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HIABUINEHHA TOYHOCTI MIKPOMEXAHIYHOI'O I'MTPOCKOITA
3A PAXYHOK BUKOPUCTAHHA Y CUCTEMI KEPYBAHHSA

En

Ru

KIVIBKOX OJHOTUITHUX HYTJIMBUX EJIEMEHTIB

The purpose of the study is to develop a method for reducing the random error
of MMGs by simultaneously using multiple sensors by jointly processing their
output signals. The results of the experimental study of the characteristics of the
zero signal of the micromechanical gyroscope are presented. The output signal of
the micromechanical angular velocity sensor is presented as a set of useful signal
and white noise (random component). To increase the informativeness of the study
of the output signal, their centering (compensation of the constant component) and
integration were performed. In order to study the characteristics, realizations were
made simultaneously with 7 micromechanical gyroscopes. Received 9 implemen-
tations of the zero signal of the sensor group. They indicate an increase in the vari-
ance of the integrated highly noisy signal. The results of sensor signal processing
are presented in two methods. The first method of complex processing of a group
of sensors with simultaneous removal of a signal from all at the same time, the se-
cond - in turn, the capture of a useful signal from two micromechanical gyro-
scopes. It is shown that statistical processing of the output signals of 7-10 micro-
mechanical gyroscopes allows to reduce the average value of a random error and
its standard deviation, ie to increase the measurement accuracy by 1.5 orders of
magnitude. The method of increasing the accuracy of micromechanical angular ve-
locity sensors by step-by-step paired complex processing of their output signal,
which consists in two-step observation and approximation and correction of the
output signal and measurement of angular velocity (input value) and complex
(pair-wise) steam The method improves the accuracy of micromechanical gyro-
scopes by 10 times. The statistical characteristics of the signal are established. The
efficiency of complex signal processing of the sensor group is shown to reduce the
random component of the error.

[IpuBonsaTcs pe3yabTaThl IKCHEPUMEHTAIBHOIO HCCIIEJOBAHUS XapaKTepuc-
THUK HYJIEBOIO CUTHaja MUKPOMEXAaHHYECKOIO0 TMPOCKOMA. Y CTaHOBJIEHBI CTATHUC-
TUYECKUE XapaKTepucTHKu curHana. [lokasana 3eKTHBHOCTh KOMIUIEKCHOU 00-
pabOTKHM CUTHAJOB TPYIIBI JATYMKOB JJISI YMEHBIICHHS CIy4allHOW COCTaBIISIO-
EN MOTPENTHOCTH.

Beryn

Mikpomexanigauii ripockon (MMI') 3HalIIIOB MIMPOKE 3aCTOCYBAHHS Y

CUCTEeMax OpleHTalli 1 HaBirauii 0e3MUJIOTHUX PyXOMHUX 00’ €KTiB. 3allyMJICHICTb
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BUXIJTHOTO CUTHAIIY BeJie /10 IIBUKOTO HAKOMMYEHHS MOXUOKH Iij Yac foro 1H-
TerpyBaHHs B ajropuTtMax opieHTarri. I{le oomexye 3amaauy MMI' y Takux cuc-
TeMax JIMIIEe KOPOTKOYACHUM 3a0e3MeUYeHHs] PEeKUMY aBTOHOMHOI Opl€HTAIlli.
Bigomi mociimkeHHs TeMIlepaTypHOi, TEXHOJOTIYHOI MOXHUOOK, sIKI MarOTh Jie-
TEpPMIHOBAaHUN XapakTep, PO3INIIHYTI MeToau ix kommeHcamii [1, 2, 3]. ¥V [4]
pO3MIISIHYTa BHITQJIKOBa MOXMOKa HylboBoro curHaity MMI', ame He mporo-
HYIOThCSI IUISIXU 11 KOMIEHCAII]].

IlocranoBka 3amaui

MeToto AOCTIKEHHS € Po3poOKa croco0y 3MEHIICHHS BUTAIKOBOI TO-
xubku MMI' ofHOYaCHUM BUKOPHUCTAHHSAM JEKUIBKOX JATYUKIB ILIIXOM CHilb-
HO1 OOpOOKHM 1X BUXIJTHUX CUTHAJIB.

CraTucTuuHi XapaKTePUCTUKH BHUXIiIHOI'O CUTHAJTY
MiKpOMEXaHIiYHMX JATYUKIB KYTOBOI IIBUIKOCTI

Buxinuuii curnan MMI (puc. 1) npeactaBUMo K CyKyHHICTh KOPUCHOTO
CUTHaJIy Ta OUIOTO 1mIyMy (BUIAAKOBOI CKJIa1oBO1). JlOoCHiAMMO CTaTUCTUYHI Xa-
PaKTEpUCTUKH BUIIAJKOBOT CKJIaI0BOI.
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Puc. 1. Buxiguuii curgan MMI'

Jlnst migBuieHHs: 1HGOPMATUBHOCTI HACTYITHOTO AOCIIHKSHHS BUX1THOTO
CUTHAJTy TIPOBEJIEMO iX IIEHTPYBaHHs (KOMIIEHCAITisl TOCTIMHOT CKIa10Boi) [S] Ta
IHTErpyBaHHS.

JIns JOCHIIPKEHHST XapaKTepUCTUK 3HIMAJIMCh peai3allii OJJHOYacHO 13
7 MIKpOMEXaHIYHUX TripockomiB (puc. 2, kpusi 1-7). Orpumano 9 peamnizaiiii
HYJIbOBOT'O CHUTHAJy Ipynu AaTuukiB (puc. 3, kpusi 1-9). Bonu cBiguath mpo
HApOCTAaHHSI TUCIEPCii MPO IHTETPOBAHOTO CHIIBHO 3alTyMJICHOTO CUTHAITY.

CepenHe 3HaY€HHS MPOIHTEIPOBAHUX HYJBbOBUX CHUTHANIB Ipynu 13 7-Mu
MaT4YuKiB (pHUC. 2, KpuBa §) MOPIBHSHO 13 aHAJOTIYHUMU CUTHAJIAMH OKpeE-
Mux MMI (kpuBi 1-7) Mae Ha IOPAIOK MEHIITY BeIUUHuHY. {7151 mepeBipku moc-
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TOBIPHOCTI Ta MOBTOPIOBAHOCTI TAKOTO Pe3yJbTaTy MPOBEACHO 9 LMKIIB BUMI-
pIOBaHHSI HYJbOBHX CUTHaiIB rpynu MMI' 13 BUKOPUCTaHHSIM 7/-MH JaTYHKIB
(puc. 3). O4eBUAHO MBHUAKE HAPOCTAHHS TUCTIEPCIl K I OKPEMOTO ITHKITY
(xpuBi 1-9 ), Tak 1 qns Bciei rpynu mukimiB (kpuBa 10). CepenHe 3HaYeHHS HY-
JHOBOTO CUTHaANY Yy 9-TH muKkiax BumipioBaHb (puc. 3, kpuBa 10) mokasye, 110
IPOIEC HAOMMKAETHCS O SProJUYHOTO Ha MaJoMy NpoMikKy dacy. CepemHe
kBagpatnuHe BimxwieHHs (CKB) mpomecy — xapakTepusyeTbcs — KpH-
Boio 11 (puc. 3).

Jlsist GibII TOYHOTO MOCIIHPKCHHS CTaTUCTUYHHUX XapaKTePUCTHK Ha KO-
POTKOMY MPOMIDKKY Yacy moOyayeMo KOpessiiiHy (yHKIII0 BUIIAJKOBOTO OCe-
pPEeIHEHOT0 CUTHay micis iHTerpyBanHs (puc. 3, kpuba 10 13 CKB kpuBa 11) 3a
JOTIOMOTOr0  aBTOKOpessaiiHol  ¢yHkmii (AK®)  xcorr(X) 'y  maketi
Matlab [6] (puc. 4).
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Puc. 2. TlpoinTterposani curnanun MMI™ — kpusi 1-7,
KpuBa 8 — iX OCEepeIHEHHS



121
Mexanika enemeHnmie KOHCmMpPDYKUYIIU

14000 T T T T T T T T

12000

10000

8000

8000

4000

KyT, rpan

2000

-2000

-4 000

-6000 ' ' ' ' ' ' ' '
0 100 200 300 400 500 600 700 800 800

HacC, Cek
Puc. 3. Cepenni 3HaueHHs HyIbOBOTO curHaity 6;ioka MMI' y 9 mukiax
(xpuBi 1-9) ta cepenne 3HaueHHs 9-tu nukiB (kpuBa 10) 13
CKB (kpuBa 11)
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Puc. 4. AK® cepeaHbOro 3HAY€HHSA BUMAIAKOBOTO IMporecy 9-tu
peanizari

Otpumana aBToKopessiiiiHa QyHkis (puc. 4) BIANOBIJAE BUMAIKOBOMY
MIPOIIECY, SKUM HAOJIMIKAETHCS 0 CTAI[IOHAPHOTO €ProAUYHOro mpoiiecy [5].
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AK® (a) 1 cnextp (0) BuxigHOTO MeHTpoBaHOTO curHamy MMI™ mokasani
Ha puc. 9.
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Puc. 5. AK® (a) i criekTp (6) BUXITHOTO LIEHTPOBAHOTO curHaity MMI

ABTOKOpesIiiiHa (QyHKIIS HEMPOIHTErPOBAHOIO BUXIJHOIO CUTHAIY R
(puc. 5, a) Ta Oro ceKTpajlbHa XapaKTEPUCTUKA MOXYTh OYTH ONHCAHI BIJIIO-
BIJIHO (pOpMyJIaMHU:

&:%;e”+N&ﬂ

2
N
S = 5 >+N.
w+w
Marouu R; 3a BiIOMUMM CHiBBIJHOIIEHHSMH OTPUMAEMO aHATITUUHUN
BUpa3 kopemsaiinoi Pynkiii (R;) Ta modynyemo AK® 1 cniekTp 1j1st mpoiHTer-

poBaHOTO curHany (puc. 6).
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Puc. 6. AK® (a)
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I'padpiku AKD (a) Tta crnekrpanbHoi (6) XapaKTepUCTUKH TOKa3aHi Ha
puc. 7. Buxonsuu 13 orpuManux (HopMmysl, TEOPETUYHI JaHl BiAMOBIJAIOTh €KC-
MEePUMEHTAIBHUM PE3yJIbTaTaM.

InTerpoBana cucrema 3MOMy JaHUX

Jpyrum BapiaHTOM KOMIUIEKCHOTO BHKOpucTaHHI MMI' Moxe OyTtu ix
nonapHe BUKOpHUCTaHHsS. CyTh IIbOTO MOJIATAE y TOMY, 110 Ha MEPUIOMY 1HTEp-
BaJll 1eHTU(IKY€EThCS MOXMOKa Mepuioro i3 AardukiB. Ha apyromy iHTepBaii
BU3HAYAETHCSI CKOPErOBAHE 3HAYEHHSA BHMIPIOBAHOI KYTOBOI IIBHUJKOCTI Ta
11eHTU(IKY€EThCSA MOXUOKa Apyroro natyuka. Jlam el nukia noBToproerbes. Pe-
3yJbTaT POOOTH aJIrOPUTMY MOKAa3aHUM Ha pUC. /. [3 HBOrO BUIAHO BIJICYTHICTH
MOCTIMHO HAPOCTAKOUO0i MOXUOKH sKa OyJia O i1 yac poOOTH OJHOTO JAaTUYMKA.
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Puc. 7. 300paxeHHs1 poOOTH IHTETPOBAHOI CUCTEMH 3HOMY TAHUX
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BucHoBkn

3anponoHoBaHi METOAM CHUTbHOI OOpOOKH BUXIIHOTO CUTHANy TpYIU
MMI" Ta momapHoi 0OpOoOKHM CUTHAIIIB BOX JATYUKIB MOXKE CYTTEBO ITiIBUIIUTH
TOYHICTB T1POCKOIIIB.
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