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Geographical system of coordinates NEH is connected to the Earth surface. Axis N and E

located in the plane of local horizon. Axis N is directed to the North Pole of the Earth. Axis
directed to the East and perpendicular to the N axis. Axis H directed as a vertical to the place.

E is
The

system of coordinates is realized by gyro-stabilized platform, on which the sensors of primary

information of navigation system are fitted.

In order to get the algorithm of the semi-analytic type INS with the correction of the parameters
of absolute movement functioning in the geographical system of coordinates it is necessary to project
the vector equation of relative velocity changes on the axis’s of the geographical system of

coordinates:
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where:

Qi

is a vector of the output signal of the accelerometer,

acc

V is a vector of the absolute velocity of movement,

IS

Ve is a vector of the carrying velocity,

U is a vector of relative velocity,
f)3 is a vector of the angular velocity of rotation of the Earth,
173 is a vector of the linear velocity of rotation of the Earth,

—

Q) is a vector of the angular velocity of the geographical system of coordinates rotation.

The vector of the linear velocity of the earth’s movement V;, directed by the E axis. The vector
of the relative velocity of the aircraft movement has projections on all axes of the geographical system

of coordinates. According to that projections of the vector of the absolute movement velocity ¥, on
the axes of the geographical system of coordinates will be determined as follows:

Ve =Vs+Ups Vy =Uys Vy =Uy. 2
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Fig. 1. Components of relative speed

The geographical system of coordinates is the moving reckoning system in the world absolute
space. Geographical system of coordinates rotating with the angular velocity Q¢ , that depends from
absolute movement velocity of the aircraft. North component of the absolute velocity V,, will
produce the east component of the angular velocity of movement of the system of coordinates:

p
Qg =——*. The East component of absolute velocity V. will produce angular velocity of
3

14

ak

movement of the system of coordinates €., = , which has a components by both N axis

R, cosgp

(Qqy ) and H axis (Qg.,, ). The projections of vector of angular velocity of systoem of coordinates

Q. on their axes will be determined as follows:
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Qgey = Qsc,-3 -sing = 18¢; 3

where: @ is a latitude angle.

e

In the equation (1) the member determined as the value changes of the vector 173 At the

movement of the aircraft by the meridian (when latitude angle ¢ changes) will change vector’s

173 (A@) value. Let’s find out the value of the vector 173 changes:

AV, =V, =V, =Q;R, cosp, —Q.R, cosp, =Q.R,cosp, —Q,R, cos((p2 - A(p) =
=Q.R,cosp, —Q;R, cosp, cosAp —CQ R, singp, sinAp = Q, R, cosp, — (4)

U At

—Q R, cosp, —QR;singp, -Ap=—-Q.R,sing, -

3

dv.
From the equation (4) we will get the value of the differential 79 :
t
dv,
dt

AV,
lim —2
At—0 At

=-Q.U, sing,. (5)

dv, ~
The differential 79 has a projection AV, (Aq)) only by axis E of geographical system of
t

coordinates:
dav, dv, .
—L=—-2=-Q.U, sing., 6
i di Uy (% (6)

where: @, — current value of the latitude angle.

When we found separate components in equation (1), now we can calculate projection of the

vectors multiplication (.é 5o X Va on axis’s of geographical system of coordinates. Projections of the

vectors multiplication (ﬁ sc X I7a ) on axis’s N, E, H will be equal:
(QSC xV, )uv =Var Qe +Van Qe »

(ﬁ sc X Va )15 =V Qsen +VarLsen » @)
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Now if we will collect all components of equation (1) by the appropriate axes, will get the full
algorithm of Inertial Navigation System operating in geographical system of coordinates with the
correction by the absolute movement parameters:

dUu
d "= Apeen — VaEQSCH - VaHQSCE >
t
dU :
TtE = Qyeer TVv Qe =V Qsen +Q3U y sing,
dau
dtH =Wyt =4~V Qsen »
Ve =Vs+Up; Vyy =U s Vy =Uy s Vi =Q R sing, ®)

V V V
Q =—%. Q. =——N-0Q =—“Ltop;
SCN R, SCE R, SCH R, $4

Sy =j-Uth; S, szEdt; sz-UHdt,
0 0 0

Sy rdU rdU rdu
=@+ Uy =|—"dt; Uy =|—Fdt; U, =|—"dr.
P =9 R, N .([ ’ E .([ d H ! ;

Without a vertical channel the algorithm of the semi-analytic type Inertial Navigation System,
which operating in geographical system of coordinates with the correction by the absolute movement
parameters:

dU dUu )
dtN = Qe ~ Ve QLsens TtE = Qe TV Qe + QU sing

_thN . _ldUE .
UN_I ~ dt UE_I _ dt:

0 0

V,=V,+U,; V,=U,; V,=Q,R,sing; ©)

V V V
Q =—%. Q. =——N-Q =—“%top;
SCN R, SCE R, SCH R, $4

t t S
Sy =[Uydt; S, =[U,dt; ¢:¢O+R—N.
0 0 3

Developed algorithm contains less number of operations (23) in comparison with classical
variant of INS (39). This will cause the decreasing of the number of the structural technical elements
and therefore increasing of the reliability of the INS operation.
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Conclusions

The algorithm of an inertial system in geographical system of coordinates is developed, where
correction implements on parameters of motion in the absolute space.
The developed algorithm contains smaller number of operations concerning classical version.
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Trifonova-Bogdanova T., Trifonovs-Bogdanovs P., Fetisovs D. Pusanalitiska tipa inerciala navigacijas
sistemas algoritms geogrifiskaja atskaites sistema ar korekciju péc absolitas kustibas parametriem
Pusanalitiska tipa inerciala navigacijas sistéma, kas strada péc geografiskas koordinatu sistemas, tiek
raksturota ar divkarsu gaisa kuga lidojuma parametru parveidoSanu. Sakumd no méramajiem absoliitajiem
parametriem pariet uz relativajiem parametriem. Péc tam no relativajiem parametriem atkartoti tiek formuléti
absoliitie parametri. Sie absoliitie parametri turpmak tiek izmantoti iekséjas inercialds navigdcijas sistemas
korekcijai. Tada veida daléji analitiska tipa inercialas navigdacijas sistémd, kas strada péc geografiskas
koordinatu sistemas, norisinas divkarsa gaisa kuga lidojuma parametru parveidosana. Tas noved pie liekiem
struktiiras sarezgijumiem un pie ta, ka klist nepieciesams ieviest papildus sastavdalas inercialdas navigacijas
sistémas struktira. Optimizdcijai ir izstradats jauns pusanalitiska tipa algoritms inercialajam navigacijas
sistemam, kas darbojas péc geografiska kursa. Korekcijas algoritms tiek izstradats péc absoliitas kustibas
parametriem. Piedavatais algoritms, kas strada pec geogrdfiskas koordinatu sistémas, satur mazak sastavdalu
inercialas navigacijas sistema salidzinajuma ar klasisko analogu.

Trifonova-Bogdanova T., Trifonovs-Bogdanovs P., Fetisovs D. Algorithm of the semi-analytic type inertial
navigation system with the correction of the parameters of absolute movement in the geographical system of
coordinates

The semi-analytic type inertial navigation system, which operates in geographical coordinate system, performs
dual conversion of parameters of motion of flying vehicle. In the beginning, the measured (absolute) parameters
are converted to relative parameters. Then the absolute parameters are obtained from these relative parameters
again. These absolute parameters are used for internal correction of inertial navigation system. Thus the dual
conversion of flying vehicle flight parameters is performed in semi-analytic type inertial navigation system.
These conversions led to sophistication of operational algorithm and as a result there are additional functional
elements of the system. For optimization of structure of semi-analytic type inertial navigation system, the
algorithm should include correction elements of parameters of motion in the absolute space. The new algorithm
of optimization of semi-analytical type inertial navigation system, which operates in geographical coordinate
system, is developed. Optimization is performed using absolute flight parameters of flying vehicle. Offered
algorithm consists of smaller functional element number in comparison with classical algorithm.
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Tpughonosa-bozoanoea T., Tpughonoe-bozoanoe I1., @emucos /l. Anzopumm unepyuaibHoll HABUZAUUOHHOU
cucmembl ROJYAHATUMUYECKOZ0 MUNA 6 2eozpaguueckoii cucmeme KOOpOUHam ¢ KoppeKyuei no
napamempam adcoalOmHoZ0 08UIHCEHUA

Huepyuanvnan nasueayuouHas cucmema NOLYAHAIUMUYECKO20 Mund, pabomarnowas 6 2eozpaguueckor
cucmeme KoOOpouHam, Xapaxkmepuszyemcs OBOUHBIM NpPeodpa308aHuem napamempos OBUINCEHUS B030VUIHO2O
cyona. B mauane om usmepsemvix abCONOMHBIX NAPAMEMPOS NEPexo0am K OMHOCUMENbHbIM Napamempam.
3amem uz omuocumenbHbIX NAPAMEMPOB 8HOBb POpMUPYIOMCA abcontomusie napamempol. M smu abcontommobie
napamempbsl UCHOABLIVIOMCA O BHYMPEHHell KOPPeKyuu UHepYUANbHOU HABULAYUOHHOU cucmembl. Takum
006paszom, 6 CmpyKmype UHepyuaIbHOU HABUSAYUOHHOU CUCEMbl NOLYAHATUMUYLECKO20 MUNA OCYIeCMBIIAemcsl
0601iHOe Npeobpazoéame NAPAMEmpos Noaemd 6030YUIHO20 CYOHA. Dmo Oaem usIuuiHee CHMPYKMYpHOE
VCIIOJCHEHUEe U NPUBOOUM K NOSGIEHUIO OONOTHUMENbHLIX COCMABHBIX Ydcmel 6 CMpYKmype UHepYudaibHOU
HagueayuonHol — cucmemvl. Paspaboman  HOGbll  anrcopumm  ONMUMUAYUU — UHEPYUATLHOU — CUCTHEMbL
NOAYAHATUMUYLECKO20 MUNA 6 2eocpaduueckou cucmeme koopouram. Onepayuu no KOppeKyuu ai2opumma
npoU3BOOUNUCL NO NApAMempam abconomuo2o osudxcenus. Ilpednazaemviil aneopumm cooepiucum meHbue
COCMABHLIX Yacmell UHePYUATbHOU HABUSAYUOHHOU cucmemvl, pabomaiowell 6 2eocpagpuyeckol cucmeme
KOOpOUHam, no CPAGHEHU!O € KIACCULeCKUM AHATIO20M.
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