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The classical semi-analytic type INS variant is characterized by double transformation of
movement parameter information. Sensors of primary information (accelerometer) take the parameters
of absolute movement. First transformation of information in the calculations is made in acceleration
level. Transition from absolute movement parameters to parameters of relative movement is
performed in the calculation chain. The second conversion of movement parameter information is
performed in INS correction chains. There is transition in opposite direction — from relative movement
parameters to absolute movement parameters. Such double transition of movement kinematic
components is not optimal from the point of view of operation amount minimizing in the INS
algorithm. The minimizing of operation numbers in the navigation system algorithm increases the
reliability of its function.

Considering that accelerometers and control gyros of semi-analytic type INS are working in
space of absolute movement parameters, it is useful to make correction in the system on these
parameters only.

For evolution of semi-analytic type INS algorithm with correction on absolute movement
parameters only, let’s look through kinematics of a complex movement. From aircraft movement
kinematics follows that its absolute movement velocity V, is sum of relative movement velocity U and
transfer movement velocity V.

V =U+V,. (1)

The frame of reference, where the semi-analytic type INS operates, is connected with earth’s
ground. In that case equation (1) can be expressed as sum of components on axes of ground coordinate
system KLN:

V.=(kU, +1U, +7U ) +(kV, +1V,+7V, ), 2)

where: k, [, n — unit vectors of ground coordinate system;
U, U,, U, — projections of relative velocity on ground coordinate system axes;
Vers Vo, Ven — projections of transfer movement velocity on ground coordinate system axes.

Accelerometer measures the change of aircraft movement absolute velocity:
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Considering (2), expression (3) can be written in following way:

A =(l€ U, +del +ﬁdU”j+[de +ﬂU;+%U,,j+

dt dt dr ) \de ' dr
d d d dk . dl . di @
+(l€ Va +1 Vo +7 Vo, j+ —V, +—V, +—nVe,, .
dt dt dt dt dt dt
The first item in expression (4) is relative acceleration:
];dUk +idUl+ﬁdU"=5 :dU 5)

dt dt dt "

The third item in expression (4) is portable acceleration component, which describes the change
of transfer velocity value:

Ednk+idnﬂ+ﬁdn"=dk:dn. (6)
dt dt dt dt

Let’s transform the second and the fourth item of expression (4):

dek+dl UﬁdnUn N deek+d1 Vd+ngen _
dt dt dt dt dt dt
dk dl dii
=— U, +V, )+—U,+V,)+—WU,+V, )= 7
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=V (st X ];)Jr Va (ﬁsk X i)+ Ven (ésk x ﬁ)’

where: Qg —angular velocity of coordinate system KLN;
Vs Var, Van — components of absolute velocity on coordinate system KLN axes.

Further transformation of expression (7) gives:

Vi (f)‘sk x I;)+ Va (f)‘sk x i)"' 4 (‘ésk X ﬁ)

an

(®)

—

=st><(Vak -l€+Va, -i+Van 'ﬁ):stXVa =a,.

This is the component of absolute acceleration which occurs because of the change of aircraft
velocity direction, when a movement of reference frame exists.

The expression of accelerometer output signal, considering all the transformations, will be as
follows:

dv

T | A A
aakszaa=ar+a€+ak:E+(QSk><Va)+7;. 9)

In this equation, considering the task conditions, transfer velocity ¥, is linear velocity of a point
on earth’s ground, over which in the given moment the aircraft is located:

V.=V.=Q_xR_, (10)

where: Q, — angular velocity of earth’s rotation.
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Angular velocity of earth’s coordinate system rotation depends on earth’s rotation velocity and
relative velocity of aircraft:

!

. V+V
Q, =—2=2=-2 11
sk RZ RZ ( )

From expressions (9), (10), (11) of aircraft complex movement kinematics we can obtain semi-
analytic type INS algorithm with correction on absolute movement parameters:

Peia,=te
"

cii_(t] =y, — (ﬁsk x Va )_

(12)

— — — — —

V.=U+V:, V =V.; V.=Q_xR._.

z

|

This algorithm allows composing the structural scheme of semi-analytic type INS for
operation with given (geographical or ortodrome) coordinate system.

Conclusion

The algorithm of an inertial system of the semi-analytical scheme 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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Trifonovs-Bogdanovs P. Inercialas sistemas pusanalitiska tipa algoritma optimizacija

Pusanalitiska tipa inerciala navigdacijas sistéma tiek raksturota ar divkarsu gaisa kuga lidojuma parametru
parveidosanu. Sakumd no izméramajiem absolitajiem parametriem pariet uz relativajiem parametriem.
Informdcija par relativajiem parametriem tiek nositita gaisa kuga apkalpei. Péc tam no relativajiem
parametriem atkartoti tiek formuléti absoliitie parametri. Sie absoliitie parametri tiek turpmak izmantoti iekséjas
inercialds navigdcijas sistémas korekcijai. Tada veidd pusanalitiskd tipa inercialds navigacijas sistéma
norisinds divkarsa gaisa kuga lidojuma parametru parveidosSana. Ta rodas lieki struktiiras sarezgijumi, kas
noved pie ta, ka ir nepieciesams ievest papildus sastavdalas inercialas navigdcijas sistémas struktira. Ir
izstradats jauns algoritms pusanalitiska tipa inercialds navigdcijas sistémas optimizacijai. Korekcijas algoritms
tiek izstradats péc absoliitas kustibas parametriem. Piedavatais algoritms sastav no mazaka sastavdalu skaita,
salidzinajuma ar savu klasisko analogu.

Trifonov-Bogdanov P. Optimization of algorithm of an inertial system of the semi -analytical scheme

The semi-analytic type inertial navigation 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
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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 is developed. Optimization is performed using absolute flight parameters of flying vehicle.
Offered algorithm consists of smaller functional element number in comparison with classical analogue.

Tpudghonoe-bozoanoe Il. Onmumuszayus anzopumma UHEPUUAILHOU CUCHEMbL HOTIYAHATUMUYECKOZ0 MURA
Hnepyuanvhass  nagueayuonnas —cucmema  NOIYAHATUMUYECKO20 —MUNA — XAPAKMEPU3YEMCs: — OBOUHbIM
npeobpazoeanuem napamMempos OBUNCEHUs B030YUHO20 CYOHA. B nauane om uszmepsemvix abcomomuvix
napamempos nepexoosim K OmMHOCUmMeNbHbM napamempam. Hugopmayus 06 0OmHOCUMENbHBIX NAPAMEMPAX
nocwiiaemes: dIKUNAaxfcy 6030ywiHo20 CyOHd. 3amem u3 OMHOCUMENbHbIX NAPAMEMPO8 6HOBb (OPMUPYIOMCS
abcomomuvle napamempwvl. M smu abcomomuvie napamempvl UCHONLIVIOMCs O 6HYMPEHHEl KOppeKyuu
uHepyuanbHoUu Hasueayuonnou cucmemvl. Taxum o6pazom, 6 cmpyKmype UHEPYUATbHOU HABUSAYUOHHOU
cucmembl  NOIYAHATUMUYECKO20 MUNA OCYWeCMmEIsiemcs: 080liHoe npeobpazosanue napamempos noiemd
8030YWHO20 CYOHA. DOmo Oaem usiuwiHee CMPYKMYPHOE YCIOJICHEHUe U NPUBOOUM K NOSGIEHUIO
OONOTIHUMENbHBIX COCMAGHLIX Yacmell 8 CMPYKmype UHEPYUATIbHOU HABULAYUOHHOU cucmembl. Paspaboman
HOBbLIL AN2OpUmMM ONMUMUZAYUU UHEPYUATILHOU CUCIEMbl NOTyaHATumuyecko2o muna. Onepayuu no Koppexyuu
anzopumma npou3soOUIUCh N0 NAPAMEMpPam abcoatommnozo osudcenus. Ilpedracaemulii aneopumm cooeparcum
MeHbule COCMABHBIX Yacmell, N0 CPABHEHUIO CO CBOUM KIACCUHECKUM AHATIOZOM.
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