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En

CUHTE3 KOMIVIEMEHTAPHOI'O ®IJIBTPA Y CKUIIAAI
GPS-MIPUMMAYA TA AKCEJIEPOMETPA

Complementary filters have become widely used to measure the angular posi-
tion of moving objects in space due to their simplicity and high accuracy. If at first
they were used mainly in navigation systems, now they are beginning to be widely
used in navigation systems. In such complementary filters, the complementary fil-
ter most often includes a GPS receiver and an accelerometer. The problem of re-
ducing the influence of high-frequency interference of the GPS receiver on the ac-
curacy of the system is considered. Direct filtering of the output signal of the GPS
receiver has a significant disadvantage, which is the delay of the filter of the meas-
ured signal. This is often the main obstacle of using filters. Complementary filters
due to the combination of two meters make it possible to filter the signal without
affecting the passage of the useful signal. This is the main advantage of comple-
mentary filters. It should also be noted that they are very simple to implement,
which has led to the widespread use of complementary filters in systems for meas-
uring the motion of objects. The paper proposes a second-order filter structure in
which there is no integration of the accelerometer signal that significantly simpli-
fies the implementation of the filter and eliminates the problem of the influence of
the non-zero accelerometer signal. The presence of zero offset accelerometer and
integration procedures is one of the main problems in solving navigation problems.

In the absence of an integrator, the question arises of taking into account the in-
itial value of the output signal of the GPS receiver. This issue in the work is solved
by the circuit method. In complementary filters built on the compensation scheme,
this problem is solved quite simply. The article considers a simpler complementary
filter, built on the filtration scheme. An algorithm for taking into account the initial
conditions is proposed for such a filter structure. The influence of the structure of
the transfer functions of the filter on the efficiency of its use is analyzed. It is
shown that the complementary filter can significantly reduce the influence of high-
frequency noise of the GPS receiver. The block diagram of the filter in the Matlab-
Simulink environment and the simulation results that show the effectiveness of the
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proposed complementary filter structure are presented.
Such systems can be used in small moving objects like UAVS, in robotics, in
the educational process.

Ru PaccmarpuBaercss cuHTe3 KomriuieMeHTapHoro ¢uibrpa B coctaBe GPS-
IIPUEMHUKA U aKcelepoMeTpa JJIsi pelIeHUs] HaBUTAllMOHHBIX 3a1a4. [Ipemnoxkena
CTPYKTypa puiabTpa, B KOTOPOH OTCYTCTBYET MHTETPHPOBAHHE CUTHAJIA aKCeIepo-
METpa, 4TO CYHIECTBEHHO YNpOINaeT peanuzanuio ¢uibTpa. PaccmoTpen Bompoc
ydeTa HauyaJIbHOTO 3HadeHus BeIXoaHOTro curHana GPS-npuemnuuka. [Ipoananmsu-
pPOBaHO BIIMSHUE CTPYKTYpbI HepeaarouyHod (pyHkumu ¢Qunbrpa Ha >PdeKTus-
HOCTh ero mnpuMeHeHus. [IpuBeneHbl CTpyKTypHas cxema ¢WIbTpa B cpene
Matlab-Simulink u pesynbrarel MopenupoBanus, CBUIETEIbCTBYIONIHE 00 3 dek-
TUBHOCTH NPEUIOKEHHOM CTPYKTYPBI KOMIUIEMEHTapHOTO (hrtbTpa.

Beryn

Ha nmanmit vac GPS mmpoko BUKOPHCTOBYIOTHCSI Y HaBIraIliiHUX CHUCTe-
Max [1-6]. IIpoGnemoro € iX BUKOPHUCTAHHS, K 1 OUIBIIOCT] YyTIMBUX €JIEMEH-
TIB, y pa3l HasBHOCTI BEJIMKUX 3aBaj. BukopuctanHs (uibTpanii BUXiTHOTO CHU-
THaJy OOMEXEHO BIUIMBOM (DUIBTPY Ha MPOXOJHKEHHS OCHOBHOTO cUrHaily. Oni-
HUM 3 IUIAX1B BUPIILIEHHS IPO0JIEMU 3MEHIICHHS BIUIMBY 3aBa/]l € BUKOPUCTAHHS
koMiieMeHTapHux GuibTpiB (KD). B gxocTi 1pyroro 4yTiIMBOTO €JIEMEHTY, SIK
IIpaBUJIO, IPUHNMAOTh aKceJlepoMeTp. Sk 3aBaly akceaepoMeTpa 3BUYaiiHO pO3-
IJISJAI0Th 3MIIIEHHS HYJIS aKCeJIepOMETpa, sIKE 3a HasBHOCTI IHTETPYBAaHHSI CUT-
HaJly 3 aKceJepoMeTpa HailO1IbIlle BINIUBAE HA TOUYHICTh CUCTEMH.

ITocTanoBka 3agaui

Mertoto mocaimkenns € cuaTe3 KO nns GPS-nmpuiimaya ta akcenepoMeT-
pa 31 CTPYKTYpPOIO MepeaaBaibHUX (PYHKIIIM, Sika BUKIIOUYA€E THTErPYBaHHS 3aBajl
akceysiepoMeTpa. A TakOX aHali3 BIUIMBY MOYATKOBUX 3HAUYECHb BXIJHUX BEJIU-
YUH 1 po3p0o0Ka CTPYKTYPHOI CXEMU X KOMIIEHCAIli.

Cunte3 K® Ha ocHoBi GRS-npuiimaua i akcesrepomerpa

PosrnsHemMo BUKOpUCTAHHS KOMILUIEMEHTapHOTO (uIbTpa Ha 0a3i akcene-
pometpa ta GPS 1 BU3HaUeHHs niepeMinieHHs 00’ ekTa (puc. 1).

Ha puc.1 mo3naueno: 1 — akcenepometp; 2 — GPS; X — mpuckopeHHs; X —
HEepEeMIIEHHS; &), &, — 3aBaan; W, (s), W, (s) — epeaBanbHi QyHKIi.

[ITo6 mo30yTurcs omneparllii iHTErpyBaHHsI BUX1JHOTO CUTHAITY aKCcelepoMe-
Tpa npuiimemo (1).
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Puc. 1. Kommnementapuuii GpiabTp
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Cxema HaOyBa€ HACTYITHOTO BUTJISAY (pHC. 2).
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Puc. 2. CtpyktypHa cxema i3 nepegaBaibHUMU QyHKIIAMH (DiTETpa

3BiJICU BUIUIMBAE BUPA3.

1 s+1
Xe = X + o + 0,. (2)
2 17 .2 2
s“+s+1 s“+s+1
bauumo, 1110 KOPUTYIOUYM JJaHKW HE BIUIMBAIOTh HA 3aJICKHICTh BUX1IHOTO
napameTpa Bij BuMiproBaHOi 3MiHHOI. CyTT€BO, 110 HEMa€ OMepallii 1HTErpy-
BaHHsS CTaJIOl CKJIAJ0BOI 3aBajyl akcelepoMeTpa o&;. Mae Miclie 3MEHIICHHS

BIINIMBY BUCOKOYAaCTOTHUX CKIIaAJOBUX 3aBa/l.

YpaxyBaHHSI NOYATKOBUX 3HAYEHb BXIIHUX 3MIHHUX

VY Tteopii KoMIIeMeHTapHUX (UIBTPIB 3BUUAHO HE BPaXOBYETHCS HAsB-
HICTb NMOYaTKOBUX 3HAYEHb BXIJTHUX 3MIHHHMX, TOYHIIIE, BOHU MPUHMAIOTHCS HY-
apoBUMHU. CaMme 3a Takoi yMOBH MU MAa€eMO CIIBBIIHOLIEHHS X, =X (0e3 ypaxy-

BaHHS 3aBajl). 3a HASBHOCTI MOYaTKOBUX 3HA4YeHb Oyae MaTh Micile MmoxuOka,
aHaAJIOTTYHA MOXMOKAM CITIIKYIOUMX CUCTEM B MEPEX1THOMY MPOIIECI.



27
Cucmemu ma npoyecu KepyeaHH:

PosrnsHemMo nuTaHHs BpaxyBaHHs MOYaTKOBUX 3HaU€Hb. 32 HAABHOCTI 1H-
TETPaTOpPiB 1€ MOXKHA 3pOOUTH BBEJICHHSIM iX B iHTerparopax (puc. 3)

X Xo

—> - - W (s)

L
tn

X

\ 4

_ W,(s) |—

Puc. 3. YpaxyBaHHS MOYaTKOBUX 3HAUYEHb 32 HAABHOCTI IHTETPATOPIB

Toni BUXigHUN CUTHAT MOKHA BUPA3UTH SIK PIBHICTD.

Xe = (SZX + 51)%W1 + (X + 52)W2 + XO %W]_ + XOW]_ =
S
=(32x+51)i2W1 +(x+ 0y — )'(0%— XOJW2 + XO%+ Xo-
S

Bupa3sy (3) BianoBigae cxema koMmeHcaii (puc. 4).

A\ 4

W, (s)

v
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Puc. 4. CtpykrypHa cxema K® 13 ypaxyBaHHAM MOYaTKOBUX 3HAYCHB

To6T0, MOXKHA BUKOPUCTATH cXeMy 0e3 MOYaTKOBUX 3HAa4Y€Hb, B SKiH J10-
JATKOBO BpaxyBaTH Mo4yaTKOBI1 3HayeHHs. CyTTEBO, IO y Takiil cXeMi 1HTerpa-
TOPH JIJIs1 BpaXyBaHHS IMOYATKOBUX 3HAYEHBb HE MOTPIOHI.

Jlnst mpuiiHaTUX TepenaBaibHUX (yHKIIA (3) moxubka CHUCTEMH TUIBKU
BiJl TOYATKOBUX 3HAYEHb JIOPIBHIOE BUpa3y (4).
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ToOTo, 151 MoxubOKa mpsiMye 10 Hysl. TakuM 4uHOM, 00 BHUXiTHA 3MiHHA
Oyrna MakKCMMaJIbHO HAOJMKEHOIO JT0 BX1JHOI 3MIHHOI 32 HAsBHOCTI 11 moYaTKo-
BUX 3HAYEHb, Il TOYATKOBI 3HAYCHHs Tpeba BpaxyBaTu JAOJATKOBO y BIAMOBIJ-
HOCTI JIO CXeMH, HaBEJCHOI Ha puc. 4.

YuciioBe MOAECTIOBAHHS KOMILJIEMEHTAPHOI0 (PlIbTpa

Posrmsuemo mpukiman: X =1m/ c?; Xo =100.; ¢t =20c. IlepenaBanbHi
¢byHkii MmatoTe Burisifg (1).

Cxema mojnemoBanHs B cepenopuii Matlab-Simulink maBenena na puc.5.
["apmoHniifHuii BXiAHMIA cUTHAT iMiTye 3aBaxy GPS.

i
nach us 611 =20 524541 v

s+1 _; o |:|
524541 "
_;_.\o-—h-@—u Scope
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Puc. 5. Cumynsiis K® i3 GPS-ipuiiMadeM 1 akcenepomeTpom y Sim-
ulink

JIyist BIAKITIOUEHOT 3aBajiy Ta BiJICYTHOCTI KOMIIEHCAIlli BIUIMBY MOYATKO-
BOTO 3HAYEHHS BXIJHOI 3MIHHOI (KJTI0Y 3 Ha pUC. 5 BIAKIIOYEHO) PE3yIbTaTH
MOJICTIOBaHHSI HAaBEJACHO Ha PHC.6, JIe MTPUXOBA JIHIS BIANOBIIAE TTEPEMIIICH-
HIO 00’€KTa, a CyI[IbHA — BUXITHOMY CUTHALY CXEMHU.

Baunmo, 110 y nepexiiHOMYy MOpolieci Mae Miclle MOXUOKa BiAMpPaIbOBY-
BaHHS BX1JIHOT'O CUTHAIY.

ko kmou 3 3HaXOAUTHCS B 300pa)KeHOMY CTaHl, 110 BiANOBiAae Gop-
My (3), TO CylilbHA KpHBa CIIBIIAJIa€ 3 MITPUXOBOI, TOOTO BUXIAHUN CUTHAI
KOMIUIEMEHTapHOTO (DUIbTpaA MOCTIMHO cmiBMaaae 3 curnaiom GPS.
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Puc. 6. Pesynbrat MoentoBanHs 06€3 ypaxyBaHHs OYaTKOBUX 3HAYCHb

3MEHIINTH 3a3HayeHy MOXUOKY 0€3 JaHOi CXeMU KOMIICHCAlll MOYKHA 3a
paxyHOK 30UIbIIEHHS] YaCTOTH BJIACHUX KOJIMBaHb KOPUTYIOUMX JIAHOK Ta KO€-
¢iuieHTa nemnyBaHHs, HAIPUKIIAL, SIKII0 NPUHHATH

2
S 5s+5
1(6) s? +55+5 2(8) s? +55+5
Pe3ynbpTaTi MO/ie/IIOBaHHSI HABEJIEHO Ha puUC. /.
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Puc. 7. Buxigauii curgan 0e3 cxeMu KoMIleHcaril

Ane mpu mbOMY 3MEHIIUTHCS €(PEKTUBHICTh TACIHHA BHUCOKOYACTOTHUX
KOJIMBaHb. J1Jis mepeBipku bOTO MiAKII0UnMo 3aBaaxy GPS.
Ha puc. 8, @ nokazana moxu6Oka Big 3aBagu GPS u=10sin3t, u, SKuio

nepenasanbHa QyHkuis W, (s) mae suriiig (1). Ha puc. 8, 6 nokasana noxu0ka
Bi7 3aBaau GPS, saxio nepenaBanbHa QyHkiig W, (s) Mae BUILIA (5).
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Puc. 8, a Puc. 8, 6
Takum YuHOM, JTOIIJIBHUM € BUKOPUCTAHHS CXEMH, 300pakeHOi Ha puc. 4.

BucHoBkn

Buxopucranss koMiieMeHTapHOro (piibTpa € eeKTUBHUM 3aCO00M ITijI-

BMIIICHHS TOYHOCTI HaBIramiiiHoi cucremu Ha ocHoBl GPS, Jlns xommencarii
BIUTUBY HEHYJIBOBHX ITOCBITKOBHX 3HA4YCHb BXITHUX TapaMeTpiB Ha TOUYHICTH
(GYHKITIOHYBAaHHS CXEMH JOIIBHUM € 3alPOIIOHOBAHUHN IIJISAX BUPIIIECHHS IT1€]
3a/1a4l Ha OCHOBI BBEJIEHHS II0YAaTKOBUX 3HAUYEHD BXIJTHUX 3MIHHUX.
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