBI M TeXHOJIOTHH

Bitox cercopon

—I~ IMU MPU-6050

Muxkpodon INMP441 ‘

‘ [ Brox abpadprsas ESP32
j e N

EVTIREERE S Core 0: ! 1 Bremmme yorpofictea |

. — : - . | |

| TICTOMHIK mUTaHIE +—— GPS NEO-6M uneTpanns, FFT, | i 1

L i BeliBTeT, KIacCHOIKALILL w BLESO | ; i

—————————————————————— > > | DA14585 [T Cmaprdon |

| | i

i [ 1

Jarank DS18B20 Core 1: | ITE ! 1
H

CBfA3b, JHEPIOMEHEUKMEHT, T :

CAN E SIM7000E i |

i i

1 1

i i

i CAN 1 .{ IIHTerpupoBaHHas ‘ i

G 4P‘ MCP2515 CHCTEMA
‘ SRAM 520KB + PSRAM SME f : MCP231S |4 !

Taiimep,
ciBExXpoHnzamL GPS

Puc. 1. CTpykrypHas cxeMa CHCTEMbl MOHUTOPHHTA aBTOMOOHIIbHOH OE30IIaCHOCTH

PesynbraTtel uccnenoBaHuii, MOATBEPKIAEHBI Yepe3 CUMYJIALIMOHHbBIE HCIBITAHUS B
cpene Vector CANoe, nmokasany, 9to pa3paboTaHHas CHCTeMa 00eCIeunBaeT:

— BpeMs peakiun He Oosee 5 Mc;

— TouHOCTb pacnozHaBanus [[TI1 91,8 %;

— 4aCTOTY JIOXKHBIX cpabaTeiBanuii 0,8 pasa B yac;

— BpeMs aBTOHOMHOM paboThI 10 72 4acos,;

— sHepronoTpedIeHne B peXKUMe OXKHUIAHMS 5 MKA.

CumymsiionHble ucnplTaHuss B cpene Vector CANoe nmoaTBepAMSu JOCTHXXKEHUE
TOYHOCTH cuHXpoHu3auuu 0,5 mMc npu yacrore comruposBanus 2 kl'n. OTo mo3Bossier
KOPPETUPOBaTh NaHHBIE 00 yaape ¢ mapamerpamMu TOPMOXKEHUS W APYTHMH NapaMeTpamu
IBIDKEHMSI, YTO KPUTUYECKU Ba)KHO A TouHoro onpeapenenus tuna ATII u npenorspa-
IIEHUS JIOXKHBIX cpabarbiBanuii. Hanpumep, npu 1000BOM CTOJIKHOBEHUH CHCTEMA (PUKCH-
pyer yckopenue 10g B momeHnt 7, a coorBercrBytomee CAN-coobmeHne o CKOpPOCTH
0 KM/4 IPUXOAUT CUHXPOHHO, YTO IMO3BOJISIET MPABUIIbHO KJIACCHYHULMPOBATH COOBITHE KaK
JTII, a He Kak UIyM OT HEPOBHOI TOPOTH.

PazpaboranHas cucteMa MOHHUTOPHUHIa aBTOMOOWJIbHON 0€30macHOCTH ¢ mU(POBOI
oOpabotkoii curHanos Ha 6aze ESP32-WROOM-32 neMOHCTpUPYET NMPEBOCXOAHBIE TEX-
HUYECKHE XaPaKTEPUCTHKH, COOTBETCTBYIOLIME TPEOOBAHUSIM MEXKIYHAPOMHBIX CTaHAAp-
ToB. CrucremMa obecrieunBaeT BpeMsl peakuuu He Ooiee 5 MC, TOYHOCTb PacCHO3HABAHUS
JATII 91,8 %, uactoTy n0XKHBIX cpabaTeiBanuii 0,8 pasa B 4ac U BpeMsi aBTOHOMHOM pabo-
Thl 10 72 4dacoB. [lonyueHHbIe pe3yIpTaThl MOATBEPKIAOT 3((HEKTUBHOCTL pa3padboTaH-
HOT'O PEIIeHUs JJIsl TOBBIICHUS] YPOBHs O€30MaCHOCTH JOPOXKHOTO IBUKEHUSI U COOTBET-
CTBHSI TPEOOBAHUSM CAHKIIMOHHBIX OTPaHUYEHH.
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