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PUNBTPALINA N OBPABOTKA CENCMUYECKNX CUTHAJIOB
OBVDOKEHUNA TPAHCIOPTHBIX OB bEKTOB

FILTERING AND PROCESSING
OF SEISMIC SIGNALS TRAFFIC OBJECTS

KpaTko onucaHbl OCHOBHble MeTOZAbI 06paboTKM W (PUALTPALMM CEMCMUYECKNX CUTHANOB ABMXKEHUS
TPaHCNOPTHbIX 0GBHEKTOB C LENbIO BbISBAEHUS MH(IOPMATUBHBIX MPU3HAKOB W OMPEAENEHNs XapaKTepucTuK
camux 06beKkTOB. MpUBOASTCS UX [OCTOMHCTBA W HEAOCTATKM, @ TakXKe MPEJOXKEH arOpUTM MEPBUYHOI
(UNbTPaLMM CENCMUYECKIX CUTHAMOB, (hOPMUPYEMBIX TPAHCTIOPTOM.

KntoueBble CnoBa: CENCMUYECKWE CUTHAMbI, MeTOAbl 06pabOTKA CUTHAIOB, (hWIbTPALMS CUFHANOB,
TPaHCNOPTHbIE 06BEKTbI, XaPaKTEPUCTUKN CUTHANOB, KONE6aHUs TpyHTa.

In this article, summarizes the main methods ofprocessing and filtering seismic signals of the movement of
transport objects, in order to identify informative features and determine the characteristics of the objects
themselves. Their advantages and disadvantages are given. An algorithm for the primary filtering of seismic signals
generated by transport is also proposed.

Keywords: seismic signals, signal processing methods, signal filtering, transport objects, signal
characteristics, ground motion.

BeefeHue

Mpy [BWXEHUM MO [OPOXHON MOBEPXHOCTW HOOble  TPaHCMOPTHble OOBLEKTbI
(hopMUPYIOT CeCMMYECKME CUTHaNbl UM BMOPaLMW TPYHTOB, KOTOPblIE PacnpoCTPaHAaTCS B
MPUNOBEPXHOCTHOM C/I0€ MPULOPOXHOM NOMOCbl. B 3aBMCMMOCTM OT MOrOAHbLIX YCM0BUMN,
cocTaBa rpyHTa W, rnaBHoe, 0T XapakTepuUCTMK Camoro TPaHCMOPTHOrO 06beKTa U3MEHSAIOTCA U
XapakTepucTUKM (hOpMUPYEMBIX CUTHANOB. JpyrMun cnoBaMu, CeMCMUYECKNe CUTHa/TbI HECYT B
cebe 60/bLIOE KOMMYECTBO MOME3HOM MH(OpMaUMK, B TOM YUCIe M O CaMUX TPaHCMOPTHbIX
obbekTax. CornacHo CyLllecTBYHOLWMM npobsemaM TPaHCMOPTHOrO KOMIJeKca, 3ajava
TPAHCNOPTHONO MOHUTOPWHIA SB/ISETCA BeCbMa akTyaibHOW. CrefoBaTeNlbHO, aKTyaslbHa W
3a/iaya nony4veHve xapakTepucTK TPaHCMopTa NyTeM BblfeNleHNs UHOPMATUBHbIX MPU3HAKOB
B CEMCMMYECKMX CUTHaNax.

[ns BblaeneHns MHHOPMATMBHBLIX MPU3HAKOB B CEMCMUYECKUX CUrHANaX [ABVKEHUS
TPAHCNOPTHBIX OOBLEKTOB HaMW MpPeasioXeH psf MEeTOLOB, MHOIMe W3 KOTOPbIX LUMPOKO
NPUMEHAITCA B CUCTEMax  BMOPOAMArHOCTUKM  pa3MYHbIX  MawvH 1 Apyroro
TEXHO/IOrMYeCcKoro 060pyA0BaHNA, 40Ka3aB CBOK 3(NEKTMBHOCTL [1-4].

Kpome TOro, BaxHoe 3HauyeHuWe B 06pabOTKe CUrHa/IOB MMEET M BOMPOC (hM/bTpaLmm
BBMAY TOro, YTO BO/LLUMHCTBO PErUCTPUPYEMbIX CUTHA/IOB UMEIKOT BbICOKWIA YPOBEHb MOMEX,
Hanpumvep, ClyyariHblil FOPOACKONA LLYM, XapakTepHbI A1 60NbLUNHCTBA FOPOLOB.

Taknm 06pa3om, 06paboTka CENCMUYECKUX CUTHANIOB ABUXYLLMXCA 0ObEKTOB BK/IOHAET
TPU Hanbosee BaXHbIX 3Tana:

- nepBuYHas 06paboTKa 1 PUNbLTPALLMA CUTHANE,;

- BblAENIEHNS OLHOI0 UM HECKO/IbKUX MH(POPMATUBHBIX NPU3HAKOB B CUTHANE;

- OLEHKa OZHOr0 M/ COBOKYMHOCTY UH(OPMATUBHbIX MPU3HAKOB CUTHAsa.

PunbTpauma cenCMUYECKNX CUTHANIOB ABVKYLLIMXCA TPAHCMNOPTHBIX 00bEKTOB

B ceiicMMyecKnx curHanax NpucyTCTBYHOT HECKO/IbKO OCHOBHbIX COCTaB/SAOLLMX MOMEX.
B nepByto ouyepefb, 3TO C/y4aiHbIi TFOPOACKOM LUYM, 3HauYMTE/IbHas 4YaCTb KOTOPOro
CKOHLEHTPMpOBaHa B 06/1aCTN HUXKHINX YacTOT CMEKTPa, NpU6n3unTenbHoO 4o 60 'y, 1
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CyaccoBckuii 6enblii WyMm. OTAeNbHbIE LLYMOBbIE COCTaB/AOLLME MPUCYTCTBYIOT Y HA BbICOKNX
yactoTax, NO3ToMy npyv (UIbLTPaLMUK LefecoobpasHo MPYMEHEHVE MOM0COBLIX (UILTPOB.
Kpome TOro, B curHase MoryT NpUCYTCTBOBaTb LUYMbl, BO3HWKalOLLMe BCNELACTBME PaboThbl
Onm3NexXawmx MNPOMbILLIEHHbIX MNPELNPUATUA WU XKENe3HOOPOXHOW BETKM, a Takxe
yCTol4YMBasi nomexa Ha yactote 50 I'u,

Takum 06pa3om, MepBUYHY0 00pPaboTKy MOXXHO pa3fennTb Ha HEeCKONbKO 3Taros
(nnbTpauumn, CcrnaxuvsaHue W BBeAEHWE MOMPaBOYHOIO KO3MMULMEHTA, CBA3AHHOIO CO
CBOWCTBaMU rpyHTa.

PuUcyHoK 1 - Aniroput™ nepsuyHas 06paboTka 1 punbTpaumsa curHana

[ns nonocosoli unbTpaumm 1 BblgeneHns nonockl 250-500 My B pabotax ObepTosa [5]
OblNMN NPeLNoXKeHbl NOMOCOBOM anannTuyecknii (unbTp Kayspa) unm dunbtp Yebbiwesa
NnepBoro pofa, MMeKLMiA ypoBeHb 0CMabMeHNs BHE MOMOCbI MPONyCcKaHWs He Huke 60 ab.
[aHHble GUNbTPbI UMEKOT KpyToi cnag AYX B 06nacTv nepexofa OT NOOChI NPOMYCKaHWs K
rosoce 3afiepXXnBaHus.

®unbTpauma BbICOKOYACTOTHbIM (unbTpoM A0 200 'y no3BONMT MOAABUTL HU3KME
4acCTOTbl, KOTOPbIE ABNAKOTCA OCHOBHLIMW COCTaBNAOLLIMMMN FOPOACKOro LyMa.

[JanbHeliwmmuy warammn 06paboTKy ABNAETCA U36aB/ieHe OT OTPULLATE/bHBIX 3HAYEHWA,
YUET XapaKTEPUCTUK FPYHTA, a TaKXKe CrinaXKnsaHue CKONb3ALUM CPEAHNM:

_*n+s/2 + e + xn-|l + xn + xn+l + e + xn+s/2
S
rge S - BeJindnHa CriiaxkmnBaroLLEero OKHa.

KpaTkuii  0630p MeTO4OB 06pabOTKM  CEMCMUYECKMX CUTHAIOB  ABWXKYLLMXCA
TPAHCNOPTHBIX 0OBEKTOB C LIe/IbI0 BbISAB/IEHUA MHPOPMATUBHbLIX NPU3HAKOB

PaccmoTpum psif METOAOB, MPUMEHEHME KOTOPbIX Kak MO OTAEeMbHOCTW, Tak U B
COBOKYMHOCTW MO3BONSAET BbISBMATb MH(POPMATUBHbIE MPU3HAKM B CEACMUYECKUX CUMHAnaX,
(hopMUpyeMBbIX ABVKYLLUMUCA TPAHCNOPTHLIMU 00bEKTaMMK.

MeToz n3mepeHus 06LLEro YPoBHA UM amnaMTyAbl BUbpauuy curHana. JaHHblid aHanm3
MPOBOAWTCA BO BPEMEHHOW 06/1aCTU U MOXET W3MepPATbCA  OTHOCUTENIbHO  MUKOB,
CpefHEeKBAAPaTUYHOrO 3HaYeHWs U 06LWero ypoBHSA. [peBbilleHns YCTaHOBNEHHOrO Mnopora
CUTHaIN3NPYET O BO3MOXXHOM OGHApY>KeHWW TPAHCMOPTHOIO 0OLEKTA N ABNSAETCH CUMHA/IOM K
[a/bHeliLein o6paboTke 1 oueHke. OCHOBHasA TPYLHOCTb BO3HMKAET B BblIOOPE ONTUMASIbHBLIX
Moporos ammnauTygHOr0 3HayeHUs W Mopora BPeMeHW npesbilleHus. Moporn nogbuparoTcs
3KCMEPUMEHTA/IbHBIM MYTEM W 3HAYMTENbHO B/IUAKOT HA TOYHOCTL Pe3y/bTaToB. [,OCTOMHCTBOM
MeToja ABNSETCA ero MpocTota W BO3MOXHOCTb  peanmsaumn  6e3  crneumasnbHoro
BbICOKOCKOPOCTHOIO BbIYMC/ITENBHOrO 060pyf0BaHMsA. OCHOBHOW HELOCTaTOK Mpu 3TOM -
HM3Kas TOYHOCTb Pesy/IbTaToB.

MeTog rpynnosoi 06paboTKW. [aHHbli MeToZ Obln NpeanokeH HaMu K MOAPO6HO
onucaH NPUMEHNUTENIBHO K BbISB/IEHNIO XapaKTEPUCTUK TPAHCMOPTHBLIX 06bEKTOB [6].
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MHAN 1 TFKiUmKTW

MeTofL chnekTpaibHOro aHamsa. [JlaHHbli  MeTO4  MOXHO  pasfenuTb  Ha
HENoOCPeLCTBEHHbIN aHa/N3 CreKTpa caMoro CUrHasa v aHaim3 CrnekTpa ormbaroLeli curHana.
Xapaktep Crnektpa CeiCMUYECKOro CUrHasa CWIbHO pas/inyaeTcs B 3aBUCUMOCTU  OT
(hopMuMpyrOLLLEr0 ero 06beKTa, Hanpumep, CMEKTP YefioBeKa B CPaBHEHWUU C ABWXKYLUMMCA
aBTOMOOM/IEM MMeeT 60/ee XapaKTepHble 3HEPreTUYeCcKUe BCM/IECKW, B TO BPEMS KaK CMEKTp
aBTOMOOMNA 60Mee BbIPOBHEH [4]. DTO N03BO/SIET C 60/1€e BbICOKOW TOUYHOCTHLIO OMNpefensTh
K/lacc [BMXKYLLErocsd obbekTa W Apyrve ero Xapaktepuctuku. CnekTp curHasa nosny4vaeTcs
nyTem npeobpa3oBaHus Pypbe, UTO [eflaeT AaHHbIA MeTof C/NOXHbIM B peannsauuy u
Tpebyowmnm 60MbLLINX BbIYMCIUTENIbHBIX 3aTpar.

MeToz BelBneT-NpeobpasoBaHuil - OTHOCUTENIbHO HOBbLIN MeTOZ 06paboTKN CUrHaO0B,
3aK/0YaeTCs B NpeLCcTaB/eHne CUrHana B Bue 0600LLeHHOro paga unm uHterpana ®ypbe no
cucTeme 6asvCHbIX (OYHKUMA. [aHHbli MeTof sBAseTcd 60ee  MH(OPMATUBHBLIM, YeM
CMEeKTPaIbHbIN, HO TpebyeT 6onee TPYLOEMKUX BbIYUCIEHUIA.

MeToz KOppenauuyoHHOro aHanusa. [aHHbli MeTOZ 3aKIi4aeTcsa B aHain3e nofobus,
OTAE/NbHbIX COCTaBNAWMX CUTHaNa (aBTOKOPPEeNAuMs) WAM aHaim3a Mogobus HECKOSbKUX
CUTHAJIOB C NPUMEHEHWEM BbILLIEYNOMSAHYTON rpynnoBoi 06paboTkW. JaHHbIi MeTOZ NO3BONAET
onpesensaTh Knacc 06beKTa C BbICOKON TOUHOCTLIO, & TakxKe PAL XapakTepuCTUK ero ABUKeHUs,
BK/lOYas CKOPOCTHble W  BecoBble MokKasatenM. K Hegoctatkam  MOXHO — OTHECTU
BbIUMC/IUTENbHYIO CIOXKHOCTb M BbICOKYHO CTEMeHb CUHXPOHM3aUWUW MoslyyeHus n 06paboTku
[aHHbIX.

MeTos KencTpasbHOro aHanmsa. Kenctp - 310 npeobpasoBaHve @Pypbe OT
NOrapuPMUUEcKoro CrnekTpa MOLWHOCTU. [laHHbIA MeTOZ4 TakXke MOBbIWAeT TOYHOCTb
Mosly4yeHUss MH(OPMATUBHBIX MPU3HAKOB, HO W3-3a C/IOXKHOCTW WHTEprnpeTauun pesynbTaTtos
VIMEET OrpaHNyeHHOE NMPUMEHeHMe.

Kpome nepeuncneHHblX, CyLLECTBYHOT U APpYre MeTOLbl, KOTOPbIE MO3BO/AOT NOBbLICUTH
TOYHOCTb MONYYEHUS Pe3yNibTaToB, HaNpuUMep, NPUMEHeHne pacLLUMpeHHoro gunsbTpa Kanimaxa,
KaK Obl/10 MPOAEMOHCTPMPOBAHO B paboTax [7, 8] npy 06HapY>XeHUN 1 MOCTPOEHUN TPAEKTOPUM
[BWXKYLLErocst 06beKTa.

Takum 06pa3om, 06paboTKa BK/HOYAET BbIGOP OLHOrO WM HECKONIbKUX METOLOB W
NPYMeHEHVE OKOHHbIX Mpeobpa3oBaHWi CUrHaa, TO €CTb pasfefleHne CuUrHana Ha
nepekpbIBatoLLMecs 6/10KM M NOCNef0BaATE/IbHbIA aHaIM3 KaXK4Oro M3 HUX. 3aKniuuTe/lbHbIM
3TanoM OCYLLECTB/IFETCA OLEHKA OAHOI0 WM COBOKYMHOCTM WH(OPMATMBHbLIX MNPU3HAKOB
CUrHaa A4/15 MoslyYeHns XapakTepucTuk oobekTa.
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