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Pesynrarv or rrp[noxeHuero
Ha KanManoBvrfl, Sunrrp
B HaBprrauuoHHLs, alllopuTbM
3a GPS - Navsiar I|JIOHACC
Opnuu ltaemrcoe, Aueett Xpucmoe

Ilucmumym ia KocttuqecKu uscredeanua, EAH

Brnelenue

, KCH or rr{rra na GPS - Navstar [] u |JIOHACC usrrrqnar
cI{rHarIE n L -.recrorHr,rs Arlarra3oH, MoAyJrEpaHrr or nceBAocryrrafinu 4a-nexoMep-
HI,I KoAoBe u cryxe6no HaBr.rraqr{oHno cro6qenue. flpn [rpBuqHara o6pa6orxa na
Te3r,r crrrHaIII{ ce }I3BJII{qar AaHErrre Ha HaBrrraqtroHHoro cro6ulegue u ce Id3BrpI[-
Bar u3MepBaHUs Ha ocHoBHr,rre napaMerprr - BpeMe3aKbcEeHr{e Ha paAnoc}rrHaJra
r.r AorrJrepoBo oTMecTBaHe Ha qecToTaTa.

flo rarrn Haqr.ru ce [onyqaBa unr[opvauur sa:

- eQevepzAr.rre rra BtrAr.rMr{Te crrlTutrqtr n reot[nrczpaHa, reoqeHTpuqHa Ko-
opArrHarHa cr.rcreMa;

- fionocQepHr.rre KopeKrlr{u B pagnpocrpaHeHr{ero Ha cr{rHarrtrTe;

- nceBAopa3croflH[.sra (nopaau HaJrtrqnero Ha orMecrBaHe MexAy uorpe6n-
TeJrcxoro rr cr{creMHoro npenre) Ao cnbrnr.rqtrTe;

- cKopocTTa Ha r43MeHeHI{e Ha nceBAopa3cTosEnflTa,
CreA rona qpe3 r.r3rrr{cJrr{TeJrHa npoqeAypa (r. nap. BropurlHa o6pa6orra) ce

olpeAenqr KoopAr{Harr,rre rr cKopocrra Ha o6exra B HyxHara reorpaQcra crrcreMa.

1. Ounrup Ha Ka-nMaH 3a peuraBaHe
Ha HaBr{raqr{oHHaTa 3a4aqa

Ocnonnoro HaBr{rarlr{ouHo ypaBneHr.re 3a petrJlexAaHtrTe
cRcreMLI [peAcraBrsna nenr.rnefiHa clrcreMa or qerupu ypaBHeHr,rq il ntlr.a BuAa
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KbAeroX, Y, Z cauorpe6nrencKr.r KoopAunarv:X"t,Y.,,2.,- xoopAtrEarrr Ha crrar-
Hr.rqrrre (i:l+4); R, e usuepeno piltcro.silre Ao ciirrrinqrire (t:l-a); t - pa3nuKa
MexAy cr{creMHoro u norpe6ureJrcKoro BpeMe.

Cncrelran ypaBHeHI,It or ro3lr nug o6uxuoBeno ce pelxaBar rrpe3 ug[oJ3BaHe Ha
MeroAa na Hroron unn no4o6nrr Ha Hero rrreparr{BHu aJrropnrMr{ [2]. Ho orpaHtr-
qeHr{.flTa or 6rpsogeficrnnero Ha r.r3qHcrHTeJrHara rrporleAypa a HaJrr.rqr{ero Ha
IPEIIIKtr B IIABTTAuUOHHIITE E3MEPBAHII,S, I{MAIIIH CJTJAIAEH XAPAKTCP, O6YCIANET US-
IIoJr3BaHero Ha peKypeHTI{E anropnTMr'r 3a crarr,rcrrrrrecra o6pa6orKa Ha nceBAo-
paarcrorH[cra R-. B raruna cnyqau 3aliaqara ce cBexAa Ao 3araq,a 3a orIeHKa Ha
no'rpe6urelcxure KoopAnnarn c olpeAeJreHr{ Beporruocrutr Kprnrepr{E no ua6nro-
AaBaHETe I{3MepBaHEfl. 3a nunefina,3zAaqv Karrvranonuxr Qunmp AaBa orrrtrMaJr-
Ha oqeHKa Ha Hen3BecrHtrTe napaMerpr,r, ero saIIIo rofi 6e nglorsnaH B clrMynrpa-
HI,ITe Olepat\\ il, a noryqeHure oqeHKr.I ce pa3rJrexAar Karo cy6onruualHrr nopaAtr
nelrlqefinocrralaa (l). Berropnnsr n3pa3 Ha Jrrrneapusnpanara Qoprraa na (l) e
(2) Z:HJ( +V,
KbAero Z e nexrop Ha H3MepBaHero - BKJrroqBa pazlmrara MexAy rr3MepeHr,rre rr
H3r{ucJIeHtrTe 4 ucengopa3craslc.vs, cborBercrBarrlr{ Ha BpeMe3aKccHeHr{ero Ha cur-
HaJrrrre n 4 lcenAocKopocrE, clSorBercrBau\H Ha Ao[JIepoBOTO OTMeCTBaire Ha
qecrorara:Z : I6R,6R,6R36R46DRr6DR26DR36DR.I; x e BeKrop Ha rro3zqrroHHtrre
KoopAnnarr.r, cKopocr, ygKopeHtre rr BpeMe; H - nrarpuqa Ha rrsMepBaHero, AaBa-
rrla 3aBtrclrMocTTa MexAy H3MepBaHESTa n [apaMeTprrTe 3a orleHsBaHe:
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Peannsaqr,rxra Ha aJrropr.rrbMa sa KanMaH ona Qunrpau nc, rt3ngnna [peAcraBs -
Hero Ha ABExeHHero na o6exra qpe3 croxacrr{rrecrr{ MoAeJr. 3a olncanne Ha ABtr-
xeHHero 6e 4onycnaro, qe Ha AocrarGqHo Kbcrr,rrETepBaJrr{ o6exrtt ce ABHXH c
nocTorHHa cKopocT, a pa3nr{qHr.rTe MaHeBpE n arrvrocQepHu npoMeEr,r ce pa3rJrex-
Aar Karo nepryp6epancu B KoHcraHrHara rpaexroprrfl Ha cropocrral4l. Vcrope-
Hl{ero 6e upe4craBeHo Karo cJryqaeH rrpoqec c eKcrroHeHriuaana KopeJrarIHoHHa

Synxqnr. flpn resu ycnoBur BexTopHoro ypaBHeHrre 3a AEHaM[qHuc MoAer flptre-
Ma Br{Aa
(3) X:DKIU,
KbAeTO X e nerrop, clbcrocrq ce or KoMrroHeHTrrTe r{a KoopAnHaTvrre, cKopocTTa rr
ycKopeHlrero na o6erra; F - npexoAHa Marprrqa, Korro 3a eAHoMepen cly.rafi ce
npeAcraBr KaTo:

u - 6sr [ryM c KoBaplarltronna uarpnqa Q:

1 T T'12
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o'^ - Avclepc\rs Ha ycKopeHr{ero Ha o6erra; d - pequnpoqna crofinocr Ha

BpeMeKoHcrarTara Ha Kopenaqr{fl Ha ycKopeHr{ero; T - nepmoa Ha AucKpertr3arlr .

flosexe noAJrexar Ha orIeHKa H orrle ABa BpeMeHrrtr napaMerGpa, orrrnrarrlrr
orMecrBaHero MexAy crrcreMHoro ra uorpe6ureJrcroro BpeMe - t E cKopocrra Ha
ToBa orMecrBane - A,t, za r,u 6e tr3rtoJr3yBaH MoAenbr (3), c npexo4na uarpuqa F
r,r KoBapuaqr{oHHa Marpr{qa Q, crolnerno:

KaAero ln e Qason utyll; h, - qecroren rr)a,r.
,{ncxperHnrr nn4 Ha-KanMaHoBEc aJrroptrTbM rrMa cJreAHara rrocneAoBareJr-

IIOCT:

l . Hnuqna.ru.r3r{paHe crofi nocrure Ha BeKTop a HL cr,cr o flHtrero X r_r n xoBapua-
quoHHara Marprrua Ha rperrrKtrTe B oqeHKETe - P*,:

Xo-,(+)= Xo; Pu-,(*)= P,.

2. flpornosupaHe Ha XrmPr:

x,(-)=4,x,-,(*)
pu C) = 4_rpu_r (+Ff; , + e*_, .

3. Onpe.u'elrne xoeQrqneHTaHa yctrJIBaHe na Qnnrrpa:

K- = P, (-)HI ["-"- e)H; * *o l-'.



4. OueHsnaHe naXouPr:

x rF)= Xo (-)+ Kolzo

p,(*)=[r-r_u,]p*(-).

2. CuuylupaHr{ oflepaq]rrl u pe3yJrrar\r

3a qerure Ha r{3cJreABaHere 6e cuvynupaHo ABHxeHyre Ha
o6exr n reoQurcupaHa, reoqeHrptrrrHa KoopAr{HarHa cucreMa c p$JrrrqH}r AlsI]fIa-
Muquu xapaKrepncrnru (nx. ra6l. l). Ha r[ur. I ca nso6pa3eHu cr,rMyJryrpannre yc-
KopeHHe E cropocr ga o6exrn c rrr{cKa, cpeAHa H Br{coKa ARHaMuKa.

3a cnvynupaHe Ha lnMepeHure rrceBAopa3crosntrs. r,r AeJrra-flceBAopa:]cror-
nus,6e paapa6oreua nporpaMa, MoAeJruparrla ABr.rxeHr{ero Ha 2l-cnrrnurbBa KoH-
Qurypaqur. 3a ns6pauoro BpeMe ua na6lrogenr{e - 120 s 6sxaBr,rAtrMr.r 'l cnsrnura
c MacKoB rr:sl < 5.

flpes nrpnnre 60 s 6cxa ugnor3BaHrr cnbrHr{q[, ocnryprBarrl[ reoMerpuqerr
xoeSuqnenr - 1,5, a cneA ToBa c rlen Aa ce [poBepr{ [oBeAeHHeTo sa Kaavallonus
Qunrrp rrpn npoMtHa Ha reoMerpuqna reoverpuinara xon0nrypaqvrfl. Ha crrbrnr4-
IIET'e, yqacrBarrlr.r B HaBr.rrarl[oHHoro pelreHne, 6e npeA]r3BHKaHo npeMr,rHaBaHe or
eArIH KbM Apyr crrbrnuK, Koero cxoroo6pa:Ho npoMentr reoMerpurrHur xoe$uqn-
enr na 5,2.

Cuuyarpanrrre tr3MepBanus6xxa3arrryMeril c Arrcxperen raycoB ruyM c Hyne-
Bo MareMarEqecKo orraKBaHe u Avcnepcufl clorBerHo - 35 m u 0,02 m/s.

Vcranonu ce, qe [oJryqeHr.rre orIeHKtr no MtrEEM)a,t Ha cpeAHoKBaAparurrnara
rpelxKa I'I Mar(cI{MyM Ha arlocTepHopHaTa KoBapnarluc Ha rperxKr.rre ts HaBrrraqnoH-
Horo peuleHtre He ce pa3nuqaBar cbrrlecrBerro. 3a cpannenue rro3r{rl[oHHr{Te Koop-
Aal{arr.r 6sxauscucreHr.r ll qpes alre6pn.rno perxaBaHe Ha ypaBnerrne (l). Ha Snr.2
e lso6pasena a6colrornara rlogtrrltronHa rperuKa B HaBr[aquoHHoro perxenue rrpu
anre6pu.rno perraBaHe ua (l) u rrpll r{snoJr3BaHero na Kalrvranon Qunrrp 3a pa:rrlq-
Ha AtrrraMHKa na o6exra. Ouruva-nnr.rre rrapaMerprr B ypaBrreHtrero, olncBarrlo ABa-
xeHr,Iero (3), Srxa nonyqeHtr no MeroAa ua MoHre $apno crrMynr{paHe. BnxAa
ce, qe Bbupexu BJroruaBaHero Ha reoMerpuvna ronQutypa\vs MexAy crrbrnr{urrre
n norpe6urers rorlHocrra Ha [o3r{rlrronupaHe ce 3anagBa 3a pa3ntrKa or payJrraru-
Te rrpu lprrJraraHe rra KoHBeHrIvoE.aJrIdtrs. rroAxoA.

Vnelnqananero Ha nogr,rquoHHara rperrrxa npn o6errnre c BrrcoKa AvflaMlana
ce Abnxtu Ha HerrbJrHoro MoAenr{paHe Ha ABr{xeHr{ero n ypannenue (3).

Ta6nr,rrIa I
flunanuuuu napal[tempu Ha curvtyltupaHume mpaeKmopuu
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Hur qpe3 cTaTtrcTEKa pk:
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p u = lz u - H" x" (-)]' ["-"- C)"'o + n uf-' lz o- H, x, (-)],

Fke pa3npeAeJreHa rro 3aroua X3^ " 
* creneHn Ha cso6oAa, aKo BcrIqKrI IBMepBaHtrt

ca HopMaJrHrr, Karo rn e paBHo Ha pa3MepHocrra rra BeKTopa na na6ruoAenue /r.
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An apptication of Kalman frlter
for GPS - Navstar / GLONASS positioning

Orlin Tzvetkov, Angel Hristov

(Summary)

In the paper presented an realization of Kalman filter for sat-
ellite navigation systems like GSP - Navstar / GLONASS. The filter stability and ef-
frciency is estimated via computer simulations, modelling navigation measurements
and satellites and target movement.

The results analysis in comparison with conventional algorithms for different
trajectories shows the advantages of such approach.
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